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Clinic-laboratory blood parameters
and the contribution of renin-angiotensin
system gene polymorphisms in pregnant

women with preeclampsia
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Abstract

Background: Preeclampsia (PE) is a pregnancy-related condition linked to hypertension and
proteinuria. It is a major cause of maternal and perinatal mortality. The aim of the study: The aim
of this study was to investigate the effect of PE on blood parameters and to assess its diagnostic
significance. It also investigated the association between renin-angiotensin system gene
polymorphisms and susceptibility to PE. Materials and methods: We studied 40 pregnant women
aged 25 to 40 years (10 with normal pregnancy, 10 with mild PE, 10 with moderate PE, and 10 with
severe PE). We measured alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), urea, creatinine, and total protein levels in both normal and preeclamptic
pregnancies. Furthermore, we genotyped 40 preeclamptic women and 60 normotensive pregnant
controls for renin-angiotensin system gene polymorphisms. Multifactor dimensionality reduction
(MDR) was carried out to assess the interactions among these polymorphisms. Results: The activity
of ALT, AST, and ALP significantly increased in PE groups (mild, moderate, severe) compared to
the control group (p=0.008-0.00001). Urea level significantly increased in severe PE (p=0.038).
Creatinine levels increased significantly in moderate and severe PE (p=0.00004-0.00001), while total
protein levels decreased significantly in all PE groups compared to the control group (p=0.001-
0.00005). We also found that the T allele of the AGT (C521T; Thrl74Met; rs4762) polymorphism
was significantly associated with the risk of PE (p=0.005), and the TT genotype was also significant
but not associated with increased risk of PE (p=0.034). The best MDR model was the four-factor
model with a test balance accuracy of 0.546 and a maximum cross-validation consistency of 10/10
(p<0.0001). Conclusion: Preeclamptic pregnancies had elevated ALT, AST, ALP, serum urea, serum
creatinine, and reduced total protein levels. In addition, the AGT (C521T; Thrl74Met; rs4762)
polymorphism was associated with PE risk. Furthermore, the four-factors MDR model was highly
informative and associated with PE risk (p<0.0001).
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Introduction. The problem of PE is one
of the most important problems in modern
obstetrics. The frequency of PE according to
different estimates is from 2 to 10% of all
pregnancies [1, 2, 3]. The special importance
of PE is due to the high level of maternal and
infant morbidity and mortality. PE accounts for
50000-60000 maternal deaths worldwide each
year [4]. It can be the cause of premature
detachment of the normally located placenta
(PNRP), massive bleeding during and after
delivery, and low birth weight babies [2, 5, 6].
Complications of PE also include placental
insufficiency and delayed fetal development
syndrome (FDDS) [7-10]. Long-term
prognosis of women who have undergone PE
is associated with an increased incidence of
diabetes mellitus, obesity, coronary heart
disease, strokes [8-11]. Children of women
with PE are more likely to suffer from various
metabolic, hormonal and cardiovascular
diseases (CVD) [12].

Despite a long history of study, the
etiology and pathogenesis of PE remain poorly
understood. In this connection, biochemistry
studies and molecular genetic studies are of
great importance because they allow us to
approach the elucidation of the causes of PE,
to understand the molecular mechanisms of its
development, and, in perspective, make it
possible to perform early diagnosis, timely
prevention and adequate treatment of this
dangerous complication of pregnancy.

Of greatest importance in the outcome of
pregnancy with PE is the development of
hepatic and renal insufficiency [13, 14].
Enzymatic functions of the liver are impaired
[15, 16]. As a criterion for assessing
hepatocyte damage is the determination of
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels [17]. In clinical
practice simultaneous determination of AST
and ALT activity in blood is widely used; it

provides much more information on
localization and depth of lesion, activity of
pathological process; it allows to predict
disease outcome [6]. Many clinical studies
have found impaired liver function in pregnant
women with PE and increased
aminotransferase activity in the blood serum,
which is an easily reproducible diagnostic test
[18, 19]. In pregnant women, especially in the
third trimester, there is also a physiological
increase in the activity of alkaline phosphatase
(ALP) enzyme, an additional source of ALP in
this case is the placenta [20, 21].Very high
numbers of ALP activity are observed in
women with PE, which is a consequence of
placental damage, while low activity of ALP in
pregnant women indicates insufficient
placental development. Furthermore, one of
the well-known criteria for diagnosing the
severity of PE is the determination of total
serum protein. In addition, increased
concentrations of nitrogenous products may
reflect the occurrence and development of
functional renal failure in pregnant women
with PE. Therefore, it is important to
investigate serum urea and creatinine levels for
diagnostic purposes [14, 22]. Determination of
serum urea levels, along with creatinine, is
used to assess the excretory function of the
Kidneys.

Furthermore, the renin-angiotensin
system (RAS) plays a role in the pathogenesis
of PE [23]. The circulating RAS becomes
dysfunctional in PE, and the RAS is proposed
to play arole in its development [24]. Contrary
to what would be expected in a state of primary
volume reduction, the circulating RAS is
suppressed in PE almost down to levels seen in
non-pregnant women [25]. The compensatory
alterations in the RAS contribute to the salt-
water balance and sufficient placental
perfusion for the mother and fetus [26].
Moreover, many genes are thought to be
involved in the development of PE. These
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include genes encoding enzymes and receptors
of the RAS [27], such as angiotensinogen
(AGT (T704C; Met235Thr; rs699); AGT
(C521T; Thrl74Met; rs4762)) genes and
angiotensin 11 gene receptors type 1 and type 2
(AGTR1 (A1166C; rs5186); AGTR2 (G1675A;
rs1403543)). These polymorphisms were
associated with elevated levels of AGT in
serum in female patients with essential
hypertension, resulting in increased SBP and
DBP as well as abnormal uterine spiral artery
remodeling, which is an early cause of PE
development [28]. Furthermore, there is
evidence that AGT (T704C), (C521T), AGTR1
(A1166C), and AGTR2 (G1675A)
polymorphisms may be implicated and play a
significant role in pregnant women with PE
[29]; however, the findings are still
controversial. As a result, the purpose of this
study is to determine the association between
these polymorphisms and PE in Russian
pregnant women from the Rostov-on-Don
region.

The aim of the study. To study the
effect of pregnancy complicated by PE on
biochemical blood parameters in order to
assess their differential diagnostic significance
in relation to the severity of pathology and to
investigate the relationship of  renin-
angiotensin system gene polymorphisms with
susceptibility to PE.

Materials and Methods. The present
study was conducted at Southern Federal
University in collaboration with the Nauka
Medical Center (Rostov-on-Don, Russia)
during the period from 2019 to 2022. The study
protocol was approved by the Southern Federal
University Committee and written informed
consent was obtained from each patient
included in the study. A clinical and
biochemical examination was made in 40
pregnant women aged 25 to 40 years. The first
group consisted of healthy women with normal
physiological pregnancies (10 samples). The
second group included pregnant women with
mild PE (10 samples), the third group included
pregnant women with moderate PE (10
samples), and the fourth group included
pregnant women with severe PE (10 samples).
Moreover, the genetic analysis was performed
on 100 pregnant women. The women were

divided into two groups to study AGT genes
SNP: women with PE (n=40) and women with
normal pregnancy (n=60).

Obtaining biological material

Material for biochemical tests was
collected on an empty stomach. We collected
about 5 ml of blood (from both preeclamptic
and normotensive pregnant women) in a plain
vacutainer. We allowed a clot to form in a test
tube for serum separation. After a 30-minute
waiting time, the serum was separated by
centrifugation at 3000 rpm for 10 minutes. The
separated serum was used for the analysis of
blood biochemical parameters, such as alanine
aminotransferase activity, aspartate
aminotransferase activities, alkaline
phosphatase, urea, creatinine, and total protein
content in the serum of pregnant women with
normal pregnancy and preeclamptic pregnant
women.

Enzyme activity measurement

Biochemical studies were performed
using an automated rchitect C16000 analyzer
(Abbott Diagnostics, Illinois, USA). Serum
creatinine was estimated by the Jaffe method,
serum urea by the urea nitrogen urease test,
alkaline phosphatase activity by the para-
nitrophenyl  phosphate  kinetic  method,
aspartate aminotransferase activity by an
optimised enzymatic kinetic method, alanine
aminotransferase activity by an optimised
enzymatic kinetic method, and total protein
concentration by the Biuret method. In clinical
practice, the de Ritis coefficient (AST/ALT
ratio), which is usually 0.91-1.75, is used for
the differential diagnosis of liver and
myocardial (muscle tissue) diseases. This
coefficient is calculated on the basis of the
organ specificity of the ALT (liver) and AST
(heart) enzymes for the clinical differentiation
of liver diseases, myocardial pathologies and
destructive changes in skeletal muscle.

DNA isolation

Venous blood samples were collected in
EDTA tubes and stored at —80° C. Genomic
DNA was isolated from peripheral blood
leukocytes using “PROBA-NK” extraction kit
(“DNA-Technology”, Russia) according to the
manufacturer’s protocol. Extracted DNA was
measured for each sample and then stored at
—20 °C.
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Studied genetic variants and genotyping

We studied the following genes
polymorphisms of angiotensinogen and
angiotensin Il type 1 and type 2 receptors: AGT
(T704C; Met235Thr; rs699); AGT (C521T;
Thrl74Met; rs4762); AGTR1 (A1166C;
rs5186); AGTR2 (G1675A; rs1403543) in
Russian pregnant women from the Rostov-on-
Don region. We chose these polymorphisms
given their association with hypertension and
because they affect all components of the
RAAS. In addition, they have been widely
studied in relation to hypertension in
pregnancy, but with contradictory results. For
all our knowledge, the reason for this
inconsistency may be due to differences in
geographic regions, ethnicity and sample size.

Genotyping was conducted with real-
time polymerase chain reaction (RT- PCR)
with  Hypertension Susceptibility REAL-

Student's t-test for small sample size was used.
All  p-values < 0.05 were considered
significant. Hardy-Weinberg equilibrium was
calculated using the X2 test. Estimates of the
relative risk of PE are based on the calculation
of odds ratios and P values. In addition, open-
source multifactor dimensionality reduction
analysis (MDR version 3.0.2,
http://www.epistasis.org/) was performed to
find gene interactions between the four
polymorphisms.

Results. The results obtained indicate
impaired functional activity of the liver and
kidneys, the severity of which depends on the
severity of the PE. In the PE group, the studied
AGT (T704C), AGT (Cb21T), AGTR1
(A1166C), and AGTR2 (G1675A) gene
polymorphisms did not deviate from Hardy-
Weinberg equilibrium. The functional state of
the liver and kidneys was estimated on the

TIME PCR Genotyping Kit (“DNA basis of serum biochemical indices: the
Technology”, Russia). activity of ALT, AST, ALP, urea and
For targeted groups of polymorphisms, creatinine content, and total protein level.
fluorescent  labels, and results were Table 1 shows that the level of serum

automatically registered with the DT-96
detecting amplifier (“DNA Technology”,
Russia)  following the  manufacturer's
instructions.

Statistical processing of results

Statistical analysis was run in Statistica
12. The Kolmogorov-Spearman and Shapiro-
Wilk tests were used to test for normal
distribution of quantitative measures in the
groups being compared. If the data were not
normally distributed, the non-parametric
Mann-Whitney U test was used to compare
two samples. If the distribution was normal,

ALT was significantly increased in PE of
different severity (21.53+3.23; 23.72+3.87;
39.64+4.47) compared to control group
(11.51+0.91) (p=0.008; 0.007; 0.00001). The
level of AST was significantly increased in PE
of different severity (14.70+0.95; 16.71=1.16;
28.62+3.11) compared to the control group
(10.43+0.71) (p=0.002; 0.002; 0.00003). In
addition, serum ALP levels were also
significantly increased in PE of different
severity (139.20+0.81; 168.70+6.39;
238.42+17.72) compared to the control group
(130.4042.12) (p=0.001; 0.00003; 0.00001).
Table 1

Comparative analysis of hepatic and renal parameters between different levels of PE

compared to the control group. Data are represented as mean + SEM
Parameters Control Mild PE P_value Moderate PE P_value Severe PE P_value
(n=10) (n=10) (n=10) (n=10)
ALT (IU/L) | 11.51%0.91 | 21.53+£3.23 | 0.008 23.72+3.87 0.007 39.64+4.47 | 0.00001
AST (IU/L) | 10.43£0.71 | 14.70£0.95 | 0.002 16.71+1.16 0.002 28.62+3.11 | 0.00003
ALP (IU/L) | 130.40+2.12 | 139.20+0.81 | 0.001 | 168.7046.39 | 0.00003 | 238.42 +17.72 | 0.00001
Urea (mg/dL) | 4324055 | 3.15+0.87 | 0.271 4.36+0.94 0.971 6.0540.54 0.038
C(rrf]zt/'gl'_r;e 67.61£132 | 70.41+038 | 0.161 90.7043.99 | 0.00004 | 109.30+6.81 | 0.00001
To(ts]'g%ol_tf'” 72344062 | 68734070 | 0001 | 63.7142.03 | 00008 | 57.5342.66 | 0.00005
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We also compared the level of serum
urea in the control group with different severity
of PE and we found that the serum urea level
in  pregnant women with mild PE
insignificantly slightly decreased (3.15+0.87)
as compared to the control group (4.3240.55)
(p=0.271), but varies within the control range
in the moderate type of PE (4.36+0.94)
(p=0.971). In the severe type of PE, the level
of urea was significantly increased (6.05+0.54)
(p=0.038) as compared to the control group.
The level of serum creatinine was also
insignificantly  increased in mild PE
(70.41+0.38) (p=0.161), whereas it was
significantly increased in both moderate and
severe PE  (90.70+£3.99; 109.30+6.81)
compared with the control group (67.61+1.32)
(p=0.00004; 0.00001). In addition, we
measured total serum protein in different
groups of PE and found that the total protein

level was significantly reduced in mild,
moderate and severe PE groups (68.73+0.70;
63.71+£2.03; 57.53+£2.66) compared to the
control group (72.34+0.62) (p=0.001; 0.0008;
0.00005).

It should be noted that aminotransferases
are characterized by organ specificity: ALT
predominates in the liver, and AST — in the
myocardium. To assess the ratio of AST and
ALT activities in blood serum, the de Ritis
coefficient was used, which may indicate
organ damage to a certain extent.

As shown in table 2, the value of de Ritis
coefficient in the control group with
physiological pregnancy is 0.90, which
corresponds to the literature data (0.8-1.0). In
PE with different groups of severity, the value
of de Ritis coefficient is 20-24% lower than
normal. This indicates liver damage and is
often associated with inflammatory diseases.

Table 2
Value of de Ritis coefficient in control and in PE of different severity.
A%c — change (in %) relative to control group
Study group AST ALT De Ritis coefficient (AST/ALT)

Control 104 115 0.90
Mild 0.68
Atc 14.7 215 Py
Moderate 0.70
Al%c 16.7 23.7 9
Severe 0.72
Ao 28.6 39.6 20

Allele and genotype frequencies in the
PE and control groups

The allele and genotype frequencies of
the AGT (T704C), AGT (C521T), AGTR1
(A1166C), and AGTR2  (G1675A)
polymorphisms in PE patients and healthy
controls are reported in table 3. Significant

differences were not observed among cases
and controls in relation to genotype and allele
frequencies for the AGT (T704C), AGTR1
(A1166C), and AGTR2 (G1675A)
polymorphisms (p=0.363; 0.784; 0.880, and
p=0.773; 0.578; 0.909, respectively).

Beginning of Table 3

Genotype and Allele frequencies of AGT (T704C), AGT (C521T), AGTR1 (A1166C),
and AGTR2 (G1675A) polymorphisms

Polymorphism | Control (n=60) [  Preeclampsia (n=40) | P-value | OR (95%Cl)
AGT T704C

T 16 (26.7%) 7 (17.5%) 0.58 (0.21-1.58)

TC 29 (48.3%) 25 (62.5%) p=0.363 1.78 (0.79-4.03)

cc 15 (25.0%) 8 (20.0%) 0.75 (0.28-1.98)

T 61 (50.8%) 39 (48.7%) 0=0.773 0.92 (0.52-1.62)

C 59 (49.2%) 41 (51.3%) 1,09 (0.62-1.91)
AGT C521T

cC 47 (78.3%) 22 (55.0%) 0.34 (0.14-0.81)

CcT 11 (18.3%) 13 (32.5%) p=0.034 2.15 (0.85-5.44)
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End of Table 3

Genotype and Allele frequencies of AGT (T704C), AGT (C521T), AGTR1 (A1166C),
and AGTR2 (G1675A) polymorphisms

Polymorphism Control (n=60) Preeclampsia (n=40) P-value OR (95%ClI)
T 2 (3.3%) 5 (12.5%) 4.14 (0.76-22.51)
C 105 (87.5%) 57 (71.2%) p=0.005 0.35(0.17-0.73)
T 15 (12.5%) 23 (28.8%) 2.83 (1.37-5.84)
AGTR1 A1166C
AA 35 (58.3%) 26 (65.0%) 1.33 (0.58-3.04)
AC 22 (36.7%) 12 (30.0%) p=0.784 0.74 (0.31-1.74)
CC 3 (5.0%) 2 (5.0%) 1.00 (0.16-60.27)
A 92 (76.7%) 64 (80.0%) p=0.578 1.22 (0.61-2.43)
C 28 (23.3%) 16 (20.0%) 0.82 (0.41-1.64)
AGTR2 G1675A
GG 13 (21.7%) 10 (25.0%) 1.20 (0.47-3.09)
GA 33 (55.0%) 20 (50.0%) p=0.880 0.82 (0.37-1.82)
AA 14 (23.3%) 10 (25.0%) 1.09 (0.43-2.78)
G 59 (49.2%) 40 (50.0%) p=0.909 1.03 (0.59-1.82)
A 61 (50.8%) 40 (50.0%) 0.97 (0.55-1.70)

Significant differences in genotype and
allele frequencies for the AGT (C521T) C>T
polymorphism was only observed between
cases and controls. The frequency of the TT
homozygous genotype was higher in the PE
group (12.5%) than in the controls (3.3%), and
this difference was statistically significant
(p=0.034). The T allele was also found to be
significantly different in pre-eclamptic women
compared to normotensive pregnant women
(p=0.005), with a difference in allele
frequencies in PE patients (28.8%) compared
to controls (12.5%).

Multiple-locus interactions for four
renin-angiotensin system gene
polymorphisms

The possible interactions between
polymorphisms of AGT (T704C), AGT
(C521T), AGTR1 (A1166C) and AGTR2
(G1675A) genes in study groups were
investigated, data are shown in table 4.
According to the MDR analysis, the most

informative MDR model was the four-factor
model for the AGT (T704C), AGT (C521T),
AGTR1 (A1166C) and AGTR2 (G1675A)
polymorphisms (Figure 1). The model has a
test balance accuracy of 0.546 and a training
balance accuracy of 0.781 with a maximum

cross-validation  consistency  of  10/10
(p<0.0001). Other possible interactions
between polymorphisms are shown in

(Figure 2). The analysis suggests that AGT
(C521T) was the best one-factor model with a
cross-validation consistency of 9/10 and
balanced testing accuracy of 0.563 (p=0.026).
The AGT (C521T), AGTR2 (G1675A) was the
best two-factor model with a cross-validation
consistency of 6/10 and testing balanced
accuracy of 0.475 (p=0.004). While the best
three-factor model was the combination of
AGT (C521T), AGTR1 (A1166C) and AGTR2
(G1675A) with a cross-validation consistency
of 9/10 and testing balanced accuracy of 0.554
(p<0.0001).

Table 4
Multiple-locus interaction analysis with MDR
Training balanced Testing balanced Cross-validation
Model . P-value
accuracy accuracy Consistency

AGT (C521T) 0.605 0.563 9/10 p=0.026
AGT (C521T), AGTR2 (G1675A) 0.653 0.475 6/10 p=0.004
AGT (C521T), AGTR1 (A1166C), p<0.0001
AGTR? (G1675A) 0.718 0.554 9/10
AGT (C521T), AGTR1 (A1166C), p<0.0001
AGTR2 (G1675A), AGT (T704C) 0.781 0.546 10/10
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Note: The distributions of PE cases (right bars) and controls (left bars) were illustrated for each multilocus genotype
combinations. The light gray cells common low risk, dark gray cells common high risk, and white cells represent missing
data.

Fig. 1. Summary of the four-factor model (AGT (T704C), AGT (C521T), AGTR1 (A1166C), and
AGTR2 (G1675A)) in MDR analysis

T704C
1.48%,

Note: the information gained by each single nucleotide polymorphism is shown by the values in each box, while the
colour and values between the boxes represent interaction effects. Scores < 1 and thin lines represent weak interactions.
The strongest interactions are represented by results >1 and thick lines. (Red colour) indicates strong synergistic
interactions, (green colour) redundancy, (gold colour) independence and (orange colour) moderate synergism.

Fig. 2. Gene-Gene interaction map for PE risk
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Discussion. Carrying out a certain
complex of examinations in a pregnant woman
makes it possible to predict the course of
pregnancy and childbirth, possible
complications, and, therefore, to make timely
correction aimed at reducing the risk of
diseases of the mother and fetus [30].
Biochemical blood tests in pregnancy can
detect disorders of internal organs at a stage
when there are no clinical indications yet. All
this allows the diagnosis of pathology at an
early stage.

Characteristic signs of PE, along with
hypertension and proteinuria, are structural
and functional disorders of the uteroplacental
complex, which is accompanied by defects and
ischemia of the placenta, abnormal remodeling
of the spiral arteries, angiogenic imbalance,
activation of inflammation, endothelial
dysfunction and oxidative stress in the mother-
placenta-fetus system [31]. All these disorders
in PE in pregnant women contribute to the
development of multiple organ failure with the
greatest disorders in the tissues of the liver,
kidneys, and brain [32].

The development of hepatic and renal
insufficiency during pregnancy with PE is of
paramount importance [33]. The progressive
growth of the gestational process results in an
increased load on the liver, placing it under
functional stress. During pregnancy, the liver
undergoes a depletion of its reserve capacity,
making it susceptible to several vulnerabilities.
Hepatic enzymatic capacity is compromised in
individuals with PE [34]. In this particular
scenario, the presence of clinical symptoms
indicative of liver injury is often absent, yet
alterations in hepatobiliary parameters can be
detected in the preclinical stage [35]. The study
[36] showed that elevated levels of ALT in the
early stages of pregnancy correlate with an
increased likelihood of developing
preeclampsia in later stages of pregnancy. This
finding highlights the importance of the
biochemical test as a predictive tool. Typically,
the assessment of hepatocyte damage involves
the assessment of enzymatic activity levels of
AST and ALT.

ALT and AST are key enzymes in amino
acid metabolism that catalyze the reversible

process of transamination to form glutamate
and ketoacids. Aminotransferases are widely
distributed in various tissues, but ALT is
predominantly localized in the liver, and AST
in the heart muscle [37]. ALT is also found in
muscle, adipose tissue, intestines, colon,
prostate and brain; however, ALT level in
these organs are significantly lower than in the
liver. In addition, ALT activity in the liver is
approximately 3000 times higher than that in
the serum.

Thus, in the case of hepatocellular
damage, which develops in PE due to the
activation of free radical oxidation and the
formation of highly reactive oxygen species
and lipid peroxidation products [31], the
structure is disrupted and the permeability of
hepatocyte membranes increases. As a result,
ALT is released from damaged liver cells and
causes a significant increase in serum ALT
activity.

Our study revealed an increase in
aspartate  aminotransferase and alanine
aminotransferase activity in pregnant women
with PE compared with the control group.
Increased enzymatic activity was observed in
mild, moderate, and severe PE. This result
indicates a  direct  dependence  of
hyperenzymemia in the serum on the degree of
damage to hepatocytes. In addition, alkaline
phosphatase activity in blood serum increases
in all groups. In the second trimester of
pregnancy, fetal placental alkaline phosphatase
begins to enter the maternal bloodstream. The
woman's alkaline phosphatase level increases
and reaches its maximum in the third trimester.

Furthermore, it is known that in the
development of PE an important link in
pathogenesis is a disturbance of functional
activity of kidneys that are affected before
other organs, leading to nephropathy
development [13, 38, 39]. Our study also
looked at serum levels of the nitrogenous
products of protein metabolism, urea and
creatinine. Compared to the control group,
urea level fluctuations in pregnant women with
mild and moderate PE were within normal
limits. With a severe group of PE, serum urea
concentration significantly increased
compared to the control group. Serum
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creatinine concentration remained within the
control limits in the group with mild PE and
significantly increased in moderate and severe
groups of PE as compared to the control group.
The observed increase in creatinine and urea
levels can be interpreted as an indication of
increased cell membrane permeability to small
molecules.  Conversely, an increased
concentration of nitrogenous compounds may
indicate the presence and progression of latent
renal dysfunction.

We also observed hypoproteinemia in
blood serum in PE with different degrees of
severity. Changes in the content of total protein
in PE reflect either a decrease in its synthesis,
usually by the liver, or increased loss in the
kidneys or with intestinal fluid, or its increased
consumption in  pathological processes,
including disseminated intravascular
coagulation [40, 41].

Our study found that the determination
of serum alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, urea,
creatinine and total protein activity is a
diagnostic criterion of the severity of PE. The
most informative indicators associated with the
severity of the pathological process and having
diagnostic value are the serum
aminotransferase and alkaline phosphatase
activity levels in pregnant women with various
degrees of PE.

It should be noted that the disturbance of
the metabolic status in PE in pregnant women
is closely related to the imbalance of the amino
acid spectrum of blood serum and amniotic
fluid, which may indicate a violation of amino
acid and protein metabolism. Amino acids play
a crucial role in protein biosynthesis and also
serve as precursors for various bioactive
compounds, such as neurotransmitters, nitric
oxide, and antioxidants. Additionally, they are
involved in energy metabolism, regulate
immune responses, induce hormone synthesis,
and activate proliferative processes within the
fetoplacental complex [42].

A study [43] showed that the levels of
glutamate, serine, glycine and phenylalanine
were increased in the maternal serum of
patients with  preeclampsia.  Glutamate
increased the risk of preeclampsia by a factor

of 5.5, while low levels of methionine may
increase the risk of preeclampsia by a factor of
3.6. Changes in the metabolic status of amino
acids have been found in the umbilical cord
blood of newborns of women with
preeclampsia  compared  with  normal
pregnancies [44]. The work [45] notes a
modification of the amino acid spectrum of
amniotic fluid in pregnant women with PE,
with the most significant imbalance in the
second trimester of pregnancy, reflecting a
violation of homeostasis in the mother-
placenta-fetus system.

It is thought that the activation of the
RAS, which is the body's natural response to
low blood pressure and low blood volume,
results in increased vascular resistance and
increased blood pressure, which can lead to PE
[46]. Additionally, the RAS has been linked to
the development of abnormal placental
vascularization, which is thought to be a major
factor in the development of PE [47]. Studies
have found that increased levels of the RAS
components, angiotensinogen, angiotensin
converting enzyme, and angiotensin 1l, have
been linked to an increased risk of PE [48, 49].
Additionally, increased levels of angiotensin |1
have been linked to an increased severity of PE
[50]. It is thought that the RAS increases the
production of pro-inflammatory cytokines,
which can lead to increased vascular
permeability and decreased blood flow to the
placenta, leading to placental ischemia and the
development of PE [51].

The mechanistic explanation for the
involvement of AGT (T704C) in the
development of PE has previously been
proposed to occur via a localized increase in
Ang Il levels, leading to aberrant physiological
remodeling of the uterine spiral arteries [52].
Women with PE who had the T704C C/C or
235 T/C genotypes exhibited elevated levels of
plasma angiotensinogen AGT in comparison to
those with the T704C T/T genotype. This
observation was accompanied by a
concomitant rise in angiotensin 1l (Ang II)
production, hence leading to heightened
vascular tone and vascular hypertrophy [53].
The presence of the AGT (T704C) minor allele,
in conjunction with the AGT promoter —-6G>A,
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was shown to be correlated with increased
AGT expression [54]. Furthermore, there was a
correlation  between placental abruption
resulting from impaired spiral artery
remodeling and the presence of the AGT
(T704C) minor allele in 63% of women
diagnosed with PE, as well as in 60% of cases
with intrauterine growth restriction, as
compared to pregnancies that progressed
normally. Conversely, the minor allele
frequency (MAF) of AGT (C521T) exhibits
lesser prevalence in Tunisians, as well as in
European, Asian, and African American
groups [55]. However, it has been shown that
the MAF of AGT (C521T) is less frequent in
instances of PE compared to pregnant women
in the control group [56]. The AGTR1 and
AGTR2 genes provide instructions for making
the type 1 and type 2 angiotensin cell receptors
that respond to angiotensin Il, respectively.
The expression of the AGTR1 gene is boosted
when the adenine (A) at position 1166 in the
gene's regulatory region is switched for the
cytosine (C). The subsequent events trigger the
amplification process. The AGTR1 1166A
allele, when translated into mRNA, contains
non-coding regions that interact with
microRNA miR155 and thereby inhibit
translation, resulting in a decrease in protein
synthesis during receptor protein synthesis.
The AGTR1 1166C allele enhances protein
synthesis and alters the functional activity of
the receptors because microRNAs cannot bind
to it [57]. The interaction of angiotensin Il with
type 2 receptors leads to a reduction in blood
pressure, in contrast to the effects of AT1
receptors on the cardiovascular system. The
AGTR2 1675G allele is associated with
transcriptional  activation and therefore
determines how many angiotensin Il type 2
receptors are expressed on the cell surface. The
control of gene expression is adversely
affected Dby the G1675A nucleotide
substitution in the regulatory domain of the
gene. Carriers of this low-functioning
polymorphism have fewer type 2 receptors and
a reduced ability for these receptors to perform
their normal functions (including NO
generation and arterial dilation), putting them
at higher risk of hypertension.

According to several studies, the renin-
angiotensin system (RAS) has been implicated
in the pathogenesis of PE [58]. As for AGT
(T704C), a meta-analysis study found that the
AGT (T704C) polymorphism is associated
with PE [28]. Another meta-analysis [59]
showed that the TT genotype elevated PE risk
when compared to the TT genotype (OR=1.61,
95%Cl1=1.22-2.14, p=14.001). On the other
hand, a study by [60] confirmed that no
differences were observed between the control
and PE groups for AGT (T704C), which is
consistent with our finding for this
polymorphism. Regarding AGT (C521T), a
meta-analysis study by [59] showed that no
association was found for AGT (C521T) with
PE, which is in contrast to the findings of [28].
Similarly, another study by [61] showed that
the AGT (C521T) variant contributes to an
increased risk of developing PE, which is also
in agreement with our results for AGT
(C521T). Furthermore, as for the AGTR1
(A1166C) polymorphism, a meta-analysis
study [28] found that in the Asian population
there was an association between the C allele
and AC/CC genotypes and the risk of
hypertensive disorders in pregnancy. On the
other hand, no association was found between
the AGTR1 (A1166C) gene polymorphism and
PE in women from lIranian, Afro-Caribbean
and Caucasian populations. Similar results
have been published in meta-analyses that did
not find the A1166C polymorphism to be a
predisposing locus for the development of PE.
As for AGTR2 (G1675), a study by [62]
showed that the presence in the genotype of the
G1675A allele in the angiotensin Il type 2
receptor gene is a risk factor for the
development of chronic arterial hypertension,
whereas this is contrary to our finding for the
AGTR2 (G1675) polymorphism.

In our study, the associations of
polymorphisms in AGT (T704C), AGT
(C521T), AGTR1 (A1166C), and AGTR2
(G1675A) with PE were analyzed as well as
the gene-gene interactions using MDR. We
found that the T allele of the AGT (C521T)
polymorphism was significantly associated
with the risk of PE (p=0.005), while, TT
genotype was also significant but not
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associated with increased risk of PE (p=0.034,
(OR= 4.14 95% CI (0.76-22.51)). No
significant differences in genotype and allele
frequencies for the AGT (T704C), AGTR1
(A1166C) and AGTR2 (G1675A)
polymorphisms were observed between cases
and controls (p=0.363; 0.784; 0.880; and
p=0.773; 0.578; 0.909, respectively). In other
words, the results of the study show that the
AGT (T704C), AGTR1 (A1166C), and AGTR2
(G1675A) polymorphisms have no effect on
the pathophysiology of PE in Rostov-on-Don
pregnant women, while the minor allele of the
C521T polymorphism was significantly
different between pre-eclamptic women and
the control group. Thus, this allele was
associated with a high risk of developing PE
(OR=2.83, 95%CI1=1.37-5.84, p=0.005).

At the same time, the analysis of
intergenic interactions showed that the four-
locus model of AGT (T704C), AGT (C521T),
AGTR1 (A1166C), and AGTR2 (G1675A)
gene interaction is associated with the risk of
PE development (OR=13.01, 95%CI=4.69-
35.99, p<0.0001). The model has a testing
balance accuracy of 0.546 and a training
balance accuracy of 0.781 with a maximum
cross-validation consistency of 10/10. These
four polymorphisms combination was more
predictive of PE than any three of the
polymorphisms alone. This supports the theory
that PE develops through genetic interference.

The current study has certain limitations.
The sample size was rather small.
Furthermore, we only studied a small number
of polymorphisms. Nonetheless, more studies
are required to understand the etiology of PE.

Conclusion. Based on our results, the
most informative and diagnostically valuable
in the characteristic of various degrees of PE
are enzymatic tests: ALT > AST > ALP, the
dynamics of nitrogenous catabolism products,
urea and creatinine, are less informative; the
test for determining total protein has the lowest
diagnostic value and sensitivity. Therefore, we
conclude that elevated serum ALT, AST, ALP,
creatinine and urea levels are better diagnostic
and predictive markers for differential
assessment of the severity of PE. Furthermore,
to the best of our knowledge, this is the first

study to investigate the association between
polymorphisms of angiotensinogen,
angiotensin 11 gene receptors type 1 and type 2
and PE susceptibility in Russian pregnant
women from the Rostov-on-Don region. We
found an  association  between  the
angiotensinogen AGT (C521T) polymorphism
and the risk of PE, suggesting that this
polymorphism contributes to an increased risk
of developing PE in pregnant women from
Rostov-on-Don, whereas no significant
differences in genotype and allele frequencies
were found between cases and controls for the
AGT (T704C), AGTR1 (A1166C) and AGTR2
(G1675A) polymorphisms, indicating that they
are not genetic risk factors for PE in this
population of Russian pregnant women from
the Rostov-on-Don region. Moreover, the
effect of gene-gene interactions on PE showed
that the interaction of genes AGT (T704C),
AGT (C521T), AGTR1 (A1166C), and AGTR2
(G1675A) is associated with the risk of PE; at
the same time, this confirms the fact that the
development of PE is not determined by a
single gene, but depends on the functioning of
a complex of genetic factors, and this may
guide further studies to confirm our findings
with different ethnic groups and a larger
sample size.

Financial support

This study was funded by the Ministry of
Science and Higher Education of the Russian
Federation Ne FENW-2023-0018.

Conflict of interests
The authors have no conflict of interest to
declare.

References

1. Mendoza M, Tur H, Garcia-Manau P, et
al. Cut-off values for Gaussian first-trimester
screening for early-onset preeclampsia with
maternal history, biochemical markers and uterine
artery Doppler. Journal of Gynecology Obstetrics
and Human Reproduction. 2021;50(1):101827.
DOI: https://doi.org/10.1016/j.jogoh.2020.101827

2. Giardini V, Rovelli R, Algeri P, et al.
Placental growth factor as a predictive marker of
preeclampsia—PREBIO study—PREeclampsia
BlOchemical study. Journal of Maternal-Fetal and



Opuzuuaﬂbmm cmamaous
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2025:11(2):200-214
Research Results in Biomedicine. 2025:11(2):200-214

211

Neonatal Medicine. 2022;35(16):3029-35. DOI:
https://doi.org/10.1080/14767058.2020.1792878

3. Haram K, Mortensen JH, Myking O, et
al. The role of oxidative stress, adhesion molecules
and antioxidants in preeclampsia. Current
Hypertension Reviews. 2019;15(2):105-112. DOI:
https://doi.org/10.2174/157340211566619011916
3942

4. Akhmedov FK. Biochemical markers
of preeclampsia development and criteria for early
diagnosis. Art of Medicine. 2022;2(3):110-115.
DOI: https://doi.org/10.5281/zenodo.7108074

5. de Mendon¢a ELSS, da Silva JVF,
Mello CS, et al. Serum uric acid levels associated
with  biochemical parameters linked to
preeclampsia severity and to adverse perinatal
outcomes. Archives of Gynecology and Obstetrics.
2022;305:1453-1463. DOL:
https://doi.org/10.1007/s00404-021-06313-2

6. Fondjo LA, Amoah B, Annan JJ, et al.
Hematobiochemical variability and predictors of
new-onset and persistent postpartum preeclampsia.
Scientific  Reports.  2022;12:3583.  DOI:
https://doi.org/10.1038/s41598-022-07509-5

7. Tarca AL, Taran A, Romero R, et al.
Prediction of preeclampsia throughout gestation
with maternal characteristics and biophysical and
biochemical markers: a longitudinal study.
American Journal of Obstetrics and Gynecology.
2022;226(1):126.e1-126.e22. DOI:
https://doi.org/10.1016/j.ajog.2021.01.020

8. Alonso-Ventura V, Li Y, Pasupuleti V,
et al. Effects of preeclampsia and eclampsia on
maternal metabolic and biochemical outcomes in
later life: a systematic review and meta-analysis.
Metabolism. 2020;102:154012. DOI:
https://doi.org/10.1016/j.metabol.2019.154012

9. Kornacki J, Wender-Ozegowska E.
Utility of biochemical tests in prediction,
diagnostics and clinical management of
preeclampsia: a review. Archives of Medical
Science. 2020;16(6):1370-1375. DOI:
https://doi.org/10.5114/aoms.2020.97762

10. Loftness BC, Bernstein I, McBride CA,
et al. Preterm Preeclampsia Risk Modelling:
Examining Hemodynamic, Biochemical, and
Biophysical Markers Prior to Pregnancy.
Proceedings of the 45th Annual International
Conference of the IEEE Engineering in Medicine
& Biology Society (EMBC), Sydney, Australi;
2023. DOI:
https://doi.org/10.1109/EMBC40787.2023.103404
04

11. Mou AD, Barman Z, Hasan M, et al.

Prevalence of preeclampsia and the associated risk
factors among pregnant women in Bangladesh.
Scientific ~ Reports.  2021;11:21339. DOI:
https://doi.org/10.1038/s41598-021-00839-w

12. Wojczakowski W, Kimber-Trojnar Z,
Dziwisz F, et al. Preeclampsia and cardiovascular
risk for offspring. Journal of Clinical Medicine.
2021;10(14):3154. DOI:
https://doi.org/10.3390/jcm10143154

13. Wisner K. Gestational hypertension and
preeclampsia. MCN The American Journal of
Maternal Child Nursing. 2019;44(3):170. DOI:
https://doi.org/10.1097/NMC.0000000000000523

14. Tesfa E, Munshea A, Nibret E, et al.
Maternal serum uric acid, creatinine and blood urea
levels in the prediction of preeclampsia among
pregnant women attending ANC and delivery
services at Bahir Dar city public hospitals,
northwest Ethiopia: A case-control study. Heliyon.
2022;8(10):211098. DOI:
https://doi.org/10.1016/j.heliyon.2022.e11098

15. Wallace K, Harris S, Addison A, et al.
HELLP syndrome: pathophysiology and current
therapies. Current Pharmaceutical Biotechnology.
2018;19(10):816-826. DOI:
https://doi.org/10.2174/138920101966618071211
5215

16. Levey AS, Eckardt KU, Dorman NM,
et al. Nomenclature for kidney function and
disease: report of a Kidney Disease: Improving

Global Outcomes  (KDIGO) Consensus
Conference. Kidney International.
2019;97(6):1117-1129. DOI:

https://doi.org/10.1016/j.kint.2020.02.010

17. Alese MO, Moodley J, Naicker T.
Preeclampsia and HELLP syndrome, the role of the
liver. Journal of Maternal-Fetal and Neonatal
Medicine. 2021;34(1):117-123. DOl:
https://doi.org/10.1080/14767058.2019.1572737

18. Munazza B, Raza N, Naureen A, et al.
Liver function tests in preeclampsia. Journal of Ayub
Medical College, Abbottabad. 2011;23(4):3-5.

19. Asha NS, Varghese A. Study of liver
enzymes in preeclampsia. Journal of Medical
Science and Clinical Research. 2017;5(1):15169-
15172. DOL:
https://doi.org/10.18535/jmscr/v5i1.06

20. Connolly CT, Grubman O, Al-
Ibraheemi Z, et al. A case of markedly elevated
isolated alkaline phosphatase in the third trimester
of pregnancy. Case Reports in Obstetrics and
Gynecology. 2022;2022:1611304. DOl:
https://doi.org/10.1155/2022/1611304

21. ChenY, Ou W, Lin D, et al. Increased



Opuzuuaﬂbmm cmamaous
Original article

Bordaeva 0Y, et al. Clinic-laboratory blood parameters and the ... YAV

uric acid, gamma-glutamyl transpeptidase and
alkaline phosphatase in early-pregnancy associated
with the development of gestational hypertension
and preeclampsia. Frontiers in Cardiovascular
Medicine. 2021;8:756140. DOI:
https://doi.org/10.3389/fcvm.2021.756140

22. Ekun OA, Olawumi OM, Makwe CC,
et al. Biochemical assessment of renal and liver
function among preeclamptics in lagos metropolis.
International Journal of Reproductive Medicine.
2018;2018:1594182. DOI:
https://doi.org/10.1155/2018/1594182

23. Arthurs AL, Lumbers ER, Delforce SJ,
et al. The role of oxygen in regulating microRNAs
in control of the placental renin—angiotensin
system.  Molecular Human  Reproduction.
2019;25(4):206-217. DOI:
https://doi.org/10.1093/molehr/gaz004

24. Arthurs AL, Lumbers ER, Pringle KG.
MicroRNA mimics that target the placental renin—
angiotensin system inhibit trophoblast
proliferation. Molecular Human Reproduction.
2019;25(4):218-227. DOI:
https://doi.org/10.1093/molehr/gaz010

25. Zitouni H, Raguema N, Gannoun MB,
et al. Impact of obesity on the association of active
renin and plasma aldosterone concentrations, and
aldosterone-to-renin ratio with preeclampsia.
Pregnancy Hypertension. 2018;14:139-144. DOI:
https://doi.org/10.1016/j.preghy.2018.09.007

26. Delforce SJ, Lumbers ER, Morosin SK,
et al. The Angiotensin Il type 1 receptor mediates
the effects of low oxygen on early placental
angiogenesis. Placenta. 2019;75:54-61. DOI:
https://doi.org/10.3389/fendo.2019.00563

27. Timokhina EV, Strizhakov AN,
Ignatko 1V, et al. Genetic aspects of preeclampsia:
The role of polymorphisms in the genes of the
renin—-angiotensin system. Biochemistry.
2019;84:181-186. DOI:
https://doi.org/10.1134/S0006297919020093

28. Wang X, Kong Y, Chen X, et al.
Pertinence between risk of preeclampsia and the
renin-angiotensin-aldosterone system (RAAS)
gene polymorphisms: an updated meta-analysis
based on 73 studies. Journal of Obstetrics and
Gynaecology. 2023;43(1):2171782. DOI:
https://doi.org/10.1080/01443615.2023.2171782

29. Procopciuc LM, Nemeti G, Buzdugan
E, et al. Renin-angiotensin system gene variants
and risk of early- and late-onset preeclampsia: A
single center case-control study. Pregnancy
Hypertension. 2019;18:1-8. DOL:
https://doi.org/10.1016/j.preghy.2019.08.006

30. Ibrahim SH, Jonas MM, Taylor SA, et
al. Liver diseases in the perinatal period:

interactions  between mother and infant.
Hepatology. 2020;71(4):1474-1485. DOl:
https://doi.org/10.1002/hep.31109

31. Phipps EA, Thadhani R, Benzing T, et
al. Preeclampsia: pathogenesis, novel diagnostics
and therapies. Nature Reviews Nephrology.
2019;15(5):275-289. DOL:
https://doi.org/10.1038/s41581-019-0119-6

32. Dimitriadis E, Rolnik DL, Zhou W, et
al. Preeclampsia. Nature Reviews Disease Primers.
2023;9:8. DOI: https://doi.org/10.1038/s41572-
023-00417-6

33. Kattah A. Preeclampsia and kidney
disease: deciphering cause and effect. Current
Hypertension  Reports.  2020;22:91.  DOI:
https://doi.org/10.1007/s11906-020-01099-1

34. Alameen A, Qassim AA, Mohammed
A, et al. Evaluation of the effect of of preeclampsia
on liver and renal function biomarkers level Left
ventricular function in type 2 diabetics.
Biochemical and Cellular Archives.
2021;21(2):4887-4891.

35. Kalafat E,  Thilaganathan  B.
Cardiovascular origins of preeclampsia. Current
Opinion in  Obstetrics and  Gynecology.
2017;29(6):383-389. DOL:
https://doi.org/10.1097/GC0.0000000000000419

36. Lee SM, Park JS, Han YJ, et al.
Elevated Alanine Aminotransferase in Early
Pregnancy and Subsequent Development of
Gestational Diabetes and Preeclampsia. Journal of
Korean Medical Science. 2020;35(26):€198. DOI:
https://doi.org/10.3346/jkms.2020.35.e198

37. Kim WR, Flamm SL, Di Bisceglie AM,
et al. Serum activity of alanine aminotransferase
(ALT) as an indicator of health and disease.
Hepatology. 2008;47(4):1363-1370. DOl:
https://doi.org/10.1002/hep.22109

38. Orabona R, Sciatti E, Sartori E, et al.
The impact of preeclampsia on women’s health:
cardiovascular long-term implications. Obstetrical
and Gynecological Survey. 2020;75(11):703-7009.
DOIL:
https://doi.org/10.1097/0GX.0000000000000846

39. Nirupama R, Divyashree S, Janhavi P,
et al. Preeclampsia: Pathophysiology and
management. Journal of Gynecology Obstetrics
and Human Reproduction. 2021;50(2):101975.
DOI: https://doi.org/10.1016/j.jogoh.2020.101975

40. Kamel HEDH, Elboghdady AA,
Youssef A. Association of Hypoproteinemia in
Preeclampsia with Maternal and Perinatal
Outcomes: A Prospective Analysis of High-Risk
Women. Evidence Based Women's Health Journal.
2020;10(3):246-253. DOL:
https://doi.org/10.21608/ebwhj.2019.19209.1052



Opuzuuaﬂbmm cmamaous
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2025:11(2):200-214 213
Research Results in Biomedicine. 2025:11(2):200-214

41. Morikawa M, Mayama M, Saito Y, et
al. Hypoproteinemia as a parameter of poor
perinatal/neonatal outcomes in  women with
preeclampsia diagnosed as hypertension plus
proteinuria. Pregnancy Hypertension.
2020;21:111-117. DOI:
https://doi.org/10.1016/j.preghy.2020.05.012

42. Broer S, Broer A. Amino acid
homeostasis and signalling in mammalian cells and
organisms. Biochemical Journal.
2017;474(12):1935-1963. DOL:
https://doi.org/10.1042/BCJ20160822

43. Prameswari N, Irwinda R, Wibowo N,
et al. Maternal Amino Acid Status in Severe
Preeclampsia: A Cross-Sectional Study. Nutrients.
2022;14(5):10109. DOI:
https://doi.org/10.3390/nu14051019

44. Guo F, Yuan P, Long W, et al.
Alterations in the metabolic status of amino acids
in newborns of preeclampsia women. Pregnancy
Hypertension. 2022;27:170-172. DOI:
https://doi.org/10.1016/j.preghy.2022.01.003

45. Pogorelova TN, Gunko VO, Palieva
NV, et al. Free amino acid imbalances in amniotic
fluid in preeclampsia. Obstetrics and Gynecology.
2019;19(2):60-67. Russian. DOIl:
https://dx.doi.org/10.18565/aig.2019.2.60-67

46. Gathiram P, Moodley J. The role of the

renin-angiotensin-aldosterone system in
preeclampsia: a review. Current Hypertension
Reports. 2020;22:89. DOI:

https://doi.org/10.1007/s11906-020-01098-2

47. Haram K, Mortensen JH, Myking O, et
al. Early development of the human placenta and
pregnancy complications. Journal of Maternal-
Fetal and Neonatal Medicine. 2020;33(20):3538-
3545, DOI:
https://doi.org/101080/1476705820191578745

48. Gintoni I, Adamopoulou M, Yapijakis
C. The angiotensin-converting enzyme
insertion/deletion polymorphism as a common risk
factor for major pregnancy complications. In Vivo.
2021;35(1):95-103. DOI:
https://doi.org/10.21873/invivo.12236

49. Junus K, Bjork Ragnarsdottir I, Nordlof
Callbo P, et al. Elevated mid-pregnancy plasma
levels of angiotensin-converting enzyme 2 in
women prior to the development of preeclampsia.
Scientific  Reports.  2022;12(1):4109. DOI:
https://doi.org/10.1038/s41598-022-08081-8

50. Leafios-Miranda A, Campos-Galicia I,
Méndez-Aguilar F, et al. Lower circulating
angiotensin Il levels are related to the severity of
preeclampsia and its risk as disclosed by a specific

bioassay. Medicine. 2018;97(39):e12498. DOI:
https://doi.org/10.1097/MD.0000000000012498

51. Lu HQ, Hu R. The role of immunity in
the pathogenesis and development of pre-
eclampsia. Scandinavian Journal of Immunology.
2019;90(5):e12756. DOI:
https://doi.org/10.1111/sji.12756

52. Morgan T, Craven C, Lalouel JM, et al.
Angiotensinogen Thr235 variant is associated with
abnormal physiologic change of the uterine spiral
arteries in first-trimester decidua. American
Journal of Obstetrics and  Gynecology.
1999;180(1):95-102. DOI:
https://doi.org/10.1016/S0002-9378(99)70156-0

53. Jeunemaitre X, Soubrier F, Kotelevtsev
YV, et al. Molecular basis of human hypertension:
role of angiotensinogen. Cell. 1992;71(1):169-180.
DOl: https://doi.org/10.1016/0092-
8674(92)90275-H

54. Inoue I, Nakajima T, Williams CS, et al.
A nucleotide substitution in the promoter of human
angiotensinogen is associated with essential
hypertension and affects basal transcription in
vitro. Journal of Clinical Investigation.
1997;99(7):1786-1797. DOI:
https://doi.org/10.1172/JC1119343

55. Shahvaisizadeh F, Movafagh A,
Omrani MD, et al. Synergistic effects of
angiotensinogen— 217 G— A and T704C (M235T)
variants on the risk of severe preeclampsia. Journal
of the Renin-Angiotensin-Aldosterone System.
2014;15(2):156-161. DOI:
https://doi.org/10.1177/1470320312467555

56. Balam-Ortiz E, Alfaro-Ruiz L, Carrillo
K, et al. Variants and haplotypes in
angiotensinogen gene are associated with
plasmatic angiotensinogen level in Mexican
population. American Journal of the Medical
Sciences. 2011;342(3):205-211. DOI:
https://doi.org/10.1097/MAJ.0b013e3182121020

57. Lam C, Lim KH, Karumanchi SA.
Circulating angiogenic factors in the pathogenesis
and prediction of preeclampsia. Hypertension.
2005;46(5):1077-1085. DOL:
https://doi.org/10.1161/01.hyp.0000187899.34379
b0

58. Yart L, Roset Bahmanyar E, Cohen M,
et al. Role of the uteroplacental renin—angiotensin
system in placental development and function, and
its implication in the preeclampsia pathogenesis.
Biomedicines. 2021;9(10):1332. DOl:
https://doi.org/10.3390/biomedicines9101332

59. Lin R, Lei Y, Yuan Z, et al.
Angiotensinogen gene M235T and T174M



Opuzuuaﬂbuaﬂ cmamaous
Original article

Bordaeva 0Y, et al. Clinic-laboratory blood parameters and the ... 214

polymorphisms and susceptibility of pre-
eclampsia: a meta-analysis. Annals of Human
Genetics. 2012;76(5):377-386. DOl:
https://doi.org/10.1111/j.1469-1809.2012.00722.x

60. Choi H, Kang JY, Yoon HS, et al.
Association of angiotensin-converting enzyme and
angiotensinogen gene polymorphisms  with
preeclampsia. Journal of Korean Medical Science.
2004;19(2):253-257. DOI:
https://doi.org/10.3346/jkms.2004.19.2.253

61. Zitouni H, Ben Ali Gannoum M, et al.
Contribution of angiotensinogen M235T and
T174M gene variants and haplotypes to
preeclampsia and its severity in (North African)
Tunisians. Journal of the Renin-Angiotensin-
Aldosterone System.
2018;19(1):1470320317753924. DOL:
https://doi.org/10.1177/1470320317753924

62. Akbar SA, Khawaja NP, Brown PR, et
al. Angiotensin Il type 1 and 2 receptors gene
polymorphisms in preeclampsia and normal
pregnancy in three different populations. Acta
Obstetricia et  Gynecologica  Scandinavica.
2009;88(5):606-611. DOI:
https://doi.org/10.1080/00016340902859307

Received 1 July 2023
Revised 16 January 2024
Accepted 14 May 2024

Information about the authors

Oksana Y. Bordaeva, Post-graduate Student in
Scientific Specialty 1.5.7 — Genetics, Southern
Federal University, Rostov-on-Don, Russia,
E-mail: bordaeva@mail.ru, ORCID:
https://orcid.org/0009-0008-6884-2366.

Nadeim N.I. Alayasa, Post-graduate Student in
Scientific Specialty 1.5.7 — Genetics, Southern
Federal University, Rostov-on-Don, Russia,
E-mail: alayasa.nadeim@gmail.com, ORCID:
https://orcid.org/0000-0003-4594-9597.

Yulia S. Zezerova, Master's Degree Student,
Southern Federal University, Rostov-on-Don,
Russia, E-mail: ulya_ruban@mail.ru, ORCID:
https://orcid.org/0009-0009-3395-7742.

Natalya P. Milutina, Cand. Sci. (Biology),
Associate Professor, Associate Professor at the
Department of Genetics, Southern Federal
University, Rostov-on-Don, Russia, E-mail:
natmilut@rambler.ru, ORCID:
https://orcid.org/0000-0002-7522-3183.
Ekaterina G. Derevyanchuk, Cand. Sci.
(Biology), Associate Professor at the Department
of Genetics, Southern Federal University, Rostov-
on-Don, Russia, E-mail: biolab2008@yandex.ru,
ORCID: https://orcid.org/0000-0002-6231-3454.
Tatiana P. Shkurat, Doct. Sci. (Biology),
Professor, Head of the Department of Genetics,
Southern Federal University, Rostov-on-Don,
Russia, E-mail: tshkurat@yandex.ru, ORCID:
https://orcid.org/0000-0001-6197-7374.



O630p HayuHble pesysabmamol 6uomeduyuHckKux uccaedoganutl. 2025:11(2):215-242 215
Review Research Results in Biomedicine. 2025:11(2):215-242

hevr |
DOI: 10.18413/2658-6533-2025-11-2-0-2 YK 575.852

PoJ1b TPAHCIIO30HOB B 00ecIeYeHUH
IBOJIIOIMOHHOI0 Pa3HOOOpa3us NPOTEOMOB
IyKapuot (0030p)

P.H. Mycradgun® ©, 9.K. Xycuyraunosa®?

! denepanpHOE TOCYHApPCTBEHHOE OI0KETHOE 00PA30BATEIHHOE YUPEXKIEHHE BBICIIETO

oOpa3oBanus «balmkupckuii rocy1apcTBEHHbIH MEIULIIMHCKUN YHUBEPCUTETY,

yi. Jlenuna, 1.3, r. Ya, 450008, r. Yda, Poccuiickas @eneparus

2 desiepanbHOE TOCYIAPCTBEHHOE OI0KETHOE HAYYHOE YUPEKICHHE
Ydbumckuii penepanpHblil HcciaenoBaTeNbCKkuil eHTp Poccuiickoil akaneMuu Hayk,
np-T. OkTsa6ps, 1. 71, T. Yda, 450054, Poccuiickas deneparust
3 denepanbHOE rOCyIapCTBEHHOE OFOKETHOE 00PA30BaTEIBHOE YUPEKICHHE
BbICILIEr0 00pa3oBaHus «Y PUMCKHUM YHUBEPCUTET HAYKH U TEXHOJIOTHID,
yi. 3aku Banunu, 1. 32, r. Ya, 450076, Poccuiickas denepanus
Aemop ons nepenucku: P.H. Mycmagun (ruji79@mail.ru)

Pesrome

AKTYyaJIbHOCTB: TPaHCIO30HBI COCTABIISIIOT 3HAYUTEIBHYIO JIOJIF0 TEHOMOB 3YKApUOT U SBISAIOTCSA
00BEKTaMHU JJIi COBPEMEHHBIX TI'€HETUYECKUX HCCIIEIOBaHUI, B TOM 4HCJIE B MPOEKTUPOBAHUU
TapreTHOM Tepanuu oImyxosie. J[ins onTuManbHOrO NPOEKTUPOBAHUS TaKUX METOJOB Ba)XHO
OTIPECTUTh BO3MOXKHBIE B3aMMOCBSI3M MOOWMJIBHBIX T'€HETUYECKUX 3JIEMEHTOB C PEryJIATOPHBIMHU
3JIEMEHTaMHU T€HOMa B CBSI3U C MPOUCXOXKIEHHEM OT TPAHCIO30HOB MHOTUMX OEJIOK-KOJUPYIOIIUX
IeHOB U crocoOHBIX K TpaHcisauuu Hekonupyrouux PHK. Heab uccaenoBanusi: Onucats posb
MOOMJIBHBIX T€HETHUYECKHX 3JIEMEHTOB B 00ECIIEUEeHUH HBOJIOIMOHHOIO pa3HOO0pasus MpOTEOMOB
JYKapuoOT KaK 3a CUYET HENOCPEACTBEHHOIO BO3HUKHOBEHMSI OENOK-KOAMPYIOIMIMX T'EHOB OT
TPAHCIO30HOB, TaK W IyTeM BO3HMKHOBEHHMs oT HMX Hekoaupyroumx PHK, cmocobubx k
TpaHcaauuu. OnpenenuTh NPaKTUYECKYI0 LIEHHOCTh MOJyYEHHBIX pe3yJbTaTOB IyTEM aHalln3a
BOBJIeUEeHHUs1 oOpazyembix M3 Hekoaupyroumx PHK mentunoB B kanueporeHese. MatepuaJibl U
MeToabl: Vcmons30Banbl 6a3sl JaHHbIX SCOpus, WoS, PubMed ans aHamu3a poiu TpaHCIIO30HOB B
BO3HUKHOBEHUHU Oenok-koaupyroumx reHoB, MUKpoPHK, nmmunaHbIX Hekomupyromux PHK u
koibleBslx PHK, 00 ywyactum obpaszyembix mpu TpaHciasiuu AaHHbIX Mmosekyn PHK mentuaos B
kaHueporeHese. PesyabTarpl: COMIacHO MNPOAHATU3UPOBAHHON JIUTEpPAType, TPAHCIIO30HBI
SIBJIAIOTCS] BOKHEUITUMHU MCTOYHUKAMU BOSHUKHOBEHHUS U 3BOJIOIUHN OENOK-KOAUPYIOIINX ['€HOB 32
CUeT  OJIOMAIlHMBaHMS TE€HOB  MOOWIBHBIX  TE€HETHMYECKMX  D3JEMEHTOB,  JK30HM3alUU
MHCEPTUPOBAHHBIX PETPOIIEMEHTOB M OOpa30BaHMs TICEBAOI€HOB. bBONBIIMHCTBO AJIMHHBIX
Hekogupytonmx PHK, konsressix PHK, MHorux renos mukpoPHK, a Taxxke ux peryasTopHBIX
JJIEMEHTOB B HBOJIIOLMHA NPOU3OLLIM OT TPAHCIO30HOB. Y YEIOBEKA JOCTOBEPHO BBISBIICHA
tpaHcasauusa 15 pmuuHbBIX Hekoxupyromux PHK, 4 mpu-muxpoPHK n 6 xompueBeix PHK ¢
oOpa3oBaHHeM (YHKIIMOHAIbHBIX TENTHU]IOB, BOBJICYEHHBIX B MEXaHHU3Mbl KaHIIEpOTeHe3a.
3akui0ueHue: Bo3HUKHOBEHME B 9BOJIIOLMHU OOJBIIMHCTBA TeHoB Hekoaupyromux PHK u MHOrHX
0eNOK-KOUPYIOIIUX T'€HOB OT TPAaHCIO30HOB CBHJIETENHCTBYET O BO3MOKHOCTH HCIOJIb30BaHUS
JAaHHBIX TEHOMHBIX DJJIEMEHTOB B KaueCTBE MHUIIEHEW JUIsI MEPCIEKTHBHBIX TI'€HETUYECKUX
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UCCIIEIOBaHMI, B TOM 4YHCIIe B JIeYeHUU 3aboieBaHuii y dyenoBeka. CBUAETEIHCTBOM CIIy)KaT
MOJTyYCHHbIE JJAaHHBIE O BOBJICYCHHH B KaHIEpOreHe3 25 MenTHI0B, 00pa3yeMbIX MPH TPAHCISIHUN
Hexkoaupyromux PHK.
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Abstract

Background: Transposable elements make up a significant proportion of eukaryotic genomes and
are objects of modern genetic research, including in the design of targeted tumor therapies. For the
optimal design of such methods, it is important to determine the possible relationships of transposons
with genome regulatory elements, as many protein-coding genes and translatable non-coding RNAs
originate from transposons. The aim of the study: To describe the role of transposons in ensuring
the evolutionary diversity of eukaryotic proteomes, both through the direct origin of protein-coding
genes and translation-capable non-coding RNAs from transposons. To determine the practical value
of the results obtained by analysing the involvement of peptides formed from non-coding RNASs in
carcinogenesis. Materials and methods: Scopus, WoS, PubMed databases were used to analyse the
role of transposons in the origin of protein-coding genes, microRNAs, long non-coding RNAs and
circular RNAs, and the involvement of peptides formed during the translation of these RNA
molecules in carcinogenesis. Results: According to the literature reviewed, transposons are the most
important sources of origin and evolution of protein-coding genes due to their domestication,
exonisation of inserted retroelements and formation of pseudogenes. Most long non-coding RNAs,
circular RNAs, many microRNA genes and their regulatory elements have evolved from transposons.
In humans, the translation of 15 long non-coding RNAS, 4 pri-microRNAs and 6 circular RNAs with
the formation of functional peptides involved in carcinogenesis mechanisms was reliably detected.
Conclusion: The evolutionary origin of most non-coding RNA genes and many protein-coding genes
from transposable elements suggests the prospects of using these genomic elements as targets for
advanced genetic research, including the treatment of human diseases. This is evidenced by the data
obtained on the involvement of 25 peptides formed during the translation of non-coding RNA in
carcinogenesis.
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BBenenmue. TpaHcno30HbI 50054
MOOUIIbHBIE TeHeTndeckue 31emMeHTs (MID)
MPEACTABIISAIOT coboi cnernuduueckue
JIOKYCBI T€HOMa, CTIOCOOHBIE K IIEPEeMELICHUIM
B HOBBII JIOKYC TOT'O K€ F€HOMa C MOMOUIBIO
(bepMeHTOB, KOJUPYEMBIX HX COOCTBEHHBIMH
reHamu (aBTOHOMHBbIe MI'D) wunu reHamu
npyrux MI'D (HeaBTOHOMHBIE). Y 3yKapHOT
paznuuart kiace | MI'D — perposnemeHTHI
(PD) u xmacc Il — JHK-tpancnozonsr. MI'D
kimacca | mepeMemniaroTcsi 3a cueT OOpaTHOI
TpaHckpunuuu  codctBeHHbix PHK  co
BcTpauBanueM kJ[HK B HOBBII JJ0KyC reHOMa
10 MEXaHU3MY «KOMMPOBAHMS U BCTaBKW». Ux
knaccudunupyror Ha nopsaaku LTR, DIRS,
PLE, LINE, SINE. JIHK-tpancmo3oHsI
KJIACCUPUITUPYIOT Ha MOAKJIIACcC 1,
Brurrovaromuii TIR m Crypton m moakmiace 2,
comepkantuii mopsiaku Helitron u Maverick
[1]. T'enoMbI 6onbITMHCTBA OAKTEPHIL U apXeeB
IIpaKTU4YeCKM He coxepxkar MIDO, 3a
HEKOTOpPBIMU HCKIIOUeHussMU. Hampumep, y
oaktepun  Clostridium  difficile  MI'D
cocraBisitoT  11%  mocienoBaTenbHOCTEN
reHoma, y Enterococcus faecalis — 25%, y
Orientia  tsutsugamushi — 46,7% wu
OTJIMYAIOTCS CIIOCOOHOCTBIO
B3alMO/JICIICTBOBATh MEXAYy COO0OM myTem
pexoMOuHanuu, GopMupysi HOBbIE XUMEPHBIE
snemeHTel  [2].  OpHako  HaWOOIBIIYIO
PETYISITOPHYIO U 3BOJIIOLIMOHHYIO posib MI'D

npuodpenn y AYKapHoT, 0 yeMm
CBUCTEIHCTBYET ux riobanpHas
pacrpoCTpaHEHHOCTh W HCIIOJIb30BaHHE

nociuenosarenbHocTet MI'D aiist o6pazoBanus
U OBOJIONUH HOBBIX OENOK-KOAUPYIOIINX
reioB (BKI') wu Hekogupyronmx PHK
(uxPHK). bBnmaronmapst »sToMy 3yKapHOTHI
XapaKTepU3yOTCs BBIPAKECHHBIMU
pa3nInuusMHU B pazMepax reHomoB. Hanpumep,
y pacreHuil Hamboiee MEIKUH TeHOM
mukpocropuauu Encephalitozoon intestinalis
paszMepoM B 2,3 MWwuUMapl I.H. MEHbIIE

KpymnHoro reroma Paris japonica (148 852
munmapa m.H.) B 70 000 pa3, a KOJIUYECTBO
nykiaeorunoB JIHK ame06br moutu B 200 pa3
00JIbIIIE TIO CPABHEHUIO C TEHOMOM Y€JIOBEKOM
[3], xoTopmlii mpenacTaBiIseT HAWOOJbIINN
MHTEpPEC B COBPEMEHHBIX HCCIICIOBAHUIX B
CBSI3H C OTKPBIBAIOIIMMUCA BO3MOKHOCTSIMHU
T€HOMHOTO PEJaKTUPOBAHUS.

B snepnoit JIHK wuyemoBeka LINE
3aaumaroT 0,63 mipa. m.H., SINE — 0,39 mup.
nH, LTR - 0,27 wapa. mH., JHK-
TpaHcno3oHsl — 0,108 mupa. n.H. Bcero MI'D
COCTaBIAKOT oOKoJio 1,4 wipAa. ILH., 4YTO
COCTAaBJISACT 46,7% BCEX
nociegoBarenapbHocTet reHoma [4].  Ilpu
MOMOIIHY CHEU(UIECKUX OJTUTOHYKIICOTHIOB,
KOMILIEMEHTaPHbIX TPaHCIO30HaM,
MPOBEACHHBIM aHAJIM3 TEeHOMa YeJOoBEeKa
noKaszajl, 4TO TmocienoBareiabHocTn MID
3aHMMAlOT HE MeHee 2/3 Bcero TreHoma
yenoBeka [5]. Takoe  HECOOTBETCTBHE
0o0yCIIOBIEHO KJItoueBOl poisto MID B
BO3HUKHOBEHUs U »Botonnu reHoB HKPHK u
0€JIOK-KOIUPYIOIITIX T€HOB, 4To
mpenonaraer MHOTO(YHKIIMOHATHLHOCTh
TaKMX T€HOB KaK CIEeNU(PUIECKOE CBONCTBO
MI'D [6], NOCKOIBKY IpU BO3HUKHOBEHUU
mupa JIHK-PHK-6enku 3 mupa PHK-JIHK,
TPAHCIIO30HBl  CIYXKUJM  YHHUBEPCAIbHBIMU
HMCTOYHUKAMH TIPOUCXOXKICHHUS
OECUUCIIEHHOTO Pa3HOOOpa3us MENTUAHBIX U
OeNKOBBIX MOJIEKYJ Ojaroaapsi MpOLECCUHTY
nx TpaHckpunTtoB [7]. COOTBETCTBEHHO,
TPAHCKPUIITHI MI'D IIPOLECCUPYIOTCS
pa3nUYHBIMU (EPMEHTATUBHBIMH CHCTEMaMU
c o0pa3oBaHMEM MHOXKECTBAa BAapHUAHTOB
moutekyn PHK, koTopbie MOTYT CBSI3BIBATHCS C
pubocomamu ©  (GOPMHPOBATH OTPOMHOE
pazHoOOpa3ue  OelnkoB M TENTHJIOB.
JleicTBUTENBHO, B 3BOJIIOLNHT MI'D
CTAaHOBUJIUCh ~ MCTOYHUKAMHU HE  TOJBKO
muHoxectBa BKI' [8-19], HO Takke TreHOB
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MuKpoPHK [20] u IIMHHBIX HEKOAUPYIOIIUX
PHK (naPHK) [21, 22].

CornacHo onyonukoBanHOM B 2022 romy
cTarbe 0 pacmmgpoBke TIOJTHOM
IIOCJIEIOBATEIbHOCTH TIE€HOMa 4YeJIOBEKa, B
rariougHoM Habope coxepxwurcs 3,055
MUWJUIMApIOB  THap  HyKJIeoTuaoB. Bcero
BbISIBJICHO 63494 T€HOB, U3 KOTOPBIX JIMIIb
19969 BKI' [4]. 3HauuTenbHYIO JI0JIIO
cocraBisaror TeHel HKPHK, komudectso
kotopeix B 0Oaze manaeix GENECODE Bce
Oosnee Bo3pacTaeT Oyarofapsi COBPEMEHHBIM
MOJIEKYJISIPHO-TE€HETUYECKUM MeToJ1aM
uccnenoBanus. B 2024 romy craructuyeckue
JTaHHbBIC ATOMU 0a3bl
(https://www.gencodegenes.org/human/stats.ht
ml) cBunerenbcTBYIOT 0 Hamuun 20424 reHoB
nHPHK, oTBeTcTBeHHBIX 32 0Opa3zoBanue 59719
TPAHCKPUNTOB. AHHOTHpPOBaHO 7565 TreHOB
maneix HKPHK, a Taxxke 14719 nceBmoreHos
[4], xoTOpBIe Takke 00pa30BaHbI B 3BOJIIOLIUU
onaromaps MI'D [23, 24]. TIpoucxoxiaeHue
reroB HKPHK [20, 21, 22] u BKIL [8-19] ot
MI'D mpeanonaraet HaIM4YKMe CreUUGUISCKUX
CBOMCTB TakMx TE€HOB M  IPOIYKTOB
TPAHCKPHIILIMH, OTPAKAIOLIUX YHUBEPCAIbHbIE
cBoiicTBa MI'D. AHanu3 Hay4yHOW JTUTEpaTyphl
MOKa3bIBAET MOSIBIICHHE CBEJICHMI,
MOATBEPKIAIOMINX ITO Tpeanonoxenne. M B
JaHHOM  cTatbe  OyayT  TpeACTaBJICHBI
JokazaTenbcTBa Toro, uro HKPHK sBisroTcs
BAKHEHIIMMU HMCTOYHUKAMU BO3HUKHOBEHHS
HOBBIX  O€JOK-KOJIUPYIOIIUX  T€HOB B
HBOJIIOIIUH, UTO CBSI3aHO C UX (YHKIIMOHATEHON
B3anMocBsi3pi0o ¢ MI'D. HccnenoBanue posu
MID B obecrieueHNH  Pa3HOOOpPA3Hs
TPAHCKPUIITOMOB W MPOTEOMOB  HMeEET
MIPaKTUIECKOE 3HauEHUE, MTOCKOJIbKY
TPAHCIO30HBI  SIBIISIIOTCS  MHUIICHSIMH IS
MIPOBEICHUS TapreTHoM Tepanuu
3JI0KAY€CTBEHHBIX ~HOBOOOpa3oBaHwii  [25].
COOTBETCTBEHHO, MOJYUYEHHBIE PE3YJIbTATHI O
3HaueHnn MI'D B mpoucxoxiaeHun OenKkoB U
HkPHK  moryr  cBuaerenscTBOBaTh 0O
BO3MOKHOM BOBJICYEHUH OTHUX MOJIEKYJ B
KaHIEPOreHE3.

Heas wucciaegoBanus. Omnmcarb poiib
MID B of0ecrneueHUH  SBONIOIHMOHHOTO
pa3zHooOpa3usi MPOTEOMOB 3YKApHOT Kak 3a
CYET HEMOCPEJCTBEHHOTO BO3HUKHOBEHUS

OCJIOK-KOIUPYIONMX TeHoB oT MI'D, Tak u
IyTEM BO3HUKHOBEHUS OT TPaHCIO30HOB
Hekoaupyronmx — PHK, CHOCOOHBIX K
TpaHcasauuu. OnpenenuTb MPAKTUYECKYIO
LEHHOCTh IOJIYYEHHBIX PE3YJIbTATOB IYTEM
aHanM3a BoBIeueHUs oOpazyembix n3 HKPHK
NENTUI0B B KAHLIEPOT€HE3E.

MarepuaJjibl )/ | METOIbI
uccjaenoBanus. Vcrnonp3oBansl 6a3bl JAaHHBIX
Scopus, WoS, PubMed st anammsa poiin
TPAHCIIO30HOB B BO3HUKHOBEHUM OENIOK-
Koaupyrommx reHoB, MUKpoPHK, naumHHBIX
Hexkoaupyronmx PHK u konsuesix PHK, 00
ydacTUU  00pazyeMbIX TMpU  TPAHCISALUU
nanHbix  Monekyn PHK  nmenrtumoB B
KaHILIEpOTreHe3e.

Pe3yabTaThl. AHanu3 Hay4HOU
JUTEPATYPhl TO3BOJINII BBISIBUTH BaXKHYIO POJIb
MI'D B Bo3nukHoBeHHM BKI' u pasnuuHbix
HKPHK. Bo03MOXHOCTHh TpaHCHAIUMU TaKUX
HKPHK obecrnieunBaeT oOpa3oBaHme
(YHKIMOHANBHBIX MENTHAOB, MHOTHE U3
KOTOPBIX Y4acTBYIOT B peryJsuuu
KaHIIepOreHe3a U MOTYT ObITh UCIOJIB30BaHBI
B KayeCTBE HMHCTPYMEHTOB Il TapreTHOM
POTUBOOITYXOJIEBOI TepaIuu.

PoJib TpaHCI030HOB B BOBHMKHOBEHUM
0eJIOK-KOIUPYIOIIHX I'¢€HOB

dopMHUpOBaHHWE B OBOJIONHUHA HOBBIX
BKT BO3MOKHO Tpems OTIEJIbLHBIMUA
MexaHu3sMamu npu nomou MI'D: 1) myrem
HEIMOCPEJICTBEHHOTO0 OJOMAIIIHUBAHUSI TE€HOB
MI'D, 2) 3a cuer DK30HU3AINHU
WHCEPTUPOBAHHBIX B~ HMHTPOHBl WU
HEKOAUpYIOUIMEe 00JIaCTH  CYLIECTBYIOIINX
BKI"  mocnemoBarenpHOCTE  MID  (C
o0Opa3oBaHUEM HOBBIX BapHaHTOB
crmaiicuira) u 3) myTeM  oOpa3oBaHUS
peTporeHoB (TCEBIOT€HOB) B pe3yibTare
ucnoib3oBanus pepmentos PO (puc. 1). Haxe
(hopMUpOBaHHE TICEBJOTEHOB CIIOCOOCTBYET
W3MEHEHUIO TeHHBIX PETYJISTOPHBIX CETEH, TaKk
KaK PETPOKOITHH (hIaHKHUPOBaHBI
MOCJIEA0BATEIILHOCTSIMU MID [26],
HaxOJSIIUMHUCS TIOJ YIPABICHUEM CIIOKHBIX
SMUTE€HETUYECKUX CHUCTEM, C  y4acTUEM
npoucxogaumx or MID  Hekoaupyromux
PHK [6]. CrumaiicocOMHbIE HMHTPOHBI TaKkKe
npousonuii oT MI'D B aBomoonuu [24], ¢
MOCJIEAYIOIMMHU HOBBIMU HHCEpLusaMu MI'D B
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3TU  HUHTPOHBI,  YTO CIOCOOCTBOBAJIO 3K30HbI, npousomenmue or MID [27]. C
(hOpMHUPOBAHUIO aJbTEPHATUBHBIX MOMOIIBI0  MOJEIN TJIIyOOKOro O0y4YeHHS

CIUTaiCMHTOBBIX TpaHCKpUNTOB. Ecnu B xoze
HBOJIIOIUKM OO0pa30BaHHBIE HOBBIE OEIKOBBIE

130 opMbI Croco0CTBOBAIIN

JTy4qIIein

ajanTanyu, 3T BAapUAHTBI 3aKPCIIAIUCH Ha

YPOBHE BHAA. Bo3umkana sk3oHM3anmusg. B

eXAlu, OblI0 MmOKa3aHO, 4YTO KOJIUYECTBO
snementoB  Alu B reHome  dYeloBeKa,
MOJIBEPKCHHBIX ~ 3K30HHM3AIMH  COCTABJISACT
okoio 110 000, uro B 21 pa3 OGonbiie, yem
npeactasieHo B 6aze ganHeix GENOCODE

F€HOME 4YeJIOBEKa BBISBIEHBI Pa3lIMYHBIC [28].
TPaHCNO30H B | TPaHCNO30H | | peTpoanemMeHT |
MeXreHHou obnactu | UHCEPUYUA 8 UHMPOH | | gozdeiicmeue
\unu UTR \oru MH
mymayuu | GEJ"IOK-KOHI‘IPYIOLL‘HFI reH PHK 6enok-kogupytoweroreHa |

IK3

oHUsquua

obpasoearue

HOBbIH reH

a.ﬂbTepHaTHBHblﬁ BapUuaHT reHa

QOMECmU-

Kauua

3aMeHa

QEHKgUU

OCHOBHO20

3amMeHa

QEHKgUU

OCHOBHO20

HOBbI
benok

!

y h

2EHa

2EHA

N

Yyacmue 8 peakyuax, cnocobcmeayrowux adanmayuu

Puc. 1. Cxema y4acTus TPAHCIIO30HOB B BOBHUKHOBCHUHN HOBBIX 6CJ'IOK-KO)II/Ipy10H_II/IX T'€HOB
(OT — obpatHas Tpanckpuntasza, IH — unrerpasa,
UTR (untranslated region) — wetpanciupyemast 001acTh reHa)
Fig. 1. Scheme of the participation of transposable elements in the emergence of new protein-
coding genes (OT — reverse transcriptase, IH — integrase, UTR — untranslated region of the gene)

[Tpu 00pa3oBaHUH PETPOreHoB
HCIOJIb3YIOTCA KOMpYyeMbIe
peTpoaieMeHTaMn OOpaTHasi TPaHCKPHUITa3a
g obpazoBanus kJIHK wu3 TpanckpunTos
BKI u sHoHYyKII€a3a 11 BCTpauBaHUs KOUU
B TreHoM. B pesymprate o00pa3oBaHHBIE
PETPOreHbl COZEPKAaT HOBBIE PEryJIATOPHBIE
MOCNIEIOBATENbHOCTH,  COJEpaliuecs B
Jokyce BcTpauBaHus. Kpome toro, Ttakue
HoBele BKI' Bo dQuankupyrommx ob6nactix
comepxkat  cneruduyeckue ans  LINE
MOCJIEIOBATENBHOCTH, TaKUE KaK YIBOCHHBIE

1[eJIeBbIC
pacierieHus
Y  KMBOTHBIX OIHCaHO
(hepMeHTOB

CaliThl M  MOCJEA0BATEIbHOCTH
sunonykieasst  TTTT/AA.
TaKXe yyacTue

(3HI0TeHHBIX

ERV

PETPOBUPYCOB) B 00pa30BaHUU PETPOTeHOB. B

TaKUX
(1aHKUPOBAHBI

Cly4dasiXx  HOBBIE

JJIINHHBIMH

BKI'  Oynyr
KOHLIEBBIMHU

noBTopamu (LTR), xapakrepusiMu nns ERV

COJIePIKAIITIX
IICEBIOT€HOB

UCHOJIL30BaHHE LTR-
PO nmpu  oOpa3oBanuu
HaumOoJee XapakTepHO JUIs

[23].  Opmnako

pacTeHuii, MOCKOJbKY B HX T€HOMax, IO
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CPaBHEHUIO C JKUBOTHBIMH, MpeolIaiaoT
LTR-conepxamue  P3.  Hampumep, vy
apabuporicuca omnucaHbl (IaHKUPOBAHHBIE
JUTUHHBIMU KOHIIEBBIMU MMOBTOpaMH
¢dbyukuuonaneHbie perporenbl CYP98A8 w
CYP98A9, a y TomaToB — niceBzorex Sun [29].
VY pacteHuii OTMEYEHa TaKXe CIOCOOHOCTH
PETPOTEHOB TpPaHCKpUOHpOBaThCS Ha Ooiee
HU3KOM ypoBHE (mogo6H0 renam nHPHK), uro
OTpakaeT CBOMCTBa mpoucxomsmux or MI'D
resoB 7HPHK B ’Bomonuu. Hampumep, y
Oryza L. Oomee 2/3 Bcex TICEBIOTCHOB
HKCHPECCUPYIOTCA CO CHEIU(PHUSCKUMH IS
TKaHe 0COOEHHOCTSIMH, UTO TaKXkKe OTpakaeT
cxonctBo ¢ reramu THPHK [30].

ITomo6no renam nuPHK, sBoMOLIMOHHO
MOJIOJIbIE TICEBIOT'€HBI, COCTOAIINE TOJIBKO U3
9K30HOB, MIOCTENIEHHO pHOOpeTaIoT
MO3aUYHYIO CTPYKTYPY 3a cyer
MHOT'OKPAaTHBIX BCTpauBaHUM HOBBIX MIO,
KOTOPBIE COJIEPKAT JOHOPHBIE U aKI[ENTOPHBIE
CalThI CIUlaiicuHra, obecrnieunBas
B3aumogeucteue MPHK Ttakux reHoB co
cruiaiicocoMoil. OTO  JaeT BO3MOXHOCTh
y4acTBOBATh OCJIKOBBIM MPOAYKTaM TaKUX
T€HOB B PETYJIATOPHBIX CETSIX, B KOTOPBIX
3ageiictBoBanbl MID.  CoOTBETCTBEHHO,
TaKUe MCEB/IOT€HbI B ONIPEIETIEHHBIX YCIOBUAX
00€eCIeunBarOT JIYUIIYIO aanTaluio 0cooei u
MOTYT OBITH OTOOpaHBI ISl DKCIPECCHU Ha
0ojiee BBICOKOM YpPOBHE M HCIIOJIb30BAThCA
BMecTo BKI', konueit KoToporo OHU SBJISIFOTCS
[24]. Kpome Toro, 00pa3oBaHHbIE PETPOKOIIUN
CITyXaT HMCTOYHUKAMHU TPaHCKPHUIILINU
Hexkoaupytonmx PHK, uro Opuio nokazano
IIpU  aHAJIM3€ PACHpPOCTPaHEHUsl KIIACTEPOB
MukpoPHK ¢ ygactuem Alu u L1 B reHome
YeJIOBEeKa. 3a CUeT HTOro o0pas3yroTcsi HOBBIE
BO3MOKHOCTH B3aMMOPETYJISIIIUA C JAPYTHMH
reHaMM ¥ JIOKycaMd  T€HOMa,  4YTO
MOTEHITMATBHO CIYKUT HCTOYHHKOM HOBBIX
amanTuBHBIX QyHKIUH [31].

Hns onpenenenns mpoucxoxaenust KT
OT TpPaHCHO30HOB HCHOJB3YIOT pa3uYHbIC
MOAXOBI, OJHAM U3 KOTOPBIX SBISICTCS
UICHTH(UKAIUS KOHCEPBATHUBHBIX JOMEHOB,
cnemuprunbix s MI'D. B pesynbrare
MOXXHO  BBIIBUTH ~ MHOXECTBO  T'€HOB,
BO3HUKIITUX B IBOJTIOIIUN u3
nocieaosarenabHocTelt MI'D 1 ncnonp3yemMbIx

11 Hyx 71 xo3sieB. Hekoropeie u3 takux BKI
00pa3yIOT TaHJEMHbIE KIAcTEepPhl CEMEHCTB
reHoB [32]. ®opMuUpOBaHME HOBBIX TI'€HOB
IyTeM BepOOBKM J0oMEHOB MI'D sBusercs
OPUYMHOM WX PACIPOCTPAHEHUS B CBS3U C
BO3MOXXHOCTBIO ~ y4dacTUsi B  aJalTUBHBIX
peakuusx. JlokazaTenbcTBa OJOMAIIHUBAHUS
MI'D B 3BOMOLIMK OBUIM TOYYEHBI B CBSI3U C
HamM4YreM (DYHKIIMOHAIBHBIX Pa3IHuiid MEXIY
ABTOHOMHBIMM M JIOMECTUIUPOBAHHBIMU
TpancnozoHamu  [15]. MID  okazaiuch
UCTOYHHKAMU BO3HHUKHOBEHHSI KOHCEpBATHB-
HBbIX T€HOB, WIPAIOUIMX KIIOYEBYIO pOJb B
SBOJIOIMOHHBIX  MPEOOpPa3OBaHUSIX  HKUBBIX
OpraH13MOB. Hanpuwmep, oOpaTHas
TpaHckpunraza PO crama oOCHOBOM i
dopmupoBanus Tenomepassl  [27]. Y Bcex
JYKapHUoT ObLIO UAEHTU(DUIIPOBAHO
mHoxecTBO BKI', mponzomeammx ot MI'D [10].
Tak, y mo3BoHOYHBIX omucano Oonee 1000
T€HOB, MCTOYHHMKAMH KOTOPBIX OKasaiuch PO
[33]. JlpeBHsisi 3BOJIOIMOHHAS CIOCOOHOCTH
MI'D o00pa3oBbIBaTh OEIKOBBIE CTPYKTYPBI,
B3aUMOJICHCTBYIOIIME  C  TOCIEIOBATEIb-
Hoctsimu coOctBeHHbIX JIHK B renome crama
OCHOBOM JuIi BO3HUKHOBeHHMs oT MID
Pa3IMYHBIX TPAHCKPUIIMOHHBIX (PAKTOPOB U
CaliTOB CBSI3BIBAHUS C HHUMH, (QOpPMHUPYS
CIIO’KHBIE PEryJIATOpHbIE reHHble cetu [10, 34],
HaXOSIMECS TakKe IO PEryJIATOPHBIM
BausgHueM MI'D u mpousomeqmuux OT HHUX
Hekoupytomx PHK (puc. 2).

HecmoTpss Ha TO, 4YTO B TeHOMax
9yKapuoT  mpeobsagaior PO,  BaxkHBIM
ncrouHMKoM BKI'  pasnmnuHbIX KMBOTHBIX,
IrpubOB U PACTEHMH CTal T'€H TPAaHCIO3a3bl
JAHK-tpancmnozoHnos (Tabm. 1). Or
TPaHCII03a3bl IIPOU30LUIN TaKkue
KOHCEpBaTUBHbIE OEJNKM Kak I[EHTpOMEp-
ceaspiBatommii  mporeun  CENP-B  y
KUBOTHBIX, Oestok harbil y MiaekomuTaromumx,
peIO M JyATyHiek. BakHeiinne KOMITOHEHTHI
uMMyHHOU cructeMbl RAG y MO3BOHOYHBIX
TaK)K€ MPOU30LUIA OT TPAHCII03a3bl, KOTOpas
CTajlla TaKKe€ HCTOYHUKOM BO3HMKHOBEHHS
oenkoB Metnase u Pghd y yenoBeka u Mpimim,
nporennoB BUSTER1-3, ZBED1, ZBEDA4,
ZBED5, P52rIPK y wiekonutaromux. Y
apabujorcuca OT TPaHCIO3a3bl MPOU3OILIEN
oenok Daysleeper [9, 15].
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Puc. 2. Ponb TpaHCIIO30HOB B ((OPMUPOBAHHUH PETYISTOPHBIX CETEH YIIpaBIeHUS
(YHKIMOHUPOBAHUEM T'€HOB
Fig. 2. Role of transposable elements in the formation of regulatory networks that control
genes functioning

Crenuduueckue HyKJ€as3bl, UCIOb3Ye-
Mble A neperpynmupoBkd JJHK y *KHBOTHBIX,
MPON3O0IIUIA oT TPaHCII03a3bl JHK-
Tpancro3onoB Harbinger [8]. Tparncmoszasbt
CTalldi OCHOBOM Uil (POPMUPOBAHUS TAKUX
JIHK-cBsI3pIBalOIIMX JJOMEHOB 3YKapUOT Kak
cnivpanb-ioBopor-ciiupans (HTH) u nnHKOBBIE
naneiel (ZF). Kpome Toro, or TpaHcmosasbl
npomsonrit  HD  (romeonomen), KRAB
(Kruppel-cesizannsiii - 60xc), BTB (Broad-
Complex, Tramtrack, and Bric-a-brac), SET
(Su(var), E(z) and Trithorax), SWIM
(SWI2/SNF2 and MuDR), hATC (hAT C-
terminal  dimerization), LZ (nefiiHoBast
momuus) [10]. Crnenyer ormeruts ponb JJHK-
TPAHCIIO30HOB B Ka4eCTBE 3BOJIFOIMOHHBIX
WCTOYHUKOB TEHOB OEJIKOB, YYacTBYIOIIHX B
snureHeTnyeckoi perymsauuu. Tak, or JIHK-
TpaHcmo3ona Harbinger y  ApaGumoncuca
npomsonum redsl HDP1 (ot Tpancmoszaser) u
HDP2 (or JIHK-cBs3wBaromero Oemka),
KOTOpbI€ B3aMMOJICUCTBYIOT C KOMIIOHEHTaMU
IDM1, IDM2, IDM3 u MBD?7 anetunrpancde-
pPa3HOrO  KOMIUIEKCA,  yYacTBYIOILETO B
nemerwmpoBanuu JIHK [18]. Ot Tpancmozazbl
hAT npomsonumt  QakTopsl  MomHMUKAIN
xpomatnia BEAF-32 u HIM-17 [11],
1eHTpoMepHbIii 6e1ok Abpl (y rpubos) [10],

MHCYJISITOPBI, YYacTBYIOIIME B MOIU(PHKAIN
xpoMaTuHa. MHCYIATOPBI — 3TO peryasTOpHbIC
3JIEMEHTHI, KOTOpbIE CIOCOOCTBYIOT
OpraHu3allii XpOMAaTHHA 3YKapuoT 3a CYET
OJIOKMPOBaHMSI HJHXAHCEPOB W  AKTHBAIMU
xpoMatuHoBoro  Oappepa  [17].  T'eHsi,
MPOU3OLLIEAIINE or  JIHK-tpancno3oHoB,
skcnpeccupyrores B 6enku THAPO, THAPL,
E93 (ren Eip93F), yuacTBytolue B anonrose, a
TaKKe THAP, LIN-36, LIN-15B,
KOHTpOJIMpYIOIIKE KiIeTouHbld nuka [11]. YV
nposxokeit narerpasa JJHK-Ttpancno3oHoB crana
HCTOYHMKOM BO3HMKHOBEHHMs TeHa Foblp,
MPOIYKT KOTOPOTO YIpaBiseT peKoMOUHaLuen
pPHK [9, 15].

Or reHa UHTErpasbl LTR-
perpoasieMeHToB mpomsomien reH Gin-1 y
MJIEKOITUTAIOIIHX, OeNKOBBIH HPOTYKT
KOTOPOTO y4acTByeT B peryIsimn
smbpuorenesa. Ot renoB GAG perpodieMeHTOB
MPOU3OIIUTH TEHBI, BOBJIICYCHHBIE B NMMYHHBIC
orBer (Ma), B ympaBieHHE TPaHCKPHUILIUEH
vuenmaa (MyEF-3), B perymsmuio anonTosa u
nponudeparmu KJIETOK (Mart),
NpoTHBOBUPYCHBIN oTBeT (FV1), perymsiuro
JKCIpeccud  OTioBckux — reHoB  (Rtll),
napreHoreHetndeckoe  passutie  (PEG10)
[9, 15].
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Tabnuya 1
Benok-koaupyonme reHbl dyKapuoT, MPoH3oLIeaIIne oT TpaHcno3asbl [9-18]
Table 1
Protein-coding genes of eukaryotes derived from transposase [9-18]
TTHK-
Tpancnoson Opranuszm I'en xo3siuna (pyHKIUSA OeiKa)
CACTA JIbBUHBIH 3¢B (AHTUPPUHYM) ROSINA (Moxynsimus pa3BUTHSI JIETIECTKOB M THIYUHOK)
hAT apaOuJIONCHUC Daysleeper (peryssiys pa3sBuTHs)
TPaBSHUCTHIC PACTECHUS Gary (Heu3BecTHA)
caxapHbIi TPOCTHHK SchAT (tpancno3zasa ¢ MmotuBoMm DDE)
npo3oduaa BEAF-32 (perynsinus XpoMaTHHA, HHCYJISITOPHAS aKTUBHOCTD)
DREF (permmkarmust IHK, nuddepeHnpoBKa KIETOK)
KPYTJIbIE YePBU GON-14 (perynsimus pa3BUTHSI)
LIN-15B
(mHrHOUTOpP KIeTOYHOTO nukiaa G1/S)
MJICKOTIUTAOIIIHC GTF2IRD2 (dhakTop TpaHCKPHIILIIH)
BUSTER1-3
P52rIPK (uarubuposanue nporerakuHaszbl PKR)
ZBED1, ZBED4, ZBEDS (perynsnus TpaHCKPHUIIITIH)
Harbinger MJICKOITUTAIOMIHE, TITUITH, HARBI1 (neperpynmuposka JTHK)
PBIOBI, JISITYIIKH
MMO3BOHOYHBIE NAIF1 (ssmepnsiii nepesoc HARBI1)
pacTeHue apabuI0IICHC HDP1, HDP2 (nemetmimpoBanne JTHK)
Mariner MUJICKOTIUTAIOIINE, PACTCHUSI haT-like (yuactue B penpoaykitim)
1 TpUOBI
YEIIOBEK, MBIIIb SETMAR (seromostornyHas penapanus ABOWHbIX pa3pbiBoB JTHK)
METNASE (unterpanus u pemnapars JJHK)
Mutator-like apabuioncuc FHY3, FARL (nytu dutoxpoma A)
Mutator TpuOBI Aftl (yTunusanus HOHOB M TOMEOCTa3)
Rcsl (yrmm3anus HOHOB M TOMEOCTA3)
apadHIIOTICUC, PHC MUGI1 (peryssiuust TpaHCKPHUTIIINH)
P-element npo3oduaa phsa/pgga (penpeccop-nionobHeiit 6eok ¢ JJTHK-cBsi3pIBatonmm
MOTHBOM)
MJIEKOIIUTAIOIINE THAPQ, THAP1 (unayunpoBaHHbIi HHTEP()EPOHOM-Y alONTO3)
THAP2, 3 -6, 10, 11 (HeusBecTHa)
THAP7 (pexpytupyer neanermiazy HDAC3 u NCOR B
cnenuduueckue caiitel JTHK)
THAP-E2F6 (pempeccop E2F-3aBucumoii Tpanckpurnimu B S-dazy)
KPYTJIbIe YePBU CDC14B (unrubutop xierounoro iwkiaa G1/S)
CTB-1 (peryssiuusi TpaHCKPHIILIUH)
HIM-17 (Moaudukanusi XxpoMaTHHa)
LIN-36 (perysmsitus knetouHoro iukiaa G1/S)
Pogo Ipo3odra, CENP-B (ueHTpoMepHBIii GEJI0K)
MJICKOITUTAIOIINE, PACTEHHS
JIpo3oduia Babl, Bab2 (Mopdorenes sHUHHKOB U TeJIa)
Eip93F (perysiitist onocpeioBaHHOM CTepOnIaMu
MIPOTrPaMMHPOBAHHOHN KJIETOYHON THOenu mpu Metamopdose)
rpHOBI Cbh1, Cbh2 (uentpomepHsie Genkn)
Abp1 (cerperarust XxpoMOCOM, (POPMHUPOBAHHE TETEPOXPOMATHHA
LIEHTPOMED)
MJICKOTIUTAIOIINE JRK, JRKL (IHK- nu PHK-cBsi3pIBaronias akTHBHOCTh B HEHpOHAX)
PiggyBac- MI03BOHOYHbIE PGBD1-5 (neu3BectHa)
like UIMOPIIEBbIE JISITYIIKH KOBUTA (Heu3BecTHa)
Tcl MI03BOHOYHbIE RAG1, RAG2 (V(D)J pekombuHaItws)
YEJIOBEK PAX6 (TpaHCKPUIIMOHHBIH (haKTOp peryJisiiiii Pa3BUTHUsI OPraHOB)
Transib YEJFOCTHBIC TO3BOHOYHbIE RAG1, RAG2 (V(D)J pekombuHaItws)
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Panee mpennonaranoch, 4to oOpaTHas
TpPaHCKpHUNTAa3a U MOA0OHBIE €l (hepMeHTHI
OTHOCATCSI HUCKJIIYUTENIBHO K PO wim
BHpycaM, a K MPOUCXOMSAIIUM OT OOpaTHOM
TPAHCKPUITA3bl TE€HaM OTHOCWIWCH JIMIIb
TeroMepasbl. OHAKO OBUIO BBISIBICHO, YTO OT
resa  oOpaTHOM  TPaHCKPHUIITA3bI PD
MIPOU30LLIN TeHBI 'VE, KOTOpbIE COJIEPKaTCs B
reHomMax OakTepuid, TPOTUCTOB, T'PUOOB,
KUBOTHBIX ¥ PACTEHUH C HEOJIHOPOJHBIM
¢bunorenernyeckuM  pacnpeneneHuem [13].
Ob6parnas TPaHCKPHUIITa3a ERV
IBOJIIOIIMOHUPOBATIA B Oenox Prp8,
SBJIAIOIINANACA KOMIIOHEHTOM  CILJIaiicOCOMBI
sykapuotr [12]. YV miekonuramommx B
SBOJIIOLIMM OBUIM OJOMAIlHEHBI TeHbl Env,
KOJUPYIOIIHE 000JI0YKY ERV, c
00pa3oBaHHEM I'€HOB CHHIIMTHHOB Syncytin-1,
-2, -A, -B, BaxHOW (QYHKOHEH KOTOPHIX
SIBJIACTCSL PETYJISAIUS Pa3BUTUS IUIALICHTHI [9,
15].

benku, mpomsomenmue or Env LTR-

PETPO3IIEMEHTOB, (YHKIIMOHUPYIOT B
OPOTUBOBHPYCHOM  3alIUTe  XO3i€B Y
MMO3BOHOYHBIX. Onu 00pasyoTt

MOBCPXHOCTHYHO (,I[eTepMI/IHI/IpyeT KJIICTOYHYHO

CHeun(UYHOCTD, TPOIMU3M K XO3AUHY U THUILY
KJIETOK) M TpaHcMeMOpaHHyI0 (HeoO0Xxoauma
JUId CIUSAHUS 000JI0YeK BHUpyca M KIETKH-
MUIlIeHH) cyObenuHuIbl. Bo Bcex cimywasx
SHJIOICHHBIE €NV T'eHbl, IPOU30LICAIINE OT
reHoB pasnuuHbeix ERVS, neiictByroT kax
(bakTopsl OrpaHHWYEHUs I POICTBEHHBIX
9K30TeHHBIX peTpoBupycoB [16]. Ot ORF1
LINE-perpoanemeHTOB y 4enoBeka U APyrux
MJICKONIUTAIOIINUX B 3BOJIIOLUU IIPOU3O0IIET
red  L1TD1, xotopsii komupyer PHK-
CBSI3bIBAIOIIUI 0€J0K, (PYHKIIMOHUPYIOLIUI B
HenuddepenumpoBanHbix  kietkax  [19].
Jomectukauust reHoB MI'D niis Hy )1 X035€B
IIPUBOJUT K TOMY, 4TO HOBbIE BKI' conmepxkar
IIOCJIEZIOBATEIBHOCTH  TPAHCIO30HOB  HE
TOJILKO B CBOUX MHTPOHAX U PEryJsITOPHBIX
001acTsX, HO U B KOHCEPBATHUBHBIX 3K30HAaX.
OTO JaeT OCHOBY Uil SIUI€HETUYECKOTO
KOHTPOJIA paboThI BKT Ha
TPAHCKPUIILIUOHHOM U
IIOCTTPAaHCKPUIILIMOHHOM YPOBHSX C y4aCTUEM
pouCXoauMx OT TpaHcno3oHoB HKPHK B
KAaueCcTBE YHUBEPCAIBHBIX HMHCTPYMEHTOB
PHK unrepdepenunu (puc. 3).

Cnapusanue ¢ 3
KOMIJIEMEHTaPHbIX mukpoPHK 8=
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4] E §
]
: : 3
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h = '
mukpoPHK = 8 EE -
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Puc. 3. Posib TpaHCIIO30HOB B 3MIUT€HETHYECKOM KOHTPOJIE TEHOB
Fig. 3. Role of transposable elements in epigenetic gene control



O630p

Mycmagpun PH, u dp. Posib mpaHcno30Ho8 8 obecneyeHuu ... 224

Review Mustafin RN, et al. The role of transposable elements in formation ...

IIpoucxoxaenue
PHK ot Tpancno3onos

K nexomupyromum PHK  oTHOCsTCA
naPHK mmuno#t 6omee 200 HYKICOTHIIOB U
Mansie HKPHK (kopoue 200 HYKJICOTHIOB,
Bkimoyass ~ MukpoPHK  mmmmoit  20-24
HYKJICOTHA). MuxkpoPHK HETraTUBHO
perymupyror ux uenessie  MPHK nytem
CBA3BIBAHUS C MX 3 -HETpaHCIUpyeMoi
o0JacTbl0 U TOJABJSAS TPAHCIALMIO WM
Hapyuiasi cTaOMJIBHOCTh MOJIEKys. buorenes
MukpoPHK coctout u3 mponeccunra Oosnee
KpynHbIX MoJiekyn npu-MukpoPHK B Gonee
kopotkue npe-MukpoPHK ¢ panpHeimmm nx
nporieccuHroM 10 3pensix MukpoPHK. Oxna
MUkpoPHK MoeT perynnpoBatb MHOXKECTBO
MUIIEHEW, yd4acTBys B  pa3HOOOpa3HBIX
byHKIUAX opraHu3ma. Hamnpuwmep,
oHKocympeccopHass MiR-34a  uHruOupyer
skcnpeccuto 700 otnenbHbix BKI™ [35]. T'enbl
nHPHK Moryr pacnonaratbcst Kak MeExIy
BKI', Takx u BHyTpu Hux. Ha3BaHus MHOrmx
nTHPHK npoucxonsar B coorBerctBuu ¢ bKIT,
BOJIM3U UM B KOTOPBIX OHHM PACIOJIOKEHBI.
Ecin oHM KOMIUIEMEHTapHbl T€HaM, TO
HasbIBalOTCs aHTHCMbICIOBbIMM JTHPHK nm
aHTHcMbICIOBbIMU TpaHckpuntamu (NAT —
natural antisense transcript). Pasmu4aror Cis-
NAT (nepexppIBatoTCsl ¢ KOMIIEMEHTAPHBIMU
ream) u trans-NAT (TpaHckpubHupyroTcs OT
niceBioreHoB) [36]. Okcnpeccus renoB THPHK
umeer MHoro obmero ¢ BKI, mockonbky
nTHPHK TpaHCKpUOUPYIOTCS PHK-
nonumepasoii |, nogseprarores craiicuury u
KMUpoBaHuio [37].

MonekyJibl nHPHK CIIOCOOHBI
CaMOCTOSITEJILHO BBITIOJHATH KaTaIMTHUYECKHE
(YHKINU U Ha3bIBAIOTCA pUO0O3UMaMHU, OJTHAKO
B OOJIIIMHCTBE CIIy4aeB OHU SIBIISIFOTCS
CTPYKTYPHBIMH KOMIIOHEHTaMU
PUOOHYKIIEONPOTEUHOB, UTPAIOLINX BaXKHbIE
ponu B kiuerkax. Ilpumepamm sBistoTCA
pudOCOMBI, IIPEICTABIISIFOLINE co0oit
CIIO’KHBIE PUOOHYKIICONTPOTEUTHBIE
komIutekcsl. JJTHPHK ygacTtByroT B peryismumn
TPAHCKPUIILUU IyTEM B3aUMOJEHCTBYs C
JIHK-cBsi3pIBatommMu - O€IKaMu, € THUCTOH-
Moubumpyomumu kommiekcamu 1 PHK-
MoJIMEepa3o, 3a CcHeT 4ero  Ciyxar
CBOEOOpa3HBIMHU npaiiBepaMu

HEKOAUPYHOUIUX

snureHeTuyecko perymsiuuu [38]. K Takum
maPHK orHocsarcs Airn, ecCEBP, H19,
Kcnglotl, PAPAS, pRNA, PTENpal-AS,

TARID, Xist, KOTOpbIC BBI3BIBAIOT
oOpa3oBaHue METHILUTO3UHA B
cneuupuyeckux  ynokycax;  ANRASSF1,

ANRIL, BORDERLINE, Kcnglotl, NeST,
PINT — saBmstorcs rugamu s (hakTopoB
moaudukaruu ructonoB. JJHPHK AK141205,
AK028326, ES1, ES2, ES3, linc-RoR, Evxlas,

Hoxb5/6as  peryiaupyooT  TpPaHCKPHIILHIO
0eOK-KOAUPYIOIINUX TeHOB nyTeM
B3aUMOJEHCTBUI c baxTopamu
tpanckpunuuu. Kpome  Toro, aHPHK
ob0namaror  cxomHbiMu ¢ MuKpoPHK

CBOMCTBaMH, BJIMSISI HA SKCIPECCHIO T€HOB 32
cuer uHruouposanus Tpancisiuuun MPHK. K
takum  nHPHK  ortHocstcs  Uchll-asl,
lincMD1, lincRNA-p21, %-sbsRNA [37].
Hexoropsie nuPHK (lincRNA-Cox2, lincRNA-
p2l) dopmupyIOT PHUOOHYKIICONPOTECHHBI,
KOTOpbIE PEeryJIupyroT TPAHCKPUIILIUIO
cnenuduIecknx HaOopoB reHoB. Hampumep,
lincRNA-p21 Bmecte ¢ hnRNP-K o6pasyior
KOMILJIEKCHI, CBSI3BIBAOILIHECS co
cnenupuUYecKUMi  O0NacTsIMH TeHOMa M
TOABJISIONINE TPAHCKPHUIIIIUIO TE€HOB 10 My TH
p53 [36].

JIHPHK MoryT BBINOJNHATE (QYHKIMH
MPUMAaHKH JIsl TPAHCKPUITLIUOHHBIX (PAaKTOPOB
MyTEM MHUMHUKPUU TIOCIEIOBATEIHLHOCTH WIIH
ctpykrypsl JJHK-mumenei. K takum nHPHK
otnocsrcs gass, PANDA, DHFR minor, Lethe.
Oo6mee npoucxoxaenue THPHK n mukpoPHK
or MI'D mpeamonaraer Hamu4yue y HHUX
UJEHTUYHBIX u KOMILIEMEHTAPHBIX
MoclieZIoBaTeIbHOCTEN,  Oyarogapst — 4emy
peanusyercss BaxkHas ¢(ynkuus mHPHK B
kauectBe TyOok g1 wmukpoPHK. Ora
CIIOCOOHOCTh ~ TO3BOJSIET  WHTHOMPOBATH
cnenuduaeckue mukpoPHK [36].
JleliCTBUTENBHO, COTJIACHO JIUTEpaTypPHbIM
JAHHBIM,  TIOCJEJIOBATEILHOCTH  MHOTHUX
3penbix MukpoPHK [20] um muPHK [21]
WJICHTUYHBI W KOMILJIEMEHTAPHBI
nocnenoBarenbHocTIM MI'D. BonpmmHCTBO
(6omnee 80%) renoB nHPHK coxeprkat oqun u
6onee ¢parment MI'D, a mouTH MOJIOBHMHA
Bcex 3k30HOB THPHK mMeroT TpaHcno3oHHOE
MIPOUCXOKICHHUE. JlomMectukanus
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nocienoBarenpHocTed MID B 3BOIIOIIMH
obycinoBiena cnocobHocteto PHK-cTpykTyp
MI'D  o0Opa3oBbiBaTh  (hyHKIIMOHAJIbHBIC
JIOMEHBI [22].

OnHoM W3 MNPUYMH OJOMAaIIHUBAHUSA
reHomMamu Xxo3sieB reHoB MID B kauectBe
HCTOYHUKOB naPHK SIBIISIETCS
(GyHKIMOHATIBHOCTD TPAHCKPUIITOB
TPaHCIO30HOB [6], YTO CBfI3aHO C WX
JPEBHEUITUMHU YHUBEPCAIbHBIMU CBOHCTBAMU
B KQ4eCTBE MCTOYHUKOB XH3HU Ha 3emuie [7].
Hanpumep, Alu BcrpaunBarotes B renst JuPHK
1 GOPMHPYIOT CTPYKTYPBI, HEOOXOTUMBIC TSI
B3aumoeiicteuss ¢ MPHK 3a cuer xopoTkux
HECOBEPIICHHBIX CHapUBAaHUN HYKJICOTHIOB.
Perynsaropubimu  curnanamu  giis aHPHK
obmanmaror Takke LTR-comepxkamme PD.
Hanpumep, B reHoMme uenoBeKa BBISBIICHBI
teicsun reHoB AHPHK, npoucxoasume ot
LTR-PD [39], koTOpble KOHTPOIUPYIOT CETh
IUTIOPUTIOTEHTHOCTH ~ TMYTEM  M3MEHEHHS
CTPYKTypbl XpomatuHa. OHHU y4YacTBYIOT B
(dhopMupOBaHUH 0J1IaCTOIUCTHI u B
nanpHeimem smopuorenese [40]. Kpome Toro,
LTR-PD Moryr HemocpeICcTBEHHO CIy>KUTh
reHamu AHPHK [41]. Tpanckpuntsr LINE1
TaKke caMd (PYHKIMOHUPYIOT B KadeCTBE
nHPHK, B3aMMOJICUCTBYS co
crnenupuueckuMu y4acTKaMu XpOMaTHHA U
peryiaupysi SKCIPECCHUI0 TE€HOB B pPAaHHEM
smbOpuorenese. Hanmpumep, npu CBA3BIBAaHUH C
Nucleolin m KAPI1, oHM BBI3BIBAIOT Kak
aktuBaiuio reioB p/IHK, tak m nonasieHne
MHOTHUX TEHOB JIBYKJIETOYHOrO 5SMOpHOHA
nytem caineHcunra Dux [42]. To ects,

MOMHUMO  TPAHCHO3UIMH €  TOMOIIBIO
OEITKOBBIX MPOYKTOB, MTO/IBEPTHYTHIC
IbTePHATUBHOMY MIPOLIECCUHTY
TPAHCKPHUIITHI P5 CIIOCOOHBI
(yHKIITMOHUPOBATH CaMOCTOSITENTEHO B

KadecTBe MoJieKyJs1 Hekoaupyromux PHK, gto
O00yCJIOBJIEHO MX JPEBHUM  CBOMCTBOM,
chOpPMUPOBAHHOM TP  BO3HUKHOBEHHHU
KU3HU B MHpE PHK-JIHK [7].
Co0TBETCTBEHHO, B3aMMOCBS3M TPAHCIIO30HOB
¢ 7HPHK 1 ux ponp B BOSHUKHOBEHMH HOBBIX
BKI" moryT oTtoOpa)kaTh CXOJHBIE MPOIECCHI
Ha paHHMX JTalax SBOJIIOLIMU JKUBOTO, KOTJa
MOSIBUJIACh  TMPEEeMCTBEHHOCTh  (YyHKIUI
prO03UMOB OETTKOBBIMU MOJIEKYJIAMHU.

TkaneBas  cnenuduunocts  gHPHK
IIPEBBILIAET TAKOBYIO /17151 OenkoB. [Ipu 3Tom B
perymsinuu  AUPPEpeHIupPOBKH  CTBOJIOBBIX
KJIETOK OHHU B3auMopeicTByroT ¢ MI'D [43],
yto xapakrepHo s 7HPHK, o6pa3yromuxcs
U3 MEXIeHHBIX 00JacTeil TeHOMOB 3YKapHuoT,
a TakkKe M3  NEPEeKphIBAIOUIUXCSI U
AQHTUCMBICIIOBBIX IAaTTEPHOB OTHOCUTEIBHO
npuMbikarommx  BKI', koropsle oHHM U
perynmupyoT [44]. DTo mNO3BONSET MM B
3HAUUTENIBHON CTENEHH JAETePMUHHUPOBATH
pazHooOpasue  KIETOYHBIX  (DEHOTHIIOB,
0COOCHHO B HEHpPOHaX IIEHTPAIbHONW HEPBHOM
cuctembl  [45]. TIpoctpanctBennbie 3D-
CTPYKTYpPBbI MOJIEKYJIbI nHPHK
XapaKTEPU3YIOTCS. MOJYJIbHOW OpraHu3aiueit
c o0pa3oBaHHEM CIEIU(PHUECKUX JTOMEHOB,
KOTOpBIE COCTOSIT TJABHBIM 00pa3oM U3
MOCJEA0BATEIbHOCTEN MI'D [22].
CnocoGHOCTh TPaHCKPUIITOB MI'D
IIOJIBEPTaThCsl MPOLIECCHHTY C 00pa3oBaHUEM
MPHK wmu  ¢ynkumonansueix HkPHK ¢
IIOMOIIBI0 PUOOHYKIIEa3, IPEICTABIISET COOO0I
SBOJIIOIIMOHHBIA  TPOIECC MPUCTIOCOOICHUS
TE€HHBIX CETeW K MEHSIOIIUMCS YCIOBUSM TIPH
ydacTui HOBbIX Hekonupyrommx PHK u unx
TpaHCKpUIITOB [46, 47, 48]. B pe3ynbpTaTe u3
Hanbosiee ONTHUMAIBHBIX B €CTECTBEHHOM
otbope renoB HKPHK ¢opmupyrorcs HoBbIe
BKI' [49-52]. MHoroyHKIMOHaIbHOCTh
Hekonupyronmx PHK, npoucxomsmmx ot
MI'D, nposiBnsieTcs B TOM, YTO HEKOTOpBIE
Mmoutekyisl MUKpoPHK moryT o6pa3zoBbiBaThCs
u3 TPaHCKPHUIITOB nHPHK [53].
CootBerctBenno, Takne JHPHK saBisrorcs
takke reHaMmu MUKpoPHK, oTkpbiTas pamka
CUUTBHIBAHUSI TPEKYPCOPOB KOTOPHIX MOMXKET
CBSI3BIBATHCS C pubOCOMaMH ¢ 00pa3oBaHUEM
(OYHKIIMOHATIBHBIX OCJIKOBBIX WJIU TETTHIHBIX
Mosekyn [54, 55, 56]. MI'D takke camu
SBJISIFOTCS. B&XHBIMM HMCTOYHHUKAMHU TEHOB
mukpoPHK. Eme B 2016 romy Osina
onybnukoBana 0Oaza manueix MDTE DB, B
KOTOpylo ObuTH BKiIOUeHB 661 mukpoPHK
4esoBeKa, mpousomeamme ot MI'D [20].

IIponcxoxneHue nenTuaoB U 0EJIKOB
ot Hekoaupywomux PHK B 3Bosonmnu

Bosnuknosenne nHPHK u muxpoPHK
oT MI'D B 3BOJIOIIMM MOTJIO CTaTh MIPUINHOM
MHOTO(QYHKIIMOHATFHOCTH JaHHbiXx HKPHK.
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OTO O3HayaeT, 4YTo, HECMOTpPs HAa Ha3BaHHE
CHEKOAUPYIOIIHEY, OHHU o0nagaroT
IPaHMO3HBIM MOTEHIIMAJIOM TPAHCIALUUA B

GyHKUMOHATBHBIE  OENKM M NENTUIBL
[Tpuuunoii SIBJISIETCSI YHHUBEPCAIbHOE
CBOMCTBO MID coJiepKaTh
[IOCJIEI0BATEIbHOCTH HYKJICOTHIOB,
CBSI3BIBAIOIIUXCSI ¢ pUOOCOMaMU Jaxke MpH
HAUIMYUHA HEKaHOHHYECKOH KOPOTKOM

oTKpbITON pamku cuuthiBaHuss (ORF — open
reading frame), uto o0ycoBieHo posibio MI'™D
B Ka4eCTBE YHHMBEPCAIbHBIX HBOJIIOLUOHHBIX
HCTOYHUKOB JkM3HM Ha 3emue [7]. B
HECKOJIbKUX (buIOreHeTUYECKUX
HCCTIEOBAHUSIX OBLIIO BBISIBJICHO
MIPOUCXOXKACHUE SBOIIONMOHHO HOBBIX BKI
pa3nuuHbIX dykapuoT ot reHoB THPHK [49-
52]. Tak, y rpuba Saccharomyces cerevisiae
BbIsIBJICH HOBBIN reH BSC4, coneprkamuit ORF

(koTopas OTCYTCTBYET y JIPYTHX
OJIM3KOPOICTBEHHBIX BUI0OB rpudoB),
KOJUPYIOLIYIO 0eoK JUTAHOMN 132

amMuHOKUCIOT. [Ipoaykt rena BSC4 yuactByer
B  nyrix  BoccraHoBienus JIHK B
cTanMoHapHy (a3y rpuba U CrocoOCTBYeT
€ro YCTOWYMBOCTH IIPU NIEPEMEILIEHUH B CPELY
C HHU3KUM COJIEp)KaHHEM IHUTaTEeJIbHbBIX
BemecTs. Y rpuboB BumoB S. paradoxus, S.
mikatae, S. bayanus WIEHTUYHBIE
HEKOAMPYIOLIME TOCIEI0BATEIBHOCTH TaKkKe
TPaHCKpUOUPYIOTCA, TO3TOMY UX MOXKHO
oTHecTH K Kareropuu reHa AHPHK, xoropsrii y
Saccharomyces cerevisiae B 3BOJIOIHMHA CTall

HCTOYHUKOM HOBOTO BKT,
JIOMECTULIMPOBAHHOTO B CBS3U c
aJanTUBHBIMU GbyHKIMAMHU [50].

CpaBHHUTENBHBI  aHAIM3 TEHOMa MYyXH
Drosophila melanogaster ¢ npyrumu Bugamu
poaa Drosophila mo3Bosut BEIIBUTE 5 T€HOB,
4 13 KOTOPBIX PACIOJIOKEHBI HA X XPOMOCOME
Y TPAHCIUPYIOTCS B MENTHJBI JuIMHOU 58, 79,
97 m 158 ammHOKHMCIOT, 1 TeH — Ha 2
XPOMOCOME C KOJIMPOBAHUEM TenTuaa u3z 127
AMUHOKHCIIOT. JlaHHbIE T€Hbl IPOU3OILLIN OT
Hekoaupyromux nociuenoparensHocter JJHK,
TPAaHCKPUOUPYEMBIX Y APYTUX BUAOB (TEHBI
naPHK) [49].

B 2012 ronmy Obutu BbIsBIEHB 24
3BOMIOIMOHHO  Mojoablx  BKI',  koropsie
MPpOU301LIK B 3BOMOIMHU oT reHoB THPHK. U3

HUX 11 TEeHOB KOAMPYIOT cHenupUuIHbIC
TOJILKO JJIsi yesioBeka Oenku, a 13 apyrux —
KOHCEpBAaTHUBHbBIC JUISl YEJIOBEKA U IIMMIIAH3E.
OTu reHsl coxepkar oT 1 10 7 3K30HOB, a
JUIMHA  [POAYKTOB  TPAHCIALIMM  TI'€HOB
BappupyeT oT 72 no 423 amuuokucaor [S1].
Takue reHbl Ha3bIBAIOT «OpGaHHBIMHUY», TO
€CThb XapaKTepHBIMU [JISl CHEHU(UYECKOro
BHJIa XKMUBOTHOTO W HE OOHApyXUBacMble Yy
JPYTUX BUJOB, YTO CBA3aHO C MX HEJIABHUM
BO3HMKHOBEHHEM B OJBOJIOLMUUA W3 TEHOB
nqHPHK u  TpaHCro3oHOB M ydacTWeM B
BUJIOCTICII(DUYCCKUX Q/TAlITUBHBIX PEaKIUSX.
Oxono 53% «opdaHHBIX» TEHOB MPUMATOB
comepxar mocienoBareabHoctd MI'D, uyto
CBUJCTENHCTBYET OO0 KCIONB30BAaHUH HUX B
KaueCTBE  HMCTOYHHKOB  IIPOUCXOXKJICHUS
naHHbIX TeHoB [57]. IloaTBepxaeHue posu
nHPHK B kauecTBe HCTOUYHUKOB «Op(aHHBIX»
TeHOB OBLIO MOJIy4eHO B uccaenoBanusx 2014
rojia, pe3yJabTaThbl KOTOPBIX MOKa3aJd, YTO
CBsI3aHHEBIE c pubocoMamMu naPHK
OTJINYAKOTCS HU3KOU 3BOJIFOIIMOHHOMN
KOHCEpPBAaTUBHOCTBIO U COJIEPKAT TOMOJIOTH Y
npyrux BuaoB oT 0 no 15,6%, Toraa kak Jjist
BKI' »tror mnokasarens Oomnee 95% mis
mo3BOHOYHBIX U 70-73% nns pacteHuil u
rpuboB. Amnamu3 oskcnpeccun JHPHK B
KJIeTKax 6 pa3nuuHbix dykapuot (A. thaliana,
S. cerevisiae, Danio rerio, D. melanogaster,
Homo sapiens, Mus musculus) BuioB moka3ain
AQHAJIOTUYHBIM KOAUPYIOUIUH TOTEHIMAI U
OTpaHUYECHUS MOCJIeIOBATEILHOCTEHM c
3BOJIOLUOHHO MOJIOJBIMHU Oenkamu.
[TonyueHnHble naHHBIE CBUIIETEIBCTBYIOT O
B3aMMOCBSI3M ¢ pPHOOCOMaMU 3HAYUTEIHHOM
nomu qHPHK (ot 28,6% y S. cerevisiae mo
81,9% y MbIn), 9T0 CBUAETEIHLCTBOBAIO 00
WX TpaHCIAIuu. bpimo Takke oOHapyKEHO,
410 3BOJIFOIIMOHHO MOJIOJIbIE BKT,
KOJIUPYIOTITHE AKCTIEPUMEHTAIILHO
MpOBEpEHHBIE  OENKH, XapaKTepU30BAIUCH
oommmu ¢ resamu 1HPHK cBoiictBamu. Takue
BKT" copepany KOPOTKYIO OTKPBITYIO PAMKY
CUMTHIBAHHS, 3aHUMAIONIYIO  HEOOJBIIYIO
YacTh TPAHCKPUNTA, a TAKKE MUMENH HU3KHUI
MOKa3aTelb  KOAMPOBAHUS,  aHAJTOTHYHBIN
takoBomy ia JHPHK. Oto rosopur o
MIPOUCXOKIACHUN TaKUX SBOJIIOIIMOHHO
monoabix BKI' ot renoB mHPHK Gmaronmaps
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oTOOpy  MENTUIOB,  YYacTBYIOUIMX B
aJanTUBHBIX JUIsl BBDKUBAHUS OPraHU3MOB
npoueccax [52].

Tpancasiuusa Hexkoaupyrwmux PHK B
(GyHKIMOHAIbHBIE NENTUABI U 0eJIKHU

Bo3nukHoBenue HOBbiIX BKI' u3 renos
nTHPHK y pa3nuyHbIX )KMBOTHBIX M PaCTCHUI
OOyCIIOBJIIEHO MX TPAHCISIIHEH B MENTHBI,
KOTOpbIE NPUHUMAIOT yJacTtue B
pPa3HOOOpa3HBIX OMOJIOTUYECKUX Mpoleccax.
Hanneie o pomu pHPHK B kadectse
nctouHuKoB BKI' roBopAT 0 BO3MOXKHOCTH
0o0pa3oBaHMsl W3 TPAHCKPUIITOB HUX TEHOB
0ojee KpyHMHBIX MOJEKYJ MOJUIENTHAOB [49-
52]. DTO MNPOUCXOIUT B XOJE€ HBOJIOLUU
o0pa3yeMbIX TEHOB C YBEIUYCHHEM UX
pasMepoB Omaromapst uncepuusim MI'D ¢ ux
nocieAywmen  sk3oHM3aumen  [27,  28].

[Tomumo ABOJIOLMOHHON ponu B
BO3HUKHOBEHHUU BKT o JTAHHBIM
(UITOreHEeTHYECKUX HCCIICJOBAHHH,

NOSABJSIETCST  Bce  OOJbIIE  CBUJAETEILCTB
HenocpeAcTBeHHOM TpaHcmsiuuun  AHPHK y
9YKapHOT. IIpu 3TOM MEXaHU3MBI
BO3HUKHOBeHUs1 Oonee kpynHbix BKI™ u3 Beeit
WM OOJbLIEeH YacTH MOCIEI0BATEIbHOCTH FeHa
naPHK MoskeT oTiMyarbcd OT MEXaHHU3MOB
o0pa3oBaHus TpaHcaupyemoi Mojekynsl PHK
n3 aHPHK, nnuHa xoTOpol 3HA4YMTENbHO
Menbie 3penod JHPHK. Tak, y mbimm u
YyernoBeka OOHapyKeH CHerupUIeCKuil s
CKEJIETHBIX  MBIII  TENTHA  MHOPETYJINH
(MLN), ob6pazyemsiii u3 ORF 3BOIOIIMOHHO
koHcepBatiBHOM THPHK, koTOpas o6o3HaueHa
s gemoBeka kak LINCO00948, a mast MbImm
kak AKO009351. ¥V o6oux OpraHu3MOB T'€HbI
nHPHK coctosiT 13 3 5K30HOB U UMEIOT JJIUHY
6onee 15000 m.H. B TO )¢ Bpemsa OFR, u3
KoTopo# TpaHciaupyercs nentua MLN, umeer
JUINHY JUiIb 138 I1.H. ¥ pacronokeH B 3 9K30He
reHoB. OOpa3zyemblil MNENTUA PEryIupyeT

IIPOXOXKJIEHUE qyepes MeMOpaHy
CapKOIJIa3MaTHUECKOTO0 PETHKYJIyMa HOHOB
KaJbLus, TeM caMbIM yTIpaBisis

paccnabmenneM  Meimn  [46]. CXomHBIM
MEXaHU3MOM JIeHCTBUSL 00Nazaer MenTum,
DWORF, Taxkxe Tpanciupyembrii u3 tTHPHK u
AKCIPECCUPYEMBIN B TKaHsIX MUoOKapaa [47]. ¥V
pacreanii mpu Tpancwsimun  ORF - gaPHK
00pa3yloTcsi  peryiaupyroupe  BpPeMEHEM

userenusa nentuasl COLDAIR u COOLAIR,
BaXHBIN [T CUMOMO03a ¢ OAKTePHUSIMH TISTITH/T
ENOD40 w ynpaBnstomuyid —IOTJIOMEHUEM
docdaros 6enok IPS1 [48].

HaubGonpmmii uHTEpEC MPEICTaBISIOT
uccnenoanus tpancasiunu THPHK yenoseka,
MOCKOJIBKY OOpa3yeMble MPH 3TOM MENTHIbI
cneuuduyecku JKCIIPECCUPYIOTCS WIH
IIOJIABJISIFOTCS B 3JI0KaYE€CTBEHHBIX
HOBOOOpPA30BaHMSIX M MOTYT  CIYXKHTb
00bEKTaMH JUIS TAPTETHOM TEPAITUK OIyXOJIei
(tabn. 2). INockompky MI'D HrparoT BakKHYIO
pojib B  BO3HUKHOBEHHUH, OJBOJIOUUUA U
perymsiuu 1HPHK, ydactue obpaszyembix oT
HKPHK mentumoB u OemkoB TOATBEpXKIACT
poars MI'D B kanneporeneze [25]. MoxHo
MPEINOJIOKUTh, YTO OJHMMH W3 MHUIIEHEH
TaKUX T[ENTUAOB B OIyXOJEBBIX KIIETKaX
sBisiioTcst MI'D, 4dro sBAsieTcss MpeaMeToMm
MaJbHEHIITNX HUCCIIEIOBAHUH.
Ony6nukoBanusie B 2019 romy pe3yibTathl
MOJIHOPA3MEPHOTO CEKBEHHUPOBAHUS
tpancaupyembix PHK u  mpodummmpoBanms
prOOCOM CBHUIIETENBCTBYIOT O TOM, 4TO 3330
nHPHK uenoBeka cBsi3pIBaroTCst ¢ pubocomMamu
C  AaKTUBHOM  JJIOHTallMed  TPaHCISALUU.
[IporeomHBIli aHanMM3 NO3BOJWI  aBTOpPam
o0HapyxuTh 308 HOBBIX OeJIKOB, 00pazyeMbIX
B pesynpTare TpaHcimsiuuu JHPHK  [58].
[TomoOHbIe MccnenoBaHus ObUTH TIPOBEIEHBI U
JIPYTUMH HCCIIEIOBATEIHCKUMHU TPYIIIIaMH, B
KOTOPBIX OBbLIM ompeneieHsl 128 menTuios,
3aKOJMPOBAHHBIX B  IOCJIEI0BATEIBLHOCTIX
nHPHK  [59]. Cnenyer orMmerurb, 4TO
HEKOTOpBIE  TENTUIIBI  00pa3yroTCs  TpH
tpaHcisimuu  THPHK He B HOpManmbHBIX
KJIETKaX OpraHu3Ma, a TOJIbKO B OMYXOJIEBBIX,
YTO CBUJIETEIBCTBYET MEXAHU3ME 3BOJIIOIUHU
OmyxoJiel 3a cueT oOpa3oBanus HOBBIX BKI'.
DOT0  oTpaxkaeT  0OIUEe  SBOIIOIMOHHBIC
MEXaHU3MBI, KOTJja OTOMPAIOTCS BO3MOKHBIE
BapUaHThI TPaHCIALUU HkPHK s
(hopMUpOBaHUS HOBBIX QJaITHBHBIX CBOWCTB
XKUBbIX opranuzMoB. Hanpumep, nHPHK
LINCO00675 tpanciupyercs ¢ oOpazoBaHUEM
Masioro koHcepBatuBHoro o6enka FORCP wu3
79 aMMHOKHUCIIOT, KOTOPBIM 3KCIPECCUPYETCA
KJIETKaMHU KOJIOPEKTAJIBLHOTO paka, TOTJa Kak
JAHHBI TPOTEWH HE XapaKTepeH s BCEX
HOPMAaJIbHBIX KJIETOK 4esioBeka [60].
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Tabnuya 2
Hel’[TI/I)]LI Ye€JI0BCKA, TPAHCJIUPYEMbBIC U3 OTKPLITBIX PAMOK CYUTHIBAHUA ):[HPHK
Table 2
Human peptides translated from IncRNA open reading frames
Haspanue Ha3zsanue/ ® A
aHPHK JJIMHA MeNnTHAA YHKImH BTOp
CRNDE CRNDEP/ peryimpyeTt nporudepariiio KIeTOK napada3albHOTO CIIOS [63]
84 IUIOCKOTO 3MIUTENHNSI, KHIIEYHBIX KPHIT U CIEPMAaTOLUTOB
noxasisiet onocpenoBanusiii NNRNP Al crraiicuur
HOXB-AS3 HOXB-AS3/ MUpyBaTKUHA3E M, OJ0KHpYys ocTaTku apruanHa B MoTHBe RGG [64]
53 hnRNP A1, uarubupyet nponudeparuio KIeToK paka
00009HOH KHIIKH
PINTS7aa/ HaNpsMYIO B3anMoJIeiicTByeT ¢ kKoMmIuiekcoM (akropos PAF1c,
LINC-PINT 87 ACCOIMUPOBAHHBIX C TIOJIMMEPA30i, HHTHOUPYS IJTOHTALIUIO [65]
TPaHCKPHIILIMKA MHOKECTBA OHKOT'€HOB M POCT INIHO0JIACTOMBI
B3aUMOJICHCTBYET ¢ Oenkamu, aekanurupyommumu MPHK,
LINCO1420 NoBody/ koTopeie yaamsirot 5°-kan MPHK, cnocoberByst pacnaay MPHK ot [66]
68 5’ o 3°, cTuMyIHpyeT MPOoTU(EpaIHIo KICTOK paka MOJIOYHOIM
JKENe3bl U JIEHK03a
B3aumoeiictByet ¢ PHK-cBs3pIBaromumMu OenkaMu, TAKUMHU Kak
LINC-00266-1 RBYTP/ m6/jK2lrIII/ITI)IBaTeJII> IGF2BP1, noBsiias cTabOUILHOCTD U [67]
peccuro C-Myc, criocoOcTByYs KaHIIEpOTeHE3Y
KOJIOPEKTAJIFHOTO paKa
YY1BM/ nHrudupyer B3anmoaeiicraue YY1 ¢ perentopom aHIporexa,
LINCO00278 21 49TO CHIXKaeT 3kctpeccuio eEF2K, ciocoOcTBys amonTo3y KiIeTok [62]
paka nuieBoa
CTUMYJIUPYET aKTUBHOCTh AT®-CHUHTETa3bl yTEM
LINCO00467 ASAP/94 B3aumoieiicteust ¢ ATP5A u ATP5C, criocoOcTByst [61]
npoaudepaly KISTOK KOJOPEKTaIbHOTO paka
HarpsMylo cBs3biBaercs ¢ oHkoreHoM CIP2A, aktuBupys PP2A,
CIP2A-BP/ unrubupyromeii myts PI3BK/AKT/NF«B, uro npuBomut K
LINCO00665 52 camxkenuro sxcrnpeccun MMP-2, MMP-9 u Snail, noxassiet [68]
npoJrdepariio KIeTOK paka MOJIOYHOI kKeJe3bl
LINCO0675 FO7RQ;:P/ peryaupyer il;(;gTOS W KaHIepOoreHe3 B KJIeTKax [60]
PEKTaJIBHOIO paKa
HarpsMyo cBs3biBaeTcsi ¢ STAT3 uepe3 cripalibHbIA J0MEH
LINC00908 ASRPS/ CCD u nonasisier ¢pochopunupoBanue STAT3, 4To NIpUBOIUT K [69]
60 cHkeHmro kcnpeccun VEGF; narnbupyer pazButie TpoitHOTo
HEraTHBHOTO paKa MOJIOYHOH JKeJIe3bl
SRSP/ B3aMMOJICHCTBYET ¢ peryisitopamu cruaiicuara SRSF3,
LOC90024 130 CTHEMYIIUPYS OMyXoieBbi crutalicnar PHK tparckpummnonHOTO [70]
¢axTopa Sp4, MHIYIUPYET pa3BUTHE KOJOPEKTAILHOTO paKa
CTUMYJIMPYET PO epauio 1 MUTPALHIO KIIETOK,
LINC00998 SMIM30/ CIIOCOOCTBYET 3aKpEIUICHHIO Ha MeEMOpaHe HepelenTOPHBIX [71]
59 tuposunkuHa3z SRC/YES, aktuupys curnansueiii myte MAPK n
MHJIYIUPYs TeHaTOLEIUTIOISIPHYIO KAPLIUHOMY
B3aumoieiicteyert ¢ Oenikom KRAS, HHruOupys cUrHaNIbHbIE
NCBP2-AS2 KRASIM/90 nyta ERK, mogasisis mponuepannio 1 KIOHATBHYIO 3BOOIHIO [72]
KJIETOK paKa Me4eH!
CASIMO1/ B3aMMOJIEHCTBYET CO CKBAJICHAMIOKCUIa301, PETYIUPYS
NR029453 80 KJIaCTEPHU3ALIMIO JIMITUAHBIX KaIleIb U Mposudepanuio KIeTok paka | [73]
MOJIOYHOH KEJIE3bI
UBAP1-AST6 UBAPL-ASTE | CTHMYIHPYET PasMHOKeHHE nﬂ%):}g)h;ngBaHne KJIOHOB KIIETOK paka 58]

JInst TOro ’ke THIma 3J0Ka4eCTBEHHOTO
HOBOOOpa30BaHHUs BBHISBICHO 00pa3oBaHUE U3
mHPHK LINC00467 nentuna ASAP, koTOpbIit

HE TOJIbKO 3KCIpPECCHpYyeTcs B HOPMAaJIbHBIX
KJIETKaX, HO TaKXe SIBJISIETCS KOHCEPBATHBHBIM
JUIL  BBICIIUX MIICKONUTAIOIINX, PEryIupys
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(hyHKIHIO MHUTOXOHAPUH [61]. 310
CBUJIETEIILCTBYET O PA3BUTUH PA3IMYHBIX ITyTEH
ABOJTIOLIMU 37I0Ka4eCTBEHHBIX

HOBOOOpPA30BaHMH C HCIIOJB30BAaHUEM Kak
BHOBb 00pa3yeMbIX, TaKk W KOHCEPBAaTHBHBIX
NENTUI0B, YYACTBYIOLUIMX B KaHILIEPOIEHE3E.
bbul0 MOKa3zaHO TaKkke, YTO Ha 3KCHPECCHIO
qHPHK BiusitoT M13MeHeHus1 BHYTpEHHEN Cpelibl
OpraHM3mMa W  BHELIHEH  Cpelpl,  4To
CBHUJIETEJILCTBYET O MOTEHIMAJIE UCCIIEA0BAHUIM
B JAHHOM HAampaBJIeHWU JUI1 BBIABJICHUSA
(axTOpOB pHUCKA 37I0KAYECTBEHHBIX OITyXOJIeH 1
BO3MOXKHOCTM ~ UX  Koppekuuu. Tak, Ha
akcnpeccuro mentuaa YY1BM Biamstor He
TOJBKO aHJAPOreHbl (B CBS3U C YEM OH
crenu(pUUHO TPAHCIUPYETCSl Y MYKYHH), HO
TaK)KEe CUTapETHBIN JbIM [62].

Hekoropeie muPHK sBisitoTcss Taxoke
npekypcopamu uis MUKpoPHK, mosromy mx
konupyromue obmnactu B JIHK omHOBpemeHHO
spisitorcst  reHamu JHPHK w1 renamm
mukpoPHK. bonee TOrO, IIPOYKTBI
TPAHCKPUIILIMK TaKUX T'€HOB TaKkke 00JIafaroT
MOTEHIIUAJIOM TPaHCIMPOBATHCS B
GdbyHKIMOHABHBIE  menTuAbl.  [Ipumepamu
spisitorcst THPHK MIR497HG [56], naPHK
MIR22HG [54], naPHK MIR155HG [55].
Tpanckpubupyemsle u3 reroB MukpoPHK
Hespenbie Tpu-MUKpoPHK  Taxke crmocoOHbI
CBSI3bIBAaThCA C puOocoMamMu M (hopMHpOBaTh
(GYHKUIMOHAIIBHBIE MENTH b, 0003HaUYaeMble Kak
MIPEPs [74, 75] B cBS3U ¢ HaJIMYMEM B HUX
KOPOTKHUX OTKPBITBIX PaMOK CUUTHIBAHUS
(smORF), 4TOo TIO3BOJISIET UM
B3aUMOJICUCTBOBAaTh C pubocomamu  [74].
[lentuppr w  Oenku, KOOUpPYEeMbIE  IIPU-
MukpoPHK, »skcmpeccupyrorcst B KieTKax
pacTeHuil U >KUBOTHBIX, PEryJIUpys pOCT U
pa3BUTHE HOPMAIILHBIX U PAKOBBIX KJIETOK [76].
[Mentumer MIPEPS, kotopeie o0pasyrorcst mpH
TpaHcsiin - pu-MUKpoPHK,  ydactByror B
perymsiiiu kak BKI', Tak 1 COOCTBEHHBIX TEHOB
mukpoPHK. Mostekysibt miPEP
XapaKTepU3yIOTCsl CIIOCOOHOCTHIO Y4acTBOBATh
B DA€ BaXHBIX OMOJOTMYECKHUX pEakuuil y
pacTeHuii, B CBS3M C 4YeM MOIyT OBbITh
UCMOJIb30BaHbl  JJIsl  YJAYYIIEHHUS  CBOWCTB
pacrenuii. HawmyummM npumMepom  sIBIsieTCH,
miPEP172c, KOTOPBIi CTUMYJIHPYET
TPaHCISILMI0 coOcTBeHHOro reHa MIR172c. B

pe3ysbTare 3TOro ycuiauBaeTcst GopMUpOBaHUE
Y3€JIKOB B KOPHSX COM C MHIYKIHEH cuMOno3a ¢
a30T(OUKCUPYIOIUMH OaKTepusiMu [74].

SMORFs, o6Omamaromye IMOTEHIIAATIOM
CBSI3bIBATbCS C pUOOCOMaMH, BBISIBICHBI y 2%
MPHK renoB MukpoPHK pacrenunii [75].
CxomHpIMH  CBOMCTBAMU  OOJAAIOT  TaK¥Ke
MIPOLIECCUPOBAHHBIE npu-MukpoPHK
KHUBOTHBIX. Bein UICHTU(HUIIIPOBAH
byukipoHaneHb  mentug  MIPEP31 y
YeJioBeKa, o0pa3yeMblil MpU TpaHCISIUH Pri-
MIRNA-31, KOTOpBIi MOMABIISET 3KCIPECCHIO
MIR-31, ycunuBaeT MHIYKIMIO PEryJIsiTOPHBIX
T-nmumdouunToB, HEUCTBYS Kak perpeccop
TpaHckpunuuu [77]. CornacHo poBeIeHHOMY B
2023 rogy cucteMaTHueckoMy 0030py Hay4HOH
JUTEPaTypbl, B HACTOSILEE BpPEMsI HU3BECTHbI
MIPEP pasin4HbIX pacTeHHil W KUBOTHBIX, B
tom umciie MIPEP-156a y Brassica rapa,
miPEP397a y Brassica oleacera, miPEP-164b,
miPEP165a, mIPEP-397a, mIiPEP858a y
Arabidopsis thaliana, miPEP164b y Barbarea
vulgaris, miPEP-164c, miPEP-171d1, miPEP-
172d, miPEP3635b y Vitis vinifera,
miPEP171a/b/c/d/e/f y Medicago truncatula,
miPEP171b y Lotus japonicas, miPEP171i y
Oryza sativa, miPEP171e y Solanum
lycopersicum, miPEP172c y Glycine max,
MIPEP-31 y mbium, MIPEP8 y npo3odwsr [78].
Henasno OIMCaH TaKxKe miPEP408,
YYACTBYIOIIMA B PEAaKIMM HA MbIIIbIKOBBIN
cTpecc M acCHMIBIIMIO cepbl y Arabidopsis
[79]. CnocoOHOCTBIO K  TpaHCIALWMU  C
o0pa3oBaHuMEM (PYHKIMOHAJIBHBIX MENTHIOB
xapakrepusytorcs He Tosibko THPHK u mpu-
MukpoPHK, HO Taxke M Apyrue MoOJEKyJIbl
mpectubix  PHK, Takme kak  Maible
sapbimkoele  PHK  [59]. Oto roBoput o
IpaHI03HOM KOJINYECTBE Pa3IIYHBIX
NEeNTHIHBIX ~ MOJIEKYJ, KOTOpble eIle He
OTKPBITHI, (YHKIIMOHUPYIOIIHAX KaK
cielM(UYHO Ui OTAEIbHBIX TKaHEW WIN
OpraHoB, TaK U /151 TaTOJIOTMYECKUX MPOLIECCOB,
TAKMUX  KaKk  pPa3BUTHE  3JI0KaYECTBEHHBIX
HOBOOOpazoBanuil. To ecTb perynasTopHbIe
CUCTEMBl TEHOMOB JYKapHOT 3HAUUTEIHLHO
CIIO)KHEE  CJOXUBLIMXCSI B TE€HETHKE
KJIACCUYECKHX MpenacTaBieHuil. B Tabmuue 3
coJiep)karcsi JlaHHble 00 OOHapyXEeHHBIX Y
genoBeka MIPEP u ux dyHkumm.
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Tabnuya 3
Hentuabl, konupyembie reiamu MUKpoPHK (a tax:ke renamu nHPHK —
npenmecrsenHnkamu MukpoPHK) genoBexa
Table 3
Peptides encoded by human microRNA genes (as well as IncCRNA genes - microRNA
precursors)
Haspanue Ha3sanue/
DyHKUMA ABTOp
NpeKypcopa JUIMHA MeNTHaA
Inc MIR7- MIiPEP7-3/ 3aLuI/1LuaevT 6eTa-KJICTKHU MOJDKEITYIOIHOM JKeTe3bl OT [80]
3HG 127 BbI3BaHHOI DEX mucdyHKINY ImyTeM aKTHBALNH Iy TH
PIBK/AKT
. MOCCI/ . [81]
pri-miR-147b 83 PETYIAIIS IPOTHBOBUPYCHBIX MMMYHHBIX PEaKIINi
B3aMMOJICHCTBYET C aleHO3UH-5 -TpudochaT-CBI3bIBAIOLIAM
Inc miPEP155/ JIOMEHOM POJICTBEHHOTO Oejka TeroBoro moka 70 (HSC70), [55]
MIR155HG 17 HIarnepoHa, He0OX0JUMOTO JUIS TPAHCIIOPTUPOBKHU U
Npe3eHTalMU aHTHI'eHA B JICHAPUTHBIX KIETKaX
. miPEP-200a/ [76]
pri-miR-200a 187 PErYJIMPYIOT SKCIIPECCHIO BUMEHTHHA, HHTHOUPYET
=N AMUTEIHATBHO-ME3CHXUMAaJIbHBIN NepeXo1 KIETOK paka
pri-miR-200b mIPEg 4200b/ MPOCTATHI, MTOAABIISS UX MUTPAIHIO
Inc MIR22HG mIPE; 22l MPOTHBOBUPYCHBIE PEAKI[UH OPraHu3Ma [54]
pri-miR-31 mIPIAEE -3y CIOCOOCTBYET MHIAYKIMH PEryIsSTOpHbIX T-1MMpOIHUTOB [77]
B MUTOXOHJIPHUSIX B3aUMOJICHCTBYET C MUTOXOHIPHATbHBIM [35]
fi-miR-34a miPEP-133/ OEJIKOM TEIUIOBOTO IIOKa, IIPEAOTBPAIACT B3aNMOICHCTBHE
P 133 HSPAO9 ¢ 6enkamu, yCHIIHBaeT TPAHCKPUIIIIHOHHY IO
AKTHBHOCTH P53 U cTHMYyJHpYyeT dKcmpeccuio MiR-34a
Inc miPEP497/ CcrocoOCTByeT MpoHpepann OMyX0JIeBhIX KICTOK, [56]
MIR497HG 21 WHTHOHMPYET pa3BUTHE paKa MICHKH MaTKH

DOYHKIHOHAJIBHOCTD TPAHCKPHUIITOB
0eJIOK-KOAUPYIOIIUX FeHOB
Wutponsl BKI' Taxke nonseprarorcs

IIPOLIECCUHTY C o0pa3oBaHHEM
¢yukunonansHeix  HKPHK  [82].  Oro
MOATBEPKIaeT ux 9BOJIIOL[IOHHYIO

B3aUMOCBA3b ¢ MI'D, KOTOpBIE SABIAIOTCS
KimroueBbIMH McTouHMKamMu HKPHK [20, 21,
22]. O poimu MI'D B BO3HHMKHOBEHHH Kak
maPHK, tak u BKI' cBunmerenscTByeT olree
CBOWCTBO WX TPAHCKPHUNTOB OOpPa30BLIBATH
cnenududeckue BTOPUYHBIE W TPETUUHBIC
CTPYKTYPHI, KOTOpBIE coJeprKaT
(yHKIIMOHANBHBIE JIOMEHBI W BIMSIIOT Ha
COOCTBeHHBII  mpoueccuHr  [83],  uTO
MO3BOJISIET  MPEANOIOKUTh HMX  JIpeBHEe
npoucxoxzaeHue or MI'D. OOunue 10MEHOB
naPHK TPAHCIIO30HHBIMHA
MIOCJIE0BATENBHOCTSAMU CBSI3aHO C TEM, 4TO
MI'D o0pa3ytoT MIPOCTPAHCTBEHHbIE
CTPYKTYpBbI, YYaCTBYIOIIHE B OMOIOTUYECKUX
nporeccax  [22].  buomHpopManMmoHHBII

aHaJ3 T03BOJIMJI YCTAaHOBUTH CIIOCOOHOCTB
TpanckpuntoB bKI' sykapnor perymupoBarh
COOCTBEHHBIN CIIAHCUHT, KOTOpast 3aBUCHUT OT
IIOCJIEI0BATEIbHOCTEN HYKJICOTHIOB,
MPOU30LIEAIMX B 3BoJoUMH oT MID, B
coctaBe ux UHTPOHOB [83]. JlaHHOE CBOICTBO
npeeMctBeHHO oT MI'D, monekynel PHK
KOTOPBIX XapaKTEpHU3YyIOTCs (POPMUPOBAHUEM
LINWIEK B IPOCTPAHCTBE, PETYIHUPYIOMINUX
pacro3HaBaHUE CATOB CruTalicuHTa [84].

O ¢yskimonanpHOCTH MOekyn MPHK
0eOK-KOUPYIOIINX T€HOB CBUIETEIHCTBYET
00pa3oBaHMe U3 X HHTPOHOB CHENU(PUIECKUX
koneieBbix  PHK  (kPHK), o6mamaromumx
MHOKECTBOM PEryJIATOPHBIX CIIOCOOHOCTEH.
Kpowme toro, kPHK Takxe conep:xar kopoTkue
paMK{M  CUMTHIBAHHUS,  CBS3BIBAIOTCA  C
pubocoMaMH U TPAHCIUPYIOTCS B MENTUJIBI U
OemnKu. Konbuessie PHK LIUPOKO
JKCIIPECCUPYIOTCS B T€HOMax pas3InYHBIX
JYKapHOT, IOCKOJbKY OOpa3yloTCsi IyTeM
o0paTHOro CIUlaiicMHra, 4YTO MPUBOJUT K



O630p HayuHble pesysabmamol 6uomeduyuHckKux uccaedoganutl. 2025:11(2):215-242

Review

Research Results in Biomedicine. 2025:11(2):215-242 231

oOpasoBannio KoBajJeHTHBIX cTpykTyp PHK ¢
3aMKHYTOH memieil 0e3 3’-5’-monsipHOCTH.
OnHu He colepkaT MOJUAICHUHOBBIX XBOCTOB
U 3KCIPECCUPYIOTCS HA OTHOCUTEIBHO HU3KUX
ypoBHsx. Ilomoono auPHK, xPHK wmoryr
(YHKIMOHMpPOBAaTH B KadecTBe  Ty0OK
MukpoPHK,  ywactByroT B  peryiasiuuu
pa3BUTHUS HEPBHON CHUCTEMBI, B MEXaHHU3Max
kaH1eporenesa, skcnpeccuu BKI [85]. Kpome
toro, kPHK cBs3bIBatoTCsi ¢ mpomMoTopamu
[[EJIEBBIX ~TE€HOB, PEKPYTUPYS  (AKTOPHI
TPAHCKPUIILIUK, BIMSISI TEM camMblM Ha
tpanckpunuuio  BKI  [86]. Haubonbimmit

oOHapyeHHeM HUX  BOBJICYEHHOCTH B
pa3BuTHE 3710Kau€CTBEHHBIX
HOBOOOpPA30BaHUN, IIOCKOJIIbKY OHH MOTYT
OBITH UCIIOJI30BAaHbI B KAUECTBE MHUILICHEH JIJIst
MMPOTHBOOITYX0JIeBOM Tepanuu [85-88] (Tad.
4). Onnako onnoi u3 nepsbix KPHK uenosexka,
CIOCOOHBIX K TpaHCISAIMH, CTajga Circ-
ZNF609, BoBieueHHass B  PETYIAIHUIO
T GepeHIIMPOBKH CKEIETHON MYCKYJIaTypHl.
B  omimmume or OenkoBOro - mpoaykra
OCHOBHOT'O BKT (TpaHCKpUNIIMOHHBIN
(akTop, OETOK IMHKOBBIX IMAJbIIEB), U3
KoToporo obpasyercst ata KPHK, nponykTr ee

HHTCPECC MpeaACTaBJIAOT IICIITUBI, TPpaHCIIALIWU HC COACPKUT JOMCHOB HMHKOBBIX
kogupyemble KPHK y uenoBeka B cBsizu ¢ nanbles [89].
Tabnuya 4
IHenTuambl, konupyemsoie KoabuesbiMu PHK 4enoBeka, yyacTByonue B KaHeporesese
Table 4
Peptides encoded by human circular RNAs involved in carcinogenesis
Ha3Banue Ha3Banue/ P ABTO
HKPHK JJIMHA NenTHaa yHiK P
Circ-FBXW7 FBXW?7-185aa/ | uHrubupyer npoiudepaluio 1 yCKopeHHe KICTOYHOTO UKIIa, [85]
185 I0JIABJISIET Pa3BUTHE INIMOOJIaCTOMBI
. B KOMOUMHAIMu ¢ MeMOpaHHbIM Oenikom Gprcba akTuBupyer
. Circ-Gprc5a/
circ-Gprc5a 11 nepenauy curtagoB GPCR, cmocoGCTByeT pa3BUTHIO paka [86]
MOYEBOTO My3bIpsi
cire- FNDC3B- onocympeceopnony sibesry FaPL. moxanmmer
circ-FNDC3B 218aa/ YHpeccopHOMy y » TIOA 5 [87]
218 nposrdepanuo, HHBa3UIO U MUTPALIUIO KIIETOK PaKa TOJICTOM
KHUILKH
circ-PPP1R12A - | crumysnupyet nposiudepariuo, MUTPALUI0 U HHBA3UIO KJIETOK
circ-PPP1R12A 73aa/ paka TOJICTO# KUIIKH IyTeM aKTUBAIUU CUTHAIBHBIX MMy Tei [88]
73 Hippo-YAP
circ-B-catenin [B-catenin-370aa/ |axtuBupyer Wnt myTs 3a cyeT cTabWIIU3AIUU TOTHOPA3MEPHOTO [90]
370 [B-kaTeHHHA, CTHMYJIHPYET Pa3BUTHE paka IeUeHI
3allIUINAaeT MoJIHOpa3MepHyto Circ-SHPRH ot aerpananuu
. SHPRH-146aa/ yOUKBUTHHOBOM MPOTEACOMO#, YOMKBUTHHUPYET SIICPHBII
circ-SHPRH [91]
146 AQHTUTeH NPOIU(EPUPYIONINX KIETOK, UHIUOMPYET pa3BUTHE
TTIHO00JIACTOMBI

[Tockonbky MI'D B 3BOJIIOLIUN SIBISIIUCH
HMCTOYHUKAMHU BO3HUKHOBEHUS
CIUTAICOCOMHBIX HWHTPOHOB, a TakKXke WX
W3MEHYUBOCTH [24], JIOTUYHO MPEANOI0KHUTD,
yro cnocodHocts KPHK TpancnupoBatbes B
(yHKIIMOHATBHBIC TETITU/IBI TAKKE OTPAKAIOT
YHUBEpPCAJIbHBIE CBOICTBA MID 51
oOycnoBieHbl Bo3HHKHOBeHHMeM KPHK ot
Tpancno30HOB.  /JleiictBurenbHo,  kKPHK,
10J100HO nHPHK, XapaKTepU3yIOTCs
TKaHeCTIeU(PHUIECKON IKCIPECCUE, a TaKKe
HU3KOM KOHCEPBATUBHOCTBIO MEXIY BUAAMHU
[85-88], 4TO TOBOPUT O AMHAMHYHOCTH HX

3BOJIIOIMU C MOMOIIBIO nepemMernennii MI'D.
beulo  mokazaHo, 4TO  cpenxum  Bcex
KOMIUIEMEHTAPHBIX  IOCJIEeIOBATEIhHOCTEH,
SINE (ocobenno Alu) uenoBeka BHOCAT
HaumOonbImMi BkiIaJ B obpasoBanue kKPHK u
ux pazHooOpasue. COOTBETCTBEHHO, pa3zHOE
pacnpenenenne MID  Mmexay — BHAaMu
OPUBOAMT K  YBEIMYEHHIO  CIOXKHOCTHU
skcripeccun KPHK npu sBostoriuu Buios [92].
Oto oOycnosieHo poabio Alu B kadecTBe
WUCTOYHUKOB  aKIEeNTOPOB CIUIAHCHHTa U
uHruoutopoB  tpancmsimun  MPHK.  Alu
SBJISIOTCS OCHOBHBIMHU MHILIEHSMHU (epMeHTa
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ADAR, PEAAKTUPYIOIIETO PHK, a JyKapuoT, B TOM 4Kclie 16 TeHOB y YeloBeka,

obpazoBanue 9k30HOB Alu momamisercs
pubonyxieonporennoM HNRNPC.  Bsuto
obHapyxxeHo, uto sjaepHas PHK-xenmxaza
DHX9 cnemuduueckn  CBsA3BIBACTCS  C
WHBEPTUPOBaHHBIMK  moBTOpamu  Alu B
cocraBe MPHK G6enok-kogupyromumx T'e€HOB.
VBenuueHue KojuyecTBa comepikamux Alu
retoB, ooOpasyromux kPHK, npoucxomut npu
norepe DHX9, «koropeiii geicTByeT B
KadyectBe  pes3onbBasel  sapepHo  PHK,
HEUTpAIU3YIOIICH yIrpo3y HapylIeHUN
TPAHCKPUIIIIMM ¥ TPAHCISALUMA BCJICACTBUE
BctaBok Alu [93]. Beuto mpemiokeHo, 4To
kPHK  mmunaoit  100-1000  HyK1I€0THIOB,
oOpazyromuecs MpU  y4acTUU  MaibIX
camopacwersromuxess  PHK,  kotopsie
0003HaYaIOTCs KaK PUOO3UMBI THUIIA «MOJIOTY,
3aKOAMUPOBAHBI HEAaBTOHOMHBIMH PO
perpo3umamu [94]. 3to HOBOE cemeiicTBO PO
OKa3aJIOCh IIMPOKO PACIPOCTPAHCHHBIM B
reHoMax 3ykapuot. O6pasyemsble B pe3ybTaTe
JKcrpeccun  3TUX PO TpaHCKpuOTH,
COJIep>Kallfe MOTHUBBI THUIIA «MOJIOT», JIETKO
oOHapyxuth ¢ mnomombio PHK-6moTTHHTA
[95]. He wuckmoueHO, YTO  IIMPOKOE
pacripoctpanerre Alu B reHOMax 3yKapuoT
(3aHUMAIOT 11%  reHoma  yenoBeka)
00yCJIOBIEHO  CBOMCTBOM  00Opa3oBbIBAaTh
kPHK, koTopble y4acTBYIOT B peryisiuu
SKCIPECCMH TE€HOB B XOAE€ aJanTUBHOU
SBOJIIOLIUUA OPTraHu3MOB. J[eMCTBUTENBHO, IS
hopmupoBaHUs kPHK HE00X0AMMO
cnapuBanue HykiaeotunoB PHK  wmexny
MOCJIEIOBATEILHOCTIMU,  (PIIAHKUPYIOIIIUMH
CaiiTel OOpaTHOro CIrulalicuHra, Onarojgaps
Haymuyuio AlU B cocTaBe HHTPOHOB TeHOB [96].

3akurouenne. B ganHHOl  cTaThe
MPEACTABICHBI JaHHBIC, ITOTBEPIKIAFOIINE
pors MID B KauecTBE YHUBEPCAIbHBIX
€IVHUI] DBOJIFOIIMH, CBONCTBA KOTOPHIX K
MPOTUBOOOPCTBY € 0Opa3oBaHUEM CHCTEM
MIPOLIECCUHTA CTaJo OCHOBOI1
MHOTO(QYHKIIMOHATHPHOCTH HUX  TMPOJIYKTOB
TPAHCKPUIIIIMK U TpaHchsauuu. Onrcana poib
MI'D B BO3HUMKHOBeHMH HOBBIX BKI', reHoB
MukpoPHK, nHPHK u kPHK B 3BOsOImNm.
[IpencraBnensl cBenenus o0 oopazoBanuu 50
BKI" Ttompko ot Ttpancnosasel JIHK-
TPAHCIIO30HOB B DBOJIONUH Y PA3IAYHBIX

a TaxKe BO3HMKHOBeHHE pasnuuHblx BKI' or
TE€HOB  PETPORJIEMEHTOB. OmauMm w3
MIPEUMYLIECTB OJOMAIIHUBaHUs reHos MI'D
T€HOMAaMHU 3YKApHUOT SIBIISIETCS BOBJICYEHHOCTh
obopazyembix ~MPHK B perynstopHble
aJlalTUBHBIE CETH, a TaKKe
(yHKIMOHATBHOCT, caMux Mosiekysl MPHK
nocne ux mpoureccunra.  CrocoOHOCTH
tpanckpuntoB renoB THPHK u mukpoPHK k
TPaHCISIIUU  OTpakaeT cBoMcTBO MID
00pa3oBbIBATH OJTHOBPEMEHHO
¢ynkunonanssle PHK w  ux  OenkoBble
nponykTsl. MccnenoBaHue IaHHBIX CBOMCTB
HanOoJiee TIEPCIIEKTHBHO B COBPEMEHHOMN
OHKOJIOTUH, IIOCKOJIBKY TIIOSIBIIIETCS  BCE
0ojbIIe  JAHHBIX O  BOBJIEYEHHOCTH,
obpasyembix u3 aAHPHK, mpu-mukpoPHK wu
kPHK mnentunoB B kanmeporenese. Camu
monekynbl  3tux HKPHK  Moryr  ObITh
UCIIOJIb30BaHbl B KayeCTBE MHUULICHEH Jyis
BO3JCICTBUA, a MX NENTUAHBIE IPOMYKTHI
TpPaHCISLUMU KaK HHCTpyMEeHThl. B craTbe
IpeCTaBieHbl JaHHble 00 oOpa3zoBaHuu 15
Y4acTBYIOIIUX B KaHLIEpOreHe3e
crieri(puueckux (PyHKIMOHATIBHBIX MENTHIOB B
pesynbrare Tpancisauuu 1HPHK, 4 nentuaos —
n3 npu-MukpoPHK u 6 nentunos — u3 kPHK.

HNudpopmanus o puHAHCHPOBAHUU
Quuancuposanue  OaHHOU  pabomvl  He
NnpPOBOOUNOCD.

Financial support

No financial support has been provided for this
work.

KoH(paukT uHTEpECOB
Aemopvl  3asenarom 00
KOH@IUKMA UHmMepecos.
Conflict of interests

The authors have no conflict of interest to
declare.

omcymcecmeuu

Crnucok JuTepaTypsbl
1. Makatowski W, Gotea V, Pande A, et
al.  Transposable Elements: Classification,
Identification, and Their Use As a Tool For
Comparative Genomics. In: Anisimova M, editor.
Evolutionary Genomics. Methods in Molecular
Biology, vol 1910. Humana, New York, NY; 2019.



O630p HayuHble pesysabmamol 6uomeduyuHckKux uccaedoganutl. 2025:11(2):215-242
Research Results in Biomedicine. 2025:11(2):215-242

Review

233

DOI:  https://doi.org/10.1007/978-1-4939-9074-
06

2. Roberts AP, Chandler M, Courvalin P,
et al. Revised Nomenclature for Transposable
Genetic Elements. Plasmid. 2008;60(3):167-173.
DOI:
https://doi.org/10.1016/j.plasmid.2008.08.001

3. Elliott TA, Gregory TR. Do larger
genomes contain more diverse transposable
elements. BMC Evolutionary Biology. 2015;15:69.
DOI: https://doi.org/10.1186/s12862-015-0339-8

4. Nurk S, Koren S, Rhie A, et al. The
complete sequence of a human genome. Science.
2022;376(6588):44-53. DOI:
https://doi.org/10.1126/science.abj6987

5. De Koning APJ, Gu W, Castoe TA, et
al. Repetitive Elements May Comprise Over Two-
Thirds of the Human Genome. PL0S Genetics.
2011;7(12):1002384. DOI:
https://doi.org/10.1371/journal.pgen.1002384

6. Mustafin RN. Functional dualism of
transcripts of transposons in the evolution of
eukaryotic genomes. Russian Journal of
Developmental Biology. 2018;49(4S1):339-355.
DOI: https://doi.org/10.1134/S1062360418070019

7. Mustafin RN, Khusnutdinova EK. The
Role of Reverse Transcriptase in the Origin of Life.
Biochemistry. 2019;84(8):870-883. DOl:
https://doi.org/10.1134/S0006297919080030

8. Kapitonov VV, Jurka J. Harbinger
Transposons and an Ancient HARBI1 Gene
Derived From a Transposase. DNA and Cell
Biology. 2004;23(5):311. DOl:
https://doi.org/10.1089/104454904323090949

9. Volff JN. Turning junk into gold:
domestication of transposable elements and the
creation of new genes in eukaryotes. Bioessays.
2006;28(9):913-922. DOI:
https://doi.org/10.1002/bies.20452

10. Feschotte C. Transposable elements
and the evolution of regulatory networks. Nature
Reviews Genetics. 2008;9(5):397-405. DOI:
https://doi.org/10.1038/nrg2337

11. Sinzelle L, Izsvak Z, lvics Z. Molecular
domestication of transposable elements: From
detrimental parasites to useful host genes. Cellular
and Molecular Life Sciences. 2009;66:1073-1093.
DOI: https://doi.org/10.1007/s00018-009-8376-3

12. Dlakic M, Mushegian A. Prp8, the
Pivotal Protein of the Spliseosomal Catalytic
Center, Evolved From a Retroelement — Encoded
Reverse Transcriptase. RNA. 2011;17(5):799-808.
DOI: https://doi.org/10.1261/rna.2396011

13. Gladyshev EA, Arkhipova IR. A
widespread class of reverse transcriptase-related
cellular genes. Proceedings of the National
Academy of Sciences of the United States of
America.  2011;108(51):20311-20316.  DOI:
https://doi.org/10.1073/pnas.1100266108

14. Abrusan G, Zhang Y, Szilagyi A.
Structure prediction and analysis of DNA
transposon and LINE retrotransposons proteins.
Journal of Biological Chemistry.
2013;288(22):16127-16138. DOL:
https://doi.org/10.1074/jbc.M113.451500

15. Alzohairy AM, Gyulai G, Jansen RK, et
al. Transposable elements domesticated and
neofunctionalized by eukaryotic genomes.
Plasmid. 2013;69(1):1-15. DOI:
https://doi.org/10.1016/j.plasmid.2012.08.001

16. Malfavon-Borja R, Feschotte C.
Fighting Fire with Fire: Endogenous Retrovirus
Envelopes as Restriction Factors. Journal of
Virology. 2015;89(8):4047-4050. DOl:
https://doi.org/10.1128/JV1.03653-14

17. Wang J, Vicente-Garcia C, Seruggia D,
et al. MIR retrotransposons sequences provide
insulators to the human genome. Proceedings of the
National Academy of Sciences of the United States
of America. 2015;112(32):4428-4437. DOI:
https://doi.org/10.1073/pnas.1507253112

18. Duan CG, Wang X, Xie S, et al. A pair
of transposon-derived proteins function in a histone
acetyltransferase complex for active DNA
demethylation. Cell Research. 2017;27(2):226-
240. DOI: https://doi.org/10.1038/cr.2016.147

19. Joly-Lopez Z, Bureau TE. Exaptation
of transposable element coding sequences. Current
Opinion in  Genetics and Development.
2018;49:34-42. DOL:
https://doi.org/10.1016/j.gde.2018.02.011

20. Wei G, Qin S, Li W, et al. MDTE DB:
a database for microRNAs derived from
Transposable element. IEEE/ACM Transactions
on Computational Biology and Bioinformatics.
2016;13(6):1155-1160. DOI:
https://doi.org/10.1109/TCBB.2015.2511767

21. Kapusta A, Kronenberg Z, Lynch VJ, et
al. Transposable elements are major contributors to
the origin, diversification, and regulation of
vertebrate long noncoding RNAs. PLoS Genet.
2013;9:1003470. DOIl:
https://doi.org/10.1371/journal.pgen.1003470

22. Johnson R, Guigo R. The RIDL
hypothesis: transposable elements as functional
domains of long noncoding RNAs. RNA.



O630p

Mycmagpun PH, u dp. Posib mpaHcno30Ho8 8 obecneyeHuu ...

Review Mustafin RN, et al. The role of transposable elements in formation ... e
2014;20:959-976. DOI: and other transposable elements in vertebrate

https://doi.org/10.1261/rna.044560.114

23. Tan S, Cardoso-Moreira M, Shi W, et
al. LTR-mediated retroposition as a mechanism of
RNA-based duplication in metazoans. Genome
Research. 2016;26(12):1663-1675. DOI:
https://doi.org/10.1101/gr.204925.116

24. Kubiak MR, Makalowska 1. Protein-
Coding Genes’ Retrocopies and Their Functions.
Viruses. 2017;9(4):80. DOl:
https://doi.org/10.3390/v9040080

25. Mycragpun PH, Xycnyrounoa OK.
PeTposneMeHThl Kak MUIIIEHU TapTreTHON Teparnuu
omyxomneir  (00630p). Hayunble  pe3ymbTaThl
OnoMeMIMHCKUX uccienaoBanuii. 2024;10(1):5-
22. DOI: https://doi.org/10.18413/2658-6533-
2024-10-1-0-1

26. Schrader L, Schmitz J. The Impact of
Transposable Elements in Adaptive Evolution.
Molecular Ecology. 2019;28(6):1537-1549. DOI:
https://doi.org/10.1111/mec.14794

27. Abascal F, Tress ML, Valencia A.
Alternative splicing and co-option of transposable
elements: the case of TMPO/LAP2a and ZNF451
in mammals. Bioinformatics. 2015;31(14):2257-
2261. DOI:
https://doi.org/10.1093/bioinformatics/btv132

28. He Z, Chen O, Phillips N, et al.
Predicting Alu exonization in the human genome
with a deep learning model. BioRxXiv.
2024,8:727537. DOI:
https://doi.org/10.1101/2024.01.03.574099

29. Zhu Z, Tan S, Zhang Y, et al. LINE-1-
like retrotransposons contribute to RNA-based
gene duplication in dicots. Scientific Reports.
2016;6:24755. DOl:
https://doi.org/10.1038/srep24755

30. Sakai H, Mizuno H, Kawahara Y, et al.
Retrogenes in rice (Oryza sativa L. ssp. japonica)
exhibit correlated expression with their source
genes. Genome Biology and Evolution.
2011;3:1357-1368. DOI:
https://doi.org/10.1093/gbe/evr11l

31. Du Z, Yang C, Rothschild MF, et al.
Novel microRNA families expanded in the human
genome. BMC Genomics. 2013;14:98. DOI:
https://doi.org/10.1186/1471-2164-14-98

32. Hoen DR, Buraeu TE. Discovery of
Novel Genes Derived from Transposable Elements
Using Integrative Genomic Analysis. Molecular
Biology and Evolution. 2015;32(6):1487-1506.
DOI: https://doi.org/10.1093/molbev/msv042

33. Zdobnov EM, Campillos M, Harrington
ED, et al. Protein coding potential of retroviruses

genomes. Nucleic Acids Research.
2005;33(1):946-954. DOL:
https://doi.org/10.1093/nar/gki236

34. De Souza FS, Franchini LF, Rubinstein
M. Exaptation of transposable elements into novel
cis-regulatory elements: is the evidence always
strong. Molecular Biology and Evolution.
2013;30(6):1239-1251. DOI:
https://doi.org/10.1093/molbev/mst045

35. Kang M, Tang B, Li J, et al
Identification of miPEP133 as a novel tumor-
suppressor microprotein encoded by miR-34a pri-
miRNA. Molecular Cancer. 2020;19:143. DOI:
https://doi.org/10.1186/512943-020-01248-9

36. Fitzgerald KA, Caffrey DR. Long
noncoding RNAs in innate and adaptive immunity.
Current Opinion in Immunology. 2014;26:140-
146. DOI:
https://doi.org/10.1016/j.c0i.2013.12.001

37. Fico A, Fiorenzano A, Pascale E, et al.
Long non-coding RNA in stem cell pluripotency
and lineage commitement: functions and
evolutionary conservation. Cellular and Molecular
Life  Sciences. 2019;76:1459-1471. DOI:
https://doi.org/10.1007/s00018-018-3000-z

38. Long Y, Wang X, Youmans DT, et al.
How do IncRNAs regulate transcription. Science
Advances. 2017;3(9):2110. DOl:
https://doi.org/10.1126/sciadv.aa02110

39. Hadjiargyrou M, Delihas N. The
Intertwining of Transposable Elements and Non-
Coding RNAs. International Journal of Molecular
Sciences. 2013;14(7):13307-13328. DOl:
https://doi.org/10.3390/ijms140713307

40. Gerdes P, Richardson SR, Mager DL, et
al. Transposable elements in the mammalian
embryo: pioneers surviving through stealth and
service. Genome Biology. 2016;17:100. DOI:
https://doi.org/10.1186/s13059-016-0965-5

41. Lu X, Sachs F, Ramsay L, et al. The
retrovirus HERVH is a long noncoding RNA
required for human embryonic stem cell identity.
Nature Structural and Molecular Biology.
2014;21:423-425. DOl:
https://doi.org/10.1038/nsmb.2799

42. Honson DD, Macfarlan TS. A IncRNA-
like Role for LINEls in Development.
Developmental Cell. 2018;46(2):132-134. DOI:
https://doi.org/10.1016/j.devcel.2018.06.022

43. Ramsay LA, Marchetto MC, Caron M,
et al. Conserved expression of transposon-derived
non-coding transcripts in primate stem cells. BMC



O630p HayuHble pesysabmamol 6uomeduyuHckKux uccaedoganutl. 2025:11(2):215-242
Research Results in Biomedicine. 2025:11(2):215-242

Review

235

Genomics. 2017;18:214. DOI:
https://doi.org/10.1186/s12864-017-3568-y

44, Arendt T, Ueberham U, Janitz M. Non-
coding transcriptome in brain aging. Aging.
2017;9(9):1943-1944. DOI:
https://doi.org/10.18632/aging.101290

45. Lapp HE, Hunter RG. The dynamic
genome:  transposons and  environmental
adaptation in the nervous system. Epigenomics.
2016;8(2):237-249. DOI:
https://doi.org/10.2217/epi.15.107

46. Anderson DM, Anderson KM, Cang
CL, et al. A micropeptide encoded by a putative
long noncoding RNA regulates muscle
performance. Cell. 2015;160(4):595-606. DOI:
https://doi.org/10.1016/j.cell.2015.01.009

47. Nelson BR, Makarewich CA, Anderson
DM, et al. A peptide encoded by a transcript
annotated as long noncoding RNA enhances
SERCA  activity in  muscle.  Science.
2016;351(6270):271-275. DOI:
https://doi.org/10.1126/science.aad4076

48. Zhang J, Mujahid H, Hou Y, et al. Plant
Long ncRNAs: A New Frontier for Gene
Regulatory Control. American Journal of Plant
Sciences. 2013;4(5):32139. DOL:
https://doi.org/10.4236/ajps.2013.45128

49. Levine MT, Jones CD, Kern AD, et al.
Novel genes derived from noncoding DNA in
Drosophila melanogaster are frequently X-linked
and exhibit testis-biased expression. Proceedings
of the National Academy of Sciences of the United
States of America. 2006;103(26):9935-9939. DOI:
https://doi.org/10.1073/pnas.0509809103

50. Cai J, Zhao R, Jiang H, et al. De novo
origination of a new protein-coding gene in
Saccharomyces cerevisiae. Genetics.
2008;179(1):487-496. DOI:
https://doi.org/10.1534/genetics.107.084491

51. Xie C, Zhang YE, Chen JY, et al.
Hominoid-specific de novo protein-coding genes
originating from long non-coding RNAs. PL0S
Genetics. 2012;8:21002942. DOl:
https://doi.org/10.1371/journal.pgen.1002942

52. Ruiz-Orera J, Messeguer X, Subirana
JA, et al. Long non-coding RNAS as a source of
new peptide. elLife. 2014;3:e03523. DOI:
https://doi.org/10.7554/eLife.03523

53. Guo L, Zhao Y, Yang S, et al. An
integrated evolutionary analysis of mMiRNA-
IncRNA in mammals. Molecular Biology Reports.
2014;41:201-207. DOI:
https://doi.org/10.1007/s11033-013-2852-4

54. Razooky BS, Obermayer B, O'May JB,
et al. Viral Infection Identifies Micropeptides
Differentially Regulated in smORF-Containing
IncRNAs. Genes. 2017;8(8):206. DOl:
https://doi.org/10.3390/genes8080206

55. Niu L, Lou F, Sun Y, et al. A
micropeptide encoded by IncRNA MIR155HG
suppresses  autoimmune  inflammation  via
modulating  antigen  presentation.  Science
Advances. 2020;6(21):eaaz2059. DOI:
https://doi.org/10.1126/sciadv.aaz2059

56. Prel A, Dozier C, Combier JP, et al.
Evidence that regulation of Pri-miRNA/miRNA
expression is not a general rule of miPEPs function
in humans. International Journal of Molecular
Sciences. 2021;22(7):3432. DOl:
https://doi.org/10.3390/ijms22073432

57. Toll-Riera M, Bosch N, Bellora N, et al.
Origin of primate orphan genes: a comparative
genomics approach. Molecular Biology and
Evolution. 2009;26(3):603-612. DOl:
https://doi.org/10.1093/molbev/msn281

58. Lu S, Zhang J, Lian X, et al. A hidden
human proteome encoded by ‘non-coding’ genes.
Nucleic Acids Research. 2019;47(15):8111-8125.
DOI: https://doi.org/10.1093/nar/gkz646

59. van Heesch S, Witte F, Schneider-
Lunitz V, et al. The Translational Landscape of the
Human Heart. Cell. 2019;178(1):242-260. DOI:
https://doi.org/10.1016/j.cell.2019.05.010

60. Li XL, Pongor L, Tang W, et al. A
Small Protein Encoded by a Putative IncRNA
Regulates Apoptosis and Tumorigenicity in
Human Colorectal Cancer Cells. eLife.
2020;9:e53734. DOIl:
https://doi.org/10.7554/eLife.53734

61. Ge Q, Jia D, Cen D, et al. Micropeptide
ASAP encoded by LINC00467 promotes
colorectal cancer progression by directly
modulating ATP synthase activity. Journal of
Clinical Investigation. 2021;131(22):e152911.
DOI: https://doi.org/10.1172/JC1152911

62. Wu S, Zhang L, Deng J, et al. A Novel
Micropeptide Encoded by Y-Linked LINCO00278
Links Cigarette Smoking and AR Signaling in
Male Esophageal Squamous Cell Carcinoma.
Cancer Research. 2020;80(13):2790-2803. DOI:
https://doi.org/10.1158/0008-5472.can-19-3440

63. Szafron LM, Balcerak A, Grzybowska
EA, et al. The novel gene journal pre-proof 25
CRNDE encodes a nuclear peptide (CRNDEP)
which is overexpressed in highly proliferating
tissues. PLoS ONE. 2015;10(5):e0127475. DOI:
https://doi.org/10.1371/journal.pone.0127475



O630p

Mycmagpun PH, u dp. Posib mpaHcno30Ho8 8 obecneyeHuu ... 236

Review Mustafin RN, et al. The role of transposable elements in formation ...

64. Huang JZ, Chen M, Chen D, et al. A
peptide encoded by a putative InCcRNA HOXB-
AS3 suppresses colon cancer growth. Molecular
Cell. 2017;68(1):171-184. DOl:
https://doi.org/10.1016/j.molcel.2017.09.015

65. Zhang M, Zhao K, Xu X, et al. A
peptide encoded by circular form of LINC-PINT
suppresses oncogenic transcriptional elongation in
glioblastoma. Nature Communications.
2018:;9:4475. DOI:
https://doi.org/10.1038/s41467-018-06862-2

66. D’Lima NG, Ma J, Winkler L, et al. A
human microprotein that interacts with the mRNA
decapping complex. Nature Chemical Biology.
2017;13(2):174-180. DOI:
https://doi.org/10.1038/nchembio.2249

67. Zhu S, Wang JZ, Chen D, et al. An
oncopeptide regulates m(6)A recognition by the
m(6)A reader IGF2BP1 and tumorigenesis. Nature
Communications. 2020;11:1685. DOI:
https://doi.org/10.1038/s41467-020-15403-9

68. Guo B, Wu S, Zhu X, et al
Micropeptide CIP2A-BP encoded by LINC00665
inhibits triple-negative breast cancer progression.
EMBO Journal. 2020;39(1):e102190. DOI:
https://doi.org/10.15252/embj.2019102190

69. Wang Y, Wu S, Zhu X, et al. LncRNA-
encoded polypeptide ASRPS inhibits triple-
negative breast cancer angiogenesis. Journal of
Experimental Medicine.
2020;217(3):jem.20190950. DOL:
https://doi.org/10.1084/jem.20190950

70. Meng N, Chen M, Chen D, et al. Small
protein hidden in IncRNA LOC90024 promotes
“cancerous” RNA splicing and tumorigenesis.
Advanced Science. 2020;7(10):1903233. DOI:
https://doi.org/10.1002/advs.201903233

71. Pang Y, Liu Z, Han H, et al. Peptide
SMIM30 promotes HCC development by inducing
SRC/YES1 membrane anchoring and MAPK
pathway activation. Journal of Hepatology.
2020;73(5):1155-1169. DOI:
https://doi.org/10.1016/j.jhep.2020.05.028

72. Xu W, Deng B, Lin P, et al. Ribosome
profiling analysis identified a KRAS-interacting
microprotein that represses oncogenic signaling in
hepatocellular carcinoma cells. Science China Life
Sciences. 2020;63(4):529-542. DOI:
https://doi.org/10.1007/s11427-019-9580-5

73. Polycarpou-Schwarz M, Gross M,
Mestdagh P, et al. The cancer-associated
microprotein CASIMO1 controls cell proliferation
and interacts with squalene epoxidase modulating
lipid droplet formation. Oncogene. 2018;37:4750-

4768. DOI: https://doi.org/10.1038/s41388-018-
0281-5

74. Couzigou JM, Andre O, Guillotin B, et
al. Use of microRNA-encoded peptide miPEP172c
to stimulate nodulation in soybean. New
Phytologist. 2016;211(2):379-381. DOL:
https://doi.org/10.1111/nph.13991

75. Lauressergues D, Couzigou JM,
Clemente HS, et al. Primary transcripts of
microRNAs encode regulatory peptides. Nature.
2015;520(7545):90-93. DOL:
https://doi.org/10.1038/nature14346

76. Fang J, Morsalin S, Rao VN, et al.
Decoding of non-coding DNA and non-coding
RNA: pri-micro RNA-encoded novel peptides
regulate migration of cancer cells. Journal of
Pharmaceutical Sciences and Pharmacology.
2017;3:23-27. DOL:
https://doi.org/10.1166/jpsp.2017.1070

77. Zhou H, Lou F, Bai J, et al. A peptide
encoded by pri-miRNA-31 represses
autoimmunity by promoting Treg differentiation.
EMBO Reports. 2022;23(5):€53475. DOI:
https://doi.org/10.15252/embr.202153475

78. Ormancey M, Thuleau P, Combier JP,
et al. The Essentials on microRNA-Encoded
Peptides from Plants to Animals. Biomolecules.
2023;13(2):206. DOI:
https://doi.org/10.3390/biom13020206

79. Kumar RS, Sinha H, Datta T, et al.
microRNA408 and its encoded peptide regulate
sulfur assimilation and arsenic stress response in
Arabidopsis. Plant Physiology. 2023;192(2):837-
856. DOI: https://doi.org/10.1093/plphys/kiad033

80. Mao X, Zhou J, Kong L, et al. A peptide
encoded by IncRNA MIR7-3 host gene (MIR7-
3HG) alleviates dexamethasone-induced
dysfunction in pancreatic B-cells through the
PI3K/AKT signaling pathway. Biochemical and
Biophysical Research Communications.
2023;647:62-71. DOI:
https://doi.org/10.1016/j.bbrc.2023.01.004

81. Lee CQE, Kerouanton B, Chothani S, et
al. Coding and non-coding roles of MOCCI
(C150RF48) coordinate to regulate host
inflammation and immunity. Nature
Communications. 2021;12:2130. DOI:
https://doi.org/10.1038/s41467-021-22397-5

82. Rearick D, Prakash A, McSweeny A, et
al. Critical association of ncRNA with introns.
Nucleic Acids Research. 2011;39(6):2357-2366.
DOI: https://doi.org/10.1093/nar/gkq1080

83. Soemedi R, Cygan KJ, Rhine CL, et al.
The effects of structure on pre-mRNA processing



O630p HayuHble pesysabmamol 6uomeduyuHckKux uccaedoganutl. 2025:11(2):215-242 237

Review

Research Results in Biomedicine. 2025:11(2):215-242

and stability. Methods. 2017;125:36-44. DOI:
https://doi.org/10.1016/j.ymeth.2017.06.001

84. Kralovicova J, Patel A, Searle M, et al.
The role of short RNA loops in recognition of a
single-hairpin exon derived from a mammalian-
wide interspersed repeat. RNA  Biology.
2015;12(1):54-69. DOL:
https://doi.org/10.1080/15476286.2015.1017207

85. Yang Y, Gao X, Zhang M, et al. Novel
role of FBXW?7 Circular RNA in repressing glioma
tumorigenesis. Journal of the National Cancer
Institute. 2018;110(3):304-315. DOLl:
https://doi.org/10.1093/jnci/djx166

86. Gu C, Zhou N, Wang Z, et al.
circGprcba promoted bladder oncogenesis and
metastasis through Gprcba-targeting peptide.
Molecular Therapy - Nucleic Acids. 2018;13:633-
641. DOI:
https://doi.org/10.1016/j.0mtn.2018.10.008

87. PanZ, CaiJ, LinJ, etal. A novel protein
encoded by circFNDC3B inhibits tumor
progression and EMT through regulating Snail in
colon cancer. Molecular Cancer. 2020;19:71. DOI:
https://doi.org/10.1186/s12943-020-01179-5

88. Zheng X, Chen L, Zhou Y, et al. A
novel protein encoded by a circular RNA
circPPP1R12A promotes tumor pathogenesis and
metastasis of colon cancer via Hippo-YAP
signaling. Molecular Cancer. 2019;18:47. DOI:
https://doi.org/10.1186/s12943-019-1010-6

89. Legnini I, Di Timoteo G, Rossi F, et al.
Circ-ZNF609 Is a Circular RNA that Can Be
Translated and Functions in  Myogenesis.
Molecular  Cell.  2017;66(1):22-37.  DOI:
https://doi.org/10.1016/j.molcel.2017.02.017

90. Liang WC, Wong CW, Liang PP, et al.
Translation of the circular RNA circbeta-catenin
promotes liver cancer cell growth through
activation of the Wnt pathway. Genome Biology.
2019;20:84. DOI: https://doi.org/10.1186/s13059-
019-1685-4

91. Zhang M, Huang N, Yang X, et al. A
novel protein encoded by the circular form of the
SHPRH gene suppresses glioma tumorigenesis.
Oncogene. 2018;37(13):1805-1814. DOI:
https://doi.org/10.1038/s41388-017-0019-9

92. Dong R, Ma XK, Chen LL, et al.
Increased complexity of circRNA expression
during species evolution. RNA Biology.
2017;14(8):1064-1074. DOI:
https://doi.org/10.1080/15476286.2016.1269999

93. Aktas T, Avsar Ilik I, Maticzka D, et al.
DHX9 suppresses RNA processing defects
originating from the Alu invasion of the human

genome. Nature. 2017;544(7648):115-119. DOI:
https://doi.org/10.1038/nature21715

94. de la Pefia M. Circular RNAs
Biogenesis in Eukaryotes Through Self-Cleaving
Hammerhead Ribozymes. In: Xiao J, editor.
Circular RNAs. Advances in Experimental
Medicine and Biology, vol 1087. Springer,
Singapore; 2018. DOI:
https://doi.org/10.1007/978-981-13-1426-1_5

95. Cervera A, de la Pefia M. Cloning and
Detection of Genomic Retrozymes and Their
circRNA Intermediates. In: Scarborough RJ,
Gatignol A, editors. Ribozymes. Methods in
Molecular Biology, vol 2167. Humana, New York,
NY; 2021. DOI: https://doi.org/10.1007/978-1-
0716-0716-9_3

96. Welden JR, Stamm S. Pre-mRNA
structures forming circular RNAs. Biochimica et
Biophysica Acta - Gene Regulatory Mechanisms.
2019;1862(11-12):194410. DOL:
https://doi.org/10.1016/j.bbagrm.2019.194410

References

1. Makatlowski W, Gotea V, Pande A, et
al.  Transposable Elements: Classification,
Identification, and Their Use As a Tool For
Comparative Genomics. In: Anisimova M, editor.
Evolutionary Genomics. Methods in Molecular
Biology, vol 1910. Humana, New York, NY; 2019.
DOI:  https://doi.org/10.1007/978-1-4939-9074-
06

2. Roberts AP, Chandler M, Courvalin P,
et al. Revised Nomenclature for Transposable
Genetic Elements. Plasmid. 2008;60(3):167-173.
DOIL:
https://doi.org/10.1016/j.plasmid.2008.08.001

3. Elliott TA, Gregory TR. Do larger
genomes contain more diverse transposable
elements. BMC Evolutionary Biology. 2015;15:69.
DOI: https://doi.org/10.1186/s12862-015-0339-8

4. Nurk S, Koren S, Rhie A, et al. The
complete sequence of a human genome. Science.
2022;376(6588):44-53. DOL:
https://doi.org/10.1126/science.abj6987

5. De Koning APJ, Gu W, Castoe TA, et
al. Repetitive Elements May Comprise Over Two-
Thirds of the Human Genome. PLoS Genetics.
2011;7(12):1002384. DOl:
https://doi.org/10.1371/journal.pgen.1002384

6. Mustafin RN. Functional dualism of
transcripts of transposons in the evolution of
eukaryotic genomes. Russian  Journal  of
Developmental Biology. 2018;49(4S1):339-355.
DOI: https://doi.org/10.1134/S1062360418070019



O630p

Mycmagpun PH, u dp. Posib mpaHcno30Ho8 8 obecneyeHuu ... 238

Review Mustafin RN, et al. The role of transposable elements in formation ...

7. Mustafin RN, Khusnutdinova EK. The
Role of Reverse Transcriptase in the Origin of Life.
Biochemistry. 2019;84(8):870-883. DOl:
https://doi.org/10.1134/S0006297919080030

8. Kapitonov VV, Jurka J. Harbinger
Transposons and an Ancient HARBI1 Gene
Derived From a Transposase. DNA and Cell
Biology. 2004;23(5):311. DOI:
https://doi.org/10.1089/104454904323090949

9. VolIff JN. Turning junk into gold:
domestication of transposable elements and the
creation of new genes in eukaryotes. Bioessays.
2006;28(9):913-922. DOI:
https://doi.org/10.1002/bies.20452

10. Feschotte C. Transposable elements
and the evolution of regulatory networks. Nature
Reviews Genetics. 2008;9(5):397-405. DOI:
https://doi.org/10.1038/nrg2337

11. Sinzelle L, Izsvak Z, lvics Z. Molecular
domestication of transposable elements: From
detrimental parasites to useful host genes. Cellular
and Molecular Life Sciences. 2009;66:1073-1093.
DOI: https://doi.org/10.1007/s00018-009-8376-3

12. Dlakic M, Mushegian A. Prp8, the
Pivotal Protein of the Spliseosomal Catalytic
Center, Evolved From a Retroelement — Encoded
Reverse Transcriptase. RNA. 2011;17(5):799-808.
DOI: https://doi.org/10.1261/rna.2396011

13. Gladyshev EA, Arkhipova IR. A
widespread class of reverse transcriptase-related
cellular genes. Proceedings of the National
Academy of Sciences of the United States of
America.  2011;108(51):20311-20316.  DOI:
https://doi.org/10.1073/pnas.1100266108

14. Abrusan G, Zhang Y, Szilagyi A.
Structure prediction and analysis of DNA
transposon and LINE retrotransposons proteins.
Journal of Biological Chemistry.
2013;288(22):16127-16138. DOI:
https://doi.org/10.1074/jbc.M113.451500

15. Alzohairy AM, Gyulai G, Jansen RK, et
al. Transposable elements domesticated and
neofunctionalized by eukaryotic  genomes.
Plasmid. 2013;69(1):1-15. DOI:
https://doi.org/10.1016/j.plasmid.2012.08.001

16. Malfavon-Borja R, Feschotte C.
Fighting Fire with Fire: Endogenous Retrovirus
Envelopes as Restriction Factors. Journal of
Virology. 2015;89(8):4047-4050. DOl:
https://doi.org/10.1128/JV1.03653-14

17. Wang J, Vicente-Garcia C, Seruggia D,
et al. MIR retrotransposons sequences provide
insulators to the human genome. Proceedings of the
National Academy of Sciences of the United States

of America. 2015;112(32):4428-4437. DOI:
https://doi.org/10.1073/pnas.1507253112

18. Duan CG, Wang X, Xie S, et al. A pair
of transposon-derived proteins function in a histone
acetyltransferase complex for active DNA
demethylation. Cell Research. 2017;27(2):226-
240. DOI: https://doi.org/10.1038/cr.2016.147

19. Joly-Lopez Z, Bureau TE. Exaptation
of transposable element coding sequences. Current
Opinion in  Genetics and Development.
2018;49:34-42. DOI:
https://doi.org/10.1016/j.gde.2018.02.011

20. Wei G, Qin S, Li W, et al. MDTE DB:
a database for microRNAs derived from
Transposable element. IEEE/ACM Transactions
on Computational Biology and Bioinformatics.
2016;13(6):1155-1160. DOL:
https://doi.org/10.1109/TCBB.2015.2511767

21. Kapusta A, Kronenberg Z, Lynch VJ, et
al. Transposable elements are major contributors to
the origin, diversification, and regulation of
vertebrate long noncoding RNAs. PLoS Genet.
2013;9:e1003470. DOI:
https://doi.org/10.1371/journal.pgen.1003470

22. Johnson R, Guigo R. The RIDL
hypothesis: transposable elements as functional
domains of long noncoding RNAs. RNA.
2014;20:959-976. DOI:
https://doi.org/10.1261/rna.044560.114

23. Tan S, Cardoso-Moreira M, Shi W, et
al. LTR-mediated retroposition as a mechanism of
RNA-based duplication in metazoans. Genome
Research. 2016;26(12):1663-1675. DOI:
https://doi.org/10.1101/gr.204925.116

24. Kubiak MR, Makalowska I. Protein-
Coding Genes’ Retrocopies and Their Functions.
Viruses. 2017;9(4):80. DOl:
https://doi.org/10.3390/v9040080

25. Mustafin RN, Khusnutdinova EK.
Retroelements in targeted antitumor therapy
(review). Research Results in Biomedicine.
2024;10(1):5-22. Russian. DOL:
https://doi.org/10.18413/2658-6533-2024-10-1-0-
1

26. Schrader L, Schmitz J. The Impact of
Transposable Elements in Adaptive Evolution.
Molecular Ecology. 2019;28(6):1537-1549. DOI:
https://doi.org/10.1111/mec.14794

27. Abascal F, Tress ML, Valencia A.
Alternative splicing and co-option of transposable
elements: the case of TMPO/LAP2a and ZNF451
in mammals. Bioinformatics. 2015;31(14):2257-
2261. DOI:
https://doi.org/10.1093/bioinformatics/btv132



O630p HayuHble pesysabmamol 6uomeduyuHckKux uccaedoganutl. 2025:11(2):215-242 239

Review

Research Results in Biomedicine. 2025:11(2):215-242

28. He Z, Chen O, Phillips N, et al.
Predicting Alu exonization in the human genome
with a deep learning model. BioRxiv.
2024:8:727537. DOI:
https://doi.org/10.1101/2024.01.03.574099

29. Zhu Z, Tan S, Zhang Y, et al. LINE-1-
like retrotransposons contribute to RNA-based
gene duplication in dicots. Scientific Reports.
2016;6:24755. DOI:
https://doi.org/10.1038/srep24755

30. Sakai H, Mizuno H, Kawahara Y, et al.
Retrogenes in rice (Oryza sativa L. ssp. japonica)
exhibit correlated expression with their source
genes. Genome Biology and Evolution.
2011;3:1357-1368. DOI:
https://doi.org/10.1093/gbe/evr11l

31. Du Z, Yang C, Rothschild MF, et al.
Novel microRNA families expanded in the human
genome. BMC Genomics. 2013;14:98. DOI:
https://doi.org/10.1186/1471-2164-14-98

32. Hoen DR, Buraeu TE. Discovery of
Novel Genes Derived from Transposable Elements
Using Integrative Genomic Analysis. Molecular
Biology and Evolution. 2015;32(6):1487-1506.
DOI: https://doi.org/10.1093/molbev/msv042

33. Zdobnov EM, Campillos M, Harrington
ED, et al. Protein coding potential of retroviruses
and other transposable elements in vertebrate
genomes. Nucleic Acids Research.
2005;33(1):946-954. DOI:
https://doi.org/10.1093/nar/gki236

34. De Souza FS, Franchini LF, Rubinstein
M. Exaptation of transposable elements into novel
cis-regulatory elements: is the evidence always
strong. Molecular Biology and Evolution.
2013;30(6):1239-1251. DOI:
https://doi.org/10.1093/molbev/mst045

35. Kang M, Tang B, Li J, et al.
Identification of miPEP133 as a novel tumor-
suppressor microprotein encoded by miR-34a pri-
mMiRNA. Molecular Cancer. 2020;19:143. DOI:
https://doi.org/10.1186/s12943-020-01248-9

36. Fitzgerald KA, Caffrey DR. Long
noncoding RNAs in innate and adaptive immunity.
Current Opinion in Immunology. 2014;26:140-
146. DOI:
https://doi.org/10.1016/j.c0i.2013.12.001

37. Fico A, Fiorenzano A, Pascale E, et al.
Long non-coding RNA in stem cell pluripotency
and lineage commitement: functions and
evolutionary conservation. Cellular and Molecular
Life  Sciences. 2019;76:1459-1471. DOI:
https://doi.org/10.1007/s00018-018-3000-z

38. Long Y, Wang X, Youmans DT, et al.
How do IncRNAs regulate transcription. Science

Advances. 2017;3(9):2110. DOI:
https://doi.org/10.1126/sciadv.aa02110

39. Hadjiargyrou M, Delihas N. The
Intertwining of Transposable Elements and Non-
Coding RNAs. International Journal of Molecular
Sciences. 2013;14(7):13307-13328. DOl:
https://doi.org/10.3390/ijms140713307

40. Gerdes P, Richardson SR, Mager DL, et
al. Transposable elements in the mammalian
embryo: pioneers surviving through stealth and
service. Genome Biology. 2016;17:100. DOI:
https://doi.org/10.1186/513059-016-0965-5

41. Lu X, Sachs F, Ramsay L, et al. The
retrovirus HERVH is a long noncoding RNA
required for human embryonic stem cell identity.
Nature Structural and Molecular Biology.
2014;21:423-425. DOI:
https://doi.org/10.1038/nsmb.2799

42. Honson DD, Macfarlan TS. A IncRNA-
like Role for LINEls in Development.
Developmental Cell. 2018;46(2):132-134. DOI:
https://doi.org/10.1016/j.devcel.2018.06.022

43. Ramsay LA, Marchetto MC, Caron M,
et al. Conserved expression of transposon-derived
non-coding transcripts in primate stem cells. BMC
Genomics. 2017;18:214. DOIl:
https://doi.org/10.1186/512864-017-3568-y

44. Arendt T, Ueberham U, Janitz M. Non-
coding transcriptome in brain aging. Aging.
2017;9(9):1943-1944. DOL:
https://doi.org/10.18632/aging.101290

45. Lapp HE, Hunter RG. The dynamic
genome:  transposons and  environmental
adaptation in the nervous system. Epigenomics.
2016;8(2):237-249. DOI:
https://doi.org/10.2217/epi.15.107

46. Anderson DM, Anderson KM, Cang
CL, et al. A micropeptide encoded by a putative
long noncoding RNA regulates muscle
performance. Cell. 2015;160(4):595-606. DOI:
https://doi.org/10.1016/j.cell.2015.01.009

47. Nelson BR, Makarewich CA, Anderson
DM, et al. A peptide encoded by a transcript
annotated as long noncoding RNA enhances
SERCA  activity in  muscle.  Science.
2016;351(6270):271-275. DOI:
https://doi.org/10.1126/science.aad4076

48. Zhang J, Mujahid H, Hou Y, et al. Plant
Long ncRNAs: A New Frontier for Gene
Regulatory Control. American Journal of Plant
Sciences. 2013;4(5):321309. DOI:
https://doi.org/10.4236/ajps.2013.45128

49, Levine MT, Jones CD, Kern AD, et al.
Novel genes derived from noncoding DNA in
Drosophila melanogaster are frequently X-linked



O630p

Mycmagpun PH, u dp. Posib mpaHcno30Ho8 8 obecneyeHuu ...
Review Mustafin RN, et al. The role of transposable elements in formation ...

240

and exhibit testis-biased expression. Proceedings
of the National Academy of Sciences of the United
States of America. 2006;103(26):9935-9939. DOI:
https://doi.org/10.1073/pnas.0509809103

50. Cai J, Zhao R, Jiang H, et al. De novo
origination of a new protein-coding gene in
Saccharomyces cerevisiae. Genetics.
2008;179(1):487-496. DOI:
https://doi.org/10.1534/genetics.107.084491

51. Xie C, Zhang YE, Chen JY, et al.
Hominoid-specific de novo protein-coding genes
originating from long non-coding RNAs. PLoS
Genetics. 2012;8:€1002942. DOI:
https://doi.org/10.1371/journal.pgen.1002942

52. Ruiz-Orera J, Messeguer X, Subirana
JA, et al. Long non-coding RNAs as a source of
new peptide. eLife. 2014;3:e03523. DOI:
https://doi.org/10.7554/eLife.03523

53. Guo L, Zhao Y, Yang S, et al. An
integrated evolutionary analysis of miRNA-
IncRNA in mammals. Molecular Biology Reports.
2014;41:201-207. DOI:
https://doi.org/10.1007/s11033-013-2852-4

54. Razooky BS, Obermayer B, O'May JB,
et al. Viral Infection Identifies Micropeptides
Differentially Regulated in smORF-Containing
IncRNAs. Genes. 2017;8(8):206. DOl:
https://doi.org/10.3390/genes8080206

55. Niu L, Lou F, Sun Y, et al. A
micropeptide encoded by IncRNA MIR155HG
suppresses  autoimmune  inflammation  via
modulating  antigen  presentation.  Science
Advances. 2020;6(21):eaaz2059. DOI:
https://doi.org/10.1126/sciadv.aaz2059

56. Prel A, Dozier C, Combier JP, et al.
Evidence that regulation of Pri-miRNA/mMiRNA
expression is not a general rule of miPEPs function
in humans. International Journal of Molecular
Sciences. 2021;22(7):3432. DOl:
https://doi.org/10.3390/ijms22073432

57. Toll-Riera M, Bosch N, Bellora N, et al.
Origin of primate orphan genes: a comparative
genomics approach. Molecular Biology and
Evolution. 2009;26(3):603-612. DOI:
https://doi.org/10.1093/molbev/msn281

58. Lu S, Zhang J, Lian X, et al. A hidden
human proteome encoded by ‘non-coding’ genes.
Nucleic Acids Research. 2019;47(15):8111-8125.
DOI: https://doi.org/10.1093/nar/gkz646

59. van Heesch S, Witte F, Schneider-
Lunitz V, et al. The Translational Landscape of the
Human Heart. Cell. 2019;178(1):242-260. DOI:
https://doi.org/10.1016/j.cell.2019.05.010

60. Li XL, Pongor L, Tang W, et al. A
Small Protein Encoded by a Putative INCRNA

Regulates Apoptosis and Tumorigenicity in
Human Colorectal Cancer Cells. eLife.
2020;9:e53734. DOI:
https://doi.org/10.7554/eLife.53734

61. Ge Q, JiaD, Cen D, et al. Micropeptide
ASAP encoded by LINC00467 promotes
colorectal cancer progression by directly
modulating ATP synthase activity. Journal of
Clinical Investigation. 2021;131(22):e152911.
DOI: https://doi.org/10.1172/JC1152911

62. Wu S, Zhang L, Deng J, et al. A Novel
Micropeptide Encoded by Y-Linked LINCO00278
Links Cigarette Smoking and AR Signaling in
Male Esophageal Squamous Cell Carcinoma.
Cancer Research. 2020;80(13):2790-2803. DOI:
https://doi.org/10.1158/0008-5472.can-19-3440

63. Szafron LM, Balcerak A, Grzybowska
EA, et al. The novel gene journal pre-proof 25
CRNDE encodes a nuclear peptide (CRNDEP)
which is overexpressed in highly proliferating
tissues. PLoS ONE. 2015;10(5):e0127475. DOI:
https://doi.org/10.1371/journal.pone.0127475

64. Huang JZ, Chen M, Chen D, et al. A
peptide encoded by a putative InCRNA HOXB-
AS3 suppresses colon cancer growth. Molecular
Cell. 2017;68(1):171-184. DOL:
https://doi.org/10.1016/j.molcel.2017.09.015

65. Zhang M, Zhao K, Xu X, et al. A
peptide encoded by circular form of LINC-PINT
suppresses oncogenic transcriptional elongation in
glioblastoma. Nature
Communications. 2018;9:4475. DOI:
https://doi.org/10.1038/s41467-018-06862-2

66. D’Lima NG, Ma J, Winkler L, et al. A
human microprotein that interacts with the mMRNA
decapping complex. Nature Chemical Biology.
2017;13(2):174-180. DOI:
https://doi.org/10.1038/nchembio.2249

67. Zhu S, Wang JZ, Chen D, et al. An
oncopeptide regulates m(6)A recognition by the
m(6)A reader IGF2BP1 and tumorigenesis. Nature
Communications. 2020;11:1685. DOl:
https://doi.org/10.1038/s41467-020-15403-9

68. Guo B, Wu S, Zhu X, et al.
Micropeptide CIP2A-BP encoded by LINC00665
inhibits triple-negative breast cancer progression.
EMBO Journal. 2020;39(1):€102190. DOI:
https://doi.org/10.15252/embj.2019102190

69. Wang Y, Wu S, Zhu X, et al. LncRNA-
encoded polypeptide ASRPS inhibits triple-
negative breast cancer angiogenesis. Journal of
Experimental Medicine.
2020;217(3):jem.20190950. DOI:
https://doi.org/10.1084/jem.20190950



O630p HayuHble pesysabmamol 6uomeduyuHckKux uccaedoganutl. 2025:11(2):215-242
Research Results in Biomedicine. 2025:11(2):215-242

Review

241

70. Meng N, Chen M, Chen D, et al. Small
protein hidden in IncCcRNA LOC90024 promotes
“cancerous” RNA splicing and tumorigenesis.
Advanced Science. 2020;7(10):1903233. DOI:
https://doi.org/10.1002/advs.201903233

71. Pang Y, Liu Z, Han H, et al. Peptide
SMIM30 promotes HCC development by inducing
SRC/YES1 membrane anchoring and MAPK
pathway activation. Journal of Hepatology.
2020;73(5):1155-1169. DOI:
https://doi.org/10.1016/j.jhep.2020.05.028

72. Xu W, Deng B, Lin P, et al. Ribosome
profiling analysis identified a KRAS-interacting
microprotein that represses oncogenic signaling in
hepatocellular carcinoma cells. Science China Life
Sciences. 2020;63(4):529-542. DOL:
https://doi.org/10.1007/s11427-019-9580-5

73. Polycarpou-Schwarz M, Gross M,
Mestdagh P, et al. The cancer-associated
microprotein CASIMOL1 controls cell proliferation
and interacts with squalene epoxidase modulating
lipid droplet formation. Oncogene. 2018;37:4750-
4768. DOI: https://doi.org/10.1038/s41388-018-
0281-5

74. Couzigou JM, Andre O, Guillotin B, et
al. Use of microRNA-encoded peptide miPEP172c
to stimulate nodulation in soybean. New
Phytologist. 2016;211(2):379-381. DOl:
https://doi.org/10.1111/nph.13991

75. Lauressergues D, Couzigou JM,
Clemente HS, et al. Primary transcripts of
microRNAs encode regulatory peptides. Nature.
2015;520(7545):90-93. DOI:
https://doi.org/10.1038/nature14346

76. Fang J, Morsalin S, Rao VN, et al.
Decoding of non-coding DNA and non-coding
RNA: pri-micro RNA-encoded novel peptides
regulate migration of cancer cells. Journal of
Pharmaceutical Sciences and Pharmacology.
2017;3:23-27. DOI:
https://doi.org/10.1166/jpsp.2017.1070

77. Zhou H, Lou F, Bai J, et al. A peptide
encoded by pri-miRNA-31 represses
autoimmunity by promoting Treg differentiation.
EMBO Reports. 2022;23(5):e53475. DOI:
https://doi.org/10.15252/embr.202153475

78. Ormancey M, Thuleau P, Combier JP,
et al. The Essentials on microRNA-Encoded
Peptides from Plants to Animals. Biomolecules.
2023;13(2):206. DOI:
https://doi.org/10.3390/biom13020206

79. Kumar RS, Sinha H, Datta T, et al.
microRNA408 and its encoded peptide regulate
sulfur assimilation and arsenic stress response in

Arabidopsis. Plant Physiology. 2023;192(2):837-
856. DOI: https://doi.org/10.1093/plphys/kiad033

80. Mao X, Zhou J, Kong L, etal. A peptide
encoded by IncRNA MIR7-3 host gene (MIR7-
3HG) alleviates dexamethasone-induced
dysfunction in pancreatic f-cells through the
PI3K/AKT signaling pathway. Biochemical and
Biophysical Research Communications.
2023;647:62-71. DOI:
https://doi.org/10.1016/j.bbrc.2023.01.004

81. Lee CQE, Kerouanton B, Chothani S, et
al. Coding and non-coding roles of MOCCI
(C150RF48) coordinate to regulate host
inflammation and immunity. Nature
Communications. 2021;12:2130. DOIl:
https://doi.org/10.1038/s41467-021-22397-5

82. Rearick D, Prakash A, McSweeny A, et
al. Critical association of ncRNA with introns.
Nucleic Acids Research. 2011;39(6):2357-2366.
DOI: https://doi.org/10.1093/nar/gkq1080

83. Soemedi R, Cygan KJ, Rhine CL, et al.
The effects of structure on pre-mRNA processing
and stability. Methods. 2017;125:36-44. DOI:
https://doi.org/10.1016/j.ymeth.2017.06.001

84. Kralovicova J, Patel A, Searle M, et al.
The role of short RNA loops in recognition of a
single-hairpin exon derived from a mammalian-
wide interspersed repeat. RNA  Biology.
2015;12(1):54-69. DOI:
https://doi.org/10.1080/15476286.2015.1017207

85. Yang Y, Gao X, Zhang M, et al. Novel
role of FBXW?7 Circular RNA in repressing glioma
tumorigenesis. Journal of the National Cancer
Institute. 2018;110(3):304-315. DOI:
https://doi.org/10.1093/jnci/djx166

86. Gu C, Zhou N, Wang Z, et al.
circGprcba promoted bladder oncogenesis and
metastasis through Gprc5a-targeting peptide.
Molecular Therapy - Nucleic Acids. 2018;13:633-
641. DOL:
https://doi.org/10.1016/j.0mtn.2018.10.008

87. PanZ,CailJ, LinJ, etal. Anovel protein
encoded by circFNDC3B inhibits tumor
progression and EMT through regulating Snail in
colon cancer. Molecular Cancer. 2020;19:71. DOI:
https://doi.org/10.1186/s12943-020-01179-5

88. Zheng X, Chen L, Zhou Y, et al. A
novel protein encoded by a circular RNA
circPPP1R12A promotes tumor pathogenesis and
metastasis of colon cancer via Hippo-YAP
signaling. Molecular Cancer. 2019;18:47. DOI:
https://doi.org/10.1186/s12943-019-1010-6

89. Legnini I, Di Timoteo G, Rossi F, et al.
Circ-ZNF609 Is a Circular RNA that Can Be



O630p

Mycmagpun PH, u dp. Posib mpaHcno30Ho8 8 obecneyeHuu ... 242

Review Mustafin RN, et al. The role of transposable elements in formation ...

Translated and Functions in  Myogenesis.
Molecular ~ Cell.  2017;66(1):22-37.  DOI:
https://doi.org/10.1016/j.molcel.2017.02.017

90. Liang WC, Wong CW, Liang PP, et al.
Translation of the circular RNA circbeta-catenin
promotes liver cancer cell growth through
activation of the Wnt pathway. Genome Biology.
2019;20:84. DOI: https://doi.org/10.1186/s13059-
019-1685-4

91. Zhang M, Huang N, Yang X, et al. A
novel protein encoded by the circular form of the
SHPRH gene suppresses glioma tumorigenesis.
Oncogene. 2018;37(13):1805-1814. DOl:
https://doi.org/10.1038/s41388-017-0019-9

92. Dong R, Ma XK, Chen LL, et al.
Increased complexity of circRNA expression
during species evolution. RNA Biology.
2017;14(8):1064-1074. DOI:
https://doi.org/10.1080/15476286.2016.1269999

93. Aktas T, Avsar Ilik I, Maticzka D, et al.
DHX9 suppresses RNA processing defects
originating from the Alu invasion of the human
genome. Nature. 2017;544(7648):115-119. DOI:
https://doi.org/10.1038/nature21715

94, de la Pefia M. Circular RNAs
Biogenesis in Eukaryotes Through Self-Cleaving
Hammerhead Ribozymes. In: Xiao J, editor.
Circular RNAs. Advances in Experimental
Medicine and Biology, vol 1087. Springer,
Singapore; 2018. DOI:
https://doi.org/10.1007/978-981-13-1426-1 5

95. Cervera A, de la Pefia M. Cloning and
Detection of Genomic Retrozymes and Their
circRNA Intermediates. In: Scarborough RJ,
Gatignol A, editors. Ribozymes. Methods in
Molecular Biology, vol 2167. Humana, New York,
NY; 2021. DOI: https://doi.org/10.1007/978-1-
0716-0716-9_3

96. Welden JR, Stamm S. Pre-mRNA
structures forming circular RNAs. Biochimica et
Biophysica Acta - Gene Regulatory Mechanisms.
2019;1862(11-12):194410. DOI:
https://doi.org/10.1016/j.bbagrm.2019.194410

Cratps nocTynuia B pefakuuto 5 anpens 2024 r.
[octynuna nocie nopabotku 1 utons 2024 r.
[Ipunsta k nevatu 12 centsiOps 2024 r.

Received 5 April 2024
Revised 1 June 2024
Accepted 12 September 2024

HNndopmanus o6 aBTopax
Pycram Haunesuu Mycrapun, kanauaar

OMOJOTHYECKNX  HAyK, JONEeHT  Kadeapsl
MEIUIIMHCKOW T'e€HETHKH W (PyHIaMEHTAIbHON
MEIUIUHEI OI'BOY BO «bammkupckuit

rOCYJapCTBEHHBIH MEANUIMHCKUN YHHUBEPCUTET»,
r. Yda, Poccmiickas Demepanmsa, E-mail:
rujiz9@mail.ru, ORCID: https://orcid.org/0000-
0002-4091-382X.

Jub3za KamuneBna XyCHYTAHMHOBA, JOKTOP
OMOIIOTUYECKUX  HAayK, mOpodeccop,  WIeH-
KOPPECTIOHJECHT Poccuiickoit aKaJleMUA
oOpa3oBanms, akagemMuk Axamgemun  Hayk
PecrryOmmku Bamkoprocran, JIIUPEKTOP
HNHucturyTa OMOXUMUH " TeHETUKH  —
000COOIIEHHOTO CTPYKTYPHOTO TOJpa3ieiIeHUS
OI'BHY Y bumckuit (henepanbHbII
UCCIEeN0BaTeNbCKUM LeHTp Pocculickoil akageMuun
HAayK; 3aBEAYIOIIUN KadeApod TeHEeTHKH |
dbyanamenTtansHoit  Memauumael  OI'BOY  BO
«Y QUMCKHI YHUBEPCUTET HAYKH M TEXHOJIOTUI,
r. VYda, Poccuiickas ®Denepaums, E-mail:
elzakh@mail.ru, ORCID: https://orcid.org/0000-
0003-2987-3334.

Information about the authors

Rustam N. Mustafin, Cand. Sci. (Biology),
Associate Professor of the Department of Medical
Genetics and Fundamental Medicine, Bashkir State
Medical University, Ufa, Russia, E-mail:
rujiz9@mail.ru, ORCID: https://orcid.org/0000-
0002-4091-382X.

Elza K. Khusnutdinova, Doct. Sci. (Biology),
Professor, Corresponding Member of the Russian
Academy of Education, Academician of the
Academy of Sciences of the Republic of
Bashkortostan, Director of the Institute of
Biochemistry and Genetics, Ufa Scientific Center
of RAS; Head of the Department of Genetics and
Fundamental Medicine, Ufa University of Science
and Technology, Ufa, Russia, E-mail:
elzakh@mail.ru, ORCID: https://orcid.org/0000-
0003-2987-3334.


https://orcid.org/0000-0003-2987-3334
https://orcid.org/0000-0003-2987-3334
https://orcid.org/0000-0003-2987-3334
https://orcid.org/0000-0003-2987-3334

Opuzunanbras cmamos HayuHble pesysabmamol 6uomeduyuHcKux uccaedoganutl. 2025:11(2):243-262

Original article Research Results in Biomedicine. 2025:11(2):243-262 2ey
(co)
DOI: 10.18413/2658-6533-2025-11-2-0-3 YK 575.16

Accouanuu nmoJuMop(pHbBIX JOKYCOB IeHOB-
KAaHIU/AATOB C YPOBHEM IMOJIOBbIX TOPMOHOB
y 00JIbHBIX THIIEpIIaAZHel IHAOMEeTPU S

B.!. YypHocos

depepanabHOE TOCYAaPCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YIPEIKICHUE
BBICIIIETO 00pa3oBaHus «beIropoACKuii roCy1apCTBEHHbIN HAMOHAIBLHBIN UCCIIEI0BaTEIbCKUI
YHUBEPCUTETY,
yi. [To6enst, a. 85, r. bearopox, 308015, Poccuiickas @enepanms
Aemop ons nepenucku.: B.U. Yypnocos (vladimirchurnosov@rambler.ru)

Pe3rome

AkrtyanabHocTh: [uneprnasus suaomerpus (['D) sBasercss ogHUM U3  pacHpOCTPaHEHHBIX
THHEKOJIOTHYECKHUX 3a00JIeBaHuil, B MaTO(GHU3HOIOTHN KOTOPOTO BaXKHOE 3HAYCHUE UMEIOT MOJIOBBIC
TrOpMOHBI. BO3HMKHOBEHUE TUIIEPICTPOTEHUH HA (DOHE HEJOCTATKa MPOreCTepOHa UMEET KITF0YEBOE
3Ha4YeHue B MHAYKImU ['D. ['eHeTHueckue (GakTopsl, CBI3aHHBIC C YPOBHEM IOJIOBBIX TOPMOHOB B
OpraHu3Me, MOTYT HWMETh CYIIECTBEHHOE 3HadeHHWe B TmaroreHeTuke 3aboseBanus. Lleas
uccjaenoBanms: Jlatb XapakTepUCTUKY TOPMOHAIBHOTO Mpoduis OOMbHBIX ['D M ONEHUTH CBA3b
MOTUMOP(HBIX JIOKYCOB T€HOB-KaHAMJIATOB C YpPOBHEM IIOJIOBBIX TOPMOHOB. MaTepHalibl H
MeTtoabl: Ha BeiOOpke u3 66 GonbHbIX ['D oreHensl acconuanuu AeBITH SNP reHoB-kaHIUIaTOB
(B paHee IpOBEIEHHBIX TIOJTHOT€HOMHBIX HccnenoBanusx (GWAS) nmokazanu 3HaunMble aCCOITUAINN
C YPOBHEM IIOJIOBBIX TOPMOHOB) C YPOBHEM I10OJIOBBIX TOPMOHOB B CBIBOPOTKE KPOBH (ICTPAAMOII,
MPOTeCTepOH, (DOIUTMKYJIOCTUMYJIUPYIOMMA H  JIOTEHHU3UPYIONMA TOPMOHBI, TECTOCTEPOH,
MPOJIAKTHH, IETHAPOINUAHIPOCTEPOH). AHAIU3 aCCOIHANUN MPOBOIMICS METOJOM JIMHEHHOM
perpeccun B nporpamme gPLINK (B pacuerax uCHOIb30BIMCH TPAHCPOPMUPOBAHHBIE 3HAUYCHUS
KOHIIEHTPAllMi TIOJOBBIX TOPMOHOB) B paMKaX TpeX TIEHETHYEeCKHX MOJeNeld — aljIelbHOM,
aJTUTHBHON M TOMUHAHTHOM C y4e€TOM KOBAapHaT W MEePMYyTallMOHHBIX mpoueayp. Pesyabrarbi: C
YPOBHEM IOJIOBBIX TOPMOHOB Y MAIMEHTOK ¢ I'D accounnpoBansl cieayronme nomumoppusmel: C>G
rs112295236 SLC22A10 (sctpammorn; P=-0,647, Pperm<0,013), T>C rs148982377 ZNF789
(tecroctepon; f=-0,870 - -0,917, pperm=<0,021 u mporectepon; =1,051 - 1,571, pperm<0,049) u G>T
rs34670419 ZKSCANS (tecrocrepon; PB=-0,870 - -0,934, pperm<0,013 u mporecrepon; B=1,025,
Pperm<0,041), T>A rs11031002 FSHB (¢ommukynoctumymupyronuii ropmoH; $=0,466, pperm=0,050)
u T>C rs11031005 FSHB (dommukynoctumymupytommii ropmoH; [=0,469, pperm<0,050), C>T
s727428 SHBG (morennusupytomuii ropmon; =-0,335 - -0,357, Pperm<0,050), C>T rs1641549
TP53 (pommmukynocTumyupyronui ropMoH; $=-0,295 - -0,373, pperm<0,049 u JTFOTCHHU3UPYIOTITHIA
ropmoH; [=-0,319 - -0,362, pperm<0,033). BrlsiBneHBI accouuanuy ¢ KOHIICHTPAIMEH IMOIOBBIX
TOPMOHOB CIIEAYIONMIUX TAaIIOTHIIOB: TecTocTepoH - 1G*rsl48982377-rs34670419 (B=0,952,
Pperm=0,001) wu  CT*rs148982377-rs34670419  (B=-0,858, pperm=0,042); mporecrepon —
CT*rs148982377-rs34670419 (B=1,570, pperm=0,029) u TG*rs148982377-rs34670419 (p=-1,030,
Pperm=0,047);  dhommkynoctumynupytoumii ropmon - AC*rs11031002-rs11031005 (B=0,466,
Pperm=0,050) u TT*rs11031002-rs11031005 (B=-0,466, pperm=0,050). 3akmrouenme: GWAS-
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Abstract

Background: Endometrial hyperplasia (EH) is one of the most common gynaecological conditions
in which sex hormones play an important role in the pathophysiology. The occurrence of
hyperestrogenia against the background of a lack of progesterone is of key importance in the induction
of EH. Genetic factors related to the level of sex hormones in the body can be essential in the
pathogenetics of the disease. The aim of the study: To characterize the hormonal profile of patients
with EH and to assess the relationship of polymorphic loci of candidate genes with the level of sex
hormones. Materials and methods: In a sample of 66 patients with EH, the associations of nine SNP
candidate genes were evaluated (in previously conducted genome-wide studies (GWAS) showed
significant associations with the level of sex hormones) with the level of sex hormones in blood serum
(estradiol, progesterone, follicle-stimulating and luteinizing hormones, testosterone, prolactin,
dehydroepiandrosterone). The association analysis was carried out using the linear regression method
in the gPLINK program (transformed values of sex hormone concentrations were used in the
calculations) within the framework of three genetic models — allelic, additive and dominant, taking
into account covariates and permutation procedures. Results: The following polymorphisms were
associated with the level of sex hormones in patients with EH: C>G rs112295236 SLC22A10
(estradiol; B=-0.647, pperm<0.013), T>C rs148982377 ZNF789 (testosterone; f=-0.870 — -0.917,
Pperm<0.021 and progesterone; B=1.051 - 1.571, Pperm<0.049) and G>T rs34670419 ZKSCAN5
(testosterone; P=-0.870 — -0.934, pperm<0.013 and progesterone; P=1.025, pperm<0.041), T>A
rs11031002 FSHB (follicle stimulating hormone; p=0.466, pperm=0.050) and T>C rs11031005
FSHB (follicle stimulating hormone; =0.469, pperm<0.050), C>T rs727428 SHBG (luteinizing
hormone; f=-0.335 — -0.357, pperm<0.050), C>T rs1641549 TP53 (follicle stimulating hormone; p=-
0.295 —-0.373, pperm<0.049 and luteinizing hormone; f=-0.319 — -0.362, pperm<0.033). Associations
with the concentration of sex hormones of the following haplotypes were revealed: testosterone —
TG*rs148982377-rs34670419 (B=0.952, pperm=0.001) and CT*rs148982377-rs34670419 (3=-0.858,
Pperm=0.042); progesterone — CT*rs148982377-rs34670419 (P=1.570, pperm=0.029) and TG
*rs148982377-rs34670419 (B=-1.030, pperm=0.047); follicle stimulating hormone — AC*rs11031002-
rs11031005 (B=0.466, pperm=0.050) and TT*rs11031002-rs11031005 (p=-0.466, Pperm=0.050).
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Conclusion: GWAS-significant polymorphic loci of candidate genes are associated with the level of

sex hormones in patients with EH.

Keywords: endometrial hyperplasia; sex hormone genes; polymorphism; associations

For citation: Churnosov V1. Associations of polymorphic loci of candidate genes with the level of
sex hormones in patients with endometrial hyperplasia. Research Results in Biomedicine.
2025;11(2):243-262. Russian. DOI:10.18413/2658-6533-2025-11-2-0-3

Beenenue. I['mnepruiasus sHIOMETpUS
(I'D) siBsieTCsl OAHUM U3 PACHPOCTPAHEHHBIX

TUHEKOJIOTUYECKUX 3a00JIeBaHuH, npu
KOTOPOM HPOUCXOIUT BBIPAKCHHASI
nponudepamnus Kees SHAOMETPHSI,

00yCIIOBIMBAIOIIEE YBEIUYCHHUE IKEIE3UCTO-
cTpoManbHOro coortHomienus [1-4]. Yacrora
BbIsIBIIeHU: | O y )keHIMH B Bo3pacte 18-90 ner
coctaBigeT 132 ma 100 000 >xeHIMH-JICT,
CpeAu  KOTOPbIX  TpoOCTas  TUIEpIUIa3us
peructpupyercs B 58 ciyyasx Ha 100 000
JKCHIIMH-JIET, clIoHast D — B 63 1 aTunu4Has
— B 17 ma 100 000 sxenmuH-1eT [5].
PacnpocTpaneHHOCTh TPOCTONM U CIOXKHOMN
TUINEpIUIa3uu Haubosiee BBICOKA Y JKEHIIUH B
Bo3pacte 50-54 ner (142 u 212 wa 100 000
YKEHIIUH-JIET COOTBETCTBEHHO), a
BCTPEYAEMOCTh ~ aTUIIWYHOM  THUIEpIUIA3uu
MMeEeT MaKCHMAaJlbHbIE 3HAYEHUs Y KEHIIUH B
Bo3pacte 60-64 net (54 wa 100 000 >xeHIIMH-
net) [5]. PacnpoctpanenHocts I'D B 1emom
SBJIIETCS. MUHUMAJIBHON y KEHILUH B BO3pacTe
no 30 mer (6 ma 100 000 >xeHIIUH-TIET),
HEYKJIOHHO YBEJIMYMBACTCS C KaXKIbIM 5-
JeTHUM uHTepBasioM Mexay 30 u 54 rogamu u
J0CTUTaeT Haubojee BBICOKUX 3HAUCHUH Yy
*eHIH B Bo3pacte 50-54 net (386 na 100 000
xenmmH-1er) [5]. Ilpu mporpeccun [0
BEPOSITHOCTh Pa3BUTHs paka dSHAOMETpUS B 4
pasa BblIIe Npu atTunuyHOi ['D (Kak mpocThle,
TakK U CJIO’KHBIE BAPUAHTHI) 110 CpaBHEHUIO ¢ ['D
IIPU OTCYTCTBUU aTUIINH [6)].

B naropusmonormun I'D  BaxkHOe
3HaYeHWE MMEIOT II0JIOBBIE TOPMOHBI —
BO3HUKHOBEHHE THIIEPICTPOr€HUM Ha (QoHe
HEIOCTaTKa IPOrecTepoHa HMMEET KIIHYEBOE
3HaueHue B uHAyKIuu ['D [7-15]. Dcrporenst,

B3aUMOJICHCTBHS co CBOUMH
«cnenrupUIeCKIMID) perenTopamu,
CIOCOOCTBYIOT MOBBIIIEHHOM
nponudepaTiBHOM ~ aKTUBHOCTH  KJIETOK
SHIOMETPHUS [10,15,16]. I'enetnueckue

(axkTOpbl, CBSI3aHHBIE C YPOBHEM IOJIOBBIX
TOPMOHOB B  OpraHu3Me, MOTYT HMETh
CYIIECTBEHHOE 3HAYCHHWE B MATOT€HETHKE
3a0oneBanus. B nwmrTeparype  MMeroTcs
MHOTOUYHUCIICHHBIC JIaHHBIE TOJIHOTEHOMHBIX
uccienoBannii  (GWAS) o cBsa3u  paga
noimuMopdubIx JokycoB (T>C rs148982377
ZNF789, G>T rs34670419 ZKSCANS5, T>A
rs11031002 FSHB, T>C rs11031005 FSHB,
C>G  rs112295236  SLC22A10, C>A
rs117585797 ANO2, A>C rs117145500 CHD?9,
C>T rs727428 SHBG, C>T rs1641549 TP53 u
Ip.) C COIEpXaHWEM TIOJOBBIX TOPMOHOB

(3cTpagmon, — mpoOrecTepoH,  TECTOCTEPOH,
00yJIMH,  TPAHCIOPTUPYIOIIUKA  IOJIOBbIE
TOPMOHBI,  JIIOTEUHU3UPYIOUIMI  TOPMOH,
(OJUTHKYTOCTUMYJIUPYIOLIHI TOPMOH,

JETUAPOITHUAHIPOCTEPOH, UHIEKC CBOOOIHBIX
aH/IPOTEHOB) M UX META0OJIUTOB B OpPraHU3Me
[17-27]. Wcxoms w3  BBIMICTIPUBEICHHBIX
TAHHBIX MOXHO TIPEANONOXKHUTh  HAJTUINE
NOTEHIMANbHBIX  cBsizel  Mmexay GWAS-
3HAYMMBIMH ISl YPOBHS ITOJIOBBIX TOPMOHOB
NOTMMOP(HBIME JIOKYCaMH M COJAEPKaHUEM
TIOJIOBBIX TOPMOHOB y 00JIBbHBIX [ 9.

Heasro HCCJIeIOBAHUS. Jlatb
XapaKTEPUCTHKY TOPMOHAIBHOTO  TPOQHIIS
00MbHBIX ['D U OLIEHUTH CBA3H MOIUMOPGHHBIX
JOKYCOB  TEHOB-KAaHIHWJIATOB C  YPOBHEM
TIOJIOBBIX TOPMOHOB.

MatepuaJjibl H METOAbI HCCJIEI0BAHMSI.
Ha BwiOOpke u3 66 OGonbHBIX ['D oleHEeHBI
accorarua = SNP  reHoB-xkaHmumatoB ¢
YPOBHEM TIOJIOBBIX TOPMOHOB B CHIBOPOTKE
KpOBH (acTpanmon, MIPOTECTEPOH,
(OJTUKYTOCTUMY TN PYIOLITHIA u
JFOTCHHU3HUPYIONMUH TOPMOHBI, TECTOCTEPOH,
MPOJIAKTHH,  JETHIPO3NUAHIPOCTEPOH). B
n3y4daemMon BbIOOpKe 66 >xeHIMH ¢ ['D mumb
13,63% WHUBUIOB (n=9) UMEIHN
M30JIMPOBaHHYIO ['D, TOr/1a KaK MOJIaBIISFOIIee
OOJIBITUHCTBO HCCIIeTyeMBIX JKSHIIIUH
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(86,37%, n=57) HUMETTH pa3InYHbIC
COYETaHHBIC TUIIEPIUIACTUYCCKUE 3a00JICBAHMUS
MaTkd: coderanue D u MuoMmel — 25,76%
(n=17), I'D u sunomerprosa — 40,91% (n=27),
I'D, muomsl 1 3HH0MeTpHO3a — 19,70% (n=13).
Y 10% (n=6) oOcrnexyeMbIX >KEHIIWH OBLIO
3aperuCTPUPOBAHO OKUPEHHUE. Takum
o0pa3oMm, HCCIEJIOBaHHE TOPMOHAJIBHOTO
npopuns u  accormauuid  SNP  reHos-
KaHJMJIaTOB C YPOBHEM IIOJIOBBIX TOPMOHOB
HAMH TOPOBOJWIOCH B TPYIIE KCHIIHH,
UMEIOIUX B OCHOBHOM  COYETaHHBIC
nponudepatuBHbie  3a00JCBaHHMS ~ MAaTKH
(6omnee 86%) 1 He UMEIOIIMX B IMOJABJISIOIICM
OonpimHCTBE OkupeHwHs (90%).

Hust MOJICKYJISIPHO-TCHETUYECKOTO
HCCIICIOBAHMsI HaMU OBbUTH OTOOpaHBbI P
noauMopdubix JokycoB (9 SNP): T>C
rs148982377 ZNF789 (7 xp), G>T rs34670419
ZKSCANS (7 xp), T>A rs11031002 FSHB (11
xp), T>C rs11031005 FSHB (11 xp), C>G
rs112295236 SLC22A10 (11 xp), C>A
rs117585797 ANO2 (12 xp), A>C
rs117145500 CHD9 (16 xp), C>T rs727428
SHBG (17 xp), C>T rs1641549 TP53 (17 xp),
KOTOpbIE B paHee TPOBEICHHBIX IOJIHO-

TCHOMHBIX UCCIIEIOBAHMSIX MoKa3aJin
accolMalMd  C  COJCP)KAaHHEM  IOJIOBBIX
TOPMOHOB (acTpamuon, HPOTECTEPOH,

TECTOCTEPOH, TNI0O0YJIMH, TPAHCTIOPTUPYIOIINI
IIOJIOBBIE ~ TOPMOHBI,  JIOTEUHU3UPYIOLIUI
TOPMOH, (GOTNKYJIOCTUMYTUPYOIIN I
TOPMOH, JETHIPOINHAHIPOCTEPOH, HWHAECKC
CBOOOJTHBIX aHJIPOTEHOB) U UX META0OJIUTOB B
opraam3me [17-27]. JIJis TEHOTHITUPOBAHHS
ncnons3oBanace  JIHK, Xxpandmasca B
ouobanke kadenpsl MeTUKO-OMOIOTHUYECKUX
muctiumiind HUY benl'Y  (xpanenne JIHK
OCYIIECTBISIETCS B  KEJIBBUHATOPAaxX IpH
temmeparype -80°C). I'enorunupoBanne SNP
BBIMIOJTHSIIOCH B peskume «real-time PCRy Ha
o0opya0BaHUU Kadenpsl MEAHNKO-
ouonornuecknx aucuumand HUY «benl'V»
(ammumuduraropsr CFX-96 Touch (BioRad,
CIIIA)) ¢ wucnoibp30BaHHEM  CHEIHATBHO
n3rotoBieHHbIX «Tect — ['en» (T. YIbsiHOBCK)
JUIS  TECTHUPOBAHUS D3TUX TMOJIUMOPPU3IMOB
HabopoB peareHToB (comepxart
cneunpuyeckue npaiimMepsl U 30HIbI).

Ananus accoluanumn MIPOBOAUIICS
METOJIOM JINHEWHON PErpeccuu B MporpaMMme
gPLINK (Bepcusa 2.050) B pamkax Tpex
FEHETUYECKUX  MOJIeJIed —  aJuleJIbHOM,
aIIUTUBHOM M JomMuHaHTHOWU. Ilapamerpsl
PELeCCUBHONW MOJIEN HE PAacCUUTHIBAIUCH B
CBS3M C HHU3KOW YacTOTOM MOJIMMOP(HBIX
(ayIbTEpHATHBHBIX ) BAPHUAHTOB o
MOAABJSIONIEMY  YHCIY  PacCMOTPEHHBIX
JOKyCOB. B cBsA3u ¢ Tem, uTo, pacnpeneneHue

KOJIMYECTBEHHBIX XapaKTEPUCTUK
(KOHIIEHTpalsi B CBIBOPOTKE  KPOBH)
BBIIIIEYKA3aHHBIX MOJIOBBIX TOPMOHOB

OTJIMYAJIOCh OT HOPMAJIBHOIO (OLIEHUBAJIACh
CTaHJApTHBIM  CIIOCOOOM  C  TOMOILIbIO
kputepusa Illanupa-Yunka) s JMHEHHOro
PErpECCUOHHOrO aHaIM3a UCIOJIb30BAINCH UX
TpaHchopMupoBaHHble 3HaueHus. [Iponenypa

Tparchopmanmm KOJIMYECTBEHHBIX
XapaKTePUCTHK (mpuBeneHue ux K
HOpMaJIbHOMY pacnpeesieHuIo) ObL1a

BBHITIOJIHEHA B TIporpamMmHoi cpeae R (Bepcus
34.0, ogpara goctyma  15.12.2023) ¢
ucroyib3oBanueM komanabl QQ-plot pyHkuuu
«b<-ggnorm(a,plot=F)$x» [28].

Accormaninu SNP ¢ ypoBHEM MOJIOBBIX

TOPMOHOB OLICHUBAJIHNCH Ha OCHOBC
paCcCUNTaHHBIX pu JIMHEMHOM
PErpe€CCUOHHOM aHaJIn3¢C MoKa3aTesen

ko3¢ dunrenToB perpeccuu () u ux ommndoK
(SE), «omuchIBalOIMX»  HANpPaBIEHHOCTb
W3MEHEHHUs TpaHC(HOPMHUPOBAHHBIX 3HAUECHUUN
YPOBHSI OTJENIbHBIX MOJIOBBIX TOPMOHOB Ha
OJIIMH MUHOpHBIN ainens. [Ipu nmpoBeneHun
BBIYHCIICHUI ObLIH UCIIOJIb30BaHBI
CIIEyIOIINE KOBAapHaThl: BO3PACT >KEHIIMHBI,
ee UMT, Hannuue pa3inuyHbIX KOMOPOUIHBIX
TUMEpIIacTUYECKUX — 3a00JeBaHUM  MaTKu
(oHgomeTpuo3,  MuoMa  Matku). s
KOPPEKIIMM Ha MHOYKECTBEHHBIE CPaBHEHMS
ObLT UCHOJB30BaH MEPMYTALMOHHBIH TECT
[29], 1 B KauecTBE «IIOPOTOBOrO» YpPOBHS
BbIICTICHUS CTaTUCTUYECKHU 3HAUYMMBIX
pe3ynapTaToB  OBUIO  BBIOpAHO  3HAYCHHUE
Pperm=<0,05 [30]. [TepmyTaroHHbIE
MPOLIEYPBI MPOBOIMIIMCH ISl KAXKIOU U3 TPEX
PacCMOTPEHHBIX TE€HETUYECKUX MOJENEH B
nporpamMme gPLINK (Bepcus 2.050).
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PesyabTarhl W HX 00Cy:XKIeHHe.
IIpoBeneHo  wucciienoBaHHWe — IOKa3aresei
FOPMOHAJIBHOTO cTaryca 66 xeHmuH ¢ ['9.
Cpennuii BO3pacT paccMaTpuBaEMOid BBIOOPKH
coctaBui 35,514+5,94 net (BapsupoBas or 22

no 53 ger), cpemnuii UMT Obu1 paBeH
24,03+4,54 (BappbupoBan ot 18 pmo 37).
XapakTepucTuka TOPMOHAIBHOTO Mpoduis
nzydyaemMon BbIOOpDKH ¢ [D mpuBeneHa B
tabnune 1.

Tabauya 1
Iloka3zaTesd rOpMOHAJILHOIO CTATYCA M3y4YaeMoii rpynnbl 00JbHbIX D
Table 1
Indicators of hormonal status of the studied group of EH patients
Ioka3arenu n X +SD M. (Q1-Q3) P
1.Bospacr, jet 66 35,51+5,94 35,00 (32,00-39,00) 0,356
2.UMT, xr/m? 66 24,03+4,54 23,00 (21,00-27,00) 0,0006
3.FSH, MME/Mi 63 10,40+12,77 8,40 (6,46-9,60) <0,00001
4.LH, MME/Mmn 63 8,60+13,35 6,55 (4,21-8,82) <0,00001
5.PROL, MKxME/mn 64 446,15+292,04 385,70 (236,35-547,00) <0,00001
6.ESTR, rir/mu 62 67,57+61,56 51,70 (36,00-68,50) <0,00001
7.PG, aMonn/1 41 8,36+18,29 0,76 (0,40-5,60) <0,00001
8. TEST, umons/a 62 0,53+0,39 0,46 (0,29-0,61) <0,00001

[pumewanne: UMT — namekc macchl tena; FSH — ¢ommmkynoctumynupyroniuii ropmoH; LH — motenHm3npyrommit
ropmor; PROL — mponaktur; ESTR — sctpagmon; PG — mporecrepon; TEST — TectoctepoH; ypoBeHb 3HAYMMOCTH

IIpuBeZieH contacHo kputepuro Ilanupo-Yunka.

Note: UMT — body mass index; FSH — follicle-stimulating hormone; LH — luteinising hormone; PROL — prolactin; ESTR
— estradiol; PG — progesterone; TEST — testosterone; significance level is given according to the Shapiro-Wilk criterion.

Z[J'ISI BCCX pacCCMaTpHUBACMbIX TOPMOHOB

pacmpezeseHue

COOTBETCTBOBAJIO

HOpMallbHOMY  (IIpM  OILIGHKE  XapakTepa
pacripesieieHusl  MCIIONIb30BAJICS ~ KPUTEPHIA
Manupo-Yunka) (p<0,00001) (Tabn. 1). B
COOTBETCTBHHM C OTHM TIIpH JaJbHEHIIEM
CPAaBHUTEILHOM CTAaTUCTHYECKOM aHAJIN3€ MBI
HCIIONB30BaNM  Kputepud  MaHHa-YuTHHU.
CraTtucTdecku 3HAYMMBIX  PA3NUYUil B
YPOBHE H3YyYaeMBIX IIOJIOBBIX TOPMOHOB B
rpynmnax >eHUIMH ¢ HaJIu4yueM/OTCYTCTBHEM
OXKHUpPEHUS W  Tpymmax O KeHIIMH  C
U30JIMPOBAaHHBIM M COYeTaHHBIM ['D MbI He
oOnapyxwm (Tao. 2).

BrisiBneHsl MIOJIOKUTETTbHBIE
KOPPEISIIUOHHBIE CBSI3U MEXIy BO3PacTOM
6onbHbIX ['D 1 ypoBHeM sctpaanona (R=0,294
p=0,020) u mpomaktuna (R=0,385 p=0,002)
(Tabm. 3). [IpoBenenusbIit aHam3
KOPPEISIIUNOHHBIX CBsI3eH MEXTY
COZIep)KaHWEM  TIOJIOBBIX ~ TOPMOHOB B
n3ydaeMoil BbIOOpKe 66 skeHmH ¢ IO
nokasa CIICYIOLIHE CTaTUCTHYECKU
JIOCTOBEPHBIE  PE3YyJbTAaThl: a) YPOBHHU
(b OITUKYI0CTUMYITUPYIOILETO U

JTIOTENHU3UPYIOLLETO TOPMOHOB
MIOJIO’KUTEJIBHO KOPPEIMPOBAIN MEXAy cOO0M

(R=0,490 p=0,00004); 0) YPOBEHb
JTIOTEMHU3UPYIONIETO TOPMOHA MOJIOKUTEIBHO
KOppeIupoBal c YPOBHEM
(bOMTHKYI0CTUMYIUPYIOIIETO rOpMOHA

(ykazano Bbime), mnponaktuHa (R=0,268

p=0,037) wu orpumarenbHO — ¢ YypOBHEM
nporecTepoHa (R=-0,355 p=0,024);
C) YPOBEHb  MpPOTeCTEpPOHA  MOJOKHUTEIBHO
B3aUMOCBSI3aH C YPOBHEM
JTIOTEMHU3UPYIONIETO  TOpMOHAa  (yKa3aHo
BBIIIE) M OTPHUIATEIBHO — C YypPOBHEM

tecroctepona (R=-0,407 p=0,009) (Tabu. 4).
Wrak, B wu3yuyaemoil Hamu BbIOOpKE 66
O6onpHBIX ['D  (IpeuMyIIeCTBEHHO HMEIOT
codeTaHHble MponrdepaTuBHbIE 3a00IeBaHUS
MaTK{d U HE UMEIOT OKHpEHUs) 0OHapy EeHbI
CTaTUCTUYECKN  3HAYUMbIE  KOPPENSLHU
pa3HOW HaMpaBICHHOCTH (MTOJIOKUTEIbHBIE U
OTpHIIATEeNIbHBIE) MEXAYy YpPOBHEM  psna
MOJIOBBIX TOPMOHOB  ((OJUTMKYIIOCTUMYIIH-
PYIOILETO, JIOTEUHU3UPYIOLIETO, ITPOIAKTHHA,
MIPOrecTepoHa, TECTOCTEPOHA).
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Tabnuya 2

ypOBeHb IMOJIOBBIX TOPMOHOB Y K€HIIUH C I'D B 3aBHCHMOCTH OT HaJ’[I/I'lI/Iﬂ/OTcyTCTBI/IH OKUPEHUSA U KOMOpﬁHH]—IOCTI/I
C APYIr'MMHU rHnepnaacTuHIeCKuMMU 3200/IeBAaHUSIMH MATKH

Table 2
Sex hormone levels in women with EH according to the presence/absence of obesity and comorbidity with other uterine hyperplastic
diseases
Oscupenue Komop0uaHocTh ¢ IpyrMMH rUNepIiacTH4ecKuMHM
W3yuaembie 3200J1eBaHMSAMHM MATKH
fokazateau Hajauyue (N=6) orcyrcrBue (N=60) P uzonupoBannas I'D (n=9) | Couerannas I'D (N=57) P
| Bospact X +SD 35,83+9,41 35,48+5,60 0,654 31,22+3,92 36,19+5,94 0,009
o M. (Q1-Q3) 32,50 (29,00-46,00) 35,50 (32,00-38,50) 31,00 (29,00-33,00) 36,00 (33,00-39,00) ’
X + SD 33,83+2,93 23,05+3,35 25,00+4,85 23,88+4,52
2. AMT i b 0,00006 Al — 0,452
M. (Q1-Q3) 34,50 (31,00-36,00) 22,50 (20,00-25,50) 25,00 (20,00-28,00) 23,00 (21,00-26,00)
X +SD 7,67+1,69 10,63+13,29 23,46+33,07 8,49+4,08
3.FSH ek ! ’ 0,584 ’ ! A 0,321
M. (Q1-Q3) 8,40 (6,90-8,56) 8,40 (6,46-9,70) 8,25 (7,25-24,98) 8,40 (6,00-9,50)
ALH X +SD 4,44+3,01 8,96+13,85 0.088 6,25+4,07 8,94+14,20 0.463
M. (Q1-Q3) 2,81 (2,80-6,26) 6,75 (4,70-9,04) 6,30 (3,70-7,40) 6,70 (4,21-9,04)
5 PROL X + SD 409,36+414,71 449,96+281,09 0.181 369,06+222,80 457,17+300,62 0.345
' M. (Q1-Q3) 236,45 (194,30-389,00) 405,85 (246,90-548,00) ’ 286,60 (205,20-494,45) 393,00 (242,85-556,00) ’
6.ESTR X +SD 88,90+88,61 65,70+59,36 0.660 40,67+19,23 70,99+64,30 0.119
M. (Q1-Q3) 51,80 (47,69-66,00) 51,60 (36,00-68,50) 41,80 (21,60-62,20) 52,50 (36,00-73,00)
— X +SD 3,10+3,90 8,93+19,16 1,000 5,27+10,58 8,79+19,18 0.719
M. (Q1-Q3) 1,75 (0,46-5,75) 0,76 (0,40-5,60) 0,71 (0,40-0,71) 0,88 (0,42-7,15)
X +SD 0,73+0,69 0,50+0,35 0,52+0,32 0,53+0,40
8.TEST i At 0,446 St isduited 0,911
M. (Q1-Q3) 0,48 (0,43-0,56) 0,44 (0,29-0,62) 0,41 (0,35-0,60) 0,46 (0,29-0,62)

[Mpumeuyanue: UMT — unnexc maccwl Tena; FSH — dommkynocrumynupyromuit ropmon; LH — morennansupyronmii ropmon; PROL — mponaktun; ESTR — scrpaanon; PG —
nporecrepoH; TEST — TecTocTepoH; ypoBEeHb 3HAYMMOCTH NPUBEECH COTNIACHO KpUTepHIo MaHHa- YUTHH.
Note: UMT — body mass index; FSH — follicle-stimulating hormone; LH — luteinising hormone; PROL — prolactin; ESTR — estradiol; PG — progesterone; TEST — testosterone;

significance level is given according to the Mann-Whitney test.
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Tabauya 3

IHoka3zaTesu KOppesIUOHHBIX cBsi3ell Meskay Bo3pactomM, UMT u conep:kaHueM moJI0BbIX
TOPMOHOB Yy skeHIIMH ¢ ['D (mpeacrasiensl ko3¢ PpunuenTsl koppeasiuun Cnupmena)

Table 3

Correlation rates between age, body mass index and sex hormone content in women with EH

Spearman correlation coefficients are presented)

Topmonbt Bo3pacrt UMT
R p R p
1.FSH 0,154 0,226 -0,143 0,262
2.LH 0,195 0,124 -0,177 0,165
3.PROL 0,385 0,002 -0,085 0,500
4. ESTR 0,294 0,020 -0,090 0,482
5.PG -0,250 0,114 -0,144 0,368
6.TEST 0,070 0,588 0,073 0,568

[Mpumeyanue: UMT — unnexkc maccsl tena; FSH — domnmukynoctumynupyrommit
ropmoH; PROL — nposnakrun; ESTR — acrpaanon; PG — nporecrepon; TEST — TectocTepoH.

ropmoH; LH — mrorennusupyrommuii

Note: UMT — body mass index; FSH — follicle-stimulating hormone; LH — luteinising hormone; PROL — prolactin; ESTR
— estradiol; PG — progesterone; TEST — testosterone.

Tabnuya 4
KoppeassunonHbie B3aUMOCBSA3M MeK1Y YPOBHEM I0JOBbIX TOPMOHOB y 00/1bHBIX [
Table 4
Correlations between sex hormone levels in EH patients
Topmonsl 1.FSH 2.LH 3.PROL 4.ESTR 5.PG 6. TEST
1.FSH 1 0,00004 0,353 0,244 0,214 0,196
2.LH 0,490 1 0,037 0,528 0,024 0,593
3.PROL 0,121 0,268 1 0,985 0,247 0,527
4.ESTR 0,150 -0,081 0,002 1 0,939 0,398
5.PG -0,201 -0,355 -0,184 0,012 1 0,009
6. TEST -0,168 0,069 0,083 -0,110 -0,407 1

[Mpumeyanue: B TabiuLe ciieBa qaHbl KOdGGUIMEHTH Koppessiuui CripMeHa, cripaBa — UX YpOBHH 3Haunmoctu; FSH —
¢donnukynocrumynupytommuii ropmon; LH — morennusupytommii ropmon; PROL — nponaktun; ESTR — actpanuon; PG
— nporectepon; TEST — tecTocTepoH.
Note: in the table on the left are Spearman correlation coefficients, on the right are their significance levels; FSH — follicle-
stimulating hormone; LH — luteinising hormone; PROL — prolactin; ESTR — estradiol; PG — progesterone; TEST —

testosterone.

B pa6ore Ruth K.S. et al. (BbimonHeHa Ha
BbIOOpPKE U3 2913 nHauBHUI0B (90% U3 KOTOPBIX
ObUTH KeHIMHBI) U3 KoropTel Twins UK) [17]
OBLTH YCTaHOBJICHBI CIIETYIOIIHE B3aUMOCBSI3H:
FAI  monoxutenbHO  KOppenupoBal  C
tectoctepoHoM (1=0,69) u oTpHIaTeNFHO — C
SHBG (r=-0,61), uT0, KaKk YKa3bIBalOT aBTOPbI 1
CIIeZIOBATIO OXKUAaTh, mockonbky FAI — 310
pacCUMTaHHBINA MoKa3aTesh KOJINYECTBa
aHAporeHoB, He cBszanHoro ¢ SHBG.
Tectoctepon 1 SHBG He xoppenupoBanu

Mexay — cobort  (1=0,04). IIporecrepon
NOJOXKUTENBHO  KoppenupoBan ¢ DHEAS
(r=0,60) w, B MEHBIIEH CTEMEHH, C

tecroctepoHoM (r=0,44). Tak Kak mporecTepoH

KOpPpEIMpPOBaI C TECTOCTEPOHOM OH TaK e
nokasan B3aumocBs3u u ¢ FAI (r=0,39) DHEAS
TaKKE  TOJOXKUTEIBHO  KOPPEIMpOBal ¢
tectoctepoHoM (r=0,55) U, KaK cleacTBUe, C
FAI  (1=0,52). Habmomamace  cuibHas
MIOJIOXKUTENbHAsE Koppessiuus Mexay FSH u LH
(r=0,63). DOcTtpagnon MeHee BBIPAKEHHO
TIOJIOXKUTENEHO KOPPETPOBAI C TECTOCTEPOHOM
(r=0,22) u otpumaTenbHO Koppenmmposai ¢ FSH
(r=-0,24).

Takum oOpa3om, HamM JaHHBIE W
pe3ysbTathl, nomydenasie Ruth K.S. et al. [17],
ObUIM B MOJHON Mepe CXOXKH MO KOPPEISIHIM
FSH u LH (R=0,490 u r=0,63 cOOTBETCTBEHHO).
BwMmecre ¢ 3TuM B Hamielt paboTe conepikaHue
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MPOTreCTEPOHA OTPULIATEIIEHO KOPPEITUPOBAIIO C
ypoBHeM Tectoctepona (R=-0,407), Torna kak B
pabote Ruth K.S. et al. [17] mexkmy HuMHu ObLIH
OOHAPYKEHBI ~ TIOJIOKUTEIBLHBIC ~ KOPPEISIIUU
(r=0,44). DOtum pazmuuus  MOTyT  OBITh
00ycIoBieHbI TeM, uto B pabote Ruth K.S. et al.
M3y4Jangach BbIOOpKAa OTHOCHUTEIILHO 3JI0POBBIX
UHIUBUAYMOB [17], a B Hamiem uccie1oBaHUU
W3y4eHbl JKEHIMMHBI ¢ [D,  KoTOphIC
MIPEUMYIIIECTBEHHO HMEIH pa3uyHbIC
COYETaHus JOOPOKauECTBEHHBIX
npordepaTuBHBIX 3a00I€BaHUN MATKH.

Ha cnenyromem »stane Mbl  OUEHWIH
acconuar SNP reHOB-KaHUIATOB C YPOBHEM
TMIOJIOBBIX TOPMOHOB B BBINICYKA3aHHOW TPYIIIEe
66 oxenumH c¢ [D. Ilpu npoeaeHun

BBIYKCIICHUI ObUIM MCIOJIb30BaHbI CIIEAYIOIINE
KOBapuaThl: Bo3pacT keHuwmHbl, ee¢ HWMT,
HaJM4ue Pa3IU4HBIX KOMOPOHTHBIX
THIIEPIUTACTHYCCKUX ~ 3a00JICBaHMN ~ MaTKu
(MHOMa, PHIIOMETPHO3).

JlanHbple O pacHpenencHu H3y4aeMbIX
MOMUMOP(GHBIX BAapUAHTOB T'€HOB-KaHIUIATOB
MOJIOBBIX TOPMOHOB cpenu 66 xeHmmH ¢ D
npecTaBleHbl B Tabmwie 5. BaxHO OTMETUTS,
YTO pacnpezeneHne Beex uccieayembrx 9 SNP
HAXOJIUTCS B TIOJTHOM COOTBETCTBHH C 3aKOHOM
Xapmu-BaitnOepra mipu prwe >0,05. Yactotbr
MUHOPHBIX A/UICJIbHBIX BapUaHTOB MO Pa3HBIM
Jokycam Haxoaarcs B mpenenax ot 0,031
(G>T rs34670419 ZKSCAN5) — 0,032 (C>A
rs117585797 ANO2) no 0,395 (C>T rs727428
SHBG).

Tabnuya 5

Pacnpenesienne mnoaumMop¢HbIX JIOKYCOB I'eHOB M0OJIOBBIX TOPMOHOB Yy NanueHTok ¢ I'J
¢ M3YYEeHHBIM FOPMOHAIbHBIM NPoduIemM

Table 5

Distribution of polymorphic loci of sex hormone genes in patients with EH with the studied
hormonal profile

Yacrora Yucao Pacnpen.

SNP (xpomocoma) MHHOP. H3y4YeH. FeHOTHIOB* Ho He Prwe
ajuteJisi | XpoMOCOM

T>C rs148982377 ZNF789 (7 xp) 0,047 128 1/4/59 0,063 | 0,089 | 0,115
G>T rs34670419 ZKSCANS (7 xp) 0,031 128 0/4/60 0,063 | 0,061 | 1,000
T>A rs11031002 FSHB (11 xp) 0,074 122 0/9/52 0,148 | 0,137 | 1,000
T>C rs11031005 FSHB (11 xp) 0,071 126 0/9/54 0,143 | 0,133 | 1,000
C>G rs112295236 SLC22A10 (11 xp) 0,063 128 0/8/56 0,125 | 0,117 | 1,000
C>Ars117585797 ANO2 (12 xp) 0,032 126 0/4/59 0,063 | 0,061 | 1,000
A>C rs117145500 CHD9 (16 xp) 0,079 126 1/8/54 0,127 | 0,146 | 0,321
C>T rs727428 SHBG (17 xp) 0,395 124 10/29/23 0,468 | 0,478 | 1,000
C>T rs1641549 TP53 (17 xp) 0,230 126 3/23/37 0,365 | 0,354 | 1,000

IMpumeuanue: * — KOJIMYSCTBO TOMO3UTOT 10 MUHOPHOMY aJJICITO / TETEPO3UTOT / TOMO3HIOT TI0 4acTOMy ajuteto; Ho—
HaOJro1aeMasi TeTepO3UTTHOCTD; He — OJKuaeMas reTepo3urTHOCTD.
Note: * — number of homozygotes for minor allele / heterozygotes / homozygotes for frequent allele; Ho — observed

heterozygosity; He — expected heterozygosity.

Jlanee ™Mbl TpOBEIM aHAINA3 CBA3MU
nonuMopdu3mMa TeHOB-KaHIUJATOB MOJIOBBIX
TOPMOHOB C YPOBHEM ITOJIOBBIX TOPMOHOB y 66
XKeHIMH ¢ ['J; momyyeHHbIE pe3yJbTaThl
nmpeAcTaBieHsl B Tabmumax 6-11. Crnemyet
OTMETUTh, UYTO  PpELECCUBHAs  MOJEIb
accormaruii SNP ¢ conmepkaHueM TOJIOBBIX
TOPMOHOB B CBSI3U C HHU3KHUM YPOBHEM
nouMopduzma OOJIBIITUHCTBA
paccMmarpuBaeMbIX JTOKYcoB (st cemu SNP u3

JCBATH  W3yYaeMbIX  JIOKYCOB  4YacTOTa
MUHOpHOTO ajutenst Obuia B mpeaenax 0,031-
0,079) namu He paccMaTpHUBAIACh.

CornacHO TONy4EHHBIM JaHHBIM C
YPOBHEM OCTpanuona y OoiapHBIX [D ObLT
acCOLMMPOBaH NOIMMOPPU3M C>G
rs112295236 SLC22A10 B pamKax
anpmutuBHO# (B=-0,647, p=0,010, Pperm=0,013)
u  gommHantHoW  (P=-0,647, p=0,010,
Pperm=0,010) moxeneii (Tabm. 6).
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Tabnuya 6
SNP renoB-kaHAnAaTOB 10JIOBBIX TOPMOHOB U YPOBEeHb 3CTPaAN0JIA y 601bHBIX D
Table 6
SNPs of sex hormone candidate genes and estradiol levels in EH patients
Mogpeas 1 (annenbHas) Mopenanb 2 (aqiuTUBHAS) Moaeanb 3 (10MUHAHTHAN)
SNP (xpomocoma) N
B SE P B SE P B SE P
T>C rs148982377 ZNF789 (7 xp) 62 0,018 0,307 1,000 0,021 0,311 0,945 0,021 0,311 0,945
G>T rs34670419 ZKSCANS (7 xp) 62 0,105 0,307 1,000 0,117 0,318 0,714 0,117 0,318 0,714
T>A rs11031002 FSHB (11 xp) 60 -0,039 0,232 0,867 0,106 0,230 0,647 0,106 0,230 0,647
T>C rs11031005 FSHB (11 xp) 62 0,054 0,237 1,000 0,139 0,238 0,561 0,139 0,238 0,561
C>G rs112295236 SLC22A10 (11 xp) 62 -0,431 0,243 0,082 -0,647 0,242 0,010 -0,647 0,242 0,010
C>Ars117585797 ANO2 (12 xp) 62 0,267 0,339 0,433 0,286 0,331 0,391 0,286 0,331 0,391
A>C rs117145500 CHD9 (16 xp) 62 -0,257 0,190 0,181 -0,172 0,195 0,381 -0,125 0,225 0,582
C>T rs727428 SHBG (17 xp) 61 -0,025 0,117 0,832 -0,034 0,120 0,775 -0,107 0,173 0,539
C>T rs1641549 TP53 (17 xp) 62 -0,047 0,142 0,744 0,022 0,144 0,880 -0,032 0,172 0,855

IIpumMeuanue: pe3ysibTaThl MOAYYCHBI METOIOM JMHEHHOTO PErPeCCHOHHOIO aHA/KM3a C yYEeTOM KOPPEKIMH Ha KOBapuaThl;, B — K03 (HUIHMEHT JUHEHHON perpeccun (M3MEHEHUE
TpaHc(HOPMHUPOBAHHOTO MTOKA3ATENISI YPOBHS 3CTPAAKMOia HA MUHOPHBIH ajielns), SE — ero ombka, p — ypoBeHb 3HAYMMOCTH.
Note: the results were obtained by linear regression analysis with correction for covariates; p — linear regression coefficient (change of transformed indicator of estradiol level by minor
allele), SE — its error, p — significance level.
Tabauya 7 (hauano)
SNP reHoB-kaHAUAaTOB MOJOBBIX TOPMOHOB H YPOBEHb TeCTOCTEPOHA Y 001bHBIX D
Beginning of Table 7

SNPs of sex hormone candidate genes and testosterone levels in EH patients

Mopaeas 1 (aaeabHas) Mopeas 2 (axauTHBHAS) Mopeas 3 (1oMHHAHTHas)
SNP (xpomocoma) N

B SE P B SE P B SE P
T>C rs148982377 ZNF789 (7 xp) 62 -0,870 0,286 0,003 -0,917 0,298 0,003 -0,917 0,298 0,003
G>T rs34670419 ZKSCANS (7 xp) 62 -0,870 0,286 0,003 -0,934 0,306 0,003 -0,934 0,306 0,003
T>Ars11031002 FSHB (11 xp) 60 -0,150 0,237 0,528 -0,189 0,247 0,448 -0,189 0,247 0,448
T>C rs11031005 FSHB (11 xp) 62 -0,130 0,237 0,585 -0,172 0,248 0,491 -0,172 0,248 0,491
C>G 5112295236 SLC22A10 (11 xp) 62 0,287 0,247 0,249 0,381 0,262 0,152 0,381 0,262 0,152
C>Ars117585797 ANO2 (12 xp) 62 0,267 0,339 0,433 0,276 0,344 0,426 0,276 0,344 0,426
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Tabauya 7 (okoHuanue)
SNP reHoB-kaHIMIATOB MOJOBBIX TOPMOHOB U YPOBEHb T€CTOCTEPOHA Y 00JBHBIX ['D

End of Table 7
SNPs of sex hormone candidate genes and testosterone levels in EH patients
Mopeas 1 (annenbHas) Mopeanb 2 (aaAuTHBHAS) Mopeanb 3 (10MUHAHTHAN)
SNP (xpomocoma) N

B SE P B SE P B SE P
A>C rs117145500 CHD9 (16 xp) 62 -0,091 0,198 0,649 -0,147 0,208 0,485 -0,199 0,242 0,414
C>T rs727428 SHBG (17 xp) 61 0,000 0,123 1,000 -0,026 0,132 0,843 -0,122 0,186 0,515
C>T rs1641549 TP53 (17 xp) 62 0,047 0,142 0,744 0,045 0,150 0,766 0,051 0,179 0,777

[TpyMeuanue: pe3ysbTaThl MOJYYEeHbl METOJOM JIMHEWHOTO PErPeCCHOHHOIO aHAM3a ¢ YYEeTOM KOPPEKLIMH Ha KOBapuathl; B — KO3 UIMECHT JTHHEHHOH perpeccud (MU3MEHEHHE
TpaHC(HOPMHUPOBAHHOTO ITOKA3ATEINs YPOBHS TECTOCTEPOHA HA MUHODHBIH aiuiens), SE — ero onmmoOka, p — ypoBeHb 3HAYMMOCTH.

Note: the results were obtained by linear regression analysis with correction for covariates; B — linear regression coefficient (change in the transformed index of testosterone level by
minor allele), SE — its error, p — significance level.

Tabnuya 8
SNP reHoB-kaHIHIaTOB M0JIOBBIX TOPMOHOB U YPOBEeHb (POITHKYJIOCTUMYIUPYIOLIEr0 roOpMoOHa y 60JbHBIX ['D
Table 8
SNPs of sex hormone candidate genes and follicle-stimulating hormone levels in EH patients
Mogaeas 1 (ajtenbHas) Moaeas 2 (aAAMTHBHAA) Mogaeab 3 (1oOMHUHAHTHAST)
SNP (xpomocoma) N
B SE P B SE P B SE P
T>C rs148982377 ZNF789 (7 xp) 63 -0,217 0,303 0,476 -0,142 0,313 0,651 -0,142 0,313 0,651
G>T rs34670419 ZKSCANS (7 xp) 63 -0,217 0,303 0,476 -0,052 0,321 0,871 -0,052 0,321 0,871
T>A rs11031002 FSHB (11 xp) 61 0,391 0,234 0,100 0,466 0,237 0,050 0,466 0,237 0,050
T>C rs11031005 FSHB (11 xp) 63 0,389 0,230 0,096 0,469 0,233 0,049 0,469 0,233 0,049
C>G rs112295236 SLC22A10 (11 xp) 63 0,000 0,247 1,000 -0,040 0,260 0,879 -0,040 0,260 0,879
C>Ars117585797 ANO2 (12 xp) 63 0,267 0,336 0,429 0,301 0,334 0,371 0,301 0,334 0,371
A>C rs117145500 CHD9 (16 xp) 63 -0,342 0,186 0,071 -0,373 0,190 0,055 -0,393 0,220 0,079
C>T rs727428 SHBG (17 xp) 62 -0,097 0,118 0,413 -0,128 0,123 0,304 -0,034 0,180 0,849
C>T rs1641549 TP53 (17 xp) 63 -0,322 0,134 0,019 -0,295 0,139 0,039 -0,373 0,165 0,027

[Ipumevanue: pe3ynbTaThl NOIYYCHBI METOJIOM JIMHEWHOTO PErPEeCCHOHHOIO aHAllM3a C YYETOM KOPPEKIMH Ha KOBapuaThl; B — ko3¢ (UIMEHT JHHEHHON perpeccuu (U3MEHEHUE
TpaHC(OPMHUPOBAHHOTO TTOKA3aTENsl YPOBHS TECTOCTEPOHA HA MUHOPHBIH ajuielnb), SE — ero omudka, p — ypoBeHb 3HAYUMOCTH.

Note: the results were obtained by linear regression analysis with correction for covariates; B — linear regression coefficient (change in the transformed index of testosterone level by
minor allele), SE — its error, p — significance level.
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Tabnuya 9
SNP renoB-kaHANAaTOB 10JI0BLIX TOPMOHOB U YPOBEeHb JIOTEHHU3MPYIOIEr0 rOpMOHa y 001bHBIX D
Table 9
SNPs of sex hormone candidate genes and luteinising hormone levels in EH patients

SNP (xpomocoma) N é\lonenb 1 (ggne.nbnaﬂ)l) li\/lozlem, 2 (SaIzEuanBHaﬂi) l\l;louem, 3 (HOSMEI/IHaHTHaH})
T>C rs148982377 ZNF789 (7 xp) 63 0,002 0,304 1,000 0,003 0,311 0,993 0,003 0,311 0,993
G>T rs34670419 ZKSCANS (7 xp) 63 0,217 0,303 0,476 0,195 0,317 0,542 0,195 0,317 0,542
T>A rs11031002 FSHB (11 xp) 61 0,261 0,237 0,276 0,339 0,239 0,162 0,339 0,239 0,162
T>C rs11031005 FSHB (11 xp) 63 0,259 0,233 0,270 0,337 0,235 0,157 0,337 0,235 0,157
C>G rs112295236 SLC22A10 (11 xp) 63 0,286 0,244 0,246 0,179 0,256 0,488 0,179 0,256 0,488
C>Ars117585797 ANO2 (12 xp) 63 0,267 0,336 0,429 0,250 0,332 0,455 0,250 0,332 0,455
A>C rs117145500 CHD9 (16 xp) 63 -0,085 0,190 0,656 -0,015 0,195 0,940 -0,022 0,224 0,921
C>T rs727428 SHBG (17 xp) 62 -0,357 0,109 0,002 -0,335 0,115 0,005 -0,345 0,172 0,050
C>T rs1641549 TP53 (17 xp) 63 -0,322 0,134 0,019 -0,319 0,137 0,023 -0,362 0,164 0,031

[IpumMeuanue: pe3ysibTaThl MOAYYCHBI METOIOM JIMHEHHOTO PErPEeCCHOHHOIO aHA/KM3a C yYeTOM KOPPEKIMU Ha KOBapuaThl;, B — K03 (UIHMEHT JUHEHHON perpeccun (H3MEHEHUE
TpaHC(HOPMHUPOBAHHOTO MMOKA3ATENs YPOBHS TECTOCTEPOHA HA MUHODHBIH amienb), SE — ero ommbka, p — ypoBEeHb 3HAYHMOCTH.
Note: the results were obtained by linear regression analysis with correction for covariates; 3 — linear regression coefficient (change in the transformed index of testosterone level by
minor allele), SE — its error, p — significance level.
Tabauya 10 (hauano)
SNP reHoB-kaHAUAaTOB MOJIOBHIX TOPMOHOB U YPOBeHb NPOrecTepoHa y 60JabHbIX ['J
Beginning of Table 10
SNPs of sex hormone candidate genes and progesterone levels in EH patients

Mopaeas 1 (aaieabHas) Mopeas 2 (aaaAMTHBHAN) Mopeas 3 (1oMHHAHTHas)
SNP (xpomocoma) N

i} SE P B SE P B SE P
T>C rs148982377 ZNF789 (7 xp) 41 1,051 0,491 0,039 1,571 0,541 0,006 1,571 0,541 0,006
G>T rs34670419 ZKSCANS (7 xp) 41 0,719 0,414 0,090 1,025 0,472 0,037 1,025 0,472 0,037
T>Ars11031002 FSHB (11 xp) 41 0,000 0,297 1,000 -0,021 0,309 0,947 -0,021 0,309 0,947
T>C rs11031005 FSHB (11 xp) 41 0,001 0,297 1,000 -0,021 0,309 0,947 -0,021 0,309 0,947
C>G 5112295236 SLC22A10 (11 xp) 41 0,001 0,316 1,000 0,011 0,353 0,976 0,011 0,353 0,976
C>Ars117585797 ANO2 (12 xp) 41 -0,526 0,512 0,311 -0,371 0,554 0,508 -0,371 0,554 0,508
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Tabauya 10 (oxonuanue)

SNP reHoB-kaHAUAaTOB MOJIOBBIX TOPMOHOB H YPOBeHb NPOrecTepoHa y 00jbHbIx I'J

SNPs of sex hormone candidate genes and progesterone levels in EH patients

End of Table 10

Mogaeas 1 (annenbHas)

Moaenb 2 (axauTHBHAsA)

Mopaeab 3 (1oMUHAHTHAST)

SNP (xpomocoma) N
B SE P B SE P B SE P
A>C rs117145500 CHD9 (16 xp) 41 0,281 0,265 0,295 0,249 0,282 0,383 0,409 0,363 0,267
C>T rs727428 SHBG (17 xp) 41 0,001 0,153 1,000 0,037 0,168 0,825 0,023 0,246 0,927
C>T rs1641549 TP53 (17 xp) 41 -0,071 0,190 0,712 -0,040 0,206 0,847 0,009 0,248 0,972

[IpuMeuanue: pe3ynbTaThl MOAYYCHBI METOIOM JMHEWHOTO PErPECCHOHHOIO aHAIM3a C yYeTOM KOPPEKIMU Ha KOBapuaThl; B — K03 (UIMECHT JUHEHHON perpeccuu (M3MEHEHUE

TpaHCc(HOPMHUPOBAHHOTO TTOKA3ATENS YPOBHSA TECTOCTEPOHA HA MUHOPHBIH ajuiens), SE — ero ommbka, p — ypoBeHb 3HAYMMOCTH.

Note: the results were obtained by linear regression analysis with correction for covariates; B — linear regression coefficient (change in the transformed index of testosterone level by

minor allele), SE — its error, p — significance level.

SNP reHoB-kaHIMIATOB M0J0BBIX TOPMOHOB U YPOBEHb MPOJIAKTHHA Y 001bHBIX D

SNPs of sex hormone candidate genes and prolactin levels in EH patients

Tabnuya 11

Table 11

Mogaeas 1 (astenbHas)

Mopaeas 2 (axauTHBHAsA)

Mojaean 3 (1oMHUHAHTHAS)

C>T rs1641549 TP53 (17 xp)

SNP (xpomocoma) N

B SE P B SE P B SE P
T>C rs148982377 ZNF789 (7 xp) 64 0,135 0,237 0,572 0,231 0,243 0,346 0,281 0,308 0,365
G>T rs34670419 ZKSCANS (7 xp) 64 0,267 0,333 0,426 0,202 0,348 0,563 0,202 0,348 0,563
T>A rs11031002 FSHB (11 xp) 61 0,261 0,237 0,276 0,365 0,239 0,131 0,365 0,239 0,131
T>C rs11031005 FSHB (11 xp) 63 0,259 0,233 0,270 0,362 0,234 0,127 0,362 0,234 0,127
C>G rs112295236 SLC22A10 (11 xp) 64 0,143 0,244 0,561 0,036 0,254 0,887 0,036 0,254 0,887
C>Ars117585797 ANO2 (12 xp) 63 -0,267 0,336 0,429 -0,276 0,330 0,406 -0,276 0,330 0,406
A>C rs117145500 CHD9 (16 xp) 63 -0,096 0,202 0,636 -0,014 0,204 0,944 -0,019 0,238 0,938
C>T rs727428 SHBG (17 xp) 62 -0,066 0,119 0,582 -0,039 0,123 0,754 0,214 0,175 0,228
63 -0,185 0,138 0,187 -0,179 0,142 0,212 -0,297 0,167 0,081

[Tpumeuanue: pe3ynbTaThl MOIY4YEHBI METOJOM JIMHEHHOTO PErpecCHOHHOIO aHaln3a C Y4eTOM KOPpPEKIMM Ha KoBapHarhl; B — koadduimeHT nuHeiiHOW perpeccun (M3MEHEHHE

TpaHC(HOPMHUPOBAHHOTO TTOKA3ATENsl YPOBHS TECTOCTEPOHA HA MUHOPHBIH ajuielnb), SE — ero omudka, p — ypoBeHb 3HAYUMOCTH.

Note: the results were obtained by linear regression analysis with correction for covariates; B — linear regression coefficient (change in the transformed index of testosterone level by

minor allele), SE — its error, p — significance level.
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[Ipy >TOM MapkKepoM HH3KOTO YpPOBHSI
acTpaaMoia y okeHImMH ¢ ['D  saBisercs
MUHOpPHBIN amnenb G rs112295236 SLC22A10

(B<0).

Coneprxanue TECTOCTEpPOHA B
HCCIIETyEMOM TpYIIIe )KEHIIMH ObLJIO CBSA3aHO
¢ gaBymsa noaumopdusmamm —  T>C

rs148982377 ZNF789 u G>T rs34670419
ZKSCANS5 (Tabn. 7), B Tpex Te€HETHYECKHX
Mozensx — amienbHou (B=-0,870, p=0,003,
pperm=0,021 u B:'0,870, p=0,003, pperm:0,013
COOTBETCTBEHHO), amautuBHOUW (B=-0,917,
p=0,003, pperm=0,004 u p=-0,934, p=0,003,
Pperm=0,006 COOTBETCTBEHHO) ¥ TOMHUHAHTHOM
(B=-0,917, p=0,003, pperm=0,005 u p=-0,934,
p=0,003,  pperm=0,008  COOTBETCTBEHHO).
MuHOpHBIC  aJUICNIbHBIC  BapHUaHTBI  ITHX
nonmumopdusmoB (C rs148982377 ZNF789 u
T rs34670419 ZKSCANS) mapkupyror Ooiee
HU3KOE  COJEp)KAaHME  TECTOCTEpOHA B
ceiBOpoTKe OospHBIX D (B<0). Bmecre c
3THUM, c ypOBHEM TECTOCTEepPOHA
aCCOIMUPOBAHBI " IBa rarIoTHITA
BBIIIIEYKA3aHHBIX MOJIUMOP(U3IMOB: TarIoTUI
TG*rs148982377-rs34670419 (dactora
JAHHOTO TarutoTuna cocrabisger  95,20%)
CBA3aH C 0Oosiee BBICOKOM KOHIIEHTpaueit
TECTOCTEPOHA (B=0,952, p=0,0007,
Pperm=0,001), a rammorun CT*rs148982377-
rs34670419 (wacToTra JAaHHOTO TaIIOTHIA
cocraBisieT 3,22%) cBsizan ¢ 0Oojee HUZKUM
comepkanueM  Tectocrepona  (P=-0,858,
p=0,016, Pperm=0,042).

CornacHo MOJY4YEHHBIX HAMH JaHHBIX
cofiepkanue  (OJUTUKYJIOCTHMYITHPYIOIIETO
TOPMOHA y EHIIHUH ¢ ['D accouuupoBaHo C
Tpems nmomumopduzmamu — T>A rs11031002
FSHB , T>C rs11031005 FSHB u C>T
rs1641549 TPS53 (Tab6n. 8). IHomumopdubIe
gokycsl T>A 1511031002 FSHB u T>C
rs11031005 FSHB acconmmpoBaHbl ¢ ypoBHEM
JAHHOTO TOPMOHAa B paMKaX aJJUTUBHOMN
(B=0,466, p:0,0SO, ppermZO,OSO u 6:0,469,
p=0,049, pPperm=0,050 COOTBETCTBEHHO) U
nomuHantHo# ($=0,466, p=0,050, Pperm=0,050
u =0,469, p=0,049, Pperm=0,049
COOTBETCTBEHHO) Mojeneit. Tak xe, 1Ba
TarIOTHITA BBIICYKA3aHHBIX MOTUMOP(PHU3MOB
CBSI3aHBI c KOHIIEHTpanuen
(GOITUKYJIOCTUMYIHPYIOIIET0O TOPMOHA B

u3ydyaemMou  rpynmne keHmuH ¢ [0
AC*rs11031002-rs11031005 (p=0,466,
p=0,050, Pperm=0,050) u TT*rs11031002-
rs11031005 (B=-0,466, p=0,050, pperm=0,050).
SNP  C>T rs1641549 TP53 mnoxazan
acCcOLMAIUI0 c coJiepKaHUuEM
(bOJTMKYJIOCTUMYJIHPYIOIIETO  TOPMOHA B

pamKax BCEX Tpex PaccCMOTPEHHBIX
TCHETHYECKMX  MOJCIell —  ajjielIbHOM
(B=-0,322, p=0,019, Pperm=0,033),
agmutuBHO# (P=-0,295, p=0,039, Pperm=0,049)
u  gomuHantHout  (P=-0,373, p=0,027,
Pperm=0,028).  BaxxHO  OTMETHTH,  4TO

ayutensHble BapuadThl A 1s11031002 FSHB u
C rs11031005 FSHB sBastroTcs Mapkepamu
Oosee Bbicokoro ypoBHsi FSH B opranusme
oompHBIX ['D (B>0), a aymens T rs1641549
TP53 mapkupyeT MOHMKEHHOE COJEep)KaHUE
atoro ropmona (<0).

C  ypoBHEM  JIIOTEHHHU3UPYIOIIETO
TOPMOHA aCCOIMUPOBAHBI OTHOHYKJICOTHIHBIC
nosmmopduzmel C>T rs727428 SHBG u C>T
rs1641549 TP53 B pamkax Bcex Tpex
PacCMOTPEHHBIX ~ T'CHETHYECKUX  MOJeNeh
(Tabn. 9): amrenmsHoM (p=-0,357, p=0,002,
pperm:0,002 u B:'0,322, p:0,019, pperm:0,041
COOTBETCTBEHHO), aamutuBHOW (PB=-0,335,
p=0,005, pperm=0,005 u P=-0,319, p=0,023,
Pperm=0,024 cOOTBETCTBEHHO) U JOMUHAHTHOU
(p=-0,345, p=0,050, pperm=0,050 u p=-0,362,
p=0,031,  pperm=0,033  COOTBETCTBEHHO).
MuHOpHBIE aljienyd d3TUX MOJIUMOPPHU3MOB
(aymenu T) cBsi3aHBI ¢ HU3KUM COZCpP>KaHUEM
JTIOTEMHU3UPYIOIIET0 TOPMOHA Y MAIMEHTOK C
'S (B<0).

JIBa pAIOM pacHoONOKEHHBIX M CHIBHO

CHEIJICHHbIX ~ momumopdpmma —  1>C
rs148982377 ZNF789 u G>T rs34670419
ZKSCANS5, IIOKA3aJIN» 3HaUYUMBbIE

accollMallid C YpPOBHEM IMPOTECTEpOHA Yy
oompHBIX [D (Tabn. 10). SNP T>C
rs148982377 ZNF789 cBsizan ¢ conepkaHueM
MPOTECTEPOHA COTJIACHO TPEX T'CHETHYECKUX
moxeneit: amrensHo¥ (P=1,051, p=0,039,
Pperm=0,049), ammurusHo# (B=1,571, p=0,006,
Pperm=0,012), JIOMHAHAHTHOM (B=1,571,
p=0,006, Pperm=0,019). Jlokyc G>T
rs34670419 ZKSCANS 6bu1 acconuupoBaH ¢
YpPOBHEM JIaHHOTO TOPMOHa B paMKax
agmutuHoi (f=1,025, p=0,037, Pperm=0,039)
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u  gommHantHon  (B=1,025, p=0,037,
Pperm=0,041) renernueckux wmoaeiei. I[lpu
3TOM, IbTEPHATUBHBIC AJUICIBHBIC BaPUAHTHI
stux JokycoB (C rs148982377 ZNF789 u
T rs34670419 ZKSCANS) SIBJISTFOTCS
MapkepaMu 00jiee BBICOKOTO COZICpPXKaHUS
nporectepona y nanuentok ¢ I'D (f>0). Hamu
YCTaHOBJICHA CBS3b C YPOBHEM IPOTECTEPOHA
JIBYX TAIUIOTHIIOB JTUX MOJUMOP(HU3MOB:
TarIoTHIL CT*rs148982377-rs34670419
(dacrora »sToro ramotruna paBHa 2,44%)

MapkupyeT  Oojiee  BBICOKMII  ypOBEHb
MIpOrecTepoHa (B=1,570, p=0,000,
Pperm=0,029), Toraa Kak ramjioTHI
TG*rs148982377-rs34670419 (dacTora

rammotuna — 96,30%) sBuseTcss Mapkepom
Ooyiee HHM3KOTO COJEpPKAHUS IPOTECTEpPOHA
(p=-1,030, p=0,037, Pperm=0,047).
CraTucTHueckd  3HAUUMMBIX  accoLUalui,
paccMaTpuBaeMbIX B Hacrosed pabote
JEBSATH  TMOJUMOPHBIX  JIOKYCOB  T€HOB-
KaH/MJIaTOB IOJIOBBIX FOPMOHOB C YpPOBHEM
IpojaKkTUHa Yy KeHIMH ¢ ['D Hamm He
ycranoBieHo (Ta6m. 11).

Wrak, cienxyer OTMETUTh HaJW4He
3HAUUTEJIBHOTO KOJMYECTBA ACCOLMATUBHBIX
CBsI3€i, paccMOTpeHHBIX B padoTe SNP renos-
KAaHJUJATOB TIOJIOBBIX TOPMOHOB C YPOBHEM
MIOJIOBBIX TOPMOHOB Y 60ibHBIX ['D. Cemb U3
NEBATH W3Y4YEHHBIX SNP
«TPOJIEMOHCTPUPOBAIN» BOBJIECYEHHOCTh B
(dbopMHpOBaHHEM TOPMOHAJIBHOIO MPOPUIISL
nagueHTok ¢ ['D  (marp w3 mectu

PacCMOTPEHHBIX TOPMOHOB — TECTOCTEPOH,
ACTPauoI, IIPOreCTEPOH,
(b OJTHKYTOCTUMY TN PYIOIIUN "
JIOTEUHU3UPYIOIINN TOPMOHBI, ObLIH

accolruupoBansl ¢ u3ydyaembiMu SNP) 1 B Tom
gucne C>G  rs112295236  SLC22A10
(actpanuon), T>C rs148982377 ZNF789 u
G>T rs34670419 ZKSCANS (tectocTepoH u
nporectepon), T>A rs11031002 FSHB u T>C
rs11031005 FSHB
(ponnmukynoctumynupyoomuii ropmon), C>T
1s727428 SHBG (JIFOTEeMHU3UPYIOIIUN
TOPMOH), C>T rs1641549 TP53
(hoMTUKYTOCTUMYITUPYIOTIIHIA u
JTIOTEeMHU3UPYIOLi ropmonsl). ITpu stom, ¢
Ooyiee HHU3KAM COJEpKaHUEM O3CTPAIHoNa y
keHmuH ¢ ['D cBs3an MuHOpHBIA amtens G

rs112295236 SLC22A10, tecroctepona — C
rs148982377 ZNF789 wu T rs34670419
ZKSCAN5, rammorun  CT*rs148982377-
rs34670419,  GonIUKYITOCTUMYITUPYIOIIETO
ropmoHa — T rs1641549 TP53, rammoTun
TT*rs11031002-rs11031005,
JTIOTEUHU3UPYIOIIET0 TOpMOHa — T 1S727428
SHBG u T rs1641549 TP53, nporecrepona —
ramtorun 1 G*rs148982377-rs34670419, a ¢
0ojiee BBHICOKUMH YPOBHSIMH IpPOrecTepoHa
aCCOIMMPOBAHbBI albTepHaTUBHBIE aymenu C
rs148982377 ZNF789 u T rs34670419
ZKSCANS, (OJLTHKYJIOCTHMYTHPYIOIIETO
ropmona — A 1511031002 FSHB u C
rs11031005 FSHB, raruIOTHIT
AC*rs11031002-rs11031005, Tecrocrepona —
rartotun 1 G*rs148982377-rs34670419.

OOpamaer Ha ce0s BHUMaHHE (HaKT
Toro, u4rto monumModueie Bapuantel C
rs148982377 ZNF789 wu T rs34670419
ZKSCAN5, rammorun  CT*rs148982377-
134670419 oqHOBPEMEHHO CBSI3aHbI C HU3KUM
YPOBHEM  TECTOCTEPOHA ©  BBICOKUM
COJlep’)KaHUEM TMpPOrecTepoHa, Torga Kak
TaruTOTHIT TG*rs148982377-rs34670419
OJTHOBPEMEHHO KOPPEIUPYET C BBICOKHUMH
KOHIIEHTPAIUSMU TECTOCTEPOHA U HU3KUMU —
nporectepoHa y mamueHTok ¢ ['D. Tak xe
Ham# OOHapy»KeHa cBsi3b ayvens 1 rs1641549
TP53 ¢ Oomee HM3KUM YpOBHEM Kak
(OJTUKYJIOCTHMYJTHPYIOIIET0 TOPMOHA, TaK H
JTIOTEUHU3UPYIOIIETO TOPMOHA.

B paHee mnpoBeneHHOM HCCIEI0BaHUU
sroif ke ma"Henn SNP y  GonbHBIX
SHJIOMETPHO30M W3 JOTOH K€ IOIMYJISIIUN
(entpanbaoe Yepnozembe PD) ["onoBueHKO
n.o. nokasas, YTO reHEeTHYECKUMH
MapKepaMHl YypOBHSI TOJIOBBIX TOPMOHOB Y
KEHIIUH C  DHJIOMETPHO30M  SBJISIOTCS
rs148982377 ZNF789 wu 134670419
ZKSCANS (acTpamuon, TECTOCTEPOH),
rs117585797 ANO2 (JIOTEMHU3UPYIOLIHA
ropmoH), rs117145500 CHD9 (mporectepoH),
rs1641549 TP53 (mponaktun) [31]. Cnenyer
OTMETHUTh, «COBIAJCHWE» HAIIMX IaHHBIX C
pe3ynbTataMu, TMOJTYYeHHBIMU | OMOBUYEHKO
n.o., JINIITH 10 BOBJICUCHHOCTH
nonumopdusmoB T>C rs148982377 ZNF789 u
G>T rs34670419 ZKSCANS B ¢popmupoBanue
YpOBHS TECTOCTEPOHA. OctanbHble
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TFeHETUYECKUE IETEPMUHAHTBI, MAPKUPYIOLIUE
YPOBEHb OTJICIBHBIX IOJIOBBIX TOPMOHOB Y
O0onmpHBIX ['D (Hamm naHHBIE) W OOJBHBIX
sHAOMeTpuo3oM (naHHbie ['onoBuenko M.O.
[31]) ommuatorcs. Ilpm 3TOM  Hamwm
pesynbTatel U jgaHHble [omoBuenko U.O.
«COBIAAAIOT» HE TOJBKO MO (aKTy HATUUUS
accouuanui  3TUX  HOJUMOP(GU3MOB  C
COZIep)KaHUEM TECTOCTepOHa Yy OOJIbHBIX
xeHIuH (I'D — Halm JaHHbIe ¥ YHIOMETPUO3
— nannbie ['onoBuenko M.O. [31]), HO U uTO
O0ojee BaXXHO - IO  HaIPaBJICHHOCTH
BBISIBIIEHHBIX acconuanuii. CorjJacHO Hammx
NaHHBIX  monuMopduble  Bapuantel  C
rs148982377 ZNF789 wu T rs34670419
ZKSCAN5, rammorunn  CT*rs148982377-
rs34670419 cBsizaHBI C HU3BKUM YpPOBHEM
TecTocTepoHa, a ramiorun | G*rs148982377-
rs34670419 — c¢ BBICOKOW KOHIICHTpALUEH
TecTocTepoHa y OonbHbIX ['3; Mo Marepuanam
paboter, mpomeaeHHoi [omouenko U.O.,
raotunn - 1[G rs148982377 ZNF/89 wu
rs34670419 ZKSCANS acconmupoBas ¢ 6oee
BBICOKOW KOHIIEHTpalMeld TeCcTOCTepOHa B
CBIBOPOTKE KPOBH  JKCHIIUH, HMEIOIINX
srgometpros ($=0,492) [31]. Tak sxe cpemau
OOJIBHBIX SHIOMETPHO30M, KaK MOKa3aHO B
pabdore Ilonomapesoit T.A. [32], ypoBeHb
TECTOCTEPOHA MAapPKHPYETCS TOIMMOP(HBIM
nokycoM rs440837 ZBTB10 (amtens G, P=-
0,322 - -0,215), smusromerocss GWAS
3HAUUMBIM 11 comepykanus SHBG  [21].
JIOTIOJIHUTENBHO MBI OOHApYXWJIH  CBS3b
nonuMopdubIx BapuaHTtoB C rs148982377
ZNF789 wu T 1534670419 ZKSCANS,
rammotuna  CT*rs148982377-rs34670419 ¢
BBICOKUM COJIEp)KaHWEM MpPOTeCTepoHa, a
rarmotuna 1G*rs148982377-rs34670419 - ¢
HU3KUM YPOBHEM TPOTECTEPOHA Y MAIIMEHTOK
cID.

Tak xe, B paHee BBIIIOJTHECHHOM IOJHO
reHoMHOM uccienoBanuun Ruth K.S. et al. [17]
Ha BbeIOOpKe W3 2913 wuauBUI0oB (90% wu3
KOTOPBIX OBLIH >KEHIMHBI) U3 KOTOPTHl Twins
UK mnoxkazana cBs3p 1$34670419 ZKSCANS ¢
YpPOBHEM THporectepoHa (corjacyercs cC
MOJIYYCHHBIMH HaMH JIAaHHBIMH), TIPH 3TOM
amnens T rs34670419 Obl1 accoUMUPOBaH C
HU3KUM ypPOBHEM 3TOT0 ropmona (B=-0,55), a
pedepeHcHsIit s Hero amwtens G rs34670419

- C BBICOKUM YypOBHEM IpOrecTepoHa
(B=0,55) [17]. Otnuuust B HANPaBICHHOCTH
accouuanui OTJEJIbHBIX AJIJIENIbHBIX
BapuanToB SNP G>T rs34670419 ZKSCANS ¢
KOHIIEHTpauei porecTepoHa MEXTY
HAIIMMHM JaHHBIMU 1 naaHaeiMu Ruth K.S. et al.
(mo mammMm naHHBIM amtenb 1 rs34670419
ZKSCANS cBsizaH C BBICOKHMM ypOBHEM
nporecrepona, a o aanubeiM Ruth K.S. et al.
JTaHHBIA aljIeslb acCOLUMUPOBAH C HUBKUM
ypoBHeM mporectepoHa [17]) MoryT OBITH
CBsi3aHBI ¢ TeM, 4To B pabore Ruth K.S. et al.
U3y4Yajiach BEIOOPKA OTHOCHUTEIHHO 37JOPOBBIX
MHIUBUIYYMOB [17], Torma kak B Hallem
UCCIIeIOBAaHUH PACCMOTPEHA KOTOPTA KEHIIUH
¢ I'D (mpeumyiiecTBEHHO WMENH pa3iHyYHbIC
COYETaHUs 0OPOKAYECTBEHHBIX
npoiudepaTuBHBIX ~ 3a00JICBaHMK  MAaTKH).
Kpome atoro, kak ormeuaercsi B padore Ruth
K.S. et al., oHu He BBISBUIM CBSI3H OJHOTO W3
JIOKYCOB, KOTOPBIH TakK >k€ ObLI aCCOIMMPOBAH
C ypoBHeM mporectepoHa — IS112295236, c
pPa3sIUYHBIMU  TIPHU3HAKaMU/3a00JIEBaHUSIMU
JUIST MEXaHU3MOB Pa3BUTHSI KOTOPBIX Ba)KEH
JaHHBIA TOPMOH — BO3pacT MEHapxe, BO3PacT
MEHOIIay3bl, UMT, pocr, BEC
HOBOPOXKIEHHOTO, YHIOMETPHO3, U 1p. [17].
Hamu yctanoBneHo, uyto I'2-3HaunMeble
nomumopdmsmel — T>A rs11031002 FSHB u
T>C rs11031005 FSHB, accomuupoBanbl ¢
YPOBHEM (b OJUTHKYITOCTUMYJINPYIOIIETO
TOPMOHA y JKeHIIHH ¢ ['D: MapkepaMu HU3KOH
KoHIeHTpauuu FSH y OonbHBIX sBIsIeTCS
ramtorun T 1*rs11031002-rs11031005, Toraa
KaK MHHOPHBIC aJUICIIbHBIC BapHAHTHI 3THUX
aokycoB - A rs11031002 FSHB u C
rs11031005 FSHB, 51 raruIOTHIT
AC*rs11031002-rs11031005 xoppenupyroT ¢
BBICOKAM YPOBHEM FSH OOJIbHBIX.
[Tony4yeHHble HaMU JaHHBIE OTJIUYAIOTCS OT
pEe3yJIbTAaTOB paHee BBIMOJHEHHBIX ITOJHO-
reHoMHbIX uccnenoBanus Ruth K.S. et al. [17]
u Gudjonsson A. et al. [24], B koTopBIX ajienb
A 1511031002 FSHB ©6bu1 accomuupoBaH C
BbICOKMM ypoBHeM LH [17] u Huszkum
comepkanuemM FSHB [24], a amnens C
rs11031005 FSHB Obu1 cBs3aH ¢ TOHMKEHHOM
koHueHTpanueit FSH [17]. Cnengyer oTMeTuTh,
gro momumopdmm rs11031002 FSHB xax
MMOKa3aHO B  JPYIHX  TMOJHO-TEHOMHBIX
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UCCIIEIOBaHMAX, UMEET Ba)KHOE 3HAYCHHE B
PETYIISIIIAKA YPOBHS TAKHMX MOJIOBBIX TOPMOHOB
B oOpranu3sMe (M B TOM UHCJIE KEHCKOM
OpraHm3Me) Kak oOmmii u OWOJOCTYITHBIH
TECTOCTEPOH [20,25,26], COOTHOIIICHUE
tecrocrepon/SHBG  (FAI) [26]. Pasnuuus
Hamux pe3yibpratoB ¢ manHsiMu Ruth K.S. et
al. [17] u Gudjonsson A. et al. [24] mo
XapakTepy  HalpaBJIEHHOCTH  acCOLMalUi
OTJIENbHBIX aJuiesiell MOTyT OBbITh CBSI3aHBI C
TEM, YTO B BBIIIEYKa3aHHBIX MTOJTHO-TCHOMHBIX
HCCIIEIOBaHUSIX U3Yy4aJIUCh BBIOOPKHU
OTHOCUTENIFHO  3JI0POBBIX WHIUBUIYYMOB,
TOrJa Kak B HalleM  HCCIEIOBaHUU
paccMOTpeHa rpynmna mnaiueHTok ¢ [
(mIpeuMyIIecCTBEHHO  WUMENH  pa3jnyHbIe
COUYETaHUs N0OPOKAYECTBEHHBIX
nposidepaTuBHBIX 3a00JICBAaHUI MaTKH).
JluteparypHble MaTepHalbl TaK Ke
COJIepKaT JaHHbIE, B KOTOPBIX OTMEYAIOTCS
pacxoXKJIeHuss B OIIGHKax  Xxapakrepa
acconmaruii otaenbHbIX SNP (1 B TOM 4mcIe
pacrionio’)keHHBIX B peruone rema FSHB) ¢
CoJIEp’)KaHUEM OIPEJICICHHBIX TOPMOHOB [33].
OnuH U3 TakuX «IPUMEPOB» PACXOKICHUN B
OILICHKE HaIpaBlIEHHOCTH (EHOTUITUYECKOTO
a¢pdekra  ropmoH-3Haummoro  SNP -
rs11031006 FSHB, mnpuBeneH B 0030pHOIA
pabore McGrath et al. [33]. Asropsl
otMmeyarotr, 4yto rs11031006, waxomsmmiics
BHyTpH »dHXaHcepa reHa FSHB (mannbrit
Y4aCTOK F'€HOMa SIBJIIETCSI 30HOM OTKpPBITOTO
XpOMaThHa B  TOHAJOTPONHBIX  KJIETKax
runoduza [34]), ompenensieT MOBBIIMICHHYIO
skcnpeccuro  FSHB  in vitro:  mMuHOpHBIi
amnenb A 3TOro  JIOKyca CIIOCOOCTBYET
«JTy4lIEMY» CBSI3bIBAHMIO CTE€POUJOTE€HHOTO
daktopa 1 (SF1, sBusercs axTUBATOPOM
TPAHCKPUIIIIMA 3HAYUTEIHHOTO KOJUYECTBA
T€HOB THIOTAIaMO-TUNIO(PU3APHO-TOHATHON
ocu [35]) [34]. Ilpm »oTom accoruanus
MUHOPHOTO  ajjlesisi  3TOro  JIOKyca C
MOBBIIEHHOW ~ dKcnpeccuerd  FSHB  Oputa
HEOKUJAHHOW, TOCKOIbKY 3ToT SNP 1o
JAHHBIM JPYTOTO HWCCJEIOBAaHHS, B KOTOPOM
paccMaTpuBalINCh TEeHEeTHYeckue (HaKTopbl
Pa3BUTHS MOJTUKHUCTO3a TUIHUKOB, ObLT CBSI3aH
c Oomee  HHM3KMMH  KOHIICHTPAIUSIMH
nupkymupytomero  FSH  [36].  ABTops
OTMEYAIOT, YTO HEOOXOJWMBI JallbHEUIIHe

UCCIICIOBaHMS, 4TOOBI «YCTPAaHUTB» 3TH
pasnuuus W ONPEACTUTh  OJHO3HAYHO
HaIpaBJICHHOCTh (PEHOTHUMHYECKUX 3P heKTOB
TOPMOH-3HAYUMBIX JIOKYCOB [33].
3axuouenue. [lomydyennsie B pabore
JTAaHHBIE TIO3BOJISIOT CJIENIATh BBIBOJ O TOM, YTO
C YPOBHEM MOJIOBBIX TOPMOHOB Y TIAIIUEHTOK C
I'D accomuupoBansl cineayromue GWAS-
3HaunMble  JIokycel: C>G 15112295236
SLC22A10 (actpagmon), T>C rs148982377
ZNF789 u G>T rs34670419 ZKSCAN5S
(TecTocTepoH W WporecTepoH),  1>A
rs11031002 FSHB u T>C rs11031005 FSHB
(pomnmukynoctumynupyomud ropmon), C>T

rs727428 SHBG (JIFOTEeMHU3UPYIOIINI
TOPMOH), C>T rs1641549 TP53
(pommHKyTOCTUMY TUP YOI u

JTIOTEUHU3UPYIOLIUI TOPMOHBI).
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Abstract

Background: The precise cause of neuronal loss in Parkinson's disease (PD) is multifactorial,
involving genetic and environmental factors. Genetic mutations, affecting many proteins such as a-
Synuclein, Leucine-rich repeat kinase 2, and Parkin, have been implicated in sporadic and familial
cases, shedding light on key molecular pathways involved in disease pathogenesis. The aim of the
study: The present in-silico study was undertaken to study the hub protein responsible for PD
pathogenesis and the effect of mutations on its pathophysiology. Materials and methods:
Pathological proteins were selected using the KEGG database, and their protein-protein interaction
mapping was done using the STRING database, followed by network merging and hub-protein
identification using Cytoscape 3.9.1. Protein-protein docking studies were performed to study the
pathology of identified hub-protein using Hex 8.00, and their validation was done by performing
molecular dynamics simulation studies using GROMACS v2020.1. Results: o-Synuclein was
identified as the hub protein responsible for PD pathology and studied for its pathological mechanism
of aggregation in wild-type and mutated form (A53T, E46K, H50Q, A53E and G51D) using protein-
protein docking studies. On decamerization, 4 of 5 studied SNPs (A53T, A53E, G51D and H50Q)
showed better binding affinities in the VI-1V combination, while E46K showed better binding affinity
in the VII-III combination than wild-type a-Synuclein. The SNPs — A53T, E46K and H50Q,
demonstrated lower binding energies while 2 SNPs (A53E and G51D) displayed higher binding
energies in decameric form than wild-type (WT) a-Synuclein aggregates. Also, G51D and E46K
mutated oligomeric structures of a-Synuclein showed twisted morphologies. Molecular dynamics
simulation studies provided evidence for the stabilized conformation of the decameric form of wild-
type a-Synuclein. Conclusion: The study paves a good platform for further investigation to consider
the decameric form of a-Synuclein protein as a target for PD therapeutics.

Keywords: Parkinson’s disease; hub-protein; a-Synuclein; single nucleotide polymorphisms;
aggregation; oligomerization; protein-protein docking; molecular dynamics simulation
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Introduction. Parkinson's disease (PD)
IS a progressive neurodegenerative disorder
characterized by the selective degeneration of
dopaminergic neurons in the substantia nigra
pars compacta (SNc) of the brain [1]. The loss
of dopaminergic neurons in the SNc leads to a
decrease in dopamine levels in the striatum,
thus playing a critical role in motor control and
imbalances in the activity of striatal spiny
projection neurons (SPNs) [2]. In the direct
pathway of basal ganglia, the activity of striatal
SPNs is reduced, leading to decreased
facilitation of movement. Conversely, in the
indirect pathway, the activity of striatal SPNs
is increased, resulting in excessive inhibition
of movement [3, 4]. These imbalances in the
direct and indirect pathways contribute to the
motor symptoms observed in PD, leading to
bradykinesia, rigidity, and tremors.

The pathogenesis of PD involves a
complex interplay between genetic and
environmental factors. Genetic risk factors
have been implicated in the development of
sporadic and familial PD. Mutations in the
SNCA gene, encoding the a-Synuclein protein,
are found in familial forms of PD and are also
associated with sporadic cases [5, 6]. Other
genes associated with familial PD include
Parkin [7], DJ-1 [8], PINK1 [9], and LRRK2
[10]. These genetic mutations disrupt various
cellular processes within neurons and
contribute to the neurodegenerative process in
PD.

Understanding the underlying
mechanisms of PD, the main protein targets,
and the contributions of genetic mutations are
crucial elements for the development of
effective therapeutic strategies. Research
efforts focused on elucidating these
mechanisms are essential for identifying
targets for disease-modifying interventions

and improving the therapeutic potentials of
PD. The present study was carried out to
identify the major therapeutic target protein(s)
involved in the cause and progression of PD.
Also, the study attempted to have in-silico
insights into genetic variation(s), if any, of
these target protein(s) and their role in PD.

Materials and Methods

Identification of target proteins and
their protein-protein interactions

Different proteins/ protein-coding genes
involved in the pathophysiology of
Parkinson’s disease were identified using the
KEGG pathway [11] database for diseases,
with KEGG ID: map05012.

The protein-protein interaction (PPI)
networks of these identified proteins/ protein-
coding genes were retrieved using the
STRING [12] database and a single merged
protein-protein interaction network map was
generated with a confidence score of 0.40,
using Cytoscape 3.9.1 [13].

Hub-protein identification

The top 10 hub proteins involved in PD,
were identified by selecting the “merged
network™ as the target network and the node
score was calculated. The Maximal Clique
Centrality (MCC) topological algorithm of the
CytoHubba module [14] was used for Hub-
proteins’ score calculation. The Analyzer tool
of Cytoscape 3.9.1 was used to analyse the
merged network.

Retrieval and energy optimization of
the tertiary structure of identified hub-
protein

The tertiary structure of the identified
hub protein, involved in the pathophysiology
of PD was retrieved from the RCSB Protein
Data Bank (PDB) [15] and was subjected to
energy minimization using UCSF Chimera
[16] using default parameters, i.e., 100 steps of
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steepest descent (step size of 0.02 Angstrom)
and 10 steps of the conjugate gradient
algorithm (step size of 0.02 Angstrom), taking
AMBERTff14SB as the force field parameter,
along with the addition of Gasteiger charges.
The energy-minimized structure was saved in
the PDB file format for further studies.

Text mining for genetic mutations in
identified hub-protein and their structure
modelling

An extensive literature search was
performed to identify the non-synonymous
SNPs/point mutations in the identified hub
protein, reported to affect the pathophysiology
of PD. The 3D structures of the mutated hub
protein reported earlier were constructed by
homology modelling using the Swiss Model
[17]. The modelled structures were subjected
to energy minimization and optimization using
UCSF Chimera [16], using default parameters
as mentioned in Section 2.3.

Protein-protein docking study

Protein-protein docking was carried out
to study the role of mutations in Parkinson’s
disease, using Hex 8.0.0 with default
parameters i.e.  Correlation type -
Shape + Electro; FFT Mode — 3D; Sampling
method — Range angles; Grid dimension — 0.6;
Solutions — 2000; Receptor range — 180; Step
size — 7.5; Ligand range — 180; Step size — 7.5;
Twist range — 360; Step size — 5.5; Distance
range — 40; Box size — 10; Steric scan — 18;
Final search — 25 [18].

Molecular dynamics simulation study

The stability of the protein-protein
docked complex of the decameric form of the
identified hub protein was analyzed by
performing molecular dynamics simulation
[MDS] using GROMACS v2020.1 [19]. The
topology file of the protein was generated
using charmm36m [20] force field. Solvation
of the system was done by adding TIP3P water
molecules followed by neutralization using
Sodium (Na®) and Chloride (CI) ions at a
concentration of 0.1M. For maximum stability,
energy minimization of the system was
performed using the steepest descent algorithm
(5,000 steps) and potential energy of the
system was lowered up to 1,000kJ/mol.
Equilibration of the system was performed

under constant pressure (1 bar) and
temperature (310K) conditions for 10ns using
the Parrinello-Rahman barostat and Nose-
Hoover thermostat, respectively. MDS was
performed for 100ns using periodic boundary
conditions and trajectories were recorded for
every 100ps. Root Mean Square Deviation
(RMSD), Root Mean Square Fluctuation
(RMSF), Radius of gyration (Rg) and Solvent
Accessible Surface Area (SASA) were
calculated for each frame during MDS
analysis.

Results and discussion

Identification of target proteins and
their protein-protein interaction study

A total of 7 protein-coding genes,
majorly involved in the pathophysiology of
PD, were identified using the direct and
indirect pathways, as retrieved from the KEGG
database. Both the pathways had 7 common
target proteins i.e., o-Synuclein (SNCA),
Parkin, Ubiquitin carboxyl-terminal hydrolase
L1 (UCHL1), Leucine-rich repeat kinase 2
(LRRK2), PTEN -induced kinase 1 (PINK1),
Deglycase (DJ1) and High-temperature
requirement A (HTRA2).

Retrieval of
interactions

The protein-protein interaction (PPI)
networks of the identified target proteins were
retrieved from the STRING database (Fig. 1a-
g). These networks were analysed for the
number of nodes, edges, and average local
clustering coefficient. The PPI networks of all
the studied proteins displayed 11 nodes
(depicting proteins) with the number of edges
(depicting protein-protein associations) varied
from 24 to 43 while the average clustering
coefficient was observed to be around 0.8
(Table 1). Edges displayed two types of
interactions, known interactions which are
either experimentally determined or retrieved
from curated databases; and predicted
interactions based on gene fusion, gene
neighborhood, and gene co-occurrence. The
merging of individual  protein-protein
interaction networks of all the studied proteins
resulted in a single merged network map,
which was used for identifying hub protein in
the pathophysiology of PD.

protein-protein
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Fig. 1. Protein-protein interaction network map of target proteins [a) Deglycase (DJ1); b) High-
temperature requirement protein A2 (HTRAZ2); c) Leucine-rich repeat kinase 2 (LRRK?2); d) Parkin;
¢) PTEN Induced kinase 1 (PINK1); f) a-Synuclein (SNCA) g) Ubiquitin carboxyl-terminal
hydrolase isozyme L1 (UCHL1)], as retrieved from STRING database. Coloured nodes displayed
query proteins and the first shell of interactions, whereas white nodes displayed the second shell
of interactions

Table 1
Protein-protein interaction network scores of respective genes obtained from the STRING
database
S.No. Name Number of nodes | Number of edges Average Iocgl_clusterlng
coefficient

1. SNCA 11 34 0.835

2. Parkin 11 39 0.835

3. UCHL1 11 47 0.902

4, LRRK2 11 24 0.813

5. PINK1 11 43 0.818

6. DJ1 11 35 0.827

7. HTRAZ2 11 34 0.845

Hub-protein identification

The top 10 hub proteins were identified
from the merged network map, based on the
neighbourhood scores of nodes and edges
using the MCC algorithm of the CytoHubba
module (Table 2; Fig 2). The Analyzer tool
provided the summary statistics of the
undirected network map of the top 10 hub
proteins (Table 2, 3) and the average number

of neighbors was observed to be 7.600 with a
clustering coefficient of 0.927. a-Synuclein
(SNCA) was identified as the top-ranked
protein, having the highest MCC score of
12418, whereas UBC (Polyubiquitin-C) and
UBB (Polyubiquitin-B) with respective MCC
scores of 12408 and 11500, were identified as
the second and third proteins of the top 3
scoring nodes.
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Table 2
Ranking of top 10 Hub-proteins based on MCC scores obtained using CytoHubba

S. No. Name MCC Score Rank
1. SNCA 12418 1
2. UBC 12408 2
3. UBB 11520 3
4, UBA52 11520 3
5. RPS27A 11520 3
6. UCHL1 11520 3
7. HSPAS8 10230 7
8. TP53 5760 8
9. LAMP2 5040 9
10. PARK2 3438 10

Table 3
Network analyser summary statistics of the MCC top 10 merged network

S. No. Parameter name Value
1. Number of nodes 10
2. Number of edges 38
3. Average number of neighbours 7.600
4. Network diameter 2
5. Network radius 1
6. Characteristic path length 1.156
7. Clustering coefficient 0.927
8. Network density 0.844
9. Network heterogeneity 0.222
10. Network centralization 0.194
11. | Connected components 1

/

LAMP2

Fig. 2. Top scoring hub proteins identified using Maximal Clique Centrality (MCC) algorithm of
Cytohubba (Red color signifies highest score, followed by orange and yellow)
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a-Synuclein is known to exist in
dynamic equilibrium between monomeric to
oligomeric forms and vice-versa [21].
Monomeric a-Synuclein may combine to form
a pathological conformer that follows a
reversible pattern of aggregation, leading to the
formation of oligomers, protofibrils and
amyloid fibrils respectively. Multiple stacks of
amyloid fibrils form irreversible circular
disease-causing aggregations called Lewy
bodies [22]. These aggregates are resistant to
degradation due to the impaired ubiquitination
system (UBB and UBC) [23]. a-Synuclein
being the primary component of Lewy bodies,
was selected for further studies of PD
pathology.

Genetic mutations in identified hub-
protein

Monomeric a-Synuclein (140 amino
acids) has a differentially marked amphipathic
amino-terminus (residue 1-60) — the site of
single nucleotide polymorphisms (SNPs);
hydrophobic ~ non-amyloid-p ~ component
(NAC) domain (residue 61-95) — that forms the
aggregation core; and acidic carboxy-terminal
(residue 96-140) — the site of metal ion binding
[21]. Various point-mutations or SNPs- A53T
(dbSNP ID: rs104893877), AS3E (dbSNP ID:
rs1553408288), E46K  (dbSNP ID;
rs104893875), H50Q (dbSNP ID:
rs201106962) and G51D (dbSNP ID:
rs431905511), in the amphipathic region

of a-Synuclein, are reported to play possible
roles in its rate of self-aggregation [24-27].
Hence, the role of these SNPs of a-Synuclein,
on its self-aggregations, was analyzed using
the in-silico tool of protein-protein docking.

Tertiary structure retrieval and
optimisation of the identified hub-protein

The common Kkernel structure with
preNAC and NAC regions of a-Synuclein
(PDB ID: 6CU8), reported to show better self-
association/aggregation properties [28], was
selected for our study of self-aggregation rate
and patterns of mutated a-Synuclein. The
selected conformation had 10 chains of
a-synuclein, so all chains except chain-A, were
deleted and its energy-minimized structure was
used for further docking studies.

Homology modelling and structure
optimization of mutated hub-protein

Individual mutated models of selected
five SNPs of a-Synuclein (A53T, AS3E,
E46K, H50Q, and G51D) were constructed by
homology modelling using the Swiss Model, in
template mode with PDB ID: 6CU8, selected
as template. The modelled structures of
mutated oa-Synuclein were subjected to energy
minimization and root mean square deviation
(RMSD) was calculated using Chimera. A
significant RMSD was observed between
monomeric units of mutated a-Synuclein with
respect to wild-type (WT) a-Synuclein,
ranging from 0.108 to 0.118 (Table 4).

Table 4

RMSD matrix of structural alignment of monomeric forms of wild-type a-Synclein and the
selected SNPs — A53T (rs104893877), A53E (rs1553408288), E46K (rs104893875), H50Q
(rs201106962) and G51D (rs431905511)

(“V\i?’(;‘;f\'l‘;g wild A53T AS3E G51D H50Q E46K
Wild - 0.110 0.108 0.118 0.112 0.115
AS3T - B 0.009 0.041 0.007 0.014
AS3E - 0.042 0.008 0.022
G51D - 0.041 0.060
H500 - 0.010
E46K -

Protein-protein docking to study the

effect of mutations on multimerization
Protein-protein docking studies were
carried out successively, with dimer-monomer
docking to form a trimer, followed by dimer-
dimer and trimer-monomer docking to form a

tetramer and so on till decamerization, to
evaluate the differential  pattern  of
aggregations of WT and mutated forms of a-
Synuclein proteins and to analyse the effect of
SNPs or point-mutations on aggregation/self-
assembly of a-Synuclein proteins.
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The analyses of the docking studies
(Tables 5a-c) revealed that for tetramerization,
we had two possible combinations of trimer-
monomer (I11-1) and dimer-dimer (1I-11). All
the mutated and the WT structures showed
better affinity to self-associate in the 1I-1l
combination except for the SNP E46K, which

showed better results in the I11-1 combination
(Table 5a). For the Pentamer, we had two
combinations, I1-1l and 1V-1. All the models

showed better affinities in the V-l
combination. For Hexamer, a total of three
combinations V-1, V-1l and IlI-1I1 were
evaluated for oligomerization. Except for the
A53T, which showed lower energy in the
V-1l combination, all others showed lower
energies in the V-1 combination hence, the
better affinity than other studied combinations
(Table 5a).

The heptamerization also had 3 possible
combinations, V-II, IV-11I and VI-I. The WT
and SNPs- E46K and H50Q, had better
affinities in VI-1 pairing, while A53E and
G51D had lower energies in the V-II

combination and A53T showed better affinity
for V-1l combination (Table 5b). Four
possible octamerisation combinations were
investigated in our study: V-III, VI-1I, VII-I
and IV-IV. All the studied models of SNPs
showed better affinity to self-associate in the
IV-IV combination except for E46K, which
had lower energy in the V1I-1 combination and
showed a twisted morphology in the IV-IV
pairing (Table 5b).

For nonamerization, again we had four
combinations, V-1V, VI-III, VII-1I and VI-III.
WT, A5L3T, G51D, and H50Q had lower
energies in V-1V combinations, while A53E
and E46K showed better affinities in VVI1-11 and
VI-111 combinations respectively (Table 5c¢). In
the case of Decamerization, we had five
possible combinations, VII-II, V-V, VI-IV,
VII-111 and IX-I for evaluation. Except for the
E46K, all other models gave better affinities in

the VI-IV combination. However, E46K
showed better affinity in the VII-II
combination (Table 5c).

Table 5a

Binding energies of docked complexes of wild-type and mutated a-Synuclein proteins

to obtain dimers, trimers, tetramers, pentamers and hexamers

a-Synuclein Dimer Trimer Tetramer Pentamer Hexamer

(Wild/SNPs) 1-1 -1 -1 1-11 V-1 Hi-11 V-1 1V-11 11-111
WILD -1284.44 | -1006.67 | -1123.81 | -1220.84 | -1135.17 | -958.31 -1089.8 -911.22 | -798.39
A53T -1218.55 | -1090.57 | -1150.95 | -1212.36 | -1188.24 | -1037.01 | -1082.07 | -1095.66 | -980.28
A53E -1200.88 | -1178.59 | -1013.32 -1122.8 -1079.33 | -1045.54 | -1064.39 | -1036.24 | -725.54
G51D -1237.82 | -1141.82 | -1008.35 | -1013.6 -1189.34 | -951.67 | -1041.29 -967.1 | -798.57
H50Q -1222.79 | -1084.6 | -1047.31 | -1126.58 | -1149.06 | -1085.85 | -1146.32 | -1017.25 | -947.39
E46K -1224.09 | 1141.19 | -1087.8 -980.81 -1049.75 | -937.65 | -1025.22 | -980.32 | -777.64

Table 5b

Binding energies of docked complexes of wild-type and mutated a-Synuclein proteins to
obtain heptamers and octamers

a-Synuclein Heptamer Octamer

(Wild/SNPs) \all 1V-111 VI-I V-1l11 | VI-11 VII-1 V-1V
WILD -902.98 -962.79 -984.96 -878.52 -835.63 -1124.55 -1141.46
A53T -1107.35 -1118.09 -971.23 -988.88 -1230.1 -1177.15 -1275.41
AL3E -1112.47 -809.78 -990.73 -883.8 -970.95 -1084.05 -1338.22
G51D -1053.03 -875.62 -1018.41 841.37 -833.75 -917.22 -1381.83
H500 -967.94 -1000.77 -1025.62 -975.61 -1027.87 -1127.71 -1184.2
E46K -715.19 -833.17 -1169.64 -581.5 -1107.87 -1178.55 -861.48
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Table 5

Binding energies of docked complexes of wild-type and mutated a-Synuclein proteins to
obtain nonamers and decamers

a- Nonamer Decamer
Synuclein
(Wild/SN V-1V VI-II VII-II VIII-I VIII-I1 V-V VI-IV | VI-HI IX-1
Ps)
WILD -1256.7 | -808.33 | -872.89 | -1068.26 -820.1 -725.79 | -1038.42 | -819.38 -957.6
A53T -1330.33 | -986.19 | -1165.09 | -989.27 -992.5 -961.68 | -1054.96 | -878.75 | -964.87
A53E -971.6 -904.33 | -1001.5 -921 -934.34 -79451 | -953.24 | -834.33 | -799.38
G51D -920.69 | -916.04 | -822.07 | -895.93 -700.82 -869.84 | -899.17 | -839.05 | -843.84
H50Q -1117.27 | -885.2 | -1077.63 | -880.43 | -1023.94 | -880.34 | -1096.42 | -874.3 -942.14
E46K -708.62 | -1178.78 | -1104.89 | -1070.05 | -488.55 -762.41 | -833.23 | -1199.71 | -1071.51
Analysis of the effect of mutations on (-953.24 KJ/mol) on decamerization. The
aggregation/self-assembly findings were observed to be in good

Our study revealed altered binding
energies (Table 6) and morphologies (Fig. 3a-
f) of the mutated oligomeric structures in
comparison to WT oligomeric structures of a-
Synuclein. On self-assembly of A53T mutant,
a lower binding energy (-1054.96 KJ/mol) was
observed at the decamer stage i.e. oligomeric
form, in comparison to WT a-Synuclein
(-1038.4 KJ/mol), indicating high affinity of
oligomerization of the former structure. A low
affinity of self-assembly was observed for the
A53E mutant, having higher binding energy

concurrence with earlier reports [29, 30],
which showed that the substitution of alanine
with threonine at the 53 position in the AS3T
mutant formed a steric zipper in the core region
of a-Synuclein oligomers, explaining the
tendency of AS3T mutant to aggregate at a
higher rate compared to WT a-Synuclein while
the substitution of Alanine with Glutamate at
53 position (A53E) has been reported to
decrease the rate of aggregation/ self-assembly
[29].

Fig. 3. Self-aggregation patterns of decameric forms of a) wild-type a-Synuclein protein [PDB:
6CU8] and single nucleotide polymorphic a-Synuclein proteins- b) A53E (rs1553408288); c) A53T
(rs104893877); d) E46K (rs104893875); e) G51D (rs431905511) and f) H50Q (rs201106962).
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Table 6
Binding energies of docked complexes of wild-type
and mutated a-Synuclein proteins having maximum binding affinity

((l\;\?i){gfsclllelég Dimer Trimer |Tetramer | Pentamer |Hexamer |Heptamer | Octamer | Nonamer | Decamer
wild -1284.44 | -1006.67 | -1220.84 | -1135.17 -1089.8 | -984.96 | -1141.46 | -1256.7 | -1038.42
AL3T -1218.55 | -1090.57 | -1212.36 | -1188.24 | -1095.66 | -1107.35 | -1275.41 | -1330.33 | -1054.96
AS53E -1200.88 | -1178.59 | -1122.8 -1079.33 | -1064.39 | -1112.47 | -1338.22 | -1001.5 -953.24
G51D -1237.82 | -1141.82 | -1013.6 -1189.34 | -1041.29 | -1053.03 | -1381.83 | -920.69 -899.17
H50Q 1222.79 | -1084.6 | -1126.58 | -1149.06 | -1146.32 | -1025.62 | -1184.2 | -1117.27 | -1096.42
E46K -1224.09 |-1141.19 | -1087.8 -1049.75 | -1025.22 | -1169.64 | -1178.55 | -1178.78 | -1199.71

For the E46K mutation, lower binding
energy (-1199.71 KJ/mol) was observed in
comparison to WT (-1038.4 KJ/mol) and A53T
(-1054.96 KJ/mol) mutant of a-Synuclein,
along with a twisted morphology at the
nonamer and decamer stages (Fig. 3d). This
observation can be inferred from its high
affinity of self-aggregation as compared to WT
and A53T mutant of a-Synuclein concurrent to
the previous studies [29, 30], which explained
the formation of stabilizing salt bridge due to
the close proximity of E46 and K80, causing
enhanced electrostatic repulsion and increased
propensity of oligomerization.

The present docking study of H50Q
mutation of a-Synuclein for self-aggregation
revealed a lower binding energy (-1096.42
KJ/mol) as compared to WT a-Synuclein (-
1038.4 KJ/mol). The observation was also in
accordance with the earlier reports [26, 30],
which explained that the substitution of His
with GIn eliminated the imidazole's positive
charge, thereby, preventing the formation of a
salt bridge with adjacent filament. Just like
E46K, in the case of H50Q also, there is a
destabilization of the interface between the
protofibril dimers, creating a potential shift in
the equilibrium favoring self-aggregation in a-
Synuclein.

For the G51D mutant, a significant rise
in the binding energy (-899.17 KJ/mol) was
observed in higher oligomeric units like
nonamer and decamer, in addition to the
disrupted morphology (Fig. 3e). The reduced
binding affinity of the G51D mutant in later
stages of the oligomerization may be inferred
as its decreased rate of aggregation, in
concurrence with the previous studies [26, 30],
which elucidated that the additional steric bulk
was responsible for the loss of flexibility and
hydrophobicity of G51D maturated o-
Synuclein, causing the decreased rate of self-
assembly.

Molecular dynamics simulation study

The stability of the decameric form of
WT a-Synuclein was studied by molecular
dynamics simulation (MDS) and observed to
be stable throughout the period of 100 ns. The
root mean square deviation (RMSD) value was
found to increase gradually from a time scale
of 0.1ns to 36.7ns, and after that, the RMSD
value is observed to be stable within the 3A
(0.30 nm) limit, varying within the lowest of
0.61 at 36.8ns and a highest of 0.85 at 69 ns up
to 100ns (Fig. 4a). Thus, validating the docked
complex of the WT a-Synuclein.
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Fig. 4. Molecular dynamics simulation study of the decameric form of wild-type a-Synuclein
protein a) Root mean square deviation (RMSD) b) Root mean square fluctuation (RMSF) c) Solvent
accessible surface area (SASA) d) Radius of gyration (Rg)

The root mean square fluctuation
(RMSF) was calculated (Fig. 4b), and major
peaks were observed for the tails (N and C-
terminal) and minor peaks were observed for
the loop region of each monomeric unit (43-83
amino acids). The beta-sheet domain was
observed to be stable for each monomeric unit
in the decameric conformation, indicating a
stable docked complex of WT a-Synuclein.

The solvent-accessible surface area
(SASA) was observed to be constantly varying
between 200-250nm?2. This small change in
SASA explains the minor changes in the
structure of the docked complex along the
simulation and hence reflects towards stability
of the docked decameric complex of WT a-
Synuclein (Fig. 4c).

The radius of gyration (Rg) for x (Rgx),
y (Ragy) and z-axis (Rgz) were observed to be
varying between 1.67 nm and 2.14 nm,
whereas the total radius of gyration (Rg:) was
found to be constantly stabilizing around 2.3
nm, thus hinting further towards the stability of
studied structure of decameric docked complex
of WT a-Synuclein (Fig. 4d).

Conclusion. The present in-silico work
was undertaken to identify the main

therapeutic target protein responsible for PD
and the effect of mutations on its
pathophysiology. The study revealed a-
Synuclein as the main target protein, which is
a highly dynamic and disordered protein,
existing in multiple polymorphs. Therefore,
the common kernel structure of the a-
Synuclein was selected to study different
oligomerization patterns.

The protein-protein docking study for
self-aggregation of five a-Synuclein mutations
(A53T, A53E, E46K, G51D and H50Q)
revealed that there was a significant change in
the binding energies of SNPs in comparison to
WT a-Synuclein on oligomerization. 3 SNPs —
AB3T, E46K and H50Q demonstrated lower
binding energies in the decamer stage of
oligomers, indicating higher affinities and
higher rates of self-aggregation, while
2 SNPs — A53E and G51D displayed higher
binding energies in the decameric form,
inferring lower affinities and lower rates of
aggregation in comparison to WT a-synuclein.
G51D and E46K mutated oligomeric structures
of a-Synuclein showed twisted morphologies,
which may cause a decrease or increase in the
rates of aggregation depending upon the
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structural changes in the active site of a- 1998;392(6676):605-608. DOI:

Synuclein protein. The decameric form of WT
a-Synuclein was observed to be stable
throughout the molecular dynamics simulation
study of 100ns thus reflecting towards its
stability. The present study provides a good
platform for further investigation to establish
a-Synuclein decameric form as a major target
protein for PD therapeutic design and
development.
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Abstract

Background: Anemia, affecting 24.8% of the global population, is a common blood disorder caused
by deficiencies in haemoglobin or red blood cells due to factors like chronic illness, iron deficiency,
and genetics. Symptoms include fatigue, weakness, and cardiac issues. lron supplements are the
standard treatment but can have negative effects. Emerging research focuses on plant-based
treatments, especially papaya leaves, rich in polyphenols and nutrients, which show promise in
reducing anemia-related oxidative stress and improving red blood cell iron levels. The aim of the
study: To determine the anti-anemic activity of polyphenol rich extract of papaya leaves in rats.
Phytochemical compounds were analysed by a qualitative method. Materials and methods: The
evaluation of antianemia activity was initiated by induction of rats with Phenylhydrazine (60
mg/kgBW) intraperitoneally for three days; after induction, the rats were given polyphenol-rich
extract of papaya leaves for 20 days orally. On day 21, rat blood was collected through the inferior
vena cava, then the hematological profile, haemoglobin, erythropoietin concentration and
malondialdehyde were measured. Results: The results indicated that the polyphenol-rich extract of
papaya leaves contained various phytochemical content. The total phenol content was a 41.3256 +
0.4792 mg GAE/g sample, whereas the total flavonoid content was a 12.87+0.3387 mg QE/g sample.
Antioxidant activity from the DPPH assay was evaluated as an ICso concentration of 40.49 pg/ml. In
vivo examination revealed that papaya leaves extract has the potential as antianemic. The dose of 100
mg and 200 mg/kgBW showed hematology profile improvement significantly different from the
negative control (p<0.05). Conclusion: The doses of 100 mg and 200 mg/kg BW showed potent
activity in improving anemic rat condition.
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Introduction. Anemia is a prevalent
blood disorder that affects the production and
function of blood cells in the body [1]. Anemia
occurs when the body does not have enough
red blood cells or haemoglobin, the protein in
red blood cells that delivers oxygen throughout
the body [2]. Many reasons, such as iron
deficiency, vitamin insufficiency, chronic
sickness, or heredity, can cause anemia. The
signs of anemia can include fatigue, weakness,
shortness of breath, pale complexion, and
irregular heartbeat [3]. The prevalence of
anemia might vary based on the population
being investigated and the description of the
disease [4]. According to the World Health
Organization (WHO), anemia affects around
1.62 billion people globally, about 24.8% of
the world population [5]. The prevalence of
anemia is highest in preschool-age children,
pregnant women, and non-pregnant women of
reproductive age. lron deficiency is the most
common cause of anemia globally [6]. The
occurrence is higher in specific populations,
such as persons with immunological diseases,
cancer, and other diseases.

The significance of anemia lies in its
wide-ranging health implications. It is often
associated with various symptoms like fatigue,
weakness, and in severe cases, it can lead to
complications such as heart problems. Anemia
can be caused by numerous factors, including
nutritional deficiencies, chronic diseases, and
genetic conditions [7]. The most common type,
iron deficiency anemia, is often treated with
iron supplements, which can have side effects
and limitations in efficacy [8]. In recent years,
there has been a growing interest in natural
remedies for anemia, largely driven by the
desire to find treatments with fewer side effects
and better patient compliance. This shift
towards plant-based solutions for health
problems is part of a broader trend in medical
research that seeks to harness the potential of
natural compounds for therapeutic purposes.

Polyphenols is a category of compounds
abundantly found in plants that have garnered
attention due to their antioxidant properties
and potential health benefits [9]. They are
believed to play a role in mitigating oxidative
stress, a condition linked to various diseases,
including anemia. The exploration of
polyphenols in the context of anemia treatment
is still in its early stages, but preliminary
studies have shown promising results. Among
the various plants studied for their medicinal
properties, papaya (Carica papaya L.) stands
out. Widely consumed for its nutritional value,
papaya is also recognized in traditional
medicine for its therapeutic properties. The
leaves of the papaya plant, in particular, have
been used in various cultures to treat a range of
ailments. Rich in essential nutrients and
bioactive compounds, including polyphenols,
papaya leaves have been the subject of
scientific investigations for their potential
health benefits. Papaya leaves (Carica papaya
L.) is a plant commonly used in traditional
medicine to treat various health conditions,
including anemia. Papaya leaves are rich in
nutrients such as iron, which are essential for
the production and function of red blood cells
[10, 11]. Moreover, the papaya leaves have an
abundance of phenols and flavonoids content
and also other includes secondary metabolites
in the form of tannins, saponins, alkaloids,
terpenoids, and steroids [12]. Additionally,
research indicated that leaves from Carica
papaya were shown to enhance the production
of red blood cells in mice [13]. The iron in
papaya leaves is an essential component of
haemoglobin as well as potassium that
engaged in the management of fluid and
electrolyte balance, which is essential for the
maintenance of a healthy blood volume [14].
However, there is currently no research that
investigates the mechanism by which
erythropoietin facilitates the development of
red blood cells in animal model,therefore, this
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study establishes the hypothesis  of
erythropoietin as a mediator in the maturation
of red blood cells.The experimental anemic
animal model can be developed in rats by
administering Phenylhydrazine (PHZ) [15].
Immune activation is connected with PHZ-
induced anemia in the affected biological three
systems. PHZ causes erythrocyte lysis by
activating immune cells and causing oxidative
damage to haemoglobin and membrane
phospholipids [16]. This study's primary goal
was to examine the phytochemical constituent
of papaya leaf extract and optimize the dose of
papaya leaf extract as an anti-anemic agent.

The aim of the study. To assess the anti-
anemic effects of a papaya leaf extract that is
high in polyphenols in rats. Furthermore, the
qualitative  analysis of  phytochemical
substances was conducted to examine the
secondary metabolite.

Materials and Methods

Materials

The materials used were 96% ethanol
(Merck), Phenylhydrazine (Merck), Elisa Kit
Erythropoietin (E-Lab Science), gallic acid
(Sigma), 1-diphenyl-2-picrylhydrazyl (DPPH)
(Sigma), TCA-TBA Reagent, DPPH,
AICI3.6H20 (Merck), 1, Folin—Ciocalteu
(Sigma), Quercetin (Sigma), distilled water,
sodium acetate (Merck), and sodium
bicarbonate (Merck). The tools used are
laboratory glassware, microtitration plate 96,
microtube, rotary evaporator (Mingyi),
Hematology Analyzer XN 450 (Sysmex), UV-
Vis  Spectrophotometer (PEAK), Elisa
microplate reader (DIATEK). The animals
used were rats weighing 150-180 grams
obtained from the Faculty of Pharmacy,
Universitas Sumatera Utara, Indonesia and
approved by Animal Research Ethics
Committees (AREC), Universitas Sumatera
Utara with approval number 0345/KEPH-
FMIPA/2023.

Plant  Collection and
Preparation

A total of 300 grams of powdered dried
leaves was extracted using a mixture of ethanol
and water (70:30, v/v) through maceration.
The extraction process involved constant
stirring at a temperature of 25°C. After 24

Extract

hours, the mixture was filtered. This method
was replicated twice, resulting in a total of
three  extractions. The extracts were
subsequently pooled and subjected to
centrifugation at a speed of 3500 rpm for a
duration of 10 minutes at ambient temperature.
The liquid portion was condensed using a
rotary evaporator at a temperature of 38°C to
yield the hydroethanolic extract (HESc). The
HESc sample was separated using chloroform
(1:1 v/v; 3 times), followed by extraction of the
water phase using ethyl acetate (1:1 v/v; 3
times). The ethyl acetate fraction was
evaporated under reduced pressure and freeze-
dried, resulting in the production of a
polyphenol-rich extract (PESc) [17].

Phytochemical constituent analysis

The extract was screened for the
presence of alkaloids, flavonoids, glycosides,
tannins, saponins, triterpenoids, and steroids
using the standard procedure for qualitative
determination [18, 19].

Thin Layer Chromatography of
Flavonoid Compound

Flavonoids were detected by thin-layer
chromatography (TLC) using a mobile phase
consisting of chloroform: ethyl acetate (6:4
v/v), which was saturated on silica gel in a
static condition. A maximum of 10 mg of
extract was diluted in 1 mL of methanol. A 5
pL volume of the solution and a 5 pLL volume
of the reference solution were applied to the
medium and allowed to dry. Subsequently, the
lower boundary of the silica gel was immersed
in the fully saturated mobile phase until the
solution reached the upper boundary. The
desiccated silica plate was subsequently
identified under UV light at a wavelength of
254 nm following exposure to ammonia vapor.
The identified locations were further assessed
for their motion using their retardation factor
(Rs) [20].

Total phenolic content

The extract's total phenolic content was
measured using the Folin-Ciocalteu method.
200 pL of crude extract (1 mg/mL) was diluted
to 3 mL with distilled water, thoroughly mixed
with 0.5 mL of the Folin-Ciocalteu reagent for
3 minutes, and then 2 mL of 20% (w/v) sodium
carbonate was added. Absorbance was
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measured at 650 nm after the mixture had been
left to stand in the dark for an additional 60
minutes. The total phenolic content was
calculated using the calibration curve, and the
results were expressed in milligrams of gallic
acid equivalent per gram of dry weight [21].

Total flavonoid content

The total flavonoid concentration was
determined using the aluminum chloride
colorimetric method. An initial 50 puL of crude
extract (1 mg/mL ethanol) was diluted to 1 mL
with methanol before being mixed with 4 mL
of distilled water and 0.3 mL of a 5% NaNO>
solution. The mixture was then allowed to rest
for 5 minutes before being added with 0.3 mL
of a 10% AICIs solution. The volume was then
adjusted to 10 mL with double-distilled water
after adding 2 mL of a 1 mol/L NaOH solution.
The absorbance at 510 nm was taken after the
mixture had stood for 15 minutes. Final results
were expressed as mg of equivalent quercetin
per gram of dry weight, and the total flavonoid
content was calculated using a calibration
curve [20].

Determination of DPPH radical
scavenging activity

In brief, 1 mL of DPPH solution was
added to 1 mL of test samples with
concentrations of 0 g/mL, 50 g/mL, 100 g/mL,
150 g/mL, 200 g/mL, and 250 g/mL. Then,
3 mL methanol added. Shaken until thoroughly
combined, then placed in a dark room for thirty
minutes. The absorbance at 513 nm was then
determined using a UV-Vis
spectrophotometer. Determine the value of
antioxidant activity using the linear regression
equation between percent inhibition and

sample concentration, where the Xx-axis
represents sample concentration and the y-axis
represents percent inhibition (ICsg). In order to
find the equation y = bx + a. The value of y is
subsequently altered to 50. I1Csq is the sample
concentration required to prevent 50% of
DPPH radicals from occurring [22].

Treatment design

Rats were devided into 5 groups: group
1 as Normal Group, Group 2 as PHZ group,
and Group 3, 4 and 5 as an extract treatment
group. The procedure for examining the
antianemia effect was initiated by induction of
rats using Phenylhydrazine (60 mg/kgBW)
intraperitoneally for three days [23]. After the
induction, the papaya leaf polyphenol rich
extract was administered at doses of 50, 100,
and 1200 mg/kg BW for 20 days orally. On day
21, after administration of the ethanol extract
of carica papaya leaves, rat blood was passed
through the inferior vena cava, then the
hematological profile, haemoglobin,
erythropoietin, malondialdehyde were
measured by standard procedure.

Statistical analysis

All results were analyzed using ANOVA
with the Tukey's Multiple Comparison Test. P
values for significance were set at 0.05. Values
for all measurements are expressed as the mean
+ SD. Histogram data were constructed by
using GraphPad Prism Software 9.0 [24].

Results

Phytochemical Constituent Analysis

Qualitative analysis of the compounds in
extracts of papaya leaves was performed using
a standard procedure in Table 1 and Figure 1.

Table 1
Phytochemical Screening Result

No. Content Reagent Dried Sample | Polyphenol Rich Extract
1 flavonoids HCL(c), Mg powder. Amyl alcohol + +
2 alkaloids Mayer +

Bouchardat +

Dragendorf + -
3 saponins Foam test + +
4 tannins FeCl3 + +
6 steroids/terpenoid Liberman Burchard + -
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Fig. 1. Thin Layer Chromatography Polyphenol Rich Extract Carica Papaya Leaves,
CP= Carica Papaya extract; S: Standard of Quercetin. A = observed under UV light at 254 nm,
B = observed under UV light at 366 nm.

The results of the phytochemical
screening demonstrate that the leaf extracts of
Carica Papaya contain a wide variety of
compounds. The dried sample and the
polyphenol-rich extract contain flavonoids,
saponins, tannins, and other compounds,
indicating a diverse phytochemical profile.
This composition potentially accounts for the
therapeutic attributes attributed to papaya
leaves. The potential exclusion of alkaloids
and steroids/terpenoids from the polyphenol-
rich extract, in contrast to the desiccated
sample, may be attributed to the particular
extraction technique employed for polyphenol
enrichment. The optimization of extraction
procedures may be guided by this observation,
contingent upon the intended phytochemical
composition. The TLC analysis conducted at
various wavelengths in Figure 1 offers a
comparative assessment of the performance of

papaya leaf extracts in relation to a recognized
standard (Quercetin). The observation of
distinct bands suggests the existence of
numerous compounds that have different
affinities towards the mobile phase. The
discernibly more pronounced profile of the
extract when exposed to UV light at 366 nm as
opposed to 254 nm indicates that certain
compounds exclusively exhibit fluorescence at
the latter wavelength. This information may
facilitate the subsequent identification and
quantification of certain compounds found in
the extract.

Total Phenol, Flavonoid and In Vitro
Antioxidant Activity

Spectrophotometer UV-VIS performed
the quantitative analysis of total phenol,
flavonoid and in vitro antioxidant activity of
papaya leaves. The results are presented in
Table 2.

Table 2
Total phenol, flavonoid and in vitro antioxidant activity of papaya leaves
Mean Total Phenol Mean Total Flavonoid o
Sample Content Content ( /:’31)
(mg GAE/g sample) (mg QE/g sample) ne
E‘g\’/’epsheno' rich extractof papaya | 44 39564 04792 12.87+ 0.3387 40.49 pg/ml
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Papaya leaves are a rich source of QE/g sample, moreover for the antioxidant
phenolic  compounds and  flavonoids, assay was evaluated that 1Cso was 40.49 pg/ml.
associated with various health benefits, Anti-anemic evaluation
including potential benefits for anemia. In vivo anti-anemic evaluation was
Studies have shown that papaya leaves contain carried out by inducing experimental rats using
a high level of total phenolic compounds, Phenylhydrazine. Phenylhydrazine is a
which have antioxidant properties and may chemical substance that has been used to
help to protect against oxidative stress and induce hemolytic anemia in animals model.
inflammation [25]. The result in Table 2 The evaluation of anti-anemic activity of
revealed that the total phenol content was papaya leaf extract is presented in Figure 2 and
41.3256 + 0.4792mg GAE/g sample, whereas 3. Moreover, blood morphology can be seen in
total flavonoid content was 12.87+ 0.3387mg Figure 4.
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Fig. 4. Blood smears for the (a) normal group, (b) phenylhydrazme (PHZ) control group,
and (c) 50 mg/kg, (d) 100 mg/kg, (e) 200 mg/kg extract-treated PHZ-induced anemia groups.
Red arrows show stomatocytes, and yellow arrows show hypochromic cells.

Discussion. Papaya leaves are a rich
source of phenolic compounds and flavonoids,
associated with various health benefits,
including potential benefits for anemia.
Studies have shown that papaya leaves contain
a high level of total phenolic compounds,
which have antioxidant properties and may
help to protect against oxidative stress and
inflammation [25]. The result in Table 2
revealed that the total phenol content was
41.3256 + 0.4792 mg GAE/g sample, whereas
total flavonoid content was 12.87+ 0.3387 mg
QE/g sample, moreover for the antioxidant
assay was evaluated that IC50 was
40.49 ng/ml.

Method modifications were made during
the extraction process in order to increase the
phenol content; the separation procedure was
supplemented with chloroform and ethyl
acetate to increase the phenol content. Phenols,
known for their aromatic structure with one or
more hydroxyl groups, require specialized
extraction methods for efficient separation.
Initially, chloroform (CHCls), a non-polar
solvent, is used to remove less polar impurities
[26]. Subsequently, ethyl acetate
(CHsCOOCH:CHs), a moderately polar
solvent, is employed to selectively dissolve the
phenolic compounds [27], This two-step

approach, leveraging the distinct polarities of
the solvents, optimizes the yield and purity of
the phenols. The resulting phenol-rich ethyl
acetate layer is then separated, and the solvent
removed, typically through evaporation, to
yield a concentrated phenol extract.

Figure 2(a) and 2(b) suggested that the
RBC and HB count of rats at several dose
variations at a dose of and 200 mg/kg BW was
significantly different to the PHZ control
group (P < 0.01), this suggests that the
administration of papaya leaves can decrease
PHZ induced anemia and increase the RBC
count.  Moreover, haemoglobin levels
increased significantly at all treatment doses.
Erythropoietin ~ concentration  evaluation
present in Figure 1(c) at treatment group of 100
and 200 mg/kg BW suggested significance
found (P < 0.05) compared to PHZ group,
Furthermore the result MDA evaluation in
Figure 1(d)) reported that the papaya leaf
extract at a dose of 50,100 and 200 showed
mg/kg BW improvement (P < 0.0001)
compared to PHZ group. Overall result
suggested that the lowest dose that showed
potent activity as an anti-anemic agent is 100
mg/kgBW. The findings of this study
demonstrate that papaya leaf extract has a
notable anti-anemic impact. This is supported
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by the observed rise in red blood cell and
haemoglobin levels, as well as a decrease in
bleeding time and an increase in platelet count
in rats with induced anemia caused by PHZ.
These results support the concept that phenolic
chemicals, which are particularly found in
papaya leaves, can improve anemia by
safeguarding red blood cells from oxidative
harm, thus extending their lifespan [28].

The improvement in red blood cell
concentration and haemoglobin levels indicate
an improvement in the production of blood
cells. This is supported by the increased levels
of erythropoietin (EPO) in rats treated with 100
and 200 mg/kg BW of papaya leaf extract,
suggesting a potential stimulating effect on the
production of red blood cells, potentially
through the involvement of the kidney and
other blood-forming tissues. Erythropoietin
(EPO) plays a crucial role as the primary
hormone in the synthesis of red blood cells. An
elevated level of EPO is commonly seen as a
compensatory reaction to anemia [29].

An important discovery of this study is
the substantial reduction in malondialdehyde
(MDA) levels following the ingestion of
papaya leaf extract. MDA serves as a
biomarker for oxidative stress and lipid
peroxidation. Its decrease indicates that the
antioxidant qualities of papaya leaf phenolics
efficiently alleviate oxidative stress, a primary
mechanism via which phenylhydrazine causes
anemia [30]. When comparing these findings
to previous studies, the antioxidative activity
of papaya leaf extract aligns with the research
conducted by Gheith and EI-Mahmoudy in
2019, which observed a notable reduction in
oxidative indicators in anemia rat model with
acute renal injury after administration of the
herbal extract [14]. Nevertheless, this study
expands upon previous discoveries by
providing quantitative evidence of the extract's
effectiveness, which is directly proportional to
the dosage. The results indicate that a
minimum dose of 100 mg/kg BW is required
to demonstrate anti-anemic characteristics.

The current study shows a more
significant increase, suggesting a potentially
more pronounced or stronger stimulatory
effect of papaya leaf extract on EPO

production, which may facilitate red blood cell
maturation [31]. The putative processes
presented here are substantiated by the existing
literature on the potential of phenolic
compounds to effectively eliminate harmful
free radicals and safeguard erythrocytes from
oxidative harm [32]. It is crucial to
acknowledge the constraints of this study,
which include the requirement for additional
research on the specific bioactive compounds
present in papaya leaves that are responsible
for the observed effects, the molecular-level
mechanisms involved, and the long-term
safety and effectiveness of these extracts in
different populations. The study's findings
have important implications for the field of
herbal medicine. It suggests that herbal
medicine could be a promising approach for
managing anemia, however further research is
needed to confirm these results in real-world
medical settings. Further investigation should
prioritize the identification of the bioactive
components present in papaya leaf extract and
the clarification of the intracellular
mechanisms responsible for the reported
hematopoietic and antioxidative benefits.
Figure 4 a illustrates the visual
characteristics of red blood cells in regular rat
blood, which exhibit a uniform size and shape
and possess a distinct biconcave disc
morphology. Typical red blood cells exhibit a
pinkish red hue and possess a substantial
central region as a result of the presence of
haemoglobin. In contrast, Figure 4b displays
significant variations in the dimensions and
hue of the red blood cells in the PHZ-treated
group, accompanied with hypochromic cells
which suggest the existence of anemia
[33]. These data thus verified that PHZ can
cause hemolytic anemia by impairing red
blood cells, particularly by suppressing the
generation of new red blood cells in the bone
marrow and eliminating preexisting red blood
cells [34]. Despite not completely restoring the
size, shape, and color of red blood cells
damaged by PHZ (Figure 4c-e), treatment with
polyphenol rich extract of papaya leaves at
different concentrations significantly
enhanced red blood cell production and
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increased the haemoglobin concentration in the
anemic rat model.

Conclusion. In vivo examination
revealed that papaya leaf extract has the
potential as antianemia. Several treatment
doses showed an improvement in the
haematological profile that was significantly
different from the PHZ control (p<0.05). The
doses of 100 mg and 200 mg/kg BW have the
potential to be candidates for antianemia
agents.
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MeTaboauyeckue 1 PYHKIMOHAJIbHbIE
3P PeKTHl KOMIUIEKCHON Tepanuy MoYe4YHou
U CEPACYHO-COCYAUCTOU NATOJIOI U
UHIMOMTOPAMHU HATPUU-TIIIOKO3HOI0
KOTpPaHcHopTepa 2 TUNA Y 00JIbHBIX
caxapubsIM guaderom u Covid-19 (0630p)

C.I'. I3yrkoes 2, ®.C. /I3yrkoesa ', A.E. XyoyJsoBa , O.U. Mapruesa

®denepalibHOE TOCYJAPCTBEHHOE OI0/KETHOE YupexkaeHne HayKu DenepalibHbIil HAyYHbIN [IEHTP
«BiagrKkaBKa3CKUil HAy4YHbI LEHTP POCCUICKON akaieMuu HayK»,
yi. Bunbsimca, a. 1, c. Muxaitnosckoe, 363110, Poccuiickas ®enepanus,
Aemop ons nepenucku: C.I". /[3yexoes (patbiochem@mail.ru)

Pe3rome

AKTyaJbHOCTB: M3ydeHHe MEXaHU3MOB DAa3BUTUS XPOHMYECKOM NATOJOTUM IIOYEK U
COIyTCTBYIOIIMX HApYIIEHUH CEpAECYHO-COCYIUCTON CHUCTEMBI Y OOJIbHBIX CaXxapHbIM JHa0ETOM 2
tuna (C/[-2) u ero coueranue ¢ Covid-19 ocraercst aktyanbpHO#H mpobiiemoii. COBpeMEHHBIE METOTbI
tepanuu 00apHBIX CJ[ peKOMEHIYIOT K HMCIIOJIb30BAaHMIO HOBBIN KJlacc MpernapaToB - HHTHOUTOPOB
AKTUBHOCTHM HATPUI-IIIFOKO3HOTO KOTPAaHCIOPTEPOB-2 THIIA, @ TAKKE CTUMYJIHMPYIOIMIMX CEKPELNI0
MHCYJIMHA: arOHUCTOB IJIFOKOTOHOIIOJ00HOTO MENTUAd, WHIMOUTOPOB AMUINENTUAMINEHTHAA3bI-4.
Iesab uccnenoBanusa: AHaau3 JaHHBIX JUTEPATYPBI O MEXaHU3MaX JAEHCTBHUS HHTHOUTOPOB HATPpU
[JIFOKO3HOTO KOTPAHCIIOPTEPOB B TEPANUMU XPOHUYECKOM MOYEUYHOW M CEPACYHO-COCYIHUCTOU
narosyorun y 6ombHbix CJ] u Covid-19. MaTepuanbsl U MeToabl: MeTOIOIOrHYECKHEe MOAXO/IBL,
UCIOJIb3yeMble B 0030pe AJis peanu3alii MOCTAaBJICHHOW IIE€JM, OCHOBBIBAIOTCS HAa M3YYEHUU B
pedeparuBHbIXx 0azax manHbix: PubMed, Google scholar, E-library ucrounukoB murepaTypsbl
nocneanux 10 et (6onee 135 UCTOYHUKOB), U3 KOTOPBIX B 0030p BKIIIOUEHBI JaHHBIE 58 cTareii: 24
OpPUTMHAJIBHBIX cTaTel, 18 0030poB, 6 MeTaaHaMN30B, | MMCbMa peakTopy, | paHAOMU3UPOBAHHOTO
HCCIIEIOBaHUsA, 6 pPETPOCHEKTHUBHBIX KOTOPTHBIX WCCIEIOBAHUMN, 2 3asBICHUM O TMO3UIUHU
EBpornelickoii 1 AMepukaHckol acconuanuid. Pe3yabrarsl. PaccMOTpeHbl MEXaHU3MBI J1E€HCTBUA
narnOuTOpoB HI'JIT-2 THIIa B CBETE peHO- U KapauonpoTeKin. BeisiBiena ciocoonocts nHIJIT-2
OKa3bIBaTh MO3UTUBHOE BIMSHUE HA MPOLIECCH MPOKCUMAIbHON peabcopOLMu TIII0KO3bl U HATPHUS, a
TaKke Ha CKOpOCTh K1y0oukoBoit pribrparuu (CK®D). [IpoBeaeH aHamm3 MexaHU3MOB B3aUMOCBSI3H
CHA u Covid-19. YcraHoBiIeHa aHTHOKCHUAAHTHAs CIIOCOOHOCTh ITHX IPENApaToOB, BCIEICTBHE
nonasneHuss akTuBHOCTH [IOJI B MHUTOXOHAPHUSX KIIETOK MPOKCHUMAJIBHBIX KaHAJbIEB IOYEK.
YcranosneHo caxapocHmxkatouiee aevicrsue MHIJIT-2, ynydineHne riamkeMU4ecKoro KOHTPOJI,
CHIDKEHHE MacChl Tejla W apTrepuainpbHoro pasineHus. B rpymme OonbHbix CJI-2 mpuém
sMnarii(Io3uHa BbI3BAJ YTHETEHHWE YacTOThl CIy4aeB IOBBILIIEHHS KpeaTWHWHa Ha 46%, a
MOTPEOHOCTh B 3aMECTHTENIIPHOW TOYEYHOM Tepanmuu Ha 55% CpaBHHUTENBHO C 1uUianedo.
[Mocnenyromee HaOMIOIEHUE TALIMEHTOB MTOKA3AJI0 ITUTEIbHYIO CTAOMIN3aLNIO (PYHKIMH TOYEK, YTO
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BBIpaXXaJIOCh B nojzepxkaHuu ypoBHs CK®, yMeHbIIEHUHN CITy4aeB JEeTAIbHBIX UCX010B Ha 40%.
[Ipoananu3upoBaHbl ~MEXaHU3MBI JCUCTBHS H  JPYTrUX MpenaparoB: MeTHOpMUHA U
riokokoptukonioB ipu CJI u Covid-19. 3akiiouenne: DnuIeMHOIOTHYSCKIMHI HCCIICIOBAHUAMHE
BEIsIBJICHO, 4TO CJ] siBnsieTcst (pakTOpOM prCKa pa3BUTHUS MATOJIOTHH KapIUO-PEHAILHON CUCTEMEBI B
cogetanuu ¢ Covid-19. Bxarouenne uwHIJIT-2 B aHTHAMAOETHUYECKYIO TEPAIUIO IT03BOJISIET
MOBBICUTh 3(PPEKTUBHOCTH JICYCHUS W HMX CIIOCOOHOCTh OKa3biBaTh HEPPONMPOTEKTUBHOE U
KapAHOIMPOTEKTUBHOE ICHCTBUS.

KutoueBble ci1oBa: caxapHblil 11abeT; MHTUOUTOPBI HATPUI-TIIIOKO3HOTO KOTpaHCIopTepa 2 TUIIa;
HedpomaThs; CepIeuHO-COCYAUCTast HeI0CTaTOuHOCTh; Covid-19

Jas murupoBanusi: J[3yrkoeB CI', J[3yrkoeBa ®C, XybOynoBa AE, u ap. Merabonuyeckue u
¢byHKIIMOHATBHBIE 3()PEKTHl KOMITJIEKCHOM Tepanuy MOYEYHON U CepIeYHO-COCYJUCTON MaTOJIOTUN
MHTHOUTOpaMU HATPUH-TIIFOKO3HOTO KOTpaHCIopTepa 2 THIMA y OONBHBIX CaXapHBIM AHA0ETOM U

Covid-19 (0630p). Hayunble pe3ynabTaThl OMOMEAMIIMHCKUX HcciaenoBanuii. 2025;11(2):286-302.
DOI:10.18413/2658-6533-2025-11-2-0-6

Metabolic and functional effects of complex
therapy of renal and cardiovascular pathology
with sodium-glucose cotransporter type 2
Inhibitors in patients with diabetes mellitus
and Covid-19 (review)
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Olga I. Margieva
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Abstract

Background: Studying the mechanisms of development of chronic kidney pathology and
concomitant disorders of the cardiovascular system in patients with type 2 diabetes mellitus (DM2)
and its combination with Covid-19 remains an urgent problem. Modern methods of treating patients
with diabetes recommend the use of a new class of drugs — inhibitors of the activity of sodium-glucose
cotransporter-2, as well as those stimulating insulin secretion: glucagon-like peptide agonists,
dipeptidyl pentidase-4 inhibitors. The aim of the study: Analysis of literature data on the
mechanisms of action of sodium glucose cotransporter inhibitors in the treatment of chronic renal and
cardiovascular pathology in patients with DM and Covid-19. Materials and methods: The
methodological approaches used in the review to achieve this goal are based on the study of abstract
databases: PubMed, Google scholar, E-library literature sources of the last 10 years (more than 135
sources), of which the review included data from 58 articles: 24 original articles, 18 reviews, 6 meta-
analyses, 1 letter to the editor, 1 randomized trial, 6 retrospective cohort studies, 2 European and
American Association position statements. Results: The mechanisms of action of type 2 SGLT
inhibitors are considered in the light of reno- and cardioprotection. The ability of NGLT-2 to have a
positive effect on the processes of proximal reabsorption of glucose and sodium, as well as on the


https://orcid.org/0000-0002-0597-6104
https://orcid.org/0000-0002-4208-8157
https://orcid.org/0000-0001-7955-779X
https://orcid.org/0000-0002-3557-0586

Opuzuuaﬂbmm cmamaousl

J3yekoes CT, u dp. Memaboauyeckue u gyHKYUOHANbHBIE ... 288
Original article

Dzugkoev SG, et al. Metabolic and functional effects of complex ...

glomerular filtration rate (GFR) was revealed. An analysis of the mechanisms of the relationship
between diabetes and Covid-19 was carried out. The antioxidant capacity of these drugs was
established due to the suppression of LPO activity in the mitochondria of the cells of the proximal
tubules of the kidneys. The hypoglycemic effect of NGLT-2, improvement of glycemic control,
reduction of body weight and blood pressure has been established. In the group of patients with type
2 diabetes, taking empagliflazine caused a suppression of the incidence of increases in creatinine by
46%, and the need for renal replacement therapy by 55% compared with placebo. Follow-up
of patients showed long-term stabilization of renal function, which was reflected in the maintenance
of GFR levels and a reduction in deaths by 40%. The mechanisms of action of other drugs were
analyzed: metformin and glucocorticoids in diabetes and Covid-19. Conclusion: Epidemiological
studies have revealed that diabetes is a risk factor for the development of pathology of the cardiorenal
system in combination with Covid-19. The inclusion of SGLT-2 inhibitors in antidiabetic therapy can
increase the effectiveness of treatment and their ability to provide nephroprotective and
cardioprotective effects.

Keywords: diabetes mellitus; sodium glucose cotransporter type 2 inhibitors; nephropathy;
cardiovascular insufficiency; Covid-19

For citation: Dzugkoev SG, Dzugkoeva FS, Khubulova AE, et al. Metabolic and functional effects
of complex therapy of renal and cardiovascular pathology with sodium-glucose cotransporter type 2
inhibitors in patients with diabetes mellitus and Covid-19 (review). Research Results in Biomedicine.
2025;11(2):286-302. Russian. DOI:10.18413/2658-6533-2025-11-2-0-6

BBenenue. l3ydyeHne MeXaHHU3MOB Bcenencreue [OTepHU reMorjIoONHOM
Pa3BUTHUA COCYAUCTBIX OCJIOXKHEHHH TpHU KHUCTIOPOITPAHCIIOPTHOM byHKIHH,
caxapHom nquabderte (CJ]) siBnseTcs akTyaibHOM pa3BUBaeTCA reMudecKas TUTIOKCHS,

po6IeMOH, IIOCKOJIBKY ~ IIPEACTaBISAET 00pa3yloTcsi aKTUBHBbIE (DOPMBI KHCIOpOJA

OTIaCHOCTH JUTS 3JIOPOBBSI U KAa4yeCTBa YKU3HU
HaceneHus B Poccum um B Mupe. 31O
XapakTepHoe 3a0oJjieBaHHE, MpPH KOTOPOM
Pa3BUBAIOTCS MHKPO- M MAaKpOAHI'MONATHU:
perunonatuu (PII), wedpponmatum (HII) u
HelpoaHrHonaThu.

HaubGonee Tsxenmoit ¢opmoit  3TuX
COITyTCTBYIOIIUX aToJIOTUi ABIISIETCSA
He(pomnarus, crnocodoctByomas y 40 %
6onbHbIX CJ] pa3BUTHIO HEIOCTaTOYHOCTH
¢ynkuun nouek. bonee 30% OGonpHbIX CJI C
MOYEUHOW  MAaTONOTHeH  HYXKIAlTCI B
remomuanuze [1]. B ocHoBe pa3BuTHA
COCYIUCTBIX OCJIOKHEHUHN JexaT
MeTabonnuecKue IPOLIECCHI,
XapakTepu3yloliue  HapylmieHue  oOMeHa
VIJIEBOJOB:  CTAaOWJIbHAS  TUIEPTIUKEMUS,
MOBBIIIIEHUE YPOBHS TJTUKAPOBAHHOTO
remorioouna (HDbAc) U TIMKO3HIHpOBAHUS
O€eJIKOB. Hecnoco6HOCTD KJIETOK
YTHIU3UPOBATh TIIOKO3y  COMPOBOXKIACTCS
TUCITUMUIUMHUEN:  TOBBIICHHMEM  YPOBHS
obmero xonectepura, XC JIIIHIIT wu
cHbkeHueM  coxepxkanus  XC  JIHIBIL

(ADK) u pa3BuBaercs npoliecc nepeKucHoro
okucnenus sumuaoB (IIOJI). Passutue
OKHUCJIUTEIBHOIO  CTpecca  CIIOCOOCTBYET
UHTUOUPOBAHUIO YPOBHS 9KCIPECCHH
saporenuanbHoi  NO-cuntazer (eNOS) u
HPOAYKIIMH CyMMAapHBIX METa0OJIUTOB OKCHJIA
azora (NOX) Kak OCHOBHBIX Ba30/AHJIaTaTOPOB
[2]. OTn u3MeHEHMs MPUBOJAT K HAPYIIEHUIO
MUKPOILUPKYISIPHON TeMOIMHAMUKHU B
HepOHE U TOBPEXKACHUIO KIyOOUKOBOTO
ammapara.  Mapkepom  HII  sBusroTcs
U3MEHEHHsI (UIBTPALMOHHONW CIIOCOOHOCTH
MOYEK U MAaTOMOP(OJIOTHUECKUE H3MEHEHUS B
CTPYKTypax KiIyOOUYKOB, NPUBOAALIME K
rJIOMepyJIocKieposy [3].

PaccmarpuBas  BOIpOCHI  JI€YECHUSA
6oapHBIX C/I-2 THMa U onpezeneHue YETKUX
aJIrOpUTMOB YIIPABJICHUS JAHHBIM

3a00JIeBaHNEM, aKTyaJIbHBIM OCTAETCS BO BCEX
KJIIMHUYECKUX PEKOMEHJIALUAX TNPUMEHEHUS
MeT(OpMHHA, HECMOTpPS Ha €ro JIaBHIOIO
u3BecTHoOCTh. [lonmanas B opranusm 00JIbHOTO,
HauOOJIbIIYIO AKTUBHOCTH npenapar
MpOSABIIIET B IEUEHHU. 3axBaT Ipernapara
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rernaTouTaMH OCYIIECTBISIETCS MTOCPEICTBOM
ydacTUsi B 3TOM aKTHBHOCTH TpaHCIOpTEpa
OpraHUYECKUX KaTHOHOB 1. ITo
CYIIECTBYIOIIMUM  paHEe MPEICTABICHUIM
TUIIOTJIMKEeMHYECKUN 3P dekT meThopMHuHa
peanusyercs aKTUBALIMEN AM®-
aKTUBUPYEMON  MpOTEeMHKHUHAa3bl. OgHAKO
UCCIIEIOBAaHUSMH TOCJIETHUX JIET MMOKa3aHO U
J0Ka3aHO, YTO TIOJABJICHHE TUIEPTIMKEMUHN
MeT(hopMUHOM 00yCIIOBIICHO ero
CIIOCOOHOCTHIO BBICOKOCTICITU(UIHOTO
MHTHOWPOBAaHUS TMEPBOTO KOMIUIEKCA e
nepeHoca 3JeKkTpoHOB [4]. Bmecte ¢ Tem
npyrue 3pdexTsl MeThOopMHUHA TPOSIBISIFOTCS
B pesynbrate aktuBanuu ADK, BcrenctBue
MEepeKIIoUeHus Tpolecca aHabonu3ma Ha

KaTaboJu4ecKue MyTH, OTpaHUYMBas
ucrionp3oBanne AT® Ha oOpazoBaHuE
OpPraHMYeCKUX  MOJIEKYJL I[Ipu  >TOM

MOJIICP)KUBACTCSl  SHEpreTudeckuil  OanaHc
KJIETOK, CTUMYJIUPYETCSl OKHCIIEHUE TITFOKO3bI
U KUPHBIX KHUCIOT [5, 6]. B 3TuX ycioBusix
OoTMeYaeTcs TIOBBIIIICHHUE YPOBHS
rroKorononoaooHoro nentuaa-1 (I'TII-1) B
KpoBU U  obecrieyeHue  (axkrtopa IS
YMEHBIIEHUs1 Macchl Tena. Pa3zpaGoTaHHbIE
AMepUKaHCKOU 51 EBponeiickoin
nrabeTHyeckor accoruanueil Mo H3y4eHUIo
mnabera (ADA, EASD) npenapat metgopmux
SBIISICTCS  CPEICTBOM IE€pBOM JIMHUU B
JIOTIOJNIHEHHE K KOPPEeKIMH o00pasza KU3HH,
Ia0eTUYECKUM PEKOMEHAALUAM u
¢u3znueckuM Harpyskam. limeer HecoMHeHHOE
3Ha4YeHHe (aKTOp CHUIKEHUS PUCKA Pa3BUTHUS
KapJIMOBaCKYJISIPHBIX  OCIOXHEHUH. Eciam
oquH npenapat He 3¢ ¢pextueH ADA u EASD
PEKOMEHAYIOT  COYeTaHWe ¢  JApPYyTUMHU
caxapOCHIKAIOIMMHU Tpenapatamu. Bwioop
crocoba Tepamuu 3aBUCUT OT  YPOBHSA
TJIMKAPOBAHHOTO TeMOrioOouHa. BeIgBIEHO
KapAHOIPOTEKTUBHOE JIeiiCTBIE METHOPMUHA,
BCJIEJICTBME  MO3UTUBHOTO  BIUSHHUS  Ha
SHIOTENUATBHYI0  (YHKIHIO:  CHIDKCHHE
YPOBHSI TOBpEXAAOMUX (PAKTOPOB - (hakTopa

BumteOpanna, SVCAM-1, TKaHEBOTO
aKTHBAaTOpa  IUIA3MUHOTEHA, HWHTUOMUTOpPA
aKTHUBaTOpa IJIa3MHHOT'€HA, CHUXKCHUA

CepJICYHO-COCYIUCTON  3a00JI€BaEMOCTH |
cMepTtHOCTH, E-cenektnHa, C-peakTHBHOIO
Ooenka [7]. OnmHako COBPEMEHHBIN JTar

pa3BUTHS MEAUIIMHCKON HAyKU
03HAMEHOBAJICSI TOSBICHUEM HOBBIX KIJIACCOB
AHTUINA0ETUUECKUX IPernapaToB C HOBBIMU
MEXaHU3MaMHu JCUCTBHS: ArOHUCTHI
peuenrtopoB ['TIII-1 (apI'TIII-1), uaTrHOUTOPHI
munentuaguinentuaassi-4 (uA111-4) u HIJIT-
2 tuna.

bonee ToOro, snuaEeMHOIOrHYECKHE
uccnenoBanus ormeuaror, uto CJI sBusieTcs
BTOpOW comyTcTBYyromIed maronoruei Covid-
19. B »aroit cBazu BO3, mexayHapomHas
nuadbeTnyeckas benepanus u
nuabeTonornyeckass — cioyk0a B CTpaHe

03a004eHbl  ATUM  (aKTOM, O3TOMY
pazpaboTaHbl  LI€JE€BblE  NpPOrpamMmbl  —
«IIpenymnpexaeHue u O6opnba c

3a00JI€BaHUSAMH COIMAJILHOTO Xapaktepay». B
Poccun u e€ pernmonax opraHu3zoBaHO Oolee
100 TNA0CTUIECKUX LEHTPOB c
(GYHKIIMOHMPOBAHUEM MPOQPUIBHBIX CITYKO.
PazpaboTanbl 1 CO3aHBI CaXxapOCHIKAIOIINE
npenaparsl HOBOT'O MOKOJICHUS —
MPOU3BOJHBIE Cynb(haHUIT-MOYCBUHBI
(rmuknazung MB, ruMeniepun u ap.), a TaKkxe
CHEJaH aKIIEHT Ha MPOU3BOACTBO
YEJI0BEYECKOr0 MHCYJIMHA.

[IpuBeneHbl  pe3ynbTaTbl  aHAIN3a
BIUSHUS aHTUANA0ETUYECKHX TMpEenaparoB U
WHTUOUTOPOB AKTUBHOCTH HaTpUii-
[JIFOKO3HOTO ~ KOTPAaHCIOPTEPOB-2 THUMNA B
KIMHUYECKUX YCJIOBUSIX M B DKCHEPUMEHTE
npu CJI. Iloka3aHbl MeXaHU3MbI JEHCTBHS
stux JekapctB npu CJI ¢ XpoHHUEcKOi
IOYEYHOH u CEPIEYHO-COCY AUCTON
HenoctatouHocteio  (XCH) Ha mpumepe
KPYITHBIX PaHJAOMU3UPOBAHHBIX KIMHUYECKUX
WCCIICIOBAHUM, TOCBSIIEHHBIX OIIEHKE WX
OnaromnpusTHOro BnusHuUsA. [IpoBeneH aHamums

JIAHHBIX, CBHJICTEIILCTBYIOIINX 0
He(PPONPOTEKTUBHOM JeCTBUN ITHUX
MpernapaTroB, WX BIUSHUM Ha ypPOBEHb
KIIyOOUKOBOM yIbTpadUIbTPALUU u

MPOIIECCHl peadCcopOIMHU TIIOKO3bI M HATPHUS B
MPOKCUMANIbHBIX ~ KaHanblax. [lpuBeneHbl
nanHbie 0 cnocooHoct HHIJIT-2 mposiBasSTh
AQHTUOKCUJIAHTHYIO aKTUBHOCTb, TOJIABISATh
npouecc IIOJI B kneTkax MPOKCHMAaIbHBIX
KaHaNblleB IToYeK. Ha ocHOBaHMU CBeICHUI
JUTEPATYpPhl  YCTAaHOBJIEHA  CIOCOOHOCTH
rpenaparoB IIOIABJIATH aKTUBHOCTh
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Cepﬂe‘IHO'COCYZ[HCTOfI HCAOCTATOYHOCTH, YTO

TaKkKe CIOCOOCTBYET IPOTEKTUBHOMY
NEHCTBUIO B HEDPOHE.

ean HCCJIeTOBAHMS. Iensro
MIPOBEJICHHOTO UCCJIEJIOBAHUS ObLIO0

0000I1IeHNEe W aHAIN3 JTAaHHBIX JUTEPATYPHI O
MeXaHU3Max JAEUCTBUS MHIMOMTOPOB HATpU
IJIIOKO3HOTO  KOTPAHCHOPTEPOB B  Tepanuu
XpPOHUYECKOM  IIOYEYHOM U CEpHAEYHO-
cocyaucToil maronorun 'y OonpHbIX CJ[ n
Covid-19.

MarepuaJbl " METOIbI
uccjaenosanms. lcrnonb3dyemple B 0030pe
METOAOJIOTMYECKHE  IOAXOJbl, B  IUIaHE
peanu3zauuu MOCTaBJICHHOM e,
OCHOBBIBAIOTCSI Ha H3YYEHUHU JOCTATOYHOTO
KOJINYEeCTBA HMCTOYHUKOB JIUTEpaTypel. B
Ipolecce aHalInu3a JUTEPaTypHbIX [TaHHbIX,
maynHag c¢ 2018 roma, HCHIONL30BaIU
KPUTHYECKHH MOAXO0J K U3ydaeMbIM paboTam,
OLIEHUBAJIN HMX COOTBETCTBHE aJIeKBaTHOCTH
cratucTuyeckum Merojam. [lapamerpamu st
orbopa  Obuld  BBIOpaHBl  CJIOBa |
CJIOBOCOYETAHUS: caxapHbIi nuaoer,
XpOHHMYECKass TMOYeYHas HEeJOCTaTOYHOCTb,
MOBPEXJCHUE MPOKCUMAJIbHBIX KaHAJIbLEB
nouek, runeppuibtpanus, [IOJI, mucpynxms
SH/IOTEIHS], UHTUOUTOPBI HATPUN-TIFOKO3HOTO
KOTpaHcropTepa 2  Tuma, HedpomnaTus,
CEpAEYHO-COCYIUCTAs HEJI0CTaTOYHOCTb,
Covid-19.  Hcmonb3oBaHbl  CIEIYIOIIHE
pedeparuBHbie 6a3bl qanHbIx: PubMed, Googl|
sholar, elibrary u ap. Beuto Haiineno 6onee 135
nyOnukanuii mo oOcyxkIaemMol Teme 3a
nocaenaue 10 jger, U3 HUX JaHHbIE 58 cTaTeii:
24 opurvHajbHBIX craTei, 18 o00630poB, 6
MeTaaHalu30B, | mHcbMa peaakTopy, |
PaHIOMU3UPOBAHHOTO KOHTPOJIUPYEMOTO
HCCIIEIOBaHMUS, 6 PETPOCTIEKTUBHBIX
KOTOPTHBIX HCCJEIOBaHUN, 2 3asBIEHUH O
no3unuu  EBporeiickoir w1 AMEpUKaHCKOM
accolMalui BKIIOUYEHBI B 0030p.

MexaHu3Mbl TOBpPEKIEHUsS] TMOYeK
npu CA-2 tuna un BuausaHue HIJIT-2

HHTUOUTOpPOB HA Hedpo- "
KAPAHONPOTEKUM IO
Jannbie pana HCCIIeIoBaTeIen

yKa3bplBalOT, YTO OJHUM M3  (aKTOPOB
MOBpPeXKACHUST  HeppoHA  MOXKET  OBITH
TIOBBIIICHHBIN YPOBEHb KITyOOUYKOBOH

yJIbTpapuIbTpaIiH, KOTOPBIi co3zaer
(YHKIIMOHATPHYIO HAarpy3Ky Ha OSIUATETHMA
MpoOKCUMaIbHbIX KaHaublleB [8]. Ileperpyska
MPOKCUMAJILHOTO OTJela KaHAIbIEB MOYEK
MOKET CHOCOOCTBOBAaTh WX TUIEPTPOPUH U
MOBPEXKACHUIO  CTPYKTYP  JMUTEIHAIBHBIX

KJIETOK. Tepamus, KOPPUTHPYIOIIAs
COOTBETCTBHE MEXKTY MOKa3aTeIsIMU
KJIyOO4KOBOM yIbTpadUIbTPALUU u

Harpy3kol Ha DSIUTEIHH TPOKCUMAIbHBIX
KaHaIBIEB, SBISICTCS ONTUMAaNIbHOM. Takoit

METOIUYECKUH MMOAXO0I K JIEYCHUTO
npeaiaraet MIPUMEHEHUE WHTUOUTOPOB
aKTUBHOCTH HaTPUMU-TIFOKO3HOTO

koTpancnoprepa-2 tuna (HI'JIT-2), koTopsiii
obecrnieunBaeT KoTpancrnopT Na u riroKo3bl B
HayaJie MPOKCUMAJILHOTO KaHaJblla, TOTa Kak
aktuBHocTe HIJIT-1 B ngucranpbHOM 4YacTu
MPOKCUMAJILHOTO KaHaJIblla 3aBEpIIACT ITOT
nporecc [9]. B Hopme HI'JIT-2 obecnieunBaet

IOYTH MIOJTHYFO peabcopOruio
pouUIbTPOBABIICHCS TJTFOKO3bI u3
KaHaJIbIIEBOTO COZICPIKUMOTO. OnHako

ypoBeHb peabcopOIuu X0Th U BO3pacTaeT, HO
MOJIHOCTbIO ~ HE  CHPABISETCS, IOATOMY
OCTaBIIAsCS 4YacTh TPAaHCHOPTUPYETCS B
JIUCTAIBHBIN oTaen kKaHambla [10]. OroT
MEXaHHU3M IOMOraeT OObSICHUTH MOBBILICHUE
ypoBHs BoctipousBoactea HI'JIT-2 u HI'JIT-1
B OMNUTEIHOLUTAX MPOKCHUMAIbHOIO OT/ena
kaHaneiieB [11]. MccnenoBanust mocieaHUX
JeT PEeKOMEHAYIOT NpPUMEHEHUEe Hapsaay ¢
THITOTIIMKEMHYECKUMH npenapaTamu
nociegHero mnokojeHuss y OonpHbix CJI-2
uaruouropos  HIJIT-2 wu HIJIT-1 B
KOMILJIEKCE, a TaKxe aroHHCTOB
rimokaronononodnoro  mentuga  (I'TTI-1)
JUTUTENIbHOTO JIeicTBUA. bonbioe KoanuecTBo
TaKUX COCNMHEHH MOTyJMIId 0100peHne ISt
NPUMEHEHHUsT B KJIMHUYECKOM MpPaKTUKE B
pa3BUTHIX CTpaHax mupa W B Poccum, B ToMm
yucne [12].

B ycnoBusix yBenmuueHus KIIyOOYKOBOMH
¢bunpTpanuu TJTFOKO3BI MOBBIIIACTCS
peadbcopOrus, CIOCOOCTBYIOIIAS
runepriavkemun [11]. Maru6uropsr HIJIT-2
OJTHOBPEMEHHO OKa3bIBAIOT YCHJIHMBAIOIIEE
JeiicTBUE Ha  [IOKa3aTelid  TIIIOKO3YPHH,
HaTtpulype3sa W  juypes3a. IIpoumcxomut
yBenM4YeHHe oObeMa MOYM B CpeJHEM Ha
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300mi/cyTKM B Hawaje JIYCHHUs, U OTO
NEICTBUE NEPKUTCA B TEUYEHHUE HECKOJIBKO
Henenb. Ha ¢one wnrunburopos HIJIT-2
yBemU4MBaeTCs 00BeM Juype3a Kak mpu
TUMNEPIrIIMKEeMUH, TaK M MpPU HOPMAIbHOM
yYPOBHE TIIIOKO3BI KPOBU. B Gosbieii crenenu
COXPAHSETCA YBEJIWYEHHOE MOUEBbIICICHHUE
npu XPOHUYECKOU MOYEYHOMN
HegocratouyHoctu  (XIIH), xponuueckoi
cepaeunoit HegoctarouHoctr (XCH) 1 ocTpoii
Henocrarounoctu cepaua (CH) [12].

Oka3biBast HaTpUNYpETHYECKOE
neiicreue, HI'JIT2-unrnburop crocodcTByeT
CHIDKCHHUIO  KOJHMYECTBA IUPKYJIUPYIOUICH
IJ1a3Mbl KPOBU B CpeliHeM Ha 7% B mpoliecce
nTenbHoro aevyenus [13]. Ha done Tepamuu
KOJIMYECTBO PeabCOPOMPOBAHHON TIIFOKO3bI
Bo3pactaer A0 15%, BciencTBrue MOBBIIICHUS
ypoBHs skcrnipeccun HIJIT-2 u HIJIT-1 B
SIUTEIMM TMPOKCUMAJIbHBIX KaHalblieB [14].
OnHOBpEMEHHO BeikroueHne  HIJIT-2
OKa3bIBaeT BIMSHUE HA HATPHII-BOJOPOIHBIH
oomennuk  u3zopopma 3 (NHE3) B
MIPOKCUMATbHBIX KaHaJblax, npuyeM
MPOUCXOAUT CHIDKeHHE peabcopormu Na B
oOMeH Ha uWOHBI Bogopoaa [15]. Hyxho
npennonarate, uto HIJIT-2 u NHE3
OpPraHMYECKU CBS3aHBI M COAPY’KECTBEHHO
(GYHKIIMOHUPYIOT B MIPOKCHUMAITbHBIX
KaHaJblax [10]. DKCnepUMEHTaIbHbIE
UCCIIEIOBaHUS MOJITBEPKJIAIOT, 4TO
IIPUMEHEHNE UHTUOUTOPOB HI'JIT-2
yBenuuuBaeT 3kckpernuto Na u GukapboHata ¢
MOYO0H. DKCIEPUMEHTAIBHO TaKXe IMOKa3aHo,
yro HIJIT-2 u NHE3 »skcnpeccupyrorcs
COBMECTHO Ha DJIUTEIUH TNPOKCUMAIBHBIX
KaHajbIeB [16].

Wuruburopsr HIJIT-2 nHa ypoBHe
JTUCTANIbHBIX KAaHAJBIEB OKAa3bIBAIOT €IIe
BIUSHUE HA FOKCTArjJOMEepYJSpHBIN ammapaT
(FOT'A)  (macula  densa), yBeawuuBas
skckpennto Na ¢ Mouoi#l, cmocoOGCTBYIOT
BbizienieHni0 AT® u3 knetok FOI'A u npu ero
pacuieryieHuu  o0pa3yIolMiics — aJIeHO3HMH
yepe3 Al penentop B CTEHKE MNPUHOCSIIICH
apTepUOJIBl CTIOCOOCTBYET €€ COKpAIllEHHIO U
KYIHUPOBAHUIO TUIIEPPHIbTPAIINH B KITyOOUKe
nouku. Bo3Oyxnas peuentop A-2 B CTEHKe
vas efferens, BbI3pIBacT AWIATALIMIO COCY/a
[17].

CrnenoBaresbHO, UHTUOHPYS
peabcopbumto Na wu rmrokoser  HIJIT-2
KOTPaHCIIOPTEP BIUSET HE TOJILKO HA MPOIecC
peabcopOimu Na ¥ TIFOKO3BI, HO M CHIIKAET
YPOBEHb KITyOOUKOBOH YIbTPApHILTPAIIUH.

ITomumo onrcannbix BiussHuA HIJIT-2-

WHTHOMTOp  CHW)KaeT  ToTepro  Oenka
anpoympmaa ¢ Mouou.  [IpoBeneHHBIH
METaaHaJIn3 48 PaHIOMHU3HPOBAHBIX

KJIMHUYECKUX HCCIIEOBAaHUM € JIeYeHHEM
HIJIT-2-uHru6uropoM ATUTENBHOCTHIO 12
Hezedb Ha OOJIBIIOM KOJIMYECTBE MAlMEHTOB
(50 TBIC.) MOKa3an CHMXKEHHE albOyMUHA TI0
OTHOILIEHMsI K KpeaTMHMHY Mouu. Crenyer
OTMETHTh, 4YTO 3TOT (akT Obul Hamboiee
BBIP@KEH Yy JIML, Yy KOTOPbIX JIQHHBIN
MoKaszareiab ObLI HCXOAHO 0oJiee BBICOKUM
[18]. V¥V  OGompueix CJI 2  tuma
THNepQUIBTPAUS  SBISETCS  yCIOBHEM
yBeJIUYEHUS (YHKIMOHAJIBLHOIO HaNpsKEeHUs
Ha SMUTEITNH TPOKCUMAIIbHBIX KaHAIBLIEB, YTO
CIOCOOCTBYET ero MOBPEXJICHHUIO.
CtpykTypHBIE WU3MEHEHUS STIHUTETHS
IIPOKCUMAJIBHOTO OTJIeNla KaHaJlbLIEB UIPAOT
YHHUBEPCAJIBHYIO POJIb B PAa3BUTHH MATOJIOTHU
nouek npu CJ1.

Takum  0o0pa3oM,  HCIIOJIB30BaHHE
unruouropos HIJIT-2, perymupys CKO,
CIOCOOCTBYET COXPaHEHHUIO
(GYHKIIMOHAIIBHOTO COCTOSIHUS
MPOKCUMAITLHBIX KaHAJIBIIEB MOYEK.

Biaunsnue HIJIT-2-uHrnouTopoB Ha
Meradoauueckne mokasareau npu CJ{ B
KJIMHUKE U IKCTIEPUMeHTe

[IpencraBurenu JAHHOTO KJ1acca
COCJIMHEHU 00a1ar0T MIPSAMBIM "
PEHOIIPOTEKTUBHBIM JICCTBUEM, 410

oOecrieunBaercst oaasienueM mporiecca [10J1
B MHUTOXOHJIPHUSX OIUTETHAIBHBIX  KJIETOK
MPOKCUMANIbHBIX  KaHaiblieB  [19,  20].
['umepriavkemMus v TIMKAPOBAHUE TEMOTIIOONHA
npu CJI, Hapymas KHCIOPOATPAaHCIIOPTHYIO
(YHKLHMIO, CHOCOOCTBYIOT —THUHEPHPOIYKLIUU
ADK B SIUTEIUATBHBIX KJIETKaX
MMPOKCUMATbHBIX KaHAIBIIEB U TIOJABIISCTCS
HI'JIT-2-uaruburopamu [19]. Jleuenue ¢ stimu
rpernaparamu COITPOBOXKIAETCS
WHTUOUPOBAHUEM OKHCIIUTENIBHOTO CTpecca U
CHIDKGHHEM  YpOBHS  DKCIIPECCUHM  TEHOB
BocnajeHus B Tkanu nouek [19]. IposiBienuem



Opuzuuaﬂbuaﬂ cmamaous
Original article

J3yekoes CT, u dp. Memaboauyeckue u gyHKYUOHANbHBIE ... 292
Dzugkoev SG, et al. Metabolic and functional effects of complex ...

WX BIMSHUA SIBJISICTCS YMEHBIICHHE YPOBHS
MPOBOCTIATUTEIILHBIX IIUTOKUHOB:
unrepneiikuna-6  (iL-6), dakrop Hekposa
oryxonu (FNT) B kpoBH U B [TOUEUHOM TKaHU, a
taoke spepHoro ¢akropa (NF-KB) npu
skcniepumentanbuoM CJI [21, 22].

JleiicTBue HHTHOUTOpa HI'JIT-2
HaIpPaBIICHO Ha yBEJIUYCHHE
peabcopOIMOHHON HATPY3KH B TIOCIETYOIIIX
OTJIeNIaX KaHAJbILIEB I0YEK, HCIOJIB3YIOIIUX
MEHBIINH 00BEM KHCIOpOJa. DTO sIBICHUE
COINPOBOXKAAETCA AaKTUBAllMel MEXaHH3MOB,
3apucumblx ot rTunokcun HIF  (hypoxia
inducible factor) mis 3ammTBHl OT HApPYIICHUS
okcureHanuu.  [IpoucxomuT  MOBBIIEHHE
ypOBHS 00pa3oBaHUSl JPUTPOMOITUHOB U
COOTBETCTBEHHO  YJIYYIIAeTCs  TPAHCIOPT
kuciaopona k mouke [23]. Takoii acmekr
neiicteusi uHruouropa HIJIT-2 sBnsercs
MEXaHU3MOM TPOTEKTUBHOTO JCHCTBHUS Ha
KaHAJIbIIEBbII SIUTENNM. CnenctBuem
nedenuss HIJIT-2 wuHruOGutopom sBIsICTCS
TaKKe  TIOHIDKEHHE  YPOBHS  JICTITHHA,
CHIDKCHUE alllleTUTa, HAKOIJIEHUs >KUpa BO
BHYTpEHHEH cpejie, B TEpUKApAe U OKOJIO
cocynuctoil 30oHe. Bce 3TH mposiBIeHUS
SIBIISTEOTCS CJICZICTBHEM YITYYIIICHHS TIPOILIECCOB
MeTaboIu3Ma [24, 25]. Jleuenue
nnruouropamu HI'JIT-2 npuBoaUT U K IpyruM
MO3UTUBHBIM H3MEHEHHMSIM: CHUXKEHUIO B
KPOBH  YpPOBHS  KOHEYHOTO  IPOAYKTa
MeTa0oau3Ma MHUPUMMJIMHOBBIX OCHOBaHUH
n3-3a nojasiueHus yepes GLUT9b, abcopbrumn
cojJiell ypaToB SIUTEMEM MPOKCUMAIIbHBIX
KaHabIleB [26]. Pesynbrartel MeTaananmza 62
UCCIIEIOBaHUH B KIMHHMKE C MIPUMEHEHHEM
HI'JIT-2-uHruOuTopoB NOATBEPAMITN HATNIHE
spdekra cHmkeHus Ha 34-35 MKMOIIB/I,
KOTOPBIN JUTHIICSI BeCh TIEpHOJ JeueHus [27].
IToBpiienne axktuBHocth NHE1 mpu XCH
COITPOBOKIACTCS YBEIIMYCHUEM
KOHIIGHTPALlMd  HATpuUs W  KaJubIHUsd B
IIUTOIUTA3MAaTHYECKUX ~ KIIETKaX MHOKap/a,
aKkTHBallMeld OKHCIMTEIBHOIO cTpecca U
HapyuieHueM putMma cepaia [8]. [Ipumenenue
uaruouropa HIJIT-2 »smnarmudno3una B
AKCIIEPUMEHTE In Vitro Moka3ajio TOPMOKEHHE
HAaTpUH-BOJOPOAHOTO  HAcoca, CHUXKECHHE
comepxanuss wmoHoB Na' wu Ca?* B
KapAMOMHUOITUTAX [28]. PesynbTarht

uccienosanuss EMPA-REG OUTCOME
MOKa3aJId, 4YTO JICYEHUE HMIArIu(IO3uHOM
oka3zajgo Hedpo- U KapAUONPOTEKTUBHOE
JelicTBHE. Psin KapAMOMPOTEKTUBHBIX
BiaussHuid  mHTHOUTOpOoB HIJIT-2 sBnsercs
OTIOCPEIOBAaHHBIM; K HUM OTHOCSITCS: HATPUI-
TNy PETUUECKHUI addexr, YMEHBIIIEHNE
TJIMKUPOBAHUS, BOCCTAHOBJICHUE YTIIEBOIHOTO
oOMeHa, CHIKEHUE TUIIEPTEH3UH, MAcChl Tela
u gap. [29]. Ha d¢one wuHrubupoBaHus
KOTPAHCIIOPTEPOB  MPOUCXOJIUT CHHIKCHHE
AKTUBHOCTH BHYTPUIIOYEYHOMN pEHUH-
AQHTMOTEH3WH-aJIbIOCTEHOPOHOBOW CUCTEMBI U
CEeKpellM pPEHHHA B KPOBb, COKpAIICHHE
IPOTPECCUPOBAHUST  HAPYIICHUH  (QYHKIUH
MOYeK.

[ToMrMO H3II0KEHHOTO TPHUMEHEHHE
HI'JIT-2-uaruburopos OKa3bIBacT
CHIepKUBAIOIIIEE ICHCTBHE HA CUMITATHIECKYIO
HepBHyto cuctemy (CHC), axTuBHOCTBH
KOTOPOH CBs3aHA C HAPYUICHHUEM PeTyJISLuU
COJIep’KaHusl TJIOKO3bl, HATPUS U BOJBI B
NPOKCUMAJIbHBIX ~ KaHaibllax modek [10].
DKCTepUMEHTAIBHO MOKa3aHo, 91O
nenepBanus CHC y xpeic ¢ CJI OLETF
(Otsuka Long-Evans Tokushima Fatty)
COIIPOBOKIAETCS HOpManu3anueid oOMeHa
YTJIEBOJIOB, MOBBIIIIEHHON SKCKpenuei
TJIFOKO3bI, BCJICJICTBHE YTHETEHUS YPOBHS
BocripousBenenus ~ HIJIT-2 [30 B
MIPOTHUBOMOJIOKHOCTh ~ 3TOMY  CTHUMYJISIIUS
CHC nouex nmpuBoaut k aktuBauuu NHE3 B
anuKaIbHOW ~ MeMOpaHe  MPOKCHMAaIbHOTO
OT[ieNa KaHalblleB, YTO MPHUBOIUIO K
AHTUHATPUUINYPETHIECKOMY u
aHTHIUypeTndeckomy  3ddexram  [16].
DKCIIepUMEHTAITFHO YCTAaHOBJICHO CHU)XEHUE
CUMIATHYECKON aKTUBHOCTH B TOYEYHOU H
CepAeYHOM TKaHIX o1 BITUSTHUEM
UHTHOUTOpA [30]. Takum  oOpazom,
MpOTeKTUBHOE AeiicTBre nuruouropos HIJIT-
2 npu XCH u CHA-2 umeer Kak mpsmMoe
JIeiCTBUE, TaK M ONIOCPEIOBAHHOE JICHCTBHE Ha
KapAuOMUOIHUTHL. Bee 3Tr 3 PeKThI ABASIOTCS
CBHUJICTEIICTBOM 170 MOJIOKUTEITHHOTO
BIUSIHUS Ha KapUO-PEHATLHYIO CUCTEMY.

Ocobennoctu B3auMo/elicTBUSA
caxapHoro auadera u Covid-19

MupoBbie AU IEMHOIOTHYECKHE
uccienoBaHus  moAaTBepkaarT, uro CJ{
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SIBJISIETCS BTOpOH COMYTCTBYIOIIEH
narosioruerd Covid-19 [31, 32]. Tlo naHHBIM
anmam3za [HIL PO &OI'BY «HMUI
SHJOKpUHOJOTUW» MuHn3npasa Poccun Ha
31.08.22 roma B Poccuiickoit ®Penepanuu
3apEruCTPUPOBAHO 19,5 MJIH
MOJATBEPKIEHHBIX chydaeB U 384 ThICsSY
JIETAJIbHBIX UCXOJOB, YTO COOTBETCTBYET 2%
neragpHocTH [33]. YV mamumentoB ¢ CJ]
HaOronajiocb  Oosiee  TSDKEIIOE  TEUYEeHHE
unpekmuu Covid-19 u BeICOKas JIETATBHOCTD,
KOTOpas B 7 pa3 BblIlle CPABHUTEIBHO C 00111l
MOMYJISAIUEH, YTO  CBHJCTEIBCTBYET O
OO0JIBIICH YSI3BUMOCTH 3THX O00NbHBIX [34, 35].
CrnocoOCTBYIOT ~ JICTAIBHOCTH  TOXKHUJION
BO3pAcCT, HEJAOCTATOYHBIN KOHTPOIb TITUKEMUU
U npeumyuecTBeHHO OosibHbIE CJ[ My»cKoro
mona  [36-39].  Amnamusupys  BIHSHHE
TOUH(EKITMOHHOM aHTUIMA0EeTHYECKOM
tepanuu, Khunti K. u coaBTopsl Ha 2 851 465
MalMeHTax MOoKa3ajiu, YTO OOJbIIE CTPANaAlOT
00JbHBIE HA WHCYJIMHOTEpANHH, TOTJAa Kak
OTMEYACTCSI MEHBIIUH PHCK Yy OOJBHBIX,
MPUHUMABIIUX METQOPMUH U TMpenaparbl
CyJb(HOHUIMOYCBHHBI [40]. Cnenyer
OTMETUTh, 4YTO JAHHBIX O  BIHMSHHU
WHHOBAIIMOHHBIX  TPENapaToB-UHTHOUTOPOB
munentuaunnentuaassi-4 (ull111-4), Harpuii-
TIIIOKO3HOTO  KoTpaHcnoprepa HIJIT-2 u

aroHUCTOB perenTopoB
[IIIOKOTOHONOIOOHOro mentvaa 1 Tuma
(apI'TIII-1) OBLIIO HCIIOJIb30BaHO

HeZocTaToyHO. [IpoTHBOpPEUNBHI U TaHHBIE O
BIIMSIHUM TpenapaToB, OJOKHUPYIOLUIUX PEHUH-
AHTHOTEH3UHOBYIO CUCTEMY,
MIPEIOTBPALLAIONINX JEHCTBUE aHTHMOTEH3MHA
(MAII®D), a TaxKe BBIKJIIOYAIOLIUE PELENTOPHI
k anruotensuny |l (BPA) [41]. B cBs3u ¢
U3JI0’KEHHBIM aKTyaJIbHbIM SIBJISIETCS aHAJIN3
(akTOpPOB pUCKa Pa3BUTHUS JETATHHOTO UCX0/1A
1 ypoBHs cMepTHOCTH Benenctaue Covid-19'y
nanueHToB ¢ CJ[ B PO.

Uccnenosanue nposeaeHo Ha 337 991
nauuente ¢ C/I-1 u3z C/I-2 u3 85 pernonos PO,
u3 Hux 32% wmyxuuHbl 68% JKEHIIMHBI,
cpenHuil Bo3pacT 66 ser. AHanu3upysd
MPEUKTOPBI, CIIOCOOCTBYIOIINE JIETAIbHOMY
UCXOJly, CIelyeT OTMETUTh, 4TO Yy OOJbHBIX
CH-1 u CJI-2 wurparoT posib CIEAYIOIINE
(bakTophl: JUIMTENIFHOE TeueHue OoJe3HH,

MOXKUJIOW  BO3pacT, HaJIU4Me CepJCHHO-
COCYMUCTBIX 3a00JICBaHHUM, XBII,
apTepHalibHON THIEepPTEH3UHU, KEeTOoalua03a U
IJIOXOM  TJIMKEMUYEeCKUd  KOHTposib. C
MOJIOKUTETIBHOW ~ CTOPOHBI B TpyIIe
BBI3JIOPOBEBIIMX  OTMEYAETCs, 4YTO B
antuauadbeTndeckon teparuu  (AJT) mo
MHPEKIUA  HMCHOJB30BAIM  METHOPMHUH,
uIll1-4, HIJIT2 wu apllIl-1. B
ucciaenoBauugx 2020 roma omHOro w3
HauOojee 3HAYUMBIX (HAKTOPOB  TSHKECTH
TEUCHUS Covid-19 paccMarpuBaeTcs
noseliieHue ypoBHs HbAic u rioukemun [37,
42]. llomynsimoHHOE  HCCIEIOBAHUE B
Anrnun  (N=7466) mnokazano yBeIMYEHHUE
JeTaqpHOCTH B 1,23 pa3za y MalUEHTOB C
HbA1c¢>7,5% u B 1,62 pa3a y ManueHTOB C
HbA1c>10% [37]. TIpoBeaéHHBIN MeTaaHATH3
Kastora S. u coaBT. mokaszajn 3Ha4UMOE
BaussHue HbAic Ha yBenuueHue pucka
JIETAIBHOTO UCXO0/a, YTO COCTAaBUIIO B 2,8 pasa
[43], a B wuccinenoBanusx Alhakak A.
U coaBT. — B 9,7 paza [44]. pyrum BaXHbIM
HEOJIaronpusATHBIM ~ (PAKTOPOM  MOBBILICHUS
JETAIBHOCTH sBJsETC Oxupenue, npu UMT
>30 Kkr/mM? npu C/[-2. OnHako, 3TO OJIMH U3
MHOXecTBa (akTopoB. CyIIecTBYIOT JaHHBIE
0 BBICOKOM YpoBHE pucka y OonbHbIXx CJI-2,
MPUHUMABIIAX  WHCYJWHOTEpANio,  4TO,
CKOpee BCero, ObLJIO CBA3aHO C TSKECThIO
teueHuss CJI-2 B cBsi3w, ¢ ueM Obuia
He00XO0IUMOCTD JIeueHUs HHCYTHHOM [40, 43,
45, 46]. B npoTUBOMNOJIOKHOCT 3TOMY €CTb
JaHHBIE U O TOM, uTO mepeBoa 6ompHBIX C/I,
paHee npumeHsBmux nepopaibHo AJIT, Ha
WHCYJIUH crocobcTBOBA YIYUYIIEHUIO
nporuo3a mnanueHtoB [47]. Oxa3aiock, 4TO
mpuém merdpopmuHa 3a 3 Mecsma 0
KOPOHABUPYCHOW WH(OEKIIUU CIOCOOCTBOBAI
CHIDKEHHIO JieTambHOCTH Ha 17-20% [48].
OTOT (haKT MOKHO OOBSACHUTH CIIOCOOHOCTHIO
MerpopmuHa  ocopunupoBars  AIID-2
perenTop, 4YTro M3MEHSIET KOH(POPMAIIHIO
peLenTopa u NPensTCTBYET €ro CBA3BIBAHUIO C
SARS-CoV-2. B uccnenoBaHu pOCCHICKHX
y4€HBIX MHHOBAMOHHBIE ITpenaparsl — uJII111
nu uHI'JIT-2 oxa3piBany MOJOXKHUTEIBHOE
BIUSHUE HA PHCK pPAa3BUTUS JIETAIBLHOTO
ucxoga ot Covid-19. Takoro 1uraHa
pe3yNnbTaThl OBUIM MPOJEMOHCTPHUPOBAHBI Y
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nanueHToB, npuHuMasmux — u/lII11-4 B
metaananuse Chen Y. u coaBrt. [49], X014 ecTh
Y IaHHBIE O MOBBIIIEHUU PUCKA TOCITUTAIBHOM
JIETATBLHOCTH COTJIaCHO MeTaaHanu3y Nguyen
N. u coaBr. [50]. B oTHOuIeHUM BIUAHUS
uHI'JIT-2 mo nmaHHBIM O0OUX pPE3yJbTAaTOB
METaaHaJIU30B  OJHO3Ha4yHble [49, 50].
[IpoTekTUBHBIM  (aKTOPOM  JIETAILHOTO
ucxona npu C/-1 u CIA-2 6buto Hanuuue B
KpoBH OOJIBHOTO aHTUTEN B pe3yJibTaTe
BakUMHAIMK WK nepeHecenHoro Covid-19.
Takum oOpa3oM, pPETPOCIEKTHUBHBIN
aHaJIM3 HAa OOJBIIIOM KOJHMYECTBE OOJIBHBIX
CA-1 m CHA-2 wu Covid-19 mno3Bomun
YCTAHOBUTh BO3PAaCTHOM TMOKa3aTesib Kak
¢bakTop pucka jeranpHoro ucxona. [lpu CJ1-2
UMENH 3HAYCHHE JUIMTEIHHOCTh OOJIE3HH,
HUMT, cepaedHo-cocyuCcThie 3a00JIeBaHMUsI,
XBbII, Haguume WHBAJUAHOCTH, a TaKXKeE
XapakTep MpeIIECTBYIOIIEH AJIT.
[Ipumenenune ullll1-4 nu uHIJIT-2 oka3zanu
MOJIOKUTETIFHOE BIMSHUE, TOTJA KaK Tepamus
WHCYJIMHOM M 00Jiee paHHUMH IpenapaTamu

CyJ1b(HOHUIMOYCBUHBI CIOCOOCTBOBAIIN
MOBBILIEHHUIO YPOBHS PHUCKa.
Ocob0enHOCTH JeYeHus

KoponaBupycHoii unHdexkuun mnpu CH-2
THIIA

KoponaBupycnas nndexius y 6071pHBIX
CH-2 Ttuna MoOXeT mpoTeKaTb B JETKOM,
cpenHeil TskecTn U Tshkenod Qopme. Ilpu
N€rkoM U OECCUMNTOMHOM  TEYEHHUHU
3aboneBanuss  Covid-19  TpeGoBanus K
KOHTPOJIIO INIMKEMHM OCTAIOTCS IMPEKHUMMU:
MaKCHMaJIbHOE 3HAaYEHHE ITIMKEMUH B TEUEHUE
CYTOK HE JOJDKHBI IPEBBINIATh § MMOJIB/IIL
[Ipn cpenHeTsKEIOM U TSKEIOM TEUEHUU
BAXXHO MOJJEPKUBAThb YPOBEHb TIJIMKEMUU
HaTomaKk 6-7 MMMOJL/JI, @ B TCUECHUE THS JI0
10 mmons/n1. Ipu Tsx€n0M TeueHHH OOJbHBIE
Ca-2 TUIIA  IPOAOCIDKAIOT  TEKYILYIO
aHTUMA0ETHUYECKYI0 Tepanuio, MeT(HopMuH
ocTaércst 06a30BbIM IpernapaToM,
CIOCOOCTBYET 3HAUMMOMY CHMKEHHMIO PHCKa
CMEPTHOCTH CPAaBHUTENBHO C MallMEHTaMU, He
MOJTy4aBIIMMH JJaHHOE JiekapcTBo [51, 52].

AMepHKaHCKHEe YUEHbIE TPEITOJI0KUITH,
YTO BO3MOKHO rpymnna npenapatos nHI'JIT-2
MOJKET OKa3aTh 3aIIUTHBIN AP (HeKT y O0IBHBIX
c Covid-19, 3amemnuTe mnpoOrpeccHpoOBaHHE

3a00JIeBaHUS U CHIKATh YaCTOTY JIETATbHBIX
HCXOJ0B. AMEPUKAHCKHNA WHCTUTYT CepJra
Caaroro Jlyku u komnanusi «Actpa 3eHeKay
WHUIMAPOBATH  OECHPELEACHTHO  CMeJoe
PaHI0MU3HPOBAHHOE JIBOMHOE ciernoe
m1ae00-KOHTPOIUPYEMOE KIIMHUYIECKOE
uccienoBanne 3-ed  ¢dazer  (Dare-19) mo
MPUMEHEHUIO HHTHOHTOpA HI'JIT-2
nanaraugo3nHa B KauecTBE Iperapara s
npenynpexaeHus TsokEnsix ucxonoB Covid-
19 ne tonpko y GompHbIXx CJI-2 THMa, HO U Y
MarEHTOB C HBC, cepAe4YHOI
HEJOCTATOYHOCTHIO M TIATOJIOTHEH TIOYCK U B
orcyrctBuu CJI [53]. TloBogoMm it Takoro
pENICHUs TOCTYXWIA JTaHHBIE MacIITaOHOTO
HCCJIEAOBAHUS DEC LARE,
IPOJCMOHCTPHUPOBABIIICE 3AIUTHOE JCHCTBHE
nanarnugio3uHa Ha  cepale W MOYKH
nanreHToB CJI-2 Tuma, Takke HCCIeI0BaHus
DAPA-HF, IIOKa3aBIllee CHIDKEHHE
IPOTPECCUPOBAHUS CeplIeIHON
HEJOCTAaTOYHOCTH Y JIuIl, B ToM uncie 6e3 C/I-
2 tuna [54, 55]. B wuccienoBaHuu TPUHSIIH
ydacTue 00JbHBIC c nErkon u
cpenueTsokensiMu - popmamm  Covid-19.
JIuTenbHOCTh Tepanuu Janariu@Io3uHOM B
noze 10 mr Obutla B TeueHue 30 naHEn.
OnenuBanu BpeMs pa3BUTHUS
(YHKIIMOHATLHBIX W3MEHEHUH OpraHOB H
CHUCTEM, a TaKXe YacTOTY JIETaTbHOTO UCXOa
[53]. Jannbie mOKa3agu, YTO WHTHOMTOPHI
AIII-4 wu HIJIT-2 wuMmeoT Xopoulyro
MEPEHOCUMOCTh M WX TpHEM OBUT Ha3HAYCH
OOJBHBIM CO CPEIHETSKEIbIM TEYCHHEM
3abosieBanus. Hapsimy ¢ BbIIIeyKa3aHHBIMU
nmpernapaTaMu B CPEAHETSHKENON U TSHKENOo
dbopmax Covid-19 npuMeHsIIM CHHTETUYECKHE
rmokokoptukouael (I'K) B cBI3m ¢ ux
CYyIPECCUBHOIN aKTUBHOCTHIO. B BocmanéHHou
tkanu ['K B3aumozeicTBytor ¢ Mmakpodaramu,
TTOJTaBIISIOT CUHTE3 9HKO30HOU/IOB,
SIBJISTFOIIUXCS. MEIMATOPAMU Ba30IUIATAlUN U
MOBBINICHUST  TIPOHUIIAEMOCTH  KJICTOYHOM
MeMOpaHbl. AHalIM3 NaHHBIX Mokasan, uro ['K
WHTUOUPYIOT ~ JKCIPECCHI0  MPOBOCHAIU-
TeIbHBIX IUTOKUHOB: 1L-6, iL-8 iL-11, TNF, a
TakKe  OCHAONAIOT  CUTHAIM3AIUI0  C
IIUTOKUHUHOBBIX PEIENTOPOB. DTH MpenapaThl
WHUIUUPYIOT MTPOTrPAMMY T€HOB B MOHOITMTAX
u Makpodarax u obecrneunBaroT (aroruTo3
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OTMEPIIUX KJIETOK U OCTaJIbHOT'O KJIETOYHOTO
Mycopa [56]. Oxa3sbiBast MOIIIHOE
MPOTUBOBOCTAITUTEIBLHOE IECUCTBHE I'K
IMPOKO TpuMeHstoTest B Jieduenuu Covid-19
JUIS TIOJIaBJICHHS] «IIUTOKMHOBOTO LITOPMAy.
JInuTenbHBIM aHaIN3 UCCISIOBaHUM TO3BOJINII
MPENNoNIoKUTh, 4YTO JUISl  TO3UTUBHOTO
spdexra ux npu Covid-19 sBusrorcs Bpems
Ha3HAYeHUs MpernapaToB M JO3UPOBKA.
Bricokue 10361 B ocTpoii (haze 3aboseBaHus
3 (PEKTUBHO TOMABISAIOT BOCHATHTEIBHYIO
pEaxIuio, B TO BpeMs KaK JITUTENbHBIN TpUEM
MIPOBOIMPYET WHTEHCU(DUKAIIUIO PETTUKAIINH
BUpyca. Beaymmume  MexayHapoIHble U
Poccuiickue = MeOUMIMHCKHE  acCOI[MALMK
BBIPA3WIIM €IMHOE MHEHHE O COXpaHEHUH
pPEeKOMEHIalUii JJI BKIIFOUEHHS] B TEPAITHIO
TaKkxe OJIOKaTOPOB PEHUH-AaHTHMOTCH3UHOBOMN
cucremsl [57, 58].

3akiiouenue. B 0030pe mpencraBieH
aHAJIM3  HOBOM  TpyNmbl  IPENaparoB:
UHTHOUTOPOB HATPUMA-TIIIOKO3HOTO
kotpancrnoprepa-2 (HI'JIT-2) u HIJIT-1, a
Takk€ aroHHCTOB  TIJIFOKOTOHOIMOJIOOHOTO
nentyaa-1  (I'TII-1) wu  uHruOuTOopOB
IUIIENTA AUIIIENTU a3b1-4 (AIIT1-4).
YcraHoBIIeHa UX CIIOCOOHOCTH MHTUOMPOBATH
npouecc [1OJI, nmoBeimaTh GyHKIIMOHATIHHYIO
CIIOCOOHOCTH TMOYEK U CEPJCHYHO-COCYIUCTOM
CUCTEMBI, 4TO SIBIISICTCSI CBUICTENHCTBOM HX
MPOTEKTUBHOTO JCWCTBHS B HedpoHE U
Muokapne. Jlmaberonmormyeckas ciyx0a B
Poccun  cuurtaer, YTO TaKOro IUIaHA
uccienoBanus Ha OonbHbBIX CJ[-2 THOa
SBISIIOTCA ~ aKTyaJIbHBIMA M COLIMAJIBHO
3HAYUMBIMHU.
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Abstract

Background: The closest toxic exposure is cigarette smoke, and nowadays smokers are not only men
but also women. Although the number of smokers has dropped, cigarettes remain to be an element in
the development of many illnesses. Cigarette toxic substances can disrupt cellular balance, including
in the reproductive system. The aim of the study: To find out more about the effect of smoking on
female reproduction. Materials and methods: Articles were searched in Google Scholar,
Sciencedirect, Frontiers, Pubmed and Cochrane databases between 2014-2024 with the keywords
"cigarette smoke, e-cigarette, nicotine, female reproductive system, uterus, endometrium, oviduct,
ovary, estrogen, folliculogenesis, angiogenesis, and GnRH." Eighteen articles met the inclusion
criteria. Results: This research is a literature review with articles selected through inclusion criteria.
The results of the data analysis showed an increase in MDA, apoptosis, VEGF, iNOS, and COX-2, as
well as a decrease in the number of ovarian follicles, CYP19, YAP, GnRH, AMH, FSH, LH, estradiol,
SOD, GPx, CAT, thinning in oviduct thickness and oviduct mucosal folds. Conclusion: Smoke of
cigarettes has a variety of harmful effects, including ovotoxicants. Smoking tobacco increases
oxidative stress, causes inflammation, increases apoptosis leading to follicle loss, and decreases the
synthesis of estrogen, GnRH, FSH, LH, progesterone and estradiol. All this affects female
reproduction. There is evidence that smoking disrupts the regulation of reproductive hormones, which
affects decreased reproductive functions of the ovaries, uterus, and ovaries. Although it does not affect
in vitro fertilization, smoking should still be avoided due to its harmful effects on reproductive cells
and hormonal balance. Therefore, given the harmful effects associated with reproduction, it is
expected that smoking patterns will decrease.

Keywords: cigarette smoke; female; reproduction
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Introduction. Smoking is known to be
one of the factors of premature death that can
still be prevented in the world [1]. The
prevalence of smoking in adolescents from
2008 (27.7%) to 2021 (9.8%) is known to have
decreased. More than 75% of men who smoke
every day live in countries with a medium or
high Human Development Index (HDI), while
more than 53% of women who smoke
regularly every day live in countries with a
very high HDI. Though historically low, the
majority of low HDI countries have a relatively
low smoking prevalence — tens of millions of
people still smoke. In extremely high HDI
nations, the prevalence of female smoking
peaked a few decades after that of male
smoking, but in the majority of low-, medium-,
and high HDI countries, it has either remained
relatively low or has only moderately
increased thus far [2]. The survey from 2011-
2022 also showed the fastest decline in
cigarette users at the age of under 40 (19.2% to
4.9%), especially in those with high incomes
[3]. Although the global prevalence of
smoking is declining, smoking remains a major
health problem in the world [4].

The types of cigarettes currently
circulating are conventional cigarettes and
electronic cigarettes. Conventional cigarettes
are known to have high toxicity [5]. CS
induces proinflammatory cytokines
interleukin-8 (IL-8), interferon gamma (INF-y),
interleukin B (IL-1B), tumor necrosis factor
(TNF-a), inter-leukin 2 (IL-2) interleukin 6
(IL-6) leading to disease progression [6]. E-
cigarettes are often considered a safe substitute
for conventional cigarettes [4]. E-cigarettes
contain nicotine and flavor variations that can
increase toxicity significantly [7]. The heat
generated initiates oxidation and breaks down
the components in it and ultimately forms
harmful elements when inhaled [8]. Even so,

both have the same carcinogenic and toxic
risks [9].

Cigarette substances including cadmium
(Cd), tar, nicotine, benzo a pyrene (BaP)
induce an increase in ROS and cause oxidative
stress [10]. Characterized by an increase in
malondialdehyde (MDA) and a decrease in
catalase (CAT), superoxide dismutase (SOD),
and glutathione peroxidase (GPx). The process
through which ROS accumulate in cellular
macromolecules results in biomolecular
damage, including lipid peroxidation in cell
membranes, ATP depletion, and damage to
deoxyribonucleic acid (DNA), which is
quantifiable by amounts of MDA. Meiotic
DNA and amino acids are reacted with by
chemically active MDA during the production
of proteins. Because both aldehyde groups are
reactive with nucleophiles, MDA can generate
adducts that harm lipids. Additionally, MDA
and ROS, one of the mediators of cell
functional abnormalities, have a favorable
relationship [11].

Smoking causes modifications to the cell
membranes of lipid sections, induces
inflammation, and vasomotor dysfunction that
can lead to impaired cellular function [12].
Cigarette smoke directly damages
mitochondrial respiration resulting in impaired
ATP production [13]. As a result, the
distribution of ATP is disrupted and the cell
stops working and then undergoes death [14].
Cell death disrupts the body's homeotasis and
inhibits the metabolic processes that take place
[15]. In addition to active smokers, passive
smokers who are exposed to cigarette smoke
also have the opportunity to experience the
same pain [16]. The impact of smoking in
health can increase the risk of cardiovascular
disease, atherosclerosis, impaired kidney
function, pulmonary emphysema, and
hormonal disorders [17]. In addition, cigarettes
are also known to have an impact on



O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2025:11(2):303-314 305

Review

Research Results in Biomedicine. 2025:11(2):303-314

reproductive health by resulting in disorders of
the oviduct, uterus, and ovaries [8].

The aim of the study. This article aims
to further review the impact of cigarette
smoke on the reproductive organs, especially
the ovaries, oviduct, and uterus.

Materials and Methods. Research
articles obtained from Google Scholar,
Cochrane, Frontiers, and Pubmed databases
with the keywords '"cigarette smoke, e-

cigarette, nicotine, female reproductive, uterus,
endometrium, oviduct, ovary, estrogen,
folliculogenesis, angiogenesis, and GnRH".
Articles reviewed are free-access articles only.
The inclusion criteria are articles in 2014-2024,
true experimental, quantitative research, and
complete. The exclusion criteria are literature
review, narrative review, and systematic
review (Fig. 1).

Excluded article from:
¢ Duplication (n=214)

¢ More than 10 years(n= 307)
¢ Review article (n= 189)

Excluded article after title and

abstract review (n= 23)

Article did not meet criteria

(n=41)

g Data from database

€ searches (Google Scholar:
5,% 369, Frontiers: 226,

E Pubmed:166. Cochrane: 31)
E

.gﬁ v

g Article screened

S (n= 82)

w

£

% Full text Article

= (n=59)

=

E Y

E Article included

E (n= 18)

Note: the reviewed article has gone through a search process, screening by removing the exclusion
of inappropriate articles, so that articles that meet the inclusion criteria are obtained.
Fig. 1. Process of Selecting Article with PRISMA flowchart

The search yielded a total of 792 articles,
of which 710 were omitted due to known
duplicates, review articles and articles older
than 10 years. There were selected full-text
articles related to the effects of smoking on
female reproduction. The articles obtained are
in accordance with the inclusion criteria.

Results. We studied 18 articles from
2014-2024 that discussed the effects of
smoking on female reproduction (Table 1). All
were laboratory experimental studies with rat
subjects (44.4%), mice (11.1%), and human
tissue (44.4%). Materials to assess the effects
of cigarettes were e-liquid (5.5%), cigarette

smoke extract (11.1%), nicotine injection
(16.7%), and cigarette exposure (66.7%). All
types of cigarette exposure are ovotoxicant,
that is, they interfere with the normal
development of follicles by decreasing the
number of normal follicles, granulosa
proliferation index, CYP19 and YAP
expression, and serum AMH, and increasing
the follicular apoptosis index especially in
theca, HSCORE, iNOS expression, and COX-
2. Exposure to cigarettes resulted in a decrease
in antioxidants (SOD, CAT, and GPx) and an
increase in markers of oxidative stress (MDA).
In the fallopian tubes, smoking leads to
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in cell death. In addition, it also causes a

decrease in the secretion of GnRH, estrogen,

FSH, LH, progesterone, and estradiol.
Beginning of 7able 1

thinning of the mucosa and degeneration of
epithelial cells. In the endometrium, smoking
causes a decrease in proliferation and increase

Review Article
Name Ref Method Result Conclusion

Chen et al, 2022 [18] | Comparing control follicles, expression of CYP19 and E-liquid affected
groups and treatment YAP, and estrogen was significantly the development of
with 0.005 mg and reduced after exposure to e-liquid. mouse
0.5mg e-liquids. reproductive.

Amalia et al, [19] | Rattus norvegicus The comparison between control and | Exposure to

2024 divided into negative negative groups resulted in decreased | secondhand smoke
group and control group | GnRH levels, estrogen, GDF-9, and causes changes in
(cigarette smoke) for 28 | increased MDA and apoptosis in the ovarian
days. granulosa and oocytes. environment.

Kida et al, 2020 [20] | The endometrial stromal | There was a decrease in endometrial | Exposure to
cells of 27 women were | proliferation and increase in cell cigarette smoke
cultured with CSE- death after CSE-induced above 1%. affects endometrial
induced. maturation.

Chen et al, 2023 [21] | 378 mouse ovaries were | Nicotine has the lowest effect on the | There is a potential
put into 7 groups: ovaries, while flavoring, PG, and VG | risk from the use of
control, nicotine 0.05 cause morphological damage, e-liquid to ovarian
mg/mL, flavouring oxidative balance disorders, and damage.
0.25uL/mL, PG increased apoptosis.
2.5uL/mL, VG
2.0uL/mL, LN (Low
Nicotine), and HN (High
Nicotine).

Budani et al, [22] | 34 women were CS exposure resulted in increased Cigarette smoke is

2022 undergoing IVF iNOS and COX-2 expression, as well | ovotoxicant by
treatment, 18 of whom as iNOS activity and PGE2 levels. increasing COX-2
were smokers and 16 Smoking behavior has negative asa
were non-smokers. correlation with serum AMH. proinflammatory

that is likely to
have a negative
effect on the
ovaries.

Rauf et al, 2022 [23] | 30 rats were divided into | In nicotine-injected group B, the Nicotine can cause
3 groups, group A was fallopian mucosa showed flattened reversible injury to
control, B was injected folds along with epithelial cell the fallopian tubes
with 0.1 mg/kg nicotine degeneration. Fibrosis and and can lead to
for 28 days, and C was accumulation of blood vessels occur | subfertility.
injected with nicotine in the serous.
and given ajwa extract.

Kole et al, 2019 [24] | Albino wistars were In group II, there was decrease in the | Cigarette smoke
divided into group I (free | number of follicles stage, and has relationship
air) and II (chronic enzymatic antioxidants (SOD, GPx, with ovarian
cigarette smoke) for 45 and CAT). reserve disorders.
days

Faghani et al, [25] | 40 rats were put into 5 Compared to the control group, Smoking interferes

2022 groups, A: control, B: nicotine significantly lowered levels | with
CMC, C: nicotine of FSH, LH, progesterone, estradiol, | folliculogenesis by
0.6mg/kg healthy follicles, CAT, SOD, inhibiting hormone
intraperitoneally, D and granulosa proliferation index, theca secretion,

E: injected nicotine and cells, and increased tissue and serum | increasing markers

given PG. Daily MDA levels. of apoptosis, and

treatment for 30 days. lowering the cell
proliferation index.
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Continuation of Table?
Review Article
Name Ref Method Result Conclusion

Susanti et al, [26] | Female Mus musculus Smoking resulted in decrease in Cigarette smoke

2020 were divided into 2 GnRH and increase in MDA as well causes oxidative
groups; control and the as the apoptosis index of theca cells. | stress, a decrease in
group exposed to 1 GnRH which can
cigarette smoke for 20 interfere with
days. folliculogenesis.

Camlin et al, [27] | Female rats were Abnormalities were found in somatic | Changes in the

2016 exposed to cigarettes for | cell proliferation and increased ovaries and oocytes
75 minutes every day for | apoptosis, there was a decrease in the | led to subfertility
up to 13 days, at week 5 | number of follicles. Increased seen from fewer
the mice were mated, oxidative stress was found. children and longer
then the research time to conceive in
continued until the cigarette-exposed
postnatal day 23. mice.

Wesselink et al, [28] | Analysis of cohort Women who are active smokers, Women smokers

2019 studies of women and smoke occasionally, and former have lower
men who are planning a | smokers have been linked to fecundity.
pregnancy in 2013-2018. | decreased fertility. The highest

decline occurred in women who
smoked > 10 cigarettes a day.

Cinar et al, 2014 [29] | This comparative The oocyte quality index, embryo Smoking has no
prospective study development rate, fertilization rate, adverse impact on
assessed from smoking and pregnancy rate did not differ. IVF outcomes.
women (43) and non-
smokers (171).

Lietal, 2018 [30] | 1000 women with PCOS, | SHS women have high testosterone Smoking spouses of
500 women with SHS, and metabolic. No difference in PCOS women are
229 exposed and 271 ovulation rates. Lower conception advised to quit
unexposed were rates in the exposed group smoking and avoid
analyzed. cigarettes exposure.

Lyngse et al, [31] | In a cohort study There was no correlation between CS | Smoking during

2020 between 2010 and 2015, | and pregnancy or live birth in women | pregnancy and
information was gathered | undergoing IVF/ICSI treatment. The | reproduction
on 1708 women and adjusted relative risk for smoking therapies doesn’t
possible partners who was 1.22 when compared to significantly impact
were starting treatment nonsmokers. clinical pregnancy
cycles for frozen embryo or live birth, but
transfer, IVF/ICSI, or should be
IUL discouraged.

Oladipupo et al, [32] | Smoking status was comparing current smokers to never There is correlation

2022 assessed using a smokers, the infertility increased by between current

questionnaire, and it was
verified using cotinine.
When ovarian reserve
was assessed, AMH
values below 1 ng/mL
were indicative of DOR.
We used NAT2
polymorphisms to
determine the acetylator
status. Both age and
PCOS were considered.
NAT2 and smoking's
impact on ovarian
reserve were evaluated
by regression analysis.

41.8%.

smokers and an
elevated risk of
infertility.
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Name Ref Method Result Conclusion

Kim et al, 2018 [33]

Female rats were
exposed to cigarettes 28
hours a week for 4
weeks.

In the uterus, there is an increase in
CXCR4, MMP9, and Ero. In the
ovaries, the same marker increase
also occurs.

CS induces uterine
and ovarian
abnormalities in
diabetic mice.

Souza et al, 2023 | [34]

Pregnant and lactating
rats were exposed to 2
mg/BB cigarette smoke

There is a decrease in brain cell size
and apoptosis in F1. In F2, there is an
increase in anogenital ovaries.

Prenatal exposure
to nicotine causes
transgeneration in

every day. The first
offspring (F1) is mated
and the second offspring
(F2) is obtained.

the pituitary-
gonadal mice.

Konstantinidou et | [35]
al, 2021

CCs from 10 donors, 5 of
whom are smokers and
others are not.

In smokers, an increase in IL6 and
oxidative damage was found.

Imbalance triggered
by cigarettes.

Discussion

Cigarette Smoke against Ovaries

The toxicity of cigarettes can lead to
abnormalities at the cellular level, in tissues
and in organs [36]. The accumulation of
cigarettes in the body triggers an excessive
increase in ROS and causes an imbalance
called oxidative stress [24]. The mechanism of
increased ROS in cellular biomolecules causes
biomolecular damage that triggers the
formation of malondialdehyde (MDA) [37]. As
a substance that can characterize the activity of
free radicals in cells, malondialdehyde (MDA)
is a useful tool for identifying oxidative stress
brought on by free radicals. The reactivity of
both aldehyde groups to nucleophiles allows
MDA to form additions that result in damage
to lipids and become mediators of reproductive
disorders [38].

Ovarotoxic nicotine can damage the
structure of ovarian cell membranes due to low
FSH stimulation of follicles, causing follicles
to atrophy and eventually degenerate [39].
Low FSH levels trigger FOXO to enter the cell
nucleus and induce apoptosis by releasing
BCL2 and FAS ligands. Furthermore, damage
occurs to mitochondria, which results in the
release of cytochrome C. Cytochrome C will
bind to Apaf-1, which causes the apoptosome
to modulate caspase 9 into caspase 3, resulting
in DNA fragmentation and apoptosis. As a
result, follicles are damaged in folliculogenesis

and DNA oxidation occurs in follicles and
corpus luteum [40].

Yes-associated protein (YAP) plays an
important role in hippocampus signaling to
trigger granulosa cell proliferation (GCs),
maintenance of normal ovarian function, and
follicle development, which is known to
decrease when exposed to cigarettes [18]. A
decrease in YAP followed by a decrease in
CYP19 will inhibit estrogen synthesis [41]. In
addition, cigarettes induce the production of
pro-inflammatory cytokines such as TNF-a,
NF-kB, IL17A, and IL1B [42]. Necrosis, as
one of the inflammatory responses, results in
plasma membrane rupture and lysis, as well as
spillage of intracellular contents into
surrounding tissues causing tissue damage [43].
In this study, the tissue damage in question is
follicular atresia or follicle failure to develop
[44]. The results of this study correspond to Li
et al (2020): cigarette exposure causes follicle
loss by inhibiting autophagy and pyroptosis
activation [45].

Follicular damage means mitochondrial
damage to granulosa cells, consequently
triggering a sustained autophagy reaction and
ending in granulosa cell death resulting in a
reduced number of follicles [39]. A decrease in
the number of primary, primordial, and de
Graff follicles affects estrogen production and
inhibits ovulation [46]. This is in accordance
with the results of research by Kole et al (2020),
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cigarette smoke is known to cause a decrease
in the number of follicles at all stages [24].
Wesselink et al 2019 found women smokers
had low fecundity. Cigarettes were found to
have no negative effects on IVF, as evidenced
by the fertilization rate which was no different
from non-smokers[29]. However, in the
second offspring (F2), it was found that the rat
cubs experienced a decrease in brain function
[34].

The loss of ovum at all stages is a clear
indication that exposure to cigarette toxicants
alters the ovaries' cell structure. The decrease
in ovum was brought about by the activation of
pro-inflammatory cytokines and oxidative
stress indicators by CS. This occurrence causes
cell damage, particularly to the GCs that make
up the ovaries, which impairs the ovaries'
ability to secrete hormones.

Cigarette Smoke
Reproductive Hormones

Oxidative stress from cigarette smoke
can result in impaired GnRH performance,
resulting in failure of secretion and synthesis
of FSH and LH [25]. When GnRH does not
secrete FSH and LH, there is an inhibitory
process in folliculogenesis that has an impact
on decreasing estrogen production by
suppressing 21 hydroxylaxes [47]. Estrogen is
needed by the body for the ovulation process,
where hormone levels will be normal if
follicular development takes place normally
[46]. Toxic substances in cigarette smoke will
increase mRNA expression in VEGF which
will modulate prostaglandins, as a result
progesterone synthesis is inhibited and
insufficiency occurs in the corpus luteum [48].
Corpus luteum insufficiency, also called luteal
phase disorder, is a manifestation of ovarian
failure where no follicles develop and
eventually anovulation occurs. This condition
can cause menstrual abnormalities [49].

Chen et al, (2022) found that there is a
decrease in CYP19 which results in a decrease
in estradiol synthesis and leads to
hyperandrogenism and the formation of
hemorrhagic cystic follicles [50]. Exposure to
CS in the ovaries causes follicles to form
abnormally and creates an imbalance in the
hormones that leads to a decrease in the release

against

of estrogen. Low estrogen causes LH to fall
and FSH to stay at its highest. This has an
impact on folliculogenesis later on. Therefore,
reproductive diseases that are mutually
exclusive arise from exposure to CS.

Cigarette Smoke against Oviduct

Rauf et al (2022) found an incidence of
fallopian tube mucosa flattening after rats were
injected with nicotine. His other research also
found that nicotine injection can result in
thinning of the wall thickness of the ampulla
and isthmus, as well as the height of the
epithelium of oviduct [23]. Smoking can
increase inflammation, as seen with IL-6,
TNF-0, and IL-8 which are increased [51].
Inflammation results in injury to cells that
require  self-repair mechanisms through
proliferation [52]. Estrogen functions in the
immune system of the oviduct mucosa by
regulating  S100A8, thereby inhibiting
inflammation [53]. However, low estrogen
levels due to nicotine exposure will inhibit cell
proliferation which leads to cell loss and
thinning of the isthmus layer [54]. Thinning of
the smooth muscle layer of the fallopian tubes
can decrease peristaltic movements that serve
to help the movement of the ovum towards the
uterus [55]. It is well known that exposure to
toxins raises proinflammatory cytokines. One
of the harmful effects of cigarette smoking is a
drop in estrogen, which also causes
inflammation, which in turn causes cell loss.
Microscopic examination therefore reveals a
weakening of the structural layer that
constitutes the oviduct. These anomalies
increase the chance of an ectopic pregnancy by
preventing fertilization products from reaching
the endometrium.

Cigarette Smoke against Uterus

There was a decrease in endometrial
proliferation and an increase in cell death after
CSE-induced (Cigarette Smoke Extract) above
1% and 0.025% CSE treatment resulted in an
increase in VEGF through accumulation of
factor-1a. CSE-induced oxidative stress plays
a role in the release of VEGF [56]. Increased
VEGEF is an adaptive response to the presence
of oxidative stress [57]. VEGF is essential for
placentation and implantation, however when
the amount is excessive, it can inhibit normal
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angiogenesis through over-stimulation of
blood vessels and causing disruption of the
structure of blood vessels [58]. CSE suppresses
various regeneration functions in the
endometrium, such as migration, self-repair,
and  pluripotency  through SERPINB2
activation that can affect the implantation
process [59]. Experimental animals exposed to
e-cigarettes are known to have almost no
embryo implantation sites despite the presence
of high progesterone [60]. Angiogenesis and
proliferation are highly impacted by the
reduced estrogen brought on by CS, and this is
where disruptions will arise. Endometrial
thickness will decrease as a result of an
increase in cell death (CD) in the endometrium
after a reduction in proliferation. Following
this thinning, there is a reduction in
vascularization, which lowers the capacity of
the conception products to be implanted.
Conclusion. The toxic effects of
cigarette smoke are multifaceted, including
ovotoxicants. Cigarette smoke affects female
reproduction by increasing oxidative stress,
triggering inflammation, increasing apoptosis
to follicle loss and decreasing the synthesis of
estrogen, GnRH, FSH, LH, progesterone, and
estradiol. Smoking is known to damage the
regulation of reproductive hormones that affect
the disruption of reproductive function of the
ovaries, uterus, and oviduct. Although it has no
effect on IVF, smoking should still be avoided
given its adverse effects on reproductive cells
and hormonal balance. Therefore, it is
expected that there will be a decrease in
cigarette consumption patterns considering the
adverse effects caused by reproduction.

Financial support
No financial support has been provided for this
work.

Conflict of interests
The authors have no conflict of interest to
declare.

Reference
1. Kim J, Song H, Lee J, et al. Smoking
and passive smoking increases mortality through
mediation effect of cadmium exposure in the

United States. Scientific Reports. 2023;13(1):3878.
DOI: https://doi.org/10.1038/s41598-023-30988-z

2. Shin H, Park S, Yon H, et al. Estimated
prevalence and trends in smoking among
adolescents in South Korea, 2005-2021: a
nationwide serial study. World Journal of Pediatrics.
2023;19(4):366-377. DOLI:
https://doi.org/10.1007/s12519-022-00673-8

3. MezaR, Cao P, Jeon J, et al. Trends in
US Adult Smoking Prevalence, 2011 to 2022.
JAMA Health Forum. 2023;4(12):e234213. DOI:
https://doi.org/10.1001/jamahealthforum.2023.421
3

4. Dai X, Gakidou E, Lopez AD.
Evolution of the global smoking epidemic over the
past half century: strengthening the evidence base
for policy action. Tobacco Control. 2022;31:129-
137. DOI: https://doi.org/10.1136/tobaccocontrol-
2021-056535

5. Yayan J, Franke KJ, Biancosino C, et al.
Comparative systematic review on the safety of e-
cigarettes and conventional cigarettes. Food and
Chemical Toxicology. 2024;185:114507. DOIL:
https://doi.org/10.1016/j.fct.2024.114507

6. Zhong M, Zou M, Yao Y, et al
Induction and Modulation of EVs by Cigarette
Smoke and Their Relevance in Lung Disease:
Recent Advances. Journal of Respiration.
2023;3(4);164-177. DOI:
https://doi.org/10.3390/jor3040016

7. Diaz MC, Silver NA, Bertrand A, et al.
Bigger, stronger and cheaper: growth in e-cigarette
market driven by disposable devices with more e-
liquid, higher nicotine concentration and declining
prices. Tobacco Control. 2025;34:65-70. DOI:
http://dx.doi.org/10.1136/tc-2023-058033

8. Montjean D, Pagé MHG, Bélanger MC,
et al. An Overview of E-Cigarette Impact on
Reproductive Health. Life. 2023;13(3):827. DOL:
https://doi.org/10.3390/1ife13030827

9. Abbott Al, Reibel YG, Arnett MC, et al.
Oral and Systemic Health Implications of
Electronic Cigarette Usage as Compared to
Conventional Tobacco Cigarettes: A review of the
literature.  Journal of Dental  Hygiene.
2023;97(4):21-35.

10. Seo YS, Park JM, Kim JH, et al.
Cigarette Smoke-Induced Reactive Oxygen
Species  Formation: A  Concise Review.
Antioxidants. 2023;12(9):1732. DOI:
https://doi.org/10.3390/antiox 12091732

11. Kasililika AG, Odukogbe ATA, Dairo
MD, et al. Lifestyle and oxidative stress status in
infertile women in Dar es Salaam, Tanzania:



O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2025:11(2):303-314 311

Review

Research Results in Biomedicine. 2025:11(2):303-314

comparative cross-sectional study. Middle East
Fertility Society Journal. 2021;26:33. DOI:
https://doi.org/10.1186/s43043-021-00081-4

12. Mallah MA, Soomro T, Ali M, et al.
Cigarette smoking and air pollution exposure and
their effects on cardiovascular diseases. Frontiers
in Public Health. 2023;11:967047. DOI:
https://doi.org/10.3389/fpubh.2023.967047

13. Decker ST, Matias AA, Bannon ST, et
al. Effects of cigarette smoke on in situ
mitochondrial substrate oxidation of slow- and
fast-twitch skeletal muscles. Life Sciences.
2023;315:121376. DOI:
https://doi.org/10.1016/j.1£5.2023.121376

14. Bai X, Wang Y, Luo X, et al. Cigarette
tar accelerates atherosclerosis progression via
RIPK3-dependent necroptosis mediated by
endoplasmic reticulum stress in vascular smooth
muscle cells. Cell Communication and Signaling.
2024;22:41. DOI: https://doi.org/10.1186/s12964-
024-01480-6

15. Chen X, Cai Q, Liang R, et al. Copper
homeostasis and copper-induced cell death in the
pathogenesis of cardiovascular disease and
therapeutic strategies. Cell Death and Disease.
2023;14:105. DOI:
https://doi.org/10.1038/s41419-023-05639-w

16. Qin GQ, Chen L, Zheng J, et al. Effect
of passive smoking exposure on risk of type 2
diabetes: a systematic review and meta-analysis of
prospective  cohort studies.  Frontiers in
Endocrinology. 2023;14:1195354. DOI:
https://doi.org/10.3389/fend0.2023.1195354

17. Cui J, Wang Y. Premature ovarian
insufficiency: a review on the role of tobacco
smoke, its clinical harm, and treatment. Journal of
Ovarian Research. 2024;17:8. DOI:
https://doi.org/10.1186/s13048-023-01330-y

18. Chen T, Wu M, Dong Y, et al. Effect of
e-cigarette refill liquid on follicular development
and estrogen secretion in rats. Tobacco Induced
Diseases. 2022;20:36. DOI:
https://doi.org/10.18332/tid/146958

19. Amalia A, Hendarto H, Mustika A.
Nigella Sativa Ameliorates Folliculogenesis
Disorders Due to Exposure to Cigarette Smoke
through GnRH, MDA Expression, Estrogen
Expression, GDF-9 Expression, Apoptosis
Expression, and Ovarian Follicles. Journal of

Medicinal and Pharmaceutical Chemistry Research.

2024;6(7):997-1009. DOI:
https://doi.org/10.48309/JMPCR.2024.444235.11
22

20. Kida N, Nishigaki A, Kakita-Kobayashi
M, et al. Exposure to cigarette smoke affects

endometrial maturation including angiogenesis and
decidualization. Reproductive Medicine and
Biology. 2021;20(1):108-118. DOI:
https://doi.org/10.1002/rmb2.12360

21. Chen T, Wu M, Dong Y, et al. Ovarian
toxicity of e-cigarette liquids: Effects of
components and high and low nicotine
concentration e-cigarette liquid in vitro. Tobacco
Induced Diseases. 2023;21:128. DOI:
https://doi.org/10.18332/tid/170631

22. Budani MC, Gallorini M, Elsallabi O, et
al. Cigarette smoke is associated with up-
regulation of inducible NOS and COX-2 protein
expression and activity in granulosa cells of
women undergoing in vitro fertilization.
Reproductive  Toxicology. 2022;113:128-135.
DOI:
https://doi.org/10.1016/j.reprotox.2022.08.013

23. Rauf F, Suhail M, Sohail A, et al.
Histological Effects of Ajwa on Oviduct after
Nicotine Induced Toxicity in Adult Albino Rats.
Esculapio-Journal of Services Institute of Medical
Sciences. 2022;18(3):381-385. DOI:
https://doi.org/10.51273/esc22.2518328

24. Kole E, Ozkan S, Eraldemir C, et al.
Effects of melatonin on ovarian reserve in cigarette
smoking: an experimental study. Archives of
Medical Science. 2020;16(6):1376-1386. DOI:
https://doi.org/10.5114/a0ms.2019.89409

25. Faghani M, Saedi S, Khanaki K, et al.
Ginseng alleviates folliculogenesis disorders via
induction of cell proliferation and downregulation
of apoptotic markers in nicotine-treated mice.
Journal of Ovarian Research . 2022;15:14. DOI:
https://doi.org/10.1186/s13048-022-00945-x

26. Susanti E, Sudiana IK, Hendarto H.
Smoke effects of disturbances folliculogenesis
(mda, gnrh, Hsp70, apoptosis, and follicles) in
ovarian on mice balb / C. Journal of International
Dental and Medical Research. 2020;13(2):774-777.

27. Camlin NJ, Sobinoff AP, Sutherland JM,
et al. Maternal Smoke Exposure Impairs the Long-
Term Fertility of Female Offspring in a Murine
Modell. Biology of Reproduction. 2016;94(2):1-
12. DOLI:
https://doi.org/10.1095/biolreprod.115.135848

28. Wesselink AK, Hatch EE, Rothman KJ,
et al. Prospective study of cigarette smoking and
fecundability. Human Reproduction.
2019;34(3):558-567. DOI:
https://doi.org/10.1093/humrep/dey372

29. Cinar O, Dilbaz S, Terzioglu F, et al.
Does cigarette smoking really have detrimental
effects on outcomes of IVF? European Journal of



O630p
Review

Hanifa F, et al. Effect of Cigarette Smoke on Female ... 312

Obstetrics and Gynecology and Reproductive
Biology. 2014;174:106-110. DOI:
https://doi.org/10.1016/j.ejogrb.2013.12.026

30. LiJ, Wu Q, Wu XK, et al. Effect of
exposure to second-hand smoke from husbands on
biochemical hyperandrogenism, metabolic
syndrome and conception rates in women with
polycystic ovary syndrome undergoing ovulation
induction. Human Reproduction. 2018;33(4):617-
625. DOI: https://doi.org/10.1093/humrep/dey027,

31. Lyngse J, Kesmodel US, Bay B, et al.
Female cigarette smoking and successful fertility
treatment: A Danish cohort study. Acta Obstetricia
et Gynecologica Scandinavica. 2021;100(1):58-66.
DOI: https://doi.org/10.1111/a0gs.13979

32. Oladipupo I, Ali T, Hein DW, et al.
Association between cigarette smoking and
ovarian reserve among women seeking fertility
care. PLoS ONE. 2022;17(12):e0278998. DOI:
https://doi.org/10.1371/journal.pone.0278998

33. Kim SM, Hwang KA, Go RE, et al.
Exposure to cigarette smoke via respiratory system
may induce abnormal alterations of reproductive
organs in female diabetic rats. Environmental
Toxicology. 2019;34(1):13-21. DOLI:
https://doi.org/10.1002/t0x.22652

34. Souza GS, Freitas IMM, Souza JC, et al.

Transgenerational effects of maternal exposure to
nicotine on structures of pituitary-gonadal axis of
rats. Toxicology and Applied Pharmacology.
2023;468:116525. DOI:
https://doi.org/10.1016/j.taap.2023.116525

35. Konstantinidou F, Budani MC, Sarra A,
et al. Impact of Cigarette Smoking on the
Expression of Oxidative Stress-Related Genes in
Cumulus Cells Retrieved from Healthy Women
Undergoing IVF. International Journal of
Molecular Sciences. 2021;22(23):13147. DOL:
https://doi.org/10.3390/ijms222313147

36. Liang G, He Z, Chen Y, et al. Existence
of multiple organ aging in animal model of
emphysema induced by cigarette smoke extract.
Tobacco Induced Diseases. 2022;20:02. DOI:
https://doi.org/10.18332/tid/143853

37. Mas-Bargues C, Escriva C, Dromant M,
et al. Lipid peroxidation as measured by
chromatographic determination of
malondialdehyde. Human plasma reference values
in health and disease. Archives of Biochemistry
and  Biophysics. 2021;709:108941.  DOIL:
https://doi.org/10.1016/j.abb.2021.108941

38. Kurniati  ID,  Nugraheni  DM.
Efektivitas Pemberian FEkstrak Buah Kersen
(Muntingia calabura) terhadap Rasio Berat Testis

pada Tikus yang Dipapar Asap Rokok. Medica
Arteriana. 2019;1(1):15-21.

39. Talakua FC, Unitly AJA. Efek
Pemberian Ekstrak Etanol Rumput Kebar
(Bhiophytum petersianum Klotzsch) terhadap
Peningkatan Jumlah Folikel pada Ovarium Tikus
Rattus Norvegicus Terpapar Asap Rokok. Biofaal
Journal. 2020;1(2):74-84. DOI:
https://doi.org/10.30598/biofaal.v1i2pp74-84

40. Zayani N, Susanto BNA, Solihati S.
Efek Pemberian Suspensi Buah Zuriat (Hyphaene
thebaica) terhadap Morfometri Ovarium Mencit
(Mus musculus L.) yang Terpapar Asap Rokok.
Jurnal Ilmiah Biosaintropis (Bioscience-Tropic).
2023;8(2):65-76. DOI: https://doi.org/10.33474/e-
jbst.v8i2.514

41. Liu T, Huang Y, Lin H. Estrogen
disorders: Interpreting the abnormal regulation of
aromatase in  granulosa cells (Review).
International Journal of Molecular Medicine.
2021;47(5):73. DOLI:
https://doi.org/10.3892/ijmm.2021.4906

42. Kumar S, Parveen S, Swaroop S, et al.
TNF-a and MMPs mediated mucus hypersecretion
induced by cigarette smoke: An in vitro study.
Toxicology in Vitro. 2023;92:105654. DOI:
https://doi.org/10.1016/j.tiv.2023.105654

43. Khalid N, Azimpouran M. Necrosis. In:
Treasure Island. StatPearls; 2023.

44. Guzel EE, Kaya N, Tektemur A, et al.
Chronic effects of maternal tobacco-smoke
exposure and/or o-lipoic acid treatment on
reproductive parameters in female rat offspring.
Systems Biology in Reproductive Medicine.
2020;66(6):387-399. DOLI:
https://doi.org/10.1080/19396368.2020.1815248

45. LiF, Ding J, Cong Y, et al. Trichostatin
A alleviated ovarian tissue damage caused by
cigarette =~ smoke  exposure.  Reproductive
Toxicology. 2020;93:89-98. DOI:
https://doi.org/10.1016/j.reprotox.2020.01.006

46. Tuttle AM, Stampfli M, Foster WG.
Cigarette Smoke Causes Follicle Loss in Mice
Ovaries at Concentrations Representative of
Human  Exposure. =~ Human  Reprodection.
2019;24(6):1452-1459. DOI:
https://doi.org/10.1093/humrep/dep023

47. Casati L, Ciceri S, Maggi R, Bottai D.
Physiological and pharmacological overview of the
gonadotropin  releasing hormone. Biochem
Pharmacol [Internet]. 2023 Jun;212:115553. DOL:
https://doi.org/10.1016/j.bcp.2023.115553

48. Musanejad E, Haghpanah T, Mirzaie V,
et al. Effects of Ethanol and Nicotine Co-



O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2025:11(2):303-314 313

Review

Research Results in Biomedicine. 2025:11(2):303-314

Administration on Follicular Atresia and Placental
Histomorphology in The First-Generation Mice
Pups during Intrauterine Development and
Lactation  Periods. Toxicology = Reports.
2021;8:793-803. DOLI:
https://doi.org/10.1016/j.toxrep.2021.03.033

49. Pizzorno JE, Murray MT. Textbook of
Natural Medicine, 5th ed. Churchill Livingstone:
Elsevier; 2021. DOI:
https://doi.org/10.1016/C2015-0-02243-2

50. Ashraf S, Rasool SUA, Nabi M, et al.
Impact of rs2414096 polymorphism of CYP19
gene on susceptibility of polycystic ovary
syndrome and hyperandrogenism in Kashmiri
women. Scientific Reports. 2021;11(1):12942.
DOI: https://doi.org/10.1038/s41598-021-92265-1

51. Benowitz NL, Helen GSt, Nardone N,
et al. Twenty-Four-Hour Cardiovascular Effects of
Electronic Cigarettes Compared With Cigarette
Smoking in Dual Users. Journal of the American
Heart Association. 2020;9:23. DOI:
https://doi.org/10.1161/JAHA.120.017317

52. Landén NX, Li D, Stadhle M. Transition
from inflammation to proliferation: a critical step
during wound healing. Cellular and Molecular Life
Sciences. 2016;73(20):3861-3885. DOI:
https://doi.org/10.1007/s00018-016-2268-0

53. Li X, Cao G, Yang H, et al. SI00A8
expression in oviduct mucosal epithelial cells is
regulated by estrogen and affects mucosal immune
homeostasis. PLoS ONE . 2021;16(11):e0260188.
DOI:
https://doi.org/10.1371/journal.pone.0260188

54. YuK, Huang ZY, Xu XL, etal. Estrogen
Receptor Function: Impact on the Human
Endometrium.  Frontiers in  Endocrinology.
2022;13:827724. DOI:
https://doi.org/10.3389/fendo.2022.827724

55. Yuan S, Wang Z, Peng H, et al
Oviductal motile cilia are essential for oocyte
pickup but dispensable for sperm and embryo
transport. Proceedings of the National Academy of
Sciences.  2021;118(22):¢2102940118.  DOI:
https://doi.org/10.1073/pnas.210294011

56. Behl T, Kotwani A. Exploring the
various aspects of the pathological role of vascular
endothelial growth factor (VEGF) in diabetic
retinopathy. Pharmacological Research.
2015;99:137-148. DOLI:
https://doi.org/10.1016/j.phrs.2015.05.013

57. Rossino MG, Lulli M, Amato R, et al.
Oxidative Stress Induces a VEGF Autocrine Loop
in the Retina: Relevance for Diabetic Retinopathy.

Cells. 2020;9(6):1452. DOLI:
https://doi.org/10.3390/cells9061452

58. Bansal R, Ford B, Bhaskaran S, et al.
Elevated Levels of Serum Vascular Endothelial
Growth Factor-A Are Not Related to NK Cell
Parameters in Recurrent IVF Failure. Journal of
Reproduction and Infertility. 2017;18(3):280-287.

59. Park SR, Kim SK, Kim SR, et al.
Effects of smoking on the tissue regeneration-
associated functions of human endometrial stem
cells via a novel target gene SERPINB2. Stem Cell
Research and Therapy. 2022;13(1):404. DOL:
https://doi.org/10.1186/s13287-022-03061-1

60. Wetendorf M, Randall LT, Lemma MT,
et al. E-Cigarette Exposure Delays Implantation
and Causes Reduced Weight Gain in Female
Offspring Exposed In Utero. Journal of the
Endocrine Society. 2019;3(10):1907-1916. DOI:
https://doi.org/10.1210/js.2019-00216

Received 25 June 2024
Revised 17 July 2024
Accepted 12 August 2024

Information about the authors

Fanni Hanifa, SST. Bdn. M.Keb, Lecturer,
Midwife Professional Education Study Program,
Vocational Faculty, Universitas Indonesia Maju,
Jakarta, Indonesia, E-mail:
fannihanifa070392@gmail.com, ORCID:
https://orcid.org/0009-0002-1128-972X.

Lina N. Izza, Lecturer, Midwife Professional
Education Study Program, Vocational Faculty,
Universitas Indonesia Maju, Jakarta, Indonesia, E-
mail: linaizza65@gmail.com, ORCID:
https://orcid.org/0009-0003-0436-1866.

Novalia Kridayanti, Lecturer, Diploma III
Midwifery, University of Prof. Dr. Hafiz MPH,
Cianjur, Indonesia, E-mail:

novalia.kri@gmail.com, ORCID:
https://orcid.org/0009-0005-7610-242X.
Hidayani  Hidayani, Lecturer,  Midwife

Professional Education Study Program, Vocational
Faculty, Universitas Indonesia Maju, Jakarta,
Indonesia, E-mail: hidayani.031@gmail.com,
ORCID: https://orcid.org/0009-0004-5202-0211.

Rudi Simanjuntak, Lecturer, Midwife
Professional Education Study Program, Vocational
Faculty, Universitas Indonesia Maju, Jakarta;
Obstetric and Gynecologist, Morulla IVF —
Bethsaida Hospital, Tangerang, Indonesia, E-mail:
rudisimanjuntakuima07@gmail.com, ORCID:
https://orcid.org/0009-0009-0369-4419.


mailto:fannihanifa070392@gmail.com
https://orcid.org/0009-0003-0436-1866
mailto:novalia.kri@gmail.com
https://orcid.org/0009-0005-7610-242X
mailto:hidayani.031@gmail.com
https://orcid.org/0009-0004-5202-0211
mailto:rudisimanjuntakuima07@gmail.com

0630p
Review

Hanifa F, et al. Effect of Cigarette Smoke on Female ... 314

Retno Sugesti, Lecturer, Midwife Professional
Education Study Program, Vocational Faculty,
Universitas Indonesia Maju, Jakarta, Indonesia, E-
mail: retnosugesti.uima@gmail.com, ORCID:
https://orcid.org/0009-0006-5090-3031.
Magdalena T. Putri, Lecturer, Midwife
Professional Education Study Program, Vocational
Faculty, Universitas Indonesia Maju, Jakarta,
Indonesia, E-mail: magdalena.triputri@gmail.com,
ORCID: https://orcid.org/0009-0000-7554-7578.

Rita A. Yolandia, Lecturer, Midwife Professional
Education Study Program, Vocational Faculty,
Universitas Indonesia Maju, Jakarta, Indonesia, E-
mail: rita.kebidanan@gmail.com, ORCID:
https://orcid.org/0009-0003-7694-8420.

Husnul Khotimah, Dr. S.Si. M.Kes, Lecturer,
Department of Pharmacology, Faculty of Medicine,
Brawijaya University, Malang, Indonesia, E-mail:
husnul_farmako.fk@ub.ac.id, ORCID:
https://orcid.org/0000-0002-2374-4358.


https://orcid.org/0009-0006-5090-3031
mailto:magdalena.triputri@gmail.com
https://orcid.org/0009-0000-7554-7578
mailto:rita.kebidanan@gmail.com

O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedosanutl. 2025:11(2):315-329 315

Review Research Results in Biomedicine. 2025:11(2):315-329
(co)
DOI: 10.18413/2658-6533-2025-11-2-0-8 YK 616.89-008.441.44

CyunugajbHoe moBeAeHHEe U KOMOPOMIHBIE
coMaTu4yecKue 3a0oeBanus (0030p)

P.B. Bucaaues

O0pa3oBarebHOE YaCTHOE YUPEXKIEHHE BBICIIETO 0Opa30BaHMUs
«MoCKOBCKast MeXIyHapOJHAS aKaJAeMUsD,
yi. HoBoky3Henkas, 1. 25, r. Mocksa, 115184, Poccuiickas denepanus
Aemop onsn nepenucku: P.B. bucanues (rafaelbisaliev@gmail.com)

Pesrome

AxTyanbHocTh: CynuuiaibHOE MMOBEAECHUE MPOJIOKAET OCTaBaThCs OAHOM M3 Hanbosee OCTPhIX
MEIULUHCKUX MPOOIIEM, aKTyalIbHOCTh, KOTOPOW MPOAOIDKAET COXPAHATHCS Ha BRICOKOM YpOBHE. B
CTaThe MPEJCTABJIEH aHAJIU3 TEOPUH KOMOPOMIHOCTH Kak 3apyOeXHBIX, TaK M OTEUECTBEHHBIX
aBTOPOB, HW3YYAIOIIMX MEAMIMHCKUAE aCHeKThl CaMOyOWHCTBA. AHAIM3UPYIOTCS JaHHBIE O
pacrpoCTPaHEHHOCTH COIYTCTBYIOIIMX COMAaTHYECKMX PAcCTPOWCTB B OCHOBE CYHMIIMJAIILHOTO
noBefeHuss nanueHToB. Llenb wucciaenoBanusi: [IpoBecTd aHamM3 COBPEMEHHBIX JAaHHBIX IIO
npobjeMe  CyMIMJIAIBHOTO  IOBEAEHUS MAIMeHTOB C  KOMOPOMJHBIMM  COMAaTUYECKUMU
3a0oneBanusMu. Martepuansl um  Meroabl: IlpoBenen anamu3 49 wucrounukoB. Ilouck
OCYIIECTBIISIICS B CIEIUATBHBIX MEIHIIMHCKUX pecypcax, a umenHo: RusMed, Medline, PubMed, u
Web of Science. Kpome Toro, ObuiM 3aJeHCTBOBAHBI JJICKTPOHHBIC OUOIMOTEKH, TaKue Kak
eLIBRARY.RU, KubepJlenunka u bubnuoreka nuccepranuii u aBropedepatoB Poccuu dslib.net.
AHaAM3APOBAIMCH MaTepHallbl, KOTOPBIE KAaCAINCh B3aWMOCBSI3M MEXIY CyHIUIATBHBIM
MOBEJCHUEM U KOMOPOUIHON COMaTHUYECKOW MaTOJOrMed, TO €CTh CYMIMJIAIBHOCTBIO U JPYTHMHU
CBSI3aHHBIMU C HEH SIBICHUSMH: CTaJWsl CYWUIIUIAITBHOTO Ipolecca (uaes caMOyOHiiCTBa, MOMBITKA
caMoyOMiicTBa, 3aBeplIeHHOE€ CcaMOyOWHCTBO, pHCK caMOyOWiicTBa ¢  KJIMHHYECKUMHU
XapaKTepUCTHUKaMU COMAaTHYECKUX paccTpoilcTB). Pesyabrarsl: [IpennpunsaTa nonbiTka U3y4uUTh
(eHOMeH CyMIUIATbHOTO TOBEACHUS Y TMAalMeHTOB C COMAaTMYeCKOW KOMOPOHMIHOCTHIO.
VY CTaHOBIIEHO CIEMyIOIee: UMEETCs CYIIECTBEHHBIH MpoOeN MCCIeTOBAHUN IO CYHIHIATBHOMY
MOBEJCHUIO Y OOJBHBIX C KOMOPOMIHBIMH COMAaTHYECKMMHU COCTOSIHUSMHU; HE C(HOPMHUPOBAHBI
TEOPETHKO-METOIOJIOTHIECKas OCHOBA, KOHIIETITyaJIbHBIE TIOJIXO/IbI M MIPHHITUTIEI KOMOPOUIHOCTH B
CBSI3U C CYUIIMJIAIBbHBIM MOBEACHNUEM; HEU3yUEeHHBIMH OCTAIOTCSI BOPOCHI B OTHOIIEHUH KIMHHUKO-
TICUXOJIOTHIECKUX, KIMHUKO-TICHXOMATOJOTHUECKUX W KIMHHUKO-IHHAMHUYECKAX OCOOCHHOCTEU
CYUIIU/IAJIbHOTO TIOBEJCHUS TMAIMEHTOB C KOMOPOHMIHBIMH COMAaTHYECKUMH COCTOSHUSIMU;
CYHITUIAIbHOE MTOBEIEHNE TPU KOMOPOUIHBIX COCTOSTHHSIX MPOSIBIISIETCS B JIFOOOM BO3pacTe, TO €CTh
HE TOJBKO Yy JIMI] CTapIIero M IMOXMUIIOro Bo3pacTa. 3akJ/roudenue: KomopOuiaHsie 3aboieBaHUs
JOJDKHBI PACCMATPUBATHCS CHEIHAIHCTAMH HETICHXHATPUYECKOTO MPOGWIS KaKk MOTEHIIHAIBHO
CYUIIMI00TIacHbIe cocTOosiHUS. TpeOyercs pa3paboTka W BHeApeHHE IU(epeHIIMPOBAHHBIX
MPOPUIAKTHIECKUX TPOTPAMM.

KiroueBble cjioBa: CydIuAajgbHOE IOBEACHUE; KOMOPOMAHOCTH; MPOQMIAKTUKA; CYHLUA U
coMaruyeckue 3aboeBaHus
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Suicidal behavior and comorbid somatic
diseases (review)
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Moscow International Academy,
25 Novokuznetskaya St., Moscow, 115184, Russia
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Abstract

Background: Suicidal behavior continues to be one of the most acute medical problems, the
relevance of which continues to remain at a high level. The article presents an analysis of comorbidity
theories by both foreign and domestic authors studying the medical aspects of suicide. The data on
the prevalence of concomitant somatic disorders underlying suicidal behavior of patients are
analyzed. The aim of the study: To analyze current data on the problem of suicidal behavior in
patients with comorbid somatic diseases. Materials and methods: The analysis of 38 sources was
carried out. The search was carried out in special medical resources, namely: RusMed, Medline,
PubMed, and Web of Science. In addition, electronic libraries such as eLibrary were involved.RU,
CyberLeninka and the Library of dissertations and abstracts of Russia dslib.net. We analyzed
materials that dealt with the relationship between suicidal behavior and comorbid somatic pathology,
that is, suicidality and other related phenomena: the stage of the suicidal process (suicide idea, suicide
attempt, completed suicide, suicide risk with clinical characteristics of somatic disorders). Results:
An attempt has been made to study the phenomenon of suicidal behavior in patients with somatic
comorbidity. It was found that: there is a significant gap in research on suicidal behavior in patients
with comorbid somatic conditions; the theoretical and methodological basis, conceptual approaches
and principles of comorbidity in connection with suicidal behavior have not been formed; questions
remain unexplored regarding the clinical-psychological, clinical-psychopathological and clinical-
dynamic features of suicidal behavior in patients with comorbid somatic conditions suicidal behavior
in comorbid conditions manifests itself at any age, that is, not only in older and elderly people.
Conclusion: Comorbid diseases should be considered by non-psychiatric specialists as potentially
suicidal conditions. The development and implementation of differentiated preventive programs is
required.

Keywords: suicidal behavior; comorbidity; prevention; suicide and somatic diseases

For citation: Bisaliev RV. Suicidal behavior and comorbid somatic diseases (review). Research
Results in Biomedicine. 2025;11(2):315-329. Russian. DOI:10.18413/2658-6533-2025-11-2-0-8

BBenenue. B mocnennee  Bpems CHUKEHUEM (GYHKIIMOHATBHBIX

OTMEYaeTCsl MIMPOKOE paCHpOCTpaHEHUE W
poct KOMOPOHTHON COMATHYECKOM
MATOJIOTUH, KOTOpas CYIIECTBEHHO MEHSET
KIACCUYECKYI0  KIMHUYECKYI0  KapTHHY,
XapakTep TEYCHUS, COIIPOBOXKIAETCS
YBEIIMYCHUEM  KOJIMYECTBA  OCJIOKHEHHIA,

BO3MOKHOCTEH M KayecTBa KW3HU MaIlMEHTOB
U aCCOIMUPYETCS C TOBBIMICHHBIM PUCKOM
cmeptHocTH [1]. DeHOMEH KOMOPOHWIHOCTH

(Ham UMIIOHUPYET TOYKa 3peHus,
paccMaTpuBaronias ~ KOMOPOMJIHOCTh  Kak
1100Yy10 OTJIETIbHYIO HO30JIOTHYECKYIO
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dhopmy/enuHmILy, CYIIIECTBOBABIIYIO,
CYLIECTBYIOIYI0  WJIH  KOTOpass  MOXET
MOSIBUTHCS. B XOJA€ KIMHUYECKOrO TEUYCHHS
WHJCKCHOTO (HWccleayeMoro) 3a00IeBaHus y
ManueHTa) SBIISIETCS MOBCEIHEBHOI
KJIIMHUYECKOW pEeaIbHOCTBIO, ONPEAEIISIOIUI
HEOOXOIUMOCTh  TIIIyOOKOrO  JETallbHOTO
m3yuenus [2]. KomopOumHbie COCTOSHHS
BapbUpYIOT B mpenenax ot 3% o 82%. Ilpu
3TOM y Jull B Bo3pacte oT 40 mo 64 ner
pacrnpocTtpaneHHOCTh cocTaBisieT 30%, ot 64
no 85 nmer — 65% u B rpynme oT 85 J5er u
crapme — 82% [3]. U3BectHO, YTO pHUCK
CMEpTH y MalMEeHTOB C ABYMsI 3a00JI€BaHUSIMU
paBeH 5-10%, ¢ nsaThi0 U Oojiee — Bo3pacraeT
no 70-80% [4]. Tak, nHampumep, cpeau
MAIMEeHTOB C XPOHUYECKOH OOCTPYKTUBHOMN
00JIe3HBIO JIETKUX, COUYETAaHHOW C CepACYHOM
HEZ0CTaTOYHOCTBIO, JIETAIbHOCTD, BKJIOYAs U
JIpyrue npUYMHbI, Bo3pactaeT Ha 7-31%, o
CpPaBHEHHMIO C TMAaIMEeHTaMH 0e3 CepaeyHo-
cocyaucThix 3aboneBanuit [5]. BecombiM
apryMEHTOM 3HAYMMON POJU KOMOPOUIHBIX
COCTOSIHMII B yBEIMYEHUM  IOKa3aTelss
JIETAIbHOCTH  SIBJISIETCA  BBICOKAs 4acToTa

COUYETaHHBIX 3a0o0seBaHU yMEPIINX
MAaIllMEHTOB C  HOBOM  KOPOHABUPYCHOU
uH(peKuue:  runeproHuYeckas  OOJIe3Hb
(98,9%), uepebpoBackyisipHas ~ OOJE3Hb

(96,9%), wumemuueckass OoNie3Hb Cepla
(83,9%), xpoHumdeckue OOJI€3HU TOYEK
(96,7%), caxapHblii [uabeT BTOPOTO THUIA U
¢ubpusiuus  npeacepauii — 1o 42,2%,
oxupenue (36,6%) [6].

Bce Oonbiiee BHUMaHHE Hay4dyHOU
OO0IIECTBEHHOCTH u MEAUIIMHCKIX
pabOTHUKOB MpUBJIEKAET MpobiieMa U3yueHHUs
CcaMOyOMIICTB y TAIMEHTOB C COYETAaHHOMU
comMatnueckoil marosioruer. CyuuuaanbHOE
IIOBEJICHUE (CIT) y MallUEHTOB
C XpPOHUYECKUMU 3a00JIeBaHUSMU
Habmoxanoce B 90,0% ciydaeB, npu
COMyTCTBYIOIIEH martomorun — B 74,6%,
COOTBETCTBEHHO [7]. B Toxke BpeMs umeercs
cymecTBeHHbIH mpoben B u3yuenun CII y
OOJNBHBIX € KOMOpPOMJIHOW COMAaTHYECKOM
MMaTOJIOTHEH, TaK KaK aKIEHT HCCIICAOBAHHI
HampaBlieH Ha  u3ydeHue  (peHomeHa
CYULIUJANBHOTO TIOBEJCHUS y  OOJBbHBIX,
UMEIOLUX OAWH TEparneBTHUUECKUN IUarHos3.

Hymaetcsi, 3TO O0OYCIOBJICHO OTCYTCTBHEM
€IMHBIX METOJOJOTHYSCKUX IIOJIXOJ0B B
ompeeeHuN MIPUIHMHHO-CIIEACTBEHHBIX
CBA3€M  MEXAYy  CYMIUAAIBHOCTBIO U
coMaTH4YeCKUMHU 3a0oiieBaHuAMU. OTMETHM,
YTO, KaK MPaBUJIO, UHTEPHUCTHI HE BIIAJICIOT
JOCTAaTOYHBIMHM 3HAHUAMH I10 JUArHOCTUKE
CYMITUAQIBHBIX TEHICHITUH, 8, COMAaTUYCCKUE

00JIbHBIC XapaKTepPU3yIOTCs OombIIeh
3aKpBHITOCTBIO B OTHOIICHHUU  Kajob
CYHIUIATBHOTO xapakTepa. [Monumas

OOIIMPHOCTh TEPMHUHA «KOMOPOUIHOCTDHY,
aBTOp HACTOAIICH pabOThl  OTPAHHYMICS
ucciefoBaHieM (eHoMeHa CYHLIUAAIbLHOIO
MOBEICHUS IAllUEHTOB C COMAaTHYECKUMU
KOMOPOUHBIMH COCTOSIHUSIMU.

Hannuune TEOPETUYECKUX u
MPAKTHYECKUX npoOiemM B chepe
WCCIICIOBAaHUI CaMOYOHMIICTB B COYETaHUU C
COMAaTUYECKUMU pacctpoiicTBamu,

HEJIOCTaTOYHasl Pa3pa0OTaHHOCTh U BBICOKAS
3HAYUMOCTb pPEIICHUs 3ajad  MPEBEHLINHU
CYUUHIAIBHOTO IIOBEICHHUS y ITHX
MalMeHTOoB, 00yCIoBHIN aKTyaJbHOCTb
BBIOOpA TEMBI HACTOSIIENH PabOTHI.

Ieas uccaenoBanus. [ Iposectr ananus

COBPEMEHHBIX  JIaHHBIX MO  Mpobiieme
CYUMUHJAIBHOTO IIOBEIECHUS IALIMEHTOB C
KOMOPOUTHBIMU COMaTHYECKUMU
3a001e€BaHUSIMH.

MarepuaJbl H METO/bI
HCCJaeI0BaHHUs. Hacrosmmii aHaIu3

JUTEPATYPHBIX  JAHHBIX  TMPOBOAWICS B
COOTBETCTBMM C  IOCTABICHHOW  LEJBIO
HCCTIEOBaHUS: TOMCK BBICOKOKAYECTBEHHBIX
CUCTEeMaTUYeCKUX 0030pOB, Kacaroluxcs
pacnpoCTpaHEHHOCTH CYHITUAAIBHOTO
MOBEJCHUS Yy TMAIUEHTOB C KOMOPOHWIHBIMHU
COCTOSIHMSIMH B CPaBHHUTEJIBHOM acCIIeKTe, TO
€CTb c o0IMMH MONYJISILIMOHHBIMU
MOKa3aTeSIMU  CYUIIUJIAJIbHOM aKTUBHOCTH.
s Oonee THIATENFHOTO U KOPPEKTHOTO
orbopa  MaTepualia, MBI clieI0BaIN
PEKOMEHIALUSAM 110 COCTABIEHUIO 0030pOB U
METa-aHaJu30B, OJHAKO C AaKIEeHTOM Ha
COOTBETCTBUE  METOJOJOTUU  KacaTelIbHO
MPOBEACHUS JTUTEPATYPHBIX 0030pPOB, YTOOBI
obecneynThb TOYHOE MpeACTaBICHUE
pe3ynapTaToB.  PexoMeHnanuu — BKJIFOYAIOT
OCHOBHBIE  TOJIOKEHHS:  HEMPEIB3SATOCTD,
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MOJIHOTa  TPEJCTABJICHHBIX  PE3YJIbTaTOB
JIPYTHX aBTOPOB, YeTKOEe (HopMyIHpoOBaHUE
TE€MbI, MPOoOJIEeMbl, BOMPOCA, OMUCAHHE BCEX
MCTOYHHUKOB MH(OpMaum, mporecca otrdbopa
UCCIIEIOBaHMM, XapaKTePUCTHUK, 110 KOTOPHIM
ObUIM W3BJICUEHBI JaHHBIC (HAarpuMep, 00bemM
HCCIIEI0BaHuA, 15004 () HaOJTIOZICHUS ),
UUTUPOBAHUE WM CCHUIKM Ha HUCTOYHHKH,
cOo3JlaHue o0reit WHTEepIpeTauu
pE3yNIbTaToOB B KOHTEKCTE JIpyTruxX
(aKTHUUYECKUX JTAaHHBIX, OMMCAHUS UICTOYHHKOB
(¢uHaHCHpOBaHUS  0030pa W JIPYrylo
MOAJEPKKY  (Hampumep, TPeaoCTaBICHUE
JTAHHBIX ) u pOJb CIIOHCOPOB
CUCTeMaTH4YeCKOro 0030pa [8].

Hamu nmpoBenen ananu3z 49 UCTOYHUKOB
OTCUYECTBCHHBIX H 3apyOEKHBIX aBTOPOB. MBI
UCKITIOUWIN AyOnupyromue matepuaisl (16
HMCTOYHUKOB) BO BpeMsi OOpaOOTKHU JaHHBIX
Moclie MPOYTEHHUsS Ha3BaHUS U aHHOTAIUU
Kaxaou cratbu. [IoMCK OCyIIECTBIAICS B
CHeIHalbHBIX MEIUIUHCKUX pecypcax, a
nmenHo: RusMed, Medline, PubMed, 1 Web
of Science. Kpome Toro, Ob111 32/1€HICTBOBaHBI
JJICKTPOHHBIE  OMOMMOTEKH, TakuWe  Kak
eLIBRARY.RU, KubepJlennnka u
bubnuorexka muccepranuii u aBTopedepaToB
Poccun dslib.net.

Bo BpeMs MOITOTOBUTEIFHOTO
W3Y4YCHHs] JUTEPaTyphl KIIOYEBOE CIIOBO
«CYUIUI» TOSBUIOCH B KadyecTBE TEPMHUHA,
KOTOpPBI  OOBIYHO  HCIONB30BAJICA  JUIS
o0o3HaueHMsT u3yyaeMoil mpobiembl. B
JalbHEUIIeM 3TO MPHUBENO HAC K MPHUHSITHIO
dhopmyIb TOUCKA: «CYULIH]T u
HenH(pEeKIHOHHBIe 3a00JIeBaHUS, «CYULIUI U
coMaTudeckoe 3a0oJIeBaHHE», «CYUIUA H
KOMOPOUAHOCTE». MBI HE OTrpaHHYHUBAIN
TOUCK IO 0a3aM JaHHBIX JaTON MyOIuKaIuH,
XOTsS AaKIeHT Obul Ha MyOmuKamuax 3a
nocJIeIHre IATh JeT, To ecTh ¢ 2020 roma.

Otbop Marepuana OCYIIECTBISLICSA TIO
CIICTYFOIIUM KPUTEPHSIM:

v\ cTaTbd, KOTOpBIE, COMJIACHO HX
AQHHOTAITUSAM, KaCaJIUCh TJIABHBIM 00pa3oM
B3aMMOCBSI3U CYHIIUJIATHHOTO TOBEIACHUS U
COYETAaHHOM COMAaTHYEeCKOW maTtojioruu. To
€CTh  CYHUIUAANBHOCTBIO W JPYTHMH
CBS3aHHBIMH C HEH SBJIICHUSMHU: CTaJHS
CYMIUAAIBHOTO rpoiiecca (umest

camMoyOuiicTBa, TMOMBITKA CaMOYOHUICTBA,

3aBEpILICHHOE camoyOuiicTBO, pHCK
camoyOuiicTBa c KJIMHHYECKUMU
XapaKTEePUCTHKAMHU COMaTUYECKUX

paccTpoicTB): cTafusl M TSHKECTh TEUEHUS,
JUIMTEIIBHOCTh ~ OO0JIE3HU, BJIUSHUE HHBIX
(dakTopoB Ha pa3BuTHE 3a00JieBaHUS W
aKTyaJlM3allii0  CYUIUAAJIbHOTO IOBEACHUS
(cTpecc, SMOLMOHANBHBIA CTATYC, Ka4eCTBO

KU3HU,  OTHOIIEHHe K  OonesHu U
IIPOBOJUMOMY JICYEHHUIO, 10JI0Bast
MIPUHAITIC)KHOCTD );

v/cratbu, onyGIMKOBAHHBIE HA PYCCKOM
M aHTJIMHCKOM SI3bIKaX;

v/craTbu, TE3UChI  KOTOPBIX  OBLIM
JOCTYTHBI B 11000 0a3e qaHHBIX.

Kpurepusimu  uckitoueHus ObLIH
CIIEYIOIIHE:

v/ MaTepuaisl, HE COJIepIKaIIie
CBelleHHs O  caMoyOuiicTBe,  MOIBITKE

caMOyOMICTBa WM CYHMIIMJAIBHBIX MBICISX,
KaK OTJICNIbHO, TaK U B CBSA3U C COMAaTHYECCKOM
MaTOJIOTHUCH;

v ny6mupyromue  matepuansl (16
HCTOYHUKOB);
v'crarbu, OMyOJINKOBAaHHBIE Ha

(GpaHIly3CKOM, HCIAHCKOM, HEMEIKOM |
KHTaHCKOM SI3bIKaX;

v\ OTY4ETHl ¥  HEOMyOIMKOBAHHBIE
HCCIICIOBaHMSI,

v pe3ysbTaTsl HIOKMCKa ObLIH
OTPaHUYEHBI CTaThsIMH, OIyOIMKOBAHHBIMHU
mo 2020 roma (32  HCKJIIOYEHHEM
PEKOMEH/IAIMH 110 HATMCAHUIO JINTEPATyPHBIX
0030poB — natupoBanbl 2009 rogom).

Hcnonp3oBanuch METOJIbI
TEOPETUYECKOTO  aHaln3a: aHATUTHYECKOE
CpaBHEHHE, cHUCTeMaTH3alus W 000OIIeHHe

HayYHO-HCCJICIOBATCIIbCKUX W HAYIHO-
METOINYECKUX OTEYECTBEHHBIX u
3apyOeKHBIX pabor o npoOseme
CYHMIIUJATBHOTO TIOBEJICHUS TAIMEHTOB C
KOMOPOUTHBIMU COMAaTHICCKUMHU
COCTOSTHUSIMH.

PesyabTarbl M HMX o00cyxkaeHmue.
CornacnHo KOHIIETIUN KOMOPOUIHBIX

COCTOSIHMII, Ha HAYaJIbHBIX CTaUAX OOJIE3HU
¢dbopmupyeTcss CHUHAPOM KOMOPOUIHOCTH Y
JUI  MOJOJAOTO W CPEJHEro BO3PACTOB.
Pesynbrar CYMMapHOTO HaKOIUIEHUS
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KOMOp6I/I,I[HOCTI/I u nepuon ﬂpKOﬁ
KIMHAYECKOW  MaHu(decTanuu  HauyuHAeT

MPOSBIIATH c€0sl COOTBETCTBYIOUIMM 00pa3zomM
B MOXWIOM Bo3pacte (61-75 mer) [2].
KomopOGuanocts  paccmaTpuBaeTcsi — Kak
Mapkep ycKopeHHoro crapenus [9]. Jlornuno
OKUJATh B3aMMOCBS3b yBEJIUYCHUS
KOJMYECTBA COMATHYECKHUX PACCTPOUCTB C
MPOJIOJKUTENIBHOCTRIO JKU3HU TAIMEHTa, a,
CJIEIOBATENBHO, MOBBILICHUS pHuCKa
CYMIUAAIBHOCTH c aKTyaJIu3alnuen
CyHULIUJANBHBIX popM noBeieHus. KocBeHHbIM
MOATBEPKICHUEM BO3PACTHOU aKKyMYJISIITUH
KOMOPOUAHOCTH U CYHIIUJANbHON aKTUBHOCTH
SIBJISIIOTCS.  JIaHHBIE, CBUJICTEIBCTBYIOIIHNE O
KOJMYECTBE TMAIlMeHTOB C CYULUJAIbHBIM
MOBEJICHUEM B MOJIOJIOM M CPEIHEM BO3pacTe.
Hanmpumep, B EBpome cambie BBICOKHE
MOKA3aTeIN CYUIUI0B OBLIN CPEIH MOJIOBIX
moaeit B Boszpacte oT 24 no 34 ger, B
IMakucrane — 43,1% u Erunre — 48,0% — B
Bo3pacte oT 20 10 39 sret [10]. B Poccun (2020
T.), CPETHUN BO3PACT I0OPOBOIBHO MOTHOIINX
MyX4MH BapbupoBan oT 20 o 24 ner,
s)keHImuH — oT 30 1o 34 net u ot 50 1o 54 ner.
Opnako ¢ 2016 mo 2019 rr. HambGombIIas
CYHITAQIIbHASE CMEPTHOCTh CPEIU JUI] 000MX
TMOJIOB MPUXOAUIACH UMEHHO Ha rpymiy oT 60-
TH JIeT W CTapiie, 4YTo, MO-BHANMOMY,
00ycnoBieHo 0oJiee BBICOKUMHU TTOKa3aTENSIMU
KOMOPOHIHON coMaTuueckon natosoruu [11].
Nubivu CIIOBaMH, OMOJIOKEHHUS
K03 duLeHTa CMEPTHOCTH CPEIU MY KCKOTO
HaceJleHusi JOJDKHO CHUTHaJU3UpOBaTh O
HEOOXOAUMOCTH  CPOYHOH  MPOPUIAKTUKH
MOCJENYIOEro  yXYIUIEHUS  CUTyalluu.
N3yueHne COMyTCTBYIOWIEH COMAaTHYECKOU
MATOJIOTUU TAIMEHTOB (CpeIHUN BO3pPACT —
43,6£17,9 u 44,3+18,0 net) ocHoBHBIX (341
4elnoBeK) M KOHTpoubHBIX (190 denoBek)
TPYIII BBISIBWIO CIIEAYyIONIHE 0coOeHHOoCTH. B
OCHOBHOW  rpymme (C  CyHIUAATbHBIMH
MOMBITKAMU)  Yalle, [0 CPaBHEHUIO C
KOHTPOJBHOW TPYNIoi (C CyHIIUIATBHBIMU
BBICKA3bIBAHUSAMH) OTMEYAINCh B aHaAMHE3e
YEepEHO-MO3TOBbIE TpPaBMBHlI, OCTpbIE
HapyIlIeHUs: MO3TOBOTO KPOBOOOpAIICHHS,
MaTOJIOTUSl CEPJIEYHO-COCYAUCTON CUCTEMBI,
cudunmc " IpyTrue BEHEPUUYECKHE
3aboneBanus. TeM HE MEHEE, pa3TUIHS MEXKTY

JAHHBIMM TpyNIaMU Tak)Xe HE JOCTUTrallu
CTaTHUCTUYECKU JOCTOBEPHOro YpoBHs [12].
KcraTtu, Ha3BaHbl OCHOBHBIE (haKTOPBI pUCKA
MOBTOPHBIX U HEOJTHOKPATHBIX CYUIHIATBHBIX
MIOTIBITOK: KEHCKMH I0JI, CpEeAHUH BO3paCT;
TAaK)K€ OTHOCAT MYXXCKOM IO M IOXKWION
BO3pacT y JKeHIUMH. EcTb MHeHHe, 4TO He
CYLIECTBYET pasjInuMii MeX1y MOoJaMu U
CYWIUIATBHBIN PUCK BBICOK JIsi BO3pacTa OT
50 no 70 net u crapuie [13, 14]. B pe3ynbrare
TeopeTudeckoro aHaimza npodiemsl CIT (25
paloT, BBIIIOJHEHHBIX B 19 cTpaHax Ha o0iieM
marepuaie 77890 cyuuumoB), OmMpeaesieHb
(bakTopsl CYULUIATBHOTO pHcKa:
MHO>KECTBEHHBIE XPOHUYECKHE COMAaTUUYECKHE
paccTpoiCTBa, >KEHCKUH I10JI, COBEpIICHHBIE
MIOTIBITKM ¥ 3aBEpILEHHBIE camMOyOuWiicTBa B
cembe. [loaToMy JseueHHME COMYTCTBYIOLIMX
3a00JIeBaHU TOJKHO OBITH MMPHOPUTETHBIM B
CTpaTerusix NpoQMIAKTUYECKUX IPOrpaMm
camoyOuiictB [15]. WupiMM cioBamu, BHE
3aBHCUMOCTH OT IOJOBOM MPHHAJICKHOCTH,
OoOHapyXeH CpeaHUN BO3paACT JIIOACH Kak
HauboJiee CyHIMI00MACHBIA EPUOT )KU3HU.
Cnenyer OTMETUTH paboThl,
MOJITBEPIKAALOIIIHE dbaxT HPUCYTCTBUS
OTSATOIIEHHOTO COMAaTOreHHOro (oHa y JeTeit
U MOJIPOCTKOB, COBEPIUIMBIINX CYHIIUJAIbHBIE
TIOMBITKH. B OZIHOM HCCIIEIOBAHUU
NPUBOAMIINCH JaHHBIE, B KOTOPBIX YHCIIO
CJIy4aeB 3aBEpIICHHbIX CaMOyOMICTB JIUIL JI0
19-tu ner cocraBuno 70% cmnydaes, 63%
CllydaeB  CMEpPTH  NPOU3OLUIM  Yepe3
noemenne. Ilpu stomMm  mpoGiemsl ¢
¢buznuecKkum 310POBBEM, TpeOyronmx
MEIHIIMHCKOM TTOMOIIM HCHBITBIBAIIM 76,6%.
Kpome Toro, ucnonnp3zoBanue lHTepHeTa B
LeNAx caMoyOuiicTBa ObIIO 3aUKCHPOBAHO B
23% cnydasx. 3a Hememo mo cmeptr 10%
YyeloBeK NpuYMHWIM cebe Bpen, a 27%

BBIPA3MIH CyWIUTaTbHbIC MBICITH.
PecnupatopubiM ~ 3aboseBanusM  (10%)
COITyTCTBOBAITU J€PMaTOIOTHIECKHUE

npobnemsr (11%). CrnpaBemymuBo OTMEYEHO,
9TO OIEHKAa M KOPPEKIHs CyHIUAATHLHOTO
MIOBEJICHUS HalMeHTOB COMAaTHYECKUX
CTallMOHAPOB MOXET HMETh 3HAUYUTEIHHBIN
MeauKo-conanbHbeld 3ddexr [16]. Ha nam
B3IJISIMI, YCTOSIBIIASCS TOYKAa 3pEHUS B
KOHIICTITyaJJbHOM ~ NOHMMaHMM  (peHomeHa
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KOMOPOUAHOCTH TPeOyeT METOI0JIOTUYECKOTO
U KJIMHUYECKOro IepeocMbIcieHus. Tak Kak
MOJIy4eHHbIE  BBIIIE  pe3yJbTaThl  HE
MOJTBEPKAAIOT POJb KOMOPOHIHOCTH B
aKTyaJlM3allid CyHMIMJAIbHOTO IOBEACHUS
TOJBKO y JIMIl CTapliero U IOXHWIOTro
Bo3pacta. KOCBEHHO 53TO WILIIOCTPUPYETCS
AMUAEMHUOIOTHYECKUMU JTaHHBIMU 1o
pacrpoCTpaHEHHOCTH CIIL. [Tux
CYHULIUJANBHON AaKTUBHOCTH BO BCEM MHPE
(oxBar 90 cTpaH) NPUXOAUTHCS HA BO3PACT OT
13 no 18 ner [17, 18], B Poccuu Gomnee Tpetn —
netd U mnonpoctku go 18 mer [19]. Mmur
CONMUAAPHBI C MHEHHUEM HEKOTOPBIX aBTOPOB,
YTO  HEBO3MOXXHO OOBSICHUTH  BBICOKYIO
pacipoCcTpaHEHHOCTh COUYETaHUS
3a00JI€BaHUN TOJIBKO WX MaTeMaTHYECKUM
CIIOKEHUEM C YyBEJIMYEHUEM Bo3pacra [2].
BepositHO, pa3zbpoc nokaszarenelr 00yCiIoBIeH
cOOpOM JaHHBIX C OMOpPOM Ha CTATUCTHKY
CKOPOIIOMOIIIHBIX U NICUXHUATPHYCCKUX
OOJBHMI], TOTJAa KaK 3HAYMUTEIbHAs 4YacTb
OCTaeTcsi 3a «paMKamMu»  HE0OXOIUMOi
nomom [10], XOoTs mO CyHUHUIATBHOMY
MoBeNeHn0, Hampumep, B 2022  romy
onyoaukoBaHo 6onee 15000 Hay4yHBIX paboT
[15]. HecmoTpst Ha TO, uTO OT 26% 10 68%
MalMEeHTOB C 3aBEpPUICHHBIMU CYUIIUJIAMHU
oOpamaiich K BpadaMm OOINEH TPAKTUKH B
TEYeHHEe MecsAlla Nepea CcaMOyOMHCTBOM,
CYULIUJANbHBIE  HaMEpPEeHMs]  MPOJOKAIOT
OCTaBaThCsi HEpPACHMO3HAHHBIMH, TaK Kak
CYULIUJANbHBIE TEHICHIIMM, Kak IPaBUIIO,
SIBIIIOTCS 3aByaJTMpPOBAHHBIMH
MICUXOCOMATUYECKUMU WM  ap(EeKTHBHBIMU
xanobamu [20, 21]. Kpome Toro, cameie
CHJIbHBIE KOPPEJISILIUOHHBIE CBSA3H C CYULIUJIOM
MoKa3aJii KOMOPOWIHBIE pacCTpOWCTBA U
(bakToOpbl pHUCKa, CBSI3aHHBIE C IOBEIACHHUEM
[22].

He BbI3bIBaeT coMHeHus (akT, UTO
CMEPTHOCTD oT 6one3Hen OpraHoB
KpOBOOOpAIIeHHs] OCTaeTcs JHIUPYIOLIEH B
CTPYKTypE CMEPTHOCTH JIPYTUX 3a00JIEBaHH,
IpU 3TOM OIpEeNIeHHbIH BKJIaJ B OOIIYIO

CMEpPTHOCTH BHOCST COITyTCTBYIOIIIKE
3a00s1eBaHUsA (13%) [23]. Bricokast
pacmpocTpaHEHHOCTh yKa3aHHBIX
3a00JICBaHUN  CONpPSDKEHa C  TPUEMOM

[penaparoB, JICUCTBYIOIIMX Ha CUCTEMY

KpOBOOOpaIieHus (B-anpenoGokaTOpHI,
TUTNIOTEH3UBHBIE U  MPOTUBOAPUTMUYCCKUE
CpencTBa, 0JIOKATOPBI MeJTICHHBIX
KaJbIIMEBBIX  KAaHAIOB W  WHTHOUTOPOB
AHTMOTCH3WHITPEBpaIamIero ¢epMeHra) ¢
CYHMIIUJIATBHON 11eNbl0. YacToTa HaMepEeHHBIX
camMooTpaBiieHu#l BapbupyeT oT 5% mo 11%,
TOra Kak JIETAJIbHOCTh cocTaBiisieT 10 6,5%,
TSDKEJIass ~ COMYTCTBYIOIIAsl ~ COMaTHYeCKast
MaToJIOTUSI y STHUX TNAIMEHTOB OTMEUCHA Y
60%, stu Gone3Hu camMu 1O cebe CBS3AHBI C
PUCKOM BO3HHMKHOBEHHS W XPOHH(PHUKAIIH
JICTIPECCHU M CYHIIUIATIbHOTO TIOBeieH s [24].
Jloka3aHHBIM ~ CYHMTACTCS, YTO  KaKJbIA
JIECATBIA TMALMEHT, TOCMUTAIM3UPOBAHHBIA B
KapIMOJIOTHICCKUM cTaroHap c
XpOHUYECKOH  MIIEMUYECKOM  OOJIE3HBIO
cep/lia, UMeJl aHTUBUTAIIbHBIC TTEePEKUBAHNUS,
MACCUBHBIC WM AaKTHBHBIC CYHUIIUJATbHBIC
Mbicii.  Torma kak — oOpamaemMocTb K
rcuxuarpam coctaBuia aumb 18,2% [25]. YV
MalMEeHTOB, MTPOIIIE ITNX 111010)1 (91474 0)%
MepeuBaHue  KPOBH,  KapIUOJOTHYCCKUE
paccTpoiicTBa (THIEPTOHUS, HIIEMHUYECKAs
0oJIe3Hb  cepila, 3acTOWHAs  CepJevHas

HEJ0CTaTOYHOCTb, bubprIsIMs
MpeAcepanid)  COYeTaIuCh C  APYTHMH
COITyTCTBYIOILIUMHU 3a00JeBaHUSAMU
(xpoHnueckass ~ oOCTpyKTUBHasi  OO0JIe3Hb
JeTKuX,  3aboseBaHus  nepudepuyecKux
cocyioB,  auaber, W pAg  APYTUX
TEpaNeBTUUECKUX M ICUXHATPUUYECKUX

paccTpoiictB). B 3Toif rpynme O00IbHBIX OBLIT
BBISIBJICH BBICOKUH pHUCK camoyOuiicTa [26].
HecoMHeHHO, KapIuOJOTHYECKHE MaIMEeHTHI
TpeOyroT Oojiee MPUCTATFHOTO BHUMAHHS CO
CTOPOHBI CTICITUATUCTOB HETICUXUATPUIECKOTO
npoduis B BHIY CYLIECTBEHHOW pa3HUIIBI
MOTHBOB  yNOTpeOJEeHHUs  IpernaparoB C
HAaMEpPEHHOM CYyMIMJAIBHOW WENbI0  WIN
CITy4aifHBIMH OTPABJICHUSMHU.

He wMeHee 3HauuTeNbHYI TpYIIY
BBICOKOT'O CYHULIUJAIBHOIO PUCKA COCTABIISIIOT
MAIMEeHTHl, CTpaJaole 00Je3HIMH OpPraHoOB
IBIXaHWST B~ COYETAHWW C  JIPYTHMH
COMATHYECKUMHU paccTpoiicTBaMu. B
MI0JIOBMHE CiTy4yaeB HaO01eHuH 32 O0JIbHBIMU
TyOepkyne3oM, codeTaHHbiM ¢  BHY-
nH(peKuue, UMeNno  MEeCTO  Haludue
HECKOJIbKUX WH(EKIHMI OJHOBPEMEHHO, B
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PaBHOM CTENEHU MPUBE/IINX K CMEPTH, TAK)Ke
ObuTH OO OTAETBHBIC OMIOPTYHUCTHUECKUE
uHpekuun  (KaHAWA03,  [MHEBMOIMCTHAs
ITHCBMOHHMS, TOKCOILJIa3MO3), 100
OHKOJIOTHYecKue paccrpoiicTBa. Obparmiaer Ha
ceOss BHUMaHHA 0O0Opa3 J>KM3HU TALMEHTOB,
KOTOpBIM  SIBJSUICA TNPUYMHON  JIeTaJbHBIX
HCXOJIOB, a UMEHHO: OTpaBJICHHE
HApPKOTHYECKUMHU CPEJCTBAMH M HECYACTHBIC
clly4au, IUPPO3 IMEYEHH, Pa3BUBAIOLIUICS B
pe3yabTate 3JI0YMOTPEOJICHUST  aJKOTOJIEM,
renaTut C, 3apakeHue KOTOPBIM
MIPOUCXOJIWIIO TPH BHYTPUBEHHOM BBEJICHUH
HAapKOTUYECKUX BellecTB. bonee Toro, mpu
KOMOpOUIHOM TeueHuu TyOepkyne3a u BIY-
uH(peKInH, HaIMEHTHI npeneOperanu
JICYCHUEM B BHJIE OTKa3a OT IPOBEICHUS
aHTHPETPOBUPYCHOM  Tepamuu, U  HE
peryJsipHOTro npremMa npemnaparos [27]. B cien
3a HEKOTOPBIMU aBTOpPaMH, MBI TaKkKe
MoJlaraeM, 4To MOJIEIH OJOOHOTO TIOBECHHUS
ABIAIOTCS  (OpMaMU  CKPBITOTO WU
JIATEHTHOTO CYUIMIAIBHOTO MoBeaAcHUs [28].
O6cnenoBanue ¢ oxBatoM 8770 y4acTHHKOB,
Mokasaso, 4to ot 2,2% 1o 8,4% Bcex cmepTeit
or  TyOepkyne3a  ObTM  CBSI3aHBI  C
CaMOyOMIICTBOM: CYHUITUIAIBLHBIX MBICICH 3a
mocleqHuii roj 3aboieBaHus Obl1o 8,5%,
CYMIIMAQIBHBIX  mombITok — 3,1%, 1o
UCTEYeHWH  JABYX  JIeT  3aboJjeBaHus,
camoyOuiictBa ObUIM 3aperucTpUPOBaHbI Y
0,92% O6onbHBIX TyOepkyne3om. dakropHas
00yCIIOBIICHHOCTh ObL1a CBsI3aHa c
CYHULIUJANBHOCTRIO Y JIMI[ JKEHCKOTO TOJa.
Taxxke BBISIBICHBI JApyrue (GaKkTOpbl CYUIUIA:

IIOBTOPHOE JIeYeHUe TyOepKyJesa,
conyrcrByomas BUY-undexnus, Hamudue
APYroro  XpOHMYECKOI0  COMAaTHYECKOIO

3a00JIeBaHMs, TICUXOJIOTHYECKUN CTpecc W
COIYTCTBYIOIUE TCUXUYECKUE 3a00JICBaHMSI
[29]. Hdymaercs, uto TyOepkyne3 BHE
3aBUCUMOCTH  OT  €ro  TEUeHHS  Kak
CIMHCTBEHHOTO  3a00JleBaHUS WA B
COYETaHUM C JIPYTHMH COMAaTHYCCKUMHU
paccTpoiicTBamMH, 00JIalaeT CyHMITUIOTEHHBIM
notreHaioM. To ecTh, KOMOPOHJIHBIC
COCTOSAHUA MOTYT BBICTYIIATh KaK
JIOTIOJTHUTEJIbHBIC (DAKTOPBI CYUITUIATBHOCTH.
B ncuxonoruueckom craryce  OOJIBHBIX
TyOepKyJIe30M  MPOCICKUBAIOTCS  HUJCHU

CaMOOOBHUHEHHS, CaMOYHUYMKCHUS,
MOBBIIIACTCS CYHMIMAAIbHAsT TOTOBHOCTh. B
JabHEHIIIEM 3TO MIPUBOJIUIIO K
(OpMUPOBAHHUIO HETATUBHOTO OTHOIICHUS K
3a00JI€BaHNI0, BPauye€OHBIM PEKOMEHIAIIHSIM,
HapyUICHUIO TIpUBEep>keHHOCTH Jiedenuto [30],
4TO, Ha HAIll B3IJIAJ, €CTh HE YTO MHOE, KakK
MPOSIBJIICHUS CKpPBITOTO CYMIUIATILHOTO
noBeacHuA. Keratu, HIMEIOTCS HCCIIeIOBaHUS
10 B3aUMOCBSI3M Ipunna B u cyunuaanbsHOro
pucka [31]. Comaruueckue 3a0o0NieBaHUs,
0COOEHHO B UX KOMOPOHIHBIX COOTHOIICHHSX
(0OCTpyKTHUBHBIE 3a00J1cBaHUs JIETKUX,
KapJIMOJIOTUYECKHE PACCTPONCTBA, UHCYJIBT U
OHKOJIOTUYECKUE 3a00JICBAaHUS) TIOBBIIIAIOT
puck camoyoOwuiictBa. OqHako 3T0 mpodiema
OCTAETCsl HE PEIICHHOW, U B KaKOM-TO Mepe
HEJIOOIEHEHHOM B OTHOIIICHUHU €€ CEePbE3HBbIX
nocieacTsuit [32].

Hakoriennsiit OITBIT MEINKO-
OMOJIOrNYECKUX i IICUXOJIOTHYCCKUX
ucciaenoBanuii o mnamgemun COVID-19
MoKa3aJl  CBSI3b  JTOM  WHpEKIUH ¢
KOMOPOHMJHOW COMATHYECKON MAaTOJIOTHEH |
pocTom mokasarelei CYMIUIATBHOTO
noBeAcHus.  JleTanbHBI  TEOPETUUYECKUI
aHaJIN3 MPOOJIEMBI CYUIIMIaTbHOTO TTOBEICHHUS
MMaIeHTOB, UHQOUITUPOBAHHBIX
KOpPOHaBUPYCHOU uHEeKINen, BBISIBUII
BBICOKUH YJEIbHBIA BEC CAMOIIOBPEKICHUMN U
CYMIIUAQIBHBIX MbICTeH: oT 17% nmo 66%.
JIbBUHAs ~ 70N CYMIMIANBHBIX  (GopM
ayToarpeccuu  MPUXOAWIACH Ha  JIETEW,
MOAPOCTKOB U MOJIOJIBIX JIFO/IEH B BO3pACTE OT
10 nmo 24 ner [33]. Bo Bpemsi snumeMun
ATUNMYHOW MTHEBMOHUEN B [ OHKOHIe ypOBEHb
camMoyOMIICTB HEHAJIOJITO BO3POC CPEIU JTHOAEH
B BO3pacte crapiuie 65 neT, NpeuMyIeCTBEHHO
cpenu JuIl ¢ 6oJee THKEIBIMUA (GU3UIECKUMU

3a00JIeBaHUSAMU [34]. [IpuBonutcs
KJIMHAYECKUI ciry4ai MalUEeHTa,
WH(UIIMPOBAHHOTO COVID-19,

COBEpIIMBIIETO  TIOMBITKY  CaMOYyOHWHCTBa
mocpeacteom  mpuema  10-15  taGierox
baxnogdena OJTHOBPEMEHHO. [Tomumo
JMarHo3a aTUMUYHON TTHEBMOHHMHU, y HETrO
KOHCTaTHPOBAHBI  THIIEPTOHUS, CaXapHBIN
nuaber, 0OKUPEHHE U TPHDKEBOE BBITITYMBAHUE
MEeHHOT0 OTaeia mo3BoHOYHHKA [35]. Taxke
OoOHapy»XeHO, 4YTO MHOTHME  TAaIMCHTHI,
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BeukuBImMe mociie COVID-19, ucneiThiBanu
JUTUTEJIbHbIE CTOMKHE COMAaTUYECKUE KATOOBI:
KallleJib, YCTaJIOCTh, OJbIIIKA U 00Jb, MOCTE
BBI3JIOPOBJICHUS oT MepBOHAYAIBHOTO
3a0onieBaHusa. BpICcka3aHO mpennooKeHue,
9TO TOCTKOBUJHBIA CHHIPOM YyCHIIMBAET
CYULIUJANbHBIE MBICIM U TOMNBITKA y 3TOH
KaTeropur mnamueHtoB [36]. B apyrux
WCCIICTIOBAHMX CBSI3U CYUITUIATBHBIX MBICTICH
C HAJIMYUEM COMAaTHYECKUX 3a00JeBaHM HE
BBISIBJIEHO [37]. BepostHo, 4TO
CTaTHUCTUYECKUE U  HHbIE  KIMHUYECKHE
uHTepnperanmu  oTHocuTensHo  CII vy
MalUMeHTOB C aTUINUYHOM  MHEBMOHUEH,
0cOOEHHO B  COYETAHMH C  JPYTUMH
COMAaTUYECKUMHU 3a00JICBAaHUSIMU, JIOJKHBI
(hopMyJIHpPOBATECS BEChbMa OCTOPOXKHO. ITO
CBSI3aHO PSIIOM OOCTOATEILCTB. Bo-mepBhIX,
COVID-undexmus 0CTaeTcst ele
MaJOM3YYeHHON KaK BCIIEJICTBHE BPEMEHHBIX
MapaMeTpoB, TaK MW HESICHOCTH JAPYTUX
KIIMHUYECKUX COCTaBISIONIUX: MATOTeHe3a,
KIIMHUKH, TEUCHHSI, KICXOJIOB U TOCIICICTBUH.
Bo-BTOopeiX, 3TO  3a00NEBaHUE  UMEET
BOJIHOOOpa3HOE TEYEHHUe, CJe0BaTENIbHO,
TUHAMHKA CYUIIUAANIBHON aKTUBHOCTH OYIEeT
Pa3JINYHOM U BBISIBUTH JOMUHHUPYIOIIUN TPEH]
WJIM CE30HHBIE KoJie0aHMs BeCchMa CI0XHO. U,
HaKOHEIl, B-TPEThHX, JI0 HACTOSIIIETO BpEMEHHU
HEeT eOUHOW METOAOJOTHMH 1o  cOopy
nHQOpPMAIMA W  KIUHUYECKOMY  aHAIU3y
(dbenomeHa cyunuaansHoro noseneHus. Kpome
toro, pabor mo wusydenuto CII marueHTOB
COVID-19 c COMaTHYECKOM
KOMOPOHJIHOCTHIO 3HAYUTEILHO MEHbIIE, IO
CPaBHEHUIO C HCCJIEIOBAaHUSMHU MAlMEHTOB-
CYHITUICHTOB, CTpaaroIINX TOJIBKO
ATUMHYHON THEeBMOHUEH.

3aboneBaHusl  KEITYTOYHO-KUIIIEUHOTO
TpaKTa pacCMaTPUBAIOTCS KaK MOTEHIIMAIBHO
CyHIAoOnacHbie cocTosiHus. CynunuaanbHbIe
MBICTTH BBISIBIIGHBI Yy 15% mamueHToB ¢
MHOXECTBOM  PaCCTPOMCTB  KEIyJOYHO-
KHIIEYHOTO  TpakTa. KJIMHWYECKH  OTH
HalMedThl coolmanu o 0ojiee  BBICOKOM
paclpoCTpaHEHHOCTH  TOATUIA  JUapeu
CUHJpOMa pa3pakeHHoro kuieynuka (P =
0,045), wenepxanus xama (P = 0,020) u
3arpyaHenHoro akta aedexarnuu (P = 0,005),
TSOKECTH 3aI0pPOB, B3IyTHH XUBOTA U OOJH B

xuBore (P <0,001 mo Bcem mkamam) [38].
Jlpyrue ucCciefoBaTeNd MOJAraid, 4Yro Y

IanuEHTOB C JAUAardo3omM «Pak
HHHleBapHTeHBHOﬁ CHUCTCMBID»
O6H&py>KI/IBaeTCH BBICOKAs COUYCTaHHada

CMEpPTHOCTb, KaK OT CyHIUAa, TaKk U OT
CEepACYHO-COCYUCTHIX Npu4uH [39]. Ananus

JUTEPATypHBIX  JIaHHBIX  [OKa3aj,  4TO
MoJaBJIsIoNIEe OOJBIIUHCTBO pabor
MOCBSAIICHO  W3YYCHUIO  CYHIUAAIBLHOTO

MOBEJICHUS y TMAIMEHTOB C 3a00JICBaHUSIMHU
KEIyJAOYHO-KUIIEYHOTO TpakTa JMOO Kak
€IMHCTBEHHAsT HO30JI0THus, JIMOO B paMKax
OHKOJIOTUYECKOTO PACCTPOMCTBA, HAmpUMEp
paka skenmyjaka, KumiedyHuka. Bmecte ¢ Tewm,
WCCIIEIOBaHHH MO CyHIMIaTbHOW aKTUBHOCTH
y TMalMeHTOB C 3a00Je€BaHUSIMH OPTraHOB
MUIIEBApEHUsl, COYETAHHBIX C JPYTUMHU
COMAaTHYECKUMU paccrpoiicTBamMu
MIPaKTUYECKH HET.

3a0oJyieBaHUs KOXKU M COIYTCTBYIOIIAsS
UM TaTOJIOTUS TaKXKE COMPSIKEHBI C PUCKOM
camoyouiictBa. Tak, B nepuon ¢ 2014 no 2016
roJ B AHrmu u3 ooimero yucia 922 cmeprei B
pe3yabTare camoyOuicTBa cpenu
o0cIneIoBaHHBIX B BO3pacte 10 25 JeT ObLIo
3apErUCTPUPOBAHO IAATh CITy4aeB CaMOyOUiCTBa
cpemn Jnered B Bo3pacTe a0 13-tm  jer.
ComnyTcTByIOIIME  JAEPMATOJIOTUYECKUE U
pecnupaTopHbie 3a00JeBaHUsl OBLTU OJHUMHU
13 Hambojee pacnpoCTPaHEHHBIX (HAKTOPOB
cyunuganbHoro pucka (9%) [40]. IIpsmo
YKa3bIBa€TCS, UYTO TaKU€ COMYTCTBYIOIINE
COMAaTHUYECKUE PACCTPOICTBA KaK pak, AUadeT,
CEepJEHYHO-COCYIUCThIE 3a00JeBaHUs
SIBJITFOTCSI TIpEpacIoiararonumMe hakTopaMu
pUCKa CydIAa y TAalUEeHTOB C KOXHBIMH
oonesussmu  [41]. Cmegyer  OTMETUTSH,
MPAKTHYECKH OTCYTCTBYIOT UCCIEAOBAHUS 10
CyMIIMAQIBHOMY  TIOBEACHHUIO  MAalUEHTOB
JIEPMATOJIOTUYECKOTO TPOPUIST B CBSI3U C
COMaTH4YECKUMU KOMOPOUIHBIMU
COCTOSIHHSIMH.

UTto kacaeTcst cCOMaTUYECKOro 3710POBBS
JETEH W TOJPOCTKOB, TO COMPSHKEHHBIMH C

CYULIUIATbHBIM MIOBEIEHUEM ObUTH
ClIeAyIoLIMe MICUX0COMAaTHUYECKHE
HapyIlleHUs:  HapylleHus  [HUIIEBAPEHHUS,

BEererococyagucrad OUCTOHUSA, HaAPYHICHUA
JABIXaHW, paCCTpOfICTBa CHa, IICHUXOI'CHHBIC
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rOJIOBHBIE OOJIH U TOJI0BOKpYskeHue. [Ipu atom
TJIABEHCTBYIOMINM (PaKTOPOM CYUITUAATHEHOTO
pUCKa BBICTYNAIU MPHUCTYIbl HETaTUBHBIX
NIepEeKUBAHNUN u OCO3HaHue cBoeH
OECIIOMOIIIHOCTA Tepel HEMOHSATHBIMU U
MyTalOLMMHU KU3HEHHBIMU Tpobiemamu [42,
43]. TlomuepkuBaaoCh, 4YTO NPU HU3YUYECHUH
¢denomena CII, ocobeHHO B  4acTu
CYMIIMAQIBHBIX MOIBITOK CJIEIYyeT YUYUTHIBATH
HE TOJBKO TCHXOJIOTUYECKUE M COLHUAIbHO-
TICUXOJIOTHYECKHUE, HO U TICUXOCOMAaTUYECKHE,
U COMATONCUXUYECKUE B3aUMOBIHUSHUS IPH
OIICHKE €ro ocoOeHHocTel. B3aumocss3b
(hbU3UIECKOTO 310POBbS (busmueckue
Harpy3Kd, y4acTHE€ B 3aHATHUSX CIIOPTOM Ha
OTKPBITOM  BO3/yX€, 370pOBO€ MHUTaHUE,
MPOJIOJDKUTENIBHBIA ~ COH,  CBEIIEHHE K
MUHUMYMY  KypeHus H  T1oTpebieHue
AJIKOTOJI51) u pucKa camoyOuiicTBa
MOATBEPKIAETCS UCCJICTOBAHUIMH, B
KOTOPBIX 310POBBIN obpa3 KUZHU
Croco0CTBYET CHU)KCHHIO YpOBHS
CYMIIMAQIBHBIX MBICTIEH U HamepeHuit [43].
[IpucTtanbHOr0O BHUMaHUS 3aCITy)KMBAeT
npobjieMa CyWIMIAIBLHOTO TIOBEJACHUS B
CTPYKType OHKOJOTHYECKHX 3a00JIeBaHMI C
COYETaHHOM COMAaTUYECKOM narojaorueit. Posb
KOMOpPOUJHBIX COCTOSHUN B aKTyaJlu3aluu
CYHITUIAIBHOCTH y OHKOJIOTHYECKUX
MAIMEHTOB MOATBEPKIAETCA
HCCIIEOBAHUSIMU, B KOTOPbIE OBLIN BKITFOUEHBI
152061 0ONBHBIX. YCTAHOBIEHO, 4To
COBOKYTTHAs 4acToTa CYMITIAIBHOTO
MOBEJICHUS WJIM CAMOTIOBPEXKIACHUS B TEUCHUE
oxHoro roja cocrtasmiia 717,48 ma 100 000
YyesnoBeko-neT. B LEJIOM, TSKECTh
OHKOJIOTHYECKON TMaToJOTHUH, HaJIWdue B
aHaAMHE3€ CYMUUJAIBHOTO TOBEACHUS WIIU
CaMOTIOBPEXKJEHNUN, CaxapHbId Juaber u
TUIepTOHNYEeCKass 00JIe3Hh OBLTU CBSI3aHBI C
pHCKOM CYyHITUAATBHOTO W
CaMOMOBPEKIAIONIETO (WICHOBPEAUTEIBCTBO)
noseaeHus. [Ipenmectpyromue
COMYTCTBYIOIIIHE MICUXUATPUUECKUE
3a0oneBaHnuss HEe  OBUIM  CBSI3aHBI  C
CYUIIUATBHBIM PUCKOM WIH
camonoBpexaeHusIMH [44]. YV G0JIBHBIX pakoM
MpEACTATeIbHOW  JKeNle3bl  MOCHEeayrollee
MTOBBIIIICHHE pHuCcKa cyuIaa OBLTO
O00yCIIOBJIEHO ~ OCOOCHHOCTSIMU  JICUCHHUS,

YXYALIAIOIIUMCS  COMAaTHYECKHM CTaTyCOM,
MPOrPECCUPYIOLIEH AHEMUEN U XPOHUUYECKUM
6oneBbiM cuHapomoM [45]. B cmenmanbHOR

JUTEpaType  MPUBOAUTCS  KIMHUYECKHUI
CiIy4ai, B KOTOpOM 89-neTHuii
OHKOJIOTHYECKUI MalUEeHT COBEPILIMII

MOKyIIEHHEe Ha  CaMOyOMMCTBO  (BBITIHJI
OYTBUIKY TEXHUYECKOU >XKUIKOCTH «KpoT» 1uis
MPOYUCTKH KaHAIM3AIMOHHBIX TpyO). U3
COITYTCTBYIOIIUX 3a0osieBaHU
JUArHOCTUPOBAH  aTEpPOCKIEPO3  AOPTHI,
COCY/IOB cep/ilia ¥ rojloBHOro Mo3ra. [laruent
COBEPILUJI TMOMBITKY CaMOyOUIiCTBa, TaK Kak
MOTepsiI BCAKUNA MHTEPEC K KHU3HU, YTPATUI
HaJIeXkAy Ha BBI3JIOPOBICHUE U YCTaN KUThH B
MIOJIHOM 3aBUCHMOCTH OT JIPYTrHX, 0OpeMeHsis
CBOCH HEMOIIbIO JXKM3Hb WICHOB ceMbH [46].
Bmecre ¢ TeM, He  MOATBEPANIOCH
yCTOSIBIIIEECSI ~ MHEHHE O  TOM,  4TO
CYUILIUIATbHBIN pHCK BO3pacTaer c
MPOJIOJKUTEIILHOCTRIO 3a00JIeBaHuUs, TO €CTh
MaKCHUMaJbHbIC MMOKA3aTeU CYHUIIUIATbHOCTH
NOJDKHBI HAOMIONAThCsl Yy  JIUI[  TTOXKHIIOTO
Bo3pacta. B I'onkonre 3a nepuox 2012 — 2016
rT. OBUT IPOBEJICH aHAIM3 TIOKyMeHTauu 458
OOJIBHBIX PaKOM, MMOKOHUYUBIIUX cO00# ¢ 766
COTIOCTaBUMBIX  KOHTPOJBHBIX  CITy4Yaes.
OOHapykeHO, 4YTO y TMOKUJIBIX TMalMeHTOB
OHKOJIOTUYECKOTO  MNPOPMIs,  HUMEIOIIUX
COIYTCTBYIOIIIME COMaTUYeCcKue 3a00IeBaHuUs,
BEPOATHOCTh caMoyOuiicTBa Oblla HUXKE.
ABTOpBI TpHUIUIM K 3aKIIOYEHHIO, YTO
HaJU4Yue JPYTUX COMATUYECKUX 3a00JIEBaHUI
y OTHUX TMAlMeHTOB OOYCIOBUJIIO TOMyYeHUE
VIYYIIEHHOTO yXoJa M TOJJIEPKKY OT
MEIUIIMHCKUX  pPabOTHUKOB H  OJHM3KUX
pOACTBEHHUKOB [47].

Henb3s He cornacuthest ¢ TOUKOM 3peHUst
3apyOeKHBIX aBTOPOB, 9TO XOTSI
HCCIEAOBAaHUN MO CBA3M CYUUUJAIBHOTO
TOBEJICHNUS C KOMOPOWIHOW COMaTHYECKOM
MaToJIOTUHU HEJIOCTaTOYHO, OJIHAKO
CYIIECTBYIOT yOEIWTENIbHBIC OKAa3aTeIbCTBA
B3aMMOOTHOILIEHUNH MEXIy COMaTUYECKUMH
CUMITOMaMH ¥  CBSI3aHHBIMH C  HHMH
paccTpoicTBaMu ¢ CYUITUAATEHBIMEI MBICIISIMU
W TOMmBITKaMH  caMoyowmiicTBa. TpeOyercs
pazBuTHe OyAyHIMX HCCIENOBAaHUN B ITOM
HarpaBJIeHUHU I 00JIee MOJTHOTO BBIACHEHHS
MOTCHIIMATBHBIX ~ YHUKAJIBHBIX  (PAKTOPOB
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pHUCKa JUIs JIUL, CTPAJAOIINX COYETaHHbIMU, a
COOTBETCTBEHHO, CJIO)KHBIMU COMaTHYECKUMHU
pacctporictBamu [48]. BaxXHOCTh H3y4YeHUS
COMAaTUYECKOW, B TOM YHUCIIE KOMOPOUIHOMN
[aTOJIOTUM B PAa3BUTUM U aKTyaJIU3alHH
CYHULIUJAJIBHBIX bopm IIOBE/ICHUS
MOATBEPKIAETCA AKTUBHBIM IIOMCKOM U
pa3paboTKOil PyKOBOJCTB ISl CHICIIUAINCTOB
o01Ieii MPaKTUKU U ICUXUaTpoB [49].

Ha Hall B3IJISL, aKICHT B
npouIakTuke CYHMIUJAIBHOTO TOBEICHUS
JIOJKEeH OBITh CMEIICH

— Ha BBIIEJCHUE MALHUEHTOB B
KauecTBe CaMOCTOSITENIbHOI TPYIIIIBI
CYULIUJAIBHOTO PUCKA;

— Ha TIOBBIILIEHUE YPOBHS 3HAHUM
Bpayuel-CreuaiucToB OOIeld NpakTUKH B
00JacTy CyMIIUIONIOTUH;

— Ha pa3paboTKy
g hepeHIMPOBAHHBIX porpamm,
BKJTFOYAIOIITUX OIICHKY (bakTopoB

CYMIIMJATIBHOTO PHUCKA;

— Ha BKJIIOYCHHM B IUIAH JICYCHUS
KOHCYJIbTAllMi MEIMIUHCKOTO IICHXO0JIoTa H
ncuxuaTpa C MOCIIEAYIOMINM
CONPOBOXKJCHUEM MAIEHTOB c
KOMOPOUIHOCTBIO Ha 3Tamnax amOyJlaTOPHOIO
Y CTAIlMOHAPHOTO JICUCHHS.

3ak/ro4eHue. Takum oOpa3zom,
TpeOyercss  mpoBeaeHHUE  TIyOOKMX U
MaclITaOHBIX HCCIEIOBAaHUH C  OOJBIIMM
KOJIMYECTBOM  TIAlIMEHTOB,  IPUMEHEHHE
YHU(PHUIMPOBAHHBIX METOJIOB THUATHOCTHUKU U
00paboTKH HMHPOPMALMU B  OTHOIICHUH
KIIMHAYECKUX TPOSBICHUN CYHIUAATBLHOTO
MOBeICHHsI (MBICITH, TTOTIBITKH U 3aBEPIICHHBIC
CYULIUJIBI).

Nudopmanus o uHaAaHCHPOBAHUM
QuHaHcuposanue  OaHHOU  pabomwsl  He
npPOBOOUNOCD.

Financial support

No financial support has been provided for this
work.

KoH}uaukT uHTEpEcoB
Aemop 3aa6a5aem 06
KOHd)JZuKma UuHmepecos.
Conflict of interests

The author has no conflict of interest to
declare.

omcymcmeuu

Cnucok JMTepaTypsl

1. Seghers PALN, Rostoft S, O'Hanlon S,
et al. Challenges of caring for older patients with
multimorbidudity including cancer. Journal of
Geriatric Oncology. 2023;14(7):101588. DOI:
https://doi.org/10.1016/j.jgo.2023.101588

2. [pankuna OM, MacaennukoBa IS,
Hlenenr PH. KoMopOuOHOCTh JAHIUPYIOIIUX
HeUMH(EKINOHHBIX 3a00JeBaHui:
MaTOTCHETUYCCKUE OCHOBEI U ITOAXO/bI K TEPAITHH.
[Ipodunakruueckas memuruaa. 2023;26(7):7-13.
DOL:
https://doi.org/10.17116/profmed2023260717

3. Skou ST, Mair FS, Fortin M, et
al. Multimorbidity. Nature Reviews Disease
Primers. 2022;8(1):48. DOI:
https://doi.org/10.1038/s41572-022-00376-4

4, CeBocthaHoBa EB, Hukomaes IOA,
[onsxos BS. Ilpobnema mnoaumMOpOMIHOCTH B

COBPEMEHHOU TEPaneBTUUECKOM KJIMHHUKE.
bronnerens CHOUPCKOM MEIULUHBI.
2022;21(1):162-170. DOl:

https://doi.org/10.20538/1682-0363-2022-1-162-
170

5. Axson EL, Ragutheeswaran K,
Sundaram V, et al. Hospitalisation and mortality in
patients with comorbid COPD and heart failure: a
systematic review and meta-analysis. Respiratory
Research. 2020;21:54. DOI:
https://doi.org/10.1186/s12931-020-1312-7

6. Beprkun  AJlL Ackapos AP,
Jaiipatestnn OB, wu  gp.  KomopOunansie
3a00JIeBaHUs U CTPYKTYpPA JICTATBHOCTH OOJIBHBIX
C HOBOW KOpOHaBUpPYCHOW MH(ekiuei. Jleqarmmii
Bpau. 2022;7-8(25):10-13. DOI:
https://doi.org/10.51793/0S.2022.25.8.001

7. 7. Song A, Koh EJ, Lee WY, et al.
Suicide risk of chronic diseases and comorbidities:
A Korean case-control study. Journal of Affective
Disorders. 2024;349:431-437. DOI:
https://doi.org/10.1016/j.jad.2024.01.037

8. Moher D, Liberati A, Tetzlaff J, et al.
Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. BMJ.
2009;339:h2535. DOl:
https://doi.org/10.1136/bmj.b2535

9. HessopoBa BA, Ueptox BM, bpoackas
TA, wu np. JduchyHKuuss MHUTOXOHApPUH U
COCYAWCTOE  CTapeHHe TMpH  KOMOPOHTHOU
aTOJIOTHUH. TuxookeaHnckui MEIUITMHCKHI
KypHaJI 2022;1:10-16. DOl:
https://doi.org/10.34215/1609-1175-2022-1-10-16

10. Cy6oruu MU. Knunuko-
TIICUXOJIOTHYCCKUC n COL[I/IO,Z[CMOI‘pa(I)I/I‘-ICCKI/Ie


https://doi.org/10.1038/s41572-022-00376-4
https://translated.turbopages.org/proxy_u/en-ru.ru.f2439aba-660eb472-a8b829e0-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Song+A&cauthor_id=38190857&__ya_mt_enable_static_translations=1
https://translated.turbopages.org/proxy_u/en-ru.ru.f2439aba-660eb472-a8b829e0-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Koh+EJ&cauthor_id=38190857&__ya_mt_enable_static_translations=1
https://translated.turbopages.org/proxy_u/en-ru.ru.f2439aba-660eb472-a8b829e0-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Lee+WY&cauthor_id=38190857&__ya_mt_enable_static_translations=1

O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedosanutl. 2025:11(2):315-329 325

Review

Research Results in Biomedicine. 2025:11(2):315-329

(haKkTOpBI CYHITMAATFHOTO TTOBEACHUS U PUCKA €r0

XpOHU(UKALNH: 0030p UCCIIEIOBAHU.
KoHCybpTaTHBHAS TCHXOJOTHSA M TICHXOTEPAIHSL.
2023;31(1):9-30. DOI:

https://doi.org/10.17759/cpp.2023310101

11. Jlumora AB, Ckpunos BC, Kouopora
JIB. bpemsi cyuuuaoB: OLICHKAa B IOTEPSHHBIX
rojax MOTCHIIMAIBHON JKU3HU.
[podunaktuueckas menunmua. 2023;26(2):50-55.
DOI:
https://doi.org/10.17116/profmed20232602150

12. PytkoBckas HC. OcobeHHocTH
paHHEro  MOCTCYMIUAAIBHOIO  Tepuoja  y
NAlEHTOB  [CHXMATPUYECKOrO  CTalHoHapa

[auccepranms]. Cankr-IletepOypr; 2022.

13. Leske S, Schrader I, Ghazala A, et al.
Suicide in Queensland: Annual Report. Australian
Institute for Suicide Research and Prevention,
Griffith University; 2020.

14. Hocosa EC, Cnacennuxkos BA,

AnekcaHipoBa Ol0. DUUAEMUOIOTUSI
camMoyOWiicTB B Mupe U (aKTOpbl pHUCKa
CYHITUIATIEHOTO IOBEJACHHSI. bromiereHp
HanmonansHoro Hay9IHO-UCCIICIOBATEIHCKOTO

HHCTUTYyTa 00II[ECTBEHHOTO 3I0pOBbs UMEHU H.A.
Cemariko. 2021;4:4-17. DOI:
https://doi.org/10.25742/NRIPH.2021.04.001

15. Jha S, Chan G, Orgi R. Identification of
risk factors for suicide and insights for developing
suicide prevention technologies. Human Behavior
and Emerging Technologies; 2023. DOI:
https://doi.org/10.1155/2023/3923097

16. Kacumoma JIH, Cssrorop MB,
CoruyroB EM. Ponb KIMHUYECKHX U COUUATIBHBIX
(akTOpOB pUCKAa B BO3HUKHOBEHUM U Pa3BUTHUU
CynuyaajJbHOTO MOBCIACHUA Y MOAPOCTKOB W JIMI]
MOJI040TI0 BO3pacTa. CYI/II_II/II[OJ'IOFI/ISI.
2022;13(2):74-91. DOI:
https://doi.org/10.32878/suiciderus.22-13-02(47)-
74-91

17. Mumwuna CC. Ilcuxomoro-
rneagarorundyeckas MOACIIb HpeBeHHI/II/I
CYULUIATBHOTO pucka y IIOIPOCTKOB

[muccepranms]. Caparos; 2022.

18. Campisi SC, Carducci B, Akseer N, et
al. Suicidal behaviour among adolescents from 90
countries: A pooled analysis of the global school-
based student health survey. BMC Public Health.
2020;20:1102. DOl:
https://doi.org/10.1186/s12889-020-09209-z

19. Yepnukosa E.I'. [IpoOnema usydenus
(hakTOpOB  TOJIPOCTKOBOTO  CYHIIWZAa M €ro
HpO(i)I/IJIaKTI/IKI/I B COBPEMCHHBIX Hay4HBIX

nccnenoBaHuAX. KasaHCKMIT BECTHHK MOJOJBIX
yuénbix. 2023;7(2):26-37.

20. Bergqvist E, Probert-Lindstrom S,
Froding E, et al. Health care utilisation two years
prior to suicide in Sweden: a retrospective
explorative study based on medical records. BMC
Health Services Research. 2022;22:664. DOI:
https://doi.org/10.1186/s12913-022-08044-9

21. PoszanoB BA, Hesnanos HI', KoBanes
AB, u gp. IlpeBeHIus CyWIIUAOB B KOHTEKCTE
podUIaKTHIECKON MEAULIHBI.
[Mpodunaktuueckas memamnmua. 2022;25(5):101-
109. DOL:
https://doi.org/10.17116/profmed202225051101

22. CyMuuaaibHOCTB: Pe3ybTaThl HOBBIX
MeTa-aHainn30B. KOHCyIbTaTUBHAS TICHMXOJOTHS U
TICUXOTEPAITHSL. 2023;31(2):171-176. DOl:
https://doi.org/10.17759/ cpp.2023310209

23. Kocomamoe BII, fpmonoBa MB.
AHanu3 BBICOKO CEpAEYHO-COCYIUCTOMI
320071€Ba€MOCTH M CMEPTHOCTH  B3POCIIOTO
HaceJICHUsI KaK MEIMKO-COMAIbHON MPOOJIEeMBI U
IIOMCK  IyTed ee  peuleHus.  YPalbCKUi
MenuuHCKU kypHan. 2021;20(1):58-64. DOI:
https://doi.org/10.52420/2071-5943-2021-20-1-
58-64

24. IlyroBkuna O], Xoamoroposa Ab,
IMonxeepuss MM, wu gp. CamooTpaBieHUs
TUMOTEH3WBHBIMU  TIperapaTaMu: KIIMHUKO-
MICUXOJIOTHYECKHE u COLMAJIbHO-
nemorpaduueckue (HakTopbl U OOIIHE TIOIXOABI K
npopunaktuke. Kypuan wum. H.B. Ckiu-
(hocoBckoro «HeotnoxHas MEIUIIMHCKAS
TTOMOIIIBY. 2021;10(4):719-727. DOl:
https://doi.org/10.23934/2223-9022-2021-10-4-
719-727

25. Jlukas TH, WinpsireHko KK,

CyxononoBa T'H, Hu Ip. Knunuko-
IICHXOITATOJIOTHYECKHUE 0COOEHHOCTH
IICHXWYECKUX  PACCTPOWCTB y  OONBHBIX C
OTpaBJICHUEM TUIOTEH3UBHBIMHA u

AHTHAPUTMHUYECKUMU IIperapaTtaMyu B pe3yJsIbTare
cyuiuaanbHbix neicteuid. Kypuan wnm. H.B.
CKJ'II/I(I)OCOBCKOF o «Heotnoxuas MCAUIIMHCKAas
TTOMOUIBY. 2023;12(4):607-613. DOl:
https://doi.org/10.23934/2223-9022-2023-12-4-
607-613

26. Hu WS, Lin CL. Increased risk of
suicide attempt among patients receiving blood
transfusion: A propensity matched analysis.
Medicine. 2021;100(52):e28335. DOLl:
https://doi.org/10.1097/MD.0000000000028335

27. ®ponosa OIl, Byrembuenko OB,
CraxanoB BA, wu np. [lpuumHbl neranbHBIX



O630p
Review

Bucaaues PB. CyuyudaavHoe nogedeHue u KOMOPOUOHDIE ... 326

Bisaliev RV. Suicidal behavior and comorbid ...

HACXOIOB  cpeau  OONBHBIX  TYOEpKyJIe30M,
couetanHbiM ¢ BUY-undekrueir. HannonamsHoe
3IpaBOOXpaHECHHE. 2021;2(1):59-62. DOI:
https://doi.org/10.47093/2713-069X.2021.2.1.59-
62

28. EdpemoBa OH, Pocroea HH.
MOHPITOpI/IHF JJATCHTHBIX CyunuaajdbHbIX
TEHACHUMA B MOJIOAEKHOM cpeae. BectHuk
06IIIeCTBeHHbIX u TyMaHUTapHbIX HayK.
2022;3(1):33-37.

29. Patwal R, Sachdeva A, Bhaskarapillai
B, et al. Prevalence of suicidal ideations and
suicide attempts in patients with tuberculosis: A
systematic review and meta-analysis. Journal of
Psychosomatic Research. 2023;167:111171. DOI:
https://doi.org/10.1016/j.jpsychores.2023.111171

30. 3axaposa EB. Mopnenb
TNCUXOCOUIHAJIBHOTO  COIIPOBOXKACHUA OOJILHBIX
TyOepkyiie3oM [mucceprarus]. Camapa; 2020.

31. Gunnell D, Appleby L, Arensman E, et
al. Suicide risk and prevention during the COVID-
19 pandemic. The Lancet Psychiatry.
2020;7(6):468-471. DOI:
https://doi.org/10.1016/s2215-0366(20)30171-1

32. Alias A, Bertrand L, Bisson-Gervais V,
et al. Suicide in obstructive lung, cardiovascular
and oncological disease. Preventive Medicine.
2021;152(1):106543. DOI:
https://doi.org/10.1016/j.ypmed.2021.106543

33. bucannes PB. CyuuunanbHoe
MOBEICHHE B CTPYKType OoNe3Hel CHCTEeMBI
KpOBOOOpallieH!s: U O0JIC3HEH OPraHOB JIbIXaHWUSI.
[cuxuaeckoe 3nopoBbe. 2024;19(3):66-79. DOI:
https://doi.org/10.25557/2074-014X.2024.03.66-
79

34. John A, Eyles E, Webb RT, et al. The
impact of the COVID-19 pandemic on self-harm
and suicidal behaviour: update of living systematic
review. F1000Research. 2021;9:1097. DOI:
https://doi.org/10.1268 8/f1000 research.25522.2

35. Telles-Garcia N, Zahrli T, Aggarwal G.
Suicide Attempt as the Presenting Symptom in a
Patient with COVID-19: A Case Report from the
United States. Case Reports in Psychiatry.
2020;16:8809. DOI:
https://doi.org/10.1155/2020/8897454

36. Sher L. Post-COVID syndrome and
suicide risk. Quarterly Journal of Medicine.
2021;114(2):95-98. DOI:
https://doi.org/10.1093/gjmed/hcab007

37. Menenesa TH, Enwmkxomomos CH,
boiiko OM, w gnp. AHamM3 AWHAMUKA
nenpecanHof/i CUMITOMAaTUKN W CYHIHUJAJIBHBIX
unert Bo Bpems mangemud COVID-19 B Poccuu.

Cyunuaonorusi. 2020;11(3):316. DOI:
https://doi.org/10.32878/suiciderus.20-11-03(40)-
3-16

38. Deutsch D, Bouchoucha M, Devroede
G, at al. Functional gastrointestinal disorders as
predictors of suicidal ideation. European Journal of
Gastroenterology and Hepatology.
2021;33(1S):e758-e765. DOLl:
https://doi.org/10.1097/MEG.0000000000002245

39. Chen Ch, Jiang Yi, Yang F, et al. Risk
factors  associated with  suicide  among
hepatocellular carcinoma patients: A surveillance,
epidemiology, and end results analysis. European
Journal of Surgical Oncology. 2021;47(3B):640-
648. DOI:
https://doi.org/10.1016/j.ejs0.2020.10.001

40. Barlow R, Payyazhi G, Hogan S, et al.
Suicide and Suicidality in Children and
Adolescents with Chronic Skin Disorders: A
Systematic Review. Acta Dermato-Venereologica.
2023;103:adv00851. DOL:
https://doi.org/10.2340/actadv.v102.1502

41. Stanescu AMA, Totan A, Mircescu D,
et al. Assessment of suicidal behavior in
dermatology  (Review).  Experimental and
Therapeutic Medicine. 2020;20:73-77. DOI:
https://doi.org/10.3892/etm.2019.8145

42. Topobent EA, Ecun OP. Anexcutumus
u [ICHXOCOMAaTHUYECKHE 3a0o0sieBaHuUs y
ONOAPOCTKOB: TMCPBUYHBIC TOJIOBHBIC ooim. Acta
Biomedica Scientifica. 2023:8(1):140-147.

43. Xpamor EB. Ilcuxonoruuyeckue u

MICUXO0COMATHYECKHUE (baxTopsI pHcKa
CYMIIUIATBHOTO MOBE/ICHHS MOJPOCTKOB.
CoBpeMeHHas 3apyOexHast [ICHUXOJIOTHSL.

2020;9(1):68-75. DOI: https://doi.org/10.17759/jm
fp.2020090107

44. Men VY, Emery CR, Lam TC, et al.
Suicidal/self-harm  behaviors among cancer
patients: a population-based competing risk
analysis.
Psychological Medicine. 2022;52(12):2342-2351.
DOI: https://doi.org/10.1017/S0033291720004250

45. Kenbn AA, Amudos I, 3se3na CA, u
np. Pak mpencraTenpHON Kene3bl: B3AUMOCBS3b C
pPa3BUTHEM [EMPECCHU M CYHLIMAATBHBIX MBICIIEH.
Bectuk yponoruu. 2022;10(1):104-109. DOI:
https://doi.org/10.21886/2308-6424-2022-10-1-
104-109

46. ®erucob BA, boromomo [IB,
JxyBamsixkos III', u ap. CyneOHO-MeIUIIMHCKUE
ACTEeKTHI po0OIeMBbI BUKTUMHOCTH  JIHI]
MIPEKIOHHOTO BO3pacTa (Ha npuMepe
caMOyOHMiiCTBa  OHKOJIOTMUYECKOro  OOJBHOTO).


https://www.researchgate.net/profile/Rahul-Patwal?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Aishwarya-Sachdeva?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Binukumar-Bhaskarapillai-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.sciencedirect.com/journal/journal-of-affective-disorders
https://translated.turbopages.org/proxy_u/en-ru.ru.08e06040-661502d4-85ac5095-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Alias+A&cauthor_id=34538370&__ya_mt_enable_static_translations=1
https://translated.turbopages.org/proxy_u/en-ru.ru.08e06040-661502d4-85ac5095-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Bertrand+L&cauthor_id=34538370&__ya_mt_enable_static_translations=1
https://translated.turbopages.org/proxy_u/en-ru.ru.08e06040-661502d4-85ac5095-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Bisson-Gervais+V&cauthor_id=34538370&__ya_mt_enable_static_translations=1
https://doi.org/10.%2025557/2074-014X.2024.03.66-79
https://doi.org/10.%2025557/2074-014X.2024.03.66-79
https://doi.org/10.1268%208/f1000%20research.25522.2

O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedosanutl. 2025:11(2):315-329 327

Review

Research Results in Biomedicine. 2025:11(2):315-329

CyneOHO-MeanIMHCKAS JKCTIEPTH3a.
2019;62(1):46-49. DOI:
https://doi.org/10.17116/sudmed20196201146

47. Men YV, Lam TC, Yeung CY et al.
Understanding the impact of clinical characteristics
and healthcare utilizations on suicide among cancer
sufferers: a case-control study in Hong Kong. The
Lancet Regional Health — Western Pacific.
2021;17:100298. DOI:
https://doi.org/10.1016/j.lanwpc.2021.100298

48. Torres ME, Lowe B, Schmitz S, et al.
Suicide and suicidality in somatic symptom and
related disorders: A systematic review. Journal of
Psychosomatic Research. 2021;140:110290. DOI:
https://doi.org/10.1016/j.jpsychores.2020.110290

49. Lowe B, Levenson J, Depping M, et al.
Somatic symptom disorder: a scoping review on
the  empirical evidence of a new
diagnosis. Psychological Medicine.
2022;52(4):632-648. DOI:
https://doi.org/10.1017/S0033291721004177

References

1. Seghers PALN, Rostoft S, O'Hanlon S,
et al. Challenges of caring for older patients with
multimorbidity including cancer. Journal of
Geriatric  Oncology. 2023;14(7):101588. DOI:
https://doi.org/10.1016/j.jg0.2023.101588

2. Drapkina OM, Maslennikova GYa,
Shepel RN. Comorbidity of leading non-
communicable diseases: pathogenetic bases and
approaches to therapy. Russian Journal of
Preventive Medicine. 2023;26(7):7-13. Russian.
DOI:
https://doi.org/10.17116/profmed2023260717

3. Skou ST, Mair FS, Fortin M, et
al. Multimorbidity. Nature Reviews Disease
Primers. 2022;8(1):48. DOl:
https://doi.org/10.1038/s41572-022-00376-4

4. Sevostyanova EV, Nikolaev YUuA,
Polyakov VYa. The problem of multimorbidity in
a modern therapeutic clinic. Bulletin of Siberian
Medicine. 2022;21(1):162-170. DOl:
https://doi.org/10.20538/1682-0363-2022-1-162-
170

5. Axson EL, Ragutheeswaran K,
Sundaram V, et al. Hospitalisation and mortality in
patients with comorbid COPD and heart failure: a
systematic review and meta-analysis. Respiratory
Research. 2020;21:54. DOl:
https://doi.org/10.1186/s12931-020-1312-7

6. Vertkin AL, Askarov AR, Zayratyants
OV, et al. Comorbid diseases and the structure of
mortality in patients with a new coronavirus

infection. Attending doctor. 2022;7-8(25):10-13.
Russian. DOl:
https://doi.org/10.51793/0S.2022.25.8.001

7. 7. Song A, Koh EJ, Lee WY, et al.
Suicide risk of chronic diseases and comorbidities:
A Korean case-control study. Journal of Affective
Disorders. 2024;349:431-437. DOl:
https://doi.org/10.1016/j.jad.2024.01.037

8. Moher D, Liberati A, Tetzlaff J, et al.
Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. BMJ.
2009;339:h2535. DOI:
https://doi.org/10.1136/bmj.b2535

9. Nevzorova VA, Chertok VM,
Brodskaya TA, et al. Mitochondrial dysfunction
and vascular aging in comorbid pathology. Pacific
Medical Journal. 2022;1:10-16. Russian. DOI:
https://doi.org/10.34215/1609-1175-2022-1-10-16

10. Subotich MI. Clinical-Psychological
and Socio-Demographic Factors of Suicidal
Behavior and the Risk of its Chronicity: a Review
of Studies. Counseling Psychology and
Psychotherapy. 2023;31(1):9-30. Russian. DOI:
https://doi.org/10.17759/cpp.2023310101

11. Lidova AV, Skripov VS, Kochorova
LV. The suicide burden: an estimate of potential
years of life lost. Russian Journal of Preventive
Medicine. 2023;26(2):50-55. Russian. DOL:
https://doi.org/10.17116/profmed20232602150

12. Rutkovskaya NS. Features of the early
post-suicidal period in patients of a psychiatric
hospital. [dissertation]. St. Petersburg; 2022.
Russian.

13. Leske S, Schrader |, Ghazala A, et al.
Suicide in Queensland: Annual Report. Australian
Institute for Suicide Research and Prevention,
Griffith University; 2020

14. Nosova ES, Spasennikov BA,
Aleksandrova OYu. Epidemiology of suicides in
the world and review of risk factors of suicidal
behavior. Byulleten Naestionalnogo nauchno-
issledovatelskogo instituta  obshchestvennogo
zdorovya imeni N.A. Semashko. 2021;4:4-17.
Russian. DOI:
https://doi.org/10.25742/NRIPH.2021.04.001

15. Jha S, Chan G, Orgi R. Identification of
risk factors for suicide and insights for developing
suicide prevention technologies. Human Behavior
and Emerging Technologies; 2023. DOI:
https://doi.org/10.1155/2023/3923097

16. Kasimova LN, Svyatogor MV,
Sychugov EM. The role of clinical and social risk
factors in the onset and development of suicidal
behavior in adolescents and young adults.


https://doi.org/10.1038/s41572-022-00376-4
https://translated.turbopages.org/proxy_u/en-ru.ru.f2439aba-660eb472-a8b829e0-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Song+A&cauthor_id=38190857&__ya_mt_enable_static_translations=1
https://translated.turbopages.org/proxy_u/en-ru.ru.f2439aba-660eb472-a8b829e0-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Koh+EJ&cauthor_id=38190857&__ya_mt_enable_static_translations=1
https://translated.turbopages.org/proxy_u/en-ru.ru.f2439aba-660eb472-a8b829e0-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Lee+WY&cauthor_id=38190857&__ya_mt_enable_static_translations=1

O630p
Review

Bucaaues PB. CyuyudaavHoe nogedeHue u KOMOPOUOHDIE ... 328

Bisaliev RV. Suicidal behavior and comorbid ...

Suicidology. 2022;13(2):74-91. Russian. DOI:
https://doi.org/10.32878/suiciderus.22-13-02(47)-
74-91

17. Mischina SS. Psychological and
pedagogical model of prevention of suicidal risk in
adolescents  [dissertation].  Saratov:  State
University of Saratov; 2021. Russian.

18. Campisi SC, Carducci B, Akseer N, et
al. Suicidal behaviour among adolescents from 90
countries: A pooled analysis of the global school-
based student health survey. BMC Public Health.
2020;20:1102. DOI:
https://doi.org/10.1186/s12889-020-09209-z

19. Chernikova EG. The problem of
studying factors of teenage suicide and its
prevention in modern scientific research. Kazan
Bulletin of Young Scientists. 2023;7(2):26-37.
Russian.

20. Bergqvist E, Probert-Lindstrom S,
Froding E, et al. Health care utilisation two years
prior to suicide in Sweden: a retrospective
explorative study based on medical records. BMC
Health Services Research. 2022;22:664. DOI:
https://doi.org/10.1186/s12913-022-08044-9

21. Rozanov VA, Neznanov NG, Kovalev
AV, et al. Suicide prevention in the context of
preventive medicine. Russian Journal of Preventive
Medicine. 2022;25(5):101-109. Russian. DOI:
https://doi.org/10.17116/profmed202225051101

22. Suicidality: Results Of Recent Meta-
Analyses. Counseling Psychology and
Psychotherapy. 2023;31(2):171-176. Russian.
DOI: https://doi.org/10.17759/cpp.2023310209

23. Kosolapov VP, Yarmonova MV. The
analysis of high cardiovascular morbidity and
mortality in the adult population as a medical and
social problem and the search for ways to solve it.
Ural Medical Journal. 2021;20(1):58-64. Russian.
DOI:  https://doi.org/10.52420/2071-5943-2021-
20-1-58-64

24. Pugovkina OD, Kholmogorova AB,
Pockhveria MM, et al. Self-Poisoning With
Antihypertensive Drugs: Clinical, Psychological
and Sociodemographic Factors and General
Approaches to Prevention. Russian Sklifosovsky
Journal "Emergency Medical Care".
2021;10(4):719-727. Russian. DOI:
https://doi.org/10.23934/2223-9022-2021-10-4-
719-727

25. Dikaya TlI, llyashenko KK,
Sukhodolova GN, et al. Clinical and
Psychopathological Features of Mental Disorders
in Patients with Poisoning by Hypotensive and
Antiarrhythmic Drugs as a Result of Suicidal Acts.

Russian  Sklifosovsky  Journal  "Emergency
Medical Care". 2023;12(4):607-613. Russian.
DOI: https://doi.org/10.23934/2223-9022-2023-
12-4-607-613

26. Hu WS, Lin CL. Increased risk of
suicide attempt among patients receiving blood
transfusion: A propensity matched analysis.
Medicine. 2021;100(52):€28335. DOL:
https://doi.org/10.1097/MD.0000000000028335

27. Frolova OP, Butylchenko 0V,
Stakhanov VA, et al. Causes of death in patients
with tuberculosis and human immunodeficiency
virus co-infection. National Health Care (Russia).
2021;2(1):59-62. Russian. DOl:
https://doi.org/10.47093/2713-069X.2021.2.1.59-
62

28. Efremova ON, Rostova NN.
Monitoring of latent suicidal tendencies in the
youth environment. Bulletin of social Sciences and
Humanities. 2022;3(1):33-37. Russian.

29. Patwal R, Sachdeva A, Bhaskarapillai
B, et al. Prevalence of suicidal ideations and
suicide attempts in patients with tuberculosis: A
systematic review and meta-analysis. Journal of
Psychosomatic Research. 2023;167:111171. DOI:
https://doi.org/10.1016/j.jpsychores.2023.111171

30. Zakharova EV. A model of
psychosocial support for tuberculosis patients
[dissertation]. Samara: State University of Samara;
2020. Russian.

31. Gunnell D, Appleby L, Arensman E, et
al. Suicide risk and prevention during the COVID-
19 pandemic. The Lancet Psychiatry.
2020;7(6):468-471. DOI:
https://doi.org/10.1016/s2215-0366(20)30171-1

32. Alias A, Bertrand L, Bisson-Gervais
V, et al. Suicide in obstructive lung, cardiovascular
and oncological disease. Preventive Medicine.
2021;152(1):106543. DOI:
https://doi.org/10.1016/j.ypmed.2021.106543

33. Bisaliev RV. Suicidal behavior in the
structure of diseases of the circulatory system and
respiratory organs. Mental Health. 2024;19(3):66-
79. Russian. DOI: https://doi.org/10.25557/2074-
014X.2024.03.66-79

34. John A, Eyles E, Webb RT, et al. The
impact of the COVID-19 pandemic on self-harm
and suicidal behaviour: update of living systematic
review. F1000Research. 2021;9:1097. DOI:
https://doi.org/10.1268 8/f1000 research.25522.2

35. Telles-Garcia N, Zahrli T, Aggarwal G.
Suicide Attempt as the Presenting Symptom in a
Patient with COVID-19: A Case Report from the
United States. Case Reports in Psychiatry.


https://www.researchgate.net/profile/Rahul-Patwal?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Aishwarya-Sachdeva?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Binukumar-Bhaskarapillai-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.sciencedirect.com/journal/journal-of-affective-disorders
https://translated.turbopages.org/proxy_u/en-ru.ru.08e06040-661502d4-85ac5095-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Alias+A&cauthor_id=34538370&__ya_mt_enable_static_translations=1
https://translated.turbopages.org/proxy_u/en-ru.ru.08e06040-661502d4-85ac5095-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Bertrand+L&cauthor_id=34538370&__ya_mt_enable_static_translations=1
https://translated.turbopages.org/proxy_u/en-ru.ru.08e06040-661502d4-85ac5095-74722d776562/https/pubmed.ncbi.nlm.nih.gov/?term=Bisson-Gervais+V&cauthor_id=34538370&__ya_mt_enable_static_translations=1
https://doi.org/10.%2025557/2074-014X.2024.03.66-79
https://doi.org/10.%2025557/2074-014X.2024.03.66-79
https://doi.org/10.1268%208/f1000%20research.25522.2

O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedosanutl. 2025:11(2):315-329
Research Results in Biomedicine. 2025:11(2):315-329

Review

329

2020;16:8809. DOI:
https://doi.org/10.1155/2020/8897454

36. Sher L. Post-COVID syndrome and
suicide risk. Quarterly Journal of Medicine.
2021;114(2):95-98. DOI:
https://doi.org/10.1093/qjmed/hcab007

37. Medvedeva TI, Enikolopov SN, Boyko
OM, et al. The dynamics of depressive symptoms
and suicidal ideation during the COVID-19
pandemic in Russia. Suicidology. 2020;11(3):316.
Russian. DOI:
https://doi.org/10.32878/suiciderus.20-11-03(40)-
3-16

38. Deutsch D, Bouchoucha M, Devroede
G, at al. Functional gastrointestinal disorders as
predictors of suicidal ideation. European Journal of
Gastroenterology and Hepatology.
2021;33(1S):e758-e765. DOI:
https://doi.org/10.1097/MEG.0000000000002245

39. Chen Ch, Jiang Yi, Yang F, et al. Risk
factors  associated with  suicide  among
hepatocellular carcinoma patients: A surveillance,
epidemiology, and end results analysis. European
Journal of Surgical Oncology. 2021;47(3B):640-
648. DOI:
https://doi.org/10.1016/j.ejs0.2020.10.001

40. Barlow R, Payyazhi G, Hogan S, et al.
Suicide and Suicidality in Children and
Adolescents with Chronic Skin Disorders: A
Systematic Review. Acta Dermato-Venereologica.
2023;103:adv00851. DOI:
https://doi.org/10.2340/actadv.v102.1502

41. Stanescu AMA, Totan A, Mircescu D,
et al. Assessment of suicidal behavior in
dermatology  (Review).  Experimental and
Therapeutic Medicine. 2020;20:73-77. DOI:
https://doi.org/10.3892/etm.2019.8145

42. Gorobets EA, Esin OR. Alexithymia
and psychosomatic disorders in adolescents:
primary headaches. Acta Biomedica.
2023:8(1):140-147. Russian.

43. Khramov EV. Psychological and
psychosomatic risk factors of suicidal intentions in
adolescents. Journal of Modern Foreign
Psychology. 2020;9(1):68-75. Russian. DOI:
https://doi.org/10.17759/jm fp.2020090107

44. Men VY, Emery CR, Lam TC, et al.
Suicidal/self-harm  behaviors among cancer
patients: a population-based competing risk
analysis.

Psychological Medicine. 2022;52(12):2342-2351.
DOI: https://doi.org/10.1017/S0033291720004250

45. Keln AA, Alifov DG, Zvezda SA, et al.

Prostate cancer: relationship with depression and

suicidal thoughts. Urology Herald.
2022;10(1):104-1009. Russian. DOL:
https://doi.org/10.21886/2308-6424-2022-10-1-
104-109

46, Fetisov VA, Bogomolov DV,
Djuvalyakov PG, et al. The forensic medical
aspects of the problem of victimization of the
elderly persons as exemplified by a case of suicide
of an oncological patient. Forensic Medical
Expertise. 2019;62(1):46-49. Russian. DOI:
https://doi.org/10.17116/sudmed20196201146

47. Men YV, Lam TC, Yeung CY et al.
Understanding the impact of clinical characteristics
and healthcare utilizations on suicide among cancer
sufferers: a case-control study in Hong Kong. The
Lancet Regional Health — Western Pacific.
2021;17:100298. DOI:
https://doi.org/10.1016/j.lanwpc.2021.100298

48. Torres ME, Lowe B, Schmitz S, et al.
Suicide and suicidality in somatic symptom and
related disorders: A systematic review. Journal of
Psychosomatic Research. 2021;140:110290. DOI:
https://doi.org/10.1016/j.jpsychores.2020.110290

49. Lowe B, Levenson J, Depping M, et al.
Somatic symptom disorder: a scoping review on
the  empirical evidence of a new
diagnosis. Psychological Medicine.
2022;52(4):632-648. DOI:
https://doi.org/10.1017/S0033291721004177

Cratbs moctynmia B pepakiuio 30 mapta 2024 1.
[ocrynuna nocne nopadotku 1 utons 2024 r.
IIpunsita x neuatu 6 aBrycra 2024 r.

Received 30 March 2024
Revised 1 July 2024
Accepted 6 August 2024

HNndopmanus ob6 aBTope

Pagasas BanepbeBuu bucanues, gokTop
MEIHUIMHCKUX HayK, JHOLEHT Kadeapbl oOIIei u
KIIMHAYECKOM IICUXOJIOTUH ouy BO
«MocCKOBCKasi ~ MEXIyHapoIHas  aKaJeMus,
r. MockBa, Poccuiickas ®eneparnus, E-mail:
rafaelbisaliev@gmail.com, ORCID:
https://orcid.org/0000-0002-9590-5341.

Information about the author

Rafael V. Bisaliev, Doct. Sci. (Medicine),
Associate Professor at the Department of General
and Clinical Psychology, Moscow International
Academy, Moscow, Russia, E-mail:
rafaelbisaliev@gmail.com, ORCID:
https://orcid.org/0000-0002-9590-5341.


https://doi.org/10.3892/etm.2019.8145
mailto:rafaelbisaliev@gmail.com
mailto:rafaelbisaliev@gmail.com

Obsop Honzunyes ME, u dp. Imuoso2us u namozeHe3 amepockaeposd ...

Review Dolgintsev ME, et al. The etiology and pathogenesis of ... 330
hevr |
DOI: 10.18413/2658-6533-2025-11-2-0-9 YK 616.13.002.2-004.6

ITHOJIOTUSA U MATOTeHEe3 aTePOCKJIepo3a:
COBpeMEHHbIE NPeACTABJICHUS
U BO3paCT3aBHMCHUMBbIE aCEKThI (0030p)
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Pe3ome

AKTYaJIbHOCTB: ATEpOCKJIEepo3 SBISIETCS BeAylled NPUYMHOM 3a00JIeBa€MOCTH M CMEPTHOCTH
HaceneHus Bo BcéM wMupe. OH mpencrtaBiner coOOM CHUCTEMHBIM MATOJOTWYECKHH MpoIiecc,
BBIP)XAIOLIUICA B OTJIO)KEHUH aTepPOr€HHBIX JIMIONPOTEMHOB B HHTHME COCY/I0B, C JAlbHEHIINM
pa3BUTHEM BOCHAJICHHS, KICTOYHOH mpoiudepanuy u 00pa30BaHHEM aTEPOCKIECPOTHYECKHX
OJsilIeK, NPUBOJAIIMN K oOTypauuu npocBera cocyna. HecMOTpss Ha HaKOIUIEHHBIH K TEKyLIEMY
MOMEHTY JOBOJIbHO 3HAUMTENIFHBI MaTepHall MO OSTHOJOTMH M TIAaTOTeHE3y aTepoCKIiIepo3a
COBpPEMEHHBIE B3JIAJbl HAa MEXaHU3Mbl M SBOJIIOLMIO 3TOrO MATOJOTMYECKOro IMpolecca, €ro
BO3pAacT3aBUCUMBIE aCNEKThl TPeOyIOT 0000IIeHHs M cucTeMaru3auuu. /[aHHoe 00CTOATENbCTBO
MOCTYXHJIO OCHOBAaHMMEM JJIsl aHAJIN3a JIAHHBIX MHUPOBOHM JMTEPATyphl, MOCBSIIEHHONH BOIpPOCaM
STHOJIOTUU W TaTOTEHe3a aTepOCKIIepo3a U 0COOEHHOCTEH ero (omMupoBaHus B BO3paCcT3aBUCUMOM
koHTekcTe. Lleqb mccienoBanusi: PaccMOTpeTh € COBPEMEHHBIX MO3MLIMN BKJIQJ OCHOBHBIX
ATHOJIOTUYECKHX (PAKTOpPOB B pa3BUTHE aTepoCKiepo3a M O000OMMTh WX 3HAYUMOCTH IS
¢dbopMHpOBaHHSA JAHHOW TATOJOTMM HA CHUCTEMHOM, OpPIaHHOM, TKaHEBOM, KIETOYHOM U
MOJICKYJIIPHOM YpPOBHSIX B BO3PAacT3aBUCHMOM KOHTeKcTe. Martepuajbl U Metoabl: [IpoBenén
aHaJM3 JIMTEpaTypHbBIX MCTOYHMKOB M 0a3 maHHbIx Web Of Science, ScienceDirect, Medline,
Poccuiickoro PUHII, Google Scholar, PubMed, Semantic Scholar, Taylor & Francis, Wiley Online
Library u Bielefeld Academic Search Engine mo mpobneme sTHOmaTroreHesa arepocKieposa,
onmyOiMKoBaHHBIX 3a mocienHue 10 ner. Pedyabtarhi: B nanHOM 0030pe CyMMHpOBaHbBI
COBpPEMEHHBIE JaHHbIe O (PAKTOpax pUCKAa M MEXaHW3Max pa3BUTHs aTepockiepo3a (BO3pacT, IO,
KypeHue, MHUKpPOOHMOTa, BOCHAIIEHWE, JHIOTEIHadbHAas AUCHYHKIWS, pOJb B 3TOM Mpolecce
perynstopabix PHK). C coBpeMeHHBIX MO3MLMH pacCMOTpEHa 3BONIOLUS aTEPOCKIEPOTHUECKON
ONSIIKKM W BO3PACT3aBUCUMBIE acleKThl OoJne3Hu. JlaHa pgeTampHas XapaKTEPUCTUKA POJH
Hekonupytonmx PHK B pa3BuUTHH M 3BOMIONUHM aTEPOCKIEPOTHUYECKUX OJsIIeK. 3aK/I04YeHHe:
ATepocKiIepo3 MpeAcTaBiIsieT CcO0OW CIOXKHBIM IMaTOJIOTMYECKUH mpolecc, B (OPMUPOBAHUU
KOTOPOTO HIpPaeT poJjib OOJbIIOE YUCIO (PAKTOPOB, KaK TIEHETUYECKUX, TaK U CPEJOBBIX,
B3aMOJICHCTBHE KOTOPBIX ONPENEISIET XapaKTep U TEMITBI POTPECCHPOBAHUS 3a00IeBaHUSI.
KiroueBble cjI0Ba: aTepoCKIEpo3; ATHOJIOTHSA; MaToreHe3; (pakTopbl pHUCKa; SHIOTENHATbHAs
mucyHkims; peryiastopasie PHK

Jasi mutupoBanusi: Jlonruamnes ME, [TononukoB AB, boOsianieB M. DTromorust u maroreHes
aTepOCKJIepO3a: COBPEMEHHBIC MPEACTABICHUS M BO3PACT3aBUCHUMBIE acleKThl (0030p). Hayunbie
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Abstract

Background: Atherosclerosis is a leading cause of morbidity and mortality worldwide. It is a
systemic pathological process attributed to the deposition of atherogenic lipoproteins in the intima of
blood vessels, following the development of inflammation, cell proliferation and the formation of
atherosclerotic plaques, leading to arterial obstruction. Despite a huge data accumulated to date on
the etiology and pathogenesis of atherosclerosis, recent advances in the understanding the
mechanisms and evolution of this process, its age-dependent aspects require analysis and
systematization. This circumstance served as the basis for the analysis of world literature data on the
etiology and pathogenesis of atherosclerosis and the characteristics of its formation in an age-
dependent context. The aim of the study: To consider from a modern perspective the contribution
of the main etiological factors to the development of atherosclerosis and to summarize their
significance for the formation of this pathology at the systemic, organ, tissue, cellular and molecular
levels in an age-dependent context. Materials and methods: Analysis of literature sources and
databases Web of Science, ScienceDirect, Medline, Russian RSCI, Google Scholar, PubMed,
Semantic Scholar, Taylor & Francis, Wiley Online Library and Bielefeld Academic Search Engine
on the etiopathogenesis of atherosclerosis, published over the past 10 years. Results: This review
summarizes current state-of-the art data on risk factors and mechanisms of atherosclerosis (age,
gender, smoking, microbiota, inflammation, endothelial dysfunction, the role of regulatory RNAS).
The evolution of atherosclerotic plague and age-dependent aspects of the disease are considered from
a modern perspective. A detailed description of the role of non-coding RNAs in the development and
evolution of atherosclerotic plaques is discussed. Conclusion: Atherosclerosis is a complex
pathological process, in the formation of which a large number of factors, genetic and environmental,
whose interactions determine the nature and rate of disease progression.

Keywords: atherosclerosis; etiology; pathogenesis; risk factors; endothelial dysfunction; regulatory
RNAs
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BBenenue. B crpykType cMepTHOCTH JUIMPYIOIIAE TO3ULUMHA Ha  MPOTSKEHUU
HaceJeHuss  OOJBIIMHCTBA  Pa3BUTBHIX  H muorux gecstuneruii. Ilo mamaeiM BO3 B
pPa3BHUBAOIIMXCS CTPAaH MHUpa CEPIEUYHO- Poccun manmeHToB € OONE3HAMH CHCTEMBI

COCY/IUCThIE 3a00JIeBaHUA 3aHUMAIOT KpOBOOOpAIIeHHs] HAaCUUTHIBAIOTCS OKoJIO 31
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MJIH. YEJI0BEK [1]. HaubGonee TUINIOJUHAMUS,  HENPaBWIbHOE  IUTAHME,
pacipocTpaHEHHOW NPUYMHON Takux ¢GopMm JHACITUITAIEMUS, TUNEPTIIUKEMUS,
MaTOJIOTUU  SIBJSIETCA  aTepOCKIEpOo3. ITO apTepuaigbpHas TUIEPTEH3Us, OXHpeHue [9-
CUCTEMHBII MaTOJOTUYECKUI npouecc, 12]. MHorouuciaeHHbIe HCCIIEIOBAHUS
BBIPQXKAIOIIUICA B OTJIOKEHUU ATEPOTCHHBIX MOKA3bIBAlOT, UYTO  CTApeHUE  SBIIETCS
JUIMONPOTEMHOB B HMHTUME COCYAOB, C BOKHEHIIMM  (aKTOPOM,  OINPEACTSIONTUM
JaIbHEHIINM pa3BUTHEM BOCIAJICHUS, TEMIIbI u XapaKTeppa3BUTHS
KJIETOYHOUM mpoiudepanun 1 oOpazoBaHUEM aTEePOCKIEPOTHYECKOTO npoiecca, TEeM

aTepOCKICPOTUYECKUX OJIsIIeK U 00Typauuu
mpoceera  cocyna. JlaHHble — mpolecchl
3aKaHYUBAIOTCS MIPOTrPECCUPYIOLLIECH UILIEMUEN
OPraHOB W TKaHEH C TIIOABIEHUEM B HHUX
CKJIEPOTHYECKHUX u HEKPOTUYECKUX
n3MeHeHui [2, 3]. B yactHOCTH, aTepOCKIIepO3
SBJIAETCS ~ IATOJOTMYECKUM  IPOLIECCOM,
KOTOpPBIM  JIE)KUT B  OCHOBE  pa3BUTHSA
HEOJaronpusATHBIX  COCYAMUCTBIX  COOBITHIA,
BKJIIOYAss HIIEMHUYECKyl0 0oje3Hb cepaua
(UBC), UHCYJIBT u IIOPAKEHHE
nepupepuyecKix apTepuil, OTBETCTBEHHBIX 32
OONBIIYI0  YacTh  CEepACYHO-COCYIUCTON

3200JICBACMOCTH u CMEPTHOCTH B
COBPEMEHHOM MHUpe (3, 4, 5]
ONuaEeMUOIOTHYECKUE UCCIICTIOBAHMSI
MOKA3bIBAIOT,  YTO  PacCHpOCTPAHCHHOCTH

aTepocKJepo3a yBEIUUYHUBACTCS BO BCEM MHpE
M,  BEpPOSTHO, JOCTUTHET  MAaciTaboB
snuAeMud B Onvkaiiimue aecarunetus [1, 2].

OOwenpuHITO, UYTO  ATEPOCKIIEPO3
MpeACTaBIsET coboit 3a0oneBaHue,
XapakTepu3ylolieecs HaKOIJICHUEM JIUIHU/IOB,
(UOPO3HBIX 2IEMEHTOB U KalblM(pHUKAIUEH B
KPYITHBIX apTepusix. B ocHOBe 3TOT0 Mporiecca
JMEKUT aKTUBALMA DHAOTENHs, 3a KOTOPOH
ClIelyeT KackaJ COOBITHH, Mpearnoararonmi
Ba30KOHCTPUKIIMIO u aKTUBAIUIO
BOCHIAJIUTEIHPHBIX MEXaHHU3MOB, TPUBOISIIAX
B HUTOTe K OOpa3oBaHUIO aTepPOMATO3HBIX
omsamexk  [5-8]. IlockoibKy — ompenenuThb
BEIYIIUH 3TUOJIOTMUYECKUN (aKTOp Pa3BUTHSL
aTepocKiepo3a Ha CErofHSIIHUNA JIeHb II0-
MPEeKHEMY HE TPEICTABISIETCS BO3MOXKHBIM,
BBIJICIISIOT TENBIA psii HanOoJiee 3HaYMMBIX
¢dbakTopoB  pucka ero pasButui. B
COBpPEMEHHOM  juTeparype  JOCTaTOYHO
XOpOIIO  JETAlIbHO OCBEIIEHBl  BOIPOCHI
XapaKTHPECTHKH MO TA(DHUITHPYEMBIX "
HemMonuduuupyembix  (akTOpoB  pHCKa
pazButus  arepockiepoza. Cpeau  HHX
BBIICJIAIOT TOJI W BO3PacT, KypeHHE,

CaMbIM, CIOCOOCTBYSl MpPEXKIECBPEMEHHOMY
WIW  YCKOPEHHOMY  MOpP(}OIOTHYECKOMY
M3MEHEHUIO (CTapEHUI0) COCY/IOB.

Hecmotps Ha  HaKOIUICHHBIN K
TEKYIIIEMY MOMEHTY JOBOJIbHO 3HAUUTEIbHBII
MaTepuaa MO OTHOJOTUM U IaTOreHe3y
aTEepOCKJIEpO3a COBPEMEHHBIC B3JISAbI  Ha

MCXaHHU3MBbI u 3BOJIFOIIUIO 9TOIr0
aToJIOr'H4€CKOro nmpomnecca, €ro
BO3paCT3aBUCHUMBIC ACIICKTHI Tpe6yfoT

0000menuss u cucremaru3auud. JlanHoe
00CTOSITENIECTBO TOCTY>KUJIO OCHOBaHHUMEM
JUTSL aHAJIM3a JAHHBIX MUPOBOM JTUTEPATYpPHI 32
nociaeaaue 10 jeT, MocBsIIEHHONW BOMpOCcam
STHUOJIOTMM W TIaTOT€HE3a aTepoCKiepo3a H
ocoOeHHOCTeH  ero  (QoMHpOBaHHS B
BO3pPACT3aBUCUMOM KOHTEKCTE.

Heas uccaexoBanms. PaccMmorpers ¢
COBPEMEHHBIX TIO3UIMNA BKJAJ OCHOBHBIX
ATHOJIOTHYECKNX  (aKTOPOB B  Pa3BUTHE
aTepockiiepo3a U 000OMIMTh WX 3HAYUMOCTH
st (popMHpOBAaHUS JaHHOM MaTONOTUM Ha
CHUCTEMHOM, OPTraHHOM, TKAaHEBOM, KJIETOYHOM

u MOJIEKYJIIPHOM YPOBHSX B
BO3PacT3aBUCHMOM KOTEKCTE.

MarepuaJbl " MeTOAbI
HCCJICAOBAHUS. s JIOCTHKEHHUS

MOCTAaBIEHHOW IIeNu ObLT MPOBENEH aHAIIU3
JUTEPaTYpHBIX HCTOYHUKOB IO Tpodieme
JTHOIATOTeHe3a aTepOCKIIepo3a,
omyOJMKOBAaHHBIX 3a mociennue 10 Jer.
[Touck HayuHOl WH(pOPMAIMK MPOBOIWINA B
6azax pmanHbIX Scopus (http://scopus.com/),

Web Of Science
(https://www.webofscience.com/),
ScienceDirect
(https://www.sciencedirect.com/),  Medline
(https://medlineplus.gov/), Poccuiickom

uHaekce HayuyHoro uutupoBanus (PUHLI,
https://elibrary.ru/), a Takke B TOUCKOBBIX
cucTeMax Google Scholar
(https://scholar.google.com/), PubMed
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(https://pubmed.ncbi.nlm.nih.gov/), Semantic
Scholar  (https://www.semanticscholar.org/),
Taylor & Francis
(https://www.tandfonline.com/), Wiley Online
Library (https://onlinelibrary.wiley.com/) u
Bielefeld Academic Search Engine (BASE,
https://www.base-search.net/).

Pe3ysabTarhl M NX 00Cy:KIeHHE

1. Bo3pacm u non Kak eaxicheuuiue
thaxkmoput pucka pazeumusn amepockieposa

Ha cerommsAmHuMii  JI€Hb  NPUHATO
CUMTAaTh, 4TO 0COOEHHOCTHU B
3aKOHOMEPHOCTSIX Pa3BUTHUS aTepOCKIIEpo3a y
KEHUIUH u MY>K4YHUH 00yCIIOBJICHBI
BPOKJICHHBIMU OMOJIOTUIECKUMHU u
conyanbHbiMi paznuuusimu [11, 13]. Emé B
NEpBOM IIOJIOBUHE TMPOLUIOrO CTOJETHUS B
CILIA 6bu10 BbIONHEHO DPEMUHIEMCKOE
UCCIIEIOBaHKE, KOTOpPOE IOKa3ajo, uTo
M1OJIOBOM auMophu3M B OCHOBHBIX
MOTUGUIIPYEMBIX (PaKTOpax pHCKa, BKITFOYAs
KypeHue CUTaperT, JUCIUIUAEMUIO,
TUIEPTOHUIO U CaxapHbl auabeT, MOKeT
ObITh MPUYMHON HAOIIOAAEMBIX DPA3IUYUN B
Pa3BUTHUHU W/WIIK OCTIOKHEHUSIX aTEepOCKIIepO3a
[13]. ¥V >xeHIMH 0 CPAaBHEHHUIO C MY KYNHAMU
BBIIIE PHUCK pa3BUTHS HH(apKTa MHUOKapaa
(MM) c otnomennem mrancoB 1.3, 1.5 u 1.6
JUIs  KypeHusl, THUIEPTOHUU U CaxapHOro
nuabeTra 2 THMAa COOTBETCTBEHHO, YTO OBLIO
MIOKa3aHO Ha KPYMHBIX BBIOOpPKAX IMallME€HTOB
[14]. Kpome Toro, Oosiee MOIObIE KEHIIIHBI
MMEIOT MEHBIINN PUCK Pa3BUTHS CEPJIEUHO-
COCYJUCTBIX 3a00jeBaHUN U Ooyiee HHU3KYIO
yactotry pasButud VMM 1o cpaBHEHHIO C
MY>KUMHaMH, O YEM CBUIETEIbCTBYIOT JAHHbIE
COBPEMEHHBIX SMUAEMHOIOTHUECKUX
uccnepoanuii [15, 16]. OnHako, B Bo3pacTe
or 60 nmo 79 mer y JKEHIIMH HCYE3aeT
OTMEYaBIINHCS KapAUOIPOTEKTOPHBII
spdextr. Puck ke cepaeuHO-COCYIUCTBIX
3aboneBanuil (CC3) y JKEHIIMH MpEBBIIIAET
TakoBOoM y MyxuuH K 80 rogam [16]. Tem He
MeHee, 3Ta MOJeNb Hayaja 3aboyieBaHUS He
MOBTOPSIETCS IPU UHCYJIbTE. DTOT (PAKT MOKET
CBUJETEIBCTBOBATD 0 OoupLIeit
pacmpoCTPaHEHHOCTH Yy KeHIHUH a0 70 jer
BBICOKOW BEPOATHOCTH Pa3BUTHsI IIOBTOPHOTO
MHCYJIbTa B TEYEHHE NEpBBIX 5 JEeT mocie
MHCYJIbTA 10 CPAaBHEHUIO ¢ My>kunMHamu [17].

Kpome Toro, umemuueckast 60ie3Hb cepana
(MBC) wacro He JIUAarHOCTUpyeTCs W
paccMaTtpuBaeTcsi Kak Beyllas IpUYMHA
JKEHCKOM cMmeprHocTH. Tak, Hampumep, B
EBpone Ha CC3 npuxoautcs 43% cmepreit y
My>kuuH U 55% y xenuuH [13]. Ilpu ananuse
Pa3IMYHBIX KOMIIOHEHTOB CC3 Ha
umemudeckyto  6one3nbr  cepama  (MBC)
npuxoautcs 21% cmepreit y myxxuuH u 23%
y ’KEHILUH, TPU 3TOM, KaK YKa3bIBaJIOChH BHIIIIE,
UHCYJIBT SIBJISETCSl 0o0Jiee 4acTOl NMpUYMHOMN
CMEpPTU y KEHIIUH, yeM y Myx4uH (18% u
11% cootBeTcTBeHHO), a Takxke apyrue CC3
(15% y xenun u 11% y MyxuuH). OTH
nemorpaduueckue CTaTUCTUYECKUE JaHHbIE
CBUJCTENHCTBYIOT O IMOJIOBBIX Pa3jIHYUAX B
PHUCKE CEpIEYHO-COCYIUCTBIX 3a00JI€BaHUM U
MOTYEPKUBAIOT HEOOXOIUMOCTh YUUTHIBATh
M0JI KaK BA)KHYIO repeMeHnyto [17].

Hecmotps Ha TO, 4TO B IOCIeIHEE BPEMSI
ObUIM TNPEANPUHATHl 3HAYUTENIbHBIE YCUIINS
JUISL IOHUMAaHUSI MOJIEKYJISIPHBIX MEXaHH3MOB
U OTKPBITUSL HOBBIX MUILEHEH 1Jis JIEKApCTB B
Tepanuu aTepoCKIIepo3a, MOHUMAaHUE
MIPUPO/IbI I0JIOBOTO numopuzma
NIOJIBEP>KEHHOCTH  aT€pPOCKIIEPO3y BCE €lIe
OTHOCHUTENIbHO ~orpaHuyeHo. MacmrabHoe
UCCIIE/IOBAHHUE, B KOTOpPOM ObL1a
npoaHaym3upoBaHa 771  [OKIMHUYECKAs
cTatbs 00  arepockiepo3e U JIPYrHx
COCYAMCThIX 3a00JIEBaHUSX, IOKa3auo, 4TO
II0J1 )KMBOTHBIX He ykaszaH B 18,8% wu3 Hux.
[Ipu ykazanum mona 55,4% wuccrenoBaHuit
IIPOBOJIMIIUCH Ha caMuax, 20,4% - Ha caMKax u
MmeHee 25% - Kak Ha caMIlax, TaK ¥ Ha caMKax
[13, 18]. Hons uccnenoBanuii, BKIOYAOIINX
o0a nosna, ObuIa MO0 HEKOTOPHIM JaHHBIM OYEHb
noxoxeit (21-28%) [18]. MeHee MOJIOBUHBI
WCCIIEIOBaHUI Ha JIIOJISAX, BKIIOYAIONIMX 00a
rojia, HampsMylH CpaBHUBAJIM IOKa3aTeIn
MY>KUYUH M KEHIIUMH, paccMaTpuBas MOJ Kak
HE3aBHCUMYIO TIEPEMEHHYIO UJIM €r0 CBS3b C
TeHOTUNIOM U 3 (GEKTUBHOCTHIO JIEUYEHHUS B
KOHTEKCTE HaJIM4us arepockieposa [18].

B psane uccnenoBaHuil MoOKazaHO, YTO
UIIEeMUS HaATPSKEHUS (mampumep,
CTEHOKapAHs U IMepeMexarolascs XpoMoTa)
HEpPEIKO BO3HMKAET, KOrja OTIEJIbHbIE
OJIIIKM  YBEJIMYHUBAIOTCS HACTOJIBKO, UTO
YXYALIAIOT KPOBOTOK JUISl yAOBJIETBOPEHUS
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notpebHocTel Tkanen (00b14HO cTeHo3 >70%)
[19]. C npyroii CTOPOHBI, pa3pbIB OJSAIIKU
NPUBOAMT K HAWOOJBIIEH 4YacTH CIydaeB
3200J1eBa€MOCTH U CMEpPTHOCTH oT
aTepockiepo3a,  TaKMX  Kak  WH(APKT
MHOKap/Aa, WHCYJbT, WHBAJIHIU3UPYIOIIEE
3a0oJeBaHNEe MEPUPEPUIECKUX apTEepUld H, B
KOHEYHOM wutore, cMmeptb [20]. B sTom
OTHOLICHMH  0CO0OE  MECTO  OTBOJAUTCS
HEMHBA3MBHBIM METOJIaM JHarHOCTHKHU. Tak,
yIBTPa3BYKOBasi BU3yalH3allysl IIOKa3aia, YTo
Yy MYXXYHH OJISIIKK Pa3BUBAIOTCS pPaHbIIC U
UMEIOT 0OJIbIIIee KOJTMYECTBO, UM Y KECHIIHH,
JaKe ¢ yY4ETOM pasinuuii B (pakTopax pucka.
Kpome Toro, Omsimuku co crenozom 30-40%
Yamie pa3phlBAlOTCS, YTO NPUBOJUT K
OKKJTFO3UHM COCYJIOB M CMEPTH, YTO TMOKa3aJll

MIOCMEpTHBIE NaTOJIOTOAHATOMHYECKHE
HCCIIEIOBAHUS [19]. ot JTAHHbIE
yOemuTeNbHO  TMOKAa3bIBalOT, dYTO  oOliee
KOJIMYECTBO OJIsIIIIeK, BOCTIAJIUTEIHHOE
cocTosiHMe  Onsmiek W HecTaOuiIbHAas
MOpPQOJIOTHS OJistiiex CIOCOOCTBYIOT

paszButuio octporo MMM u pucka HHCYyNbTA.
DTO TaKXKe CorjlacyeTcsi ¢ OOMbIIEH YacTOTOU
UIIEMHUYECKHUX COOBITUH Y MYXUYHH, XOTS CO
BPEMEHEM 3Ta B3aMMOCBS3b MOKET MEHSTHCS
[20]. Kpome TOro, mmeroTcst AaHHBIE, YTO Y
KEHILMH HE TaK MHOTO aTePOCKIEPOTUUECKUX
OJNsilIeK, Kak y MY)XYMH, U Y HUX MEHbIIE
MIPU3HAKOB OJISIIIEK BBICOKOTO prcka [21]. [Tpu
3TOM, y MYXUYUH HaOII0AaJI0Ch 3HAYUTEIHHO
JWiSIiE aTePOCKIEPOTHUECKUX u
KaablM(PUUIUpPOBAaHHBIX  Onsmiek,  Oonee
Bbicokass uactora WBC wu  cepbe3HbIx
HEeOJIaronpusATHBIX CepACYHBIX COOBITUH B
TeyeHue 5-6 jeT HaOMIOJEHUS y MY)KUUH I10
cpaBHeHUIO ¢ xeHumHamu [13]. Kpome Toro,
Kpocc-cekinonHoe uccnenoBanne REFINE-
PeiixkbsiBuk  (Bkimtouano 21132  mnamuenTta)
nmokasano, 4ro y 50% KeHIIUH pe3yibTaTbl
KOMITBIOTEPHOU ToMorpaduu ObLTH
HOpPMaJIbHBIMU, 110 CpaBHEHUIO € 31% MyKUMH
[13].

Hossie METO/IbI BU3YaJIU3aluu
MO3BOJISIFOT ~ OLIEHUTh  WHIUBUAYaJIbHbIE
O0COOCHHOCTH aTepOCKJIEPOTUYECKUX OJISIIEK,
CBSI3aHHBIE C HEOIArONPHUATHBIMHU COOBITHSIMU.
BuyTtpucocyauctoe yJIBTPa3BYKOBOE
HCCIIEI0OBaHUE, KOTOPOE JaeT MPECTABICHUE,

KaKk O CTeNeHW CTeHO03a, TaK M O CTEHEeHH
HEKPOTHYECKOTO sijipa B OJIAIIKE, TOKA3aJo,
YTO y OKCHIIMH, CTPaJalolIMX OCTPbIM
KOPOHapHBIM  CHHJIPOMOM,  OJMHAKOBOE
KOJMYECTBO KPUTUYECKUX MOPAXKEHUH 10
cpaBHEeHHUIO ¢ MykunHami [20]. Tem He meHee,
y KEHILUH HaOI01aeTCs MEHbIIIe
KPUTUYECKUX MOpaXKeHUH, MEHbIIIe
BOBJICYCHHBIX ~ KOPOHApHBIX  apTepuii  C
nopaxxeHusiMu, Oojee  HM3Kas  4acToTa
pa3pbiBa OJISAIIKA ¥ MEHBIINN 00l 00beM
HEKPOTHYECKOTO fAIpa HECMOTps Ha Oolee
BBICOKHI CPEIHUM BO3PACT U MHOKECTBEHHBIE
ComyTCTBYIOIUE 3a0oneBanus [21].

BaxxHocTh mOHMMaHUSI BO3PACTHBIX U
TeHJIEPHBIX Pa3IUYHi B COCTaBE KPUTHUECKUX
OJILIEK MOXKET MMETh pEIlalolee 3HAYCHHE
TUTS BBIOOpA ooJiee HOAXOOALIEN
(hapMaKoJIOTHIECKOW W HMHTEPBEHIIMOHHOM
tepanuu [22]. Tak, 3HauMTenbHO OoJee
BBICOKAsl PACIIPOCTPAHEHHOCTh TOHKOCIOMHON
¢bubpoaTepomMbl y MAIMEHTOB MOXKUIIOTO
BO3pacTta IO CPAaBHEHHUIO C MY>KUYMHAMHU
CBUJCTENHCTBYET O BO3MOXXHON Ba)KHOCTH
WHTEHCUBHOM TMIOJIMIUAEMAYECKON Teparuu
JUTSL KEHIIUH [22, 23].

B oTnnuume ot nedenust v npouakTUKA
YS3BUMBIX Ousex, TepaneBTUYECKast
CTpaTerus npu KaiabIIU(pUKAIIUH KOPOHAPHBIX
apTepuii MokeT OBbITh 0oJiee CIOXHOW H
TpyaHOH. 11 WHTEPBEHLIIMOHHOIO JIEYECHMS
MopaXeHUit ¢ OonbIIold KajbIpuKamein
WHTPAKOPOHAPHBIE METOJbl BU3YyaJH3aIUN
MOryT obecreuuth Oosiee  Oe3omacHble
Nporeaypsl W JIy4lIMe  KJIMHUYECKHE
pesyabTathl [24]. Tem He wMeHee, mpHu
MOPAKEHUSIX C OOJNBIIMMH OJISIIKAMUA Ba)KHO
WCIIONBb30BaTh YCTPOMCTBA JJIsi YMEHbBIIECHUS
obbeMa, a mocnemymromas 0oyiee MUPOKas
IJIOIIAlb CTEHTA TAKXKE HCIONb3YEeTCs ISt
kanpuupukanuu [13, 25]. Kpome Toro,
W3MEHEHHEe 00pasa JKU3HH MOXKET ObITh Ooliee
BKHBIM [IJISl JKEHIIUH, YeM JUIsI MY>KUWH, B
OTHOILIEHUU CHUKEHUS puckKa
aTepOCKIIEPOTHUECKUX W3MEHEHUH B
KOMITOHEHTaX ONSIIKA ¥  TOCJIEIyIOIIEero
pa3BuTHs 3a00JIeBaHUS, TOCKOJBKY OHH

CUMTAIOTC MOJUPHUIHUPYEMBIMH (haKTOpaMH
[13, 26].
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2. Kypenue cuzapem Kak eedyuiuil
cpedoeoii  hakmop  pucka  pazeumus
amepockieposa

Kypenne curaper sBIsSeTCS BaKHBIM
CaMOCTOSITENTbHBIM (DAKTOPOM PHCKa PA3BUTHUS
aTepocKiiepo3a U CEePACHYHO-COCYJIUCTBIX
3a00JIeBaHU, MOCKOJIBKY ~ XMMHYECKHE
KOMITIOHEHTBI JbIMa O0JaJaloT BBICOKUMH
OKUCIIUTEIBHBIMU ¥ BOCHAJIUTEIbHBIMH
CBOMCTBaMH, KOTOpBIE MOTYT
HEMOCPEJACTBEHHO BBI3BIBATh IMOBPEKICHUE
SHAOTENHUS W YCUJIMBAThb BOCHAIUTEIHHYIO
peakuuto  [27]. KnuHuyeckue — JaHHBIC

IIOKa3aJIu psIMO IIPONIOPLIMOHAJIBHYIO
J10303aBUCUMYIO CBSI3b BO3JIEHUCTBUS KypEHUS
c HaJIMYUEM OOIIMPHBIX u
KaJbIH(pUINPOBAHHBIX

aTepOCKIEPOTUYECKUX OJsIIeK, a OTKa3 oT
KypeHHs B JIOOOM BO3pacTe SIBISETCSI OJHOU
U3  Haumbosjee  BaXHBIX  MEAULUHCKUX
peKOMEHJAaUui Ui CHIDKEHUS  PHCKa
aTepOCKIEPOTUYECKUX CEPIEYHO-COCYAUCTBIX
3abosieBaHui, paka u cMepTHOCTH [28]. OTKa3
OT KypeHHuss ObUI CBfi3aH C MEHbBIIUM
MIPOTpeCCUPOBaHUEM KapOTHIHOM OJISIIKH, HO
HE C YBEJIMYECHUEM TOJIIUHBI UHTUMBI-MEANA
[29]. BausHMe oOTKa3a OT KypeHHUs Ha
aTepOCKJIepO3 COHHBIX apTEpPUil 3aBUCENIO OT
CTETIEHH BO3JICPIKaHUS M COXPAHSIIOCH MOCIE
MIOTIPaBKU HA HCXOAHYIO TSHKECTh KYpEeHHUs U
GdakTOopel  pUCKAa  aTePOCKIEPOTUYECKHUX
CEepJICYHO-COCYIUCTHIX 3a00eBanmii [29].

B pab6ore J. Gambardella u coat. Ob110
MOKa3aHoO, YTO  OTJEJIbHbIE  BEIIeCTBa
Ta0aKOKypeHUs (Hampumep, HUKOTHH,
KapOOHWJIbHBIE COEJUHEHUs, aKpOJeUH U
METUJIBUHUIKETOH) u/uiu nux
KOMOHWHUPOBaHHOE ICHCTBHE MOTYT BIHATH HA
KOKIYI0 CTaIUi0  aTepOCKIEPOTUYECKOTO
npoiiecca B otaenbHocT [27]. BoznelicTBue
IpIMa MOXET CIIOCOOCTBOBaTh Pa3BUTHIO
OKHMCIIMTEIBHOIO CTpecca. ITO COCTOSHHUE
SIBIISIETCS OJTHUM W3 OCHOBHBIX MEXaHU3MOB,
JISKAIIUX B OCHOBE MOBPEXKACHUS YHIOTEIHSL.
Jloka3aHo, YTO OKUCIIUTENLHBIN CTPECC BIIHSET
Ha  aKTHUBHOCTb  MHOTMX  ()EpMEHTOB
(manpumep, eNOS u HAJI®H-okcunas) u
OPUBOAUT K HeoOpaTuMoi MoJu(HUKaIUN
pa3NIMYHBIX OENKOB, CYIIECTBEHHO W3MEHSS
TEM CaMbIM BHYTPUKJIIETOYHBIC CHTHAJIbHBIC

nyta [13]. Takxke, npsmas OKUCIUTEIbHAS
AKTUBHOCTD KOMITOHEHTOB JIbIMa
CHocoOCTByeT METabOIMYECKUM U3MEHEHUSIM
U  MHAYKIUH OKHUCJICHUS JIUIONPOTEUIOB
Hu3kor tmotHoctu (JIITHIT), uro wmoxker
MOBBIIIATh UX YpoBeHb [27]. M3BecTHO, uTO
BO3JICIICTBHE JbIMa TAaKXe YBEIUYHBACT
IKCIIPECCHUIO MOJIEKYJ aare3uu Ha
MJa3MaTUYeCKOM MeMOpaHe U aKTUBUPYET
BOCITAIMTENbHBIE TeHbl, BkIrodas MJI-1 u
HOT-2 [13]. D10, B cBOIO OYepe/Ib, IPUBOAUT
Kk aktuBanmu NF-xB B sHAoTeIualbHBIX
kierkax (OK) [18]. Kpome Toro, HMKOTHH
MOXKET 3aIycKaTh CEKPEIHI0
MIPOBOCTIAJIUTETLHBIX AJIUTIOKUHOB u3
OKOJIOCOCYIUCTOM  xupoBor TkaHu [30].
bonee TOTO, KypeHue MHIYLUPYET
npoaudepanto u MUTPAIUIO
IJIaJIKOMBIIIEYHBIX KIeTOK cocynoB (I'MKC),
a, TaKxKe, ux MEPEKIIIOUCHUE c
COKpaTUTEJIILHOTO Ha CEKPETOPHBIA (PEeHOTHUIT
BCiecTBUE yBenuueHus skcnpeccuu [IFN-f u
PDGF  [31]. CnuenoBarensHo, ['MKC
CIOCOOHBI BBICBOOOXKIaTh
MIPOBOCTAIUTENbHBIE (PAKTOPHI 1 KOMITOHEHTHI
BHEKJIETOYHOT'O MaTPHKCA.

ATEpOCKIEPOTUUYECKUE OJISAIIIKI
KYPHJIBILIIKOB XapaKTepU3YIOTCS
npeobnasaHieM  JMIUAJHOTO  siApa,  a

¢ubpo3Has «IIarnoyka» TOHBIIE, YeM Yy
Hekypsmux  [32].  Orta  koH(urypamus
YaCTUYHO o0ycIoBieHa MOBBIILIEHHON
AKTUBHOCTBIO MaTPUKCHBIX
Metamonporennas (MMII) B Onsamkax
kypuibiukoB [13]. Kypenue 3amyckaet
MHOUIBTPAIIMI0O M aKTUBAIMIO Makpodaros
BHYTPH oOuara IOPAKEHUs, a TaKkKe UX
NpeBpalieHue B MIEHUCTHIE KIIETKH,
CHOCOOCTBYSl ~ POCTY  JHUIOHMAHOTO  sijpa.
Kypenue Takxke urpaer 3HauMMyl0 poJib B
MpoIecCe AaKTUBAIIMU TPOMOOITUTOB W UX
aare3uu Kk sHporenuto [13]. B gononanenue k
3TUM s dexram KypeHue MOXKET
CIOCOOCTBOBATh MOBBIIIEHUIO APTEPUATIHLHOTO
NABJICHUS, YTO SBJISIETCS OIpPEAesSIOUUM
(hakTOpoM MOBpEXKJIEHUS U HECTAOMIBHOCTH
aTEPOCKICPOTHIECCKUX OJISIIEK.

[lo  HekoTOpbIM  JaHHBIM,  €CTh
yOenuTeNbHbIE PE3yJIbTaThl, MO3BOJISIOLINE
MOATBEPANTH (haKT BO3ACHCTBUSI CUTAPETHOTO
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IbIMa Ha PEryJslUI0 HEKOTOpPbIX IyTeil
MukpoPHK, yuwacTByromux B pa3BUTUHU
aTepockiiepo3a [33]. Tak, ObLIO MTOKa3aHO, YTO
BO3JICHICTBUE BBICOKUX JI03 CUTAPETHOIO AbIMA
IpHUBOAMT K ycuiaeHnto MukpoPHK-155 (miR-
155) u muxkpPHK-21 (miR-21), HaueneHHbIX
Ha aKTUBHUPYEMBbIE MIEPOKCHUCOMHBIMU
nponudeparopamu pernentopel — PPAR-a.
[lonmwxenne ypoBHs PPAR-o mpuBomut k
ycuieHnuto Monekyn aaresun  (VCAM-1,
ICAM-1) u xemokunoB (MCP-1) 3a cuer
aKTUBALlMU TPAaHCKPUIIIMOHHOTO akTopa AP-
1 [13, 34]. IIpu stom, VCAM-1 u ICAM-1
OTIOCPENYIOT IPOYHYIO aAr€3UI0 JICHKOIIMTOB K
OK w® Wrpalor KpUTHYECKYH0 pOJIb B
MOCIEAYIOMEe MUTpPAllUU JIEUKOLIUTOB, YTO
IPUBOJUT K Pa3BUTHIO arepockieposa [35].
Okcnpeccust MCP-1, B cBOIO ouepeib, MOKET
PETYJIHPOBATh MUTPAIMIO ¥ WHQPUIBTPAIUIO
MoHo1uToB/Makpodaros [18]. Kpome Toro,
aktuBaia miR-155 u  miR-21 Moxer
monyiupoBath B DK nmytu EGFR/ERK/p38
MAPK u PI3K/Akt/eNOS cooTBeTcTBEHHO
[13, 36].

3. Ponv mukpoouomel ¢ pazeumuu
amepocknepo3a

B  uyenoBeweckom  Tene  oOuTaer
MHOXECTBO BHJIOB OakTepuil (MUKpOOHOTa),
KOTOpBIE€ MPOXOJUIH IyTh 3BOJIOLUN BMECTE
C JIIOJbMHM, M CO3JATM CHUMOHMOTHYECKHE
OTHOIIEHHUS, CIIOCOOHBIE NMPUHOCUTH TOJb3Y
apyr  apyry.  Mukpobuota  cmocoOHa
MOJIOXKUTEIIBHO BIMATh Ha (PU3MOJIOTHYECKUE
MPOLIECCHl B OPraHU3ME YeloBeKa, MPUHUMAs
y4acTue B CHHTE3€ pa3IU4HbIX METaO0JINTOB
WM, HampuMmep, CTUMYISAIUN HMMYHHOM
cuctembl [37]. Bmecte ¢ TeM, BIHMSHUE
MHUKPOOPTaHU3MOB TaK)Xe ObUIO MOXKET OBIThH
CBSI3aHO C Pa3BUTUEM PA3IUYHBIX HO30JIOTHH,
TAaKUX KaK aTepoCKIepOo3 WIH CepIAeHHO-
cocyaucteie 3a0oneBanus (CC3) [37, 38].

[Io paHHBIM psAza  HCCIENOBaHUU
MIPUCYTCTBUE MHUKPOOPTaHU3MOB B
aTepoMaTO3HOI OJISIIKEe XOPOIIO U3BECTHO, a
Tak)Xe, YCTAaHOBJIEHbI KOPPESLIMOHHbBIE CBSI3U
MEXAy  HaIuyueM  OOJBIIOTO  dYHcla
ONpEACNICHHBIX ~ THIIOB  MHKPOOOB  H
CTaOWUIIPHOCTHIO OJNIAIIKA Hapsay ¢ oOIei
BOCIamuTeNbHOM peakiueit [39]. Hampumep,
ObUIO MOKa3aHo, uTo OakrepuanbHas JIHK u3

[IaTOIE€HHBIX CEMENCTB, TaKHUX Kak
Helicobacteraceae wmimm Neisseriaceae, 0oiee
pacnpocTpaHeHa B OJIAIIKAaX MAIUCHTOB C
CUMITTOMaMU aTEPOCKICPOTHUECKOTO
nopaxenus [40].

B nocnennee BpeMs Bc€ 00bIIIEe YUCIIO
paboT yKa3bpIBaeT HAa YydYacTHE MHUKPOOHOTHI
KHIICYHWKA B Pa3BUTHH aTEPOCKIEpO3a M
CEPIEYHO-COCY IUCTHIX 3a00JIeBaHUH.
YenoBeueCKHi KHIECYHUK COJCPIKHT CaMYIO

OOJBIIYI0O  MUKPOOHYIO  TIONMYJISIIHIO |
criocodeH peryiIupoBaTthb MHOTHE
Ouonornyeckne  (QPyHKIUHM, TaKHe  Kak

HAKOIUIGHWE  JHEpPruH, IMOTJOLICHHEe U
nepepadoTKa TUTATENBHBIX BEIIECTB MU
CO3peBaHWE€ HMMYHHOM cucteMbl [41].
Onnako, Korjga MHKPOOHBI  TOMeOcTa3
KUIIEYHUKA  Hapylmaercis B CTOPOHY
HEJI0OCTATOYHO MPE/ICTABICHHBIX KOJIOHU, T.€.
pa3BUBaeTCs TUCOAKTEPUO3, TO 3TO MOMKET
BBI3bIBaTh Pa3BUTHE PA3INYHbIX 3200JI€BaHUM,
TaKMX KaK caxapHbli Jguaber 2 THIa,
O0XKHPEHHUE, OHKOJIOTHYECKUH nporecc,
CEepICYHO-COCY IUCThIC 3a0oneBaHus u
atepockiiepo3 [41]. Kpome Toro, mmcobuos
KUIIIEYHHUKA YBEIUYUBAET €ero
MIPOHUIIAEMOCTh, CHUXKAs HKCIIPECCHI0 OEIIKOB
IUIOTHBIX KOHTAaKTOB W JieJasi BO3MOXXHOU
TPaHCIIOKAIHIO JUTIOTIONIUCAXaPUJIOB,
BBI3BIBAIOIIMX  BSUIOTEKYIIEE  BOCHAJICHUE
yepe3 Toll-mogo6ueie penentoper [42]. C
JPYroi CTOPOHBI, HEKOTOPHIE METaOOJHTHI,
MPOAYIUPYEMBbIE MHUKPOOMOTON KHUIIICUHHUKA,
MOTYT MOJYJIMPOBaTh CUCTEMHOE BOCIIAJICHHUE
U CrmocoOCTBOBaTh WM  MPENOTBpAIIaTh
pa3BUTHE aTepOCKIIepO3a. Haubonee
W3yYEHHBIM  SIBIII€TCA  TpuUMeTuiIaMuH-N-
okcua (TMAO) [42], okucnenHas Qopma
TPUMETUIIAMUHA (TMA). TMA
CUHTE3UPYETCS MHKPOOMOTON  KHIIIEYHHKA
nocyie MeTabonnu3mMa IUEeTUYECKOro XOJInuHa U
KapHUTHHA. 3aTeéM OH T[EPEHOCUTCS B
KpOBOTOK U okucisgercs 10 TMAQ B nieuenu ¢
MOMOIIBI0  (PIIaBUHMOHOOKCUTEeHa3bl  [43].
TMAO ycuinBaeT BOCHAIUTENBHBIE PEAKIINN
COCYAMCTON CTEHKH W TOAABISET OOpPATHBIMA
TPAHCIIOPT  XOJIECTEPHHA,  CIOCOOCTBYS
HaKOIUIEHUIO XoJiecTepuHa B HHTHUME [43].
Kpowme toro, y mbimieir APOE-/-, moixy4aBmmx
nuiy, Ooraryi XOJIMHOM, HaOII0NaIuCh
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noBbillicHHbIE YpoBHU TMAO u pa3Burue
aTEPOCKJICPOTHUECKUX OJISAIIEK, 3TOT MPOIECC
MpeKpalaics Mpu BBEICHUU aHTHOMOTHKOB
[13, 42].

Henpsimble nHbekny B OTAAIEHHBIX OT
aTepOMBl y4acTKaX TakKe CIOCOOCTBYIOT €€
Pa3BUTHUIO u JecTaOuIN3aIum.
JleicTBUTENbHO, B TOCIEAHUE TOJIbI MHOTHE
HccIe0BaHus CBS3BIBAIOT 4acToTy
aTePOCKJIEPOTUYECKUX CEPAEYHO-COCYIUCTHIX
3aboseBaHul C OaKkTepHaIbHBIMU
uHpexuusmu. Tak, OATBEPKICHUE MMOTyUHIIa
ujess MPUIMHHO-CICJACTBEHHON CBSI3M MEXKITY
3a005IeBaHUSAMU MapoJoHTa W
XJIAMUJUHHBIMA MHOEKIHSIMA M CEPICYHO-
COCYAMCTHIMH  3a0O0NIeBaHUSMU B  psfe
AIHUIEMHUOJIOTHYECKUX UccaeaoBanmii [ 13, 44].
Bonbiioe uccnenopanue, B KOTOPOM MPUHSIIH
yuactue noutu 12 000 uenoBek, mokaszaso, 4To
IIoXash TUTHEHa TIOJIOCTH pTa CBSi3aHA C
MOBBIIIICHHBIM PUCKOM CEPJIEYHO-COCYAUCTHIX
3a0oneBaHui u yCUJICHUEM MeHee
BeIpakeHHOro Bocnayienus [13, 44]. Kpome
TOro, HeOOJBIIOE HCClIedoBaHHe ¢ 92
YYaCTHUKAMH MTOKA3aJ10, YTO HEKOTOPHIEC THUIIBI
OakTepuil ObLTHM 0OOJEe MHOTOYHCIEHHBI B
pOTOBOM MOJIOCTH MaIUEHTOB C
CUMIITOMaTUYECKUM aTePOCKIEPO30M, UYEM Y
MalMeHTOB  KOHTPOJBHOW  TPYMIbBI, YTO
YKa3bIBa€T Ha BO3MOXKHYIO CBSI3b MEXKIY
OakTepusiIMU TIOJIOCTU pPTa W Pa3BUTHEM
arepockieporndeckux Omsmek [44]. Tem He
MEHee, BIMSHHE OaKTepHil TMOJIOCTH pTa Ha
pa3BUTHE AaTEPOCKIECPOTHUECKUX CEPACUHO-
COCYIHUCTHIX 3a00JICBaHUN BCE €IIe OCTAeTCs
cnopHoii [13, 45].

4. Bocnanenue xax namonozuueckuil

npouecc, CBA3AHHDBLI C pa3eumuem
amepockKiieposa
Kak HU3BCCTHO, BOCHAJIUTCIIBHBIC

MIPOLIECCHl BOBJIEUEHBI BO Bce (ha3bl pa3BUTHUS
atepockiiepo3a [46]. Ha panHux craausx
atepockisiepoza JIITHII HakannmuBatoTcss u
MOIUGUIMPYIOTCS B CyOIHAOTETHATBEHON
obnactu. M3BecTHO, 4TO MOJ BO3ZAEHCTBEM
MOJTUGUIIMPOBAHHBIX JITTHIT
IJIaJIKOMBILIEYHbIE KJIETKU COCY/I0B
BBICBOOOXKJIAIOT XEMOATTPAKTaHThl, B TOM
gucne xeMokunbl 2 (CCL2) u CCLS [13]. Ot
(bakTopsl MOTYT CrocoOCTBOBAThH

MPUBJICYCHUIO MOHOIIUTOB [46]. Kpome Toro,
okucinennple  JIIIHIT  (oxcJIIHII) u
MHUHHMaJIbHO MoaudunupoBanusie JIITHIT

(MmmJITTHIT) CIOCOOHBI WHIYLIUPOBAThH
MPOBOCHAIUTENIbHYIO peakuuto B OK u
Makpodarax,  yCUJIHMBATb  IOBPEKICHHE

SHIOTENHS U NIPUBJIEKATh JICUKOLUTHL. Takxe,
MMJITTHIT moryr cBsizeiBaThest ¢ TLR2 wu
kmaccom 4 PRR wu wuepe3 myre NF-kB
MHJYLHPOBATh CEKpELHIO
MIPOBOCTIAIUTENbHBIX IUTOKHHOB IL-1, IL-6
n TNF-a [13, 46].

[lo nexkoroppiMm  nmaHHbiIM  CD36-
orocpenioBanHoe  normomieane  okcJITTHIT
aktuBupyer uHpiaammacomy NLRP3. Takas
aKTUBALUS IPUBOJUT K YCUJIEHHOW CEKpELUU
npoBocnanuTenbHoro mutoknHa WII-1B36
[47]. Kpome TOr0, BOCHaIMTEIbHbIC PEAKIIUH B
Makpodarax W JCHAPUTHBIX  KJIETKax
CIOCOOHBI BBI3bIBATh UMMYHHBIE KOMILIEKCHI
okcJITTHII co crenmpuvecknMu aHTHTEIaMU.
OTH HMMyHHBIE KOMIUIEKCHI HHIYLHUPYIOT
KJIETOYHYIO aKTUBALUIO, MPOYKIUIO
BOCIIAIIUTENBHBIX [IUTOKMHOB M 0Opa3oBaHue
IIEHUCTBIX KIETOK. B 3TOM ciyuyae IiiaBHBIN
IyTh TEpeAadyd CUTHAJIOB OCYILECTBISAETCS
yepe3 peuentop Fc ramma-penentopa [
ummyHHoro komrekca (FcyRI) [47]. Taxke,
OHM MOTYT AaKTHBHPOBaTh HH(IAMMaCOMBI
nocpeactsoM FcyR/TLR4/CD36-3aBucumoro
mexanusma [13, 46]. Ha pannux cragusx
atepockiepo3a BbicBoOoxkaenne CCL2 u T-
KJIETOYHBIX XEMOATTPAaKTaHTOB IPUBJIEKAET
MOHOIMTHI ¥ JUM(OLUTE BO BHYTPEHHIOIO
apTepHalibHyl0  CTEHKY, I/Ieé MOHOLUTHI
TG pepeHMpyIOTC B TEHUCTbIE KIETKU
Mmakpodaros nox Biausauem M-CSF [13, 48].
Murpauuto u nponudepanuio 'MKC npu
00pa30BaHUM KUPOBOM MOJOCKU UHIYLIUPYIOT
T-knetku, cexkperupys TNF-f, IFN-y,
(¢ubporeHHple MeTUaTOphl U (HAKTOPHI POCTA.
Crumymnsauus npoaykiun MMP makpodaramu
B oyare TMOpaKeHUS TakKe MPOUCXOJIUT
nocpencTBoM aktuBaruu T-mumdornuros [47].

B HACTOSAIICE BpeMs AMEEeTCS
CBUAETEIBCTBO TOrO, YTO IOCPEICTBOM

MOBPEKICHUS JIM30COM KPHUCTAJLIBI
XO0JIECTEPUHA MOTYT aKTUBUPOBATh
nadmammacomy NLRP3 [13, 47]. B psane
HCCIIEIOBAHU I YCTaHOBJIEHO, 4TO
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aKTUBUPOBAHHBIE DSHJOTEIHANIbHBIE KIIETKU
Ype3MEpPHO  IKCHPECCUPYIOT  MOJIEKYJIbI
KJIETOYHOU ajare3uu, Takue kak VCAM-1,
ICAM-1, PECAM-1, E-cenextuuun u P-
CEJIEKTHH, Ha cBoeil moBepxHocTu [13, 46].
Takum oOpasoMm, 3TH akTuBHpoBaHHBIE DK
SIBJIIOTCS JIOKQJIbHBIM HUCTOYHUKOM
MPUBJICYEHUS]  JIEMKOLUTOB B  YYacTKH
aTEpOCKJIEPOTUYECKOT0  MopaxeHus  [46].
CymectByer MHeHHe, uto DK, Makpodaru u
I'MKC »sxcnpeccupyror LOX-1, koTtopsblit
cBs3biBaeTcst ¢ OKCJIITHII, yto mpuBoguT K
YBEITUYCHUIO MPOIYKIIMH CBOOOTHBIX
panukanoB kuciopoaa u rudenun 'MKC. Oto
cnocobctByer wmHpumbTpanuu okcJIITHIT B
SHAOTENHNA, YTO HapyllaeT HOPMaJIbHYIO
(GYHKIUIO HIOTENHNS, aAre3UI0 MOHOIIUTOB H
uHpmwibTpanuo  [49].  H3BectHO,  UTO
npocrarnanaud E2 (PGE2) sBusieTcst BaxHbIM

JIMIUIHBIM MEANATOPOM-3UKO3aHOUIOM,
KOTOPBIN ornocpenyer TaKue
naTo(U3N0IOTNIECKUe SIBJIICHUS, KaK

muxopanka, Ooms u  BocmaneHue. PGE2
CHUHTE3UPYETCS U3 apaxUJOHOBOW KHCIOTHI
npu ydJactuu (epMeHTa IHUKIOOKCHTEHA3bI
(10T, a 3atem u PGE2-cunrtazst (PGES).
bruio MOKa3aHo, qTO0 HUCTOIIIEHUE
MukpocoManbHblx PGES B MuenounmHbix
kiaerkax, HOo He B OK wmmm I'MKC,
crocoOcTByeT areporeHe3y y Mbimei [18].
Kpome Toro, wuMerOTCs JNaHHBIC, HYTO
pelenTopsl MPOCTAarjaHAWHOB CBSI3aHBI C
pPaHHUM aTepPOCKIIEPO30M U BOCHAIATEITHHBIM
MIPOLIECCOM, BBI3BIBAIOIINM 3PO3HUI0 U Pa3phiB
ostikm [13, 46].

5. lucpynkyun snoomenus u e2o c6a3n
C pazeumuem amepocKieposa

DHIOTENN  COCYIOB  TPEICTAaBISIET
coboi TeTePOTCHHBIN MOHOCJIOH,
00pa30BaHHBINA SHAOTENUATHHBIMUA KIETKAMHU
(OK). Dtu kneTku MNpeAcTaBIsOT CcoOOi
MepBbId Oapbep AN MOJEKYJ, KIETOK WIIH
MaTOTEHOB, I[HPKYJIHPYIOIMIUX B KPOBOTOKE,
MOCKONIbKY ~ 00€CMEeYHBAIOT TMPOCBET BCEX
KPOBEHOCHBIX cocynoB [13, 46]. B kpymHbIX
COCYy/Iax CTEHKHU BBICTIIaHBI OTHUM cioeM DK,
Ha3bIBAEMBIM SHJIOTEITHEM, KOTOPBIH BMECTE C
KOJIJIAr€HOBBIMU u AIACTUYECKUMU
BOJIOKHAMH 00pa3yeT TPOCBETHBIA  CIIOM
cocynoB uiau uHTUMY. Ilpm »3TOoM, OK

HaxoJIATCsI B TECHOM KOHTAaKTE CO CpemaHei
000JIOUKOM, COCTOSIICH U3 TIaIKOMBIIICYHBIX
kierok  cocygoB (I'MKC), a  Ttaxxke
3J1aCTUYECKOM M KOJUIareHoBOM TkaHu. Kpome
TOTO, ATOT CJION OKpY’>KaeT aJBEHTHUIIMAIbHAS
000JI0UKa, COCTOSIAasI B OCHOBHOM U3
IJIOTHOTO MAaTPUKCa COCIMHUTEIHLHON TKaHH.
C npyroii CTOPOHBI, CTCHKH apTEPUOJ U BEHYIT
COCTOAT M3 TEX K€ TPEX CIOEB, YTO U OoJiee
KpPYITHBIE COCYJIbI, XOTSI MEJIUU M aJIBEHTHIIUH
ropa3io TOHBIIE W MEHEE BBIPAKCHEI.
Hakoner, MTOCTKAIMUJUTSIPHBIC BEHYJIBI
MOJTHOCTBIO JIMIIICHBI MEIUU U aJBCHTHIIMH U
cocroar Toapko u3 DK wm 0azanpHOMU
MemOpaHnsi [13].

OHAOTETNI pacnonoxeH MEXIY
MUPKYJUPYIOMEH KpoBbO H TKaHsmu. OH
paboTaer Kak JaTYMK M TpeoOpa3oBaTeilb
CUTHAJIOB, CUHTE3UPYS OMOJIOTHYeCKH
aKTHBHBIC BeIlleCTBa. Bce uU3MEHEHUS B
MUPKYJUPYIOMIEH KPOBH BOCIPUHUMAIOTCS
SHAOTENMEM, KOTOPBIA 3aTeM OMOCpEeaAyeT
nepenadyy CHTHaJIa Ha  JPyrHE  CJIOU
cocyauctoil creHku. K Takum H3MEHEHUSIM
OTHOCSITCST ~ MEXaHMYECKHE  HAIMPSHKCHHS
(YImMHEHUe U HamlpshKeHHE CIIBUTA CTEHKU —
WSS ot anrn. wall shear stress), a Taxxe
W3MEHEHUS KOHIICHTPAIlMH METabO0IHMUeCKUX
¢dakropos [ 13]. HexoTopsle puznosornueckue
(GyHKIIMYU, TaKue Kak perymsius roOMeocTasa,
COCYJIMCTOTO TOHYCa M IEIOCTHOCTH COCYJIOB
MOTYT MOJTyJIUPOBATHCS pa3IMYHBIMH
MEXaHHYECKUMHU CHJIAMH, JIEHCTBYIOIIHE Ha
apTepualbHyl0  CcTeHKy. I3BecTHO, d4TO
MMOMHUMO WX pOJU B TOMEOCTasze, YydacTHe
TeMOJUHAMUKHA B Pa3BUTUU  COCYIUCTBIX
3a00JI€BaHUN MMEET periaroliee 3HAa4YeHUE B
MaTOJIOTUM aTepoCKiiepo3a, BIUSsA Kak Ha
Havyayio  3a0oyieBaHMs, Tak W Ha  €ro
MIPOrPECCUPOBAHUE. OcCHOBHBIE CHUIBI,
NCUCTBYIOIME HA apTCPUATBHYIO CTEHKY,
BKJTIOYAIOT KaK PACTATUBAIOIIEE HampsHKEHHE,
BBI3BAaHHOE KPOBSHBIM JIaBJIEHUEM, Tak © WSS —
TAHTCHIIMATBHYID CHIy K CTEHKE COCyJa,
BBI3BAHHYIO KPOBOTOKOM, KOTOpasi WIpacT
B2XHYIO POJIb B aT€POTeHHON T€MOIMHAMHKE
[50]. CermenTsl cocynoB ¢ Hu3kuM WSS unu
CWIBbHO KonebatenbHbiM WSS, mo-BuaumMomy,
TOJIBEPTafOTCS HAUOOJIBIIIEMY PHCKY Pa3BUTHS
aTepockiepo3a [46]. Usmenenne WSS moxer
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HEMOCPEACTBEHHO BIUATH HAa MOP(OJIOTHUIO U
GbyHKIHIO SH/I0TENNSA COCYy/1I0B u
CTUMYJIMPOBATh MUTPALIUIO U MPOJUdepaluio
I'MKC u moHOHyKII€apHbIX KieTok [13, 46].
Huskoe unu HecrabunbHoe usmeHenne WSS
ABJIAETCS ~ UHAMKATOPOM  JUId  OLICHKHU
reMOJMHAMHYECKUX HW3MEHEHUH, KOTOpbIe
TECHO CBsI3aHBI C arepockiepo3om [13, 48].
Benmuunna u HarpaBJieHUE WSS
Pacro3HAIOTCSl MEXaHOCEHCOPaMU JHJIOTENuUs
U TepeaaroTcsl Kak OMOXUMHUYECKUE CUTHAIIBI.
NunyuupoBannas WSS MexaHOTpaHCAYKIIUS
pEeryMpyeT SKCIPECCUI0 MHOIOYHMCIIEHHBIX
IFEHOB,  YYacTBYIOIIUX B  KIJIETOYHOM
Mopdooruu, aare3uu u nponudepanun [13,
48]. Hampumep, HamnpsskeHUE — CHIBUTA
BBI3bIBACT XapakTepHOoe BblpaBHUBaHUE OK
[51]. B TpyOuaThix uiIu NPSMBIX ydYacTKax
aprepuii, tme WSS mnpencraBisier coOoi
JJaMUHapHBIN IOTOK, DK MMEIOT yIUIOIEHHY 0
dbopMy ¥ YAIMHEHHOE BHIPAaBHUBAHHE B
HarpasjeHuu notoka [13]. OnHako B MecTax
Ooudypkanuu UM BRICOKOW KPUBU3HBI COCY/Ia
BO3HHMKAeT HapylIeHHE TIOTOKa M, Kak
CIIECTBUE TYpOYJIEHTHOTO U PEBEPCUBHOIO
[IOTOKAa C NOHMWKEHHbIM WSS Ha BHeENIHeH
cTeHke cocyaa, DK yBenuuuBaroT cBoit 00beM,
npuHuMas Buj OynbpkHuka [50]. bonee Toro,
reMOJMHAMHYECKHE  CHJIBI  ONpPENENSIIOT
paHHee pa3BUTHE JIOKQJIN30BaHHBIX
aTepOCKJIEPOTUYECKUX OJISIIeK, KOTOphIE HE
pacripesienieHbl  Cly4ailHbIM 00pa3oM HH B
AKCIIEPUMEHTAJIBHBIX KUBOTHBIX MOJEIAX, HU
y mogei [50, 52]. ArtepockiepoThyeckue
MOpaXeHUsI B OCHOBHOM BO3HUKAIOT B
o0acTsX, XxapakTepusyromuxcs Hu3ko WSS
U OTPBIBOM IOTOKA, U Yallle BCEr0 BKIHOYAIOT
TOYKHU BETBJICHUS U Oudypkanuu. OOmmpHbIe
KOPPEJSIMOHHBIE JaHHbIE, YKa3blBalOIINE Ha
TO, YTO HU3KUU CIABUT WJIM HapyUIEHHBIHU
ITOTOK OOBSACHSIOT JIOKAJIN3aLHNIo
aTEPOCKJIEPOTUUECKUX MIOpaXEHUH,
MOJYEPKUBAIOT  BAXKHOCTb  apTepUaTbHBIX
BeTBel M Oudypkanuii npu NOCTaHOBKE
JMarHo3a pas3BUTHUS WIH MNPOTPECCUPOBAHUS
aTepOCKJIEPOTUUYECKOT0 TopakeHus [13].
DHAOTENHIt MOJYJIUPYET TOHYC
MOANEKAIUX  [JIaJKUX MBI  COCYJOB;
MOJAJEP)KUBAET HEAATre3UBHYIO MOBEPXHOCTb
IIPOCBETA; U omocpeayer  remocras,

KJIETOYHYIO npoiudepanuto,
BOCHAJIUTENBHBIA M MMMYHHBIA OTBET B
cocyauctoil crenke [13, 52]. dakrtuuecku
SHJOTENIMN BHICBOOOXK IA€T KaK arOHUCTBI, TaK
W aHTaroHMCTHI, YTOOBI cOaIaHCUPOBATH
s dexT B oboux HampaieHusx. Hampumep,
oK CIIOCOOHBI MPOAYLIMPOBAThH Kak

KOAryJITHTBI WIH AQHTHKOAryJISHTBI,
Ba30IUJIATATOPHI HIIM Ba30KOHCTPUKTOPBI, TAK
u MIPOBOCHAIUTEIHHBIC WK
MPOTHUBOBOCHAIUTENIbHBIE MOJIEKYJIBI [ 13, 52].

CornacHo COBPEMEHHBIM
MIPEJICTABICHHUSIM, aTePOCKIICPO3
WHUIHAPYETCS SHI0TESIIHATBHON
nucyHKIUEH, CONIPOBOXKAAIOIIEHCS
3aJICPIKKOU JIUTIONIPOTEUIOB HU3KOH

mwiotHoctu (JIITHIT) n ux monudukanuein B
uatuMe [53]. Momuduruposannsie JITTHIT
BMECTE C JOIOJIHUTEIbHBIMU aTePOTr€HHBIMU
(aktopamu crocoOcTBYIOT akTuBauu DK,
YTO MPHUBOJIUT K MPHUBJICYEHUIO MOHOLUTOB B
WHTUMY. MoauduiupoBaHHbIC JITTHIT
aKTHUBHO 3aXBaThIBAIOTCS
mudhepeHIMPOBAaHHBIMU ~ MOHOIIUTAMU U
I'MKC, d4ro cnocoOcTByeT 00pa3oBaHUIO
neHucteix  kinerok  [53].  Kpome Toro,
AaKTUBHUPYIOTCSI HECKOJBKO BOCHAIUTENBHBIX
CUTHQJIBbHBIX MyTE€H, YTO MNPUBOJUT K
00pa30BaHMIO JKUPOBBIX IMOJIOC, YTO SIBISETCS
NEpPBBIM  NPU3HAKOM  aTEPOCKIEpO3a M
XapaKTepu3yeTcst 3HAYUTEJIbHBIM
HaKOIUICHHEM JIMIUA0B KaK BHYTPU KIIETOK
(makpoparm  uw I'MKC), Tak wu BoO
BHEKJIETOUYHOM IpocTpaHcTse [13]. 3BecTHO,
YTO HapyILlIEHNUE MEXaHN3MOB, YYaCTBYIOIIHX B
peryssinuu COCYAHMCTOTO rOMEeO0CTasa,
MPUBOJUT K JUCPYHKIMH dHAOTENMS [52, 54].
NubiMu  cmoBamu, korga DK TepsoT
CIIOCOOHOCTh  MOJJIEPKUBATh  I'OMEOCTa3s,
CTEHKM  COCYJOB  IIPEIpPACIOJIOKEHBl K
Ba30KOHCTPUKINH, UHOUIBTPALUHN JIUIIH]IOB,
aare3uu  JEHKOIMTOB, U, KpPOME TOrO,
aKTUBALMU TPOMOOLIUTOB M OKHCIUTEIHHOMY
cTpeccy, cpeau mpouero [54]. Bmecre onu

BBI3BIBAIOT  BOCHAJIMTEIBHYIO  PEAKIIHIO,
KOTOpas ~ CYMTaeTcss  MEPBBIM  3TAroM
0o0pa3oBaHUsi  aTepOMATO3HOW  OJISAIIKH:

xupoBas monoca [52, 54]. Kpome Toro,
SHAOTCINAJIbHAA )II/IC(l)YHKHI/ISI TaKXXE HUTPacT
3aMCTHYIO PpOJIb B MNOCICAYIHOIUX CTAaAUAX
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aTepOCKJIepO3a, YUacTBYS B Pa3BUTHH OJISILIKH
U ee pa3pblBE Ha INOCIEAHMX CTaaAMIX
atepockiiepoza [54]. B sroii  cBs3uM
MOBBIIICHHAS YHAOTENIHUATBHAS JTUCHYHKITUSI
CUMUTAETCS pAHHUM WHUKATOPOM aTeporeHesa
[55].

B mocinenHee  BpeMsi  JIOKaNbHBIM
bakTopom pHCKa aTeporeHesa,
CHOCOOCTBYIOLTUM SHIOTENIUATHHON
TUCHYHKIUH, 4acTo Ha3bIBAIOT
remojuHaMuueckue cuiibl [56]. Kak ykazano
BBIIIIE, YYaCTKH, MTOJIBEP)KEHHBIE MTOPAKEHHUIO,
B OCHOBHOM pacCIOJIOKE€HbI B 00JACTsX, Te
JAMUHApHBIM ~ TOTOK  HapylleH  H3-3a
pacciioeHHsl TOTOKa, PEUMPKYJSLIUM WK
MOBTOPHOTO  IpuKperuieHuss [57].  OToT
TypOYJICHTHBIN MOTOK CO3[aeT BPEMEHHBIE U
MIPOCTPAHCTBEHHBIE IPaUeHTHI, 4TO
MIPUBOJUT K Oonee BBICOKOMY
KojebaTenbHOMY HHJIIEKCY U 0ojiee HU3KOMY
HamnpspkeHuto casura [57]. Kpome Toro,
HapyUICHHBIH MOTOK TaKXe CHOCOOCTBYET
WHOUIBTPAIIUN  JTUIONPOTEUHOB B HUHTUMY
cocyna, BO-IEPBBIX, noromy, uro JIITHII
OCTal0TCA B ATUX O0JIacTAX B TeueHHe Oolee
JUINTEIBHBIX TEPUOJIOB BPEMEHH, a BO-
BTOPBIX, MTOTOMY YTO TYPOYJICHTHBIH ITOTOK
BBI3bIBACT ¢busnueckoe HapylLIeHHE
LIEJIOCTHOCTU SHAOTENNS, 4YTO CHOCOOCTBYET
uHOWIbTpauu aunonporenHos [57]. Kpome
TOro, emie oaHa ¢QyHAaAMEHTaIbHas CBS3b
MEXAy TeMOJAWHAMUYECKUMHU CHIIAaMH |
aTeporeHe3oM  CBsi3aHa C  JKCIpeccHen
pa3IUYHbIX SHIOTENUATBHBIX TEHOB,
PETYIHPYEMBIX KPOBSHBIMA MEXaHUICCKUMU
crumynamu [58]. BnusHue HanpsokeHHA
CABUTa Ha OJKCIPECCUI0 HHJOTEIHANbHbBIX
IF€HOB HM3Yy4aJloCh B TeueHue mnocieanux 20
JIeT; K HAaCTOSIEMY BpEeMEHH OOHapyKeHO
6onee 40 reHOB, y4YacCTBYIOUIMX B 3TOM
mporecce [58]. Cpenm HHX HECKOJBKO

aTepOTreHHBIX T'€HOB, TaKHX Kak
XEMOATTPAKTAHTHBIA OEJTOK MOHOIUTOB |
(MCP-1), KOTOpPBIN UHAYLUPYET

MIPOHUKHOBEHHE MOHOLIUTOB B apTePUATIbHYIO
creHky [13], u TpomOouuTapHble (GaKTOPbI
pocta  (PDGF), «xoropple  yCHIWBAIOT
murpauuto I'MKC u aktusupyrorcs B 9K [58].
NHTEepecHo, YTO JaHHBIE MCCIEIOBAaHUM
BBISIBHJIN 3JIEMEHTHI peakunu Ha caBur (SSRE)

B MIPOMOTOpaxX 3TUX U APYTUX T'€HOB, TaKUX
kak eNOS wumm  MoJeKkyna  aare3uu
TpoMOOIIUTOB-1 (PECAM-1), KOTOpBIC
CIOCOOCTBYIOT pa3utTuio Omsimiek [13]. bonee
TOTrO, KOMOMHaIuMs AByX uiau 6oiee SSRE B
OJTHOM M TOM € NPOMOTOPE MOXKET HMETh
cuHepreTuueckuii  dOQPexT, yCHUIMBAIOIINIA
JKcrpeccuio 3Tux reHoB [58]. C  apyroit
CTOPOHBI, B TPSIMOJIMHEWHBIX Yy4YacTKax
COCYAMCTON CeTH, Tlie JaMHHAPHBIA IOTOK
BBI3BIBAET BBICOKOE HAINpPSHKEHUE CABHra B
SHAOTENHMH, HEKOTOphble MPOaTEPOreHHbIE
TeHBI TIOJIABJISIOTCS, B TO BpPEeMsl KakK TCHBI,
BBI3BIBAIOIINE OCTAHOBKY KJIETOUHOTO ITMKJIa
WIM  yBEIUYMBAIONINE AHTHOKCHIAHTHYIO
CIOCOOHOCT®, AKTUBHUPYIOTCSI.
JlelicTBUTENBHO, JJIUTEIIBHOE BO3ACHCTBUE HA
OK HeHapylIeHHOT0 JaMHUHApPHOTO IOTOKa
CIOCOOCTBYET YCHIICHUIO JHJIOTEIHAIBHON
cuHTa3el okcuna azora (eNOS), TeM cambiM
yBEIIMYMBasE MX CHOCOOHOCTh K CHHTE3Y
okcuaa azora (NO) [52]. DOtu [naHHBIE
CBHJICTENILCTBYIOT O anudepeHInpoBaHHOM
MOJIEKYJISIPHOM  OTBETE€  JHAOTENIHs B
3aBHCUMOCTH  OT TaTTepHAa  KPOBOTOKA,
MOAYEPKUBAST POJIb TEMOJIMHAMUYECKUX CHII B
SHJOTENNATBEHON TUCPYHKITUH.
DHJOTETHANBHYIO0 TUCHYHKIUIO TaKXkKe
MIPUHSTO OOBSICHATH CHIKCHHUEM
ouonoctynaoctd NO [57]. NO cunresupyercs
n3 L-aprununa B DK B xozme peaxuuwy,
karanuzupyemoir eNOS, u muddysHaupyer
gepe3 KJIETOYHBIE MEMOpaHBl, JOCTHUTas
TJIaJIKOMBIIIIEYHOM TKaHU CTEHKU apTepuu. NO
CIOCOOCTBYET penakcanuu TTaIKUX
MBIIIEYHBIX ~ BOJIOKOH,  HW3BECTHOM  Kak
SH/IOTENMIf3aBUCHMasl  Ba3OJWJIaTallds, U
CUMTAeTCSl  aTepO3allUTHOM  MOJIEKYJIOH,
MOCKOJIbKY NMPOTHUBOJICHCTBYET aTeporeHesy u
ero ocnoxxHeHusiM [52]. B wactHoctH, NO
y4acTByeT B CHW)KCHHUH arperanuu
TPOMOOLIUTOB,  OKHCIIEHHH  TKaHed |
BOCIIJICHUH, a TaKxKe aKTUBAINN
TPOMOOTEHHBIX (JAKTOPOB; W BIUSET HA POCT,
npoiudepanuio U MUTPAUI0 KIETOK [59]
(Puc. 1). bonmee Toro, oH mOIEpPKHUBACT
MeTa0OJMYECKUI TOMEOCTa3, TaK KaK CHUKAET
CoJiepKaHue TPUIIHMLIEPHIOB M  CTearos,
YBEIMYMBACT CHHTE3 WHCYJIMHA, KIHUPEHC
TJIIOKO3bI M 3((EeKTUBHOCT MHTOXOHIPUN
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[60]. OpHako mpU HAIUYUM CEPIACUHO-
COCYIUCTBIX (DaKTOPOB PHCKA, TaKUX Kak
TUMEPIUIHIEMUs, TUTIEPTEH3US, KypeHHE WU
numaber, mpoaykuus ~ NO  cHmKaeTcs
BCJIC/ICTBHUE MOBBIIIEHHOTO OKHUCIUTEIHLHOTO
CTpecca, KOTOPBI OOBIYHO CBSI3aH C ITHMH
narojgorusiMu  [57, 61]. OxucIUTEIbHBIN
cTpecc CIOCOOCTBYET CUHTE3Y
npoareporeHHblx  UUTOKMHOB  (TNF-0  u
untepneikuaoB IL-1 wm IL-6), monekyn
aarezun (VCAM-1 u ICAM-I) u xeMOKHHOB
(MCP-1) mocpeactBom aktuBaiuu NF-kB
Ooenxamu TterutoBoro moka (HSP-60). Otu
MEeNaTOpbl MHTUOMPYIOT akTHBHOCTH eNOS

U, crenoBaresibHO, mnpoaykuuo NO [52]

(Puc. 1). DakTHYECKH, UCCIIEN0BaHMA,
IIPOBEJICHHBIE y NALMCHTOB c
TUIIEPXOJIECTEPUHEMHUEH,

IIPOJEMOHCTPUPOBAIH HapylLICHHUE

SHJIOTEIMNW3aBUCUMON Ba30JMJIaTallUMl H3-3a
nedexkra Ouomocrymuoctd NO [13, 52]. V
MAICHTOB C apTepUalbHON THUIEPTCH3HEH

TaKxKe oOHapyKuBaeTCs nedext
sHoTeMHaIbHOM NO-CHCTEMBI, YTO MOMKET
00BACHATH HapyIlIeHUe SHJOTEIUI-

3aBUCHMOM Ba3oAMJIaTallUM TpPHU CEPIUYCHO-
cocyaucToit matonoruu [13, 61].

Ceppe4Ho-cocyaucTeie dpakTopbl pUCKa
(runepaunuaemua, apTepuanbHas rMNepPTEH3MA,
caxapHblid AMabeT, OMUpEHME, HYPEHUE)

¢

'“\._}

./-..--- h /
L-3pruHuH L-uHTpynnuH

CepaevHo-cocygucTbie adpdeKTbl:
™ arperaumna TpomboLMTOB
1~ oKMCNEHKWE
I BOCNANeHuWe
W BasogunaTayma
Jr aHrvorenes
M 3HOOTENWaNbHAA AMChYHKLMA

MeTtabonun4eckue adpdeKkToi:
s CEKpEeLMA MHCYNMHA
W KJIMpEeHC IIKo3bI
T TpUrIMUEepUabl
I cTeHO3
Jv MMTOXOHApPWaNbHaa 3D PEKTUBHOCTL
" OKCMAATUBHBIM CTpECC

Puc. 1. Ponp HapymieHus o0pa3oBaHus OKCHJIa a30Ta B Pa3BUTUHU aTePOCKIEpo3a
IpU HATMYUK (PAKTOPOB PUCKA CEPACYHO-COCYTUCTHIX 3a00I€BaHUI

(monudukanus Jebari-Benslaiman S. et al., 2022)
IMpumeuanue: eNOS — sHpoTenuagbHAs CHHTa3a okcuaa asora, NF-KB — rtpanckpunumonssii dakrop, WSS —

YAJIMHCHUEC U HANIPAKEHUE CABHUI'a CTCHKU COCYJa.

Fig. 1. The role of impaired nitric oxide formation in the development of atherosclerosis in the

presence of risk factors for cardiovascular diseases (modified by Jebari-Benslaiman S. et al., 2022)
Note: eNOS — endothelial nitric oxide synthases, NF-kB — nuclear factor kappa-light-chain-enhancer of activated B cells,

WSS — elongation and wall shear stress.
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6. Cocyoucmasn  unguinvmpayus
JAURONPOMEUO08 u opmuposanue Hcuposoi
non0CcKu

HakornuieHne nMOonpoTensoB HU3KOU
motHoctu (JIITHIT) B turazme cocoOCTByeT
TPAHCOHAOTEINATILHON UHOWIbTPALUU
uupkymupytonmx JIIIHIT B uaTUMy. XoTs
TPaJIUIIMOHHO  cuuTajgoch, yrto  JIITHII
MPOXOAAT PHAOTENHH myTeM auddysun mim
napaneyuoysipHo [53], B Hacrosiiee BpeMms
IIPU3HAHO, YTO TPAHCLMUTO3 UIPAET BaXKHYIO
pOJIb B TPAaHCIHJOTENIMAJIBLHOM TPAHCIOPTE
JITTHIT [62]. B wactHOCTH, OBUIO MOKAa3aHO,
yro Ttpa”cuuro3 JIIIHII  omocpenyercs
peuentopoM-mycopuimkom Bl (SR-B1) u
pELenTopoM, MOAOOHBIM PELENTOPY aKTUBHHA
A tuna 1 (ALK1) snzoTenus, 4to OTIMYaeTCs
OT Kjaccuyeckoro mytd snaouuros3a JIITHII,
onocpegoBanHoro LDLR [62]. Peuentopsr
SR-B1 u ALK nokanu3yroTcsi COBMECTHO C
KaBeoJaMM, 4YTO YKa3blBa€T Ha TO, YTO
tpanciuTo3 JIIIHII ¢ momompbio SRBI u
ALK onocpenyercsi 3aBUCUMBIM OT KaBEOJ
MexanusmoMm [53]. Kpome Toro, orcyrcrBue
KaBeoJIMHa- 1, OCHOBHOT'O CTPYKTYpPHOTI'O OenKa
kaBeonl B OK, 3HauumTenbHO yXyAlIaeT
TpaHcriopr u  yaepxkanme JIIIHII B
apTepHalIbHON CTeHKe [62], a NOBBIIIEHHBIE
YPOBHHU KaBeoJinHa-1 ObUIM OOHapyXEHBI MpU
aTEpPOCKIEPOTHUECKUX  MOopaxeHusix [63].
Hecmotrps Ha TO, 4TO /ISl BBIICHEHUS
crnenn(UYeckoro TpaHCIOPTHOTO MeXaHU3Ma
000MX PENEenTOpOB CUUTAIOT HEOOXOAUMBIM
IIPOBEJICHUE JIOTIOJTHUTEIbHBIX
JKCIIEPUMEHTOB, 3TH  JaHHbIE  BechbMa
yOeauTeNnbHO CBHJIETENBCTBYIOT O TOM, YTO
3aBHCHMOE OT KaBeoa mnorjomenne JIITTHII
UTpaeT 3HAYUMYIO poib B Tpancuurose JIITHIT
[64]. Takum oGpazom, 0606mas poiar DK B
uHwmisTpanuu JIITHII, BakHO OTMETHTB, YTO
CIIeIyeT YYUTBIBATh U IpyTrHe (HaKTOpbl, TAKHE
Kak TJIMKOKAJUKC, MEPULUTHI,
CyOPHI0TENNATbHBIA BHEKJIETOUHBIN MaTPUKC
U poJb HanpsbKeHusd casura [13, 65].

OxkazaBmuch B CyOIHAOTENHATIEHOM
MPOCTPAHCTBE, 3axBayeHHble yacTuipl JITTHIT
OKHUCJIAIOTCSI, YEMY CIIOCOOCTBYET OTCYTCTBHE
3aIIUTHBIX AHTUOKCHUJIAHTOB IUIa3Mbl, TaKUX
KaK ToKO(hepoII, ackopoar, yparsl,
arlOJIMIONPOTENHBl  WJIM  CBIBOPOTOYHBIN

ansoymun  [64].  Oxwucnennsie  JIITHII
SIBJISIIOTCS ~ KJTIOUEBBIMU ~ BOCTIAJIUTEIIbHBIMU
KOMIIOHEHTaMH, KOTOpPbIE  CIIOCOOCTBYIOT
Pa3BUTHUIO ATEPOCKICPOTHUECKUX  OJIAIICK,
MOCKOJIBKY ~OHHM  COJEpXaT OKHCIIEHHBIE
JUNHUABI W TPOAYKTH WX JErpajaluu,
OPUHUMAIOIIME  aKTUBHOE  ydyacTHE B
MEeXaHU3Max pa3BHUTHS 3a0osieBanus [13, 62].
JIITHIT OKHCIISIFOTCS CBOOOTHBIMU
paauKanamu, MPUCYTCTBYIOIIUMU BO
BHEKJICTOYHOM cpene, TaKUMU KaK
CYNEPOKCH/]T (029, TUAPOKCHIIbHBIC
panukansl (*OH) u npyrue, takue xkak HCIO,
IPOAYLUPYEMbIE OKPYKAIOIIUMU KJIETKAMH
[61]. Kpome Ttoro, JIIIHIT wmoryt ObITh
HETNOCPEICTBEHHO OKHCJICHBI
(epMeHTaTUBHOW aKTUBHOCTBIO (oconumnas
u gunokcureHas [57]. Takum o0pazom,
JUTIOKCUTEHA3HBIA TyTh OBLI BBIIEICH IS
00bsicHeHus nHuumanuu okucienus JIITHII.
WNHTepecHo, uro ©O€noK, CBSA3aHHBIA C
peuentopom JIITHIT (LRP), yuactByer B
npusneuennn JIITHIL, a nunokcurenasa 12/15
nepemMeniaercs K MeMOpaHe, rjie IPOUCXOIUT
okucnenue »upoB xonecrepuna JIITHIT [13,
57].

HezaBucumo oT MEXaHu3Ma,
BOBJICYEHHOTO B MHMIIMMPOBAHHE OKHUCIIECHUS
JIITHII, »TOT mpomecc COMpPOBOKIAETCS
CHUKEHUEM YPOBHS aAHTHOKCHJIAHTOB,
BKJIIOYas alb(a-Tokohepon U KapOTHHOUIBI
[13]. [Hamee mnpoucxomut  Aerpaganus
TTOJTMHEHACHIIIEHHBIX KUPHBIX KHCIIOT
(ITHXK), B OCHOBHOM apaxXxWIOHOBOH W
JIMHOJIEBOM KHUCJIOT, KOTOPBIE OKUCIISIFOTCS JI0
ruaponepokcuaoB. llocnenqnee npuBOgUT K
00pa3oBaHHUIO COMPSDKEHHBIX JUEHOB M TPU
JabHEUIIIeM OKHCIIEHUU
KOPOTKOIIETIOYEYHBIX anpaerunos [13, 61].
AnoB-100, ocuoBHoii Oemox JIITHII, Taxke
MOABEPTaeTC PA3TUYHBIM  MOJIUPUKAIIIM
BCJIEJICTBUE  BO3JACHCTBUS  OKHMCIUTEIbHOMN
cpensl. Hamnpuwmep, anbIErubl,
oOpa3yromuecss MpPU OKHUCICHUU JIHITH]IOB,
00pa3yloT COeAMHEHUsT C  JU3HUHOBBIMU
ocrarkamu anoB-100. Bmecto 3toro amoB-
100  mMoxer  OBITh  HEMOCPEICTBEHHO
MOAU(DHUIMPOBAH  MPEUMYIIECTBEHHO IO
OCTaTKaM THPO3HMHA C IIOMOIIBIO OKUCIISTFOIITIX
arcHTOB [61]. Ot Mo U UKaIIH
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caMbIM YBEJINYUBas 3axBaT YaCcTHI]
JUIMONPOTEMHOB  4Yepe3  Heperyaupyemblie
peuentopsl [13, 61].

B 3aBucuMoCTH OT ypOBHS OKHCJICHUS
okucnennsie JIITHIT knaccupunmpyrores kak
MUHHMaJIbHO MoaudunmpoBanusie JITTHIT
(MmJIHIT) unm  3KCTEHCHMBHO OKHCIIEHHBIE
JOIHIT  (oxcJIIIHIT)  [61]. Mwm-JIIHII
XUMUYECKU OTJINYAIOTCSA oT
HemoupunupoBanubix JIITHII, HO BCce ke
pacno3narorcs  peuenrtopamu-JIITHIT  u,
CJIE/IOBATEIbHO, WHTEPHAIM3ZUPYIOTCS uepe3
peryinupyembie My TH. Opnnaxo
MOAU(DHUIIMPOBAHHBIE JHMUIBI BHYTPH 3TUX
JacTHI[ JICUCTBYIOT KaKk  OHOJIOTUYECCKHU
AKTUBHBIE MOJIEKYJIbl, NPUJAIOIINE JpPYyTHUE
OHOJIOrnYecKue AKTUBHOCTH, HE
MPOSABISAIONINECS B HEMOAU(PHUIIMPOBAHHBIX
JIIIHIT [61]. DOTu OWOaKTHBHBIC JHIHIBI
MOTYT BBI3bIBaTh IPOBOCHAIIUTENbHBIN OTBET B
OK u makpodarax [66]. C npyroit CTOPOHHI,
koraa JITTHIT cunsHO MomuduImpoBanbl, OHI
CTAHOBSITCS HEY3HaBAa€MbIMHU PEIENTOPaAMHU-
JIITHII, B TO € BpeMsa  IO3BOJIAA
pacro3HaBaTh psiJi PELENTOPOB-MYCOPIIUKOB
[67]. OxucnurensHble MoauduKauu amoB-
100 nexar B OCHOBE OTCYTCTBHS CPOJICTBA K
peuentopam-JITIHII v moBbIIeHNs CPOACTBA K
pereniropamM-mycopiipkam.  bonee  Toro,

okcJITTHIT ~ cmocoOHBI  ycKonb3aTh  OT
3a[IEPIKKH IIPOTEOTJINKAHOB, 4TO
CIIOCOOCTBYET ux HEpETYIUPYEMOMY

MOTJIOLIEHUIO  pelenTOpaMH-MyCOPIIMKaMHU
[66]. Ilocne wHTEepHaNU3aLUU MPOLYKTHI,
nonyuyeHHele w3 OkCJIIIHIIL,  3amyckaror
JKCIIPECCHIO  MOJIEKYJ  BOCHAJIEHUS B
Makpodarax, o uéM OTAeIbHO OyAeT
U3NI0OXKeHo  Hmwke. HeobOxoaumo — Taxke
OTMETHTH, YTO, XOTsa okucieume JIITHII
ABNsieTcs ~ Hambojee  pacmpoOCTpaHEHHOU
Moaudukarmeit, psan moaudukammii JITTHIT,
CIOCOOCTBYIOIIMX Pa3BUTHIO aTEPOCKIEPO3a,
TaKUX KaK TJIMKO3WJIMPOBAHUE,
alleTWIMPOBAHUE U arperarys TakKe OMUCaH B
psae npyrux pador [68].

Ocoboe  3HaueHWe B  Pa3BUTUHU
aTepocKiIepo3a UrpaeT CTUMYJISITUS
SHJIOTENHS, TAK)KE M3BECTHAsl KaK aKTHBALIUS

BBI3BIBAIOT
W3MEHEHHE TOHyCa MHKPOCOCYIIOB, HUX
IIPOHULIAEMOCTH WJIH AMAIENe3a JIEHKOLUTOB
[67]. Dto sBAeHWE TpeACTaBISIET COOOM
OCTPYI0O PEAKLUI0 C KpPaTKOBPEMEHHBIMU
(YHKIMOHATBHBIMU ¥ MOP(OIOrHUYEeCKUMHU
M3MEHEHUSMH B He TpeOyeT cuHTe3a Oenka de
novo WIM akTUBalMKM TeHoB [68]. OgHako B
OTBET Ha HEKOTOpbIE MPOBOCHIAIUTEIbHBIC
arcHTHI, TaKue kak  WJI-1, ®HO,
SHJOTOKCUHBI, Mo (pULIIPOBaHHbBIE
JUTIONPOTEMHBI U KOHEYHBIE  TPOTYKTHI
riuko3unupoBanus  (AGE), a Takke Ha
OMOMEXaHUUYECKYIO CTUMYJISILIUIO, BEI3BAHHYIO
HapylUIeHHEM KpPOBOTOKA, IHAOTEIUNA MOKET
MOJIBEPraThCs YCTOWYHMBON (DEHOTHUITHYECKOU
MOJYJISIIIUKM, WM3BECTHOW KAk  aKTHBAIHUS
suporenus Il tuna [67, 68]. Dta akTuBanms
MPUBOJUT K CII0)KHOMY BOCHAIUTEILHOMY
OTBETY, KOTOPbI HAUMHAETCS C YBEIUYEHHUS
nponykiuu NF-kB B DK B otBer Ha
BBIICYTOMSHYThIN cTHMYJ1. NF-KB moBbIimaer
IKCIIPECCUI0 MOJIEKYNl aAre3uH JICHKOIIMTOB,
TaKUX Kak VCAM-1 u ICAM-1;
CEeKpeTHpyeMbIe XeMOKHHBI, Takue kak MCP-1
u WI-8 [69]; u mnporpomOOoTHUECKHE
MeINaTopHhI, TaKue KaK UHTHOUTOP
aKTUBaTOpa IUIA3MMHOT€HA WM TKaHEBOM
¢dakrop. AxTuBHpoBaHHble DK HMHIyLHpPYIOT
n30uparenpHOe  MPUBJICYEHHE MOHOIUTOB
B UHTUMY. Jrot nporuecc ObLI
BU3yanusupoBaHn in vitro [70], u ero
MIPEICTABIIAIOT KaK [10CIIEJ0BATEIbHYI0 CMEHY
POJUIMHTA, aare3uu, aKTUBAIAN "
TPAaHCMUTPALIMA ~ MOHOIIMUTOB, Kak OBLIO
OTMEUYEHO B IIeJIoM psne padot [13, 68, 71].
[IpuBneyeHne MOHOLUMTOB HAYMHAETCS C
3axBaTa U NEpEeMEIIeHHs] X MO 3HIOTENHIO,
YTO B OCHOBHOM OIlocpeayercsi P-cenektuHom
[67, 69]. PommuHr MOHOLHMTOB 3aTeM
CHW)KAETCS, U MOHOLIUTBI OCTAIOTCSI IPOYHO
MPUKPEIJIEHHBIMA K JHAOTENHI0,  4TO
OIOCPEIOBAHO  CBA3BIBAHMEM HHTETPUHOB
MoHouToB ¢ VCAM-Iu ICAM-1 DK [13, 70].
Kpome Toro, mpm kadeHMH NO SHAOTEIHIO
MOHOITUTHI AKTUBHUPYIOTCS CBSI3AHHBIMH C
MIOBEPXHOCTBIO  BHJOTEIMS  XEMOKHHAaMH,
takumu kak CXCL1, CXCL2, CXCL4 u
CCL5, 4rto yBenuMuMBaeT aJAr€3MBHOCTD
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MoHouuToB [71]. Ilocme »TOro MOHOIUTHI
TPAHCMUTPHUPYIOT B MPOCTPAHCTBO HHTHMBI.
OTO JABIXKEHHE BKIIOYAET MepeceyeHue
Oaprepa DK, ero 6a3anbHON MEMOpPAHBI U CIIOS
nepututoB [70, 71]. Ilpouecc murpanuu
MOJICP)KUBACTCSI  XEMOKMHAMH,  KOTOpBIE
paHee  CEKpeTUpOBaJNCh B  OTBET Ha
MIPOBOCHAIUTEIbHbIE CUTHAJIBL.

B nacrosmee Bpemsi Hauboiiee 4acThiM
XEMOKHHOM, OTOCPEIYOIINM
TPaHCMUTPALIMIO MOHOIIUTOB siBjisieTcst MCP-1
(Taxxe HaszpiBaeMblii CCL2), omHaKo Takxke
OBUIO M3Y4YEHO BIMSHHE JPYTUX XEMOKHHOB,
takux kak CCL3, CCL4 u CCL5 [72]. MCP-1
IPOAYLIUPYETCS B OCHOBHOM
SHAO0TENUATLHBIMU KJIETKaMH,
TJIAJIKOMBIIIICYHBIMH KJICTKAMH, MOHOITUTAMH
U MakpodaraMu UHTHMBI, H €0 SKCIPECCHS
MOBBIIIAETCS.  IIOCJE  MPOBOCHAIUTEIBHOTO
CTUMyJa  WIM  TOBPEXACHUS  TKaHW,
CIOCOOCTBYS TPAHCIHIOTEIHATHLHON
MUTpAlMU [UPKYJIUPYIOIIUX MOHOLIUTOB W3
mia3Mpl B HHTHMY [72]. DTOT mporiecc
OTIOCPEIOBaH napalesuTIoJIIPHBIM u
TpaHCUEIUTIOJISIpHBIM ~— niyTsimu - [65].  Tlpm
MapaleuIoIIPHOM MyTH MUTpaIus
MOHOIIUTOB TPOMCXOJUT TPEUMYIIECTBEHHO
yepes COCIMHEHUSA OK n3-3a
nepepacipeesIeHus COCTMHUTEITBHBIX
MOJIEKYJI B BOCHAJIEHHOM »3HaoTenuu [71].
Kpome  Toro,  HekoTOpble  MOJIEKYJIbI
SHAOTENUATBFHOTO  COCIWHEHUS  aKTHUBHO
omocpeayroT 3ToT Tun wmurpanuun [68]. C
JIPYroi CTOPOHBI, TPU TPAHCIEILTIOIIPHOM
MyTH KJIETKH MUTPpUpPYIOT depe3 Teno OK,
OJTHAKO 3TOT THUT TPaHCMUTPALIUH
Habmonancs Toapko B 10-30% coObiTHil in
vitro [64]. CunTaercs, 4TO HOBBIE JOCTHIKCHHS
B BU3YyQIM3AIlMM JKWBBIX KIETOK MOTYT
NpOSICHUTH 3Ty npobnemy [13, 70]. Hakoner,
MOHOITUTHI TIEpeceKaroT 0a3aIbHYI0 MeMOpaHy
DK, kotopasi COCTOMT M3 CETU JIaMUHUHA U
KOJUIareHa, U 000JI0YKH MEPUIIUTOB, KOTOpast
oOHapy>kuBaeTcs B 00ibIIMHCTBE BeHy [70].
OxazaBmmich B~ HMHTAME,  MOHOIIUTHI
muddepeHIMpyoTCs B Makpodaru, KoTopble
MOTYT OBITh MOJIAPU30BaHbI 10 penoTuny M1

(TIpoBOCHIATUTENBHBIH ) WIN M2
(npotuBoBocnanutenbHbil) [73]. Tem He
MEHee, Makpodaru IPOSIBIISIOT

qyBCTBUTEIBHOCTb K U3MEHEHUAM
BOCHAJIUTENBHON CPEbl U B OTBET Ha HOBBIE
CUTH&JIbl  CHOCOOHBI NEpPeKIrYaTh  CBOH
¢eHOTHII ¢ MPOBOCHAJIHMTEIBHOTO  HA

MPOTHUBOBOCTATUTEIbHbBIN [73].
[MnactuyHOCTH Makpodaron uMeeT
OCHOBOIOJIararouee 3Ha4YCHHE JUIS

YCIELIHOro OTBeTa ¢ npeobiananueM M1 npu
MPOrpecCUpoBaHuU 3aboneBaHuss U M2 mpu
perpeccunn  [73, 74]. Makpodparu Ml
BBICBOOOXK/IAIOT BOCHAIUTENIBHBIE ITUTOKUHBI
Y XeMOKHUHBI U ipoayuupyoT NO 1 akTUBHbIE
¢dopmbel  kucimopona  (ADPK),  koTopsle
CHOCOOCTBYIOT MPUBJICUYECHUIO MOHOIIUTOB H
JanbHENIIEMY pacrpoCTpaHEHUIO
BOCIAJIUTENILHOM peakuud [74].

Heo6xonuMo 0TMETHTB, 4TO Makpodaru
TaK)K€ OKCIPECCUPYIOT PsJ  PELENnTOpOB,
KOTOpbIE  OMOCPENYIOT  HMHTEPHAIU3ALMIO

MOAU(GUIIUPOBAHHBIX n
HEeMOIU(DUIIUPOBAHHBIX JITTHII. Kak
YHOMHUHAI0Ch paHee, JIMTIONIPOTEHHBI,
OCTaBIIMECS B  HHTUME,  IIOJBEP/KECHBI
MOAU(UKAIUAM  H3-32  BOCHAJIUTEIBLHOMN

CpPE[Ibl, UTO MO3BOJIIET UM UHTEPHAIU30BaThCS
yepe3 penentopsl-noBymiku CD36, SRA-1 u
LOX-I [67]. BaxHO TOAYEPKHYTH, YTO
IKCIIPECCHSI ITUX PELIENITOPOB HE TIOJABIISETCS
MOTJIOLIEHUEM XOoJIecTepUHA. TakuM 00pazom,
B KOHTEKCTE aTepOCKIIEpPO3a, Korzaa
coepKaHue okcJITTHIT 3HAYUTEIBbHO
MOBBIIIEHO, KJIETKH MHTEPHATU3YIOT OOoJIbIIee
konmmyecTtBO  OKCJIIIHII.  Bryrpm knerok
okcJIITHII pacweruisirorcss B Iu30cOoMax,
a XOJIECTEPHH, coaepKalmncs B
JUIMONPOTENHAX, JSTepUPUIMPYETCs  alui-
KoA-xonecreponauuntpanchepazoit (ACAT)
B DHJOIUIa3MaTU4YECKOM peTukyiayme (OP).
D¢dupsl xonecTepuHa XpaHsTCs B BUJIE Kaelb
JUMHJIOB, PACIOJI0KEHHBIX KaK B IIUTOIIIA3ME,
Tak U cBs3aHHBIX ¢ OP [75]. [mapomu3 stux
YIAaKOBAHHBIX 3pHpoB XOJIECTEpUHA,
ONOCPEOBaHHBIN T'MIPOIa3aMH HEUTPAIIBHBIX
a¢upoB xonecrepuHa, Takumu kak nCEH u
NCECHI1, npuBomur Kk  00pa3oBaHHIO
CBOOOTHOTO XOJIECTEpHUHA, KOTOPBIN
nepeHocuTcss u3 MmakpodaroB B anoAl wumm
JITIBII (aumonpoTenHbl BBICOKOH MIIOTHOCTH),
YTO SIBJIIETCS Ba)KHBIM IIarOM JJIsl yAaJeHUS
n30BITKAa XOJIECTEpUHA U3 MepudepuyecKux
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TKaHe [75]. DToT mpomecc omnocpenoBaH
AT®-cBsA3BIBAIONINMHA KaCCETHBIMU
tpancnoprepamu  ABCA1 u ABCGl wu
IIEPEHOCUYUKAMU X0JIeCTEepUHA SR-B1,
KOTOpbIE  WIPAlOT  BaXHYKH  pojlb B
00eCIeYeHnn OTTOKA XOJIECTEPUHA U3 KIETOK
U TPEeJOTBpAIICHUH OOPa30BaHUS MEHUCTHIX
kietok [67]. OmgHako mpoBOCHAIUTEIbHAS
MHUKpoOcpeaa aTEPOCKJIEPOTHUECKUX
MOPAKEHUM  HapyllaeT CHCTEMY OTTOKa
ABCA1 xak B Mmakpodarax M1, tak u B

Makpodarax M2 u CIIOCOOCTBYET
HAKOIUICHUIO TIEHUCTHIX KIIETOK, KaK MMOKa3aHO
B IKCIEPUMEHTAX c MBIITHHBIMH

Makpodaramu, CrioCOOCTBYIOIIUMHU PA3BUTHIO
Osstmrek [13, 67].

Kpome Toro, n30bTouHOe MOTJIOLIEHUE
JUOUAOB  MakpodaramMu  MOAIEP>KUBAET
BOCHAIIMTENBHYI peakuuto, a okcJIITHII
WUHIYUUPYIOT CUTHAIIbHBIE KAaCKaJlbl, KOTOphIE
aKTHBUPYIOT MUIIICHU NF-kB,
MOJJIEPKUBAIOIINE aKTHUBAaIHIO 9K,
MPUBJICYCHUE MOHOIIMTOB W 00pa3oBaHUE
MEHUCThIX KJeTok [74, 75]. IlornomeHue
okcJITTHII Makpodaramu MOXHO
paccMaTpuBaTh KakK 3allUTHBIM MEXaHHU3M,
MOCKOJIBKY OHHM YAQIAIOT IHUTOTOKCHYECKHUE
3J€MEHTHI U3 UHTUMBI. OHAKO MOBBIIICHHAS

MUTpals  MOHOIMTOB B  HWHTHMY U
MOCJIEAYOILast auddepeHIpoBKa B
Makpoparu  NOpuUBOAIAT K  OoJbLIOMY
KOJINYECTBY HEHHUCTBIX KJIETOK,

MHIYLUUPYIOIUX POCT aT€pPOCKIEPOTUYECKOTO
nopaxkenust [74]. IloaToMy HakomieHue
XOJIECTepUHA CUMTaETCs MPU3HAKOM
aTEePOCKICEPOTHUECKUX MOopaxeHuu [67, 75].
Hakomienne XOJIECTEPUHA B
CyOdHIOTENMATbHOM KOMITAPTMEHTE TaKXkKe
CIOCOOCTBYET  00pa30BaHUI0  KPHCTAJUIOB
XOJIeCTepUHa KaK BHYTPH, TaK U BHE KJIETOK U
CIOCOOCTBYET Pa3BUTHIO
aTepocKIepoTuyYeckux ossmiek [74, 75]. Otor
mpouecc HaOmonanu Kak CHapyXd, Tak M
BHYTPH KJIETOK, B Makpodarax,
nHkyoupoBanHbix ¢ OkcJIITHIT [76]. Xota
KPUCTAJUIBl XOJECTEPUHA SIBIAIOTCA OOIIUM
MPU3HAKOM MIPOrPECCUPYIOLIUX
aTEpOCKJIIEPOTUUYECKUX  IOPAXEHUH, OHH
MPHUCYTCTBYIOT TAaK)K€ B PAaHHHUX OJISIIKaX U
MOTYT HCIOJIb30BaTbCs B KauecTBE MapKepa

paHHEro pa3BUTUA aTepockiepo3a [76].
Kpucramner  xonmecrepuHa B OJsimike
akTUBUPYIOT uH(pIammacomy NLRP3 B
Makpodarax, 4YTO MTPHBOJUT K AaKTUBAIUU
MPOBOCHANUTENbHBIX IyTel. NHpIammacoMbl
MPEACTABISIOT coboi LIUTO30JIbHBIC
MYJIbTUIIPOTEHHOBBIE KOMITJICKCBI
BPOXKACHHOTO HMMMYHHUTETa, OTBETCTBEHHBIC
3a aKTHUBAIMIO BOCHAIUTENBHBIX IyTei [77].
Xots aktuBanusg u coopka NLRP3 1o konma
HE M3YyYeHbI, U3BECTHO, YTO OHA MPUBOIUT K
3amycky kacnasbl-1. Kacnaza-1 Bnocnencrsuun
pacIlerIsieT MPOBOCHAIUTEIBHOE CEMEUCTBO
uutokuHoB NJI-1 Ha ux 6rnoakTuBHBIE (HOPMBI,
WII-1B u WJI-18, crocobcTBysi BOCTIAIEHUIO
[77]. Bpulo BbICKa3aHO MPEAMOJIOKEHHUE, UYTO
nornowmenue okcJIIIHII, omocpenoBanHoe
peuentopom  CD36, OTBETCTBEHHO  3a
aktuBaiuto NLRP3  [77]. Ilo-Bumumomy,
peuenrop-mycopmuk CD36 Bmecte ¢ TLR4-
TLR6 nornomaer oxkcJITTHIIL, uro mpuBoaut k
00pa30oBaHHI0 BHYTPHUKJIETOUYHBIX KPUCTAIIJIOB
XOJIECTEpUHA. OTH KPUCTAJUIbl BBI3BIBAIOT
NeCTa0WIN3aUI0  JIM30COM,  HMHIYLHUPYS
BBICBOOOXKIEHUE JIN30COMaJIBHOTO
COJIEPKUMOT0, TAKOTO KaK KaTelCHHBI WIH
aKTUBHBIE ()OPMBI KUCIIOPO/Ia, UTO MIPUBOIUT K
cOopke MH(pIaMMacCOMBI NLRP3 u
noCeAyoleit akTuBanuu kacnassi-1 [77].

B mHacrosmee Bpemsi cyuuTaeTrcsi, 4TO
I'MKC, pacnionoxeHHble B HHTHME, TaKkKe
CIOCOOHBI MOTJIOIIATh oxcJITTHII
HEperyJInpyeMbIM 00pa3oM depe3 pa3IudHble
PEEenTOPBI-MYCOPIIIUKY, Takue Kak SR-A,
CD36 u LOX-1 [68, 77]. HdeiicTBuTenbHO, UX
BKJIaJ B OOMIyI0 TOMYyJALUIO TEHUCTHIX
KJIETOK B Ousisiiike 3HauuteneH [53]. Kpome
toro, I'MKC wuHTHMBI 3KCIpECCHPYIOT
MeHbie  TpaHcnoprepoB  ABCAIlL, uyem
TpaHCHOPTEpHl cpenHelt obonouku [64, 68].
CrnenoBaTtenpbHO, OallaHC MEXIYy BXOJIOM U
BBIXOJIOM XOJIECTEpPUHA CMEUIAETCS B MOJIb3Y
HaKOIUIGHHUs XOJIeCTepruHa M 00pa3oBaHUs
MEeHUCTHIX KieToK. Kpome Toro, mo kpaitHeit
Mepe, 50% TMEHUCTBIX KIETOK B HHTHME
KOPOHApHBIX apTepUil YEIOBEKa MPOUCXOMST
n3 I'MKC, a He w#3 MOHOIUTOB, YTO
onpeaenser 3Hauumocte poau I'MKC B
pa3BuTHH aTepockieposa [13, 64, 68].
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7. Jeontoyusn ¢uopo3noi cocyoucmoii
OnawKu

Bo Bpems pasButus  ¢ubpo3HOTO
IpolLecca aTepoOMHBIC OJIAIIKHA TPETEPIICBAIOT
mepexoj OT JKUPOBOW TOJIOCKI K POCTY
WHTUMBI, 3TO OTall, XapaKTePU3YIOIIUICT
oOpazoBaHWeM OECKIETOYHOH u OoraToi

munuaaMu  o0jacTh,  W3BECTHOM  Kak
HEKPOTHUYECKOE A7IpO. YroOsr
CTaOWIM3UPOBATh OJIAIIKY, HEKPOTHYECKas
CepaLcBrUHa IOKPBIBACTCS BOJIOKHAMH,
o0pasys bubpo3Hy0 MTOKPBIIIKY.
Hekpornueckoe  simpo  wm  pubOpo3Has

MOKPBIIIKA SBIAIOTCS OTIMYUTEIBHON YepTOit
IIPOrPECCUPYIOLIETO aTepoCKIIepo3a, u
CUMTAETCS MAaJIOBEPOSTHBIM, 4YTO Ha JTOM
CTaJuu MOYET MIPOU30UTH perpecc
aTEepPOMATO3HBIX OJisIIeK [76].

®ubpo3Has manoyka (WIM MOKPBIIIKA
OJISIIIIKK) MIPEICTABIISCT coboi
CyOdHI0TeHATbHBIHI Oapbep MEXITY
MIPOCBETOM COCYJla M aTepPOCKIECPOTUUECKUM
HEKPOTUYECKUM  SAJIPOM, COCTOSAIIUM U3
I'MKC, wmurpupoBaBIIMX Ha IIPOCBETHYIO
CTOPOHY apTepUH, U BHEKJIETOUHOTO MaTpUKca
(BKM), mnomyuennoro wu3 I'MKC [78].
®ubpo3Hast MOKPHIIIKA CIY>XKUT CTPYKTYPHOU
omopoi, 4YTtoObl  u30exkarb  OOHAKEHUS
MIPOTPOMOOTHUYECKOT0 MaTepuaia sjpa, 4ro B
clly4ae HapylIeHus e€ EeT0CTHOCTH MOTJIO OBl
BbI3BaTh  TpomO03 [78]. B  oObr4HBIX

(buU3MOIOrNUECcCKUX YCIIOBUSX
mup¢pepenuupoBansie  ['MKC  cpenneit
000J10YKH1 (Menun) MIPOSIBIISIOT
COKPaTUTEJIbHBIN ¢denortur, KOTOPBIN

peryaupyer 1uaMeTp KpOBEHOCHBIX COCYI0B U
KpoBOTOK [76, 78]. Omnako, B OTBET Ha
nospexaeHrne ' MKC MeHstoT cBoit penotu
Ha CHHTETHYECKHH, B KOTOPOM TPE0OIaiatoT
MUTpalMOHHAs u nponrpepaTuBHas
akTUBHOCTH [79]. C 3TO# menpio coceaHue
KJIETKH aKTHBHPYIOT MPOLECC 3aKUBJICHUS,
BbIpabaThIBasi HECKOJIBKO (DaKTOPOB pOCTa, B
TOM 4YHCIIE SMHJEPMaIbHbBIN (akTop pocTa,
bhakTop pocTta ¢hubpobaacTos,
MHCYJIMHOMNOAOOHBIN (akTop pocTa, (akTop
pocrta TPOMOOIIMTOB (PDGF),
TpaHnchopmupyromuii paktop pocra- (TGF-
B) u ddaxTop pocra SHAOTENHS COCYAOB
(VEGF) [79]. Ilpu pa3Butuu arepockieposa B

oTBeT Ha (haKTOpHI POCTa, MPOAYLUPYEMBbIE
MEHUCTBIMU KJIETKaMU (MOJTYYEHHBIMU U3
I'MKC wunu makpodaros) uinu DK UHTHMBI,
I'MKC u3 memuu 00OJIOYKH MUTPUPYIOT B
uatumy  [78].  bomee  Toro,  WJI-1,
MPOIYIHUPYEMbI Makpodaramu, YyCHUIUBACT
sHporennyo npoaykiuio PDGF I'MKC wu,
[IOTIaB B UHTUMY, ayTOKPUHHO MPUBOAUT K UX
npomudepannu  [79]. B nmomomHeHwe K
MUTpallMi U Tocleayroleil nponudepanuu
I'MKC ¢ cunTeTHuecKkuM (H)EHOTUIIOM TaKXKe
YBEJIMYUBAIOT  MPOAYKLUHIO  KOMIIOHEHTOB
BKM, Takux Kak  HMHTEPCTULHAIBHBIN
KOJIJIar€H, 3JIaCTMH W TpoTeoriukanbl [80].
Otu nponudepupyroume I'MKC, napsagy c
npoaykiueir BKM, co3garor ¢ubpo3HbIii

KOJIMAYOK, KOTOpBI MIOKPBIBAET
Pa3BUBAIOILYIOCS aTepOCKICPOTUYECKYIO
OJIALIKY, TaKUM obpasom, OKpYyKas

nopaxkeHue u npeaoTBpamas e€ paspois [80].
WHuTepecHo, yTo, €ciu NpOAYKLIMS MUTOTEHa
He npekpamaercs, ' MKC He nepekirodaroTcs
o0paTHO Ha COKpaTUTEIbHBIM (eHoTun [79,
80], uTo crIOCOOCTBYET Pa3BUTHUIO MTOPAKECHHUS.
XapakTepucTuku  (UOPO3HOM  MOKPBIIIKH,
TaKH€ Kak TOJIIMHA, KIETOYHOCTh, COCTaB

MaTpuKca ®  COJCp)KaHWE  KOJIIareHa,
SIBJISTFOTCS BaKHBIMU dakTopamu,
OTIPEIETSIOIUMH CTAOMIIBHOCTD OJIsIKY [78].

Hekpotuueckoe SATIPO 3aHUMAaeT

HEHTPAIBHYIO 4YacTh aTePOCKIECPOTHUYECKUX
Onsimiek. OTO  AApo, TMOKpbITOe (HUOPO3HOM
000JIOUKOW, COCTOMT U3  Harpy>KeHHOM
JMNUJAMHA  TUIOLEIUIIONIAPHOM  o0jactu ¢
penyHpOBaHHBIM MOJIIEP KUBAOIIIIM
xoiutareHom  [79]. Ilo Mepe pasButus
aTEePOCKIEPOTUYECKUX OJsIex
HEKPOTHYECKOE  SAPO  yBEIMYMBACTCA B
pa3mepax TIaBHBIM 00pa30M BCIICACTBHE JIBYX
(akTopoB: rudear Makpo(aroB u HapyIIEHUS

s deporToza — mporecca, YAAISIONMIETO
anonroTrueckue kineTku. O6a  coOwITuA
BHOCSIT BKJIA]] B BOCTIAJIUTEIIHLHOE

MHUKPOOKPY>KEHHE, OKHCITUTEIBHBIA CTpecc H
TPOMOOTEHHOCTh, a TakKe CIIOCOOCTBYIOT
rudeNm coceqHux KieTok, Takux kak ['MKC,
TOBBIIIAS YS3BUMOCTD OJtstiiex [81].

Ha paHHHX cTagusx arepockiieposa
aronro3  MakpoaroB  MPOTrPaMMHPYETCS
4yepe3 KOOPAWHUPOBAHHYIO CHCTEMY Kacmas,
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YTO MNPUBOJUT K TUOENu  KIETOK U
addepouurosy [81]. OgHako mpu pa3BUTHH
atepockiiepo3a B Makpodarax u ['MKC
YCUJIMBAETCSl aIlONTO3 M3-3a IOBBIIIEHHOTO
OKHUCJIUTEIBHOTO cTpecca, aKTUBALIUU
peLenTopoB, YYaCTBYIOIIMX B Iepenade
CUTHAJIOB CMEpPTH, HMHTUOMPOBAHUS MyTel
BBDKMBAHMSI M JIMIIEHUS  MUTATEJbHBIX
BemiecTB [82]. Ha atom stane ¢arouurapHas
aKTUBHOCTh ~ MakpodaroB He CHOCOOHA
CIPaBUTHCS C HAKOIUIEHUEM ANONTOTUYECKUX
KJIETOK, KOTOpbIE IMOABEPraroTcsi BTOPHUYHOI
HEKPOTHYECKOW THOEIH C COIMyTCTBYIOIIUM
BBICBOOOXK/IEHUEM BHYTPUKIIETOYHBIX
OKHCITUTEIHHBIX U BOCTIAJIUTEITHHBIX
KOMIIOHEHTOB. JTa CHTyalus YCyryomuser
BOCIIAJICHWE W YCWJIMBAET THOEIbh COCETHUX
kimertok [81, 82]. Dddepountod Takxke

CTAaHOBUTCS neeKTHBIM Ipu
IIPOTrPECCUPYIOILEM  aTEPOCKIIEpO3e  HU3-3a
HapyILICHUs AKTUBHOCTHU HECKOJIBKUX

PELEenTOPOB, KOTOpPBIE OMOCPEAYIOT JTOT
nporecc, Takux kak MerTK, LRP1, CD36 u
SR-B1 [82]. Kpome TOro, OKHCJICHHBIC

dbochomumuast u okcJITTHIT,
MPUCYTCTBYIOIIME B  MIPOrPECCUPYIOLIUX
aTEPOCKIIEPOTUYECKUX OJIsIIKax,
UHTHOUPYIOT pacno3HaBaHUe
amoONTOTUYECKHUX KJIETOK

s depouuToTHUecKUMU  perientopamu  [82].
Hapymenune sddepountoza B 3amymieHHBIX
ONsIIKaxX TakXke CHOCOOCTBYET HAKOIICHHIO
KpUCTAJIJIOB XOJIECTEPHHA U3 allONTOTHYECKUX
kieTok [82]. B ¢dusnonornueckux ycroBusx
MEJKUE KPHUCTAJUIBl XOJecTepuHa ObICTpO
CEKBECTPUPYIOTCA M3 HHTEPCTHIHMAIBHOTO
MIPOCTPAHCTBA KJIETKaMU-(paronuTamu;
OJHAKO 10  Mepe  MpOrpeccCUpOBaHUS
nopakeHus1 (HaroUTHPYIONINE KIETKA He
MOTYT  yJaIUTh  W30BITOK  KPHUCTAIJIOB,
KOTOPBIE B KOHEYHOM HTOTE YBEINIHBAIOTCS B
pa3mepax U OCTaloTCs B CyOIHAOTETHATEHOM
MIPOCTPAHCTBE [83]. 1ot nporecc
aKTUBUPYETCS KOMIUIEMEHTOM U YBEJTMYHUBACT
MPOBOCTIAJIMTETILHOE ~ COCTOSIHHE  OJISIIIIKH.
Bonee TOro, mockonbKy (arouuTHUpYyIOIINe
KJIETKH HE CIMOCOOHBI TIOTJIOMATh KPYITHBIC

KPUCTAJUIBI  XOJIECTEPHHA  pelenTopaMHu-
MYCOPIIHKAMH, ux JTU30COMAITEHOE
COAEPKUMOE CeKpeTupyercs

HEMOCPEACTBEHHO B HHTEPCTUIHAIBHOE
MIPOCTPAHCTBO, CIOCOOCTBYS Oonee
WHTEHCUBHOMY UMMYHHOMY OTBeTy [84]. DT
COOBITHS CIOCOOCTBYIOT HAKOIUIEHHUIO
MEPTBBIX KJIETOK U POCTY HEKPOTUYECKOTO
anpa. Kpome Toro, MeramionpoTenHasbl,
BBICBOOOJKJJaEMbIe IOCJI€ THOENu KIETOK,
YMEHbINAIT pazMep GruOPO3HOI MOKPHILIIKU U
MOBBIIIAIOT YS3BUMOCTH Ouismiek [13, 84].
Hakownern, anoNnTOTHYECKUE u
HEKPOTHU3UPOBAHHbIE KIJIETKH BBICBOOOXKIAIOT
tkaHeBoi (akTop (TF), kKoTOphIii BMecTe C
OKHCIICHHBIMH  JIMIIUJAMHA  yBEIUYHUBACT
TPOMOOTEHHOCTh HEKPOTHUYECKOTro spa [13,
81].

OObI3BecTBIICHHE  OJSIIEK  aTepPOMBI
SIBJIIETCS ele OJTHUM IPU3HAKOM
3aIyIEHHOr o aTepockiiepo3a. OH CyIiecTByeT
B BUJIE KOCTEIOI00HOTO 00pa30BaHMs BHYTPH
OJIALIKA U MHULMUPYETCS B BOCHAIUTEIbHBIX
o0jacTaX C JIOKAIbHBIM  YMEHBUICHHEM
KOJIJTAr€HOBBIX BOJIOKOH [85].
BricB0OOXKI€HNE MATPUKCHBIX BE3UKYJI IIOCTIE
rubenu makpogaros u cunternyeckux ['MKC
WHUIIMAPYET  TPOLECC  KaTbIU(pHUKAINNA
omsmku [74]. B mecrax obpa3oBaHus sapa
HAaKaIuIMBaeTCs oprodocdar KaJIbLIMS,
KOTOpBIH npeBparaercs B aMop¢HsbIi pochar
KaJbIMsl W, HAKOHEN, B KPHUCTAUINYECKHE
cTpykTypbl [85]. Kpome Toro, mpoueccy
KaJIbIIU(UKAIIMK  CIIOCOOCTBYIOT U Apyrue
(akTophl, B TOM YHCIIE€ CHHKEHHBIH YPOBEHb
WHTHOMTOPOB MHHEPAITU3AINH WIH YCHIICHHUE
ocTeoreHHoi Tpancauddepenurposku [85].
B wactHoctu, mepumutel u  I'MKC

TpancauddepeHunpyroTcs B
0cTe00J1aCTON0100HbIE (PEHOTUIIBI BO BpEMsI
pa3BUTHSL  aTepOCKIIepo3a, npuobperas
CIIOCOOHOCTh TreHepupOBaTh

MUHEPATM30BaHHBI MAaTPUKC U TPHUBOIS K
OTJIOKEHUSM KaJIbIIHS, KaK 3TO MPOUCXOIHT B
KocTHOM TKaHu [13, 78, 85]. B coBokynHOCTH
3TO CIIOCOOCTBYET MHKPOKAIBITU(PUKAIINH,
paHHell ~ cTaguu  Kackala  COCYIUCTOMH
KaTbIU(UKANA KaK B UHTUME, TaK U B MEHH
[85]. 3aTeM MUKPOKaJIbIIUHATBI
MIPEeBPALAIOTCS B Ooee KpyTHbIE
KaJIbIIUHATBI, KOTOPBIE PACIIPOCTPAHSIOTCS OT
JTHA HEKPOTHUYIECKOTO s/Ipa JI0 OKPYXKAIOIIETO
Matpukca [86]. Xors  kampuuduKaUsL
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SIBJISICTCS OTJIMYUTEIHLHON yepTou
MPOTPECCUPYIOIIETO  arepockiepo3a  (oHa
OYCHb XOpOIIO KOPPEIUPYET C pa3zMepoM
OJISAIIKK), KOJIMYECTBO U pa3Mep OTIIOKCHHIA
KaJIBIMSI HE KOPPEIHUPYIOT C YA3BUMOCTHIO
OJISAIIKY, KOTOpasi CKOpee CBsi3aHa C JPYTHMH
0COOEHHOCTSIMHU, TAKMMH KaK PacloIOKCHHE,
THT KQTBIIU(PUKAIINK WK OKPYIKaIoIas cpeaa

[85, 86].
Kak OTMEYEHO BBIIIIE,
aTePOCKJICPOTUYCCKHE  OJIAIIKH  OOBIYHO

Pa3BUBAIOTCS B PAa3BETBICHHBIX YYacTKax, I71e
WSS wmwke. B astHX o00mactax HH3KOE
HarnpsKeHue c/IBUTa CIOCOOCTBYET
JIOKQJIBHON SHJOTEIHAIBHON AUCPYHKIMHU U
HKCLEHTPUUECKOMY HAKOIUICHUIO  OJISIIEK.

[lepBoHayasibHO Cy’KeHue IIpoCBeTa
IIPEJOTBpALIAETCS peMoIeTMPOBAHUEM
COCYy/ZIOB  HapyxXy  Jid  HOJACpKaHUS

HOpPMAJILHOTO TPOCBETa M BOCCTaHOBJIECHHUS
pacnpezeneHus HanpsokeHus casura. OJIHaKko
3TO po/JieBaeT JIOKaJIbHbIE,
HeOJaronpusaTHBIE yciaoBus ¢ HU3KUM WSS n
yCyryOmsieT 3KCUEHTPUYECKUH POCT OJISAILIKH.
DKcleHTpuYecKkrne OJSIIKA B COXPaHEHHBIX
MeCTax MPOCBETA UCTIBITHIBAIOT MOBBIILIEHHYIO
Harpy3Ky pacTsDKEHHEM Ha CBOM  «ILICUM»,
IpeBpalas aTepoCcKIePOTUYECKOE U3MEHEHNE
B COCYIHCTOE TIOpaXEHHE, CKIOHHOE K
paspeiBy [85]. bnsmka cuuraercs ysA3BUMOMH,
KOIJla Takoe TMOpakeHHE HMEeT OO0JbIlIoe
HEKPOTUYECKOE SIPO, TOHKYIO (UOPO3HYIO
MOKPBIIIKY ¥ TIOBBIIIEHHYIO BOCTIAJTUTEIHHYIO
peaKkIMio M3-3a TOCTOSHHOTO BO3JEHCTBUS
npoareporeHHoi cpeasl [86]. Dubpos3Has

«IIATIOYKA» OTIEINSIET TPOMOOT'€HHO-
HEKPOTUYECKOE AP0 OT LHUPKYJIUPYIOMINUX
¢bakTopoB CBEPTHIBAHUS KpOBU u

TPOMOOIIMTOB, a €€ TONIIKMHA KOPPETUPYET C
ySI3BUMOCTBIO Ousiiiiku [78, 79]. B pe3ynbrate
rubemn I'MKC npoaykuus BKM cHukaercs,
a KOJIMYECTBO BHICBOOOXKAAEMBIX MATPUKCHBIX
Metaionporennas (MMP) yBenuuuBaercs,
qyro Jenaer (GUOPO3HYIO MOKPBILIKY Oosee
cnaboii [78, 87].

Kak ynommHasnocs paHee, BOCHaJIEHHE
CIIOCOOCTBYET PAa3BUTHUIO OJIAIIKK HAa BCEX
CTaZusAX OT BO3HUKHOBEHMS [0 pa3pblBa
Onstku. J[eMCTBUTENBHO, HA ATOM TIOCIIeTHEN
CTalud  €ro  3HAUEHUE  CYIIECTBEHHO

BO3pacTaeT, TaK KaK OHO CIIOCOOCTBYET
HecTa0MIbHOCTH (PHOPO3HOM MOKpHIIKHY [87].
HekoTopsie mpoBocnanuTeNlbHble ITUTOKHHBI,
takue kak IFN-y, Moryr wuHrubupoBartb
BbIpaboTKy Kosmarena B T MKC. Kpome Toro,
MeuaTophbl BOCIAJICHUS, OOBIYHO
oOHapy»uBaeMble B aTepome, Takue kak IL-
1B, TNF-a u nurang CD40 (CD154), moryt
noBelaTh 3kcrnpeccuro MMP B 'MKC, uro
HaOmogaercs in  vitro [13, 88]. DOra
BOCHAJINTENbHAS cTanus OOBIYHO
HAOMIO/IaeTCsl B  «IIAMOYKE» U  «IUIedax»
OJISIIIIKA BMECTO TE€HEpPaIn30BaHHOTO
BocniasieHus: [81]. B COBOKyIHOCTH JaHHBIE
NIOKa3bIBAIOT, 4YTO, KOI/a IpeodiagaeT
BOCTAJICHUE, COXPAHEHHUE MTPOYHON U KECTKOM
(uOpO3HON TOKPBIIIKK  CHHYKACTCS, 4TO
JIeJIaeT TaKyl0 MOKPBIIIKY HECTaOWIbHOW U
BOCIIPUMMMYMBOM K pa3pbIBy IIPU BO3ACHCTBUH
reMOJUHAMHYECKUX CHJI, YTO  SIBISIETCS
Hanbosiee pPacIpOCTPAHCHHBIM MEXaHH3MOM
paspseiBa Osmku [81, 88].

W3BecTHO, 4TO B MOMEHT, KOT/1a OJIsIIIIKa
U3BS3BIIACTCS WIH pa3pbIBaeTcs,
cyOsHI0TENNATBHOE MIPOCTPAHCTBO
NIOJIBEPTaeTCsl BO3JACHCTBUIO KPOBH, 3aIlyCKasl
MIPOLIECC KOAryJysiuH, 4TOObI MOKPBHITH PaHy

[88]. IIepBonavanbHO TPOMOOIIUTHI
MPUINTIAIOT K CyOaHIOTENUATTEHOMY
KOJUIAr€Hy W  aKTUBHUPYIOTCA, a 3aTeM
BOBJICKAIOTCS u arperupyroTcs

JIONIOJTHUTEIbHBIE ~ TPOMOOLIUTHI B 3TOH
o0acT, 4YTOOBl MHHUIIMUPOBATH 32)KUBJICHUE
passbl [89]. OnHOBpPEMEHHO BBICBOOOKAAIOTCS
MPOTPOMOOTHYECKHE DSJIEMEHTHI JIUITHHOTO
A1pa, KOTOpble BCTYHAlOT B KOHTAaKT C
¢dakTopamMu Koarysiuu  miaasMel.  bonee
KOHKPETHO, TKaHEBOW (PakTop JIHMIHUIHOTO
aapa pearupyer c¢ ¢akropom VII miazwmsl,
aKTUBUPYSI KaCKaJ FeMOKOAryJISsIIIMU, KOTOPBIH
NPUBOANT K  TPOAYKIMHA  TPOMOUWHA,
HEOO0XOMMOT0 MPOMEKYTOUHOTO TMPOIYKTa
st oOpaszoBanusi ¢ubpuna [81]. Dubpun
MpeJCTaBIseT co00il HepacTBOPUMBIH OeloK,
KOTOPBIN 00pa3yeT ceTu GUOPUHOBBIX HUTEH 1
BMECT€ C TPOMOOIIMTaMHU TIIOKPHIBAET oOYar
MopaxeHusi, 00pa3ys CTaOMIbHYIO U XOPOILIO
OpPraHU30BaHHYIO CTPYKTYDY. 910
CTPYKTypHOE 00pa3oBaHUE H3BECTHO Kak
TpoMb6 [13, 89]. XoTs nenpro 3TOro0 mnpoiecca
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SBISICTCS ~ 3aXHBICHHE  PaH, 3aITyCcK
OMOXMMHYECKOTO  Kackajga  CIIOCOOCTBYET
pacIIMpeHNI0 MHTUMBI B IPOCBETHYIO CTOPOHY

cocyqa. Hanpuwmep, AKTUBUPOBAHHBIC
TPOMOOIIUTHI BBICBOOOXKIArOT TGF-,
KOTOPBIH, KaKk  YKa3bpIBaJlOCh  paHee,
CIOCOOCTBYET BBIPaOOTKE
MHTEPCTULUATBHOTO KOJJIareHa u,
CJIEIOBATENIbHO,  YTOJIICHUIO  (UOPO3HOIA
MOKPBIIIKH [89]. CrnenoBatenbHO,
aTepOCKIEPOTUIECKOE MOpaXKCHHE

paciupsieTcsl, 4TO MPUBOAUT K CYKEHHIO
npocsera. Bee 3To npenmnonaraer oTCyTCTBUE
KIIMHUYECKUX OCIIOKHEHUH.

PasButne TpomOa 3amyckaeT psa
peakuuii, KOTopble AeNalT NopaxxeHue 0oiee
(UOPO3HBIM U CTAOUIILHBIM U, CJICIOBATEILHO,
MEHee CKJIOHHBIM K pa3pbiBy. OmHako u3-3a
pocta OJsiIIeK BO3pacTaeT PHUCK 3aKyMOpPKU
cocynoB. (CrnenoBaTelbHO, KPOBOTOK B
KOPOHApHBIX apTEpUsSX CHIXKAETCS, BBHI3bIBAS
UIIeMHYECKUE MPOSIBICHUS, TAKUE, HAITPUMED,
KaKk  HWIIEeMUYecKas 00J1e3Hb cepaua
(cTreHokapnausi) W, BIOCIEICTBUM, CEplCUYHAs
HenocratrouHocTh [87]. bomee Toro, eciu
oOTypanusi MojHasi WU TMOYTH MOJIHAs, 3TO
MPUBOAUT K HWH(DAPKTY MHOKapAa WM
uHCcynbTy [88]. Ilpu ornenenun Tpomba oOT
apTepHalibHOM CTEHKH O00pa3yercs CrycToOK,
M3BECTHBIM Kak 3MOOJI, KOTOpBIM CIOCOOEH
LUPKYJIUPOBATh B  CEPACUYHO-COCYIUCTOMN
cucremMe. B KoHIle KOHIIOB, 3MOO0JI MOMKET
OCTAHOBUTHCS B IUCTAIIbHBIX apTEPHUSX, T/I€ OH
MPEMNSATCTBYET KPOBOTOKY, YTO MPHUBOJMUT K
JIOKAJIbHON HIIeMUH, TUCHYHKIUU OPTraHOB
WIUM  TOTeHHHaJIbHOMY  uHbapkry [87].
Opnako, ecinu BOCHAJIUTENbHAs PpPeaKlUs
MpeKpaniaeTcss BOBpPEMsl, HalpuMep, Hu3-3a
TUIOJIUIIUJIEMUYECKOW  TEpamuu,  MOXKET
dbopmupoBatbcsi  cTabuibHass — Onsika ¢
JIOCTAaTOYHBIM TPOCBETOM JI NPABUIBHOTO
KpoBooOparienus [86].

8. Bauanue pezynamopuvix PHK na
9601I0UUI0 AMEPOCKIEPOMUUECKUX D1AUIEK

[Io paHHBIM psAza  HCCIENOBaHUU
MOKA3aHO, YTO MCKa)XXE€HHAas SKCIpPEcCUs Hu
¢ynkuus  Hekomupytomeit PHK  (axkPHK)
BOBJICUEHBI B pa3BUTHE
aTEpOCKJIEPOTHUYECKOTO nporecca. B
yactHocTH, MUKpOPHK (MuPHK) n nnunnsie
nekonupytonmie  PHK  (auPHK)  Op1m

ompezeNieHbl  KaK  BaXXHbIE  PETYJISTOPHI
pPa3BHUTUS aTEPOCKICPOTHUSCKUX OJsimiek [ 13,
90, 91]. B 10 Bpems kak MuPHK, xak
U3BECTHO, PEryJIHPYIOT OSKCIPECCUI0 TI'€HOB
MOCTTPAHCKPHUIIIIUOHHO, B OCHOBHOM
nocpeactsom aerpaxanuu MPHK, nuPHK-
OIIOCpEIOBaHHAas PEryJIsIlHs MeHee U3BECTHa,
B OCHOBHOM u3-3a ee HU3KOU
KOHCEpPBATUBHOCTH IOCJEI0BATEILHOCTH U
Hu3koi skcnpeccun [90]. Omnako guPHK
MO>KET aKTUBUPOBATH U PENPECCUPOBATH I'€HBI
C TIOMOIIBIO PA3JIMYHBIX MEXaHU3MOB, KaK Ha
YPOBHE TPAHCKPHUMIIMK, TaK W Ha YPOBHE
TPaHCISIUU, U €€ 3HAaYeHHEe B Pa3BUTUHU
aTepocKiiepo3a OBLIO BIIOCJICAICTBUU
obnoneno [13, 91]. B Hacrosimiee Bpems
IPU3HAHO, YTO OHU UTPAIOT PEIIAOIIYI0 POJIb
B pa3BUTHH aTepockiiepo3a [90, 91].

Ha ceronHsmHuii [1€Hb HE BBI3BIBACT
comHeHuit ToT (akt, uto MukpoPHK (miR)
SBJIIOTCSI  B&XHBIMH ~ MOJIKYJaMu  JJIst
NoIepKaHUS CEepAEUYHO-COCYIUCTOTO
romeoctaza [90]. JleWicTBUTENBHO, MHOTHE
UCCJICJIOBAHMSI TTOCJIETHUX JIET MOKa3alu, 4TOo

HapylIeHHE peryJsanuu JKCIIpECCUn
MukpoPHK  Biamser Ha  KiIeTouHble U
MOJIEKYJIIpPHBIE IIPOLIECCHI, KOTOpbIE

crocoOcTBYIOT — artepockieposy [92, 93].
[TaTomornyeckass OCHOBa OOpa3oBaHHUS U
pPa3BUTHS  aT€POCKIEPOTHUYECCKUX  OJISAIIEK
CBsi3aHa c YPOBHSIMH IKCIPECCHH
cootBercTBYyrOmUX MUKpoPHK (Tabnuua). B
aTePOCKICPOTHYECKU HM3MEHCHHBIX
KOPOHAPHBIX apTepusx BBISIBJICHBI
HOBBIIIIEHHBIE YpoBHE MIR-29, MiR-100, miR-
155, miR-199, miR-221, miR-363, miR-497,
miR-508 wu mIiR-181; wampoTuB, OBLIO
oOHapyskeHo, yTo miR-1273, miR-490, miR-
24 u miR-1284 mnopamnstores [92, 93]. B
clyvae JIOKaJIM3allMK aTepocKiiepo3a B 30HaX
aopThl, OCIPEHHBIX M COHHBIX apTepuil B
aTEPOCKIEPOTUUYECKUX OJIsIKax
00HapyKUBAIOTCS MOBBIIIEHHBIE YPOBHU MIR-
21, miR-34, miR-146 u miR-210 [92, 94].
Kpome Toro, uccnenoBaHusi, MPOBEICHHBIC B
KapOTHIHBIX OJIAIIKAX, MOKA3adl aKTHBAIIHIO
miR-15, miR-26, miR-30, miR-98, miR-125,
miR-152, miR-181, miR-100, miR-127, miR-
133, miR-145 u miR-422 u noxasnenue MiR-
520 u miR-105 [94].
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Tabnuya
JAudppepennuainbubie ypoBHH dkcnpeccud MUKPpOPHK B aprepusx, nopaskéHHbIX
aTrepockJiepo3omM u pojib MUKPOPHK B mHMIIMAIIUM U MPOrpecCHPOBAHUN aATEPOCKIIEPO3a
(amantupoBano u3 Jebari-Benslaiman S. et al., 2022)

Table
Differential levels of miRNA expression in arteries, affected by atherosclerosis
and the role of miRNAs in the initiation and progression of atherosclerosis
(adapted from Jebari-Benslaiman S. et al., 2022)
IoBbImIennasn Ionn:xennas
Jloxanu3zanus
pery.Jsinus peryJsinus
Kopouaphsie apTepuu miR-29 miR-24
miR-100 miR-490
miR-155 miR-1273
miR-181 miR-1284
miR-199
miR-221
miR-363
miR-497
miR-508
Aopra, OepeHHas apTepusi, COHHbIC miR-21 ToJbKO B KAPOTHIHBIX OJIAIIKAX:
apTepun miR-34 miR-105
miR-146 miR-520
miR-210
ToabKO B KAPOTHUAHBIX OILIIKAX:
miR-15
miR-26
miR-30
miR-98
miR-100
miR-125
miR-127
miR-133
miR-145
miR-152
miR-181
miR-422
Kuierounas Junust AHTH-aTepOreHHbIi IIpo-aTeporeHHblii
Duporenuansabie KieTkd (DK) miR-10a miR-216a
miR-17-3p
miR-31
miR-92a
miR-146a
miR-155
miR-181b
miR-let-7g
Makpodaru miR-125a miR-33
miR-146a miR-125b
miR-223 miR-342-p
T'nagkoMplleyHbIe miR-21 miR-1
wietku cocynoB (CTMKC) miR-26a miR-15b
miR-221 miR-16
miR-222 miR-29a
miR-663 miR-24
miR-133a
miR-143
miR-145
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[lepBbIe 3TaIlbl B pa3BUTUU
aTepOCKJIEpO3a BKIIOYAIOT SHAOTEIHATIBHYIO
TUCHYHKIIHIO, 328 KOTOpOil cienyer
BOCHIAJIUTENIbHASL peakuus u oOpa3oBaHUE
MEHUCTHIX KIeToK. CyliecTByeT OOUIMpPHBII
cimcok MUPHK, perymupyromux ¢yHKImIo
SHIOTENMs, Takux Kak miR-221, miR-503,
miR-217, miR-34a, miR-181b, miR-155, miR-
126, miR-1, miR-223, miR-145, miR-146a,
miR-92a wam miR10a (Tabm. 1). Tak,
M3BECTHO, 4TO  JKcmpeccus  miR-155
WHIYLUpPYET MOAAaBICHUE OHHAOTENMHa-1 u
peuentopa anruorensuna Il tuna I, ykaseias
Ha poJb B 3amuTe suaotenus [95]. bonee toro,
mMiR-10a mposBIAET  aTepONPOTEKTUBHYIO
pOJIb 3a CUET PENpPEeCcCHM NEpeaaun CUTHAJIOB
GATA6/VCAMI1 Buyrpu OK [13, 94].
H3BectHO, uto MiR-10a, MiR-31 u miR-17-3p
peryinupyroT BOCIIAJICHHE, MOYJIUPYsI
sKcnpeccuro Mosekyn aare3uu B OK [13, 92].
Kpome Toro, miR-126, onna u3 HaumOoiee
m3yueHHbix ~MuPHK, wurpaer ponp B
NpoQUIaKTUKE AaTepOCKIepOo3a, Pperyiupys
myTh MeTabonu3Ma (pakTopa pocTa SHIOTEIHS

COCYy/IOB (VEGF) U UHTHOUpPYS
poHunaemMocts 3uporTenus [13, 92]. Apyrum
perysTopoM HHJIOTEIHATBHOTO

BOCIIAJIMTEIILHOIO OTBETA sABisieTcs miR-181b,
KoTopeii perynupyer nyth NF-kB [13, 92].
MiR-146a He TOJBKO CHIIKACT MOTJIONICHUE
JUNHI0B Makpodaramu, 49TO yKa3bIBaeT Ha
aTepONpPOTEKTUBHYIO  POJb, HO  TaKXKe
WHTHOUpPYeT AKTUBAITUIO SHIOTEITHS,
cniocobctys axcnpeccun eNOS [92, 94]. [pu
sroM, MiR-125a Takxe CHUKAET MOIVIOILEHUE
JUNHUIOB TOCPEICTBOM CTHMYJIHPOBAHHBIX
MakpodaroB [92]. DOxkcmpeccust miR-223
HEraTUBHO PETYJIUPYET CHHTE3 XOJIIECTEPUHA U
OKa3bIBaeT MIPOTHBOBOCTIAJTUTEIIBHOE
JecTBHE 3a cYeT ocnableHus MPOTYKIUN
MPOBOCHAIUTEIIHHBIX IIUTOKUHOB [96].
HampotuB, miR-92a, wmuPHK, «xotopas
YMEHBIIIACT JHJIOTCIUAIBHOE BOCIAJICHUE W
pa3Mep  aTepoCKIEpPOTHYECKUX  OJIAIIeK,
aKTUBHPYETCS B  OJISAIIKAX  IMOCPEICTBOM
perymsimun  Kruppel-nogobnoro ¢axropa 2
(KLF2) [96]. Hexoroprie muPHK Ttaxxe
moaymupytoT crapenune JK. Tak, miR-let-7g
WHTHOWPYET KJIIETOYHOE CTapeHUE, PETyIHpYs
aHnTuBOo3pactHoi TeH cupTyuH 1 (SIRTI) u

nyTh MeTabonM3mMa HHCYJIMHOBOTO (hakTopa
pocta 1 (IGF1) [97], B To Bpems kak miR-126a,
KaK ObLIO 0OHAPYKEHO, MHIYLIUPYET CTapeHHE
DK nocpeactBom curnanbHoM aktuBanuu NF-
kB [98].

NsBectHo, uyro wmukpoPHK Takxke
PEryIMPYIOT  BOCHAIMTEIBHYIO  PEaKIUIO
MakpodaroB mpu pa3BUTUH aTepockiepo3a. K
HUM OTHOCSITCS, B IIEPBYIO ouepep, miR-155,
miR-222, miR-424, miR-503, miR-146a/b u
miR-147.  Csepxokcnpeccuss ~ miR-125b
UHAYLUUPYET aKTUBALMI0O MakpodaroB myTem
[10JIaBJICHUS UHTEPPEPOH-PETYIATOPHOTO
tdakTopa 4 (IRF4) [96]. Kpome Toro, ObLIO
oOHapyxkeHo, 4Yto miR-342-p ycunuBaer
POBOCHAIUTEIbHBIE MakpodaraibHbie
¢daktopel, Takue kak MJI-6. Ha >XKUBOTHBIX
MOJIeISIX TOKa3aHO, 4YTO WHTUOMpPOBaHHE
MiR-342-p ymeHbIIaeT 00pa3oBaHUE aTePOM,
B TO BpeMs Kak HMHrubupoBanue MIiR-33,
perymsitopa ABCA1 u ABCGI1, ymensiaer
ottok xonectepuna B JIIIBII B makpodarax u
CIOCOOCTBYET pa3BuUTHE
aTePOCKJICPOTHUECKUX OJIsIIeK y mbliieit [13,
99].

W3menenne npomudepanun I'MKC

TaKxe peryiupyercs mukpoPHK.
Ceepxokcnpeccuss  miR-21  unaymupyer
MEPEKITIOYCHHIE I'MKC B CTOPOHY

CHUHTETHYECKOr0 (PEHOTHIa, CBSI3aHHOTO C
nponudepanueit u npoaykiueit ECM [100].
CxonnbiM 00pa3zom nHruOupoBanue miR-221
1 miR-222 cHuXaeT cKopocTh Ipoiaudepanuu
I'MKC mnocpenctBom unrubuposanus c-Kit,
p27 (Kipl) u p57 (Kip2) [13, 96].
Cunternueckuii  gerotun I'MKC  Ttakxke
MHIyLUpPYEeTCA miR-26a IIOCPEJICTBOM
Monynsinuu curHaneHoro mytn TGF-B [13,
96]. Hammporus, miR-143, miR-145 u miR-1
TaKXKe WrpaloT poJib B MPEJOTBPALICHUU
¢denorunuueckoro nepexmouenus [MKC
yepe3 Kruppel-mono6usrit dpakrop 4 (KLF4),
KLF5 w/mnu muokapaua. MuOKapIuH Takxke
CMOCOOCTBYET KOHTPAKTHJIBHOMY (DEHOTHITY
nocpeactsoM uHrubuposanuss PDGF-B miR-
29a u miR-24 [13, 96]. CxomHbiM 00Opa3zom
MiR-133a cHocoOCTBYET COKPATUTEILHOMY
¢enoruny B 'MKC, u ee ypoBHU CHMKAIOTCS
mpu arepockiiepoze [96]. Kpome Toro,
Qg depeHIpoBKa I'MKC TaKXKe
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UHAYLUHPYETCS miR-663, KoTOpas
Croco0CTBYET IKCIIPECCUU dakropa

Tpanckpunuuu JunB u  gjerkoir unemu 9
Muo3uHa. Takke, HareiauBanue miR-15b u
miR-16 Ha OHKOI'€HHbIN yes-
accormupoBanHblid 6enok (Y AP) unnynupyer
Oonee cokparutenbHbli peHorun B 'MKC.
Haxonen, Heckonbko  npyrux  MuPHK
aCCOLMMPOBAHbl €  KOHTPAaKTWIbHBIM U
cunrernyeckuM (enotuniom B 'MKC. Takum
obpazom, mukpoPHK, accommmpoBaHHBIE C
KOHTPAKTHJIBHBIM ~ (DEHOTUIIOM, BKJIOYAIOT
miR195, miR-638, miR-7d, miR-100, miR-
10a, miR-204, miR-199a wu miR-424;
aCCOLIMUPOBAHHBIE c CUHTETUYECKUM
¢enorunnom MuPHK Bkmrouaror miR146a,
mMiR-208 u miR-31. Opnako, mukpoPHK,
OTHOCSIIIMECS K CHUHTETUYECKOMY (PEHOTHITY,
00OCHOBAaHHO OTHOCST K aHTHATEPOTEHHBIM
[13, 101].

MexaHu3Mbl, Y4acTBYIOIIUE B pa3phiBe
ONMAlIKKA, JO KOHIIA HE M3y4YeHBbl, HO
YSI3BUMOCTh OJISIIIIKK CBsI3aHA C TOJIIMHON
¢$hubpo3Hoit MTOKPBIIIKH, pa3BUTHEM
HEKPOTUYECKOTO siipa U BOCHAIUTENIbHOMN
peaknueid. OgHaKo MOSBISIETCS Bce OOJbIIe
J0Ka3arenbeTB Toro, yro MUPHK urparot posis
B IpOLIECCax, BEAYIIUX K pa3pbIBy OJIsIIex.
MiR-322 akTuBUpYyeTCS B ySI3BUMBIX OJIALIKAX
10 CPAaBHEHHIO CO CTAOMJIbHBIMHU OJISIIKAMU, U
€€ MHruOMpOoBaHUE MPUBOJIUT K MOJABICHUIO
npoBocnaauTeNbHOro urokuna MJI-6 [101].
MiR-712 Takxe TNpPUBOAUT K pa3pbiBy
OJSAIKY, TaK KaK aKTUBUPYET NE3UHTErPUH U
METAJJIONPOTEUHA3Y ¢ TPOMOOCTIOHAMHOBBIMU
motuBamu 4 (ADAMST4) [13, 101]. Kak
YIOMMHAJIOCh paHee, ToiluHa (QuOpo3HOM
MOKPBIIIKY 3aBUCUT OT CUHTE3a U JeTpajalun
BKM wu cBs3aHa ¢ ysA3BUMOCTHIO OJISLIEK.
BKM cocTouT B OCHOBHOM M3 KOJIJIarcHOB,
KoTopele pacmerisitorcs MMP, u  Obuio
IoKa3zaHo, 4yTo HekoTopble MUPHK HareneHsl
Ha MMP (t.e. miR-24 1 miR-133a) [93, 102].
MiR-494, xotopas dKCHpeccHpyercss B
aTepOCKJIEPOTUYECKUX OJIAIIKAX, MOJaBISIET
TIMP3 u cHuXKaeT coiepKaHUe KoJlareHa B
onsmkax [96]. bonee Toro, miR-29 momoraer
NOJIEP)KUBATh  LIETIOCTHOCTh  (hubpo3HOMH
MTOKPBIIIKY, Halenusasichk Ha [FN-y, koTopblit
aKTUBHpyeT reHbl npokosuiareHa B ['MKC

[92]. HurubupoBaHue TEHOB, KOTOpHIC
npoayuupyT 6enku BKM, ¢ momorisio miR-
29 MOXKeT MPUBECTH K pa3pbIBy Ojsimku [96].
Uro kacaercsi BOCHAJIEHUs B HEKPOTHUYECKOM
sape, ObI0O  moKazaHo, 4to  miR-21
crocobctByeT 3ddeponnTo’y M TOIABISET
BpPOXJIEHHBI UMMYHHBIM 0TBET. Kpome Toro,
MiR-223  KaK  HEraTUBHBIA  PETYJIATOP
nnpnammacomel  NLRP3  mpeporBpamaer
CBSI3aHHBIN C HEM BOCTIAJIUTENIbHBIN OTBET [96].
MiR-155 TaKKe CrocoOCTBYET
(hOpMUPOBAHHUIO HEKPOTHYECKOTO Sipa MpH
aTepOCKJIEpO3€e, UTO IPUBOIUT K 00Opa30BaAHUIO
yS3BUMBIX ~ OJNSIIEK 3a CYeT HHIYKIUU
anorrro3a [96, 103]. Kpome toro, miR-365
UHAYUUPYET  SHAOTEIMANbHBIA  aroITo3,
crocobcTByss  paspbiBy  Omsmek  [103].
HecmoTtps Ha TO, yTo HekoTopeie MUKpoPHK
CUMTAIOTCA KJIIOUYEBBIMH MOJIEKYyJIaMU IIpH
aTepoCKiepose, HEO0OXOTUMBI ux
JIOTIOIHUTEJIbHBIE ~ MCCIEAOBAaHUSA,  YTOObI
BBUICHUTh TOYHYIO TOTCHIHMAIBHYIO POJb
MuPHK B kauecTBe MUIIEHEN 711 TEPAITHH.
Cumraercs, 4To pacmudpoBKa pPOJIH
pasimnmunbix  MUPHK  kak npsameix  wam
HENPSIMBIX MOCTTPAHCKPHUIIIMOHHBIX
perymstopoB  ¢pynkuun I'MKC u 39K
npezcTaBisieT co0ol cepbe3Hylo MpolieMy B
00JacTi MaTOPU3NOIOTUN TIIAJKUX MBI U
cocynoB [13, 103]. OrtkpsiTHE TOrO, 4YTO
skcripeccust miR-143/145 umeer pemaromiee
3HAUEHUE TUISL MOAJIep>KaHUs
cokparutenbHoro ¢penoruna 'MKC [31, 103],
BBISIBUWIO POJb OHIIMCTPUHOBOW €IMHHIIBI,
kogupyromeit miR-143 u  miR-145, B
perynauud  GU3MONOTHUA  THAJAKUX  MBIIII]
[103]. Ponn miR-143/145 ObLIa
MPOJEMOHCTPHPOBAHA  HA  MBIMIAX  C
reHeTnyeckuM gepunutoM miR-143/145; y
KOTOpPBIX CHM)KEH COCYAMCTBII TOHYC U
KOHTpPOJIb apTepuainbHoro nasienus [13, 31].
Kpome Toro, ¢yHKuMOHaJIbHAS 3HAYUMOCTH
mMiR-143/145 B matosoruu cocy10B 4eaoBeKa
Obu1a MIOATBEPKIEHA HaOII0/1aeMbIM
nogaBieHUeM kimactepa miR-143/145 B
aHEBpHU3Max aOpThl YEJIOBEKA 10 CPABHEHUIO C
HOPMaJIbHOM TKaHbIo aopThl [13, 31, 96].
Heckonbko wuccnenoBaHuil IOKasany,
YTO KJIETKHM MOTyT BbicBOOOX1IaTh MUPHK,
KOTOpBbIE 3aT€EM MOIYT MpOSABIATH CBOU
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cnenpuaeckue  dOPEKTh,  MOAYIUPYSA
MIPOILIECCHI B KJIETKaX-penunuenrax. Tak, Obuio
noka3zaHo, 4yto I'MKC cesaseBarorcst ¢ OK
gepes miR-143/145 [104]. MexXKIeTOYHBII
KOHTAaKT I'MKC/2K WHIYUHUPYET
TpaHckpunuuioo miR-143/145 B TI'MKC,
crocoOcTByst mepenocy d3tux MHPHK B
sunorenui [104]. B wactHoctu, F[MKC moryt
nocraBisaTh miR-143/145 B DK  uyepes
MeMOpaHHblE HAHOTPYOKH WM TYHHEJbHbBIE
HaHoTpyOku [104]. IIpu sToM, nepenoc miR-
143/145 n3 'MKC B OK ctumynupyercs TGF-
B, cekperupyembiv DK. Kpome Ttoro, miR-
143/145, nonyuennas u3z I'MKC, chuxaer
aHruoreHHoii  moreHuuan OK  mytem
penpeccuu rekcokuHasel Il u unTerpuHa P8
[104]. C apyroii ctoponbl, miR-126 neficTByer
KaK MEXKJIETOYHBIA MECCEH[)KEP, B OCHOBHOM
BbICBOOOK1aeMblii DK 1 MHTepHAIN3UPYEMBbII
ri1aBHBIM 00pa3oM monoutamu u ['MKC [92,
96]. He BbI3bIBacT COMHEHHMIA, uro MIR-126
UTpaeT KPUTHUYECKYI0 pPOIb B MOIYJISIUN
Pa3BUTHS COCYI0B M TOMEOCTa3a, HAlIeJINBAsICh
Ha crienupuyeckue MPHK, Bkmrouas 6enox 1,
poxacteennsiii Sprouty (SPRED-1), CXCL12,
SDF-1 wu perynatopHyto cyObeIuHUILY
kuHa3el 2 (dochounozuron-3  (PIK3R2).
Kpome toro, miR-126 Ttaxxe cBs3aHa ¢
SHJOTENUATBEHON TUCPYHKIIMEH, CBA3aHHOM C
pa3zBuTHeM auabera M ero OCIoXHeHwH [13,
105].

[Iporpecc, AOCTUTHYTHIA TEXHOJIOTHSIMU
CEKBEHUPOBAHMSI HOBOTO TOKOJICHUSI, BBISIBIII
yBennuenue konudyecrBa THPHK, cBsi3aHHBIX C
nmaTtoreHe3om arepockiepoza [13, 106].
Heckonbko naPHK, uneHTHOUIIMPOBAHHBIX B
TKaHAX OJIAIIEK, UTPAIOT 3AIIUTHYIO POJIb MIPU
cocyaucThix 3aboneBanusix. Takx, aaHPHK
MeXis (LXR-unxynupoBaHHast
MOCJIeI0BATEIbHOCTD, 3KcIpeccupyemas
Makpodaramu) yd4acTByeT B TpPaHCIOPTE
xoJiecteprHa. JKuBOTHbIE MOJIENH, JIUILIEHHBIE
MeXis, MTOKa3aJIn MTOBBIICHHYO
aTEPOCKIEPOTHUECKYIO HarpysKy u
CHIKEHHYIO OKCIPECCHUI0 aTePO3aIUTHOTO
o6enka ABCA1 B arepoMHubIx Omsmikax [106].
Cumxenne oskcnpeccun THPHK MALATI
(TpanckpunTt 1 wMeTacTaz-acCOIMUPOBAHHOM
aJICHOKAPIIMHOMBI ~ JIETKOTO) TakkKe OBLIO
CBSI3aHO C Pa3BUTHEM aTCPOMHBIX OJISIIEK

[107]. Hoxmaym MALAT1 cnocoGcTByeT
MOTJIOIIEHUIO JUIHTIOB MEHUCTHIMU
KJIETKaMH,  HMHIYUHPYS  TPAHCKPHIILIMIO
peuentopa-mycopuika CD36 [13, 106].
Kpome Toro, IncRNA CHROME (perynsrop
roMeocrasa XOJIECTEpUHA HKCIPECCHU
MukpoPHK) 3amumaer ot arepockieposa,
CTUMYJIHpPYS OTTOK XOJeCTepUHA, MyTeM
nnaru6ouposanus MUKpoPHK, takux xak miR-
33 [108]. Ognako numb HemHorue JHPHK
MPOSIBJISIIOT ~ aT€PONPOTEKTUBHBIE  A(PPEKTHI
yTeM MHTUOMPOBAHUS aloNTo3a U CTapEHHUS.
B gactHoctu, iTHPHK CERNAL cnioco6ctByeT
cTabunuzanuu OrsIex BCJIEJICTBUE
MHTUOMPOBAHUS KJIETOYHOTO aIloITO3a 3a CUYET
uHaykuun  skcnpeccun  APIS, a  nuPHK
SNHG12 B Onsmukax arepoM CBUHEH U
yenoBeka MHrubupyer nospexaeHue JHK u
crapenue [108]. B arepockiepoTuueckux
ONsIIKax  COHHBIX  apTepHil  uenoBeKa
OTMEYEHBl IOHWKEHHble ypoBHH JHPHK
NEXN-AS1 u aaPHK MANTIS [109, 110].
NEXN-AS1 aktuBupyer skcrpeccuto NEXN,
reHa, KOTOPBIii OKa3bIBaeT
ateporpotektuBHoe aeiictue B [MKC u DK
[109]. Kpome Toro, onna iHPHK, Ha3piBaecmas
SENCR (rmazKoMblIIIeyHast u OK-
oOoramieHHass Murpanus/auddepeHuanms-
aCCOIMMPOBAHHAS JUIMHHAS HEKOJUPYIOIIas
PHK), Urpaer  poib B pa3sBUTHH
aTepoCKiepo3a, 3alluilas >SHI0TEIHAIbHBIN
cioif [111]. Tak, Boulberda et al. o6Hapyxunu
n3menennele ypoBHu aHPHK SENCR B
cocyauctoil Tkanu [112]. YcranoBieHo, 4To
HefaBHO — uaeHTHuMpoBanHas  AHPHK
RP11-714G18.1 Taxxe MOOABIsIETCAd B
aTepockiepoTudeckux oOnsmkax. Ita JTHPHK
uaru6upyer murpauuio 'MKC u DK nyrem
nonaasneHus sxcnpeccun MMP1, unrubupys
IporpeccupoBaHue arepockiepos3a. Kpome
toro, RP11-714G18.1 wHruOWpyeT ajare3wo
MonouuToB k DK [13, 111].

HenaBHee uccnenoBaHue MoadepKHYJIIO
3HaunMmyto  poinr  gHPHK ~ SMILR B
aTepockiepo3e M IOKa3ajlo, 4YTo  ee
9KCIPECCHS 3HAYUTEIBHO BBIILIE B
HECTAOMJILHBIX OJISIIKAX, YeM B CTAOMJILHBIX
OnsmIKax, M YyBEJIUYMBACT MNPOJIHQEparuio
I'MKC nmyrem  perymsiuud  3KCIPECCUH
npokcumansHoro resa HAS2 [113]. bonee
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toro, THPHK SMILR nampsimyto cBsi3bIBaeTCst
¢ MPHK wmurotnueckoro Oenka CENPF
(menTpoMepHbiii  Oenoxk  F),  ympaBmuss
nponudepanreil TIaJAKOMBIIICYHBIX KIETOK
[113]. AOGeppantHas mnponudepanus U
murpanus I'MKC sBastoTCs KpUTHYECKUMU

(hakTopamu B hopMuUpOBaHUHT
aTepPOCKIICPOTUIYCCKUX OJIAIICK, U HECKOJIBKO
MOJICKYJISIPHBIX ~ MEXaHHU3MOB,  KOTOPBIE

BkiatovaroT  aHPHK, koHTponmupytor 3TH
npoueccel. Cpenu nuPHK, mnopasmstronux
vurparuio 'MKC, naPHK RP11-714G18.1
NEHCTBYET MyTeM NPSIMOI0 HalEIUBaHUS Ha
JIITHII-poncTBEeHHBIN penenTtop 2,
cea3biBatouii  Oenok  (LRP2BP)  npu
atepockiiepo3e [13, 111]. CoBcem HenaBHO
obuto  obHapyxkeHo, uro aHPHK ZNF800,
KOTOpasi B BBICOKO# CTETIEHU SKCIIPECCUPYETCSI
B TKaHSAX AaTEPOCKJIEPOTHYECKUX  OJISIIeK
yenoBeka M npeumyiiectBeHHO B ['MKC,
MOJIABIIIET TPONU(pEpanuio U MHUTPALUIO
I'MKC yepes CUTHAJIbHBIN yTh
AKT/mTOR/HIF-10 mytem aktuBaimu PTEN
[114]. pyroe ucciienoBaHUE MOKa3ajo, 4To
skcrpeccuss AHPHK RNCR3  3HaunTensHO
BBIIIIE npu aTEPOCKJIEPOTHYECKUX
MOPaXEHUSIX, 4YTO TNPUBOJAUT K CHUKEHHIO
nponmupepaunu u murpauun ['MKC dgepes
PETyISATOPHYIO ceThb RNCR3/Kruppel-
nogo6Horo (akropa 2/miR-185-5p [115].
Bonee Toro, muPHK RP11-714G18.1
HapylIaer MUTPALIIO I'MKC npu
atepockiiepoze  mocpeactsom  LRP2BP-
onocpefaoBaHHoro mnoxaasienuss MMP1 [13,
111]. Okcnpeccus aHPHK p21 takxke cHIbKeHA
B aTE€pPOCKJIEPOTHYECKUX OJiflIKax, M OHa
nogasisier  mpomudpepanuro  [MKC u
aTEpOCKJIEPO3 3a CUET YCUJIEHUS] aKTHBHOCTH
TP53, TeM caMbIM UTpast aTEpONPOTEKTUBHYIO
pOJIb IpU pa3BUTUH aTepockiieposa [13, 116].

AmnanorugabiM obopaszom nHPHK CCL2

aKTUBUPYETCA B HECTaOUITBHBIX
aTEPOCKIIEPOTUUYECKUX OJIstIKax o
CPaBHEHUIO co CTaOUITEHBIMU

aTepockiepoTuueckuMu Onsimkamu.  bonee
toro, THPHK CCL2 monu¢unupyer ypoBHH
MPHK npoBocnaninrensHoro xemoknna CCL2
(wmu MCP-1) mytem B3aumonerictus ¢ PHK-
ces3piBatomuMu  Oenkamu  (HNRNPU nu
IGF2BP2) [117]. B nocnennee Bpemsi tHPHK

GASS5 (cnermuduueckas 3amaepkka pocrta S)
MpUBJIEKIA BHUMAaHUE KaK IOTCHIUAIbHBINA
Ooumomapkep arepockieposa [118]. Ypomuu
GAS5 ObLTH MOBBIIICHBI B
aTepockiiepoTudeckux Omsmkax, a GASS
cBsi3bIBaeT U nojanisger MukpoPHK miR-221,
yBeJINYMBast MPOAYKIIHUIO MMP u
POBOCHATUTEIBHBIX MOJIEKYJ B
aTepockiepornueckux omsmkax [119]. Arslan
U Jp. BBISBIJIM MOBBIIICHHYIO PETYIISIIHIO
naPHK MIAT (TpaHCKpHIT,
aCCOLIMMPOBAHHBIN ¢ HHPAPKTOM MUOKap/ia) B
aTepockieporudeckux oOnsmkax [107]. MIAT
yBenuuuBaeT nponudepanuio 'MKC mytem
cBsI3pIBaHMS W monamieHus miR-181b [120].
Hpyroit ;nPHK, oxa3biBaromieil BausiHUE HA
npommdepanuto  u  murpanuio  TMKC,
siasiercss  BANCR  (BRAF-perynupyemast
aaPHK 1) [121]. Hakonen, nuPHK ANRIL
(antucmeicnoBas Hekoaupywomas PHK B
nokyce INK4) Taxke sBIsIeTCS BaXHOM
MOJIEKYJION B aTeporeHe3e, Tak Kak OHa BIUSET
Ha HECKOJIBKO TUIIOB KIIETOK B
aTepOCKJICPOTUYECKUX  ONIIKax, TAe ee
OKCIPECCHsl  aKTUBUPYETCS W TPSMO
KOPpENUpYeT € TSKECTBIO aTepOCKIIepo3a
[122]. HenaBHO OBLIM BBISIBJICHBI KOJIBIIEBHIE
(bopMEI ANRIL (circANRIL),
MPOTHBOIOJIOXKHBIE JIMHEHHOU (dopme H
BKJIIOYAIOIIME pa3Hble 3K30HBI. M HaoOopor,
CircANRIL o0OpaTHO KOppenupyeT ¢ PUCKOM
arepockiiepo3a [123].  CircANRIL  Gbin
oOHapykeH B COCYIUCTOM TKaHH,
TJIAJIKOMBIIIIEYHBIX KJIETKaX W Makpodarax,
II€ OH TpPOSIBISIET aTePONPOTEKTUBHYIO
¢ynkuumo [122].

MukpoPHK peryJmpyroT
nponudepanno KIeToK, CTapeHHe KJIETOK U
aronTo3 HECKOJBKHUMHU MYyTSIMH. MHTOTEHBHI,
takue kak PDGF, mHaynupyroT akTHBanuio
mMiR-21, miR-221 u MiR-222, 4T0 IpUBOIUT K
BBDKMBAHUIO KJIETOK (mocpenctsom Bcl2 u
romosiora (ocdaraser u Tenzuna [PTEN]) u
nponudepanun KJIETOK IIOCPEACTBOM
unrubuposanus p27kipl [124]. B xoHeuHoM
UTOre 3TO MOJKET CHOCOOCTBOBATh
npomudepaunn  I'MKC, wnanpumep, mpu
paHHEM aTepoCKIIepo3e WIn npu
BoccTaHoBieHUH cocynoB. Hanpotus, TMKC
U3 CTapblX COCYJIOB B aTEPOCKIEPOTHUECKHUX
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OJsLIKaX TEMOHCTPUPYIOT CHUKEHHBIH OTBET
Ha MUTOT€HBI, COMPOBOXKAAIOIITUICS
aktuBanued curHanbHbix myTed  TGEFp.
VYeennuenne TGFP Ha mO3MHUX CTamusax
aTepocKiiepo3a YCHIUBAET dKcmpeccuio MiR-
143/145, xoTopas BIOCIEICTBUN UHTUOUPYET
Kruppel-iogo6usiit ¢akrop-4/5 (KLF4/5) wu,
CJIEIOBATENBHO, 3allpeliaeT Mpoiudepaluio
I'MKC [124]. VYckopeHHass OCTaHOBKa
KkjeTouHoro nukia u crapeaue B 'MKC moryt

PaHHWWA aTeporeHes

MuToreHnol

l/ (PDGF) \

miR-21 miR-221/222

v {©

PTEN, Bcl-2 p27Kip1

©

BolixkMBaHWe KNeTok [
Nponvdepauma

BoccTaHOBNEHME COCYAOB

CTUMYJIMPOBATH miR-133, KOTOpas
JIOTIOJTHUTEIHHO MOJIABJISAET
nposmdeparuBabiii  penotun  'MKC u
oOpa3yer meTio o0paTHOW CBsi3H. Takum
o0pa3oM,  TPOUCXOTUT  WHTUOMPOBAHHUE
npomupepaunun 'MKC, uto cnocobcTByeT
KJICTOYHOMY CTapeHUIO, MPHU3HAKH, KOTOPHIC,
o0 MpOrHO3aM, OyayT CcHocoOCTBOBATh
pa3pbIBy OJISAIIKY u/unm YTHETaTh

BoccTaHoBieHHE Omsimek (Puc. 2).

[porpeccUpyolMiA aTepocKNepos

TGFP curHanbHbIA NyTh

miR-143/145 <€——> miR-133
|© {©
KLF4/5 Sp-1

\ 4
Anontos /

HneTouHoe CTapeHu1e

Pazpbie HnaWIKK

Puc. 2. Pons MukpoPHK B perymsiiiuu ctapeHus: KJIETOK IIPH aTePOCKIIEPO3e
(momudukanus Wang J.C. et al., 2012)

[pumeuanne: PDGF — dakrop pocra Tpombormros, PTEN — romomnor ¢ochatassl u TeH3nHa, Bel2 — BHYTPHKIECTOUHBIN OEIKOBBIH
Gbakrop-peryJstop amnomntosa, p27Kipl — uHruGuTop HMKIHH-3aBHCcHMO# kuHa3bl 1B, TGFB — Tpanchopmupyrommii Gpakrop pocra
6era, KLF4/5 — Kruppel-nomo6usiii paktop-4/5, Sp-1 — GpakTop TpaHCKPUIILKMHU YETOBEKA.

Fig. 2. The role of microRNAs in the regulation of cell aging in atherosclerosis

(modified by Wang J.C. et al., 2012)

Note: PDGF — platelet-derived growth factor, PTEN — phosphatase and tensin homolog, Bcl2 — B-cell lymphoma-2, p27Kipl — cyclin-
dependent kinase inhibitor 1B, TGFp — transforming growth factor beta, KLF4/5 — Kruppel-like factor 4/5, Sp-1 — transcription factor

Spl.

Takum o0Opazom, HACCIIEIOBaHUS
MOCJIEAHUX JIET CBUAETEIBCTBYIOT O TOM, UTO
nHPHK wurpaer pemaroiiyro posib B pa3BUTHH
aTepOCKJIePOTUYECKUX OJslek, B T.4. B
nepuoge crapenus. [lomydeHHble 3HAHMS U

MpoJoJKAloIIMecs HcciaeloBaHus  (QyHKIUI
Hexkonupytonmx PHK B pasButum Osstmex
nokaspiBator, 4ro MUKpoPHK wu pgnuHHBIE
Hekonupytoume PHK  mMoryr  u3MeHsATH
TPAHCKPUIILUIO TE€HOB, BOBJICYEHHBIX B
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pazButhe arepockiepoza. OpHako  Aus
OONBIIMHCTBA W3 HUX  CIEHU(PUUECKUI
MEXaHM3M JEHCTBUS 1O KOHIA HE SICeH, U
HEOOXOMUMBI  JaJbHEHIINE HCCIIeIOBAHUS,
YTOOBI MOHATH CIOKHYIO POJIb PEryISATOPHBIX
PHK npu arepocknepo3se.

9.  Bospacm3saseucumwvlie  acnexmol
2601I0UUU AMEPOCKIEPOMUUECKUX DAUIeK

Bo Bcem wmupe BKIam cepAcUHO-
COCYAMCTBIX 3a00JieBaHUI B 3a00JIeBa€MOCTb
U CMEPTHOCTH IMOKMIIBIX JIFOJIeH (B BO3pacTe
crapie 65 yer) HeykJIoHHO pactet [16, 125].
bonpmioe  3HaueHMe B 3TOM  UIPAIOT
OCOOCHHOCTH TMHTaHUS M 00pasza KHU3HH,
OJIHAKO C BO3pacTOM H3MEHSIOTCS TaKXKe
MHOTHE dbuznonoruyeckue MPOLIECCHI,
YBEJIMUNBAOIINE CEpJEHYHO-COCYIUCThIE
pucku. B 9701 CBSI3U y OKUIIBIX JIFO/IEH MEHEe
3¢ (HEKTHBHBIMU MOTYT OBITH METOBI JICUCHHS

TaKHuX 3a00J1€BaHUH. ITonumanue
MCXaHU3MOB, C IIOMOIIBIO KOTOPLIX CTAPCHUC
CHOCO6CTByeT Pa3BUTHIO CCPpACUHO-

COCYAMCTBIX 3a00JIeBaHUM, CBSI3aHHBIX C
aTepOCKJIEPOTHYECKUMU WU3MEHEHUSIMH,
MOXXET HMMETh (yHIaMEHTaJIbHOE 3HAuYeHUE
Ui pa3pabOTKM HOBBIX METOJOB JIEUECHUS
BO3PACTHBIX MMalEHTOB.

Ha ceromHsAmHuii  JI€Hb  NPUHATO
CUMTaTh, YTO CTAPEHHUE KIETOK CBS3aHO C
HeoOpaTUMOH moTepei ux nposndepaTuBHON
criocoObHocTH. OOBIYHO CTapeHue KIETOK
00yCJIOBJIEHO HCTOIIEHHEM PEMIMKATUBHOTO
MOTEeHIIMaNA, HanpuMep,  YKOpOUEHUEM
TEJIOMEp, OJHAKO, JTOT IIPOLECC MOKET
pa3BUBaThCS M KaK peaklMs Ha CTpecc — Tak
Ha3bIBAEMOE «CTPECCUHYLIUPOBAHHOE
npexaeBpeMeHHoe crapeHue» [126]. O6a
TUIIA CTAPEHUS XapaKTEPU3YIOTCSI BBIXO/I0M U3
KJIETOYHOTO IHMKJIa U PSIJIOM MapKepos,
BKJIFOYAsl aKTHBALMIO HMHTMOUTOPA LUKIMH-
3aBHCHMOIl KiHa3bl P16M™* 1 cexpermio psna
LIUTOKMHOB  KaK  4acTb  «CEKPETOPHOIO
¢deHoTUIa, CBS3aHHOTO CO  CTapeHUEM)
(SASP) [126, 127]. Tak, moka3aHO, 4TO
aTEPOCKJICPOTHYECKUE OJIAIMIKK MBIIIEH ¢
HyneselM peuentopom JIIIHIT conmepxkar
KJIETKUA C aKTUBHOCTBIO pH-uyBCTBUTENHLHOTO
JIM30COMAJILHOTO (pepMeHTa B-TajJaKTO3H1a3bl
(SABG), cBA3aHHOTO CO CTAPCHUEM, a TAKKe
MPHK, KOAUpYIOLIeH oOpa3zoBaHue

nurokuHoB  SASP  [126, 127]. SABG-
MOJIOKUTENbHBIC KIIETKH HMMENIH HEKOTOpHIC
yIIbTPaCTPYKTypHBIE 0COOEHHOCTH
SH/IOTETHAIBHBIX KJIETOK, TJIaJKOMBIIICYHBIX
kietok cocynoB (I'MKC), wmakpodaroB u
MPUCYTCTBOBAJIM B BBICOKHX KOHILIEHTPAIHIX
IIPU 3aITyIIEHHBIX TOPAXKEHUSX, a TAKXKE ObUTH
0OHapyKCHBI B o0JacTsx,
IIPEIPaCIOIOKEHHBIX K aTEPOCKIIEPO3Y BCETO
9 nHe# cnycTs moce >KMPOoBOM 1UeThl. B 3 Tux
HCCIIEIOBAaHUSAX HCIOJIB30BaIM TPaHCTEHHBIX
MBIIIEH, COAEpXKALUX PENOPTEpHBbIE /WU
«CyHMIIMJAIBHBIC» TEHBI, HEOOXOIUMBIC ISt
uAeHTU(PUKAIIMK W CMEPTH KIETKU Ha
OCHOBAaHMM aKTHBHOCTH IpomoTopa P16Mk4d
[127]. Ilpm »orTOoM, yHameHue KIETOK ¢
aKTHBHOCTEIO TIpoMoTopa P16™K4? ymenpmmamo
Kak 00pazoBaHue, TaK U MPOTPECCHPOBAHHE
OJIsLIEK, a TaKXKe CIOCOOCTBOBAIO Pa3BUTHIO
HEKOTOPBIX MPHU3HAKOB CTAOMIBHBIX OJISIIEK
[127].

Psan UCCJICIOBAaHUM HaTJISAHO
IPOJEMOHCTPUPOBAJL, 4TO 3pernble
aTepOCKJICPOTHUECKUE  OJISIIKM  4YeloBeKa
UMEIOT  TPU3HAKA  CTapeHHs,  BKIIOYAs
YKOpOUYEHHE TeJaoMep M akTuBHOCTE SAPBG
[127], u uyto unnykuuio crapenus B 'MKC
yenoBeka  omocpenyer  IL-la-3aBucumblit
SASP [128]. Onnako SABG He cnenuduyeH
JUI CTaperolIMX KIJIETOK MBbIIMIeH U JIIofeH,
MOCKOJBKY OH  Takke  MOXET  OBITh
CBOMCTBEHEH Makpogaram [129].
HedictButensHo,  OosnbmuHCTBO  SAPG-
MOJIOKHUTEIBHBIX KJIETOK B OJISIIKAX YET0BEKa,
M0-BUJIUMOMY, MPEJICTaBIISIIOT co0oif
Makpodaru B sApe MOpPaXEHHUs, C OuYeHb
penKuMu MHTEHCUBHO-TIOJIOKUTEITHHBIMH
I'MKC B ¢ubpo3Hoil «iamnouke», KOTOpbIE
TaKkke OOHApYXHWBAlOT JIPYTHE MapKepsl
cTapenus, Takme Kak pl6™“4 o me mMeroT
MIPU3HAKOB CTapeHUs B CPEAMHHON 000JI0UKe
[127, 128]. Kpome Toro, kommnoHeHTsl SASP,
HCIOJIb3yEMbIE€ HCCIIEI0OBATENSIMU B KaueCTBE
MapKepoB CTapeHHsl, TaKue KaK MaTPUKCHBIE
METaJJIONPOTEUHA3HI, dakTop  Hekposa
OITYXOJIH u IL-1a, BCE XOpOILIO
IKcmpeccupyrores  Makpodaramm  [127].
IIpomotop  pl6™4  skcnpeccupyercs B
PE3UICHTHBIX " BOCTIAJTHTETHHBIX
Makpoarax, BKIo4as OoraTsie MakpodaramMu
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o0jacTd  aTepOCKJIEPOTHUECKUX  OJIsIIeK
YeJI0OBEKa, a TaKXKE aKTUBHUPYETCS B MOMEHT
mudGepeHIMPOBKH MOHOIIUTOB B Makpodart,
4TO MPOUCXOAUT npu pa3BUTUU
aTepOCKIIep03a, a TAKKE MOXKET PETryIUpPOBATh
MOJISIPU3ALMI0 U CIOCOOCTBOBATH Ieperade
BOCHAJIMTENbHBIX CUTHAJIOB B Makpodarax
[126, 130]. CymiecTByeT nIpeAnoioKeHHE, UTO
Makpodaru OmpeAenEHHO  CIOCOOCTBYIOT
nposisiieHuto  SAPBG  u  moryr  OBITH
YHUYTOXKEHBI C TIOMOIIBIO  «CYHIIHIHBIX)
TEHOB, YIpaBJIsAeMbIX IpoMoTopamu pl6mk4
[129]. BmecTe ¢ TeM, cuuTaeTcs, 4YTO TOUYHYIO
4acToTy, MIPOUCXOXKICHUE u
(GYHKIMOHATBHBIE TIOCIEJCTBHS  CTapeHUs
KJIETOK TIpU aTepOCKIIEpo3e eIle MPEACTOUT
onpenenuTs [126].

CrapeHrie B KOCTHOM MO3T€ HCKa)XaeT
T GepeHIIMPOBKY TeMOITOITUIECKUX KIIETOK
B CTOPOHY MHUEJIOUAHBIX KJIETOK, a TaKxke
CIIOoCcOOCTBYET o0pa3oBaHUIO KIIOHOB
KPOBETBOPHBIX KJIETOK 0€3 SIBHOTO Pa3BUTHS
reMo0JacToO30B WM JAPYTHX  HM3BECTHBIX
KIOHAJIBHBIX ~ HAapyHmIeHUH —  (EeHOMEH,
M3BECTHBIN KaK KJIOHAJIbHOE KPOBETBOPEHHUE
HeonpeaenenHoro norennuana (CHIP) [131,
132]. Knuauueckue HUCCIIEIOBAHUS
MOCJEIHETO  JECATUJIETUSI TOKa3alld, YTO
Hanuuue CHIP yBennuuBaeT puck pa3BUTHS
CepIICYHO-COCYIUCThIX 3aboneBanmii [131,
133]. BaxxHo OTMeTUTb, YTO pa3Mep KIIOHa
CHIP, onpenenseMsplil Kak 4yaCcTOTa BapHaHTa
autenss (VAF), xoppenupyeT ¢ pHCKOM
CepIeYHO-COCYNIUCTRIX 3a0oneBanuii [133]. B
yacTHocTH, y jauil ¢ kiaonom CHIP c¢ VAF
6onee 10% pHCK cepleYHO-COCYAMCTBIX
3a0osieBaHui yBenuuuBaeTcs B 12 pa3 mo
CPaBHEHHUIO C TUIIaMu 0e3 MyTalluii, TOT/1a KaK
PUCK  CEpJIEYHO-COCYAUCThIX 3a00JieBaHUM
CYILLIECTBEHHO HE YBEJIMYMBAETCS Y HOCUTENEH
CHIP c¢ VAF wmenee 10% [132]. Myranuu
DNMT3A wu TET2 saBasiorcs cambIMu
pacnpocTpaHEeHHbIMU COMATHYECKUMHU
MyTanusimMu, cBazanHbiMu ¢ CHIP [133]. Tak,
W3BECTHO, uTo Aeurut TET2, ciernupudaabiit
JUIS  MUENOUAHBIX  KIETOK, YyBEIUYUBACT
pasMmep aTepockiepoTudeckux ossmek [131].
[IpumeuatenbHo, uro nebpunur TET2 B
Makpodarax KOCTHOMO3IOBOT'O
MPOUCXOKACHUS TMPUBOAUT K TOBBIIICHHOMN

cexkpenuu IL-6 u IL-1 B oTBeT Ha pazIuyHbIC
ctumyabl (JITTHIT, JITIC u IFNy) [133]. Takum
o0pa3oM, BCIEACTBHE BBISIBICHHON CBS3U
MEXKY IL-6 u CHIP, HOSIBUJIOCH
MIPEIOJIOKEHHE, 4TO aKTUBaLUs
BOCHAJIUTENBHBIX ~ 3a00JICBaHUN  SBISETCS
MEXaHU3MOM, C mnomoiblo kotoporo CHIP
CIocoOCTByET Pa3BUTHUIO CepJe4HO-
COCYIUCThIX 3a00neBanuii [133].

ITo HexoTopbM mgaHHBIM Onokama IL-1[3
CHUXAET PHUCK  TMOBTOPHBIX  CEpPJIEYHO-
COCYAMCTBIX COOBITHI y MAlIUEHTOB B BO3paCTe
crapue 60 ner [134]. IIpu sTomMm HE0OX0AMMO
OTMETUTh, YTO HauOoNblIas TMoJib3a OT
osokazns! IL-1P3 Habmronanach y naiueHTOB C
HU3KUMH YypoBHAMH [L-6 B mumazme [135].
Pesynbratst 3TOTO KJIIMHUYECKOTO
WCCIIeIOBaHMS TOKA3bIBAIOT, YTO XPOHHUUECKOE
BOCTIAJICHUE SIBJISICTCSI OCHOBHBIM (DAaKTOPOM
BO3PACTHOTO aTEPOCKIIEpo3a MOTEHIIMAIBHO
yepe3 nepemauy curraios 1L-6  [135].
VYuurteiBas 3TOT (PakT, CylIeCTBYEeT TUIIOTE3a,
YTO YCHJICHHE aTepOCKIIepo3a C BO3PACTOM
MOXKET OBITh PE3yJbTATOM CHHEPTUU MEXKIY
MUETTOUIHBIMU KJIETKAMH UMMYHHOM CUCTEMBI
U COCYJIUCTOM CEThIO MOCPEICTBOM Iepeaaun
curHasos IL-6 [133].

OtnenbHBIA MHTEPEC B MEXaHU3Max
Pa3BUTHS aTEPOCKIIEPO3a IIPHU CTAPESHUH B PSIIE
WCCIEAOBaHUN TPEJCTABISET IOBPEKICHUE
mutoxonapuit [133, 136]. 3Drtor mporecc
MIPUBOJIUT K BBICBOOOKICHUIO
MUTOXOHIPHATBHBIX KOMITOHEHTOB,
M3BECTHBIX KaK MOJICKYJISIPHBIE TaTTEPHBI,
CBSI3aHHBIE C TOBPEXKIACHUEM MUTOXOHIPUIA
(mtDAMP), BkiIO4asi MUTOXOHJIpPHAIBHBIC
JHK, xoTopble, Haxomsch B ILUTOIUIA3ME,
MOTYT  aKTUBHUPOBATh  BHYTPHUKJIETOYHBIC
CUTHAJIbHBIC TTYTH BPOXKJICHHOTO MMMYHHTETA,
takue kak J[HK-uyBcTBUTENBHBIM penentop

MUKIINYECKON I'M®-AM®-cuHTa3BI u
HH(}IAMMaCOMBI, a TaKke 0COOBIN
BOoCHaNMUTENbHBIM  myTh  TLR9 [136].
MuroxoHipuu TaKxke cozepxar
N-dbopmunossie MIENITHIBI, CIOCOOHBIE
TOBBIIIATH XEMOATTPAKTUBHOCTh

HentpoduinoB, BbicBOOOXkIath ADK wu
nospexxaars aprepun [137]. Kpome Ttoro,
KOMITOHEHT MUTOXOHJIpUAJIbHBIX MEeMOpaH —
KapAUOJUIHNH, TOXE MOXET HaIpIMYyIO
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cBs3biBaThcl ¢ NLRP3 wu  aktuBupoBath
unpnammacomy [133]. Ilpu xpoHHUECKOIt
aKkTUBallMM  BCE€  O3THU  IIYTM  MOTYT
CIOCOOCTBOBATh CTAPEHUIO COCYJOB, a TAKXKe
CHIDKaTh  (QYHKIUIO MHUTOXOHIPUN, UTO
OTKpPBIBAET  NEPCIEKTUBBl  JAJIbHEUIINX
HCCIEA0BAaHUI B ’TOM HAIPABIICHUH.

Hakonen, cyniecTByeT npearonoxeHue,
YTO B TPAHCCUTHAJIbHOM IIyTH PacTBOPHUMBII
IL-6R Taxxke wmoxker BoBiekath IL-6 B
KpOBOOOpaIlleHHne W aKTUBHPOBaTh Oolee
IIMPOKUH  CHEKTp  KIETOK, 4YeM B
KJIACCUYECKOM yTH, IIOCPEICTBOM
MeMOpanHoi aktuBamu gpl30 [133]. Beuio
[IOKa3aHo, 4TO UHIHUOMpOBaHUE
TpaHccurHanu3auuu [L-6  cHukaeTr puck
pa3BUTHS aTEpOCKIEpO3a, MOATBEpKIas €€
BO3MOKHYIO [AaTOT€HHYIO pPOJIb B 3TOM
nporecce [133].

Takum o0Opazom, OMOJIOTHYECKOE
CTapeHHe COCYyJIOB YCKopsieTcs (pakropamu
CEpJIEYHO-COCYAUCTOTO PHUCKA, TAKUMH Kak
TFEHETUYECKasi MPEeApPaclooKEHHOCTb. IJTO
MIPUBOJUT K HCTOILIEHUIO TeJIoMep,
HAKOIUJICHUIO MTOBPEXKICHU I JHK,
YBEJIMUEHUIO OKHUCIUTENBHOIO CTpecca H
SMUTEHETHYECKUM  Moaudukanmsm  [124].
Kpome TOro, HaciaencTBeHHble Je(eKThI
dbepmentoB penapanmu JHK winm nmamuna
CIOCOOCTBYIOT YCKOPEHHIO 3TOro Ipoliecca.
ONUTeHeTUYeCKNe HW3MEHEHHUS  BBI3BIBAIOT
TPAaHCKPUIILIMOHHBIE W3MEHEHUs, KOTOpbIE
MOTYT  WU3MEHUTb  (DYHKIHIO  KJIETOK.
AxtuBanus peakuuu Ha nospexienue JTHK
(DDR) sBnsercs onHMM U3 Hauboiee
pacnpoCTpaHEHHBIX pE3yJIBTAaTOB ITUX
n3menenuil. Cencopel DDR, Takue xak ATM
u H2AX, dochopunupyrorcst U CBSI3bIBAIOTCS
¢ noBpexaeHHpMM yuactkamu JIHK. 3arem
nob6asisitoTces paznuunble 6enku DDR, takue
kak MRE11 nu NBS1. Ot curnaneHbsle myTn
3aIlyCKalOT PsIJI HUXKECTOSIIUX 3PPEKTOPOB,
takux Kak pS3 u Chk2, 4ro 3aaepkuBaeTt pocT,
4TOOBI BOCCTaHOBHUTH mNoBpexaeHHyo JIHK.
[locne ycnemmHol penapanuy KIETKA MOTYT
IIPOJOJIKATh nposneparuio u
BOCCTAHABIIMBATh MOBpPEXIAEHHbIE cocynbl. C
Ipyroi CTOpoHBI, HeynayHas penapanus JJHK
MPUBOJUT K HAKOIUJICHUIO TOBPEXKICHUI
snepHoil  u  mutoxoHapuanbHou  JITHK,

3aBUCHMOMY oT TEJIOMEPHOMY u
HE3aBUCUMOMY OT TEJIIOMEPHOMY CTapEHHIO U
armonTo3y, a TaKKe  CEKPETUPOBAHUIO
MNPOBOCHAIUTCIILHBIX HUTOKMHOB B paMKax
CeKpeTOpHOro (heHOTHNA, CBA3aHHOTO CO
crapenueM (SASP). Iloreps HopmanbHOM
KJIETOYHOH (yHKIMH, a TakXkKe YCUICHHE
BOCHAJICHUS TIPH CTapeHUH U 0Opa3oBaHHE

aTepPOCKIIEPOTUYECKUX OJIAIIeK — BCE 3TO
MIOCJIEACTBUS 3TUX IpolieccoB. B pesynbraTe
KJIETOYHOM TChyHKITIH OenKku

BHEKJIETOYHOTO MAaTpUKCAa MEHSIOTCS, 4YTO
MPUBOJUT K  KECTKOCTH M TOTEpe
3JaCTUYHOCTHU COCY/IOB, a
MIPOBOCHAUTEIBHBIC (DaKTOPHI CIIOCOOCTBYIOT
aTepockiiepo3y. [1ockoiapKy BOCCTaHOBIIEHHE
COCYJIOB MOXKET Croco0CTBOBATH
PEIUIMKATUBHOMY CTapeHHIo, a
MPOBOCTIAIUTENILHOE COCTOSIHUE M aKTHUBHBIE
¢dopmbr  kucnopoga (ADK) cmocoOGCTBYIOT
MPEXKACBPEMEHHOMY CTapE€HHIO, BHI3BAHHOMY
ctpeccom (SIPS), arepockiepo3 Takke MOXKET
HampsIMyl0 ~ CIIOCOOCTBOBaTh  YCKOPCHHIO
ctapenus cocyaos (Puc. 3).

Kpome Toro, cymecrtByer nporpammHas
TE€HETUYECKas TeOpHs, KOTOpas YTBEpXKIAeT,
YTO MIPUYUHON CTAPEHUS SIBJISIOTCS] TOUCUHBIC
MyTalldd B T€HaX, KOTOpbIE OMNpPENEsIOT
MPOJIOJKUTENIBHOCTh KU3HHU. Tak, TEeHaMH,
MOTEHIMAIbHO BIUSAIOIMIUMA Ha CKOPOCTb
CTapeHHs] W CBSI3AHHBIMU C Pa3BUTHEM
aTepOoCKIIep03a, CUMUTAIOT TAKUE TEHBI, Kak
APOE, CHRNA3, WRN, PON1, APOCS,
KLOTHO [138]. Ho Hannuue Kakoro-auodo
ajuienss WIM TOYEYHOM MyTallud TeHa He
BCEr/aa 03HayaeT dbeHoTUnUYeCKue
MPOSIBIICHUS BHE MEH/IEIIEBCKOTO
HacieAoBaHUs. B oTcyTCTBHE MyTaluii TaKxke
CyILIECTBYET OTPOMHOE KOJINYECTBO
BAPUAHTOB HKCIPECCUU ONPEIETEHHBIX T€HOB
ONHUTeHETUYECKUE bakTopsI W
«HAJICTPOUKNY», PETYTUPYIONINE CUHTE3 Oelka
¢ omnpeneneHHbix ydactkoB JIHK, sBnsroTcs
OCHOBHOW TMPUYMHOW 3TOro. MeXaHU3Mbl
XopBara u XaHHyMa — OJHM M3 CaMbIX
W3BECTHBIX AIUTCHETHYECKUX BO3PACTHBIX
MEXaHHU3MOB, B OCHOBE KOTOPBIX JICKHUT
metunupoBanue  JIHK, OuoIoTHYeCcKuit
MPOIECC, HEMOCPEJICTBEHHO CBA3aHHBIA CO
CTapeHueM. ABTOPBI CYUTAIOT, UTO B OyAyIIIeM
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T HectabunbHOCTU MUTOXOHAPUA, KOCTHbI MO3r:
MUTOXOHANPUanbHas ANCchyHKUUA CHIP myTauuu TET2

| !

TET2-myTaHTHblE
MOHOUMTbI/Makpodaru

T MpoayKuumn XxemoaTTpakTaHToB

SASP B 'MKC u 3K:
T MCP1, IL-6, IL-1

]

ATepocknepos

YKopoyeHue Tenomep
MNospexageHne OHK
Ob6pasoBaHue ADGK

YKEécTKkocTb cocyaos
T konnareH, | anacTtuH

DDR (peakuus nospexaeHusa AHK):
ATM; H2AX; MRE11; NBS1

v

p53 n/unu Chk2 addekropsbl

Hapywenue penapaum AHK | YcnelwHas penapauus QHK

| NMponudepauyunu,
anonTos, cTapeHue KneTok {

BoccraHoBneHue cocynos

Puc. 3. Konnenius ctapeHus KJICTOK pH atepockiepose (anantuposano u3 Wang J.C. et al., 2012
u Tyrrell D.J. et al., 2021)

[Mpumeuanne: CHIP — xoHansHOE KPOBETBOPEHHE HEONIPEAENICHHOTO MoTeHnnana; SASP — cekpeTopHBbIi (peHOTHII, CBA3aHHBII CO
crapeanem; [ MKC — riagxoMseiniednbie KieTKH cocynoB; DK — sHmorenmansabie kietkd; MCPLl — xeMoaTTpakTaHTHEIH OeoK
moHouTOB 1; ADK — aktuBHBIE (hopMbI kuciopona; SIPS — mpexneBpeMeHHOe cTrapeHue, Bbi3BaHHOE cTpeccoM; DDR — peakmms
nospexxaenust JJTHK; ATM — cercopHblit 6eok atakcun-Teneanrnodkrasum; H2AX — cercopusblii 6enok X rucrona 2A; MRE11 —
CEHCOpHBII Oenok pemaparmu aBOWHBIX paspbiBoB Hutedl JIHK; NBS1 — ceHcopHblii 6eoK XpOMOCOMHON HECTaOHMIBLHOCTH
Heiimerena; p53 — TpaHCKPUIIMOHHBIN (HAKTOP, peyIHpYrouii KieTouHbli HKIT; ChK2 — yek-moiHT 2 npoTenHKHHA3A.

Fig. 3. The concept of cell aging in atherosclerosis (adapted from Wang J.C. et al., 2012 and Tyrrell
D.J.etal., 2021)

Note: CHIP — clonal haematopoiesis of indeterminate potential; SASP — senescence-associated secretory phenotype; VSMC — vascular
smooth muscle cells; EC — endothelial cells; MCP1 — monocyte chemoattractant protein 1, ROS — reactive oxygen species; SIPS —
stress-induced premature senescence; DDR — DNA damage response; ATM — ataxia telangiectasia mutated; H2AX — histone 2A protein
X; MRE11 — meiotic recombination 11, NBS1 — Nijmegen breakage syndrome-1; p53 — transformation-related protein 53; Chk2 —
Checkpoint kinase 2.
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SIUTCHETUYECKHUE KaJIbKYJIATOPBI,
OCHOBaHHbIE Ha yacax XaHHyMa UM Xopsara,
CTaHYT BaKHBIM HHCTPYMEHTOM JJIsl CO3AaHUs
IIPOTHOCTUYECKUX MozeIIen
(YHKIIMOHUPOBAHUS KJIETOK, TKAHEH, OPraHOB
u Bcero opranusma [ 138].

IlogBoass wrTor, Ha JaHHBII MOMEHT
BPEMEHU MOXXHO CJIejaTh 3aKIIOYECHHE, YTO
CTapeHHeE BIIMSAET HA ATEPOTreHE3 HECKOJIbKUMU
CIOKHBIMM  TYTAMH, U  MPEICTABISAETCA
OYEBHJIHBIM, YTO  JAJ€KO HE  OJIUH
€IVMHCTBEHHBIN (akTop B OyaylieM CTaHeT
JTOMUHUPYIOIINM naTo(pU3UOIOTUICCKUM
MEXaHU3MOM pa3BUTHSI aTEPOCKIEpO3a B
TE€POHTOJIOTHH.

3akiouenue. B TedeHue mnocienHUX
NECATUIICTUN ~ HAONMIONAeTCs  yBEIMYCHHE
BCTPEYAEMOCTH aTEPOCKICPOTUYECKUX
MOPaXCHUH COCYJOB, 4YTO CIIOCOOCTBYET
PUCKY  DPa3BUTHS  CEPJEYHO-COCYAMCTBIX

3a00JIeBaHUH, KOTOpbIE CTaHOBATCSA
riio0aJIbHON SMUIEMUEN. N3yuenue
KJIIETOYHBIX M MOJIEKYJISIPHO-OMOIOTHYECKUX
MEXaHHU3MOB  aTEPOCKJIEpO3a  IMO3BOJIMIIO

Jy4lle TOHATh MPOLECCHl, MPHUBOIALINE K
Pa3BUTHIO  aTEpOMBI, W  KIMHHUYECKHE
MposABIIEHUsI 3TOro 3aboseBaHus. Pa3Butue
aTepoCKiIepo3a XapaKTepU3yeTCs
HAaKOIUICHHEM JIUITAJIOB, (ubpo3HBIX
3JIEMEHTOB U KalbLUU(UKAIMEH B KpPYMHBIX
apTepusix, B OCHOBE KOTOPOTO  JIEKHT
aKTUBaLlUs DOHAOTENMS, C TOCIEIyIoLen
Ba30KOHCTPHUKIHEH " aKTHUBaIen
BOCHAJINTENBHBIX MEXAHU3MOB, IPUBOISIIAX
B UTOTE K 00pa3zoBaHHIO
aTepOCKIEPOTUYECKHX OJIsIIEK.

IlosnyueHHbIE 3HAHUS u
MPOAOIDKAIOIIMECS HCCIeI0BaHUs (YHKIMN
Hexkoaupytonmx PHK B pasButum Omnsmiex
nokaszeiBator, yto MUPHK u auPHK wmoryt
U3MEHSTh TPAHCKPUIILIUIO T'€HOB,
BOBJICUEHHBIX B pa3BUTHE aTePOCKIEpO3a, B
T.4. IPU KJIETOYHOM cTapeHuu. Kpome Toro, B
MIOCJIEAHEE BpEMsS NOSIBWIIMCH JaHHBIE, YTO
MHUKpOOHOTa TaKKe MOKET ObITh CBsi3aHA C
MaTOTEHE30M aTepPOCKIIepO3a, T.K. BBISIBICHBI
MHUKPOOHBIE IKOCUCTEMBI B PA3IMUHBIX Cpeaax
OOUTaHUs YEJIOBEKA, KOTOPhIE CIIOCOOCTBYIOT
MeTabOIMYEeCKUM M CeplIeYHO-COCYAUCTHIM
HapyieHus M. Posib MUKpOOMOTHI B pa3BUTHH

aTepocKiepo3a MOATBEPHKIACTCS PACTYIIUM
YHUCIIOM MEXAHUCTUYECKUX J0Ka3aTelbCTB,
OJIHAaKO HEOOXOIUMBI JanbHEenIme
HCCIIeIOBaHMs, YTOOBI TOJHEEe MOHITHh BKIIAJ
MHUKPOOHOTBl B pa3BUTHE AaTEPOCKIEPO3a.
Hakonen, Ba)XHOCTb aHanu3a I[OJIOBBIX U
BO3PACTHBIX Pa3IMyuil Kak (aKTOpOB pHCKa,
CBSI3aHHBIX C aTEPOCKIEPO30M, 3HAUMMA JISI
WHAWBUIYAIbHBIX CTpPAaTerMidl  yIpaBICHUS
pPUCKaMU B LIEJISIX MPEIOTBPALICHHS Pa3BUTHUS
u MPOrPecCUPOBaHUS aTepoCKiepo3a.
HeykiionHbIii  mporpecc B IIOHMMAaHUHU
MEXaHM3MOB,  BEAYUIMX K  Pa3BUTHIO
aTepoCKiIepo3a, HECOMHEHHO, TIO3BOJHUT B
OynyuieM pa3padoTaTh aJeKBATHBIE METObI
JICYCHHS TSDKENIBIX (JOPM TeUeHHs mpoliecca ¢
MOCTOSIHHBIM BO3PAaCTAIOIIUM PUCKOM H, B
KOHEYHOM HTOT€, YIYYIIUT TUATHOCTHKY U
[IPOrHO3 3a00J1eBaHMsL.
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apTepUaIbHON TUIIEPTEH3UMU Ha PACIPOCTPAHEHHOCTH I€PUATPUUECKUX CHHIPOMOB Y IOXKHWIBIX
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nanueHToB. MaTtepuanbl 1 MeToAbl: B cooTBeTCTBUU € M30PAHHBIMU KPUTEPHUSIMH CPOPMUPOBAHBI
JIB€ KJIMHUYECKUE TPYIIIbI — KOHTPOJbHAs B KojaudecTBe 380 4esnoBeK ¢ HapYyLIEHUEM 3PUTEIbHON
(YHKIMHU BCIIEACTBUE KaTapaKThl, TIAYKOMBI HJIM BO3PACTHON MaKyJISIpHOH JIereHepaluu; OCHOBHAs
rpynna B KoindyecTBe 385 4YelloBEK C HapyUIeHHMEM 3pUTEIbHOM (YHKIUU BCIEICTBUE
BBHIIICHA3BAHHBIX O(PTATBEMOIOTUYECKUX 3a00JICBaHUI W apTepHaIbHON THmepTeH3ueil. Bceem
MaIMeHTaM MMPOBOAUIIOCH KOMIUIEKCHAsI TepHaTpHUYEeCcKasi OICHKA [T BBISIBICHUS (PYHKIMOHATBHBIX
nepunuToB. Acconuanus (QyHKUHOHAIBHBIX Je(UIUTOB BBHINOJIHEHA HAa OCHOBE pacyeToB
MOKa3zarejael OTHOCHUTENbHOIO pHCKa M0 olmenpuHsaTod Qopmyne c ompexneneHuem 95%
JIOBEPUTENIbHBIX HMHTEpBaloOB. Pe3dyabtarpi: HauOosbimime pasnuuus B pacnpoCTPaHEHHOCTH
(GYHKIMOHATBHBIX Je(UIIMTOB MEXAy IMalUeHTaMH C HapylIIeHUEM 3pUTEIbHON (QYHKIMH U
MaUeHTaMH C HapyILIeHUEeM 3PUTEIbHOM (PYHKIMHM M apTepUAIbHON THIepTeH3UEH yCTaHOBJICHBI
s cuHapoma mnagenuit (53,9£2,9 m 68,0£3,6 ma 100 uemoBek coorBercTBeHHO, P<0,01),
capkonenuu (27,1+1,6 u 42,1+£2,2 na 100 uenoBek coorBercTBeHHO, P<0,001), nenpeccun (31,8+1,9
1 46,0+2,2 na 100 uenoBek coorBeTcTBeHHO, P<0,001), Hapyrmenus cHa (28,9+2,0 u 40,5+1,9 na 100
4eloBeK cooTBEeTCTBEHHO, P<0,01). He BBISABIEHO CTaTHUCTUYECKHM 3HAYUMBIX pa3IMuuid B
CpaBHMBAaEMbIX I'pyIIax 10 pacpoOCTPaHEHHOCTU CUHIPOMA TPEBOT'H, CUHIPOMA THITOMOOUIBHOCTH
u ManbHyTpuluu. OIlleHKa COMPsDKEHHOCTH (YHKIMOHAIBHBIX JAC(PUIIMTOB Cpelu IMOXKHIIBIX
MAlMEHTOB C HapYIICHHEM 3pUTENbHON (GYHKIUU M apTepuaibHOW TUIEPTEH3UEH BBISBHIIA
MaKCHMaJbHYIO acconmanuio ¢ KorHutuBHOU auchynknumern (OR=2,012, 95% AW 1,975-2,248,
p<0,001). 3Haunmoe BIUSHUE apTepUATbHONW TUIICPTCH3UH M HAPYIICHUS 3PUTEIBHON (PYHKINU Ha
pa3BuUTHE PYHKIMOHAIBHBIX Ae(PUIMTOB yCTaHOBIEHO Takke ans nenpeccun (OR=1,835, 95% U
1,642-2,104, p<0,001), cunapoma mnaaenuii (OR=1,817, 95% W 1,724-1,948, p<0,001),
capkonenun (OR=1,956, 95% JIN 1,804-2,237, p<0,001). 3akmnouenue: Hapyiienue 3puTebHOM
GyHKIMU ¥ apTepuanbHas TUNEPTEH3Hs TMOBBIMIAET PACHPOCTPAHEHHOCTh TIePUATPUUECKUX
CUHIPOMOB Y TMAllMEHTOB IMOXKUJIOTO BO3pacTa M PUCK CHUHAPOMA NaJACHUN, KOTHUTHBHBIX
HapylUIeHUH, capKONeHWM, Jenpeccuu B cpeaHeM Ha 18-20%, 4ro cienyer yduThIiBaTh IpH
peau3aiuy repoHTONPOGUIAKTUIECKIX MEPOTIPHUSITHIA.

KiroueBbie cioBa: HapylieHUS 3peHMs; KarapakTa, T[JaykoMa; BO3pacTHas MakyJspHas
JereHepalys;  apTepuaibHas  TUIEPTEH3Us; TIepuaTpuyeckue  CHHIPOMBI;,  KOMIUIEKCHas
repuaTpuyeckas OoleHKa

Jas uutupoBanusi: ApbeB AJl, Boponuna HB, Ilapdpenos FOA, u ap. BausHue HapyiieHus
3pUTENbHON (YHKLIMH M apTepUalbHOM TUIIEPTEH3MM Ha PacHpOCTPaHEHHOCTh TepHaTPUUYECKUX
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Abstract

Background: Arterial hypertension and visual impairment due to various ophthalmopathologies are
common age-related diseases, but their combined effect on the geriatric profile of patients has not
been practically analyzed. The aim of the study: To analyse the effect of visual impairment and
arterial hypertension on the prevalence of geriatric syndromes in elderly patients. Materials and
methods: In accordance with the selected criteria, two clinical groups were formed: control group of
380 people with visual impairment due to cataracts, glaucoma or age-related macular degeneration;
main group of 385 people with visual impairment due to the above-mentioned ophthalmological
diseases and arterial hypertension. All patients underwent a comprehensive geriatric assessment to
identify functional deficiencies. The association of functional deficits was performed on the basis of
calculations of relative risk indicators according to a generally accepted formula with the
determination of 95% confidence intervals. Results: The greatest differences in the prevalence of
functional deficits between patients with visual impairment and patients with visual impairment and
hypertension were found for falls syndrome (53.9+£2.9 and 68.0+£3.6 per 100 people, respectively,
p<0.01), sarcopenia (27.1+1.6 and 42.1+£2.2 per 100 people, respectively, p<0.001), depression
(31.8+1.9 and 46.0+2.2 per 100 people, respectively, p<0.001), sleep disorders (28.9+2.0 and
40.5+1.9 per 100 people, respectively, p<0.01). There were no statistically significant differences in
the compared groups in the prevalence of anxiety syndrome, hypomobility syndrome and
malnutrition. Evaluation of the conjugation of functional deficits in elderly patients with visual
impairment and arterial hypertension showed the strongest association with cognitive dysfunction
(OR=2.012, 95% CI 1.975-2.248, p<0.001). A significant effect of hypertension and visual
impairment on the development of functional deficits was also found for depression (OR=1.835, 95%
CI 1.642-2.104, p<0.001), falls syndrome (OR=1.817, 95% CI 1.724-1.948, p<0.001), sarcopenia
(OR=1.956, 95% CI 1.804-2.237, p<0.001). Conclusion: Visual impairment and hypertension
increase the prevalence of geriatric syndromes in elderly patients and the risk of falls, cognitive
impairment, sarcopenia, and depression by an average of 18-20%, which should be taken into account
when implementing gerontoprophylactic measures.

Keywords: visual impairment; cataract; glaucoma; age-related macular degeneration; hypertension;
geriatric syndromes; comprehensive geriatric assessment
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BBenenune. Bo3spacr-accouuupoBaHHas
IIATOJIOTHSI OpraHa 3peHUs CPeu MOKUIIOTO U
CTapYEeCKOro KOHTUHICHTA, YBEJIMYCHHUE JOJIH
KOTOpOW  HaONromaeTcs  IMOBCEMECTHO B
HacTosIIee BpeMs BO MHOTHUX
MHIYCTPUAIBHBIX u pa3BUBAIOILNXCSA
rocylaapcTBax, COMNpsDKEHa C OrPOMHBIMHU
(UHAHCOBBIMU 3aTpaTaMH Ha JICUCHUE U
JIMAarHOCTUKY  JaHHBIX  3a00JeBaHUN U
peabunuTaruto narueHToB [ 1-4]. Tak, B 2020r.
OCHOBHBIMH  NPHUYMHAMH yYMEPEHHOTO |
TSOKENOTO HApPYIICHUS 3PUTEIbHOW (QYHKLIUU
BO BCEM MHpE BBICTYNAJIU: HEHCIPABICHHbIE
aHomasimu pedpaknuu (157,49 MummmoHoB
4elloBeK), cTrapueckas Kkarapakra (83,48
MUJUIMOHOB YeNoBeK), BO3pacTHas
MakyisipHast gerenepanus (6,23 MHJLTHOHOB
4yenoBek), miaykoma (4,14  MMIIMOHOB
4eJIoBeK) U quabeTnueckas peruHomnarus (3,28
MWUIMOHOB  uyenmoBek)  [5].  Iloatomy,
KaTapakTa, riayKoma, BO3pacTHas
JereHepanus >kEAToro nsaTHa u AuabeTudeckas
pPETUHOINATHSL  ONPEAENAOT  OOJIBLIIMHCTBO
100aNbHBIX IPUYUH HAPYIICHUS 3PUTEIBLHOM
(GYHKIMH.

VYBenuuenue BO3pacTa ABJISIETCS
OCHOBHOH NPUYMHOMN pa3BUTHUS KaTapakThl [6],
a BO3pacTHasi KaTapakra siBjsieTcs HauOonee
pacrpocTpaHeHHOM O(TaTbMOMNATOJIOTHEH, U
CYLIECTBYET psJ CIOXKHBIX MOJIEKYJISIPHBIX
MEXaHU3MOB, BKJIIO4as CHUKEHUE aKTUBHOCTH
[IyTaTHOHA U HAKOILJIEHHE OETTKOB XpyCTaInKa
Mpu OKUCIUTEILHOM cTpecce [7]. Karapakra
3aHMMAET BTOPOE MECTO B MATEPKE OCHOBHBIX
NPUYMH HWHBAJUIHOCTH CPEIU  MOXKHIIBIX
KHUTAMIIEeB, BBI3BIBAET CUMIITOMBI JIETIPECCUU Y
MOXKWJIBIX JIFOJIEH U MOXET ObITh CBf3aHA C
KOTHUTUBHOW  auchynkumert  [8]. [Tocne
ofepaiyy Mo yJIajleHUIO KaTapakTbhl YPOBEHb
TpeBoru u jenpeccun cHmxkaerca. C 1990 no
2019 rTom OpemMs KaTapakThl MPOIOJDKAIIO
pacTM, B OCHOBHOM 3TO CBSI3aHO C
MIPOAOIIKAIOIIUMCS. POCTOM HACENEHUS B 3TOT
Nepuo[ U Bce 0oJiee cephe3HbIMU MPOOIeMaMu
crapeHus. O0mas pacrnpoCcTpaHEHHOCTh U
MOKa3aTeNd MO KaTapakTe YBEIWYHBAIUCH C
BO3pPacToM, HO TMociie 74 JeT KOJIWYECTBO
CIIy4acB 3a0oseBaHus YMEHBIINIIOCH,
BO3MOXKHOM  MPUYMHOM  OBLJIO TO, UTO
[IOKA3aTeNIl CMEPTHOCTH TMOXWIBIX JIOJEH

BBIPOCIIM Tocie 74 JeT U HacelleHHue
COKpaTtuiiocs [9].

[maykoma ommuchIBaeT rpymmmy INIa3HBIX
3a00JeBaHUH, XapaKTePU3YIOLIUXCS
nedexramu  moymst  3peHUss W arpodueit
3pUTENBHOIO HEpPBA, M SIBIAETCA OJHOM W3
OCHOBHBIX IPUYUH HEOOPATUMOM CIIEHOTHI BO
BceM mupe [10]. Teuenune pa3BuTUA I1ayKOMbI
TECHO CBS3aHO C YCTOWYMBOCTHIO 3pUTEIBHOIO
HepBa K JaBJIEHUIO, YTO CEPHE3HO BIUSET Ha
KauecTBO JKM3HU M COLHUAIbHbIE (YHKIUU
MaIUEHTOB nociie MEPEHECEHHOTO
3a0oneBanusi. Coob1iaercs, 4To BO BCEM MUpE
y nrofei B Bo3pacte 40 neT u crapiue cpenHsis
CTaH/JapTU3UPOBAHHAS PACIPOCTPAHEHHOCTb
maykoMmbl coctasisier 3-5%, ogHako k 2040
rony mu3-3a OBICTPBIX TEMIIOB CTapeHUs
HAaceJeHUsI TUIAHEThl OXKUAAETCS yBEIUYCHHE
3a0oseBaeMoCTH 710 112 MHJIJIMOHOB 4eNOBEK
[11]. B Poccuiickoit denepanuu
pacnpocTpaH€HHOCTh raykomsl B 2019 romy
cocraBisina 1146,6 cioydaes Ha 100 000
HaceneHuss U K 2035 roxy mporHosupyercs
yYBEJIMYEHUE PACTIPOCTPAHEHHOCTH TJIAYKOMBI
no 1199,8 cmywgaeB wa 100 000 nHacenenust
[12]. PacmpocTpaH€HHOCTh AMAOETUYECKOM
peTHUHONATUH TpU caxapHOM auadere 2-ro
TUIAa B OJHOM U3 OOJIACTHBIX PETHOHOB
(TamboBckast obnactb) B 2021r. mocturana
4546,9 cnyuaes Ha 100 000 nHacemeHus c
MIPOTHO3UPYEMBIM POCTOM 110 5467,6 crydaeB
Ha 100 000 nacenenus B 2026-2027 ronax [4].

Cpenn coMarumdeckux 3a00JIeBaHUI
apTepuanbHas THUIEPTeH3Us Haubosee 4yacTo
COUETAeTCAd C HApYyIIEHUEM 3pUTEIIbHOU
GbyHKIHIT [13]. 00630p pa3IMYHbIX
COBPEMEHHBIX HMCCIIEI0BaHUI NMPUYUH TOTEPU
3peHUsl BBIBUJI CHIBHYIO KOPPEJSLMOHHYIO
CBSI3b  apTepUalbHOM  TUNEPTEH3UH  C
o(TaTbMONIOrHYeCKUMH 3a00JIeBaHUSAMH,
NPUBOJAIIUX K HAPYLUICHUIO 3pUTEIbHON
¢bynkumu  w monHOM  cienore.  Ilpm
MOBBIIIEHHOM apTepHUaIbHOM JaBIEHUU MOTYT
pa3BUTbCA  pa3IMYHBIE MHUKPOCOCYIUCTHIE
W3MEHEHUS CETYaTKH, Ha3bIBacMble
TUIEPTEH3UBHON
peruHonaruei. MccmenoBanus moka3aiv, 4To
npumepHo y 10% B3pociioro HaceneHus, He
CTPaJAOIIHNX caxapHbIM IHabeToM,
HaOmoaTes MPU3HAKH JeTKOU
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TUIEPTEH3UBHOM  peruHomnaruu. [Ipuznaku
TUIEPTEH3UBHON PETHMHONATUU  CBSI3bIBAIOT
TaKkKe€ C HMHCYJIBTOM, 3aCTOMHOM CeplIeuHOI
HEIOCTaTOYHOCTHIO, HapylleHueM (yHKIUN
MOYEK ¥ MOTYT OBITh KIIIOYEBBIM MapKepOM
pUCKa CMEPTHOCTU OT CEPAEYHO-COCYAUCTHIX
3a0oneBaHuil. AprepuasnbHas — THIIEPTEH3US
ABISETCS OOHMUM U3  (PAKTOPOB  pHCKa
nuabeTudyecKkoi peTuHonaTtuu. B HexkoTophix
HCCIIEIOBAHUSX PEKOMEHAYETCS IPOBOAMTH
KOHTpOJIb ~ apTEPUAJIBHOTO  JABJICHMS  JUIS
npoUIaKTUKA U TPEAOTBpALLEHUS JaHHOM
oprampmonaronormu.  Kpome  Toro, ¢
apTepuaIbHOM TMIIEPTEH3UEN U MOBBIIIEHHBIM
apTepUANbHBIM  JaBJICHHEM MOTYT  OBIThH
CBSI3aHBI TaKue 0 TaIbMOJIOTHYECKHE
3a00JeBaHUsl  KaK  OKKIIO3HA  COCYIOB
CeTYarTKH, HIIEMUYECKas ONTHYECKas
Helpomnarus, BO3pacTHas MaKyJIsipHast
JiereHepanus. Opnnaxo npu
BBIIIETICPEUUCIICHHBIX  0(TaIBbMOMATOIOTHIX
HCCIIEI0BAHNE apTEPUAIIBHON TUIIEPTEH3UU HE
MIPOBO/IUJIOCH M HET NPSAMBIX J0Ka3aTelbCTB
TOTO, Kak JICUEHHWE THMIEPTOHUU BIUSET Ha
MIPEeIOTBPAIIEHUE [TOTEPH 3PEHHUS.

IToka3aHno, 4TO Harpyska Ha
OOIIECTBEHHOE  3/paBOOXPAaHEHHE  M3-3a
HapyLIECHUN 3pUTEIIBLHON byHKIUIN

CYIIECTBEHHA M COMOCTaBMMa C Harpy3Koi Ha
Jpyrue OCHOBHBIE 3a00JIEBaHUS NPU OLICHKE
KauecTBa KHU3HH, CBSI3aHHOTO co
3JI0POBbEM. 3a MOCIJIEAHNE IECATUIIECTUS TEMIT
CHIDKCHHS  KOJMYECTBa  TPEIOTBPATUMBIX
CllyyaeB HapyIIeHHs 3pUTEIbHON (YHKLIUU
cyliecTBeHHO He m3MeHuics [S]. Kpome Toro,
JaHHbIE  TOMYJISLMOHHBIX  HCCIIEI0BaHUN
CBHJIETENICTBYIOT O TOM, YTO 3HauMTENIbHAs
N0l HapyUleHusi 3puTenbHod  (QyHKIMH
oOycioBieHa quabeTHYeCcKoi peTHHONAaTHEH B
TEUEHHE MEPBBIX JIBYX JECATUICTUN Pa3BUTHUS
caxapuoro amabera [13].B 2010 romy B
HOxHON A3um, Mo JaHHBIM HCCIIEIOBAaHUS,
OCHOBAaHHOM Ha  IIo0albHOM  OpeMeHHu
6osie3Helt o Bcemy Mupy, 6onee 40% ciayyaes
cienotel M 20% HapyleHUS 3pUTEIbHON
¢byHkumu ObUIM  BBI3BaHbI KaTapakToil. O
JIPYTUX XPOHUYECKHX 3a00JCBAHUAK, TaKHX
Kak 0oJe3HH cepua, WHCYIbT U Jerpeccus,
yame cooOIIanu JIOAW C HapyLIEHUSMHU
3pUTENbHON (DYHKIIMH, YEM T€, Y KOr0 UX HE

ObLIO, U OHM OBLIM CBA3AHBI C CAMOOLIEHKOM
IIJIOXOTO COCTOSIHUS 3710pOBbs [ 14].
[ToBeiIeHNE pacnpocTpaHEHHOCTH
BO3PACTHBIX 3aboseBaHui rasa
OJTHOBPEMEHHO COITPOBOXKIACTCS YXYILLICHUEM
repuaTpuyYecKoro craryca IMalHMeHTOB C
pa3BUTHEM PpA3JIMYHBIX  (PYHKIHMOHAIBHBIX
neunuToB, CHWKEHHWEM (YHKIIMOHATBLHON
AKTUBHOCTH, HO Ha3BaHHbIC W3MCHCHHUS
WHIUBUAYATbHON >KM3HECIIOCOOHOCTH TaKHUX
MalMeHTOB C HAapYyIIEHUEM 3pUTEITbHOMI
(hyHKIMM aHATU3UpYyeTCs penako [2, 3], paBHO

KaK u MEXaHU3MBI dbopmMupoBaHus
nedunuTapHbix cuHapomoB. Kpome Ttoro, B
Pa3IUYHBIX HCCIIEIOBAHMSIX MOKa3aHO
YXyILIEHUE repuaTpuYeCcKoro craryca
MalMeHTOB  MOXWIOTO  Bo3pacta  0e3
HapylieHuss  3puTeiabHOM  (QyHKIUU  C
apTepuaIbHOU TUTIEPTEH3UECH. Tax,

aprepuaigbHas  THIIEPTEH3WS  CBs3aHa C
KOTHUTUBHOW mucynkmmen [15, 16, 17],
capkonienueit [18, 19, 20], cunapomom
nagcHui [21, 22] u JIPYTUMU
(GbyHKIMOHATBHBIMU AeduiuTamu. Bmecre ¢
TEM BIUSHHE COYETAHHOTO  HAPYIICHUS
3pUTENbHON  (YHKIMU TIPU  BO3PACTHOM

o(rampmMonaToIOruu u apTepuaIbHON
TUIIEPTEH3UU IIPAKTHYECKU HE
aHAJIM3UPOBAJIOCH.

Leas ucciienoBanus. AHanu3 BIUSHUSA
HapylIeHUsT  3pUTEIbHOM  (QyHKIMH |
apTepuanbHON TUINEPTEH3UU Ha
pacupoCTpaHEHHOCTH TepUaATPUIECKHUX
CUHJPOMOB y MOXKHWIBIX MAIIUEHTOB.

MarepuaJbl " METOAbI
ucciaenopanus. Hacrosiee wuccienoBanue
MIPOBEICHO B 0P TaTBEMOJIOTHYECKOM
OTJENIEHUH MHOTOMPOPUIBHON OOTBHUIIBI B
2023-2024 ronax cpeau nanueHtoB 60-74 net
C  HapylmIeHHWEM  3pUTEIbHOW  (YHKIHH
BCJICZICTBME BO3PACTHOM MATOJIOTHU OpraHa
3pEHMS — KaTapaKThl, [JIAYyKOMbI U BO3PACTHOMN
MaKyJSIPHOW JIET€HEpAlMM, — COYETaHHOM C
apTepuaIbHON THIEPTEH3HEH.

Kpurepusmu BKJTFOUCHUS B
WCCIIEZIOBAHKE SIBIISUTUCH: BO3PACT MAIMEHTOB
60-74 ner, HaJM4YMe IJIAYKOMBI, HaJIU4HE
BO3PACTHOM CTapueCKOM KaTapakThl B OJHOM
WU JBYX T[Jla3aX, HaJW4Yue BO3PACTHOM
MaKyJIsSIpHOW  JIeTeHepalluu, apTepHabHas
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THIIEPTEH3Us 1-2 CTETeHH, CTeTIeHb CePIICIHO- BCJIC/ICTBUE MEPEYNCIICHHBIX
cocymuctoro pucka mo mkaie SCORE 1-2, 0 TATEMOJIOTHUECKHIX 3a00JIeBaHUH,

KOMIICHCHPOBaHHAasA coucTaHHasa
coMarndycckasa aToJjorus, OTCYTCTBUC
3JIOKaQYCCTBCHHBIX HOBOO6paSOBaHI/H71

TEPMUHAJIBHOW CTaJIUU, OTCYTCTBHE OCTPOIrO
HapyleHUs: MO3rOBOIO KpPOBOOOpAIlEeHUs 3a
HocieHue H0JIr0AAA, OTCYTCTBUE
IIEPEHECECHHOW  HOBOM  KOPOHABUPYCHOM
MH(EKIUH 32 [TOCIIeIHNE OIro/a, OTCYyTCTBHE
CHUH/IpOMa CTapueCKOM acTeHUHU, MUCbMEHHOE
MH(GOPMHUPOBAHHOE COINIACUE Ha ydacTHE B
UCCIIEJOBAaHUH.

Kputepun  HEBKIIOYEHHS:  BO3pacT
nanueHtoB menee 60 wu crapme 74 er,
OTCYTCTBHE IJ1ayKOMBI, OTCYTCTBUE
BO3pPACTHOM CTap4yeCKOM KaTapakTbl B OJHOM
WIM JABYX IJla3aX, OTCYTCTBHE BO3PACTHOU
MAaKyJSIPHOM  JEreHEpaluu, apTepUabHON
TMIIEPTEH3UH, cOMaTH4yecKkue 3a0osieBaHMs B
CTaJuu JIEKOMIIEHCAllUH, HaJIu4ue
3J10Ka4€CTBEHHBIX HOBOOOpa30BaHUH
TEPMHUHAJIBHOM CTaAuM, HAJIUYUE OCTPOro
HapyleHUs: MO3TOBOTO KpOBOOOpallleHUs B
MOCJIEJHUE  TIOJrOAd,  Haluyue  HOBOM
KOPOHAaBUPYCHON MH(pEKIHH 3a TOCIeIHHUE
I0JITO/1a, CHHPOM CTap4YeCKOl aCTEHUH, OTKa3
OT y4acTHs B UCCIIEIOBAaHUMU.

Kpurepun wuckito4eHHs: OTCYTCTBHE
NOJHOM  MH(OpPMAIMM O  COMAaTHYECKOU
MaTOJIOTMM  MAlUEHTOB B MEAUIIMHCKOMN
JNOKYMEHTAallMM, OTKa3 OT Yy4yacTHs B
UCCIIEJOBAHUM Ha JIOO00OM cpoke (3Tame)
UCCIIEJOBAHHUS.

Ha OCHOBaHUU BBIIIIEHA3BaHHbIX
KPUTEPUEB BKJIIOUEHUS, HEBKJIIOUEHUS U
HCKJTIOUEHHUS u3 M CCIIEJOBAHUS
copMHpOBaHBl JIBE€ PaHIOMU3UPOBAHHBIE
KIIMHUYECKUE TPYNIbl:  KOHTPOJbHAas  —
MAUEHTBl C  HApPYLIEHWEM  3pUTEIBHOMN
GbyHKIIIHI BCJIEJICTBUE BO3PACTHOM
MaKyJspHOM JereHepaluu, DIayKOMbl |
CTapuecKoOM KarapakTel B KoiaumdecTBe 380
YeJIOBEK M OCHOBHAs Ipylna — MNalUeHThl C
HapylLIeHHEM 3pUTENbHOMN byHKIIH

COYETAHHBIX C apTepUaIbHON TUIIEPTEH3UEH B
konuyectBe 385 uenoBek. Hapymenuem
3pUTENbHON (YHKIHMHM CUUTAJIOCh CHHIXKEHUE
OCTpOTHI 3peHus 6e3 koppekuu 10 0,2-0,4 u
MaKCUMaJbHONH KOPPUTHPOBAHHOW OCTPOTHI
3penus 10 0,6 u MeHee.

st OLICHKM TepuaTpuyYecKoro craryca
MIPOBEJICHa B COOTBETCTBUH C METOAMYECKUMHU

YKa3aHUSAMH, pa3paboTaHHBIM oJ
pyxkoBoactBom  O.H.  TkaueBoit [23].
TpeBOKHO-AENPECCUBHBIN CUHJIPOM

onpeiesiseTCss MO IIKaje TIOCHUTaIbHON
TPEBOTU M JIETIPECCUM, CUHAPOM HAPYILICHUS
cHa. [IuTTcOyprckoMy MHAEKCY KayecTBa CHa,
KOTHUTHBHBIE HapylIeHus — Mini-Mental State
Examination, cuHApPOM TaACHUH — IO
MEAMIMHCKOHN JOKYMEHTAIUH, PUCK CUHIpOMA
najgeHuit — mno mkaire Mopca, CHHAPOM
capkoneHun — 1o omnpocHuky SARC-F,
MaJbHYTPULMU IO ILIKaJe — IO OHPOCHHUKY
MNA, TUIOMOOWIBHOCTH — 1O TECTy
HIECTUMUHYTHOH  X0AbOBl.  JlMarHocTuku
apTepHaibHOM TMNEPTEH3UH U TIPOBEACHA B
cooTtBeTcTBUM ¢ Kputepusamu 2020 r. [24].

Jwnarnocrrka apTepuaIbHON
TUIEPTEH3UN  OCYLIECTBISIACh € Y4ETOM
Knuandeckux pekoMeHanuii « AprepraibHas
TUIEPTEH3US Y B3pOCIBIX» [25].

OcHoBHbIE MEIMKO-COLMaIbHbIE
XapaKTepUCTUKU NallMEHTOB CpPaBHUBAEMBIX
IpyINi NpeacTaBiIeHb! B Tadauie 1.

[TaneHTsl CpaBHUBaeMbIX TpYII He
aHAIM3UPOBAINUCH MO (apMakoTepanuu, Tak
KaKk 3TO HE BXOIWJIO B 33Ja4M HACTOSIIETO
HCCIIEIOBAHMUS.

B pesymbrare aHaiM3a  OCHOBHBIX
MEAMKO-COLUATIbHBIX XapaKTEPUCTUK CPEIU
Y4aCTHUKOB OCHOBHOW M KOHTPOJIBHOM IpymI
MaluEeHTOB CTaTUCTUYECKHU 3HAYMMBIX
pa3Iu4Mil HE BBISIBIIEHO, YTO CBUJETEIBCTBYET
00 OTCYTCTBUU BO3MOXKHOTO WX BJIMSHHS Ha
4acToTy repuaTpuYECKUX COCTOSIHMM
00C/I€IOBaHHBIX TAIIHEHTOB.
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Tabnuya 1

OcHoBHbIE MEAUKO-CONABbHBIC XaPAKTEPUCTUKH NALUECHTOB CPABHUBACMbBIX I'DYIIIT

Table 1

Major medical and social characteristics of the patients in the compared groups

IMauuenrs! 60-74 aer Hammentst 60-74 e .
PaccmarpuBaemblii KpuTepui ¢ HApylIeHHeM ¢ HapyUICHHEM SPUTETLHOH p
apHTeIbHO pyHKINE ¢yHKUMH U apTepHAJILHOM
THNEPTEH3HHN

KonmaecTBo manneHToB 380 385 -
Myxu4uHsl, a6¢.4./% 180/47,3+2,6 190/49,3+3,5 >0,05
JKenrunel, ade.u./% 200/52,7+3,7 195/50,7+3,9 >0,05
CpenHuii BO3pacT, JieT 68,5+2,8 69,8+2,7 >0,05
OcTtpoTa 3peHus 6e3 KOPPEKIHH 0,42+0,08 0,45+0,09 >(,05
CaxapHbiii muaber, adc.4./% 71/18,6+2,7 82/21,2+2 8 >(,05
HNmemnueckast 00JIE3HD cepamna, 44/11,5+2,5 63/16,3+2,6 >0,05
abc.u./%

[IpoxuBaHue B TOpOICKON MECTHOCTH, 174/45,7+3,0 205/53,2+3,1 >0,05
abc.u./%

[IpoxuBaHue B CENbCKOM MECTHOCTH, 206/54,3+£2,9 180/46,8+2,8 >0,05
a6¢.4./%

310Ka4eCTBEHHbIC HOBOOOPA30BaHMS, 32/8,4+0,5 39/10,1+0,6 >0,05
a6c¢.4./%

MuBanuaHoCTh, a6¢.4./% 24/6,3£0,5 32/8,3+0,5 >(),05

Jns OLICHKH acconuanuu B — ortcyrctBHE 3TOro mnpu3zHaka B

(GYHKIMOHATIBHBIX ASPHUIUTOB C HAPYLICHHEM
3pUTEIBHON  (YHKIMHW ¥ apTepUaTbHON
TUIIEPTEH3UEH  NPUMEHSUICS  IOKa3arellb
OTHOCHTEJIBHOTO pHCKa, KOTOPBIN
paccuuTHIBAJNCS MO OOMIEPUHATONW (opmyre
[25]:
OR=(AxD)/(BxC),

rie A — HaIWuMe TMpU3HaKa B OCHOBHOM
rpynme;

OCHOBHOI I'pyIIIe;
C — Hanuuue Npu3HaKa B KOHTPOJIBHOMN

rpynme;

D - otcyrctBHe 5TOro mpHU3HaKa B
KOHTPOJIBHOW IpyIIIE.

Jns OILICHKH CTaTUCTHUYECKOU

3HAYUMOCTH TIOKa3aTened OTHOCHUTEIHHOTO
pHUCKa paccuuThIBATUCH 95% moBepuUTEIbHBIE
WHTEPBAJIBI 110 GOopMyIIaM:

e'™(OR) + 1,96 * /% + % + % + % JUTs BepXHei rpanuis 95% JIU;
e™(OR) — 1,96 * & + % + % + % JUTst HEKHEH rparuisr 95% JIN.

HenpepeiBHBIE  TIepeMEHHBIE  ObUIH
CYMMHPOBaHBI C HCIOJb30BAaHUEM CPEIHUX
3HAYEHWH W CTaHAApPTHBIX  OTKJIOHEHHUH.
KareropuansHbie TIepeMCHHBIE ObLIH
MIPEICTaBICHbI Cc HCIIOJI30BaHUEM
a0COJTIOTHBIX 3HAYEHUH U MPOIIeHTOB. Moenb
00O0O0IIEHHOTO  OLIEHOYHOTO  YpaBHEHHS,
MPEITOJIarafoIias HE3aBUCUMYIO  Pabodyro
CTPYKTYPY KOPpPEISILNU, UCTIOIh30BAIACEH IS
W3YUYCHHS aCCOLHAIMN COUATIBHON U30JISIIUN
y TOXWIBIX JIofed B TEYEHHE Tepuoja
HaOmoaeHns. PaccunTeiBanuch BEJINYHHBI
otHocutensHoro pucka (OR) u  95%
JIOBEPUTEIIbHBIE MHTEPBAIBI C IOMPABKOW Ha

BCe BbIsBICHHBIE (hakTophl. Kpome Toro, mpu
aHaJIN3€ YyBCTBUTEILHOCTH paccMaTpPUBAJIaACh
colMalibHas W30JLALMSA KakK HENnpepbIBHAA
NnepeMeHHas JUIsi  OLUEHKH  HaJeKHOCTH
B3aMOCBSA3U  MEXIYy  HEOIEPUPOBAHHOU
KaTapakToil W coluaibHOM wm3ossanuei. [lpu
OLICHKE CTaTHUCTHUYECKOM 3HAYUMOCTHU
pa3nuuil IPUMEHSUICS HenapaMeTpU4eCKUi
KpUTepui X? IPU 33JaHHOM YHUCJIE CTEIIEHEU
CBOOOZBI, a  JOCTOBEPHOCTh  PA3THUHA
npuHuMainacs npu p<0,05.

Uccnenosanume MPOBOAMIIOCH C
COONIOZICHHEM  OOIIETIPUHATHIX ~ HOPM |
MPUHIIMIIOB, HW3JI0KEHHBIX B XEIbCUHCKOU
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JeKIapaIuu H rocJe MTOJTyYCHUS
MUCBMEHHOTO WH(OPMUPOBAHUS  COTTIACHS
MalEeHTOB.

Pesyabratel W uXx  oO0cy:KIeHme.
Pe3ynbTaThl  BBINIOJIHEHHOW  KOMILIEKCHOM
repuaTpudecKou OLIEHKHU MMallEeHTOB
MOXKHJIOTO BO3pacTa, UMEIOIIUX HapyIICHUE
3pUTEILHON (PYHKIIMH, CBHICTEIBCTBYIOT, YTO
WX UHIUBUAyalTbHAas  KU3HECIIOCOOHOCTH
CHWKEHA  IPEUMYIICCTBEHHO  BCJICJICTBHE
CHUHJpPOMa CapKOIEHUU, CHUHApPOMA MaJCHHM,

(Tabm. 2). PacnpocTpaHeHHOCTh YKa3aHHBIX

repuaTpuyYeCcKuX CUHPOMOB cpenu
HAalUEeHTOB 60-74 JIeT SIBJISIETCS
JOMUHHUPYIOIIEH U BBICOKOW, MpPHYEM

HaumOojee 4Yacto cpeau 00CIeA0BaHHBIX
HaOMIofaNCss CHHAPOM NaJEHUi, a TaKke

CUH/IPOM KOTHUTUBHOM JTUCHYHKIIHH.
Obparmiaer BHUMaHUe u BBICOKAsI
pacnpoCTpaHEHHOCTh CHHJIPOMA JIEIIPECCUU B
JTAHHOM KJIMHUYECKOM rpymre,

BCTPEYABIIETocs B O0see TPETH CIydaes.

KOTHUTUBHOTO  Jeduuura ¢ JIe[PECCHH

Tabauya 2

PacnpocTpaHeHHOCTh OCHOBHBIX (PyHKIIMOHAJIBHBIX A¢(UIMTOB CpPeIH NALMEHTOB

¢ HapylIeHUeM 3PpUTeIbHOM (PYHKIUH, COYeTAHHOM C apTepHaJIbHON rMNepTeH3nel

Ha 100 yesoBek (PESD)
Table 2
Prevalence of major functional deficits among patients with visual impairment combined
with hypertension per 100 people (P£SD)

IMamuentnl 60-74 ger
MMauuenTts! 60-74 et .
Ha3Banue (pyHKIHOHATBLHOIO . C HApylIeHUEeM 3PUTETbHOI
C HapylIeHUEeM 3PHUTETbHOI . p
nepumura (JyHKIMHT U apTepHaTbHOI
Gynxun
THIIEPTEH3HH
CHHIpPOM TPEBOTHU 37,942,1 40,8+2,8 >(),05
CHHIpPOM JIeTIpecCuH 31,8+1,9 46,0+2,2 <0,001
Hapymenne cHa 28,9+2.0 40,5+1,9 <0,01
KorHuTuBHBIC HAPYIICHUS 46,8+3,2 63,9433 <0,01
CHHIPOM THTTIOMOOMIIBHOCTH 58,9+3,1 62,8+3,1 >(,05
Cungpom HapyIICHUS obieit 30,5+2,2 39,4+1,7 <0,01
JIBUTATEIbHONH aKTHBHOCTH
CuHapoM majieHuit 53,94£2,9 68,0+3,6 <0,01
Puck cunapoma majeHui 63,9134 71,9434 <0,01
CHHIPOM CapKOTIEHUH 27,1+£1,6 42,1422 <0,001
CHUHIPOM MaJIbHYTPULIUU 33,9+1,9 35,1+1,8 >(,05
PacnipocTpaneHHOCTB JIPYTUX HapylLIeHHMEeM  3pUTENbHOM  (QYHKIMH U

(GYHKUIMOHATIBHBIX JEGHUIMTOB Yy MOXKHIIBIX
MIPEACTABUTENECN C HapyLIEHUEM 3pPUTEIBHOMN
(GYHKLIMHU CTaTUCTUYECKU 3HAYMMO HUXKE, XOTS
Mexay co0oll HUX  paclpoCTpaHEHHOCTb
CYLIECTBEHHO He pasziuuaercs. Cka3zaHHOE
OTHOCHUTCS K CHHAPOMY OOIIel BUTaTEIHhHON
AKTUBHOCTH, CHUHIPOMY HapylLICHUs CHa,
MaJbHYTPHUIMHI U TPEBOTH.

OTsromeHHOCTb COMAaTHUYECKOIO
CTaTyca MOXWIBIX MMAIIMEHTOB ¢ HapyLIEHUEM
3pUTEIBLHON byHKIIH apTepuaIbHON
runepTeH3ueil B O0JblIel CTENEHH CHUXKAET
UHIUBUAYAJIBbHYIO KHU3HECTIOCOOHOCTh
MTallHEeHTOB. PacnpoctpanenHocTh
MOJAB/AIOIIETO  YHMCJIAa  TepUaTPUUECKUX
CHHJIPOMOB cpeau mnanueHTtoB 60-74 et ¢

apTepuaIbHOM TMIEPTEH3UEH CTAaTUCTUYECKU
3HAYUMO BBIIIIE OTHOCHTEIJIBHO
00CJeTOBaHHBIX TOJIBKO C  HapylICHHEM
3pUTENbHON  (QYHKIHUH, 32 HCKIIOYCHHEM
JIENIPECCUU, CUHIPOMA TPEBOTH, HApPYIICHUS
oOmelt  ABUTATENIbHOW  aKTUBHOCTH U
CHUHJpPOMa MaJIbHYTPHUIMH, YTO yKa3bIBaeT HA
OTCYTCTBHE€  3HAYMMOTO  BJIHUSHUS  HaA
YBEJIMYEHUE HMX PACHPOCTPAHEHHOCTH U3-3a
HaJlM4usl  apTepUabHON THUMNEPTCH3UH Yy
MallMeHTOB C HApYyIIEHUEM 3pUTEITbHOMI
¢dbynkuun. Bmecte ¢ Tem cpenu nammenToB 60-
74 neT ¢ HapyIIeHUEM 3pUTENbHON PYHKIUU U
apTepuaJbHOM TUIIEPTEH3MEH, Kak H Yy
MallMeHTOB C HApYyIIEHUEM 3pUTEITbHOMI
¢byskuun 0e3 apTepuaIbHON THUIEPTEH3HH,
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npeobnagaer CUHAPOM najeHun c
JIOCTOBEPHBIM IPEBHIIIICHUEM B OCHOBHOM
rpymte (p<0,01).

OnHaKko MO CPaBHEHMIO C IpeNbIayIIen
KIMHAYECKOW  Tpynmod  (IMalMeHThl ¢
HapyIICHHEM 3pUTEIBHOU (YHKIHHU) Cpeau
MAalUMEHTOB C HApyLIIEHUEM 3pUTEIbHOMI
GyHKIMM ¥ apTepUalIbHOM THUIIEPTeH3UEH
CTaTUCTUYECKU 3HAYUMO BCTpEYACTCS
CUHJIPOM MaJIeHUH, TOTa KaK y MalueHTOB ¢
HapylICHHEM 3pUTEIbHONH  (QYHKIMH Ha
JAHHOM BTOPOM paHIOBOW MO3ULIMU HAXOIUIICS
CUHIPOM TUTIOMOOMITFHOCTH.
NnnuBuayansHas KHU3HECIIOCOOHOCTD
MalMeHTOB C  HAapYIICHUEM 3pPUTEITHHOMI
GYHKIMM ¥ apTepHalIbHOM  TUIEpPTEH3HUEH
Janee TaKKe pas3iInyaeTcsi M0 CPaBHEHUIO C
ManueHTaMi ¢ HapylleHHeM 3peHus 0e3
apTepuasbHONM  TUNEPTEH3UH,  MOCKOJIbKY
TPETHUM MO PACIPOCTPAHEHHOCTU Y JIHI] C
HapylICeHUEM 3pEHUs ©  apTepUuaIbHOMI
TUMNEePTEH3UEeH  SBISIIOTCS  KOTHUTHUBHBIE
HapylIeHUs, TOrJa Kak Yy TAlUEeHTOB C

HapylIeHHUeM  3pUTeNbHOM  QyHKIMH  —
cuHApoM mnaaeHud. PacnpocrpaHeHHOCTH
CHUH/pOMA TUIOMOOWJIBHOCTH CpEeAHu JABYX
Ipynn NalUeHTOB CTAaTUCTUYECKU 3HAYMMBIX
pasmuuuii  He wumeer (p>0,05). Crnenyer
OTMETUTH 6onee BBICOKYIO
pacnpoCTpaHEHHOCTh Cpelin MaueHToB 60-74
JeT ¢ HapyUIeHUSMHU 3pUTENbHON (QyHKIUH,
COYETAaHHBIM C apTEPUAIILHOM THIIEPTEH3UEH
CUHIpPOMAa  CapKOIIEHWH, JACHpPECCUU U
HapyLIEHUs CHA.

OueHka  CTENEHM  CONPSIKEHHOCTH

(YHKIMOHATBHBIX ne(pUIHUTOB cpenu
MaIEHTOB MOXKUJIOTO BO3pacra c
HapyleHneM 3pUTETBHON byHKIUY,

COYETAaHHBIM C apTepHalIbHON TUIepTEH3UEH,
[0 T[OKa3aTeiasiM OTHOCHUTEIBHOIO pHUCKa
BBISIBUIA MaKCHUMAJIbHYIO —acCOIUAIUI0  C
KorHUTUBHOW nuc¢ynkuueit (Tabmn. 3). Muaue
TOBOPsI, HAIMYKME apTePHATIbHON THIIepTeH3UN
y TMalUEHTOB C HApyUIEHHUEM 3pUTEIbHOMN
¢byukun Ha 20,1% MOBBIIIaET PUCK PA3BUTUS
KOTHUTUBHOW TUCQYHKIIHH.

Tabnuya 3

Iloka3are i OTHOCHTEIBLHOIO PUCKA JJIA BJAUSAHUA apTePHAIbHON IMIIEPTEH3HHU
y HALMEHTOB IOKUJI0r0 BO3PacTa, COYETAHHOM C HAPYLIEHHEM 3peHus,
Ha (popmupoBanue GyHKIHOHAIBHBIX Ae(PUIHTOB

Table 3

Indicators of relative risk for the effect of arterial hypertension in elderly patients,
combined with visual impairment, on the formation of functional deficits

. IToxa3zarean 95% noBepUTeJbLHbIN
DYHKIHMOHAJIBHBI Je@UuuuT p
OTHOCHTEJILHOTO PHCKA HHTEPBAJ
Tpesora 1,129 0,915-1,248 >(0),05
JHenpeccus 1,835 1,642-2,104 <0,001
Hapymenne cHa 1,675 1,513-1,827 <0,001
KorHuTuBHBIC HAPYIICHUS 2,012 1,975-2,248 <0,001
I'unomMoOMIBLHOCTH 1,178 1,008-1,346 <0,05
JIBurartenpHast akTUBHOCTh 1,482 1,289-1,673 <0,01
CuHIpOM majieHui 1,817 1,724-1,948 <0,001
Puck cuHapoma maneHui 1,446 1,282-1,679 <0,001
CapkorneHust 1,956 1,804-2,237 <0,001
ManbHYTPHIHS 1,061 0,928-1,204 >0,05
BecomMbim SIBIIACTCSA BIIMSTHUE Hannune aprepuaibHON TUNIEPTEH3UU Y

apTepUaIbHON TUIIEPTEH3UM Y IALUEHTOB C
HapylLIeHUEM 3pUTENbHON (YHKIMHM Ha PHUCK

pa3BUTHS CHHJIpOMa CapKOIIECHUH,
BEPOSATHOCTH KOTOPOH noBeImaeTcs Ha 19,6%
npu HaJIMYUU o0cyx1aeMoi

KapAUOJIOTUYECKON MTAaTOJIOTHH.

MOXWIBIX  MAIeHTOB C  HapylIeHUEM
3pUTENbHOMN byHKIMN CTaTUCTUYECKU
3HAYMMO U CYLIECTBEHHO YBEIMYMBAET PHUCK
pazButus  genpeccun Ha @ 184% m
BO3HHMKHOBEHHUE CHUHIpoMa najeHui Ha 18,2%
(p<0,01). Coueranue apTepuaIbHON
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TMIIEPTEH3UU C HapylIEHUEM 3pUTENIbHON
byHKIIIH pu BO3pacTHON
o(raapMOnaToOIOruK CYLIECTBEHHO
MOBBIIIAET PUCK BO3HUKHOBEHMSI CHHIpPOMA
HapylIeHUs CHAa. B MeHbIIEH CTENEeHH BIUSIET
COYETAaHME apTEPUAIBHON TUIIEPTEH3UH U
HapyleHUsl  3pUTEIbHOM  (yHKIMM  Ha
U3MEHEHHE JBHUraTelbHOM AaKTUBHOCTH U
4acTOThl pUCKA CHHApPOMA NaJECHUN, XOTA
¢dbopmupoBaHue KaXJI0ro Ha3BaHHOT'O
(YHKUIMOHAIBHOTO Ae(PHINTA MOBBIIIACTCS B
cpeaieM Ha 15,0% c goctoBepHbiMu 95%
JNOBEPUTEIILHBIMA ~ MHTepBanamu.  Kpaiine
HU3KUMHU  SIBIIIFOTCSL  BIUSHMSI  COYETaHUS
apTepUaIbHON TUIEPTEH3UU C HapYLICHHEM
3puTenbHOi  (yHKIMH Ha (opMuUpoBaHUE
Takux (QYHKIMOHAIBHBIX JE(QUIMTOB Kak
CHUHJIPOM TPEBOTH, T'MIOMOOMIBHOCTH MU
MaJbHYTPHULIIH.

IToxkazaHo, 4TO apTepuanbHas
TUIEPTEH3Usl  CYIIECTBEHHO  BIIMAET Ha
pa3BuTHE nemenuuu. MccnenoBanus
MIOCJIEZIOBATENIBHO  CBSI3BIBAIOT TUIIEPTOHMIO
CpeaHero BO3pacTa co CHIDKEHHEM
KOTHUTHUBHBIX  CIIOCOOHOCTEH,  JIETKUMH
KOTHUTUBHBIMM HapYLIEHUSMHU U JAEMEHLIUEH,
HO  pe3ylbTarbl y  TOXWIBIX  JIrOAeH
paznuuaroTca. B To Bpemsa Kak HEKOTOpbIE
WCCIIEJOBAHUS MIPEIOJaraor, 4TO
apTepuajibHas TUIEPTEH3HUs B  MOXHWIOM
BO3pAacTe€ YCKOPSIET CHUKEHHE KOTHUTHUBHBIX
(GyHKLIMH M pUCK pa3BUTH IEMEHLINH, JIpyTHe
MIPEANOIAraroT 3aIUTHBIN ¢ ekt
[15]. Bnusinue apTepraibHOM TMIIEPTEH3UHU HA
KOTHUTHUBHBIE CHOCOOHOCTH pAa3INYyaeTcsl B
pa3HbIX BO3PACTHBIX TIpYMNIax, Ha4yWHas C
3pernoro BO3pacTa U 3aKaHYUBAsi CTAPUYECKUM
BO3pacToM. BeIicokoe apTeprallbHOE 1aBIEHUE
B CpeAHEM M paHHEM BO3pacTe€ HEU3MEHHO
MIPEJICKA3bIBAET  yXYALIEHUE KOTHUTHBHBIX
pesynbraroB. McnonHuTenbHas GbyHKIMS,
BHUMaHWE€ M  MOTOpHas  CKOpPOCTb  —
KOTHUTHUBHBIE  001acTh, Ha  KOTOpbIE
TUIIEPTOHUS BIUSET B HAHOOJBIIEH CTEIeHH,
0COOEHHO npu MOJIKOPKOBBIX
3aboneBanusx. Hapymenus mamsatu — npu
JEMEHIIUH, CBS3aHHOM C  apTepUalbHOU
TUIEPTEH3UEN, SABISIOTCS CIOKHBIMH U 4acTO
HaKJIaJbIBAIOTCS Ha JIpyrue Npu4uHsI [15].

Tem He MeHee, CBiI3b  MEXKIY
MOBBIIICHHBIM apTEPHATIBLHBIM TaBICHHEM WU
PUCKOM Da3BUTHUSL JEMEHLHUU Y TMOXKHIIBIX
Joneu IIPOSABIIACTCS o-pasHomy. B
HEKOTOPBIX HCCIEIOBAaHUSAX IOKAa3aHO, YTO
YCKOPEHHOE CHIDKCHHE KOTHUTHUBHBIX
(GYHKIMHI y OXUIIBIX JTIOJEH CBS3aHO ¢ Oosee
BBICOKUM apTepHaIbHBIM JIaBJICHUEM,
MOTEHIIMAIFHO MOBBIIIAIONIEE PUCK PA3BUTHUS
JIEMEHIIMU 1o Mepe B3pocieHus [15]. U
Hao00poT, JIOTIOJTHUTETHHBIE
oOcepBallIOHHBIE HCCIIEIOBAaHUS C YYacTHEM
OTJEJIbHBIX JIML TIOKa3aJIM, YTO apTepuaibHas
TUIEPTEH3Usl B MOXKUIIOM BO3pacTe CBs3aHa C
3aMeJICHHEM KOTHUTHBHBIX HapymIeHWA U
CHIDKEHHEM PHCKA Pa3BUTHUS JEMEHIINU.

HccnenoBanue, IIPOBEICHHOE B
CoenrHeHHOM Koposnesctse [24],
NOCBSIIEHHOE  H3YYEHHIO  apTepHaJIbHOTO
JTaBJICHUS u JEMEHITNH/COCYTUCTBIX
KOTHUTHBHBIX HapyIICHHH, 110Ka3ajo
pa3iuuHble pe3yabTaThl B JBYX pPa3HBIX
koroprax. B Habope manusix Clinical Practice
Research Datalink CBS3b MEX]TY
MTOBBITIIEHHBIM CHUCTOJTMYECKUM
apTepHalbHbIM JaBICHUEM U TOBBIIIEHHBIM
PUCKOM  JIMAaCTOJMYECKOTO  apTepuaIbHOTO
JIaBJICHHs] YMEHBIIIAeTCs ¢ BO3pacToM. Tem He
MeHee, 0Oosiee  BBICOKOE  CHCTOJIMYECKOE
apTepuanbHOEe  JaBl€HHE  IPEACKa3bIBAJIO
OoJiee BBICOKHMI PUCK Pa3BUTHS IEMEHIIUU OT
BCEX TMPUYMH B TEUEHHE ISATUIIETHETO
nepuosaa, Mmpu 3ToM JaHHble OxchopacKoro
COCYIUCTOTO MCCIIEIOBAaHUS HE yKa3bIBAId HA

HEONMaronpuATHYI0  CBSI3b B IOXKUJIOM
BO3pacTe.
Kpynneie AMUJAEMUOJIOTHYECKIE

HCCIIEOBAHMS  MPOJEMOHCTPUPOBAIN, 4YTO
apTepuaibHas TUIEPTEH3US CpEIHEero
Bo3pacTta Oblla JIOCTOBEPHO CBsS3aHAa C
MTOBBIIIEHHOU 4aCTOTOU CHIDKEHHUS
KOTHUTHUBHBIX (YHKUMHA U Oojee BBICOKUM
PUCKOM DPa3BUTHS JIEMEHIMU B JajibHEHIIEH
Xu3HU [16]. AprepuanbHas THIIEPTEH3US
CpPEeIHEro BO3pacra, oOmpeaensseMas  Kak
aprepuanbHoe nasinenue > 140/90 mm pr. cr.,
ObL1a cBsi3aHa ¢ 1,55-KpaTHBIM MPEBBILIEHUEM
100aJTbHOTO PUCKA CHUXKEHHSI KOTHUTHBHBIX
¢yt 1,20-kpaTHBIM  MOBBILLIEHUEM
pHUCKa pa3BUTHS IEMEHIUU B COOTBETCTBUHU C
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CUCTEMaTH4YECKUM 0030pOM MPOCIEKTUBHBIX
uccienoBanuii [25]. JlokazaHo, 4TO CHH)KCHHUE
apTepHalbHOTO  JaBJICHUS CHUXKAET PHUCK
KOTHUTUBHBIX HApYIICHHA WJIA JIEMEHITUN
cpenu MAIMEHTOB c apTepHabHOMI
runeprensue. Ho 0O0JIBIIMHCTBO
MPEIbIIYIIUX HCCIEIOBAHUN CBSI3U MEXKIY
apTepHalbHON THUIEPTEH3UEH U CHUKCHHEM
KOTHUTUBHBIX (DyHKIMH OBLTM OCHOBaHBI Ha
OOUIETIPUHATOM OIPENIeICHUH apTepHaTbHOM
TUIEPTEH3UN KaK apTepUalIbHOE JABJICHUE >
140/90 mm pt. ct. [25]. CBA3b MOTPaHUYHOU
apTepuaIbHOM TUIIEPTEH3UU C apTEePHATHHBIM
nasinenueM mexay 130/80 u 140/90 MM prt. cT.
W CHIDKCHHEM KOTHHTHBHBIX  (DYHKIUI
ocTaercs HE BBIICHEHHOU. bonee Toro, ponb
JIOJITOCPOYHOTO apTEPUAIBHOTO JIaBJICHUS B
CHIDKEHUU KOTHUTHBHBIX byHKIMI
HCCIIEI0BANIACH PEIIKO.

MexanusMamMu BIUSHUS apTepUATbLHOM
TUTNCPTCH3WH HA PAa3BUTUE KOTHUTHUBHOM

IUCQyHKIMU BBICTYIIAIOT HapylLICHHE
CTPYKTYPHOU u (byHKIMOHATBHOM
L[EJIOCTHOCTH 1epedpanbHOM
MUKPOIMPKYJISALHUH, CIIOCOOCTBYIOLIHE
Pa3peKEHUIO MHKPOCOCY/IOB,

1epeOPOMUKPOBACKYIIIPHON SHIOTEINATBEHON
TUCOYHKIIMM W Pa300IICHUI0  COCY/IOB
HEpBHOU CUCTEMBHI, 91O YXYIIIAeT
KkpoBocHaOkeHue mosra [17]. Kpome Toro,
TUTICPTOHUS paspy1iaer
reMatosHuedagueckuit 6aprep, cnocoocTBys
HEWPOBOCTIATICHUIO u 000CTpeHN10
AMIJIOUJHBIX ~TATONOTUH. OTH MEXaHU3MBI
CrOCOOCTBYIOT Pa3BUTHIO pPaccMaTpyuBaeMOn

HaMH o(TaTbMONaTOIOTHH. Crapenue
XapaKTEepU3yeTCs MHOTOTPaHHOU
rOMEOCTaTUYECKOU TucQyHKIMEH u

HApyUIEHUEM  YCTOMYMBOCTH  KJIETOK K
cTpeccy, KOTOpble YCYTyOnstoT maryOHbIe

11epeOpPOMUKPOBACKYIISIPHBIE 3¢hdHEeKThI
runeptonuu. Mcrnonp3oBanue
(bapmareBTHYECKUX [penaparoB 5

BMCIIATCILCTB B o6pa3 JKHU3HH, CHHXXAKOIIUX
apTCpUAIIBHOC JAaBJICHUC, B COYCTAHUU C
METOJaMU JCUcHusd, CHOCO6CTByIOH_[I/IMI/I
30pPOBBKO  MHKPOCOCYAOB, IOTCHIOHUAJIBHO
MOXET npeaoTBpaTuTh niIn OTCPOYIUTH
IIaTOICHE3 COCYyOUCTBIX KOTHUTHUBHBIX

HapylICHHH Yy IMallMeHTOB C apTepUaTbHON
runeprensueit [17].

Kpome ToOro, BBICOKOE apTepHaIbHOE
JIaBJICHUE BBI3BIBACT CJIOXKHBIC
MaTOJIOTMYECKUEe HM3MEHEHHS MHKPOCOCY/IOB

CeTYaTKH,  BKJIIOYAsS  MOBPEXKACHHEC W
TCPYHKITUIO SHJIOTEJHNS, JINTTOTHATNHO3,
(GUOPUHOMIHBIA ~ HEKpPO3,  IMOBPEXKICHHE
MIEPUIINTOB, MaTOJIOTHYECKOE
peMoIeTMPOBaHUE BHEKJICTOYHOTO MaTpHUKCa,
MHUKPOAHEBPU3MBEI, pacimpeHue
MIEPUBACKYIISIPHBIX MPOCTPAHCTB,
MEPUBACKYJISIPHBI ~ OTEK,  BOCHAJICHUE U
W3MEHEHHsT  [MapeHXHMMBbI,  TaKHEe  Kak
MHUKpPOTEMOpparuu, JJaKyHapHble HHOAPKTHI U
MOpaXKEHUS 6enoro BeIlIeCTBa

[17]. HocTmkeHus B 00JaCTH KOMITBIOTEPHOU
M MarHMTHO-PE30HAHCHOW  ToMorpaduu
MO3BOJIMJIM BBISIBUTH MapKepbl 3a00JICBaHUS
MEJKHX COCYIOB TOJIOBHOTO MO3ra. DTH
MapKephbI CBSI3bIBAIOT c pa3BUTHEM
KOTHUTHUBHOTO Jie(pUIIuTa, OJHAKO CYIICCTBYET
HEOOXOTMMOCTh B JATbHEHIITIX
WCCIIC/IOBAHHSX, KOTOPBIC HCCIEAYIOT CBSI3U
MEX Ty BBISIBJICHHBIMU MapKepaMu
3a00/IeBaHUN MEIKHX COCYJIOB TOJOBHOTO
MO3ra M  HMX  THCTONATOJOTHYEeCKHMH
0coOeHHOCTAMU [26].

OnHako B JAHHBIX IyOJIUKAIUSAX, B
OTJIMYKME OT HAIIIeTO MCCIEAOBaHMS, KaK U B

paccMaTpuBaeMbIX HUXeE, BIIMSTHUE
apTepuaIbHON TUIEPTEH3UU
aHAJIM3UPOBAIOCh 0€3 HapyUIeHHs] 3pEHHS.
AprepuanbHas ~ TMIIEPTEH3US  OKa3bIBaeT
BIUSHUE TaKXK€ Ha YBEJIWYEHHE YaCTOThI
CHUHJIpOMa NajgcHUN. Taxk,
pacnpoCTPaHEHHOCTH MaJICHUI cpenu

MOXWIBIX JIIOJIeM C caxapHbIM JuabeToM u
MPOXKHUBAIOIIMX 10 MECTy KHUTEJIbCTBA Oblia
HIKE 110 CPABHEHMIO C TOXKHWIIBIMH JIFOIBMH C
apTepHabHOMN TUnepTeH3uei (32,2%)
[21]. Takke pacnpoCTpaHEHHOCTh NaJCHUN
Cpeau TMOXWJIBIX JIIOAEH C apTepualbHOU
TUIEPTEH3UEN Obu1a 9KBHBAJICHTHA
pacupoCTPaHEHHOCTH MaJICHUI cpenu
NOXWIBIX  Jirogedl ¢ pakom  [27]. Hns
CpaBHEHHUS B 00CEpBAILIMIOHHOM HCCJIeI0BaHUU
598 noXuibIX JIIOAEH C  apTepUaIbHOU
runeprensuei B bocrone, mrar Maccauycerc,
OTMEYAJIOCh,  YTO  PACIpPOCTPAHEHHOCTb
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MaJICHU  Cpeau  MOXKWIBIX  JIIOAEH ¢
apTepUalbHOM  TUIIEPTEH3UEH  COCTaBISET
44,64% B TedyeHHe OJHOIrO roja HaONIOACHMS.
Onnako BBICOKAsi  PacHpOCTPaHEHHOCTh
najeHnid Obuta o0yciioBIeHa 0oJiee BHICOKHM
CPEIHUM BO3pAcTOM MAIMEHTOB C OOJBIINM
KOJIMYECTBOM MaJIicHUu [27]. Apyroe
HCCJIEIOBAHKNE, B KOTOPOM TIPHHSUIM Y4acTHE

170 MAIUEHTOB c apTepHalIbHON
runepreHsueii B aMOyJaTOpHOW — KIIMHHKE
VYauBepcurercko  OonmpHHMIBI  Heamosns,

MO0Ka3aj0 MEHBIIYI0 PaclpOCTPaHEHHOCTh
nagenuit: 20% o0cnenoBaHHBIX COOOIIMIN O
MajeHusIX B TEUEHHUE TPeX  MecslleB
HaoOmoneHus [27]. DTo mpoaeMOHCTPUPOBAIIO,
YTO TMOXWJIbIe JIIOAM C  apTepHalIbHOM
TUTepTeH3UEH TpeOyIoT 0co00ro BHUMAHWUS,
KOT/ia AeN0 TOXOAUT 10 MaJCHUN.

[Toka3zano, 4TO OpTOCTaTHYECKAS
TUIOTEH3Usl HEe OblIa 3HAYUMBIM (DaKTOpOM
pUCKa MaJCHUN Cpenu TMOXKWJIBIX JIIOACH C
apTepuaibHON runeprensuen. 1
pacrpoCcTpaHEeHHOCTh OpPTOCTATHYECKOU
TUMOTEH3UM ObUla O4YeHb HHU3KOW Cpeau
YYaCTHUKOB,  COOOIIMBIIMX O  YaCThIX
MaJeHusAX 3a rof, Kotopas cocrtaBuia 6,7%
(p=0,734). 310 MPOTUBOPEUUT
MHOTOYHCIIEHHBIM HCCIIEJOBAaHUSIM, KOTOPBIE
MPUIIUIA K BBIBOAY, UYTO OPTOCTATHYECKas
TUIIOTEH3US CBsi3aHa c NaJCHUSIMH
[21]. CornacHO uCClEIOBAaHUSAM, YBEIUYEHUE
J103bl CYIIECTBYIOIIUX AHTUTUIIEPTEH3UBHBIX
npenaparoB  WiIM  JI00ABICHHE  HOBBIX
AHTUTUIIEPTEH3UBHBIX MPENapaToB ¢ OOMBIIICH
BEPOSITHOCTHIO BBI3OBYT Ype3MEpPHYIO
MOCTYpaJbHYIO THUIIOTEH3UI0. Y MNallMeHTOB C
apTepualbHOM TMIEPTEH3UENH BOSHUKHOBEHHE
OpPTOCTaTUYECKOW TMIOTEH3UH MOCTYIUPYETCS
KaK psAMOM s dekr MIPUMEHEHHUS
AHTUTUTIEPTEH3UBHBIX
CpenCcTB. AHTUTUTIEPTCH3UBHBIC KOMOWHAIINH,

BKJIFOYAIOIIINE 0-aIPEHOOTIOKATOPHI,
Mpenaparkl LHEHTPATBHOTO JIEUCTBUA,
HEJIUTUIPOTIUPUINHOBBIE OIOKATOPHI

KaJIbIIMEBBIX KAHAJIOB M JINYPETHKH, CBSI3aHBI C
OPTOCTATUYECKOM  THUIIOTEH3UEU [21]. B
uccnenoBannn  SPRINT  (Systolic  Blood
Pressure Intervention Trial), B koTopom
u3ydajgach CBA3b MEXKAY OPTOCTaTHYECKOM
THIIOTEH3UEH M CEepAEeYHO-COCYIUCTBIMH U

JPYTUMH HEXKEJIATeIbHBIMU SIBJICHUSIMU, 8792
yY4aCTHHKAa OBUIM  CIOy4allHBIM  0Opa3oM
pacmpezeneHbl  Ha ~ WHTEHCHUBHOE WU
CTaH/IapTHOE JIeUeHUe apTepuaIbHOI
runepreH3uu. [IpumedarenbHo,  4TO0  3TO
HCCIIEIOBAHUE I10KA3aJ0 OTCYTCTBHE CBS3HU
MEXJIy OpPTOCTAaTHYECKON TIumoTeH3ued U
MOBBIIIEHHBIM ~ PUCKOM  majeHuil. OqHaKo
HCCIIEI0BATENN MCKJIIOUMIM YYacTHUKOB C
noctosiHHbIM AJl menee 110 mm pt. cT. [28]. B
JIPYTUX UCCIIEIOBAHUSAX TAKXKE CHI€NIaH BBIBOJ,
4TO JI0Ka3aTeNbCTBa OpTOCTaTHYECKOI
TUTNIOTEH3UW W TAJCHHWHA,  BBI3BAHHBIX
AHTUTUIIEPTEH3UBHBIMU CpeICTBaMH,
ciabpl. MHOTHE HCCIIEIOBAHUS TaKXe
ToKa3ajH, 4TO KOHTPOJIUPYyEMOe
CUCTOJINYECKOE  apTepHallbHOE  JIaBJICHHE
CHIDKAeT PUCK OPTOCTATHUECKOM TMIIOTEH3UH,
KOTOpasi BIIOCJICICTBUHM BBI3bIBACT TaJCHHUE

[21, 28].
AHamm3  OOJBIIONH  pa3sHOOOpa3HOM
KOTOPThI aMOyJIaTOPHBIX JKEHIIUH,

MPOXKHUBAIOIIMX II0 MECTy >KUTEIbCTBA, CO
CPEIHUM BO3pacToM 79 JIET HE BBIBUII CBA3U
apTepHaibHON TUNEPTEH3UN WIM JIEYCHUS
TUIIEPTOHUM € NAJCHUSIMH,  KOTOpPbIE
OLICHUBAJIUCh TPOCIEKTUBHO €XEMECSIYHO B
TE4YECHUE IIPUMEPHO OZTHOTO rozia
[22]. YpoBenn CHUCTOJIMYECKOTO
apTepuaNbHOrO JaBleHUs He ObLI CBsI3aH CO
CHIDKEHHEM HHM B 0O1Ied BbIOOpKE, HU Yy
JKECHILUH, TOJy4aBIIUX aHTUTUIEPTEH3UBHbIE
npenaparsl. Y KEHILUH, MOJTy4YaBUINX
aHTUTUIIEPTEH3UBHBIE  Ipemnaparbl, Ooisee
BBICOKOE  JIMACTOJIMYECKOE  apTepPHAIBHOE
JaBieHre ObUIO CBsI3aHO ¢ Oojiee HU3KUM
PUCKOM TMaJICHUA B HECKOPPEKTHPOBAHHOMN
MOJIEIM U B MOJEINH, CKOPPEKTUPOBAHHOU C
y4eToM nemMorpauuecKkux JTAaHHBIX,
yHoTpeOJaeHNs aJKorojisi, HHIEKCa MaccChl
TeNa, XPOHUUYECKUX 3a00JeBaHUM, 3peHus u
TeJeCHOW Oonu. AHalIM3 Takke IMoKa3all
MOBBIIICHHBIM PUCK MAJAEHUN Yy JKEHIIUH
C IUACTOJINYECKUM apTeEpUaIbHBIM 1aBJICHUEM
<70 MM pr. ct. bera-6mokaropsl ObLIH
€IMHCTBEHHBIM KJIACCOM
AQHTUTUIIEPTEH3UBHBIX MpPENapaTroB, KOTOPHIH
ObUI CBSI3aH C MOBBIIIEHHBIM PUCKOM MaI€HUIN
[0 CPAaBHEHHUIO CO BCEMHU APYTUMHU TUIIAMHU
AQHTUTUIIEPTEH3UBHBIX
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npenapatoB. [1oBbIIIEHHBII PUCK ObLT CHUXKEH
MOCJIe TIONPaBKK Ha (DAKTOPHI pUCKA MMAICHUI
U CTaj HECYIIECTBEHHBIM MOCIE MOMPaBKH Ha
¢bu3nIecKyio byHKIHIO HIDKHUX
KOHEYHOCTEH, MpeAroaras, 4YTo acCoIUarus
MOXET OBITDH CBsI3aHa C
nuddepeHIInPOBAHHBIM UCIOJIb30BaHHEM
OeTa-010KaTOpoOB cpenu JKEHIIMH C
¢bakTopamu pucka najgeHuu [22].

YyuTbiBas OTCYTCTBHE J0OKa3aTelbCTB
CBSI3M JUIMTENBHOTO AHTUTHIICPTECH3UBHOTO
JICUEHUS C MAJACHUSIMHU, KIMHULIUCTHI OOBIYHO
CCBUIAIOTCS Ha PUCK MA/ICHUN KaK Ha IPHYUHY
OTKa3a OT JICYCHHsI ISl CHIDKEHUS IIeJIEBOTO
YPOBHS apTEPUATBLHOTO JIABJICHHS Y TIOXKHIIBIX
mrozei. B otiuume ot ciaboit oOpaTHOM CBS3H
JMACTOJINYECKOTO apTepUaIbHOrO J1aBJICHUS B
MOJIOKEHUHM CHUJSl C CAMOOILICHKOHM MaaeHuit
CpeIy S>KEHIIMH, TOJYYaBIIMX JICYCHHE IIO0
MOBOJYy apTepUANbHONM TUIEPTCH3UH, B
uccinenopannu Bromfield S.G. et al [29] He
BBISIBICHO  CBS3M  MEXAYy  H3MEpEeHUEM
CUCTOJIMYECKOTO  WJIM  JIMACTOJIMYECKOTO
apTepHabHOTO JIABJICHUS B MOJIOXKEHUU CHUJS
C TpaBMamMH W majaeHusMU. Heobxomumo
JanbHelIee M3y4eHHe TOTrOo, CBSI3aHbI JIH
HU3KHUE YPOBHU JTNACTOJINYECKOTO
apTepHabHOTO JABJICHUS BO BPEeMs JICUCHUS C
MTOBBIIIICHHBIM PUCKOM ITaJICHUH.

[Tokazano, 4TO UCIIONIb30BaHUE
WHTHOUTOPOB aHTHOTCH3WHITPEBPAIIAIOIIETO
(dbepMeHTa U HUTPOIIIUIIEPHHA Y TAIIHEHTOB C
apTepuaIbHOU TUIIEPTEH3UEN B
JOOTNIEPALIMOHHOM TTEPUOJIE TO3UTUBHO BIUSET
Ha pe3yJbTaThl XHPYPrHUECKOTO JICUCHUS
nepBuuyHoM  mmaykomel  [30, 31, 32].
Henocratounoe uinu HeapPekTUBHOE JTeUEHHE
apTepHalbHON THIEPTEH3UU MPEICTaBISICT
3HAYMMBIH (DAKTOp pHCKa IUIOXOTO OTBETAa Ha

AHTHMAHTUOTE€HHYIO TEPAINIO npu
HEOBACKYJIIDHOM BO3PACTHOW MAaKyJISIpPHOMN
JlereHepaluu [33] u pa3BUTHSA

OTKPBITOYTOJIbHOM I1ayKoMbl [34].
Uccnenoanne Quan Y. et al [18], kak u
MIPOBEJICHHOE HAMM, BBISIBUJIO CYLIECTBEHHYIO
KOpPPESALHUIO MEXIY apTepUaIbHON
TUIIEPTEH3UENH M CApKOIIEHHEW Y TOXKHUIBIX
namueHToB 6e3 Hapymenus 3peaus (OR=1,39;
95% JAW: 1,15-1,67; p<0,01). [pyrue
UCCIIEIOBAHUS  TaKKe  IOKa3alId,  4YTO

CapKONEHHUS] HMMEET CYIIECTBEHHYIO CBS3b C
aprepuaipHoil  runeprensuent  [19, 35].
OnHako B ucciieoBanuii [19], mpoBeneHHOM ¢
ydactueM 4252 B3pociblX MyX4MH B AHIIUY,
HE yAaloCh OOHAPYXUThb 3HAYUMOW CBS3U
MEXKIy CapKOIEHUEH M  apTepUajbHON
runepreHsueit. Mccrnenoparenu OTMETHIN, YTO
He OBUIO BBISBICHO CYIIECTBEHHOW CBSI3U
MEXJy CapKOIlEHMEH U CapKOINEHUYECKUM
OXKUPEHHEM C PHUCKOM pa3BUTHUSI CEPIEYHO-
COCYTUCTBIX 3a00JIeBaHMNA. AHAJTOTHYHBIM
o0pa3oM, JApyroe KOTOPTHOE HCCIIeJOBaHuE,
MPOBEACHHOE C YyudacTueM 3366 MOKHIBIX
moneit B Coenuuennsix llltarax, mokasaino,
4TO CapKOIIEHNYECKOe OXXUPEHUE,
UICHTU(PUIIMPOBAHHOE HA OCHOBE MBIIICUYHOM
Macchl, HE OBbUIO CYIIECTBEHHO CBSI3aHO C
CEpIICYHO-COCYAUCTHIMU 3a00eBaHUsAMU. Tem

HE  MEHEe, HEKOTOpbIE  HUCCIEOOBaHUS
MOKa3aJu, YTO CapKOIICHUS u
CapKOIIEHUYECKOE OKHPECHUE HMEIOT
3HAQUUTEIBHYI0 CBSI3b C  apTepUaJIbHOMI
TUIIEPTEH3UEH [35]. Oxupenue B
3HAYUTEIBHOU CTENEHU CBA3aHO c
apTepuaIbHOU TUIIEPTEH3UEH, 51

MPOTUBOPEUMBBIC JAHHBIE O CBSI3U MEXIY
JUIAMHA C CApKOIICHUYECKUM OXHPECHUEM U
PHUCKOM pa3BUTHSI apTePUATBHON TUTIEPTEH3UN
MOTYT OBITH CBSA3AaHBI C pasinuusaMu B
WCCIEMyeMbIX  TpyINax  HaceleHus U
OTCYTCTBUEM CANHOI'O AUArHOCTHUYCCKOT'O
METOAa WM Pa3IUYHBIX HHCTPYMEHTOB
OLIEHKH cocrasa Tena, KOTOpBIE
HCIIOJIb30BAJIHCh TUIS JTUArHOCTUKHU
CapKOTeHNYeCKoro oxkupenus [19].
CapkomieHusi CBsi3aHa C  Pa3BUTHEM
apTepHAIbHON  THIEPTEH3UH  IOCPEIICTBOM
Pa3IMYHBIX TMOTCHUOHUAJIBHBIX MCXAaHU3MOB,
TaKMX KaK HEJOCTaTOYHOE IMOTpeOlieHue
Oenmka,  pPE3UCTEHTHOCTh K  HMHCYJHUHY,
CHIDKEHUE (buznueckoii aKTUBHOCTH,
PE3UCTEHTHOCTh K MHCYJIUHY U XPOHUYECKOE
Bocmasienue [18]. XpoHudeckoe BOCTaJICHHE,
0COOGHHO  BBIpAaOOTKa  KaTaOOJIMYECKHUX
IIUTOKUHOB, IHPOKO MU3y4JaIOCh KaK OCHOBHOM
MEXaHU3M  DPa3BUTUS  CAPKONEHUU U
BO3PACTHBIX ~ XPOHUYECKUX  3a00lileBaHUMH,
BKJIIOYas  TUIEPTOHUIO. BocmanmurenbHas
p€akuus MOXKET BbI3BATH BBICBO60)K)I€HI/I€
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LUTOKUHOB, KOTOpBbIE CHOCOOCTBYIOT
pacCILeIICHUIO MBIIIIEYHOTO OelKa U YCKOPSIOT
MIPOrpeCcCUPOBAHUE capKoneHuu. OTH
BOCHAIMTENbHBIC (PAKTOPBl TaKKe MOTYT
BIIMSATH Ha CUMIIATHYECKYIO HEPBHYIO CUCTEMY
u PEHUH-aHTUOTEH3UH-AJ1b/I0CTEPOHOBYIO
CUCTEMY, PUBOAS K MOBBILICHUIO
aprepuanpHoro  naaeneHus. Kpome  Toro,
MOSIBIIIETCSL BCE OOJbIIE TOKA3aTEeNbCTB CBIA3U
PE3UCTEHTHOCTH K MHCYJIUHY C CapKOIEHUEH
[18]. Pe3uCTEeHTHOCTh K MHCYIUHY HE TOJIHKO
yCyryOJsieT MOTEPI0 MBIMIEYHOM CHIIBI, HO U

YBCINYNBACT PHUCK apTepHaanoﬁ
TUINICPTCH3HU 3a CUCT PA3JIMYHbIX MCXaHHU3MOB,
BKJIO4Yasd IMNOBBIIICHHYIO AKTHUBHOCTbB

anruorensuna Il u anpgocrepona [36]. Gu Y.
et al. [37] oOHapyXWIH, 9TO MBIIICYHAS CHIIA
CITY)KUT MPOTHOCTUYECKUM baxTopom
BO3HUKHOBEHUS apTepUaAIbHOM THIIEPTEH3UH Y
M1 CpE/IHEro U MOXHJIOTO
Bo3pacrta. He3aBucumass posib  MbIIIEUHOH
CHJIBI B  NPOPHIAKTHKE  XPOHUYECKHX
3a0o/eBaHU  Moy4aer  Bce  Oosbliee
npu3HaHue. bbulo MmokasaHo, 4TO MbIIIEYHAs
CUjla W TPEHUPOBKM HAa BBIHOCIHUBOCTD
MOBBIIIAIOT YYBCTBUTENIBHOCTh K WHCYJIUHY,
9TO  SBISACTCS  KIIIOUYEBBIM  MEXaHHU3MOM
pa3BUTHA apTepUabHON runepreniuu [37].
PasBurne CapKOIIEHUH pu
apTepuanbHOi TUIIEPTEH3UH, IOMUMO
Ha3BaHHBIX BBIIIE MEXaHU3MOB, CBA3aHO C
PE3UCTEHTHOCTBIO K HWHCYJIHMHY, KOTOpas
yCyryonseT moTepro MblledHol cuibl [38].
Pe3ncTeHTHOCTh K MHCYJIMHY CIIOCOOCTBYET
Pa3BUTHIO TUINEPTOHUM YEpe3 HECKOIBKO
MEXaHU3MOB, CpeId KOTOPBIX YCHUJICHHE
aKTMBHOCTH TKaHEBOTo aHruoteHsuHa Il u
QJIBbJJOCTEPOHA, TOBBIIEHHAS AaKTHBHOCTb
CUMITaTUYECKOU HEPBHOU CUCTEMBI,
OKHCIIUTEIBHBIN CTpecc, U HOBOE SIBJICHHE,
M3BECTHOE Kak «OH/IOTETHANTbHAS
MHCYJTUHOPE3UCTEHTHOCThY. [lokazano,  4To
MOJIABJICHHE 3aBHCHUMBIX OT aKTHBHBIX (popm

KHCJIO0poaa nyTen B SHIOTEIUHU
BOCCTAHABIIMBACT JOCTAaBKy WHCYIMHA K
nepudepruIecKumM opraHam 3a cyer
COXpaHEeHUS JOCTYITHOCTH OKCHJIa

azora. CornacHO 3TOM TOUKE 3pCHHA, B OCHOBC

apTepHabHOMI TUIIEPTEH3UU JIEKUT
PE3UCTEHTHOCTh K MHCYIUHY [39].
3akjaroueHune. OyHKIIMOHAJIbHBIMU
neduuTamu, YXYAIIAIO MU
WHIUBUAYAIbHYIO KU3HECIIOCOOHOCTD
MOXWIBIX ~ MAllMEHTOB  C  HApYyIICHHEM
3pUTENbHON  (PYHKUWH, COYETAaHHBIM  C
apTepUaIbHOM  TUIIEPTCH3UEH,  SBIAIOTCA
CUH/IPOM I1aJIeHU M, KOTHUTUBHBIX HAPYIICHUH,
CapKOIIeHHH, JICTIPECCUM U HApYIICHHs CHa,
4acToTa KOTOPBIX 3HAYUTEIBHO IPEBBIIIACT
4acTOTy Cpead  TAIlUEeHTOB, HMMEIOIIUX
HapyILICHUE 3pUTEIBHON (PYHKIINU.
Coueranue apTepuaibHON TUIIEPTEH3UN
C HapyluleHHeM 3pUTeNbHON (QyHKIUH Yy
MOXXHWJIBIX TAIMEHTOB TOXHUJIOrO BO3pacTa
MOBBIIIACT PUCK PA3BUTHSI MPEUMYIIIECTBEHHO
KOTHUTHBHBIX  HapyIIEHUW,  CapKOICHUH,
JICTIPECCUU U CUHJpoma naaeHui Ha 18-20%,
HO He BiIMsAeT Ha (POPMUPOBAHUE CHHIPOMA
TPEBOTM W MAaJIbHYTPUIMH, YTO CIIEAYyeT
YUHUTHIBATH npu peanuzanuu
TepOHTONPODUIAKTHUECKUX  MEpPONPUATUI
cpend JaHHOTO KOHTHHreHTa. lloatomy
TepareBTaM, KapJuojaoramM u o TaibMojIoram
HEOOXOUMO  CTPEMHUThCS K  paHHEMY
BBISIBJICHUIO apTE€pUaIbHOM TUIEPTEH3UU U
HapylIeHUs  3pUTEIBHOM  (QYHKIUH, UX
KOPPEKIINHN JUTSt npodUIaKTUKU
(YHKIIMOHAIBHBIX 1€(PULIUTOB.
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