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First molecular cytogenetic characterization
of the MMT 060562 murine breast cancer
cell line

Shaymaa Azawi ©, Lisa-Marie Barf®, Thomas Liehr
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Am Klinikum 1, D-07747 Jena, Germany
Corresponding author: Thomas Liehr (Thomas.Liehr@med.uni-jena.de)

Abstract

Background: Murine cell lines are working horses applied as model systems in mul-
tiple research studies in many laboratories. Nonetheless, most of them are not well
characterized at the genetic level. This diagnosis holds also true for the MMT
060562 murine breast cancer cell line, also referred to as MMT060562 or MMT-
060562. The aim of the study: To provide detailed cytogenetic characterization of
the MMT 060562 cancer cell line. Materials and methods: The cell line was stud-
ied by molecular cytogenetics, namely by fluorescence in situ hybridization applying
all murine while chromosome paints in one probe set and all chromosome-specific
murine multicolor banding probe sets. Results: For this we present here the first de-
tailed karyotype of the established in 1962 cell line, a comprehensive map of chro-
mosomal imbalances and an in-silico translation of the results to the human genome.
Surprisingly, MMT 060562 has only few chromosomal aberrations, even a cell clone
without any gross chromosomal abnormalities in ~40% of the cells, and with most
aberrant of four cell clones showing a dicentric dic(2;17)(A1Al), a derivative
del(3)(A3C), a trisomy 6, and a derivative
der(14)t(13;14)(14pter->14D1::14B—>14D1::13A3->13qter). Conclusion: It could
be shown, that MMT 060562 is most similar to human breast cancer of basal-like
tumor type. Thus, this cell line can serve as a model for a very early breast cancer
stage and thus closes a gap in the yet available cell lines.

Keywords: breast cancer (BC); MMT 060562 murine cell line; murine multicolor
banding (mchb)

For citation: Azawi S, Barf LM, Liehr T. First molecular cytogenetic characteriza-
tion of the MMT 060562 murine breast cancer cell line. Research Results in Biomed-
icine. 2021;7(1):4-14. DOI: 10.18413/2658-6533-2020-7-1-0-1
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Introduction. In female breast cancer
(BC), being a major leading cause of human
cancer death, survival chance varies still tre-
mendously, depending on many factors like
awareness, preventive programs, diagnostic
regimens, and possibilities to treat this disease
[1]. The incidence of this malignancy is fur-
thermore influenced by such factors as average
life expectancy in the country the person is de-
rived from, life style, individual estrogen-
levels, number of children of the woman, and
family history of cancer, including adverse
gene mutations [1, 2]. As BC is heterogenic, it
is divided into subtypes according to morphol-
ogy, molecular profiles, and specific biomarker
expression [3]. Accordingly, various subtypes
may have different prognoses, clinical out-
comes, and maybe in need of specific treat-
ment regimens [3, 4]. Biomarkers studied to
perform BC subclassifications may include
oncogene and tumor suppressor gene expres-
sion levels, as well as that of other gene-
products, like estrogen-, progesterone-, human
epidermal growth factor-2- (HER-2/ ERBB2)
and epidermal growth factor-receptor, or cy-
tokeratin 5 or nuclear protein Ki67 [5, 6].
Thus, BC may be classified in (a) luminal A-
like, (b) luminal B-like (HER2-positive and
HER2-negative), (c) HER2-overexpressing,
and (d) triple-negative subtypes [3, 6]. Fur-
thermore, liquid biopsy plays an increasingly
important role in BC follow-up [7].

Various treatment regimens for BC sub-
types are available [6, 8], however, severe side
effects cannot be excluded in many of these ap-
proaches. Also, aggressive courses of disease
and limitations in BC treatment are not unusual
[9]. Therefore, research on BC-biology, as well
as for new treatment strategies is imperative
[10], which are undertaken in cell cultures
based on murine BC cell lines [5].

The MMT 060562 murine BC-cell line,
also referred to as MMT060562 or MMT-
060562, has been applied in about 2 dozen
studies (see [11]), and, as most of other such
cell lines [12], still been not characterized in
detail genetically. According to ATCC, this
cell line was established in 1962 [13] as being
derived from a hybrid female C57BL/6xAf
mouse as a spontaneous malignant neoplasm

of the mouse mammary gland [14]. To the
best of our knowledge the karyotype of this
cell line was never published before, howev-
er, according to ATCC, MMT 060562 has a
modal number of 40 chromosomes with a
range of 36 to 81, and a stem line number be-
ing diploid [13], while ECAAC gives a de-
scription that the cell line is diploid with 2n =
40 [14]. To close the gap in the literature, here
we present the first molecular cytogenetic
characterization of the MMT 060562 cell line.

Material and Methods

Cell line. The MMT 060562 cell line
was purchased from the American Type Cul-
ture Collection (ATCCR CCL-51™; Wesel
Germany) and grown adherently according to
the company’s instructions: the cells were cy-
togenetically worked up as previously de-
scribed [12].

Molecular cytogenetics. FISH was done
as previously reported [15] applying whole
chromosome paints (“SkyPaintTM DNA Kit
M-10 for Mouse Chromosomes”, Applied
Spectral Imaging, Edingen-Neckarhausen,
Germany) for multicolor-FISH (mFISH), and
murine  chromosome-specific ~ multicolor
banding (mcb) probe mixes for FISH-banding
[16]. At least 30 metaphases were analyzed
for each probe set (Zeiss Axioplan microsco-
py, equipped with ISIS software (MetaSys-
tems, Altlussheim, Germany).

Data analyses. Imbalances and break-
points of MMT 060562 were determined ac-
cording to mcbh data and aligned to human
homologous regions using the Ensembl and
the UCSC Genome Browser, as previously
described [12]. The obtained data were com-
pared to genetic changes known from human
BCs as previously done [5].

Ethics Statement. According to the Eth-
ical Committee (medical faculty) and the An-
imal Experimentation Commission of the
Friedrich Schiller University, there are no eth-
ical agreements necessary for studies involv-
ing murine tumor cell lines like MMT
060562.

Results. MMT 060562 is a cell line
with nearly stable diploid karyotype, only few
single cell aberrations were present, which are
not reported here. The aberrations detected
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could be divided in two clones, with clone 2
having three sub-clones.

—Clone 1 can be considered as the an-
cestor and has a completely normal murine
karyotype representing 42% of the studied
metaphases; karyotype: 40,XY.

—Clone 2, falling in three subclones,
has as typical aberration in common an addi-
tional chromosome 6:

e clone 2a showed a trisomy of chro-
mosome 6 and an inversion in a chromosome
2 (11.3% of the cells); Kkaryotype:
41,XY,inv(2)(C3E5),+6;

e clone 2bl (28.5% of the cells) ac-
quired a complicated aberration involving
chromosomes 13 and 14;

41,XY,+6,der(14)t(13;14) (14pter>14D1::14
B—>14D1::13A3->13qter);

e clone 2b2 (18.2% of the cells) ac-
quired an additional aberration involving
chromosomes 2 and 17 and showed the karyo-
type
40,XY,dic(2;17)(A1A1),del(3)(A3C),+6,der(1
4)t(13;14)(14pter>14D1::14B>14D1::13A3
—>13qter) (Fig. 1).

FISH-data translated to CGH-data is
summarized in Table 1 and Fig. 2A. An in-
silico translation of those results to the human
genome identified the corresponding homolo-
gous region in the human genome (Table 1,
Fig. 2B).

Fig. 1. Murine multicolor banding (mcb) was applied on chromosomes of the MMT 060562 cell
line — here the result for clone 2b2 is shown. This figure depicts the summary of 20 chromosome-
specific FISH-experiments as typical pseudocolor banding. Derivative chromosomes consisting of

different chromosomes are highlighted by frames and shown twice in this summarizing karyogram.
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Beginning of Table 1

Homologous regions of the MMT 060562 mouse cell line CNVs, translated to human

Mouse Human Type of CNV
2A1-A3 10p12.1 gain
2A3 2022.2-q13
2A3-B 9933.2-q34.3
2B-D 2022.1-g32.1
2D-E3 11pl4.2-q12.1
2E3-F1 15g13.3-g21.2
2F1 2pl1.2-q11.2
2F1 2913
2F1-H4 20p13-913.33
6A1 7p22.1-p21.3 gain
6A1 7921.2-q21.3
6A1-B2 7931.1-g36.1
6B2 7936.1
6B2-B3 7p15.3-p14.3
6B3-C1 4022.1-922.3
6C1 4927
6C1 1p31.3
6C1-D1 2p13.3-p11.2
6D1 3p25.2-p25.1
6D1 3021.2-g21.3
6D1-E 3pl4.1-p12.3
6E1-E3 3p26.3-p25.2
6E3 3021.3-g22.1
6E3-F1 10g911.21-911.22
6F1 22q11.1-g11.21
6F1-F3 12p13.33-p13.31
6F3 12p11.21
6F3 12p11.21
6F3-G3 12p13.31-p11.21
13A3-A5 6p25.3-p23 gain
13A5 6p23-p22.3
13A5-B1 9022.1-922.32
13B1 5931.1-gq31.2
13B1 5935.2-935.3
13B1-B2 9921.32-921.33
13B3 8g22.1
13B3 9pll.2
13B3 9p13.1
13B3 9912-g13
13B3 9922.32-922.33
13B3-C1 5p15.33-p15.31
13C1-C3 5q14.3-q15
13C3-D1 5913.2-q14.3
13D1-D2 5911.1-q13.2
13D2 5p12
13D2 1p11.2
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End of Table 1

Homologous regions of the MMT 060562 mouse cell line CNVs, translated to human

Mouse Human Type of CNV
14B 3p25.1 gain
14B 10g11.2-g11.23
14C1 14g22.1-g23.1
14C1-C3 14q11.2-912
14C3 13g12.11
14C3 13qg12.12
14C3-D1 13q14.2
14D1 13qg12.12
14D1 13q14.2-q14.3
14D1 13g12.13
17A1 6025.2-925.3 gain
17A1 6025.3-927
17A1 6G27
17A1-A2 6q27
17A2-A3 5g15-g21.1
17A3 5035.1
17A3 6p21.32-p21.2
17A3 16p13.3
17A3-B1 21022.3
17B1 6p22.1-p21.32
17B1 19p13.12
17B1 19p13.2
17B2-C 6p21.2-p12.3
17C 2q12.2-912.3
17C 3p25.1-p24.3
17D 19p13.3
17D-E1 5¢21.1-922.1
17E1 18p11.32-p11.22
17E1-E5 2p23.2-p16.3
17E5 2p16.3-p16.2
17E5 18p11.32
3A3 3026.2-026.32 loss
3A3-B 3026.32-0927.1
3B 9pl11.2
3B 9p12
3B 9913
3B-C 4927-g31.1
14D1 8p23.1 loss
14D1-D2 8p21.3-p12
14D2-D3 13g14.11-914.2
14D3-E4 13q14.3-g33.1
2A1 n.a. breakpoint
2C3 2923 breakpoint
2E5 15915 breakpoint
3A3 3026.2 breakpoint
3C 4g31.1 breakpoint
14D1 13g14.1 breakpoint
17A1 n.a. breakpoint
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Fig. 2. Copy number variations detected in the MMT 060562 cell line are summarized here with
respect to a diploid-basic karyotype. Gains are shown as green bars and losses are red, and breaks
are registered as arrows. (A) Imbalances found in the cell line depicted along a murine chromosome
set; (B) Results translated and projected along the human chromosome set.

Comparison with literature. The corre-
sponding homologous regions of the MMT
060562 cell line compared with the common
imbalances in related to human BC [5, 17, 18]
revealed copy number variations in 9 of 21
regions (43%) known to harbor oncogenes
and tumor suppressor genes (Table 2). The
here reported breakpoints of MMT 060562

compared to chromosomal breaks of human
BC presented a congruency of 6%, only (Ta-
ble 3). The genetic alterations in the cell line
correlated with the molecular subtype for hu-
man BC as shown in Table 4. The results re-
vealed the best correspondence between
MMT 060562 and human BC subtype basal-
like tumors (18%).
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Table 2
Oncogenes and tumor suppresser genes of importance in BC according
to the literature [17, 18] and their involvement in gains or loss of copy humbers
in the studied cell line

Oncogenes and tumor suppressor o
Gene loci in human MMT 060562
genes
NRAS 1p22 or p13 no CNV
MSH2 2p22 gain
RAF1 3p25 gain
RARB2 3p24 no CNV
MLH1 3p21 no CNV
APC 5g21 gain
MYB 6g22-923 no CNV
IGFII-R 6026 gain
MYC 8q24 no CNV
CDKN2A (p16INK4) 9p21 no CNV
PTEN 10923 no CNV
HRAS 11p15.5 no CNV
CCND1 11qg13 no CNV
INT2 11qg13 no CNV
ATM 11922 no CNV
CDKN1B (p27kip1) 12p13 gain
KRAS2 12pl12.1 gain
BRCA2 13912 gain
RB1 13914.2 gain
CDHZ1 (E-cadherin) 16qg22 no CNV
TP53 (p53) 17p13 no CNV
ERBB2 17921 no CNV
BRCA1 17921 no CNV
SERPINBS (maspin) 18g21 no CNV
STK11 (LKB1) 19p13 gain
SUM of concordance in CNVs of potentially affected regions 9/21

Note: CNV — copy number variant
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Table 3

Breakpoints in MMT 060562 compared to the observed acquired breaks
in human BCs according to the literature [5]. Concordances with human breakpoints
are highlighted in bold

Breakpoint acc. to human genome

Human BC

MMT 060562

1p33

+

1925.3

+

2p23

+

2931.3

3p26.1

*)

3p12.3

3921.3

4022.3

4026

4q31.23

5p14.2

5q13.2

5q14.3

6q12

89233

8q24.22

9p24.2

9p21

10p11.21

11p15.5

12q12.1

12q24.31

13q21.2

e o o e e L o B o I e e A

13q14.1

14932

+

15q15

16q13.3

17p12

17q21

19p13.1

20q13.3

22q12.2

+| +| +| +| +] +

SUM of concordance

2/32
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Table 4

Copy number changes associated with molecular subtypes of human BC, according to [19],
with the copy number variants (CNVs) in the MMT 060562 cell line.
Concordances with human CNVs (in italics) are highlighted in bold

DNA changes in BC Subtypes Human BC MMT 060562
HER2+
17911.1~12 gain no CNV
17¢921.31~23.2 gain no CNV
SUM of concordance 0/2
Basal-like tumors
4p15.31 loss no CNV
5012.3~13.2 loss gain
5933.1 loss no CNV
6pl2.3 gain gain
6p21.1~23 gain gain
8024.21~24.22 gain no CNV
10p12.33~14 gain no CNV
10023.33 loss no CNV
12g13.13~13.3 loss no CNV
15q15.1 loss gain
15921.1 loss gain
SUM of concordance 2/11
Luminal A
1921.3~44 gain no CNV
16p13.12~13.13 gain no CNV
16q11.2~13 loss no CNV
16qg22.1-24.1 loss no CNV
SUM of concordance 0/4
Luminal B
1p31.3 loss gain
8p21.2~23.1 loss no CNV
17q923.2 gain no CNV
SUM of concordance 0/3

Note: no CNV - no copy number variant

Discussion. Heterogeneity of BC is one
of the reasons that its biology is overall still
poorly understood. Correspondingly, basic
research and studies testing new potential
therapeutics are necessary [9; 20]. MMT
060562 is a murine BC cell line yet not char-
acterized cytogenomically in detail. Thus, its
reluctant use in research studies, according to
PUBMED [11] only ~20 papers are published
using this cell line, here we did the first de-
tailed molecular cytogenetic study to close
this gap. The same approach as previously
undertaken for several other murine cell lines

was done for MMT 060562 [5, 12, 15, 16,
21-23].

The MMT 060562 cell line presents a
normal karyotype in ~40% of the studied
cells, which is surprising for an almost 60-
year-old cell line. Most likely it would be an
ideal candidate to be studied by sequencing,
to find submicroscopic mutations leading
cells on the path towards BC-malignization.
Also it is striking that since its establishment
MMT 060562 cells did not tertaploidize, as
reported mainly for human cell lines [24] and
~50% of murine tumour cell lines [5, 12, 15,
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16, 21-23]. To the best of our knowledge, the
MMT 060562 cell line is the less chromoso-
mal aberrant malignant cell line ever reported.
However, it is definitely a cell line, which in-
duced tumors in nude mice [25].

Conclusion. Overall and in conclusion,
the MMT 060562 cell line is a very interest-
ing model system for early human BC, which
should be studied in more detail and applied
in corresponding studies for new therapeutica.
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Pesrome

AKTyanbHOCTh: [lOMHOreHOMHBIC accolMaTUBHBIC HccienoBaHus (genome-wide
association studies, GWAS) mnpencTaBisioT co00H pa3HOBHIHOCTh TEHETHYECKHX
MCCJIEJOBAHNM, LIEJIBI0 KOTOPBIX SBJSETCS aHAINU3 acCOLMALUN MEX1y T€HOMHBIMU
BapHaHTaMU ¥ (PEHOTUIHYECKUMHU MpU3HAKAMU B MOMYJISUK. 3a nociaeanue 12 net
ObU10 ycTaHOBIIEHO Oosiee 60 ThICSY accolMalUil MEXy TPeMs MUJUIMOHAMHU OJ[HO-
HYKJICOTHAHBIX ToauMop(dHBIX BapuaHToB (SNPS) u 829 3aboneBanusimu. Tem He
MeHee, HECMOTpSI Ha JIOCTUTHYTBIE yCHEeXH, OOJIbIIYI0 MpoOjaeMy HpeicTaBiseT BO-
IPOC MAaTOT€HETUYECKOW HHTEPHpPETAlMy IMOJYYEHHBIX JIaHHBIX, [TOCKOJIbKY abco-
JIOTHOE OOJIBIIMHCTBO JIOKYCOB HAXOJATCS B MEKI'€HHBIX OOJIACTSX U HEKOJIUPYIO-
KX nocieaoBarenbHocTAX reHoma. leab ucciaenoBanms: M3yuyuth BO3MOKHOCTH
CYIIECTBYIOIIUX OMOMH(OPMATUYECKMX HHCTPYMEHTOB, I0O3BOJIIOLUINX OLIEHUTH
BO3MOXHBIE (QeHoTunuyeckne pdextsl SNPS Ha ompeneneHHbIE MOJNEKYISIpHBIE
(GyHKIMU U OMOJIOTMYECKHE MPOLIECCHl, a TaKXKe MMEIOIIMe MaTOreHeTHIYeCKoe 3Ha-
YeHHe Ui Pa3BUTUS MYJIbTH(AKTOpUAIbHBIX 3a0oyieBaHUl. MaTepuajbl U MeToO-
abl: [TpoBeneH aHanu3 poccuiickoi U 3apy0eXHOM Hay4YHOU JTUTEpaTyphl IO OMOUH-
dbopMaTHUECKHM METOJaM aHallu3a U MHTEPHET-pecypcam, HEOOXOAUMBIM JJIsl OLICH-
KU PETYJISATOPHOTO MOTEHLMANA MOIMMOP(HBIX JOKYCOB, YCTAHOBJIEHHBIX B IMOJHO-
T€HOMHBIX aCCOIMATHUBHBIX HCCIEIOBAHUAX MYJIbTHU(AKTOPUATIBHBIX 3a00JI€BaHUU.
Pe3yabTaThl: B 0030pe npecTaBieHbl OCHOBHBIE HTOTH M3YUEHHS CIIEKTpa MpUMe-
HeHus 0a3 JaHHBIX U MHTEPHET PECypcoB Uid OlleHKHU BiusHUs BapuantoB JJHK Ha
DKCIIPECCHIO T€HOB B PA3IMYHBIX TKaHAX, metunupoBanue JIHK, xapakrepuctuku
MEeTabO0JIOMHOTO TPOQUIS, PACCMOTPEHBI ATOPUTMUUYECKHUE TIOJIXOJbI, CUCTEMAaTH-
3MPOBaHbI KAYECTBEHHBIE U KOJIMYECTBEHHBbIE ONliNE-MHCTPYMEHTHI, 8 TaK)Ke BBIYMC-
JUTENbHbIE METObl. 3ako4yeHue: [lolHOreHOMHBIE accOIlMaTHBHBIE HMCCIEN0Ba-
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HUS OTKPBUIM HOBYIO 3Py B UCTOPHU I€HETUYECKHUX MCCIIEAOBAHUMA MYJIbTH(AKTOPHU-
abHBIX 3a00sieBanmit. buonndopmaTrueckuii ananus in Silico mo3Bonser naTh Bce-
CTOPOHHIOIO OIEHKY 3¢ ¢dexrtam SNPS 1 uxX poju B pa3BUTHU TOTO WM UHOTO (heHO-
TUIIMYECKOTO MIPU3HAKA OOJIE3HHU.

KawueBble ciaoBa: JIHK-nmonmuMop¢hu3Mel; MOJIHOTEHOMHBIE ACCOIMATHUBHBIE HC-
cileZloBaHus; MyJbTH(aKTOpUanbHble 3a00sieBaHus; OMOMH(DOPMAaTHUECKUE UHCTPY-
MEHTBI
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YeCKHEe MHCTPYMEHTHI M HHTEPHET-PECYPCHI IS OLEHKH PETYIATOPHOTO MOTCHIIAAIA
MOJMMOP(HBIX JIOKYCOB, YCTAaHOBJICHHBIX IMOJHOT€HOMHBIMU aCCOLMATUBHBIMHU HC-
CJICIOBAaHUSIMH MYJIbTH()AKTOPUATBHBIX 3a00seBanuii (0030p). HayuHbie pe3ynbraTs
onomenuuHCKuX uccienosanuii. 2021;7(1):15-31. DOI: 10.18413/2658-6533-2020-
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Bioinformatic tools and internet resources
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detected by genome wide association studies
of multifactorial diseases (review)
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Abstract

Background: Genome-wide association studies (GWAS) are a type of genetic re-
search whose purpose is to analyze the associations between genomic variants and
phenotypic traits in a population. Over the past 12 years, more than 60000 associa-
tions have been established between three million single nucleotide variants (SNPs)
and 829 diseases, however, despite the progress achieved, the pathogenetic interpre-
tation of the data is a huge problem, since the vast majority of the loci are located in
intergenic regions and non-coding sequences of the genome, or in genes that are not
related to metabolic pathways involved in the development of a particular pathology.
In this regard, the integrated usage of bioinformatic tools gives an opportunity to
evaluate the possible effects of SNPs on certain molecular functions and biological
processes related to disease pathogenesis. The aim of the study: To examine the ca-
pabilities of existing bioinformatics tools to evaluate possible phenotypic effects of
SNPs on certain molecular functions and biological processes, as well as having
pathogenetic significance for the development of multifactorial diseases. Materials
and methods: The authors carried out an analysis of the Russian and foreign scien-
tific literature on bioinformatic methods of analysis and Internet resources necessary
for the assessment of the regulatory potential of polymorphic loci established in ge-
nome-wide associative studies of multifactorial diseases. Results: The review pre-
sents the main results of studying the spectrum of application of databases and Inter-
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net resources for assessing the effect of DNA variants on gene expression in various
tissues, DNA methylation, and characteristics of the metabolomic profile. Conclu-
sion: Genome-wide associative research has opened a new era in the history of ge-
netic research on multifactorial diseases. In silico bioinformatics analysis provides a
comprehensive assessment of the effects of SNPs and their role in the development

of a phenotypic trait of disease.

Keywords: DNA polymorphisms; genome-wide association studies; multifactorial

diseases; bioinformatics tools
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BBenenne. IlomHoreHoMHBIE accoliya-
THUBHBIC HCCIICTOBAHMSI (genome-wide
association studies, GWAS) mnpencraBisior
co00Oi Pa3sHOBUIHOCTh T€HETHYECKHX HCCIIe-
JOBaHUM, I1IENIbI0 KOTOPBIX SIBJSIETCS aHAIU3
acCOIMALMK MEX/Ty TeHOMHBIMH BapHaHTaMH
U (DeHOTHNMHUYECKUMHU MPU3HAKAMU B IMOMYIIS-
uuu [1, 2]. Ha ceropnusimauii nenp GWAS
cTanu (arMaHOM MEIULUHCKON TE€HOMUKH
OTKPBITUM HOBBIX T'€HOB, KOTOpBIE BHOCST
BKJIaJ] B pa3BUTHE IOJIMTCHHBIX MYIbTHU(]AK-
TOpUaJbHBIX 3abosneBaHuil. [7naBHas wLeIb
ATUX HCCleoBaHUN — (popmupoBaHue Oolee
rITyOOKOTO TIOHUMaHHsA (yHJaMEHTAIbHBIX
OMOJIOTMYECKUX OCHOB 0O0JIE3HU, UTO anpuopu
JOJDKHO CTIOCOOCTBOBATh pa3pabOTKe U BHEI-
peruto Oonee 3(PPEeKTUBHBIX CHOCOOOB MPO-
bunakTUKU U JedeHus 3aboneBaHuil. DakTu-
yecku npu GWAS cpaBHUBAIOT T'€HOMBI
TpyMIbl OONBHBIX JIIOJIEH ¢ TEHOMaMH KOH-
TPOJIBHOM TpyIIbl, BKIIOYaOIIEei B ceds aHa-
JIOTHYHBIX IO BO3PACTY, MOy M APYTUM TPH-
3HaKaM 3710poBbIX JroAer [1]. GWAS BbisB-
JSIOT acCOIMAIlMM KOHKPETHBIX JIOKYCOB Te-
HOMa C MpHU3HAKaMHU WIN 3a00JIEBaHUSIMH C
MCTIOJIh30BaHNEM HA0Opa OAHOHYKIICOTHIHBIX
nogumoppusmoB mwiu  SNP, makcuMaibHO
MOKPBIBAIOIINX T€HOM M MapKHPYIOLINX OJ0-
KM  B3aMMOCBSI3aHHBIX  4acThix  SNPs
(tagSNP). Cospemennbie uunbl 1t GWAS
conepxkar 300000-5000000 tagSNPs ¢ mak-
CHMaJbHO BO3MOXXKHBIM ITOKPBITHEM TE€HOMA.
Oo6napyxenue accouuanuu tagSNP c¢ ¢deno-
TUTIOM O3HAYaeT, YTO OJMH WJIA HECKOJIBKO
MapKHPOBAHHBIX UM Koppenupytomuxcst SNP
JOJDKHBI  KOHTPOJIMPOBaTh  OHMOJIOTUYECKHE

(GyHKLIMH, KOTOpbIE JIE)KAaT B OCHOBE BBISB-
neHHo# acconuanuu [3]. OnHAKO TPAHCIALIMS
HakoIUIeHHbIX B pe3ynbrare GWAS reno-
(EHOTUMHYECKUX ACCOLMAINIA C TTO3HUIINH Ta-
TOT€HE3a CYIIECTBEHHO OCJOXKHSETCA TEM,
YTO (PaKT CTATUCTUYECKOW accolMalMM I0-
JUMOP(HOro BapuaHTa B I'€HOME C KaKHM-
a00 TPU3HAKOM HE BCErja SBISIETCS Mpsi-
MBIM CBUJIETEIbCTBOM BIIMSHUS T'€HA U OTpa-
KaeT MeXaHU3Mbl (DOPMUPOBAHHS MATOJOTH-
YeCKOro mnpoiecca.

Jl1st ToHUMaHus NaTo(pU3UOTOTHIECKON
B3aMMOCBSI3U T€HETHYECKOT0 BapuaHTa c Qe-
HOTUIIOM OOJIE3HH KJIIOUEBBIM MOMEHTOM SIB-
JieTCsl CTPYKTYpHO-(DYHKIIMOHAJIbHAs Xapak-
TEPUCTHKA U KJIACCU(PHUKALMS MOTUMOP(HBIX
monekynsl JIHK. Boigenstor 4 OCHOBHBIX
kinacca nonuMmopdHbix BapuantoB JIHK:
1) omHOHYKJIeoTHAHBIE BapuaHThl (SNVS mn
SNPs): ux uucino komebnercs Mo pasHBIM
naHHbeM oT 3750000 mo 4500000 [4]; 2) ko-
potkue (<50 HyKJICOTHAOB) MHCEPLUUU U Je-
neumu  (InDels): wux HacuuThIBaeTCs OT
700000 mo 1000000 [4]; 3) BapuaHTHI yuCIa
kot (CNVS) — B OCHOBHOM TpE/ICTABIICHBI
TaHJAEMHBIMU JYIUIMKAIUSIMU U COCTABIISIOT
5-10% renoma [5]; 4) cTpyKTypHBIE BapHaH-
Thl (SVS) — cocraBisitoT B cpeaneM 13% re-
HoMma [6]. Kaxnapiii Bapuant JIHK xapakrepu-
3yercs COOCTBEHHBIM (DEHOTHUIMHMUYECKUM (-
¢dextoM. OHM U3 TaKUX BapHUaHTOB XOPOIIO
u3ydeHsl, qpyrue — HeT. SNPS, nokann3oBaH-
HbI€ B 00JIACTH JAUCTAIBHOIO MPOMOTOpA WU
5 -wetpanciupyemoro peruona (5°-UTR),
CIOCOOHBI BIUATH HA SKCIIPECCHUIO T'€HA, B KO-
TOPOM OHHU HaxoAsaTcs (uuc-3QpdexTo), a
TaKke W Onu3jexamux TeHOB (TpaHc-
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addekrer) [7]. SNPS, nHaxopsimuecs B KOH-
CEHCYCHBIX MOCIEIOBATEIbHOCTAX U peryis-
TOPHBIX 3JIEMEHTaxX (PHXaHCepax, CalJieHce-
pax) MOTYT BIUSTh Ha COOPKY CIUIaiiCOCOMBI
U npolecc crutaiicunra [8, 9]. BapuanTel B 3°-
HerpaHciupyemoit obnactu (3 -UTR) u mo-
JTUA-CUTHAJIBHON MOCIIEI0BATEIbHOCTH
(AATAAA) cnocoOHBI CHIKATh CTaOWIIb-
HocTtb MPHK 1 yMeHbIIaTh €€ KOJIMYECTBO, H,
CJIEIOBATENIbHO, M KOJIMYECTBO CHHTE3UpYye-
MOTO OENKOBOTO MpOJyKTa. BapuaHThl, pac-
MOJIOKEHHBIE B CTApT- U CTOM-KOJIOHAX MOTYT
CYILIECTBEHHO H3MEHSTh KaueCTBO TPAHCIS-
[IUH, TIPUBOAS K 00pa30oBaHUIO OOJiee IITMHHO-
ro win 0oyiee KOPOTKOTo mojunentuaa ¢ 6o-
Jiee HU3KOU TEPMOJIMHAMUYECKON CTaOMIIbHO-
CTBIO 110 CPAaBHEHHUIO C HOPMAIbHBIM OEJIKOM
[10]. Omucansl HeoObIYHBIE d(DPEKTH Bapu-
AQHTOB B MCKT'CHHBIX JJIEMEHTaX, CIIOCOOHBIX
BKJIIOUATh WJIM BBIKJIIOUATH HKCIPECCHUIO y[ia-
JIEHHBIX T€HOB ITyTEM M3MEHEHHUs CTaTyca ux
METUIIUPOBAHUSI.

B Ttabnuue 1 cymmupoBaHbl OCHOBHBIE
JOCTHKCHHSI B MEAWIIMHCKOW TEHETHKE, I10-
Jy4eHHbIC B pE3yJIbTaTe MOJHOTEHOMHBIX ac-

conaTuBHbIX wuccienoBanuid [1]. C momo-
mpto  GWAS  ycranoneno 6Gomnee 10,000
HajexHbIX acconuanuii SNPS ¢ ¢peHotunamu
u Oone3Hsamu. B vactHocTH, OBLIA yCTaHOB-
JieHa BBIp@KEHHAs BapHalus I[OoKa3aTens
HepaBHOBecus 110 cueruieHuto (LD) B reHome.
BrisiBneno, uro Oosbliasi 10711 T€HETUYECKOM
W3MEHUUBOCTH, JACTCPMUHHUPYIOMICH TMOJHU-
TCHHbBIC MPU3HAKKU U OOJIC3HH, CBS3aHA C BIIU-
sareM JacTteix SNPS. beut monreepxaeH ¢e-
HoMeH Tuieiiorponnu: MHorue SNPS oxano-
BPEMEHHO BIIMSAIOT HA MHOKECTBO MTPU3HAKOB.
GWAS no3Bonwiy noATBEpAUTH NMPUYUHHO-
CIICJICTBEHHBIC CBS3M WM JIOKA3aTh JIOXKHOIIO-
JIOKUTENBbHBIX B3aMMOCBSI3H T€HOTHUIIOB U (e-
HotunoB. C momompto GWAS 6b110 mokasa-
HO, 4YTO TE€HETUYEeCKash CTPYKTypa MOXKET
MMUTUPOBATh TeOrpaduuecKyo CTPYKTYypy H
MPEJICTABICHBI  JIOKA3aTeNbCTBA  JCHCTBHS
ecrectBeHHOro otdopa. Coueranne GWAS c
OMHKCHBIMU TEXHOJIOTHSIMH TTO3BOJIHIIO YCTa-
HOBHUTBH, uT0 2/3 GWAS-accounmupoBaHHBIX
SNPs pacnoyioxkeHbl B T€HE, KOTOPBIH HE SB-
nsietTcs OMKalIIM reHOM K Hambolee acco-
uuupoBaHHoMy SNP.

Tabnuya 1

HocTrkennst GWAS B MeTHIIHHCKOI reHeTHKe

Table 1

GWAS achievements in medical genetics

Anaans

Heasn

OTkpbITHS

ITotTHOreHOMHBIN aHaJIM3 acco-
muanun (GWADS)

Oo6napyxenue acconuarmii SNP
¢ peHOTHIIAME/OOTIE3HAMU

Veranosieno 6omaee 10,000 HafeKHBIX acco-
muarmit SNPs ¢ penornnamu u Gone3HsIMU

TTonmnorenomHuas OILICHKa
HCPABHOBECHUS 110 CUCIIIICHHUIO
(linkage disequilibrium, LD)

KonmaecTBennas OIICHKA apXu-
TCKTYPbI TCHOMA

Bripaxxennas Bapuauus nokasaresns LD B
TEHOME, B TOM YHCJIC M MEXITOMYJISIIMOHHAS

Orenka Hacienyemoct SNP

I'eneTnueckas apxuTekTypa

EOHI)HIaH JOJIsL FEHETH‘ICCKOﬁ N3MCHUYUBOCTH
cBs3aHa ¢ yacTteiMu SNPS

OrieHKa TeHeTUYECKO Koppe-
JISIIUM

OOG6HapyXeHHe U KOJINIECTBEH-
Hasl OLIEHKA IJIEHOTPpONuu

[Tnetiorpomus Be3aecyma (Maorue SNPS
BIUSIOT HA MHOYKECTBO TIPU3HAKOB)

ITonurenusie OIICHKHU pUCKa
(Polygenic risk scores)

OO0HapyXeHHUE IICHOTPOIINHY;
Banuaauus pesyapsratoB GWAS

OOHapyxeHHe acconuanuii ¢ HOBBIMHU IPH-
3HAKaMH.

[onTBepxneHne MporHO3NPOBaHMUS Ha HE3a-
BHCHMBIX BBIOOPKaX.

MCH,HGJ'ICBCKaH panaoMusanus
(Mendelian randomization)

TCCTHpOBaHI/Ie MNPpUYUHHO-
CJIICACTBCHHBIX CBs3CH

IToaTBepxkaeHrE U3BECTHBIX TPUUYHUHHO-
CJIEJICTBEHHBIX CBSI3€W; SMIUPUUYECKOE JTOKA-
3aTeNLCTBO JIOKHOIOIOKUTEIBLHBIX B3aHMO-
CBSI3€EH.

HOHyJ’IHHI/IOHHBIe pa3nwm;1 B
JacToTaxX ajieaeH

PexoHcTpyK1Ms ucTOopun Hapo-
JIOHACeNIeHHsT; 0OHapyKeHHE
€CTECTBEHHOTO 0TOOpa

I'eneTHuecKast CTpyKTypa MOKET HMHUTHPO-
BaTh reorpauaeckyro CTpyKTypy; AoKa3a-
TEJIBCTBO JACWCTBUS €CTECTBEHHOTO 0TOOpa

Coueranne GWAS ¢ omics-
TCXHOJIOTUAMHU

TouHoe KapTHpOBaHUE; OOHAPY-
KECHHE TeHOB-MHIICHEH; (PyHK-
IIU1 TEHOB

Iee tpetu GWAS-accoruupoBanusix SNPS
PAcCIIOIOKEHBI B TCHE, KOTOPBIN HE SBISCTCS
Oy KaiIIIM TeHOM K HanboJiee acCounupo-
BaHHOMY SNP
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Ha mait 2018 roma karanor mojHore-
HOMHBIX  aCCOLIMATUBHBIX  HCCIIEIOBaHUM
(GWAS catalog,
https://www.ebi.ac.uk/gwas/home) BxirOUad
6omnee 69 muH. accormanuii SNP ¢ ¢enoru-
namMu/00e3HIMH, OOHapy>KEHHBIMU  OoJee
gyeM B 5000 paGor u OmyONIMKOBaHHBIMH B
3378 nayunbix ctatbsix. Ha mapt 2019 rona
0a3a GWAS central
(https://www.gwascentral.org) Bxirovana 69
986 326 accouuanuii mexnay 2974967 yHu-
kanbHbIMH SNP 1 829 yHukanbHBIME O0J€3-
HAMH/(HEHOTHUIIAMH.

HecmoTpss Ha JOCTHTHYTBIE YCIIEXH,
GWAS CTONKHYIHCh C O4YEHb Cepbe3HOM
npoOJIeMON — CIOXKHOCTHIO TATO(PU3UOIOTH-
YEeCKOW HWHTEpPIPETAllud BBISBICHHBIX T'€HO-
¢denorTunmuecknx accounanuii. Kak mpasuio,
CBSI3b MEXJYy TIEHETHYEeCKHMM BapHaHTOM H
MPU3HAKOM HE JIaeT HETOCPEICTBEHHOW HH-
dbopMaluu 0 reHe-MHILIEHU WA MEXaHHU3ME,
MOCPEJICTBOM KOTOPOTO JaHHBIM BapHaHT
cBs3an ¢ Qenorunom [11]. IIpoGnema 3a-
KIItoyaeTcst B ToM, 9to Habopsl tagSNP, ana-
muzupyemple GWAS, HecMOTps Ha Makcu-
MaJIBHO BO3MOXKHOE IMOKpPBITHE T€HOMa, 3a4a-
CTYIO HE SIBJISIOTCS MPUYMHAMU H3y4aeMOro
3aboneBanus. [Ipuunnneiiit SNP moxer Haxo-
JUTHCSA 1€ YTOJHO B MpeJiesiaX raruloTUIInge-
CKOTO OJIOKa, KOTOPBIA MOXET OXBaTHIBAThH
oonee 100 kb u gacro comepxar 6oixee 1000
otaenbHbIXx SNPS [11].

HekoTopble 3HauuMble accolMaludd B
cucreMe noaumoppusMm — (GEHOTUIl — MeTa-
0oMYecKHil MyTh MOTYT OBITh OOHAPY)KEHBI
IIPU PACCMOTPEHHH JTUCTAHTHBIX IO OTHOIIE-
Huto Kk gaHHoMy SNP renos. Tak, B GWAS
Catalog Owuto 3apeructpupoBano 12 ojHO-
HYKJICOTUAHBIX TMOJIMMOP(HU3MOB, ACCOLMH-
POBaHHBIX C MHOKECTBEHHOM muenomoit [11].
KaptupoBanue stux SNP B renax, ymasnes-
HBIX MeHee yeM Ha 10 000 xmio6a3, HE BHI-
SIBUJIO T€HOB, KOTOPbIE MOTJIN OBl OBITH OTHE-
CEHBI K KaKOMY-JTHOO MeTabOIUYecKOMY ITy-
TU. YBenuuenue paccrosus 10 400 kmiobas
TaKXXe He JaJI0 MOJIOKHUTEIBHBIX PE3YIIbTAaTOB.
Opnnaxo, ananuz SNP B cBsi3u ¢ reHamH, yja-
JICHHBEIMM OT HHMX Oojee ueM Ha 500 xmio0a3s,
npuBea K pOPMHUPOBAHUIO KJIACTEPOB, BOBJIE-
YeHHbIX B 2 myTH - «Muenoma» u «Metabo-

JH3M TIPH pakey, 00a UMEIOMIMX OJIM3K0e OT-
HomeHue K ¢penoruny. Tak ke, mHorue SNPS
MOKa3aJIi acCOLMAIMK C LBETOM IJa3, OJHa-
KO, aHajJu3 CBs3ed MEXIy HUMH U OJIU3KO-
pacroyio)KeHHBIMU T€HaMU HE Jajl pe3yibTa-
ToB [12]. OTHOMIEHHE ATOTO (PEHOTHNA K TTYTH
«MEJIaHOTeHE3» OTKPBUIOCH TOJIBKO MpPU Kap-
tupoBanun SNPS B TreHax, pacmojoKeHHBIX
Ha pacctostHuu 100 kmno6a3 [13]. [Tapagurma
«omaua SNP — MHOro TEHOB» MOXET OBITh
BEeCbMa I0JIE3HOW B OOHAPY>KEHUU MOJIEKY-
JSIPHBIX OCHOB (PEHOTHIUYECKOTO MPHU3HAKA.
HNHuTepecHo, 4TO T€HOM CYIIECTBYET B TpeX-
MEPHOM U3MEPEHHUH, U 3TO SBISIETCS TTIaBHBIM
(bakTopoM, OOBACHSAIOMIUM JTUCTAHIIMOHHBIH
ekt SNPS Ha ymanennbie rensi [14-16].
HakannuBaronuecss nanueie o 3D-ymakoBke
reHomMa TMO3BOJIT B OiKaiieM Oyayiiem
onpenenuTh mojoxenne SNPS B ux Tpexmep-
HOM MPOCTPAaHCTBEHHOM OKpykeHuu. K co-
KAJIEHUIO, CIIeNaTh 3TO ceivac He MpeCcTaB-
JISIETCS. BOBMOYKHBIM B BUTy HEXBATKH 3HAHHUN
O CTPYKTYPHOU M MPOCTPAHCTBEHHON OpraHu-
3anuu XpoMaTtuHa. Eme omHO oObscHeHHe
nucTaHIMOHHBIX 3 dexToB SNP 3akmrodaer-
Csl B TOM, YTO OJHOHYKJICOTHIHBIX TTOJIHMOP-
Gbu3Mbl  SBIAIOTCS  MapkKepaMu  OOJBIIUX
CTPYKTYPHBIX BapHaHTOB, 3aTpParuBaIONINX
KPYIIHBIE CETMEHTBI XxpoMocoMm [17].

IlogaBnsromee  OGonpmIMHCTBO  SNP
(oxomo 90%), accounupoBaHHBIX ¢ OONE3HS-
Mu B pesynprate GWAS, pacnonaratorcs B
HEKOAMpYyIOIMMX obnactsax renoma [18]. B
pacmu@poBKe PETyIATOPHOTO TOTEHIIAAIA
Hekonupyromux SNPS BaxHyI0 pojib MOTYT
urpate in SiliCO MHCTPYMEHTBI, onepupyto-
e JOCTYMHBIMH 0a3aMM JIaHHBIX C JIOCTa-
TOYHBIMH XapaKTEPUCTHKAMH TE€HHOW OKC-
MIPECCUM, SMUTEHETHYECKHX Mapkepos, 3D-
KOHTaKTOB XpPOMAaTHHA W JPYIHX TEHOMHBIX
MapaMeTpoB, BKIIOUasi TeHbI-MHILIEHU (apma-
KOTEparmH.

Hcnonb3oBanue yxke pa3pabOTaHHbBIX
O0ronH(pOpPMaTUIECKUX HUHCTPYMEHTOB OYyIeT
CrocoOCTBOBAaTh MOHUMAHUIO (YHKIIMOHATb-
HOW 3HAYUMOCTH aCCOI[MMPOBAHHBIX C (heHO-
tunioM SNPS, uTo yke ycnemHo mpoaeMoH-
cTpupoBaHo psjgom padot [18-23]. Hampu-
mep, Watanabe K. u np. [24], onupasce Ha
JIAHHBIE TTOJIHOTEHOMHOTO HCCIICOBAaHUS ac-
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COLMAINK OJHOHYKJICOTUIHBIX BapHaHTOB C
MHJIEKCOM Macchl Teia, o0paldaThIBalOT —pe-
3yJIBTaThl, UCIIOJIB3YS] OMOMH(POPMATHIECKYIO
OHJIAWH-TIIIATHOPMY FUMA
(http://fuma.ctglab.nl) nns pysKIIMOHATBHOTO
aHHOTUpOBaHMs TpHOopUTeTHBIX SNPS u uH-
TEPaKTUBHOW  BU3yaJHM3allMd  B3aUMO/ICH-
crByrommx renoB. Chen u coasropsr [12]
TaKk)Xe HCIIOJIb30Balln OMouH(pOpMaTUyecKue
UHCTpyMeHTBl M pecypcel VEP, Requlome
DB, ANNOVAR HaploReg mis npezackasa-
HUS (QYHKIIMOHAIBHOTO U PErYJIATOPHOTO MO-
TeHMana 9 184 HekoaUPYHOIIUMX BapUAHTOB
6a3e1 NHGRI, u onucanu perynupyemsie Me-
XaHU3MBbl 96% H3y4eHHBIX BapuaHTOB. boiee
TOro, 3 Ciay4ailHO BBIOPAHHBIX BapHaHTa W3
3TOr0 CMHCKa ObUIM MOABEPX EHBI (PYHKIIHO-
HAJIBHOMY T€CTUPOBAHHIO M TIPOSIBIIIN YHXaH-
CEpHYIO MU CalJICeHCEpHYI0 aKTUBHOCTh. O1-
Hako (haktuyecku ¢ Havana 2015 roma menee
40% GWAS wucnonb3oBanu O6uonHpopmaTu-
YeCKHe MHCTPYMEHTHI ISl IPHOPHUTE3AUN U
npenckasaHus  QYHKIUH — HEKOJIUPYIOLIUX
SNPs [25].

buoungopmamuuecxue memoost u noo-
X00bl K OyenKe pecyNsimopHO20 NOMEeHYUuaLd
NOIUMOPPHBIX IOKYCO8.

B 0630pHOM nccnenoBanuu Nishizaki u
Boyle [26] npeacraBieHa neTanbHas Xapak-
TEPUCTHKA COBPEMEHHBIX OHJIAH-
MHCTPYMEHTOB Il OLEHKH (PYHKIIMOHAIBHON
posiu SNPs B renome.

OyHKIMOHANBHBIM aHAN3 U UHTEpIIpe-
Talus JIOKYCOB, aCCOLMHUPOBAHHBIX € 0oJe3-
Hbl0 B pesynbrare GWAS mnpezncrasiser co-
OOl CIOXHYI0O W MHOTOATANHYIO 3ajayy,
HauyMHasi ¢ TOYHOIO KapTUPOBAaHUS MPUUYUH-
HocThIX SNPs 1o uccrnenoBaHuuM (QyHKIMH
reHa-MuieHu. [Ipu 3ToM Ha KIIOUEBBIX 3Ta-
nax JaHHOTO Ipolecca HCHOJIb3YIOTCS pas-
JU4YHBle OMoOMH(pOpMaTHYECKHEe HHCTPYMEH-
Tel. Ha pucynke 1 mpexacraBnensl Haubolee
MOTYJISIPHBIE TOAXOJbl K BBIABICHUIO (PYHK-
[IUOHAIBHBIX TOIUMOP(PHU3MOB, ACCOIUHPO-
BAaHHBIX C pa3BUTUEM marosioruu [3]. JlanHas
cXeMa aHaJlM3a BBIABICHHBIX acCOIHMAIINI
GWAS-n10kycoB HampaBjeHa Ha BBIJCICHUE
npuoputeTHbIXx SNPS u3 o0mieii macch acco-
IUUPOBAHHBIX C (EHOTHIIOM TE€HETHYECKHX

BapHaHTOB. DTOT MOJAXO MOJpa3yMeBaeT HH-
TErpanuio TeHEeTHMYECKUX JaHHBIX, OHOWH-
(opMaTUYECKOrO aHalu3a W BBIUYUCIUTEINb-
HeIX mponenyp. OnHako ¢yHKIMOHAIbHAS
OLIEHKAa HEKOJIUPYIOIIUX PEryISTOPHBIX Ba-
pUAHTOB TpeOyeT MOIIaroBOoro MpUMEHEHUs
3HAYUTEIBHOTO apCeHala MPOrPaMMHBIX BbI-
YUCJICHUH, B TOM 4HCJe oOpaiieHue K 00ib-
MM MacCHBaM OMOJOTMYECKUX JaHHBIX, IN
silico mHCTpyMEeHTaM U pe3yiabTaTtam 3KCIie-
PUMEHTAIBHBIX MOJICKYJISIPHBIX ATHOJIOTHA.

[IepBrIil 3Tanm — TOYHOE KapTUPOBAHHUE,
KOTOpOE HampaBiIeHO Ha OOHapyKeHHE T.H.
npuunHHOCTHBIX SNP, BiImsomumx Ha Mode-
KYJISIpHbIE W KJIETOYHBIE MPOIIECCHI, CBS3aH-
Hble ¢ (eHoTunoMm Ooisie3Hbro. JlocTuraercs
MOCPEICTBOM, Hampumep, Ooisiee “IIOTHOrO”
TCHOTHIIMPOBAHUS y4acTKa T€HOMa WM TIPO-
HeAypold MMITYyTAallUd HEAOCTAIOUINX JaHHBIX
TCHOTHIIMPOBAHUS, a TAaK)KE CTATHCTUYECKH-
MU TporelypaMu (JOTUCTUYECKasl perpeccus,
TECT OTHOIICHUS MPABIONOA00HS, aHAIN3
rarioTUIoOB W ap.) it BeisiBiaeHUs SNP,
HanOoJee 3HAYMMO aCCOLMUPOBAHHOTO C (e-
HOTHUIIOM - C HauOOJIBIIUM pa3MepoM 3 dex-
ta (effect size) u Hanbosiee 3HAYUMBIM YPOB-
HeM 3HauuMocTH (P-value) BnusHus Ha heHO-
tur [14, 27, 28].

Cnenyromuii atam — in Silico annotupo-
BaHue SNPs, HampaBlieH Ha BBIICHEHUE Me-
XaHHU3Ma, TOCPEACTBOM KOTOpPOTO JAaHHBIN
TCHETHYECKUH BapuWaHT MOXXET BJIHATH Ha
9KCIPECCHIO T€Ha WMJIM aKTHBHOCTb €ro IMpo-
nykra. CI0KHOCTh TaHHOHW 3aJaud 3aKiova-
eTcs B UHTepIperanuu Hekoaupyromux SNP,
9TO TpeOyeT NMPUMEHEHNS MHOKECTBA BBIYHC-
JTUTENbHBIX MPOIENyp, BKIIOYas aHaIU3 CIie-
[UABHBIX 0a3 MaHHBIX, COJEPIKAIIUX IKCIIe-
PUMEHTAIBHO TMOATBEPKIACHHYIO HWH(MOpMa-
a0 o peryiastopHoM TnoreHimane SNP
(manpumep, Regulome, TRANFAC, ChiA) u
MPUMEHEHHUE CHeIHalIbHbIX OHoMH(pOpMaTH-
YeCKUX MHCTPYMEHTOB. CKaHHPYS MOTHBBI B
O0azax mamaelx TRANSFAC, JASPAR wu
UniPRODE, M0OXHO JIeTKO OIICHUTH adQuH-
HOCTh TPAHCKPHIIIIMOHHBIX (DaKTOPOB B OT-
HOIIIGHWU CBSI3BIBAHUS C 3aJlaHHBIMH y4acT-
kamu JIHK [19-21].
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To4Hoe = TeHOTMNMPOBAHKE W MMITYTALKA
= MemaTHHYECKOR KapTMPOBaHME

YCNOBHAR NOTHMCTUUBCKAER PETpECCHMA ONA CNpedeneHKRA

YKMCNa HE3ZBMCMMbBIX 8CCOLMALMIA
= TecT OTHOWEeHWA WaHCoE ONA UCKAKYEeHWMA HauMeHee
BEPOATHBIX KaHAMOATHb SNP

» MHTErpaTMEHbIE MHCTRYMEHTbE; RegulomeDB, HaploReg,

» | D cuenneHme, HaploVeiw, SNAP, LocusZoom
= [IpenckazaHuA cBA3bIBaHKe TF, TRANSFAC, JASPED,

* B3aMMoOeACTEMA XpoMaTHHOE; ChiA-PET, 5C

* He KogupyoWmWe peryiRTOpHbIE BApWaHThI
» 3kcnpeccws redoe: e(TL, annensHas HecTabubHOCTD

» XpoMatWH: TEXHOAGIMA CCHOBAHHAA Ha M3YUEHMK
HOHGOPMALMK XPOMaTUHOE
# CeA3blEaHMe BENKoB
= BapuaHTbl HeKoaMpyrWwmx PHE

KapTUpoBaHHe
In silico Gwas3D, FuncisNP
MAPPER2
dyHKuMKM SNP
WUpgeHTUdUKauMa

reHoE MMHLLEHer

* miRNAs, TargetScan, miRanda, CLIP, PicTar
* IncRNAs; RNA — Capture-seg, REMSAs, RIPs
* HeKoOMpyHLWKWE 3NUIeHETMYECKWE BAPWAHTHI

* MetunupoeaHue OHK
» CTpyKTypa XpOMaTMHa

L H‘,f.l'lelr'IBlv‘IpDElale'IE KAETOUHBIX AMHKMIA K TKRAHEH YBN0oBEKa

DYHKLMM reHoB

= M3oreHHble Mogenn — ZNFs, TALENS, CRISPR/Cas

= JHCNEepPHMMEHTEI Ha MbILLAX - TARTEHTHOE BbIKNHYEHHE

MHULWIEeHen reHOB

= Npyrie MOLENW MUBOTHBX — peibel, Apo3oduna

Puc.1. CnocoObl pyHKIIMOHAIBHOTO aHallM3a U UHTepIpeTauuu JokycoB GWAS
Fig. 1. Workflow for functional analysis and interpretation of GWAS loci

Crnenyromuii 3Tan — oleHka QyHKIIHO-
HanbHOCTH SNP u wuneHtudukanus reHa-
MuieHd. JIis HEeKOAMPYIOUIUX PEryasaTop-
HBIX BapHAHTOB UCMOJB3YIOTCS: METOJbI aHa-
JIM3a IKCIPECCUU T€HOB, BKJIIOYAsl BHISBICHUE
eQTL (J1okycoB B TeHOME, aCCOIIMUPOBAHHBIX
C KOJINYECTBEHHBIMU M3MEHEHUSIMU 3KCIpeC-
CUU TE€HOB) B PA3JIMYHBIX TKAHAX C TOJHOTE-
HOMHBIM YPOBHEM 3HAUMMOCTH; aHaJIHU3 BIIU-
SHUSL 3-MEpPHOW CTPYKTYphl XpOoMaTHHa Ha
perron JIHK ¢ SNP, morudepasusbiii Tect, in
Vitro tect cs3piBanms Oeka ¢ JJHK [29, 30].

Jia Hexomupyromux BapuantoB PHK,
WCTIONB3YIOTCS MHCTPYMEHTHI ISl TIOMCKA MX
TeHOB-MUIIICHEW U TaKUM 00pa3oM OlleHUBa-
10T moTeHnuran cBs3biBanust MUKpoPHK ¢ 00-
nacteto SNP (TagretScan, MiRanda) [31].
JIJ1st HEKOTUPYIOMIMX AMUTEHETHYECKUX BapH-
aHTOB OIICHUBAIOT YPOBEHb METHIMPOBAHUS
JHK, 1npoBoaAT HMMMYHOIPEUIIUTALNIO

XpOMaTHHA B COYETAHUU C BBICOKOI(DPEKTUB-
HBIM CeKBeHHpOBaHueM [32-34].
@opMynmupoBKa THUIOTE3I O OHOWH-
¢dopmaTuyecku  TpenckazaHHoM 3¢ ¢ekre
SNP na ¢enorun 3aTem wucnomb3yercs s
TECTUPOBAHUS 3TOro 3p(dexra B IKCHepUMEH-
Te. Ha 3akimouMTenbHOM 3Tame HCCIEAYIOT
(GYHKIMM TEHa-MUIIEHW C HCIOJIh30BAaHUEM
KYJIbTUBUPOBAHHBIX KJIETOUHBIX JIMHUH Yerno-
BEUECKUX TKaHEH, HOKAyT-MOJENEH IKUBOT-
HBIX, TEXHOJIOTMU T'€HOMHOI'O peJaKTHpOBa-
uust (CRISPR) u npyrux merononoruii [35].
Takum o0Opa3oM, HUMEHHO HEKOAMPYIO-
mue SNP gBnsgrorcss rimaBHBIM W Hauboiee
CJIO’KHBIM OOBEKTOM JIJIsl aHAJIM3a U OMOJIOTH-
YEeCKOH HMHTEPIIPETAIUU CBS3H C (DEHOTHUTIOM
6one3nu. PaccMoTpuM OCHOBHBIE OCOOEHHO-
CTH PEryJIITOPHOTO TOTCHIMANa HEKOAUPY-
foux SNP. Muorue Hekoaupyromme SNPS
HAXOJATCS B PETYSTOPHBIX MOCIIEIOBATETh-
HOCTSIX '€HOMa U CIIOCOOHBI BIIUATH HA JKC-
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IIPECCHUI0 T€HOB Ha TPaHCKPUIILMOHHOM, I10O-
CTTPAHCKPUIIIMOHHOM M MOCTTPaHCISALNUOH-
HOM ypoBHsX [36,37]. Hekonupytomue Bapu-
aHTBl B DHXAHCEPaxX — OJHM U3 IJIaBHBIX KaH-
IUIATOB Ui (DYHKIIMOHAJIBLHOW MHTEpIIpeTa-
nun GWAS-nokycoB. PerymsitopHbie cuUTrHa-
JIbl MOTYT JIEICTBOBAaTh Ha OOJIBIIMX PACCTOSA-
HUSX TI0 BCEMY I'€HOMY M BCTYIAaTh B KOHTAKT
C NPOMOTOPAMU-MUIICHSIMH IOCPEICTBOM
tpexmepHor ynakoBku JIHK. JloctynHocTh
TPAHCKPUIILIUOHHBIX (AKTOPOB 3aBUCHUT OT
CTPYKTYpHBIX HM3MEHEHUH XpoMaTHhHa, 00y-
CJIOBJICHHBIX TMOCTTPAHCISIIIUOHHBIMA MOJIH-
(buKasIMH TUCTOHOB, TAKMMU KaK METHIIH-
poBanue u arnerwiupoBanue [38]. B otinune
OT 3aKpbITOrO XpPOMATHHA, T.H. IEPMUCCHUB-
HBI XpOMAaTWUH JOCTATOYHO IWHAMUYEH IS
(aKTOpPOB TPAHCKPHUIIIIUK, UHHULIUUPYS PEMO-
JeNMPOBaHUE JOCTYIMHOCTH cleunu(uyecKoit
nocnenoBarenbHocT JIHK m oOecneunBas
OTKPBITYIO KOH(popMalnio xpomatuna [39].
Ha cerogngmnuii AeHp CyHIECTBYET
BHYIIUTEIbHBIN apcenan in Silico uHCTpY-
MEHTOB U HHTEPHET-PECYPCOB JUISl aHaIM3a
PETyIATOPHOTO MOTEHIMANa JOKYCOB, acco-
[IMUPOBAHHBIX ¢ Oonesnsimu [39]. buonHdop-
MaTHUYECKHE IMOAXOAbl K OIpPENelIeHHUI0 I0-
TEHUUAIbHBIX  PETYIATOPHBIX 3P ¢EeKTOoB
Hekoaupyromux SNPS Obut  3HaYUTENBHO
YCUJIEHBI AKCIEPUMEHTaIbHBIMU HCCIIEI0Ba-
HUSMH TIOJTHOT€HOMHOTro Qopmara. JlaHHBIE
npoektoB ENCODE u npoekt HarmonansHo-
ro Wucturyra 3m0poBbs «/lopoxHas kapra
SIUT€HOMa» MOTYT OBbITh HMCIIOJIb30BAHbBI IS
OLIEHKU PETYJISITOPHOrO MOTEHIIMANa HEKOIU-
PYIOUIMX BAapUaHTOB W WX TPOSBICHHUS pPa3-
anuHbIX  TKaHsax [40,41]. Perynsatopnas
¢byHKIMSA nonuMopdu3smMa MOKET OBITh Mpo-
SBJICHUEM SIHUI€HETHYECKONH MOJu(pHUKAIMU
reHoMa, BKJIOoYash MOJU(UKALNMIO TUCTOHOB,
PEryJsIHI0 OTKPBITOCTH XPOMAaTHHA, CBSI3bI-
BAaIOIYI0 CIIOCOOHOCTh TPAHCKPUITLIMOHHBIX
¢baxTopos. [Ipx 7TOM MOXKHO OLIEHUTH MOTEH-
[MalIbHOE BIUSHUE BapHaHTa IOCPEICTBOM
OLIEHKU PpAa3JIMYHBIX TE€HOMHBIX XapaKTepH-
CTHK, TaKMX KaK KOJMYECTBEHHAs OIleHKa
HKCIPECCHH TeHa B Pa3IMYHBIX TKaHIX (Kap-
tupoBanne €QTL), cekBeHMpOBaHWE XpoMa-
tuHa (CHIP-seq TexHonoruu), ceKBEeHUPOBa-
HUE THUINEPYYBCTBUTEIBHBIX YYaCTKOB JIJIS

JAHK-a3s1 |, ananu3 B3auMoaeicTBUs Xpoma-
tuHa, uneHtudukanus JJHK-motuBoB, cne-
IU(GUYECKH CBS3BIBAIOLINX TPAHCKPUIIIMOH-
HbIE (aKTOPBI.

AKTUBHO HCIOJB3YIOIIUECS Ha Cero-
THSITHUW JIeHb OHJIAH OuomH(popMaTHye-
CKHE PeCypChl HalpaBJIeHbl Ha OLIEHKY BIIUS-
HUS OTKpBITOro xpomatrwHa (pecypcel EN-
CODE, RegulomeDB, nmaunsie mpoekra «Jlo-
pOXHasi KapTa 3MUTCHOMAa YellOBEeKay); Mpe-
CKa3aHME CBS3bIBAHUS y4YacTKa TPAHCKPHII-
nuonHelx QakrtopoB ¢ JIHK (TRANSFAC,
JASPAR); omnenky JIHK-GenkoBbIX B3auMoO-
nevicreuii  (ENCODE, RegulomeDB, Hap-
loReg), onenky merunuposanus JJHK (EN-
CODE, MethDB, npoekt «J/lopoxHas kaprta
SMUT€HOMA YEeJOBEKa»); aHalIU3 JKCIPECCUH
PHK, Moaudukaiuu rucTOHOB U B3aUMOJICH-
CTBUSl XpomaTHHa. B Tabnuie 2 mpeacrasie-
HBI OHJIAHH-pPECYpCHI AJIS IOCTYNa K Hanbosee
MOMYJISIPHBIM ~ OMOMH(POPMATHUYECKUM  HH-
CTpYMEHTaM OIICHKH PETYJSTOPHOTO IOTEH-
nuana noauMoppusMoB. JlaHHBIE HHCTPY-
MEHTHI MTO3BOJISIIOT AaHHOTUPOBATh U TpEACKa-
3bIBaTh peryistopHbie dpdextsr SNPS ¢ uc-
MOJIb30BaHUEM TPEX OCHOBHBIX METOOJOTH-
YeCKUX MOJIXO0B: (YHKIIMOHAJIHLHOTO aHHO-
TUPOBAHMS, OILEHKH KOHCEPBATHBHOCTH U
TEXHOJIOTUM MAIIMHHOTO 00y4YEeHHUS.

DKCcIepUMEHTATbHBIE  TTOATBEPKIACHUS
¢ynkunonanbHocTH SNPs peanusyercs mo-
CPEACTBOM COBPEMEHHBIX OHOTEXHOJIOTHIA.
HccnenoBanust penopTHOTO TIeHa SIBIISIOTCS
JIOTIOJTHEHWEM K BBINICONMCAHHBIM TTOMCKO-
BBIM CHCTEMaM M INpeasararoT IpsMoe U3Me-
peHue (QyHKIMOHAIBLHOTO 3 ¢eKTa BapuaHTa
Ha YpOBEHb 3Kclpeccuu reHa. st atoro pe-
TYJISTOPHBIA DIIEMEHT MOMEMIAIOT BBIIIE MPO-
MOTOpa M BBOJAT IUIa3MHJIY, COJAEPIKaILyIO
uHTepecytommii ren [23]. Taxxke, TpaHCreH-
Hbl€ JIMHUM XUBOTHBIX, BKJIIOYAs MBIIIEH U
pBIO, MpeAcTaBisAlOT cOOOHM IEHHBIN crnocod
OLIEHKU (PEHOTUIINYECKOTO P deKTa MyTaluu
in vivo [54]. C oTKpbITHEM pPEAaKTUPOBAHUS
PETYIATOPHBIX KOPOTKUX MaTMHAPOMHBIX TTO-
BTOPOB (TE€XHOJIOTHSI TEHOMHOTO DPEIaKTHPO-
Banus CRISPR), Hekoaupytolyie BapuanThl U
CTPYKTYpHBIE W3MEHEHHSI MOTYT OBITh Jierde
M3yYeHbl Ha TaKUX 00JIee CIIOKHBIX MOJIENb-
HBIX cucTemax [55].
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Tabauya 2
Online-pecypcsl st 1octyna K in SiliCO ”HCTpyMeHTaM AaHHOTHPOBAHUSI MOJUMOP(PHU3MOB
Table 2
Online resources for access to in silico polymorphism annotation tools
Pecypc Onucanue, URL Ccpbuika
Bxirouaer anHoTanumu u3 6a3el Ensembl, npenckaseiBaet a¢dextsr SNPs Ha McLaren et al.,
VEP MTOJTHOT€HOMHOM YPOBHE, a TAaKXKe IMMPOTHO3UPYET TKAHECTICITU(PHIECKYIO aK- 2010 [42]
THUBHOCTB JUIS 13 KIIETOYHBIX JUHUI YeI0OBEKA.
http://www.ensembl.org/info/docs/tools/vep/script/index.html
RequlomeDB Hcrnone3yeT 6anbHy0 CHCTEMY OLICHKH (QyHKIMOHAIBHOCTH TonuMophusma ¢ |Boyle et al.,
g UCIOJIb30BaHeM JaHHbIX Oonee yem 100 tumos kierok. http://regulomedb.org (2012 [43]
Hcnonk3yeT B Ka4eCTBE BBOMHBIX MOJIb30BATENbCKHE aHHOTAWK A1 npuopu- |Coetzee et al.,
. te3arun SNPs, T03BOIISAS TOTR30BATENSIM HACTPAUBATh CBOM aHHOTAITHH IS 2012
FunciSNP
3a1poca HHTEPECYEMOTO KJIETOYHOTO THIIA. [44]
http://www.bioconductor.org/packages/release/bioc/html/FunciSNP.html
WHCTpYMEHT KOMaHIHO# CTPOKH, KOTOPBIA HCIIOJIB3YyeT aHHOTAIMH B puBsiske |Wang et al.,
ANNOVAR pEeruoHaM Ui aHHOTUPOBaHHS HEKOAMPYIOLIUX BapuaHToB (Britouas indels) B [2010
JIOTIOJIHEHUE K CPAaBHEHUIO UX C U3BECTHBIMH 0a3aMU JaHHBIX. [45]
http://annovar.openbioinformatics.org
IMouckoBssii penio3uropwii 11t SNPs u indels TTpoexra 1000 renomos, npea-  (Ward and
HaploReg CTaBJISIET CBOJIHBIC JIAHHBIC N3BECTHBIX aHHOTaImi it SNPs Baytpu LD 6mo-  |Kellis, 2012
ka. http://www.broadinstitute.org/mammals/haploreg/haploreg.php [46]
OuenuBaet SNPs u indels mocpeacTBoM aHanm3a ux TpexMepHbIx xpomocom- |Li etal., 2013
GWAS3D HBIX B3aUMOJICUCTBHIA M HAPYIICHUI CBA3BIBAHMUSI TPAHCKPHUIIIHOHHBIX hakTo- |[25]
pos. http://jjwanglab.org/gwas3d
HUcnons3yet metox INSIGHT anst mpezckasanus Bo3MoxHocTH Toro, uto SNP  |Gulko et al.,
fitCons OyneT BIUATh Ha KOH(DOPMAIIUIO MOCPEACTBOM CKPHHUHTA cUrHATYp monoxu- 2015 [47]
TENBHOTO U OTPHLATEIBLHOTO 0TOOpa C Ha OCHOBE TPEX TUIIOB Kie-
tok. http://compgen.bscb.cornell.edu/fitCons/
GWAVA ocuoBan Ha anroputMme random forest, ncrosip3yer 0a3bl JaHHBIX Ritchie et al.,
GWAVA HGMD u xoHTpOsbHBIE BapuaHThl ipoekta 1000 reromoB st npeackasanus (2014 [48]
¢dyukimonansHocTr SNP. ftp:/ftp.sanger.ac.uk/pub/resources/software/gwava/
CADD ocHoBaH Ha MeTOZie OIIOPHBIX BeKTOpoB (SVM), ncnosne3ys cumymupo- |Kircher et al.,
CADD BaHHBIC BAPUAHTHI KaK MMATOJIOTHUYCCKIE U aJUICIIH, CXOJHBIC Y YEIIOBEKA H 2014 [49]
HIMMITaH3e B Ka4ecTBe KOHTposbHBIX. http://cadd.gs.washington.edu
DANN ocHOBaH Ha aNTrOpUTMe HEIMHEHHOTro 00yueH!sI HEHPOHHBIX ceTeit Quang et al.,
DANN (puKcHpOBaHHBIE AJITENN CPABHUBAIOT CO CTUMYJIMPOBaHHBIME Bapuantamu) 2015 [51]
nogo6uo CADD. https://cbcl.ics.uci.edu/public_data/DANN/
Peanmusyet Kernel-kiaccudukarop [uist OLEHKH CIOXKHBIX HelTMHEHHbIX Moie-  |Shihab et al.,
FATHMM-MKL  |neii ¢ ucnions3oBanneM narorenHbix BapuantoB (HGMD) u o6yuaronux Bapu- (2015 [10]
anrtoB IIpoekra 1000 renomos. http://fathmm.biocompute.org.uk
HUcmonesyet anmroputM gkm-SVM MmanmmHHOT0 00y4eHus st orieHkn a¢dekra |Lee et al., 2015
deltaSVM ’
BapuaHTa B crieruduyeckux Tunax kierok. http://www.beerlab.org/deltasvm/  |[52]
Hcnone3yeT MHOTOCIIOHHY0 HEPApXUUECKYIO CTPYKTYPHPOBAaHHYIO MOJIEIb Zhou and
MOCIEJ0BATENHHOCTH MIIy00KOro 00ydeHus A7si HpOorHo3upoBanus GyHkuuo- |Troyanskaya,
DeepSEA HaJbHBIX SNP ¢ 4yBCTBUTENBHOCTHIO K OTHOMY HYKJICOTHIY € HCToab3oBaHu- (2015 [53]
em panHeix ENCODE u Roadmap
Epigenomics. http://deepsea.princeton.edu/job/analysis/create/

Mertunupoanue JIHK — 310 dyHnma-
MEHTaJIbHAs DJIUTCHETHYECKash XapaKTepu-
KOHTPOJIHPYFOTIAsT
HUE/BBIKIIIOYEHHE TEeHHOHM JKcrpeccun. Tem

CTHKa,

BKIIIOYC-

HE MEHEe, B3aUMOCBS3b MEXKIY XapaKTepOM
nocnenoBareabHocTd JIHK u crenmensio me-
TUJTUPOBAHMS 10 KOHIIA He sicHa [56]. Uccre-
JIOBaHMSI TIO3BOJWJIMA BBISIBUTH KOPPETSIIUN
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Mexay mpodwmiem wmetwimpoanus JHK u
WHIUBUAYAIBHBIMH TEHOTHIAMH [UIsl HJICH-
TU(QUKAUH JIOKYCOB, CIOCOOHBIX MOBJHSTH
Ha CTaTyC METHJIMPOBAaHMS TeHOB. bplio OT-
KPBITO MHOKECTBO T'€HHBIX JIOKYCOB, OOBsIC-
HAIOIIMX Pa3IMYHyI0 CTENeHb METUIIMpPOBa-
Hus T.H. CPG-0CTPOBKOB B 3aBHCUMOCTH OT
MOMYJISILUY WM TUMA KIeToyHoU muHuu. On-
HAKO JIaJIeKO0 HE BCEe BapHaHTbl METUIIMPOBA-
HUS MOTYT OBITh WHTEPIPETHPOBAHBI TOIHKO
JUIIb C YYETOM OJHHMX T'€HEeTHYecKuX (paxTo-
poB [56, 58]. IToaTomy uzyuenue ponu SNP B
(GbOopMUPOBaHUM TOTO WM HMHOTO MPOPUIIL
METHIIMPOBAHUS CTAaHOBUTCS OJTHUM U3 TJIaB-
HBIX OOBEKTOB Il OHOMH(POPMATHYECKOTO
aHaJu3a.

CekBeHHpOBaHUE T'€HOMA HOBOTO MOKO-
nenus (NGS) no3Bosisier U3MEpUTh B TIOJTHO-
FeHOMHOM MaciuTabe »SKCIPECCHI0 TEHOB,
MIPUBSI3KY TPAHCKPHUIIIMOHHBIX (aKTOPOB, J0-
CTYITHOCTB/OTKPBITOCTh XpOMaTUHa, MOAU(U-
Kauuu THUCTOHOB U wmerunupoBanue JIHK.
Orpomuble ycuinusi ObUTA MPUIOKEHBI JUIS
XapaKTepUCTHKH BapHallMii TeHOMa Ha TpaH-
CKPUIITOMOM YPOBHE B PAa3JIMYHBIX KJIIETOY-
HbeIX JHUSX U TKaHsax. [Ipoext GENCODE
(www.gencodegenes.org) Ccomep:KUT OrpoM-
HBIA IJIACT SKCIEPUMEHTAIBHBIX JTAHHBIX O
(YHKIIMOHATBHBIX  JJIEMEHTaX TeHOMa W
MpeACTaBIsIET CO00M BBICOKOKAYECTBEHHBIM
karajgor TpaHckpuntos [57]. KommuecTBeH-
HBIC JIaHHBIE 0 (YHKIIMOHAIHHON 3HAUNMOCTH
BapHAHTOB MOTYT OTJINYAThCS B Pa3HBIX 0a3zax
nannbix. Tak, McCarthy et al [58] mokazainm,
4yT0 KOHKOpmaHTHOCTh  L0SS of Function
(LoF) BapuantoB mexay ANNOVAR u VEP
coctaBnsieT 65%, XOTs 00e MOMCKOBBIE CH-
CTEMBI HCIONB3YIOT OAWH M TOT e Habop
TpaHcKpunToB. UTo TpeOyeT cTaHaapTH3alUuU
npe/ICTaBlIeHNsT TaHHBIX, The Sequence On-
tology Progect — »st0 mepBBIii pecypc,
HaNpaBJICHHBI Ha CTaHAAPTHU3ALMUIO OIKCa-
TEIbHBIX XapaKTEPUCTUK TEHOMA, OMHUPAI0-
mmiics Ha 6a3sl VEP 1 ANNOVAR [59].

Takum oOpazom, BCs BbIIIE MPEICTaB-
JeHHas HHQOpMalMs B MOJIHOM o0beMe Jie-
MOHHPOBAHA B CETH 0a3 JAHHBIX, JTOCTYITHBIX
B Internet, ognako, moHMMaHHKe OMOJIOTHYE-
CKOTO CMBICJIa 3TOM MH(pOpMalUU MpeacTaB-
JSIeT He MEHBINYI0 TPYAHOCTh, YEM CaM TIpO-

necc ux mnoiydeHusa. MHTepnperanusi BBISB-
JICHHBIX aCCOIMAIUi ¢ TO3UIIUK (hOopMaTbHOM
JIOTUKHU CHCTEMBI rea-MPHK-6emn0k-
MeTaboIuT B OONBIIMHCTBE CIIy4aeB KpaiiHe
npo0ieMaTudHa, IOCKOJIBKY — a0COIIOTHOE
YHCIIO JIOKYCOB, OOHAPYKUBIIMX aCCOLUAIIUN
C pa3MuyHbIMA (PEHOTHUIAMH HAXOMAATCS B
HEKOAMPYIOMIUX OO0NACTAX T€HOMAa, MEXIeH-
HBIX MPOCTPAHCTBaX WJIM B IeHaX, HE UMEIO-
LIUX TPSIMOTO OTHOLIEHUS K U3y4aeMOMy 3a-
6oxneBanuto. [1yTe OoT renoTuna K peHoTUNy B
TaKOM CJIy4yae YJAeTcsi MPOJOXKUTHb C TOMO-
b0 OMOH(OPMATUYECKOTO HMHCTPYMEHTa-
pusi, TO3BOJISIONIETO TMpencKa3arh 3PQexT
Bapuanta JIHK Ha pazmuunble acnekThl MoO-
JIEKYJISIPHOM >KM3HU B MHUKPOMHUPE, BKIIOYAst
TPAHCKPUIILIUIO, CBA3BIBAHUE TPAHCKPUIIIIU-
OHHBIX (paKTOpOB, co3peBanue mpe-MPHK,
CIUTaiCUHT, TPAHCISALUIO, AMUTeHETHYECKHE
momudukanmuu (MetmwupoBanue JHK, ot-
KpBITOCTh XpoMmaTuHa). OHJailH pecypcsl
MO3BOJISIFOT J1aTh BCECTOPOHHIOKO OIEHKY 3(-
dekram SNPS m uMx ponu B pa3BUTHH TOTO
WM UHOTO (PEHOTHUITUYECKOrO MpHU3HAKa 00-
JIE3HU.

B nepcnexkTtuBe, yBenuueHue oObema
BBIOOpOK 70 100000 1 Gosee YenoBEK MO3BO-
mut B Oynymux GWAS OTKpBITH HOBBIEC Ba-
pUAHTBI acCOIMAIUi C M3BECTHBIMU 3aboiie-
BAHHUSMHU, YTO TOMOXET KOHKPETU3UPOBATH
JIMarHo3 BIIOTh JI0 €r0 MOJIEKYJISIPHBIX OCHOB
U BBIOpaTh TEPCOHAIM3UPOBAHHOE JICYCHHUE
0ose3Heil. be3ycnoBHO, C TeueHHEM BpEMEHH,
GWAS Ha ocHoBe SNP-maneneit Oymyr 3a-
memmensl GWAS Ha 0CHOBE ITOJIHOTEHOMHOTO
CEKBEHUPOBAHMS, YTO, BEPOSITHO, TMPOJHET
CBET Ha HEU3BECTHBIE MO Ced JEHb aCHEKThl
B3aUMOCBS3€H B CHCTEME I'eHOTHUI-(DEHOTHUTI-
cpena. Eciu 10-15 ner Hazax TexHONOTHUS Te-
HOTUTIMPOBAHUS ObLIa JTUMUTUPYIOMUM (ak-
TOPOM B cpepe TreHEeTHIECKIX HCCIEI0BaHUH,
TO ceiyac 3TUM (HaKTOPOM SIBISIETCS TOJTHOTA
(heHOTUITUYECKON XapaKTepUCTUKU o0ciemy-
emMbIx nuil. CoBpeMeHHbI OnonHpopmaTuie-
CKUU aHAIN3 MOJpa3yMeBaeT CTPATU(DUKAIIUIO
mo (EeHOTHUMUYECKUM TIPU3HAKaM C IIEJbI0
BBISIBJICHHSI TIPUYMHHO-CJIEICTBEHHBIX OTHO-
IICHWH MEXTy HUMH W TTIOHUMAHHUS TOTO, KaK
TOW WM HHOM (akTop cpeabl omocpeayer
BO3JICMCTBHE TEHOTUIa Ha (HOPMHUPOBAHHE
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npu3Haka. B KoHeuHOM cuere, pe3yNbTaThl
IIOJJHOT€HOMHBIX ACCOLMAaTHUBHBIX HCCIEN0-
BaHUI JIOJDKHBI OBITH BCECTOPOHHE IpOaHa-
JU3UPOBaHbl M MMILJIEMEHTUPOBAHbI B IPaK-
TUYECKOE 3[paBOOXpaHEHHE B Buie Ooisee
TOYHBIX (II0 YYBCTBUTEIBHOCTH U crienuduy-
HOCTH) JAMAarHOCTHMYECKUX TPEICKa3aTeIbHbIX
TECTOB U AJIFOPUTMOB IEPCOHAIU3UPOBAHHO-
o JeYeHUs U NPOPUIAKTUKH COLUAIBHO 3Ha-
YUMOM MyJTbTH(DAKTOPHATIHHOMN TaTOIOTHH.

3akurouenue. [lonHOoreHoMHBIE acco-
[IUAaTUBHBIC HCCIEIOBAaHUSA OTKPBLIM HOBYIO
3py B UCTOPHM I'€HETHUYECKUX HCCIEeIOBAHUMN
MyIbTU(AKTOPHATBHEIX — 3a0onieBaHuil. B
JaHHOM 0030pe MBI MPEICTaBUIN CIIOCO0 MO-
ATanmHOr0 (YHKIMOHATIHHOTO aHAIN3a M HH-
teprnperanuu JokycoB GWAS, onucanu uH-
CTPYMEHTHI 1 Online-pecypcel, MO3BOJISIONINE
aHHOTHPOBATh U IPEJICKA3bIBATh PEryiATOp-
Hele d¢pdexter SNPS, ocHOBBIBasch Ha Tpex
OCHOBHBIX METOJMKax. BwlsicHMIN, uTO OGHO-
uHpopMaTryeckuii ananu3 in silico mo3pous-
€T JaTh BCECTOPOHHIOIO OLEHKY 3(deKxTam
SNPs u ux posu B pa3BUTUU TOT'O WJIK UHOTO
¢deHoTunuuyeckoro npusHaka 6onesnu. [omy-
YEeHHBIC Pe3yJbTaThl ObUTM YCIEIIHO JOMOJ-
HEHbl pe3y/ibTaTaMM H3Y4YeHUs SKCIIPECCUU
TCHOB B PA3JIMYHBIX TKAHSIX, METHIMPOBAHUT
JHK u xapakrepucTukamMu MeTaboJIOMHOTO
npodus.
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Accoupanum noJMMop(PHbIX BADUAHTOB
rs2305948 u rsi870377 rena peuenropa
(paxkTOpa pocTa COCYyAUCTOr0 IHAOTEIUSA
2 Tuna (KDR) ¢ puckom pazsurus
HIIeMUYeCKod 00J1e3HM cepana

M.B. MenBeaeBa

®denepalibHOE TOCYAAPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKIECHUE BBICIIETO
obpazoBanus «Kypckuii rocyaapCTBEHHBI MEIUITMHCKUN YHUBEPCUTETY,
yi. Kapna Mapkca, a. 3, r. Kypck, 305041, Poccuiickas ®enepanus
Asmop ons nepenucku: M.B. Meosedesa (medvedevamariakgavm@yandex.ru)

Pesrome

AKTyanbHOCTh: [10 JTaHHBIM CTATHCTUKH, IEPBOE MECTO CPEAX MIPUUMH CMEPTHOCTHU
BO BCEM MHpE 3aHHUMAIOT cepjedHo-cocyaucTsie 3aboneBanus (CC3), U3 KOTOPBIX
OOJIBIIYIO IOJII0 COCTABIAIOT Ciiy4yau uiemuyeckoit 6onesznu cepaua (MbC). B cs-
3 C 3TUM, Ha CETOJHALIHUN JIEHh aKTUBHO BEIyTCS MCCIIECOBAHUS M0 U3YyYCHHIO €€
paHee HEM3BECTHBIX 3THOJIOIMYECKHX acleKTOB. OCOOEHHO aKTyalbHBIM B YCIOBUSAX
COBPEMEHHOCTH TIPEICTABIISIETCS] TIOMCK TEHETHYECKHX MapKepoB 3a00JIeBaHUs, B
NEepCHEeKTHBE NOTEHIMAIbHO MPUMEHUMBIX 11 paHHed nuarHoctuku UBC, a Taxoke
YCTaHOBJICHUSI HACIEACTBEHHOM IIPEeApacronokeHHOCTH K Hell. Ileab mcciaenosa-
HMsA: V3yunTh acconuanuy noauMopHbIXx BapuanToB $2305948 u rs1870377 rena
KDR c puckom passutus UBC y xwuteneit LlentpansHoit Poccun. Marepuajsl u
Metoabl: B nccnenoBanue Obuto BkiItoueHo 1390 ob6pasuoB JIHK: 635 GonpHBIX
NBC u 755 3noposeix mozeit. JJHK Beinensau metonom ¢GeHoIbHO-XI0pOPOPMHOM
skcTpakuuu. ['enotunupoBanue JJHK-nomumopdusmMoB MpoBOAMIOCH C MOMOILIBIO
[P B peanbrom Bpemenu (Real-time PCR) ¢ auckpuMuHaiueid anieneir ¢ moMo-
w0 TagMan-3on108B. Wcnonp3oBanu amminpukarop CFX96 u nadoper Applied
Biosystems. Craructuueckas 00paboTka pe3yabTaToB OCYIIECTBISLIACH C UCTIOIB30-
BaHMeM pecypcoB mporpamMMbel SNPstats. dynkimonansHoe anHoTupoBaHue SNPS
MBI IPOBOJIMIIN Ha 0a3e JOCTYNHbIX OMOMH(pOpMaTHUYECKUX pecypcoB. Pe3yabrarTsi:
Mps1 00HapYXUJIH, YTO CYIIECTBYET 1MoyIoBor aumopdusm B cBsizu KDR ¢ pa3sutuem
NBC. Hamu Obla ycTaHOBJIEHA CTAaTUCTHMYECKM 3HAYMMas accolMalvs TeHOTUIa
A/T 151870377 rena KDR c¢ puckom pazsutust UbC y myxuun. I[Ipu 6uonnpopma-
TUYECKOM aHaJM3€ Mbl BBIBHIIM B3aUMOCBS3b noiuMopdusma rs1870377 ¢ moBsl-
mreHHoM 3kcnpeccueii rena SRD5SA (dhepMenTa, KOHBEPTHPYIOMIETO TECTOCTEPOH B
JUTUAPOTECTOCTEPOH), UTO MOXKET CIYXHUTh OJHOM M3 NMPUUMH T€HAEPHBIX OCOOCH-
HocTel npu u3ydeHuu pucka UBC B 1aHHOM KOHKpETHOM ciiydae. 3akiaouyeHue: B
paMKax HccielOBaHUs BIEPBbIE B POCCHICKON MOMYJSIMUA ObUIM U3yYEHBI B3aUMO-
cBs3M noauMopdHeix BaprantoB reHa KDR ¢ puckom passutus UBC. YcranosneHo,
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gyro nonmumMoppusMm rs1870377 rena KDR cratuctuyeckn 3HaYMMO acCOIMMPOBAH C
MOBBIIEHHBIM puckoM pa3Butus UBC y npeacraButeneit My»kCKoro mnoJa.
KiaroueBble ciioBa: uiemMuueckas 001€3Hb Cepla; TeH COCYIUCTOr0 SHAO0TEeTHAb-
Horo (hakTopa pocta 2 Tuna (KDR); ogHonykieoTuaHbIN moaumopdusm (SNP); ana-
JIM3 aCCOLMAIUH, TTOJIOBOI TUMOPHHU3M

BbaaronapuocTu: Bripaxkaem 651arojapHOCTh COTpYAHUKAM U pyKoBoACTBY HayuHo-
MCCJIEIOBATEIbCKOTO MHCTUTYTa T'€HETUYECKOM M MOJIEKYJIIPHOM SIUAEMUOJIOIMU
(H1M I'MD) Kypckoro rocyaapcTBEHHOTO MEIUIIMHCKOTO YHUBEpcUuTeTa MUH3Ipa-
Ba Poccuu 3a cojeiicTBie B BBIMOJHEHUH HACTOSIIETO MCCIeI0BaHus. ABTOp BbIpa-
)KaeT OnaromapHoOCTh mpodeccopy Kadeapsl OMOIOTUH, MEIUIMHCKON T€HETUKH U
skosoruu Kypckoro rocyiapcTBEHHOr0 MEIMIIMHCKOTO YHUBepcuTeTa, 1.60.H., Cono-
IUI10BOM Mapumn AHJIpeeBHE 3a HaAy4HOE PYKOBOJICTBO M IOAJIEPKKY IIPU IIPOBEE-
HUU HAYYHOT'O UCCIICIOBAHUS

Jasi murupoBanusi: Menaseaesa MB. Accomumanuy moJuMOpGHBIX BapHUaHTOB
rs2305948 u rs1870377 rena penentopa (akTopa pocTa COCYIUCTOrO SHIOTEIHUS
2 tuna (KDR) ¢ puckom pa3BuTusi uiieMuueckoil 6oine3nu cepana. Hayunwie pe-
3yJIbTaThl OMOMEIUIMHCKUX HccnenoBanuii. 2021;7(1):32-43. DOI: 10.18413/2658-
6533-2020-7-1-0-3
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2 (KDR) gene with the risk of coronary
heart disease
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Abstract

Background: According to statistics, the first place among the causes of death
worldwide is occupied by cardiovascular diseases (CVD), of which a large propor-
tion are cases of coronary heart disease (CHD). In this regard, to date, research is ac-
tively being conducted to study its previously unknown etiological aspects. Especial-
ly relevant in modern conditions is the search for genetic markers of the disease, po-
tentially applicable in the future for the early diagnosis of CHD, as well as the estab-
lishment of a hereditary predisposition to it. The aim of the study: To study the as-
sociation of polymorphic variants of rs2305948 and rs1870377 of the KDR gene
with the risk of CHD in Central Russia. Materials and methods: The study included
1390 DNA samples: 635 CHD patients and 755 healthy people. DNA was isolated
by phenol-chloroform extraction. Genotyping of DNA polymorphisms was per-
formed using real-time PCR with allele discrimination using TagMan probes. We
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used the CFX96 amplifier and Applied Biosystems kits. Statistical processing of re-
sults was carried out using the resources of the SNPstats program. We performed
functional annotation of SNPs on the basis of available bioinformatic resources. Re-
sults: We found that there is sexual dimorphism in relation to KDR with the devel-
opment of CHD. We found a statistically significant Association of the a/T
rs1870377 genotype of the VDR gene with the risk of CHD in men. Bioinformatic
analysis revealed the relationship of rs1870377 polymorphism with increased expres-
sion of the SRD5A gene (an enzyme that converts testosterone to dihydrotestos-
terone), which may be one of the reasons for gender differences in studying the risk
of CHD in this particular case. Conclusion: For the first time in the Russian popula-
tion, the study examined the relationship of polymorphic variants of the KDR gene
with the risk of CHD. It was found that the rs1870377 polymorphism of the KDR
gene is statistically significantly associated with risk of CHD in males.

Keywords: ischemic heart disease; vascular endothelial growth factor type 2 gene
(KDR); single nucleotide polymorphism (SNP); association analysis; sex dimorphism
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HHEM KPOBOTOKA IO KOPOHAPHBIM apTEPHUSIM
[1]. Ucxons u3 kmaccudukanuu Gopm MBC,
BBIZICJISIIOT: BHE3AIHYIO CEPIACYHYIO CMEpTh

CMEpPTHOCTH HaceneHust Bo BcéM mupe (55%)
SBJIAIOTCSL OOYCIIOBJIEHHBIE aTEPOCKIEPO30M
CepACYHO-COCYIUCThIe 3abojeBaHus, Ooiee
66% u3 KOTOPBIX IIPEJICTaBICHbI
UIIeMHYECcKOil 00JIe3HBIO Ceplla, HHCYIbTOM
1 3a00JIeBaHUSIMU TIEPUPEPUIECKUX apTEPHi
[1]. B Poccuiickoii henepaituu (PD) B 0061meit
CTPYKType 3a00J1€eBa€MOCTH TaKkKe
nomuHupyror CC3, OT KOTOpPhIX B TOJ
ymupaer 6osee 1 muH yenoBek — 56,4% (B 6
pa3 Oomblle, 4YeM B pa3BUTHIX CTpaHax
EBpomnbl, CIIA u fAnonun). Hons UBC B
ctpykrype cmeptHoctd oT CC3 cocraBusieT
56,6 % y myxunn u 40,4% y xenmmH [1, 2].
[Iporuosupyercs, uto B 2020 r. CMEPTHOCTH
ot CC3 coctaBut 22-25 miH, moutu 50 % u3
KoTopbIx puzercs Ha noito UBC [1, 3, 4, 5].

CoriacHO POCCHMCKUM KIMHUYECKHM
pexomennanusm, UBC npencrasnser coboit
MopakeHHe MHOKapja, BbI3BAaHHOE Hapylle-

(mepBUYHAs OCTAHOBKAa CepAlla), CTEHOKap-
Ii0 (HApsDKEHHYIO, BIIEPBBIE BO3HUKIIYIO,
CTaOWIIbHYIO, MPOTPECCUPYIONLYI0), UH(DAPKT
muokapaa (MM) kpynHOOYaroBblid, MEIKO-
0YaroBbId, MOCTUH()APKTHBIN KapIHOCKIEPO3,
CepACYHYI0 HEJOCTAaTOYHOCTh, HaPYIICHUS
CepAICYHOT0 PUTMA, MO3/IHEE B ATY KIaccupu-
Kauuio Obula goOaBieHa «Oe30oseBast wuile-
must muokapaa» (BUM). Cepaeunas negocra-
TOYHOCTh M HapyIICHUS CEpACYHOrO pHUTMA
paccMaTpUBAIOTCS KaK CaMOCTOSITeNIbHbIE Ba-
pPHAHTHI TeUeHHs 3a00JeBaHUS M THATHOCTH-
PYIOTCSL IPU OTCYTCTBHHU JIPYTUX CHUMIITOMOB
NBC [2]. Haubonee yacToif npuYrHON pa3BU-
THUs HIIEeMUYecKkor 6one3nu cepana (1o 95%)
SIBIISIETCSL  aTEPOCKIIEPOTHIECKOE TIOPAKCHHE
KPYIHBIX U CPEIHHX KOPOHApPHBIX apTepuit
WIH aTepoTpoMO03, KOTOPOE MOXKET MpOTe-
KaTh co crna3MoM u 6e3 Hero. [latorenes ate-
pOCKIIepo3a Ype3BBIYaifHO CIIOKEH W MHOTHE
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€ro 3BEHbsS JI0 CHUX IOP OCTAIOTCS MaJjoOu3y-
YCHHBIMU WJIM UMEIOT Pa3iIMYHyI0 MHTEpIIpe-
taiuio. OO000IIEHHBIE COBPEMEHHBIC MPEJ-
CTaBJICHHS O TATOTCHETHYECKOM MEXaHH3ME
pasBUTH aTEPOCKIEPO3a 3aKIOYalOTCS B
TOM, YTO OCHOBY NpOIECCA COCTaBISIET IO-
CIIeZIOBATENIbHOE B3aMMOJICHCTBHE HECKOJIb-
KHUX TIaTOT€HETHYECKHX (haKTOpPOB, BEIyIICE B
KOHEYHOM cYeTe K 00pa3oBaHUI0 (HUOPO3HOM
Onsmky. Pa3nuyaroT TpU OCHOBHBIE CTaIUH
(bopMHUpOBaHUS ATEPOCKICPOTUICCKON OIsIII-
KU (aTeporeHes): craaus aunouaosa (obpaso-
BaHUC JIMIUAHBIX MATEH U IOJIOCOK); CTaJus
aunockiepo3a  (oOpazoBanue  pubpo3HOU
0Ky ); (HOPMUPOBAHKME OCJIOKHCHHOW ate-
pockiepoTuyeckon ousiiku [2]. B Hacrosiee
BpeMsl JIOKa3aHO, 4YTO HauOoJiee 3HAYMMBIMHU
(bakTopamMu pHCKa aTepoCKiepo3a SBISIOTCS:
mucnunuaemusi, Al (koTopas Takke UMeer

M3YyYEHHYI0 TEHETUYECKYI0  KOMIIOHEHTY)
[3, 4], kypeHue, oxxUpeHue, caxapHblil guader
[2, 5-8].

CobcrBenno MBC mpencrasnsier coboit
MynbTH(aKTOpHaIbHOE 3a0JIeBaHUE, Pa3BUTHE
KOTOpOro OOYCJIOBJIEHO COYETAaHHBIM BO3JICH-
CTBHEM HACJEACTBEHHBIX U CPENOBBIX (haKTO-
poB [9]. U3BectHO, uTO 10 60% CcMepTHOCTH
OT CepJCUYHO-COCYIUCTON MATOJOTHUH 3aBUCHUT
OT PacnpoCTPaHEHHOCTH B NOIMYJALHMH TaK
HasbIBaeMbIX (akTtopoB pucka (PP). Cpeau
@®P BbIEnAIOT: HeMOIUGUIMPYEMbIE U MO-
mupunupyembie. P MoryT HakammBatbes y
OJIHOT'O YEJIOBEKA U B3aUMOJIEHCTBOBATh JPYT
C JpYroM, OKa3blBas MHOKECTBEHHBIH 3(-
(bexT, 4To OCOOEHHO XapaKTEepHO Ui Tpej-
CTaBUTENIEH HAacCeJeHHUs C HU3KUM COLUab-
HBIM CTaTycoM, y KOTOPBIX B 5-7 pa3 BO3pac-
TaeT BEPOSITHOCTh HACTYIUIEHUS CMEpPTU OT
CC3 [1, 9]. B pa3Butuu UBC Beigenstor cie-
nytome OP: 6uonornyeckue, odpasza KU3HH,
obme QuKCUpoBaHHBIE W 0OIIMEe MOAU(U-
uupyemsble. K Ouonornyeckum ®P oTHOCHT:
MOBBILIEHHOE apTEpUaIbHOE JaBleHUE (TH-
nepToHuYeckas OOJIe3Hb), MOBBIIMIEHUE TJIO-
KO3bl KpOBHU (HapylIEHHE TOJEPAHTHOCTU K
IJII0OKO3€ WM caxapHbli nuaber 2 Tuma), mo-
BBIILICHUE XOJIECTEPUHA B KPOBH (IUCIUIIH-
IeMHUs, H30LITOYHAs Macca Tena, a0JoMU-
HAJIBHOE OKUPEHUE), HeOIaronpusaTHBIA TICH-
xocouuaneHbIi craryc (ctpecchbl). K ®P 006-

pasa JKM3HHM OTHOCST: KypeHHe, Hepauuo-
HaJIbHOE MUTAHME, 3JI0YNOTPEOICHUE aTKOTro-
JeM, HU3KYI0 (U3HYECKYI0 aKTHBHOCTb.
K o6mum ¢ukcupoBanasiM @P oTHOCAT: Te-
HeTH4YecKue (pakTopbl, BO3pACT crapiie 55 et
y JKEHIIMH U cTapiie 45 JeT y My>KUUH, MyX-
CKOHM II0JI, 3THHUYECKYIO IPUHAMICKHOCTh. K
obumm  MoaudunupyempiM  @OP  oTHOCAT:
HU3KHUI YpOBEHb 00pazoBaHUs, HU3KHHA ypoO-
BEHb JI0XO0Jla, HEOJIAromnpusTHBIE YCIOBUS
XKU3HU U paboTel. [IporekTuBHBIMU (haKkTOpa-
MU, B CBOIO OY€pellb, CYUUTAIOTCS PETYISIPHOE
ynotpeosieHre (GpyKTOB M OBOIIECH, peryssip-
Has (u3nyecKas aKTHBHOCTb, a TAKXKE yMe-
peHHOE moTpebienue ankorous [1].
I'enernueckas kommonenta MbC aktus-
HO MCCIIEYEeTCs] BO BCEM MHUPE U Ha CEroJIHsII-
HUH JIeHb YCTAHOBJICH IIMPOKUN CIIEKTP I'€HOB,
aCCOILIMMPOBAHHBIX C pa3BUTHEM 3a00JICBaHUS:
T'€HBl CHCTEMBI CBEPTHIBAHHS KPOBH, ITPOBOCIIA-
JIUTENBHBIX IIUTOKUHOB, MUCHYHKIUU 3HIOTE-
nwst, oOMeHa JIMIUIOB, COCYUCTOTO TOMEOCTa-
3a, ¢aktopos aare3un [10, 11, 12]. Cpeau re-
HeTudeckux MapkepoB pazButusi UBC uzy-
YaIOTCS acCOIUAIMU OJHOHYKJICOTUAHBIX T10-
mumopdusmoB (SNPS) reHoB cemeiictBa co-
CYIUCTBIX SHIOTEIHAIBHBIX (AaKTOPOB pOCTa
(VEGF). Mera-aHanu3bl TeHETUYECKUX HCCIIe-
moBanni mokazan, 4yto SNPS rema VEGFA
cBsizanbl ¢ pazButueM MBbC B pa3nmuyHbIX paco-
BBIX W OTHUYECKHX TIpymmax. B wyacTHOCTH,
HanOoiee uccienosan Briang SNPs rs699947,
rs3025039, rs1570360 B pa3zButue 3a060eBaHUs
[13, 14, 15]. B T0 *e BpeMsi Kak T'€H pelenTo-
pa QaxTopa pocTa COCYyAHCTOr0 SHAOTENUS 2
tuna (KDR) u3y4ancst B 60JbIIMHCTBE paboT
B KauecTBe (pakTopa pUCKa Pa3BUTHUS IIepe-
OpanbHOTO aTepoTpoM003a, JaKyHApHBIX HH-
(hapKTOB, BHYTPUMO3TOBBIX KPOBOU3IHUSHUHN U
reMopparn4eckoro uHcynbTa [16], U B 3Ha4U-
TenbHO MeHbluer crenenn WBC. B uactHO-
CTH, B UCCJIEIOBaHUM aBTOPHI [17] ycTaHOBH-
1, ato SNP 2305948 u SNP 1870377 craru-
CTHYECKH 3HAYMMO CBS3aHBI C TOHMKEHHOH
¢ynkuueit cesa3piBanus KDR ¢ VEGF. Panee
B Mnounm OpuIa WCCIIEIOBAaHA AacCOIIMALMS
BBIIIIE YKA3aHHBIX MOJTUMOP(HBIX BapUaAHTOB
C TIOpakeHUEM KOPOHAPHBIX apTepHil y 00Ib-
HbIX Oone3nbio Kaacaku [18]. Kpome 3toro,
SNPs rs2305948 and rs1870377 paccmatpu-
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Banuch kak mapkepsl MIbC erie B HECKOJIBKUX
ucciuenoanusax [18, 19, 20]. Ognako cpenu
HACEJICHUs HAIlIel CTPAaHBI HA B OJHOM pPETH-
OHE B Ka4eCTBE IMOTCHIMAJIBHBIX MapKEpOB
pucka pa3sutus MBC 1o HacTosiero Bpeme-
Hu HUKeM He u3ydanuch SNPs rena KDR.

Hean HCCJIeI0BAHNS. N3yuuts
acColMaIMy JBYX YacTBhIX IOJUMOPQHBIX
BapuaHTOB 52305948 u rs1870377 rena KDR
C PUCKOM pa3BHUTHs HIIEMHYECKON OO0JIe3HH
cepaua y xureneid LlentpansHoil Poccum,
YVYUTHIBAS MOJIOBON JUMOP(PHU3M.

Martepuanbl M MeTOABI HCCJIEI0Ba-
Hust. OOBEKTOM UCCIIeIOBaHUS ObLiIa IETbHAS
BEHO3HAas KPOBb.

PaGora  mpoBommmack  Ha  0aze
naboparopun  Hay4HO-uCClie0BaTeIHCKOTO
WHCTUTYTa TCHETUYCCKOW M MOJICKYJISIPHOU
snuaemuonorun  Kypckoro rocyaapcTBeH-
HOTO MEIUIIMHCKOTO YHHBEPCUTETA
Munszapasa Poccun (HUM MO KI'MY). B
uccienoBanre Obu10 BKIIFOYeHO 1390 00pasioB
JIHK, BoiaeneHHON u3 kpoBu OnobGanka HIN
I'eneTnueckoit u MOJIEKYJIIPHON
snupemuoiornn  KI'MY. BeiOopka Oblia
npencrasieHa 635 oopazuamu JIHK GonbHbIX ©
nonTBepkAeHHbIM quarHo3oM MBC (45,7%), u3
KOTOpBIX 356 MyxuuH (56%) u 279 xeHIIuH
(44%), a Taxkxke 755 obOpasuamu JIHK
OTHOCHTEJIFHO 3/IOPOBBIX JIFO/ICH, HE HMEIOIINX
XpoHuYecknx  3aboneBanuit  (54,3%), u3
kotopbix 393 (52%) myxumH u 362 (48%)
xeHinmH. OCHOBHas 4YacTh MAlMEHTOB ObLTU
MIPEACTABUTEISIMU  PYCCKOW HAITMOHAIBHOCTH
(bomee  90% or oOmero  KoJIMYECTBA
YUaCTHUKOB WCCIICJOBAaHMS) W KOPCHHBIMU
xurensmu Kypckoii obmactu. Bee mareHTbI
JaBaJii CBO€ MH(OPMHPOBAHHOE COTJIACHE Ha
ydacTue B HaydHOM uccienoBanuu. [IpoTokon
HACTOSIIIIETO  HCCIIENOBAaHUS ObUT  Of00peH
PernonansubiM 3THYECKUM KoMmuTeToM KI'MY
Ha TUTAHOBOM 3acCEJaHUM C COCTaBJICHUEM
COOTBETCTBYIOIIETO MPOTOKOJIA.

Bcee naumentsl ¢ guarnozom MBC nHaxo-
JWJINCh HA CTAlMOHAPHOM JICUCHUU B KapJuo-
JIOTHIECKOM OTJICIICHUH OOJIGHUIIBI CKOPOH Me-
quiHckoi momon T. Kypeka (ObBY3 KI'Kb
CMII), a Takxe B KapAUOJOTMYECKOM OTJIelIe-
HUM U B OTIENICHUU COCYAMCTON XUPYprUH U
PCHTTEHOXHPYPTHUECKIX METOJIOB JIMArHOCTH-

KU 00J1aCTHOM KJIMHUYECKOHN OonpHMLIBI T. Kyp-
cka (BMY KOKB), B nepuox ¢ 2011 no 2015
rofbl B paMKax [MPOBEICHHUS T'EHETUKO-
SMUIEMUOJIOTUYECKUX  HCCIEIOBAaHUN — psiza
Pa3IMYHBIX CEpPACYHO-COCYIUCTHIX 3aboseBa-
uuii [21-25]. duarno3 WBC ycranaBmuBajcs
KBTH(DUIIPOBAHHBIMH Bpayamu-
KapIuoJI0raMy BbIIICYKa3aHHBIX METUIIMHCKIX
YUpEXKIIEHUH Ha OCHOBAaHHUHM KOMIUIEKCHOTO
KJIIMHUYECKOTO0 OOCJIEIOBAHUSI M HHCTPYMEH-
TaJIbHOTO 00CIIeI0BaHNUS MAIlUEHTOB.

JAHK Bbliensi u3 LEIbHOM BEHO3HOMU
KPOBU  METOOM  (peHOILHO-XJIOPO(POpMHOI
skcrpakimu. J[Ba yacteix SNPS 1s2305948 u
rs1870377 rena penenTopa ¢akropa pocTa
cocyaucroro samorenus 2 tumna (KDR) 6pun
BKJIIOUYEHBl HAMH B MPOTPaMMy HCCIIEIOBAHMUS.
I'enoturmmpoanue JJHK-momumopdusmos rena
KDR mnpoommwiocs mo cpeacrsam [IIP B
peambiom  Bpemenu (Real-time  PCR) ¢
JUCKpUMHUHAIIMEN — ajjieied ¢ [OMOIIBIO
TagMan-30H110B. Jos paloThI MBI
ucronp3oBany  ammmdpukarop CFX96 (Bio-
Rad, CIIIA) u kommMepueckre Hadbopsr Applied
Biosystems (Thermo Fisher Scientific).

Craructryeckasi 00paboTKa MOTy4EHHBIX
HaMU JAHHBIX TPOBOJIMIIACH C UCIOIb30BAaHHEM
ANIEKTPOHHBIX pecypcoB Tporpammbl SNPstats
(https://www.snpstats.net/start.htm) [26]. TIpu
pacuere  paBHOBECHS Xapau-Baitn6epra
UCTONIB30BaNIM  TOuHBIE  TecT  Dwumepa.
Accouparuu ayieneit 1 reHotunoB reHa KDR ¢
BEPOSITHOCTHIO pa3BUTHUS 3a00NIeBaHuUs
OLICHMBAJIMCh C HCIOJB30BAHUEM CIIEIYIOIINX
Mokazaresnel: OTHOIIeHUsl maHcoB ¢ 95%-m
noeputenbHbIM HHTEpBaIoM (OR 95% CI) n
p-ypoBHs 3Hauumoctd (p<0,05). VYuutsIBas
MIOJIOBOH TMMOP(U3M MPeIpacionoKeHHOCTH K
WNBbC, anamm3 acconuanuii  IpOBOAMIICA
OT/CTIBHO B TPYIIIAX MYXXYUH U KeHIUH. [Ipu
OLIEHKE aCCOIIMAIMI BO BCEX pacyeTax BBOIMIH
TIOTPABKY Ha BO3PACT.

OyHkumoHanbHOE aHHOTHUpoBaHHE SNPS
MBI  TIPOBOJAWJIM Ha  0a3e  JOCTYITHBIX
OronH(popMaTHUECKUX peECypcoB. Jns
m3ydernss QTLS (JIOKyCOB KOJHYECTBEHHBIX
MIPU3HAKOB), UMEIONMX B3auMOCBs3b ¢ SNPS,
MBI HCIIOJIF30BAIM JTAHHBIE AJICKTPOHHBIX 0a3
JTAHHBIX (https://www.snpedia.com;
https://www.ensembl.org/index.html;
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https://www.ncbi.nIm.nih.gov/;
http://mulinlab.tmu.edu.cn/gtlbase/index.html).

PesyabTathl M HMX  00cyxKIeHHe.
Pacripenenenre  4acToT ~ TEHOTHIIOB B
M3y4aeMoun nomyJsinuy xxureneit LienrpaibHoi
Poccun He MMeno 3HAUYMMBIX OTKJIOHEHUI OT
pasHoBecusi PXB (p>0,05). [ya BeisiBICHUS U
OLIEHKH BO3MOKHBIX T€H/IEPHBIX OCOOCHHOCTEH
Biaga SNPs rs2305948 wu rs1870377 rena
KDR npu wuHTepuperauuu  pe3yibTaToB
paboThI, MBI pa3IeIUIN OOIIYI0 BHIOOPKY Ha
nBe (mo moiy). Ilpm Bcex pacyerax Mbl
BBOJIWJIN MIONPABKY Ha BO3PACT.

B Ttabmune 1 npencraBieHa yacroTa
alyened M TEHOTUIIOB B HCCIEIOBAHHBIX
rpynmnax — manmeHTtoB. s rs2305948
CTaTHCTHUYECKH 3HAUYMMBIX  aCCOLMAIMUA  C
puckom pazsutust UBC He nHabmomanock (p
>0,05). Onnaxo SNP rs1870377 (renotun A/T)
aCCOIIMMPOBAJIICS C TIOBBIIMICHHBIM PHCKOM
paseutuss  MbBC (OR 143: 1,05-1,94,
p=0,025). Ilpuuem, acconmarusi maraoro SNP
HaOMIO/IANIach TOJIBKO CpEeAd MpelcTaBUTENen
MYXCKOTO Tona. MBIl  IpoaHaTU3upPOBAIN
rarmioTHIIb, OOPa30BaHHbBIE MOJIUMOP(PHBIMU

BapuanTamu 152305948 u rs1870377 rena
KDR (tabm. 2). CTaTUCTHYECKH 3HAYUMBIX
accouuanui rammnorunoB reHa KDR ¢ puckom
pasButuss MMbC He ObUIO YCTAaHOBJICHO HHU Y
MYXUUH, HH y skeHIuH (p>0,05).

B Tabmume 3 mpeacraBiieHbl JTaHHBIC
HepaBHOBecusi 1o cueruieHuio (linkage dise-
quilibrium, LD) mexay SNPs rs2305948 u
rs1870377 rena KDR B pa3neneHHBIX 10 Oy
rpymmax  (P<0,05). SNPs  rs2305948
HaXOJWICA B MOJOXUTEIbHOM HEPaBHOBECUU
1o cueryieHuto ¢ rs1870377, kak My»X4uH, TaK
Uy XKEHIIHH.

Jnst GyHKIIMOHATBHOTO aHHOTHPOBAHUS
SNPs nmamm ucnonb3oBaiuch OnonH(pOpMaTH-
YecKHe MHCTpYMEHThl pecypca QTLbase
(http://mulinlab.tmu.edu.cn/gtlbase/index.html),
KOTOPBI HE IIOKa3aJl AacCOLMALUM aJllelei
rs1870377 c ypoBuem skcnpeccun reHa KDR
HH B OJHOM M3 AHAJIU3UPOBAHHBIX TKAHEH.
Opnako OBUIO YCTaHOBJIEHO, YTO AJLJIETb
T SNP rs1870377 accoruupoBaH ¢ TOBBIIICH-
HOM okcrpeccuedr reHa SRDS5A3 B kpoBu
(P=1,51x10".

Tabnuya 1
YacroTsl ajjieseid 1 reHOTUIIOB
Table 1
Frequencies of alleles and genotypes
rs2305948
MYKYHNHBI
I'enoTun/aniaenn HUBC ?;}.‘[opmn,le1 OR? p?
C/C-TIC 293 (99,3%) 329 (98,5%) 1,00 0,37
T/T 2 (0,7%) 5 (1,5%) 0,47 (0,09-2,56)
JKCHIIIMHBI
CIC-TIT 210 (80,8%) 239 (73,8%) 1,00 0,12
TIC 50 (19,2%) 85 (26,2%) 0,71 (0,46-1,10)
rs1870377
MYKYNHBI
TIT-AIA 200 (56,3%) 249 (63,7%) 1,00 0,025
AT 155 (43,7%) 142 (36,3%) 1,43 (1,05-1,94)
JKCHIIMHBI
T/T-AIT 266 (95,3%) 333 (92,8%) 1,00 0,15
A/A 13 (4,7%) 26 (7,2%) 0,59 (0,28-1,23)

HpI/IMC‘{aHI/ICZ 1 a0COJIFOTHOE YHCIIO U MPOLECHT JIUI C YKa3aHHBIM I'€HOTUIIOM; 2_ OTHOIIIEHHE IIaHCOB ¢ 95% JAO0BEpH-

TCJIbHBIMU UHTEPBAJIaMU C IMOIPaBKaMH Ha IOJ U BO3PACT;

B3aUMOEUCTBHS.

3 o
— YPOBCHb 3HAYUMOCTH, OTpAKAIOIIHUNU I'CHHO-CPEIOBLIC

Note: ' — the absolute number and percentage of individuals with the indicated genotype; * — odds ratio with 95% confi-
dence intervals adjusted for gender and age; ®— significance level, reflecting the gene-environmental interactions.
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Tabauya 2
YacToThl ranJjioTunoB noaumMop¢Hsix BapuanToB rs2305948 u rs1870377 rena KDR
Table 2
Frequencies of haplotypes of polymorphic variants rs2305948 and rs1870377 of the KDR gene
SNPs X = = @
B S 2 = 1 3
=) = z 2 OR (95%Cl) P
H? P v S 2
MYKYHUHbBI
H1 C T 0,6807 0,6742 1,00 -
H2 C A 0,1948 0,2021 1,03 (0,77 - 1,38) 0,83
H3 T A 0,0889 0,0923 1,07 (0,71 - 1,60) 0,74
H4 T T 0,0356 0,0314 0,93 (0,44 - 1,97) 0,85
SKCHILMHBI
H1 C T 0,6814 0,7098 1,00 -
H2 C A 0,1758 0,1844 1,01 (0,72 - 1,42) 0,94
H3 T A 0,1016 0,0862 0,85 (0,54 - 1,34) 0,48
peoxue T T 0,0412 0,0196 0,52 (0,21 - 1,27) 0,15

IMpumeuanue: OR — oTHOMICHUs IIaHCOB U 95% JOBEpUTENILHBIC MHTEPBAJbl ¢ MOMPAaBKOW Ha MON U Bo3pacT; H —

TarIoTUIbL; p — YPOBEHb 3HAYUMOCTH.

Note: OR — odds ratios and 95% confidence intervals adjusted for sex and age; H — haplotypes; p — level of signifi-

cance.
Tabnuya 3
Iloxa3zareu HepaBHOBeCHS 10 CLEIVICHHIO MEXKIY OJIMMOp(pHbIMHE BapuanTamu resa KDR
Table 3
Indicators of disequilibrium in coupling between polymorphic variants of the KDR gene
SNPs
SNPID rs2305948 | rs1870377
MYKYHUHbBI
= 0,0549
rs2305948 - 0.6190
JKCHIIWHBI
= 0,0605
rs2305948 - 0.6534

[Ipumedanue: nokazarenu HepaBHOBecus Mo cuereHuto Mexay SNPs rs2305948 u rs1870377: BepxHue siuedku —

D (TeMHbIe T107151), HIXKHUE — D’ (CBETIIBIC TIOJIS).

Note: indices of linkage disequilibrium between SNPs rs2305948 and rs1870377: upper cells — D (dark fields), lower

cells — D’ (light fields).

[IpoaykTom skcnpeccuu reHa KDR sB-
nsieTcst OeNOK THPO3WHKWHA3a, KOTOPBIA BbI-
noJHsAeT QyHKIHIO perenrtopa ¢pakropa pocra
cocymuctoro sHumorenus VEGF (VEGFA,
VEGFC u VEGFD), Takum obpa3om, urpas
POIb PErynsaTopa aHTHOTeHe3a, TPOHUIIAeMO-
CTH CTEHKH KPOBEHOCHBIX COCYIOB, a TaKXke
remMaronod3a B SMOPHOHATBHOM pa3BUTHUH,
AKTUBU3UPYET TPOIM(Epaluio, MATPAITUIO H
T PepeHIIMPOBKY SHIOTEIUOINUTOB, BIHUIET

Ha peopraHu3alio aKTUHOBOIO ITUTOCKENeTa
[27, 28, 29]. U30¢dopmsbl 2 u 3 naHHOTO O€mka
MOTYT OKa3blBaTh HWHTUOUpYIOIIee BO3ICH-
creue Ha VEGF, a umenno nzodopma 2 ciy-
KHUT OTPHUIIATEIBHBIM PETYISTOPOM aHTHOTE-
He3a. JTO 00YCIIOBIEHO TEM, UYTO CHUXKAETCS
koymmaecTBO cBoOoaHBIX VEGFA m VEGFC,
HE MPOUCXOIUT uX cBs3biBanus ¢ FLT4 (pe-
nentop tuposuHkuHaszel a1t VEGFC u -D).
W3BecTHO, uTO MyTanuu B reHe FLT4 BBI3bI-
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BalOT BO3HMKHOBEHME HACJIEJICTBEHHOM JIMM-
dbenemsor [27]. UMeroTCs TaHHBIC, YTO CHUXKE-
Hue aktuBHoctu KDR koppenupyer ¢ cocy-
TUCTON JUCHYHKIIMEH U MOXKET ObITh CBSI3aHO
C Pa3BUTHEM M NIPOrPECCUPOBAHUEM aTEPO-
ckiepo3a. B uccienoBanuu, KoTopoe BBINOJ-
HsJIa TPYIINA KATaWCKUX YYEHBIX, ObUIO MOKa-
3aH0, 4yTo SNP 152305948 u SNP rs1870377
aCCOLMUPOBAHBI CO 3HAUYUTEIbHBIM CHUKEHU-
eMm s¢dextuBHOCTH cBsa3bBaHusS VEGF ¢
KDR. [Ilpenmnonaraercs, 4YTO CHHUYKECHHE
¢ynkuun KDR mpoBoumpyer moBpexaeHHe
SHAOTEIHUOIUTOB, HapylIEHHE HX BBbDKUBae-
MOCTH, a TaKXe CHIKEHHE aHTHANONTOTHUYE-
ckux 3¢gdexroB VEGF u anomanbHoe pa3Bu-
THE cocynoB [27, 28, 29]. BeimiensnoxeHHbIe
(bakTbl MOTYT KOCBEHHO YKa3bIBaTh Ha MPO-
IPECCUPOBAaHUE AaTEPOCKIEPOTUYECKOrO I0-
paXkeHus cocynoB Ha ¢oHe ociabieHus 3¢-
¢dexra KDR [17].

B uccnenoBanuu 2016 roga Obuio u3y-
gyeno, uro SNPs VEGFA (rs699947 CC/CA)
u VEGFR2 (152305948 TT) oka3biBanu mpo-
TEKTUBHOE Bo3JericTBre oTHocuTeabHo MBC.
B3aumopeiicteue VEGFA (1699947 CA/
AA) ¢ VEGFR2 (rs1870377 TA) nampotus,
aCCOILMUPOBAJIOCH C MOBBIIIEHUEM pUCKA pa3-
Butusi Oone3nu. CodeTaHue TEHOTHIIOB
VEGFA 153025039 (CC/CT) u VEGFR2
(rs2305948 CC/CT/TT) umeno B3auMOCBSI3b
co cHmwkenuem pucka MBC. Ilpu ananmse
raruIOTUIIOB TIOYTH BCE MOTEHIUAIBHBIE KOM-
OMHUPOBaHHbBIE TE€HOTHUIIBI VEGFA
(rs1570360) u VEGFR2 (rs1870377), 3a uc-
kmoueHneM AAAA, OBLIM TOJOXKHUTEIBHO
cBs3aHbl ¢ BocnpuuMuuBocThio Kk MBC mo
cpaBHeHMIO ¢ AATT (p<0,05). AHanoruyHbIM
o0Opa3oMm, 8 KOMOWHUPOBAHHBIX T'€HOTHUIIOB
VEGFA (rs1570360) u VEGFR2
(rs7667298), 3a uckmouennem AAAG, Takxke
ObUTH CBsi3aHBI C OoJiee BBICOKOW YacTOTOM
UBC [19]. B npyrom uccrienoBanuu, mpoBe-
JCHHOM KUTalCKUMHU T€HETHUKaMH, OBLTU I0-
Jy4eHbl creayroomue pe3ynbrarsl:  SNPs
rs2305948 u rs1870377 mokazanu CTaTUCTHU-
YeCKU 3HAUYMMBIE B3aWMOCBSI3U C PAa3BUTHEM
NBC. CyObeKTbl, HeCylllue BapUaHTHbIE Te-
notunsl AA/GA u TT otgenbHo, umenn 0o-
nee Bbicokui puck MBC, ueM cooTBeTCTBY-
toue Hocutenn GG. Taxke Ha OCHOBaHUH

aHaJIM3a JIByX HE3aBUCHUMBIX MOMYJISIIMOHHBIX
uccienoanui, B 2016 rony kurtaiickue yde-
HbIC TMOKa3aid, 4T0 3 moiaumop¢dusma reHa
KDR Obumn cBszanbl ¢ puckom MBC st
SNP-604, SNP rs2305948 u SNP rs1870377 B
MnepBol monyisiiuu, a Takke a1 SNP
1s2305948 (p = 0,003) u myst SNP rs 1870377
BO BTOPOi#i momyssuuu [17].

B nHacrosmei pabore Mbl 0OOHAPYKUIIH,
YTO CYHIECTBYET MOJOBON AUMOP(U3M B CBSI-
3u KDR c¢ passutuem UBC y myxuun. Ilo
BCell BUAMMOCTH, NaHHBIA (aKT CBS3aH C
OCOOCHHOCTSIMU Pa3BUTHS aTepOCKIEpOTHYE-
CKOI0 Tpoliecca y MY>KUYuH, JIeXkKallero B oc-
HoBe narorenesa MBC. U3BecTHO, uTO Cylie-
CTBYIOT TE€HJICPHbIE OCOOCHHOCTH TOABEP-
xeHHoctn MBC u xapakrepa e€ TeueHus [2,
8]. Cpenu xeHmmH Hanbosee pacnpoCcTpaHe-
HO MOpa)KeHUE MEJIKMX KOPOHAPHBIX apTepui,
B oTinuKe oT Myx4uH [2, 8]. Kpome Toro, y
MY>KYHUH C BO3PacTOM CTEIEHb MOPaAXKECHHS
KOPOHApHBIX apTepuil 3HAYUTEIHHO BO3pac-
TaeT, a y JKeHIIH (PaKkTOp CTApEHUsI HE UMEET
accouuanuu C YCyryOJeHHEM KOpPOHApHOTrO
aTepockiepo3a. B HayuHBIX HcCCIeIOBaHUSIX
P TPOBEJACHUN ayTOTICUU TPYIIION YICHBIX
OBLIO JI0Ka3aHO, YTO OOCTPYKTHUBHBIN Xapak-
Tep MOPAKEHUsI KOPOHAPHBIX apTepuil MEHee
pacnipoctpaneH y sxeHuH ¢ UBC (63%), yem
y myxunH (77%) [2, 8, 30].

[IpoBenennplii HaMu OuonH(MOpMaTHYE-
CKUH aHaIM3 JAHHBIX TIOKa3aJl CBSI3b MOJIMMOP-
¢u3ma rs1870377 ¢ noBbILIEHHOH 3KCIpeccheit
rena SRD5A. SRD5A3 — ¢epmeHT momnmrpe-
HOJIPEYKTa3a, KOTOPBI HUIpaeT KIIOYEBYIO
pOJIb Ha paHHUX CTaAUsAX N-CBS3aHHOTO TJIU-
KO3WJIMPOBaHUs OenKa, mpeBpalas MmoIumnpe-
HOJI B JOJTUX O
(https://www.ncbi.nlm.nih.gov/pubmed/2063
7498). UnrepecHo, uto SRD5A3 — depmeHT,
KOHBEPTUPYIOLIM TECTOCTEPOH B JUTHUAPOTE-
CTOCTEPOH - CaMblid MOIIHBIN SH/IOT€HHBIN aH-
aporeH, obnanatommii B 2-5 pa3 Oosbliei
CITOCOOHOCTBIO CBSI3BIBATHCSI C PEIENITOPOM
a"zporeHa u B 10 pa3 6onee Bricokoi dppek-
TUBHOCTBIO HHAYIIMPOBATh Tepenady CUTHa-
JIOB, OTOCPEIOBAHHYIO PELENTOPOM aHpore-
Ha, yeM Tectoctepon [31]. Omuako mis mo-
HUMaHus (EHOMEHa MOJIOBOTO TuMopdu3ma B
accormaruu rs1870377 rena KDR ¢ pa3zputu-
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em MBC HeobxomuMo mpoBeaeHue QyHKIHO-
HaJIbHBIX TEHETUYECKUX MCCIIETOBAHUM MaIu-
€HTOB Pa3JIMYHOTO 0JIa C JAHHBIMUA aHATOMO-
MOP(}OIOrHUecKOro CTPOEHUS KOPOHAPHOTO
KpoBooOpamieHus: (pe3yJabTaTbl KOPOHApO-
rpadun).

3akiouenue. Takum 00pa3oM, MOKHO
CKa3aTb, 4TO MPOBEIECHHOE HaMH HCCIEI0Ba-
HUE Ha TOMYyJALUU Xkuteiel pernona lleH-
TpasibHOM Poccuu moaTBepamiio oOHApYKEH-
HYIO paHee B a3UaTCKON MOMYJSILIUKU acCOIU-
a0 SNP 151870377 rena KDR ¢ puckom
pasButusi UBC. BeposiTHO, naHHas B3auMO-
CBSI3b MOXKET OBITh O0YCJIOBJIEHA HECKOJIBKH-
MU M3BECTHBIMU MPUYMHAMU: CHIDKCHUEM aK-
TUBHOCTH  TPOAYKTAa  OKCIPECCHUH  Te-
HA/CHUKEHHEM CBSI3bIBAEMOCTH pPEIEeNTOopa C
VEGF, koropoe Bieder ocnabieHue ero 3¢-
(dekTa Ha COCYIUCTYIO CTEHKY M, KakK Cle[-
CTBHE€ — 3aMEIJICHHE aHTHAIONTHYECKUX
MIPOLIECCOB, HApYIIEHHWE BOCCTAHOBIEHUS IO-
BPESKIACHHOTO SHAOTENHS, CHI)KEHUE BBDKH-
Ba€MOCTH JHJIOTEIUOLIUTOB U MPOrPECcCUpo-
BaHue arepockiiepo3a. Ho HeoOxomumo non-
YEepKHYTh, YTO JJi1 0000IIEeHUs, CPAaBHEHUS U
aHaJM3a pe3yIbTaTOB HCCICIOBAHUNA B PaM-
KaxX TeMbl BKiana nojgumopdusma rena KDR
B puck pazsurus MBC, tpebyetcs pacumupe-
HUE TEOPEeTHYeCKO 0a3bl MO JaHHOMY BO-
IIPOCy 3a CUET aHAJIOTUYHBIX paboT Ha MOMYy-
JSUUAX APYrUX peruoHoB. JlanmpHeimue wuc-
CIIeZIOBAaHMSI MOTJIA OBI TIPOJIUTH CBET Ha MPH-
POy MOJIOBOTO AUMOp(hU3Ma BO B3aUMOCBSI3H
reHa KDR ¢ pa3Butnem kopoHapHOTro atepo-
CKJIEpO3a.
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IHoaumopdusm rs34845949 rena SASH1
ACCOIMUPOBAH ¢ PUCKOM Pa3BUTHSI
Npe3KJIAMIICUN

E.A. PerieTHUKOB

®DenepalibHOE TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHUE BBICIIIETO
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Aemop ons nepenucku: E.A. Pewwemnuxos (reshetnikov@bsu.edu.ru)

Pesrome

AxrtyaabHocth: [Ipesxnamncus (I19) — MyabTHCHCTEMHOE MAaTOJIOTHYECKOE COCTO-
sIHUE, BO3HHUKAOIIee BO BTOPOM NOJIOBHHE OepeMeHHOCTH (rocie 20-i Heaenu), Xxapakre-
pH3yolIeecs: apTepHaIbHON THIIEPTEH3UEN B COYETaHUH C TTpoTenHypuei (>0,3 1/11 B cy-
TOYHOM MOu€), HEpEeIKO, OTEeKaMM M MPOSIBIECHUSAMHU IOIUOPraHHOW/ MOIMCHUCTEMHON
mcyskipm/aenocratouHoctd. e uccnenoBanusi: OneHUTH CBsI3U ToMMMopdu3ma
T hepeHIMaTbHO SKCIIPECCUPYIOIIMXCS TEHOB IUIALIEHThl C PUCKOM (OPMHUPOBAHUS
npeskaMicui. Marepuaisl U MeToabl: [t poBeneHus uccienoBanus obuia chop-
MHpOBaHa BbIOOpKa U3 366 GepeMeHHBIX C MpedKIamIichell 1 631 XKEHIMH KOHTPOIbHON
rpymisl.  MyJIBTUIDIEKCHOE TEHOTHITMPOBAHME OJHOHYKJICOTHIHBIX IOJIUMOP(HH3MOB
(SNP) muddhepeHImanbHO IKCIPECCHPYIOIIMKCS TEHOB TUIALICHTHI ObLITO OCYIIECTBICHO C
nomorpko Meroaa Macceriektpomerpud MALDI-TOF. [lns uccnenoBanus 6pu10 0T00pa-
HO 7 SNPs uversipex renos (PAPPA2, SASH1, RDH13, PPP1R12C). /Inis1 olieHKu accoim-
armii SNPS ¢ puckoM (GopMHpOBaHMS MTPEIKITAMIICHN HCTIONB30BAIN JIOT-TMHEHHBINA pe-
I'PECCUOHHBIN aHATN3 B paMKax TpeX FeHETHUYECKHX MoJienel (aauTUBHAs, PELIeCCUBHAs,
nomuHaHTHas). PedyabraTbl: YcraHoBneHo, uto ayuienb C rs34845949 SASH1 cesizan ¢
pa3BUTHEM TMpedKiIamIicnd B pamkax amgmutusHoi (OLI=1,27, 95%1M1 1,01-1,59,
p=0,042) u nomunanTHo# (OLLI=1,35, 95%/11 1,01-1,82, p=0,043) moneneit B3aumoeii-
ctBus aienei. Takoke BbISIBIIEHO, uTo $34845949 SASH1 o6anaeT BaxXKHBIM PETYNATOp-
HBIM 3HAUEHHEM: PacIoJIOKEH B caiiTe MOMM(UIIMPOBAHHBIX TMCTOHOB B OOJIACTSAX SH-
XaHcepoB B 6 TkaHsX, B /IHKa3a-runepuyBcTBUTEILHOM caiiTe B 7 TKaHSX, caiiTe CBS3bI-
BaHUs C perynsaTopHbiM Oenkom USF1, B toMeHe cBs3bIBaHMS € ABYMs (haKTOpamy TpaH-
ckpurmmu: Foxll 1, Pou2f2 knownll. 3akmodenne: Amtens C rs34845949 SASH1
sBJsieTcst pakTopoM pucka pasButus npeskinamrcun (OR=1,27-1,35) y 6epemeHHBIX
I{enTpansHO-UepHo3emHoro pernona Poccnn.

KiaoueBble ciioBa: 6epCMCHHOCTB; MMPEOKIIAMIICUA, TeHEeTHYECKUI HOJ'II/IMOp(I)I/ISM;
SASH1

Jas uutupoBanus: Pemerauko EA. TTomumopdusm rs34845949 rema SASH1 ac-
COLIMUPOBAH C PHCKOM pa3BUTHUS Mpedkiamricuu. HaydHble pe3yiabTaThl OMOMEIH-
uHCKuX uccaenoBannii. 2021;7(1):44-55. DOI: 10.18413/2658-6533-2020-7-1-0-4


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5429-6666
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5429-6666

Opuzuﬁaﬂbnaﬂ cmambui
Original article

Pewemnuros EA. [Tonumopgpusm rs34845949 cena SASHI ...
Reshetnikov EA. 1534845949 polymorphism of the SASHI gene ...

rs34845949 polymorphism of the SASH1
gene Is associated with the risk
of preeclampsia

Evgeny A. Reshetnikov

Belgorod State National Research University,
85 Pobedy St., Belgorod, 308015, Russia
Corresponding author: Evgeny A. Reshetnikov (reshetnikov @bsu.edu.ru)

Abstract

Background: Preeclampsia (PE) is a multisystem pathological condition that occurs
in the second half of pregnancy (after the 20th week), characterized by arterial hyper-
tension in combination with proteinuria (>0.3 g/L in daily urine), often, edema and
manifestations of multiple organ/polysystemic dysfunction/failure. The aim of the
study: To assess the relationship of polymorphism of differentially expressed genes
of the placenta with the risk of preeclampsia. Materials and methods: For the study,
a sample of 366 pregnant women with preeclampsia and 631 women in the control
group was formed. Multiplex genotyping of single nucleotide polymorphisms (SNPs)
of differentially expressed placental genes was performed using MALDI-TOF spec-
trometry. Seven SNPs of four genes were selected for the study (PAPPA2, SASH1,
RDH13, PPP1R12C). To assess the associations of SNPs with the risk of preeclamp-
sia, we used log-linear regression analysis in three genetic models (additive, reces-
sive, dominant). Results: Allele C rs34845949 SASH1 is associated with the devel-
opment of preeclampsia within the additive (OR=1.27, 95%CI 1.01-1.59, p=0.042)
and dominant (OR=1.35, 95%CI 1.01-1.82, p=0.043) models of the interaction of al-
leles.

Conclusion: Allele C rs34845949 SASHL1 is a risk factor for the development of
preeclampsia in pregnant women in the Central Black Earth Region of Russia.
Keywords: pregnancy; preeclampsia; genetic polymorphism; SASH1

For citation: Reshetnikov EA. rs34845949 polymorphism of the SASH1 gene is as-
sociated with the risk of preeclampsia. Research Results in Biomedicine.
2021;7(1):44-55. Russian. DOI: 10.18413/2658-6533-2020-7-1-0-4

Beenenue. Ilpeskmammcus (I12) -

45

OCHOBHBIX IIPUYUH MATEPUHCKON CMEPTHOCTH

MYJIBTHCUCTEMHOE TMaTOJIOTUYECKOE COCTOS-
HUE, BO3HUKAIOIEE BO BTOPOM MoOJjoBHHE Oe-
pemenHoctu (mocie 20-i Hemenw), Xapakre-
pusyronieecs: apTepuaibHONM TUIIEPTEH3UEH B
codyeTaHuM ¢ nporteunypueit (=0,3 r/a1 B cy-
TOYHOW MOYE), HEPENIKO, OTEKaMH U MPOsIBIIE-
HUSMH TIOJMOPTaHHON/TMOIMCUCTEMHOM JTHC-
¢byukun/Henocrarounoctu [1]. Kak cBuze-
TEJbCTBYIOT JINTEpAaTYpHbIE JaHHBIE, YaCcTOTa
BCTPEYAEMOCTH TPEIKIIAMIICHHA BO BCEM MHUPE
cocraisieT 2-8 % [2]. IID sBnsgercs ogHOM U3

U TepUHATANbHBIX cMmepter [2, 3]. Tsokenas
MPEIKIAMIICUS U JKJIAMIICHS 3HAYUTEIHHO
YBEJIUYMBAIOT PUCK PA3BUTHUSL OTCIOWKH IJia-
uentel, [JIBC-cunapoma, oOTeka JIETKUX,
OCTPOM MOYEYHOM U IIEYEHOUYHOW HeHocTa-
TOYHOCTH, KPOBOMBJIMSIHUN W OTEKOB TOJIOB-
HOro mo3ra u jap. [2]. deTu, poauBIuecs mno-
Clie  TPEdKIAMITHYECKUX OepeMEeHHOCTEH,
MMEIOT HU3KUI BEC U BBICOKUM PUCK Pa3BUTHS
psAna HEeMH(EKIMOHHBIX XPOHUYECKHX 3a00-
neBaHui [2, 4, 5].
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MHOrO4YuCIEHHBIE HCCIICIOBAHUS YKa-
3BIBAIOT HAa MYJIbTH()AKTOPUATBHOCTH IMPEIK-
JAMIICUH, YTO TMPEAINOIaracT OLUEeHKY I'e€HeTH-
YecKOoro KOMIIOHEHTa B €€ (OpMHUpPOBaHUMU.
[louck TreHOB-KaHIMAATOB OCHOBAH Ha HX
BO3MOXXHOH POJIM B MATOr€HE3e MpPEedKIIaMII-
cuu [6, 7, 8]. Tak xak B popMUpOBaHUU TIpe-
SKJIAMIICUM Ba’KHYIO POJIb OTBOJAT Pa3BUTHIO
OKHUCJIUTEIBHOIO CTPECCca U BOCHAIUTEIBLHOTO
mpolecca, MPUBOAAIIUX K SHIOTEIHAIBHOM
TUC(YHKIIMH, MHOTHE MCCIICIOBAHUS HAIPaB-
JIEHBl HA MOUCK I'€HOB-KaHAMJIaTOB, y4acTBY-
IOIUX B ATHX IMpolieccax: TeHbl HIIOTENHU-
anpHOM aucdynknuu [9, 10, 11], rensr Ba3o-
aKTUBHBIX (aKTOpoB [12], reHbl UMMYHHBIX U
BOCHIAJIMTENBHBIX peakiui [13], reHbl okuc-
JnuTenbHOro crpecca [14, 15], reHsl aunuaHo-
ro obMena [16], reHpl PEHUH-aHTHOTEH3UH-
anbaocTepoHoBOM cuctembl [17-20], reHsbI
HACIIEJICTBEHHBIX TpoMOodumuii [17, 21-24].

Heap uccaenopanusi. OUEHUTH CBS3H
nosmMopdm3ma muddepeHaIbHO IKCIpec-
CUPYIOIIMXCS TE€HOB IUIALIGHTBI C PHCKOM
(bopMUPOBaHUS MTPEIKITAMIICHH.

Marepuanbl M MeTOAbI HCCJIEI0BA-
Hus. Jlns mpoBeneHHs McCieqoBaHUS Oblia
chopmupoBaHa BEIOOpKA U3 366 GepeMEHHBIX
¢ npeakyiamicueil u 631 XKeHIUH KOHTPOJIb-
HOW Tpynmnel. B wuccienoBaHHbie BBHIOOPKH
BOILUIM JKEHILIUHBI PYCCKOW HallMOHAJIBHOCTH,
ponuBinecss B benroponckoit obmactu, He
MMEBIINE POJICTBEHHBIX CBSI3€d, M MPOKUBA-
romue B LlenTpansHo-UepHO3eMHOM pernoHe
Poccun [25]. UndopmupoBaHHOe coriacue
ObUIO TOJYYEHO OT KaKJOro0 YYacTHUKA [0
BKJIIOUEHUS B HUccienoBanue. Knunuueckoe u
nabopaTopHoe 00cie0BaHHUE >KEHIIMH Mpo-
BOAWJIMCH B INEepUHATaIbHOM LieHTpe benro-
pPOJACKON 00JaCTHOM KIMHUYECKOW OOIbHU-
1pl. Kpurepusimu BKIIOYEHHS B HCCIENYEMYIO
BbIOOpKY ObLTH: (a) pycckas HallMOHAb-
HOCTb, (0) cpok OepemenHocTH 37-40 Henens.
bepemenHble ¢ 1MAarHO30M caxapHbIN 1Ua0eT,
MIEYEHOYHAs WM NOYEYHAasl HEJOCTaTOYHOCTb
OBLTM WCKJIIOYEHBI U3 ucciaenaoBanus. M3yda-
eMble TapaMeTpbl BKIIIOYAIM: BO3pacT, Bec,
MHJEKC Macchl Tena, pocT. CpenHui BO3pacT
o6epemennbix ¢ [1D 6wt BeITIE Ha 0,75 1€eT B
CPaBHEHUHU C JKEHIIMHAMH TPYIIIbI KOHTPOJIS
(27,3245,17 net u 26,57+4,94 ner, COOTBET-
crBeHHO, p<0,05). Taxke B AaHHOW Trpymie

3rHaueHuss UMT ObLM BbIIIE, Y4eM B KOHTPOJIE
(25,65+5,71 xr/m® u 23,4043,47 kr/™M%, cooT-
BeTcTBeHHO, p<0,05).

YpoBeHb  apTepUaANbHOIO  JaBJICHUS
(AL, MM. pT. CT.) U3MepsAJICS TPEXKPATHO B
MOJIOKEHUH TMAalMeHTa CUJi Ha 00enx pyKax C
WHTEPBAJIOM HE MEHEEe MHHYTHI, CpellHee W3
JBYX MOCIEAHUX U3MEPEHUN MPUHUMAIIOCH 32
koHeuHoe 3Hauenue AJl. Jlanusie 00 ypoBHE
AJl 1o 6epeMeHHOCTH OBLIH TIOJTYy4YEHBI U3 aM-
Oy/aTopHON KapThl KaXJIOTO y4YacTHUKA WC-
cienoBanus. Ilpesknammcus —omnpenensiach
KaK HaJIM4YKMe apTepHalibHOW TUIIEPTEH3UH (CH-
cronuaeckoe AJl > 140 mM. pT. CT. W/Wiu qua-
cronuyeckoe AJl > 90 mm. pT. CT.), IPOTEUHY-
pun (>0,3 1/11 B CyTOYHOI1 MOY€) U OTEKOB.

3a00p KpOBU Il BbIIEJICHHS TEHOMHOM
JIHK (5 M) ocyiecTBisics U3 JIOKTEBOU Be-
HBI B TUTACTUKOBYIO TIPoOHpKy (Vacutainer®)
¢ 0,5 M pactBopom D/ITA. I'enomnas JIHK
ObL1a BbIJIETICHA U3 JIEHKOIUTOB C MCIOIB30-
BaHHEM MeTona (EHOI-XIOPOPOPMHOU IKC-
TpPaKIUHM, KOHIIEHTpAIMs U KaueCTBO BBIIE-
senHo JIHK oneHuBanuch mnpu MOMOIIU
cnekrpodoromerpa Nanodrop 2000 (Thermo
Scientific, Inc.). MyabTHILICKCHOE TCHOTHITH-
pOBaHHE OJHOHYKICOTHIHBIX MOIUMOPHU3-
MoB (SNP) muddepeHnanibsHo SKCHPECCH-
PYIOIIUXCS TEHOB IUIAIEHTBI OBUIO  OCY-
LIECTBJICHO C MOMOUIBI0 METOJAa MAacCCIeK-
tpoMerpun MALDI-TOF. [Ins nccnenosanus
6bu10 0TOOpano 7 SNPS yetbipex reHoB: mar-
nanau3uH 2 (acCOIMUPOBAaHHBINA ¢ OepeMEeHHO-
CTBIO MIa3MeHHbIH poTenH A2) (rs12083094
PAPPA2, rs10753141 PAPPA2), SAM-SH3-
noMeH-coaepxkamuii  6emok 1 (rs34845949
SASH1), PETUHOJIIETUAPOTreHa3a 13
(rs1654439 RDH13, rs1671215 RDH13),
cyobenununa  12C  mporeuHgpocdaTaszsl
1 (rs2532058 PPP1R12C, rs66707428
PPP1R12C). Janubsie SNPS ObLTH BKIFOUCHBI
B HCCIIEJIOBAaHUE, TaK KaK UMEIOT BaXXHOE pe-
TYJISTOPHOE 3HAYEHHE U OKa3bIBAIOT CYIIe-
CTBEHHOE BIIUSHHE HA DKCIPECCHUI0 TEHOB
[26]. C wucnonp30BaHUEM OHJIAWH-PECYPCOB
HaploReg (v4.1)
(https://pubs.broadinstitute.org/mammals/hapl
oreg/haploreg.php) u  Genotype-Tissue
Expression (GTEX) GTExportal
(http://www.gtexportal.org/) ObLTH H3Yy4eHBI
PETYNATOPHBI  TOTEHIHANT  HCCIEAYEeMBIX
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SNPS u ux BiIusHUE Ha IKCIPECCHUIO T€HOB.
Onenky cBs3eil m3ydennsix SNPS ¢ ypoBHEM
TPAHCKPUIILIUK T€HOB MMPOBOIMIIN C TIOMOIIbIO
METOAMKH, ONMUCAHHOW B pabotax [27, 28].
Jns ouenku accormanuii SNPS ¢ puckom
(bopMUpOBaHUSI IPEIKITAMIICUN UCTIOIB30BAIH
JIOT-JIMHEHHBIA PErpecCUOHHBIA aHAIU3 B
pamMKax Tpex INeHEeTHMYECKHX Mojeneu (aaau-
THUBHAs, pELIECCUBHAs, JIOMUHAHTHas). AHa-
JIU3 MPOBOJUIM C y4ETOM KOPPEKLUHU Ha KO-
(akTOpBl: BO3pacT, HHACKC MacChl Tela, BO3-
pacT HacTYIUIEHHsS MEHapxe, KOJIMUYECTBO ap-
TU(ULIHATBHBIX a0OPTOB, KOJIUYECTBO MEPT-
BOPOXKJIEHUH, KOJIMYECTBO BBIKUBIIICH, ap-
TepHualibHasl TUIIEPTEH3MUsI B aHAMHE3e, MPEedK-
JaMIICHs B aHAMHE3€, KypeHHE.

Pesyabrarel M ux oOcyxaenue. Pac-
IIPEAEICHUE YacToT HccienaoBaHHbIX SNPs y
OepeMEeHHBIX C MPEIKIAMIICHE U B KOHTPOJIb-
HOU IpyIIe npejacTraBieHsl B Tadbnuue 1. Ycra-
HOBJICHO, 4YTO HaOJI0/aeMoe paclpeaecHue
4acTOT ajulesiell U FeHOTUIIOB HAaXOJWJIHNCh B
COOTBETCTBUM C paBHOBecueM Xapau Baiin-
oepra (p>0,05). Accoumanuu SNPs maudde-
PEHIIMAIBHO ~ 3KCIPECCUPYIOLIUXCS ~ T'€HOB
TUTALEHTHI ¢ (DOPMUPOBAHHEM IPEIKIAMIICUN
OTpakeHbl B Tabnuie 2. BeigBieHo, 4To mo-
mumop¢HeIit okyc rs34845949 SASH1 acco-
IUUPOBaH C (OPMHUPOBAHUEM IPEIKIAMIICUU
B pamkax agautuBHoM (OLL=1,27, 95%J1
1,01-1,59, p=0,042) wu  $OMHHAHTHOW
(OlI=1,35, 95%11 1,01-1,82, p=0,043) mo-
nener B3aumonelcTBus ainieneil. C moMo-
mpto anroputMma «Confidence intervalsy c
ypoBHeM kod(ddunmenta cuemnenus D™>0,8
oTpesiesieHbl rario0IOKU M0 UCCIIeI0BaHHBIM
SNPs. Breisgsaensl ramio6iaok H1, Bkimrouato-
i rs1671215 u rs1654439 rena RDH13 (19
Xpomocoma), 1 ramno6iaok H2, Bximrouaromuit
rs2532058 u rs66707428 rena PPP1R12C (19
XpoMocoma). AHanu3 CBsA3€W TaluIOTHIIOB B
BBISIBJICHHBIX Tarjio0J0Kax ¢ (OpMUPOBAHU-
em IID mokaszan orcyrcTBHE accolMalMi C
pa3BUTHEM JAHHOTO OCJOXHEHHUs OepeMeH-
HoctH (Tabm. 3).

Ha cnemyromem stame paboTel ¢ uc-
MOJIb30BaHWEM OHJalH-pecypcoB HaploReg
(v4.1) u GTExportal ObutH OLIEeHEHBI peryis-
TOpHbIE 3(PPEKTHl U BIUSHUE HA SKCIPECCHUIO
reHoB Jiokyca s34845949 SASH1, ceszanHO-

ro C PUCKOM (hOpMHPOBAHUS MPEIKIAMIICUU.
Ycranosneno, uro s34845949 SASH1 pacmo-
JIOXKEH B caiiTe MOIU(UITUPOBAHHBIX THCTOHOB
B 00J1acTsAX HXaHCEPOB B 6 TkaHsX, B [JHKaza-
TUIIEPYYBCTBUTEIILHOM CAWTE B 7 TKAHAX, CAUTE
CBsI3bIBaHMSA C peryisaropubiM Oenmkom USF1, B
TF-cBs3piBatomeM goMeHe it aByx TFs:
Foxll 1, Pou2f2 knownll. Pazmmums mexmy
LOD scores ameneit C u T s Foxll 1 — 1,0,
it Pou2f2 knownll — -1,6. CnenoBatenbHo,
aiutens C rs34845949 SASH1 obycnasnuBaer
noseiieHre adphunnoctn k Foxll 1, a amens
T rs34845949 SASH1 — noBsbimieane aduHHO-
cta Kk Pou2f2 knownll. Taxxe ¢ JaHHBIM TO-
TUMOP(HHBIM MapKepOM HAXOJUTCSI B HEPABHO-
Becud 0o cuerieHuro 1s35774187 SASH1
(r2=0,99), JIOKAJIM30BaHHBIN B caiite Moaupu-
IUPOBAHHBIX THCTOHOB B 00JIACTSAX SHXAHCEPOB
B 7 Tkausax, B JJHKa3za-runepuyscrBurensHoM
caiitre B 11 TkaHsix, caiiTe CBA3bIBaHUS C pPEry-
nstopHbiM Oenkom STAT3.

B nameii pabore oOHapyKeHBI accolya-
myd  noiauMmopduzma 1s34845949 SASH1 ¢
dbopmupoBanrem [1D, BBISBICHO BakHOE pe-
ryasaropHoe 3Hauenue jganHoro SNP. I'en
SASH1 KOAUPYET SAM-SH3-nomen-
cozepkamui O0eok 1, y4acTBYIOIIMH B CHT-
HIBHOM TIYTH TOJUI-TIOJOOHBIX PEIETOPOB
(TLR4), xoTOpble MOTYT CTUMYJIUPOBATH IPO-
JOYKIUIO IIUTOKMHOB M MHIPAIMIO SHAOTENH-
AITBHBIX KJIETOK B OTBET HAa BTOP)KEHME IMaTore-
HOB. JlaHHBIM O€IOK Tak)ke OBUT OMHCAaH Kak
MOTEHIIMATLHBIN CYTPECCOp OMYXOJH, KOTOPBIH
MOYKET PErYIUPOBaTh MPOIUEpaItio, aronTo3
1 WHBA3WIO PAKOBBIX KJIETOK [29]. PesymbTarsl
HCCIIENOBAaHNN ITOKa3bIBaroT, uro ren SASH1
MOYXET TaKXe HHIHOMPOBATH MpOIUdepalnio,
MHIpaIio U MHBA3UIO KICTOK Tpodoldiiacta u
crocooctBoBath Mx arontosy [30, 31]. Caemo-
BaTeNIbHO, TIOBhIIeHHas dkcnpeccust SASH1 Bo
BpeMsl Pa3BUTHUS ILJIALIEHTHI MOXET MPUBOAUTH
K HapylIeHUIO TMPOIECCOB HHBAa3UU TPO-
(hoONIaCTHBIX KIJIETOK U PEMOAETUPOBAHUS CITH-
PaJIbHBIX apTepHil, YTO JEKHUT B OCHOBE ITHO-
MaTOreHe3a MPEedKITAMIICHU. DTH TIPEATIONIONKE-
HUSI COTJIACYIOTCSI C pe3yJbTaTaMu HCCIIe0Ba-
HU, B KOTOPBIX ObLIa BBISBIEHA OOJIee BBICO-
Kas skcnpeccus SASHL B mianieHTe y *KEHITUH
C TIPEIKJIAMIICHEH B CPAaBHEHMH C KOHTPOJIBHOM
rpymnno# [32, 33, 34].
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Tabauya 1

Pacnpenenenue yacrtor SNPS nuddepennuaibHO IKCIPECCHPYIOIMXCH MeHOB IUIAIEHThI Y 0epeMeHHBIX ¢ MpelKIamMIcueit

H B KOHTPOJIbHOM Irpymmne

Table 1

Frequency distribution of SNPs of differentially expressed placental genes in pregnant women with preeclampsia and in the control group
MuHopHBI#I Hacretid I'enotunsl
SNP Ten Xpomocoma I'pymma annenb (ay) an(ze)nb (agay/asag/asay) H, He Puwe
2.

bepemenmmie T G 33/164/169 045 | 043 | 054

rs12083094 PAPPA2 1 ¢ npesKIamrncueit
KonTtpoms T G 53/276/300 0,44 0,42 0,40
bepemenmbie T C 104/166/96 0,45 0,50 | 0,08

rs10753141 PAPPA2 1 ¢ npeskIamncueit
Kontposns T C 150/319/159 0,51 0,50 0,75
bepemenmnie C T 31/179/156 049 | 044 | 007

rs34845949 SASH1 6 ¢ npesKIamrncueit
KonTtpoms C T 49/265/315 0,42 0,41 0,56
bepemenmbie G T 23/142/201 0,39 0,38 | 0,89

rs1671215 RDH13 19 C npesKiIaMIicHeit
Konrponn G T 53/246/331 0,39 0,40 0,43
bepemennmie A C 4/68/293 019 | 019 | 1,00

rs1654439 RDH13 19 ¢ npesKIamrcuet
KonTtpoms A C 14/135/480 0,21 0,23 0,22
bepemenmbie A C 44/162/160 0,44 045 | 082

rs2532058 PPP1R12C 19 ¢ npeskIamncueit
Kontpois A C 84/307/238 0,49 0,47 0,35
bepemennmie G A 5/60/291 019 | 019 | 059

rs66707428 PPP1R12C 19 C NpesKIIaMIICHEH
Konrpoms G A 11/135/485 0,21 0,22 0,59

HpI/IMC‘{aHI/ICZ Ho — Ha6n}0,uaeMa${ reTepO3UroTHOCTD, HE — OXugaeMas rerepo3uroTHOCTb, PHWE — YPOBCHb 3HAYUMOCTH IJIsI PABHOBCCHU A XapﬂH—BaﬁH6epra.

Note: Hg — expected heterozygosity; H, — observed heterozygosity; Pywe — P-values for deviation from Hardy—Weinberg equilibrium.
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Tabauya 2
Accounanuu SNPS nugdepeHninaabHO IKCIPECCHPYIOIMXCHA FeHOB IUIAIEHTHI ¢ OopMUPOBAHHEM MPEIKIAMIICHHI !
Table 2
Association of SNPs of differentially expressed genes of the placenta with the development of preeclampsia
AI[Z[I/ITI/IBHaSI MOICJ/Ib ,Z[OMI/IHaHTHaH MOJCJIb PeuecanHaﬂ MOIC/Ib
TTonmumopduzm I'en X N 95% /11 95% JIN 95% I1
" ' ot H95 I[B95 i ot H95 HBQS i ot H95 IIB95 i
rs12083094 PAPPA2 1 995 1,08 | 0,86 | 1,36 | 0,485 | 1,09 | 0,81 | 1,46 0,580 | 1,27 | 0,71 | 1,94 | 0,544
rs10753141 PAPPA2 1| 994 | 099 |081 | 122 | 0936 | 083 | 0,60 | 1,16 | 0,286 | 1,17 | 0,84 | 1,64 | 0,347
rs34845949 SASH1 6 | 995 | 1,27 | 1,01 | 159 | 0,042 | 1,35 | 1,01 | 1,82 | 0,043 | 1,31 | 0,78 | 2,20 | 0,306
rs1671215 RDH13 19 | 996 0,88 | 0,69 | 1,11 | 0,274 | 0,90 | 0,67 | 1,20 0,457 | 0,70 | 0,39 | 1,25 | 0,225
rs1654439 RDH13 19 | 994 | 0,75 | 0,54 | 103 | 0,079 | 0,73 | 0,51 | 1,04 0,084 | 0,62 | 0,19 | 2,07 | 0,437
rs2532058 PPP1R12C 19 | 995 | 0,89 | 0,72 | 1,10 | 0,285 | 0,85 | 0,63 | 1,15 | 0,290 | 0,87 | 0,56 | 1,36 | 0,540
rs66707428 PPP1R12C 19 | 996 0,88 | 064 | 1,21 | 0,439 | 0,89 | 0,63 | 1,27 0,538 | 0,59 | 0,27 | 2,09 | 0,417

IIpumeuanue: Xp — xpomocoma; OII — orHOmeHue mancos; 95% U — 95% nosepurenbHbiil uHTEpBas; H95 — HibkHsAs rpanuna 95% noBepUTenbHOrO MHTEpBaia; B9S5 — BepxHas
rpaHuna 95% JAOBCPUTCIIBHOTO MHTECPBAJIA, P - YPOBEHb 3HAYUMOCTH; PE3YJIbTATHI ITOJYYCHBI C YYETOM KOPPCKUIHHU HAa KOBAPHATHI; ;?KUPHBIM I.HpI/I(I)TOM OTMCUYCHBI CTATUCTUYCCKHU
3HAYMMEBIE PE3YIIBTATHI C YUETOM aIallTHBHOTO IepMyTannonHoro tecta (1000 nepmyrammit).
Note: Xp — chromosome; OL — odds ratio; 95%/I1 — 95% confidence interval; H95 — lower limit of the 95% confidence interval; B95 — upper limit of the 95% confidence interval;
P — level of significance; bold type indicates statistically significant results taking into account the adaptive permutation test (1000 permutations).
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Tabauya 3

Pacnpenesienue 4yacToT ranjioTunoB AU depeHunaaIbLHO IKCIPECCUPYIONIUXCH FeHOB

IUIAEHTDBI CPEeAU KEHIIUH C npeaknaMncneﬁ HB KOHTpOJ’IbHOﬁ rpymme

Table 3

Distribution of haplotype frequencies of differentially expressed placental genes

in women with preeclampsia and in the control grou
T ar1o60K YacToTa rarioTHion
(rem) SNP lanyoTun bepemennbie ¢ mpe- Kontponb om P
sknamrcueii (n=366) (n=631)

(Rgﬁm) CT 0,104 0,130 0,75 0,079
rs1671215-

151654439 CG 0,151 0,150 1,02 0,910

AG 0,745 0,720 1,16 0,220

(PPPTFZMZC) CG 0,106 0,123 0,86 0,378
rs2532058-

66707428 AA 0,341 0,376 0,89 0,278

CA 0,553 0,501 1,18 0,119

[Mpumeyanue: pe3ysnbTaThl MOTYYCHBI METOAOM JIOTHCTHIECKOH PErpecCHy ¢ y1eToM KoppeKkiuu Ha kodakropsr; OLL —
OTHOIIEHHE IMIAHCOB; P — ypOBEHb 3HAUMMOCTH C YYETOM IPOBEAECHHOTO MEPpMYTallMOHHOTO TecTa (BbimonHeHo 1000

TepMyTaIuii).

Note: all results were obtained after adjustment for covariates; OILI — odds ratio; P — significance level taking into ac-

count the performed permutation test (1000 permutations were performed).

HccnenoBanusi 1Mo MOUCKY aCCOIUAIAA
rs34845949 SASH1 c puckoM pa3BUTHS Tpe-
SKJIAMIICUH OBUIM TPOBENIEHBI TOJIBKO B pado-
te CepebpoBoii u np. (2016) [35], B koTOpOI
Ha TOMYJSIUH M3 TPEX JTHUYECKUX TPYII
(pycckue, sIKyTbl U OypsAThl) ObLIa BBISBIICHA
MOBBIIIEHHAs] YacTOTa BCTPEYAEMOCTH TEHO-
tuna CC rs34845949 SASH1 y skyToB B
rpynne OepemeHHbBIX ¢ IID mo cpaBHeHHIO
KOHTPOJIBHOU I'PYIIION.

3akiouenune. Amtens C rs34845949
SASH1 snsercst (pakTopom pucka pa3BUTHS
npesxnamncun  (OR=1,27-1,35) y Oepemen-
HeIX lleHTpanbHO-UepHO3eMHOrO peruoHa
Poccun. Accommamuu naraoro SNP ¢ ¢op-
MHUpPOBaHMEM TMPEIKIAMIICUH  O0OYCIOBICHBI
€r0 BAXHBIM PETYJIATOPHBIM 3HAYCHUEM:
rs34845949 SASH1 pacnonoxeH B caiite Mo-
TU(HUIIMPOBAHHBIX THCTOHOB B 00JIACTAX JH-
xaHcepoB, B J/IHKa3za-runepuyBcTBUTEILHOM
calTe, calTe CBA3BIBAHUS C PETYIATOPHBIM
OenKoM, B JOMEHE CBA3BIBAHUS C (pakTopamu
TPAHCKPHIIIINH.
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Pesrome

AKTYaJIbHOCTh: XpOHUYECKAsl apTepUaIbHAs TMIIEPTEH3Us U MPEIKIAMIICUS SBIIS-
IOTCSl MYJIbTH()AKTOPHUATBHOMN NaToNoruel, B pa3BUTHH KOTOPOM y4acTBYIOT MHOTHE
TPYIIIBI TEHOB B COYETAaHWM C HETaTUBHBIM CpeAoBbIM BiausHuEM. Lleab ucciaenosa-
HUsA: V3y4uTh MOIEKYIAPHO-T€HETUYECKUE MapKephl IOBBIIICHHOIO PUCKA pa3BU-
TUS TPEIKIAMIICUH IIPH OEPEMEHHOCTH y MAIlMEHTOK ¢ XPOHUYECKOHN apTepuanbHON
TUIEPTEeH3UEH, MO3BOJISIOIINE CBOEBPEMEHHO c(OpMUpOBaTH TpYIIy pHUCKA M
npoUIAKTUKHA BO3MOXKHBIX OCIOXKHEHUH. OnpeeneHue HeOIaronpusTHbIX TeHHbBIX
HOJIMMOP(U3MOB y HNAIIMEHTOK C PE3UCTEHTHOCTHIO K OJHOKOMITOHEHTHOM aHTHMIHU-
NEePTEeH3UBHOW Tepanuu 00eCleunuT WHIUBUIYATbHBIA MOAXOA K BBHIOOPY JieueOHOM
TakTUKU. MaTtepuajbl U Metoabl: IIpoBeneHo uccinenoBanue noiaumopdusma re-
HOB, KOHTPOJIMPYIOIIHUX TOHYC COCYIUCTON CTEHKH, METOAOM ITOJIUMEPAZHOMN LIETHOU
pEeaKIMU B PEeXHME pealbHOTO BpeMeHM Y 49 malueHToK, 0epeMEeHHOCTh KOTOPBIX
npoTekajga Ha (OHE XPOHMUYECKON apTepuanbHOM THUIEPTEH3UH, U 42 KEHIIUH C
XPOHUYECKOU apTEepUAIbHON TMIIEPTEH3UEN U MPUCOCAUHUBLICHCS MPEIKIAMIICUEN.
Pe3syabrarsi: [lokazaHo, 4TO y MAalMEHTOK C XPOHHYECKOW apTEepUaIbHOW THUIIEP-
TEH3UEH U NPUCOCAUHUBIICHCS MPEIKIAMIICUEN B T€HOTHUIIE JOCTOBEPHO Yallle, YeM
y JKEHIIMH C XpOHMYECKOW apTepHaibHON THIiepTeH3ueil 06e3 MpUcoeanHEHUs Tpe-
sKJIaMIicuu  nipucyTcTByoT Bapuanthl AGT 704C, CYP11B2 C(-344)T, GNB3
825T/T kak Mo OTAENBHOCTH, TaK M B COBOKYITHOCTH. 3akjro4eHue: Hanmuume B re-
HOTUIlE OEPEMEHHOM yKa3aHHBIX HEraTHBHBIX MOJIMMOP(PU3MOB COUETAETCS C pe3u-
CTEHTHOCTBIO K OJIHOKOMIIOHEHTHOM aHTHTHMIEpPTeH3MBHON TEepamuu, 4To Tpedyer
Ha3Ha4YeHUs] KOMOMHUPOBAHHOM CXEMBbI JIEUEHUSl Yy JAHHOM KaTeropuu MaleHTOK
JUISL JOCTUYKEHUS LIEJIEBOTO YPOBHS apTEPUAIBHOTO 1aBJICHHUS.
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Features of gene control of blood pressure
In patients with hypertensive disorders during
pregnancy
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Abstract

Background: Chronic arterial hypertension and preeclampsia are multifactorial pa-
thologies, in the development of which many groups of genes are involved in combi-
nation with negative environmental influence. The aim of the study: To study mo-
lecular genetic markers of an increased risk of developing hypertensive disorders
during pregnancy will make it possible to timely form a risk group for early preven-
tion of possible complications. Materials and methods: A study of the polymor-
phism of genes controlling vascular wall tone was performed using real-time poly-
merase chain reaction in 49 patients, who were pregnant against the background of
chronic arterial hypertension, and 42 women with chronic arterial hypertension and
preeclampsia. Results: AGT 704C, CYP11B2 C(-344)T, GNB3 825T/T variants were
shown in patients with chronic arterial hypertension and joined preeclampsia in the
genotype significantly more often than in women with chronic arterial hypertension.
Conclusion: The presence of these negative polymorphisms in the genotype of a
pregnant woman is combined with resistance to a single-component antihypertensive
therapy, which requires the appointment of a combined treatment regimen for this
category of patients to achieve the target blood pressure level.

Keywords: polymorphism; gene; allele; pregnancy; arterial hypertensive;
preeclampsia; antihypertensive therapy

For citation: Fetisova IN, Malyshkina Al, Panova IA, et al. Features of gene control
of blood pressure in patients with hypertensive disorders during pregnancy. Research
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BBeaenue. KoHTponb apTepuanbHOro
JIABJICHUS B OpraHU3MeE YeloBeKa OCYIIECTB-
JISIETCSl COBOKYITHBIM JICHCTBHEM T'€HOB MHO-
TUX CUCTEM (peHuH-aHTUOTEH3UH-
aJIbJIOCTEPOHOBOI, KAaTE€XOJaMUHOBOM M Ap.)
[1-7]. XapakTepHOe s Ka)KIOr0 I'€HOTHIIA
VHUKAIBHOE COYETAaHWE ONPEICICHHBIX aJl-
JICNIbHBIX BapUAHTOB 110 JaHHBIM IeHaM OIpe-
JeNiIeT HACJEICTBEHHYIO COCTAaBJISIONIYIO B
CIIO)KHOM MEXaHU3Me PEryJIsiui ypOBHS ap-
TepuaibHOro jAapneHus. [logoOHBIA  THO
HACJICJIOBAHMS OIpEAeseTCs KaK IOJIUIeH-
HBIM, TPU KOTOPOM CTENEHb BBIPAKEHHOCTH
MpU3HAKa, a IMCHHO YPOBEHb apTEPHATHLHOTO
JaBJICHUS, 3aBUCUT OT CyMMapHOTro 3ddexra
JNCHCTBHSL pa3HBIX AJUICTBHBIX BApUAHTOB
(momumopdusmoB) [8]. Ilox amnenbHBIM TIO-
TUMOP(HU3MOM  TTOAPA3yMEBAIOT HEKOTOPHIE
0coOeHHOCTH B cTpoeHuu Mmonekynasl JJHK,
KaK TPaBUWIO, CIMHUYHBIC HYKIICOTHIHBIC 3a-
MeHbl (single nucleotide polymorphism,
SNP), xotopble HE NPUBOJAT K IpyObIM W3-
MEHEHUSIM OEIKOBOIl MOJEKYJbl, HO, TeM HeE
MEHee, MOTYT ONPEJCNIATh U3MEHEHUE (PU3U-
KO-XHUMHUYECKUX CBOUCTB U (DYHKIMOHAIBHOM
AKTUBHOCTH OEJIKOBOW MOJICKYJIBI, YTO HMEET
HeraTUBHBIN (peHorunmueckuii >dpdexr [9].
Ha ceromHsmHuii €Hb YCTaHOBJIEHO, 4YTO
IpH TOJUTEHHOM XapakTepe HaclleJJOBaHUS
MIPeIpacloioKEeHHOCTH K 3a00JeBaHUIO Be-
POSITHOCTh €r0 Pa3BUTHUS OMpeensercs He
TOJIBKO Ka4eCTBOM OIPEICICHHBIX IMOJIMMOP-
(GU3MOB, HO U UX KOJIWYECTBOM B TE€HOTHIIC
naruedTa. CTerneHb pHCKAa BO3HUKHOBCHHSI
MyIbTU(AKTOPHATEHOTO 3a00JIeBaHUsS OTpe-
JeNIeTCs aTATUBHBIM JIeCTBHEM HebJaro-
MPUATHBIX aJIeJIbHBIX BapUAHTOB U YCIOBH-
SIMH CPEJIbI, B KOTOPBIX pEaM3yeTcsl JaHHBIN
reHorun [8, 9].

XpoHWYeckasi apTepuanbHasl THIICPTCH-
3ust (XAI) u npesknamncus (I13) ssnsrorces
MaTOJOTHEN C HACIEICTBEHHOM Mpeapacmo-
JI0’)KEHHOCTHIO, Pa3BUTHE KOTOPOW OMpeses-
€TCsl COYCTAHHBIM JICHCTBHEM HEOJIaronpHsT-
HOTO TEHETHYEeCKOro (OHa y IKEHIIUHBI H
HETaTHBHBIM BIUSHUEM (aKTOPOB BHEUTHEH
cpensl [2, 3, 9]. MoXHO NpPeanoNoXKuTh, YTO
IIPH  OIPECICHHOM COYCTaHUH TOTUMOpP(-
HBIX BapUAHTOB I'€HOB B T€HOTHUIIE Y UHIUBU-
IyymMa CHW)KAIOTCS aQJalTHBHBIE BO3MOXKHO-

CTH OpraHM3Ma, KOTOPbIH CTAaHOBUTCS Oolee
ySI3BUMBIM ISl IEHCTBUSL arpecCUBHBIX (ak-
TOPOB BHEIIHEW cpenpl. B HacTosmee BpeMs
BEJIETCA IOUCK TI'€HETUYECKUX IPEIUKTOPOB
HeA(P(HEKTUBHOCTH AHTHTUIIEPTCH3UBHON Te-
panuu y nmanueHTok ¢ XAl': B psge paboT oT-
MEYEHa BBICOKAsl 4acTOTa MYTaHTHBIX ajlie-
JIel TeHa pelenTopa aHruoTeH3nHa 1-ro tumna
W TeHa aHTHOTEH3MHIIpeBpalarouiero ¢ep-
MmeHTa (AIID) y 6epemennsix ¢ XAl He no-
CTUTIIHX LEJIEBBIX YPOBHEW apTepUATBHOIO
nasnenus (AJZl) [10]. U3yuenue ocoOeHHO-
CcTel reHoTumna >keHmuHbl ¢ XAI, a Takke B
3aBUCUMOCTH OT JOCTHXKEHHUS LIEJIEBOrO
ypoBHSi AJl cnenaer BO3MOXHBIM (OPMHUPO-
BaHUE TPYMNIbI pucka npucoequHeHus 110 u
o0ecrneuyuT UWHAMBUAYAIbHBIM MOAXOA K
Ha3HAYEHUIO0 aHTUTUMIEPTEH3UBHOW Teparuuy,
YTO IO3BOJUT CBOEBPEMEHHO CKOOPAMHHPO-
BaTh TAKTUKY JI€4EOHO-NPOPUIAKTHUECKUX
MEpONPHUITHI B Ka’KJOM KOHKPETHOM ClIydae.
Henabp mnccnenoBanusi. Ha ocHoBanuu
W3Y4YeHHs] TOIUMOp(dU3Ma TeHOB, KOHTPOJIH-
PYIOIIUX TOHYC COCYAHMCTOW CTEHKH, Y Oepe-
MeHHbIX ¢ XAl onpenenuTs MOJEKYJISAPHO-
reHeTH4ecKkue npeaukTopsl [19 u daxTopsl,
ONPENENAIONINE PE3UCTEHTHOCTh K OJHOKOM-
IMOHEHTHON aHTUTUIIEPTEH3UBHOM TEpAUU.
Marepuanbl M MeETOAbI HCCJICAOBA-
HusA. VccnenoBaHue BBINOJHSUIOCH Ha 0ase
OI'bY  «lIBaHOBCKMI  Hay4HO-HCCIIEIOBaA-
TENbCKUN MHCTUTYT MAaTEpUHCTBA U JIETCTBA
umenn B.H. I'oponkoBay M3 P®. beun 06-
cienoBaHbl 91 GepeMeHHas KEHILMHA B CPOKE
20-36 uenens. Cornacao MKbB-X u xinHunye-
CKUM pekoMeHJanusM «[ unepTeH3uBHbIE
paccTpoiicTBa BO BpeMsi OepeMEHHOCTH, B pO-
nax U nociuepojoBoM nepuoje. Ilpeskmami-
cus. Dxnamicusa» ot 2016 r. o0ciiefoBaHHBIE
MalUMEeHTKH ObUIM TOoJpa3fesieHbl Ha JBe
rpymnmsl: 1-to rpymnmy coctaBuiu 49 6epemMeH-
HbIX ¢ XAl (mmgpp no MKB-X — 010.0); 2-10
rpynny — 42 xenmunsl ¢ XAl u npucoenu-
nusieiics 119 (mmdp nmo MKB-X — O11).
O06e rpynmsl 6bUTH pa3feneHsl Ha 2 TOATrpyIl-
bl B 3aBUCUMOCTHU OT JOCTHKEHHS 1I€JIEBOTO
ypoBHsa A/l Ha hoHE OAHOKOMITOHEHTHOU WIIH
KOMOMHHPOBAaHHOW aHTUTUIIEPTEH3UBHOU Te-
panuu. MeToaoM MoJIMMepa3sHoW LIEHOHN pe-
aKlM{ B PeXUME peajbHOr0 BPEMEHHU OBLIO
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MPOBEACHO TECTUPOBAHUE T€HOB, KOHTPOJIU-
pyromux ToHyc cocyauctor creHku (ADD1
G1378T (rs4961), AGT T704C (rs699), AGT
C521T (rs4762), AGTR1 Al1166C (rs5186),
AGTR2 G1675A (rs1403543), CYP11B2 C(-
344)T (rs1799998), GNB3 C825T (rs5443),
NOS3 T(-786)C (rs2070744), NOS3 G894T
(rs1799983)) ¢ wucnons3oBaHWeM Habopa
«Kapmuoreneruka. ['mnepronms» («JIHK-
texHonorus», Poccus). Bee oOcnenoBanHbie
KEHILIUHBI ObUTH PYCCKUMU MO HALIMOHAIBHOM
MIPUHAJUICKHOCTH U NIpoxuBainu B LlenTpansb-
HoM peruoHe Poccum (MBanosckas, Ko-
cTpoMckasi, SpocnaBckas obnactu). Craru-
CTHUYECKHUI aHaIu3 MPOBOJWIU C TOMOIIBIO
nporpammbl StatSoft STATISTICA 6.0. dns
CpaBHEHHUs TMOKa3aTellell MCIOJb30Ball KpH-
Tepuil y2. PaccuuThiBanM Iokaszareiab OTHO-
menust mancoB (OR), npusoas 95 % nosepu-
TenpHBIA nHTEpBa (95 % CI).

Pe3yabTaTsl n ux odcy:xnenue. [lony-
YEHHBIC PE3YJIbTATHl UCCIICIOBAHUS T€HHBIX U
TeHOTUITUYECKUX YacTOT B IeHaX, KOHTPOIHU-
PYIOIINX TOHYC COCYAMCTOM CTEHKH, Y KEH-
IIMH C TUIEPTEH3UBHBIMU PacCCTPOMCTBAMHU
npu OEPEMEHHOCTH TIPE/ICTABICHBI B Ta0IHIIE.

YcranoBneHo, uTo y narueHTok ¢ XAl u
npucoeaunuBineiics [19 moctoBepHo yartie, uem
y *eHIH ¢ XAI' B reHOTHIIE MPHUCYTCTBYIOT
HEraTUBHBIC TTOJTMMOP(GU3MBI B T€HAX aHTHOTEH-
suHoreHa AGT 704C, anpaocTepOHCHHTA3bI
CYP11B2, ryaHWHCBS3BIBAIOMIECTO O€lika B TO-
MozurotHoM cocTosiHu GNB3 825T/T kak 1o
OT/EIBHOCTH, TaK U B COYCTAHUU.

Kak wm3BecTHO, OOHOM W3 Ba)KHEHUIIMX
CUCTEM, YYaCTBYIOIIUX B PETYJSAIHH YPOBHS
AJl B opraHusme, SBISIETCS ~ PEHUH-
aHTMOTEH3UH-AJIbJJOCTEPOHOBAs cucTema
(PAAC). AktuBamusi KOMIIOHEHTOB JIaHHOM
cucteMbl ompenenser noabeM AJl 3a cuer
yBEJIUYEHHUS] 00beMa IUPKYTUPYIOLIEH KPOBH
u cocynocyxuBawmiero 3gdexkra. OCHOBHBI-
MU KOMITOHEHTaMHU JTaHHOW CHCTEMBI SIBIISIOT-
Csl: aHTMOTCH3WHOTEH, PEHWH, aHTUOTEH3WH-
npeBpamatomuii pepment (AIlD), anruoren-
3uH |l 1 penenTopsl AByX TUIIOB ISl aHTHO-
TeH3uHa |l. AHTMOTEH3MHOTeH MOJA JCHCTBH-
em pernHa U AIl® npeobpasyercs B aHruo-
teH3uH ||, B3ammoJielicTBHE KOTOPOTO C pe-
1enTtopamMu 1-oro TUMa MPUBOAUT K CYKEHHUIO

cocynoB u noabemy AJl [9, 11-13], B3aumo-
neiicreue anruotensuna Il ¢ peuentopamu 2-
Oro THUIIA, HANPOTUB, JAET COCYAOpACLIUpS-
rommii d¢dexT [14]. Bce komnonentsl PAAC
HaXOJATCS 1I0JI FTEHHBIM KOHTPOJIEM, CJIE/10Ba-
TEJNbHO, MPUCYTCTBUE B T€HOTHIE COOTBET-
CTBYIOIIMX MOJUMOP(HU3MOB BIUSET Ha pado-
Ty JAHHOU CHUCTEMBI.

CornacHo MOJMy4YEeHHBIM pe3yibTaraM y
nauueHTok ¢ XAI' u npucoenunusmerics [19
B T€HOTHIIE JOCTOBEPHO Yallle, YeM Y >KEH-
nwH ¢ XAI mpucyrcTByeT mNOIUMOPQHBII
BapuaHT 704C B reHe aHTMOTEH3MHOIeHa (Co-
orBeTrcTBeHHO B 60,5 u 42,9 %, p=0,03,
OR=2,03 (1,13-3,69)). JlaHHBIi IOIMMOP-
(Gu3M onpeaenseT MOBBIIICHHYIO YKCIPECCHIO
rena AGT, dYro crmocoOCTByeT YCHICHHOU
MPOJYKIIMK AHTMOTEH3UHOTEHA W Pa3BUTHIO
runepreH3uBHOro 3¢ dexra. Hamm pesynbra-
Thl COIVIACYIOTCSI C JIaHHBIMHM JIMTEPaTypBhl,
COTJIACHO KOTOPBIM YacTOTa BCTPEYAEMOCTH
aens AGT 704C B eBponeickoit momyins-
uun coctasisier 41,0% [15]. B nuteparype
€CTb YKa3aHMs O [IOBBILIEHHOW 4YacToTe
BCTPEUAEMOCTH HETaTHBHBIX MOJIUMOPQU3-
MOB B I'€HE aHTMOTEH3MHOreHa y jun ¢ XAl
u I1D [2, 5, 6, 16-19]. Tak, uccinegoBanus,
npoBerieHHble B (CeBepo-3amajiHOM pPEruoHe
Poccuiickoit @enepannu, n0o3BOJNUIN OTHECTH
JaHHBIA BapuaHT K (akTopam pHCKa pa3BHU-
tua u XAI, u [19 [1]. Caegyer oTMeTUTS,
4yTo B OcHOBe paszButusa XAI' m IID nexar
€IMHbIE TeHHbIE CETH M CXOJIHbIE MaTOreHe-
TUYECKHE MEXaHU3MBbI, I03TOMY IIPUCYTCTBHE
B T€HOTUIAX MAlMEHTOK OOEHX TIpyMN eau-
HbIX HETaTUBHBIX MOJUMOP(PU3MOB BIOJHE
o0Bsicaumo. Oxanako npucoenunenue 110 Ha
¢done XAI' orpakaeT HEKOTOPBIH CIIOM ajar-
THUBHBIX MEXaHU3MOB B OPraHU3ME JKEHILUHBI,
TO €CTh OoJiee HEraTUBHBIN (PEeHOTHI, YeM Yy
KEHINH, 0EPEMEHHOCTh KOTOPBIX MPOTEKAeT
Ha ¢oHe XAI', HO HE OCIOXKHSETCS Pa3BUTH-
em I[19. MoxHo mpenmnonaraThk, 4To 3a (Gop-
MHPOBAHHUEM TAaKOTO TSKENOro (heHOTHIHYe-
ckoro mnposiBaeHus kak XAI' ¢ mpucoenu-
HuBLIEHCS [1D CTOMT HaKOIJIEHWE B T€HOTHUIIE
MAUEHTKNH OOJBbIIEr0 KOJUYEeCTBA HEraTHB-
HBIX MOJIMMOP(HU3MOB B OOJIBIIEM IPOIEHTE
ciyyaeB. To ecTb, OonblIas OTATOIEHHOCTh
TEHOTHIA CIOCOOCTBYeT Oojiee THKEIoMY
KJIIMHUYECKOMY IPOSIBIIEHUIO NTaTOJIOTHH.
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Gene and genotypic frequencies in genes that control tonus tension of the vessel wall

in pregnant women with hypertensive disorders

Tabnuya (nauano)
I'eHHbIE H TEHOTHNINYECKHE YACTOTHI B T€HAX, KOHTPOJIHPYHIOIIUX TOHYC COCYAUCTOH CTEHKH,

Y “KEHIIMH C THIEPTEH3MBHBIMH PACCTPOHCTBAMH NPH GepeMeHHOCTH
Beginning of Table

AJLnenn/

KouTpoan XA p! 1) P? XA+ |
TCHOTHII

n N % n N % n N % n N %
ADD11378G 78 | 94 | 830 | 83 | 98 | 84,7 | 0,845| 158 | 190 | 832 1 | 73 | 86 | 849 | 0,84
ADD11378T 16 | 94 | 170 | 15 | 98 | 15,3|0,845] 32 | 190|168 1 | 13 | 86 | 151 | 0,84
ADD11378G/G | 35 | 47 | 745 | 34 | 49 | 69,4 0,653| 68 | 95 | 71,6 | 0,842 | 30 | 43 | 69,8 | 0,645
ADD11378G/T | 8 | 47 | 17,0 | 15 | 49 |30,6]0,153| 22 | 95 | 23,2 |0514] 13 | 43 | 30,2 | 0,212
ADDL1378T/T | 4 | 47 | 85 | 0 | 49| 00 |0054| 5 | 95 | 53 |0479] 0 | 43 | 0,0 |0.118
AGT704T 53 | 108 | 49,1 | 56 | 98 | 57,1 |0,266| 93 | 190 |489| 1 | 34 | 86 | 39,5 | 0,194
AGT704C 55 | 108 | 50,9 | 42 | 98 | 42,9 0,266] 97 | 190 |51,1| 1 | 52 | 86 | 60,5 | 0,194
AGT704T/T 13 | 54 | 241 15 | 49 [30,6| 051 | 21 | 95 |22.1]| 084 | 6 | 43 | 14,0 | 0,304
AGT704CIT 27 | 54 | 50,0 | 26 | 49 | 53,1 |0,844| 51 | 95 |53,7|0,734| 22 | 43 | 512 1
AGT704 CIC 14 | 54 | 259 | 8 | 49 | 16,3|0,336| 23 | 95 | 24,2 |0,845| 15 | 43 | 34,9 | 0,378
AGT521C 96 | 110 | 87,3 | 88 | 98 | 89,8 | 0,666 | 169 | 190 | 88,9 | 0,71 | 74 | 86 | 86,0 | 0,834
AGT521T 14 | 110 | 12,7 | 10 | 98 | 10,2 | 0,666 2L | 190 | 15,1 ] 0,71 | 12 | 86 | 14,0 | 0,834
AGT521C/C 43 | 55 [ 782139 |49 [796| 1 | 75 | 95 [789| 1 | 31 | 43 | 72,1 0,637
AGT521C/T 10 | 55 | 18,2 | 10 | 49 | 20,4 | 0,808 | 10 | 95 | 20,0 |0,833] 12 | 43 | 27,9 | 0,33
AGT521 TIT 2 | 55 | 36 | 0 |49]00]0497] 1 | 95 | 1,1 |0555] 0 | 43 | 0,0 | 0,502
AGTRLL166A | 60 | 78 | 76,9 | 28 | 34 | 82,4 |0,621] 46 | 58 |79,3]0,836| 17 | 20 | 85, | 0,551
AGTRLL166C | 18 | 78 | 231 | 6 | 34 | 17,6 |0,621] 12 | 58 |20,7]0,836| 3 | 20 | 150 | 0,551
AGTRILI66A/A | 22 | 39 | 564 | 11 | 17 | 64,7]0,768| 17 | 20 [586| 1 | 7 | 10 | 70,0 | 0,496
AGTRLLI66A/C | 16 | 39 | 41,0 | 6 | 17 | 353]0,772] 12 | 20 |414] 1 | 3 | 10 | 300 0.72
AGTRIL166C/IC | 1 | 39 | 26 | 0 |17] 00| & | 0 [20]00] = | 0 | 10 | 00 | 1
AGTR21675G | 39 | 74 | 52,7 | 20 | 32 | 6250399 27 | 50 [540| 1 | 18 | 26 | 69,2 [0.471
AGTR21675A | 35 | 74 | 47,3 | 12 | 32 | 37,5]0,399] 23 | 50 |460] 1 | 8 | 26 | 30,8 | 0,171
AGTR21675G/G | 16 | 37 | 43,2 | 6 | 16 | 37,5]0,768] 9 | 25 |36,0|0,608] 7 | 13 | 538 | 0,537
AGTR21675GIA | 7 | 37 | 189 n | N | % |0.043] 9 | 25 |360]0151] 4 | 13 | 30,8 | 0,445
AGTR21675A/A | 14 | 37 | 37,8 | 83 | 98 | 84,7]0,103] 7 | 25 |28,0]0585| 2 | 13 | 154 | 0,179
CYP11B2(-384) C| 45 | 92 | 48,9 | 15 | 98 | 15,3 |0,306| 84 | 188 | 44,7 | 0,525 32 | 84 | 38,1 | 0,172
CYP11B2(-344)T| 47 | 92 | 51,1 | 34 | 49 | 69,4 | 0,306 | 104 | 188 | 55,3 | 0,525| 52 | 84 | 61,9 | 0,172
2751182('344) 10 | 46 | 21,7 | 16 | 48 | 333]0,253| 19 | 94 | 202 |0:828| 5 | 42 | 11,9 |0.265
2?1132(-344) 25 | 46 | 543 | 23 | 48 | 47,9 |0544| 46 | 94 | 4890|0502 22 | 42 | 524 | 1
%P“Bz('?""“) 11| 46 | 239 | 9 |48 |188|0618| 29 | 94 |30,9|0432| 15 | 42 | 357 | 0,25
GNB3825C 76 | 102 | 74,5 | 75 | 98 | 76,5 | 0,746 | 130 | 190 | 68,4 | 0,286 | 58 | 84 | 69,0 | 0,417
GNB3825T 26 | 102 | 25,5 | 23 | 98 | 23,5 | 0,746 60 | 190 | 31,6 | 0,286| 26 | 84 | 31,0 | 0,417
GNB3825C/C | 30 | 51 | 588 | 27 | 49 | 55,1 | 084 | 45 | 95 | 47,4 0,225] 22 | 42 | 524 | 0,675
GNB3825C/T | 16 | 51 | 314 | 21 | 49 [ 42,9 [0.301| 40 | 95 | 421]0217| 14 | 42 | 333 1
GNB3825T/T 5 | 51 | 98 | 1 |49 20 [0,205] 10 | 95 [105] 1 | 6 | 42 | 143 | 0,536
NOS3(-786)T | 81 | 110 | 73,6 | 59 | 98 | 60,2 | 0,054 | 113 | 190 | 59,5 | 0,017 | 50 | 86 | 58,1 | 0,032
NOS3(-786)C | 29 | 110 | 26,4 | 39 | 98 | 39,8 | 0,054| 77 | 190 | 40,5 | 0,017| 36 | 86 | 41,9 | 0,032
NOS3(-786)T/T | 31 | 55 | 564 | 18 | 49 | 36,7 |0,052| 30 | 95 | 31,6 |0,003| 11 | 43 | 25,6 | 0,004
NOS3(-786)T/C | 19 | 55 | 345 | 23 | 49 | 46,9 |0,233| 53 | 95 | 55,8 | 0,017| 28 | 43 | 65,1 | 0,004
NOS3(-786)C/IC | 5 | 55 | 9.1 | 8 | 49 | 163|0375] 12 | 95 | 12,6 |0,601| 4 | 43 | 93 | 1
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Tabnuya (oxonuanue)
I'eHHbIE H TEHOTHNIMYECKHE YACTOTHI B FeéHAX, KOHTPOJIHPYHIOIIUX TOHYC COCYANUCTOH CTEHKH,
y KEHIIHH ¢ TUNEePTEeH3UBHLIMHU PACCTPOiCTBAMH NPH GepeMEeHHOCTH

End of Table

Adeas/ KoHTpouib XAT p! m p’ XATHID p?
TCHOTHII
n N % n N % n N % n N %

NOS3894G 77 [ 100 | 77,0 | 71 | 98 | 72,4 | 0,514 | 130 | 190 | 68,4 | 0,135 | 55 | 86 | 64,0 | 0,054
NOS3894T 23 | 100 | 23,0 | 27 | 98 | 27,6 | 0,514 | 60 | 190 | 31,6 | 0,135| 31 | 86 | 36,0 | 0,054
NOS3894G/G 32 | 50 | 64,0 | 26 | 49 | 53,1 |0,311| 45 | 95 | 47,4 | 0,08 | 17 | 43 | 39,5 | 0,023
NOS3894G/T 13 | 50 | 26,0 | 19 | 49 [ 38,8|0,202| 40 | 95 |42,1] 0,07 | 21 | 43 | 48,8 | 0,031
NOS3894T/T 5 | 50 |100| 4 |49 82| 1 |10 | 95 |105] 1 | 5 | 43 | 116 1

IIpumeuanue: XAI' — xpoHnueckas aprepuansHas runeprersus; 119 — npesxnamncus; XAI'+IID — xporundeckas apTe-
pHanbHas TUIEPTEH3US U IpPUCOENUHHMBIIAgcA mpeskiaaMrncus; N — obmiee umcno HabmromeHuil B rpymnme (anse-
JTM/TEHOTHIIBI); N — YHCIIO HOCHTENEH aye/s/TeHOT A B TpyTie; P' — ko3 (HIMEHT T0CTOBEPHOCTH MPH CPABHCHUH
rpynnsl ¢ XAI' 1 KOHTpoIs; P’ - K03()(UIMEHT AOCTOBEPHOCTH MPH CpaBHEHUH Tpynibl ¢ [13 u KoHTpOIs; pé— K030-
(ULIMEHT TOCTOBEPHOCTH NpH cpaBHeHUH Ipynibl ¢ XAl 1 npucoenunusiueiics [19 n koHTpos
Note: CAH — chronic arterial hypertension; PE — preeclampsia; CAH + PE — chronic arterial hypertension and
preeclampsia; N — total amount of observations in groups(alleles/genotypes); n — number of carriers of allele/genotype
in group; P*— coefficient of confidence between CAH and control; P?— coefficient of confidence between PE and con-

trol; P®— coefficient of confidence between CAH+PE and control

B renorune mamuentoxk ¢ XAI' u npu-
coeaunuBuieiics [ID Taxke 10cTOBEpHO ya-
me, 4yem y skeHmuH ¢ XAI' mpucyrcrByer
HEraTUBHBIN ajuleNb B T'€HE aJIbJ0CTEPOHCHH-
ta3sl — CYP11B2 (-344)T (COOTBETCTBEHHO B
61,9 u 42,7 %, p=0,02, OR=2,17 (1,19-3,97)).
AJNBIOCTEpOHCHHTA3a y4YacTBYET B CHHTE3€
aJIBJIOCTEPOHA, MPUHAUIEKUT K CylepceMen-
ctBy uuroxpoma P450. Anbrocrepon crio-
COOCTBYeT 3aJlepKKe HaTpusi BO BHEKJIETOY-
HOM IIPOCTPAHCTBE, @ BMECTE C HUM U BOJBI.
[Monmumopdusm rera CYP11B2 (-344)T onpe-
JieNigeT yCUJieHHe MPOAYKIMU (pepMeHTa alb-
JOCTEPOHCUHTA3bI, @, CIEI0BATEIbHO, U Allb-
JOCTEPOHA, 4YTO MPHUBOJUT K IOBBIIIEHHOM
peadbcopOIMy HATpUs B IOUEUHBIX KaHAJBIIAX
u JaeT runepreH3uBHbIN 3¢ ekt [20]. Kpome
TOT0, TUIEPIPOAYKIHS albJOCTEPOHA CIIO-
COOCTBYET pa3BUTHUIO AHJOTENUATBHON JHC-
(GYHKIIUU BCJEICTBUE YCHJIEHUS SKCIPECCHH
MHTUOMTOpa aKTUBaTOpa IJIa3MUHOreHa-1
[21]. Ilony4yeHHBIE HAMHU pPE3YNbTATHI COIJIA-
CYIOTCS C JaHHBIMU JIUTEPaTyphl, COTJIACHO
KOTOPBIM Yy JIMI €BPONIEOMIHON pachl ajlienb
CYP11B2 (-344)T BcTpewaercss ¢ 4acTOTOM
45,0% [20]. CBenenust 0 MPUIACTHOCTH aJljIe-
ast CYP11B2 (-344)T k pa3BUTHIO THUIIEPTEH-

3UBHBIX OCJIOXKHEHHH OEpeMEHHOCTH HEMHO-
TOYHUCIIEHHBI M PaccMaTpPUBAIOT JAHHBIA I0-
muMop(hu3M Kak (aKTop MOBBIIICHHOTO PUCKA
pasButus [I5 ToabKO B cOUeTaHUU C APYTUMU
MOJIEKYJIIPHO-TEHETUUECKUMUA W MEIUKO-
COIMAIBHBIMU TIPEAUKTOPAMH OCIOKHEHHOTO
TeueHus1 OepeMeHHocTH [22].

BrigBneno, uto y nmauueHTok ¢ XAl u
npucoeauHuBiielics 119 noctoBepHo waile,
yeM y keHIuH ¢ XAI', B reHOoTUIIE TIPUCYT-
ctByer amens GNB3 825T B romo3urotHom
cocTosiHUM (cooTBeTCTBeHHO B 14,3 u 2,0%,
p=0,03, OR=7,8 (1,09-188,8)). I'yauun-
cBs3bIBatolue Oenku (G-Oemku) sKcIpeccu-
PYIOTCSL BO BCEX KJIETKaX OpraHu3Ma U Hrpa-
10T TJIaBHYIO pOJIb B TIEpe/iaye CUTHAJIOB OT
MHOXECTBA PELENTOPOB C TMOBEPXHOCTH
KJIeTku. MuHopHbIi anens 825T rena cyos-
enuaAIB Oeta-3 G-Oenka (GNB3) cBszaH ¢
oOpa3zoBaHreM BapuaHTa Oelka, 00JaaroIe-
rO TIOBBIIICHHONW OWOJIOTUYECKOW aKTUBHO-
CTBIO, PUBOJSIIEH K YCUIIEHHON CUTHAJIbHOU
TpaHcIyKIuu [23, 24].

omumopdusm C825T rena GNB3 ac-
COLIMUPYETCS ¢ SHAOTETUANBHON TUCHYHKITU-
et [9], omHako ero cBsa3p ¢ IID ocraercs
npeaMeToM auckyccuit [22, 24, 25]. B Heko-
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TOPBIX paHHHUX PabdOTax MOKa3aHO, YTO BapH-
ant GNB3 825T sBusiercs ¢akTopom pucka
pa3Butusa [1D He3aBHCHMO OT cocTaBa UcCIie-
nyeMoi nonyisiiuu [24]. Bmecte ¢ TeM nme-
IOTCSI CBe/IEHUSI 00 acCoUMaIy JTAHHOTO MO-
nuMop¢u3Ma ¢ MOBBIIIEHHBIM PUCKOM pa3BH-
tus 11D TOABKO B COBOKYITHOCTH € IEHCTBHEM
JAPYTrUX HETaTHBHBIX aJUICIbHBIX BapUaHTOB
[25]. B mHacrosmem wucciegoBaHuu Oblia
YCTaHOBJICHA aCCOLMAIUsl MEXIY IMOBBIIICH-
HBIM pUCKOM pa3BuTHiA 11D y mamueHTkH c
XAI' UMEHHO C TOMO3UTOTHBIM TE€HOTHUIIOM
[0 YyKa3aHHOMY HeraTMuBHOMY amienio. B
rpynie xeHH ¢ XAI' 6e3 [1D mannbIi re-
HOTUN OBLT OTMEYEH JIMIIb B EIUHHUYHOM
cillydae, B TO BpeMsl KaK CpeAH >KEHIIHH C
XAI' u npucoenuuuBiieicsa 19 mecTs nanu-
eHTok (14,3%) sBIAIUCH TOMO3UTOTAMH IO
amtermto GNB3 825T.

Kak 6p110 ykazaHo Bbliie, B popMHUpO-
BaHWW HACJIEJICTBEHHOW IPEIPACIIONOKEHHO-
CTH K Pa3BUTHIO MYJIbTH()AKTOPHATIBHOHN Ia-
TOJIOTHH, K pa3psaay KoTopoit otHocutcs XA
u [I5, urpaet posib HE TOJIBKO MPUCYTCTBUE B
TCHOTHIIE OIPEACICHHBIX MOIUMOP(PHU3MOB,
HO M COYETaHHOE HAKOIUIEHWE HAa TE€HOTHII
HEraTUBHBIX aJUIETbHBIX BapuaHTOB. Hamwu
ObUIM HMCCIIEJOBAHBI YaCTOTHI BCTPEUAEMOCTH
OJIHOBPEMEHHOTO MPHUCYTCTBUS B T'€HOTHIIE
HEeOJIaronpusATHBIX MOIUMOPGU3MOB y 00cIIe-
JIOBaHHBIX KEHIIUH. Y CTAHOBJIEHO, YTO TOJb-
KO B rpymre >keHiuH ¢ XAI, 6epeMeHHOCTh
KOTOPBIX OCJIOXHsJach paszutuem 10, B
14,6% cny4aeB B TEHOTHIIE OIPEAEIAIACH
kombOunarst AGT 704C, CYP11B2 (-344)T u
GNB3 825T/T npu OTCYTCTBHHM TaKOBOU Cpe-
. nanueHTok ¢ XAIT (COOTBETCTBEHHO B
14,6 u 0,0%, p=0,03, OR=8,1 (1,13-194,2)).
OOpamiaer Ha ceOs1 BHUMaHUE paclipe/ielieHe
YaCcTOT HEraTUBHBIX NOJIMMOP(U3MOB IO yKa-
3aHHBIM JIOKycaM y keHIuH ¢ XAl 6e3 I19.
JUis OTAENbHO B3ATHIX MOJUMOP(HBIX Bapu-
antoB AGT 704C u CYP11B2 (-344)T reunbie
qyacToThl y nmanueHtok ¢ XAl xora u pocro-
BEPHO HMXKeE, 4eM y xeHIIuH ¢ XAl u mpuco-
eauHuBLiencs 19, HO NEMOHCTPUPYIOT BBI-
COKME 3HaueHUs (COOTBETCTBEHHO 42,9 wu
42,7%), 4TO TOBOPUT O LIMPOKOM pacmpo-
CTpaHEHUU B TeHO(OHJE MOMyNAlHUU B Iie-
J0M. ['OMO3UTOTHBII T€HOTHI 110 HETaTUBHO-
my amnemo GNB3 825T/T cpeam xeHIMH ¢

XAT orMmeueH nullb B €AUHUYHOM Cliydae, B
TO BpeMs Kak KOMOMHAIINS HEOJIaronmpusTHBIX
MoJIMMOP(HU3MOB HE OIpesiesieHa HU B OJJHOM
ciydyae y naureHTok ¢ XAl'.

Hamu Obula mpoanaiv3upoBaHa 3aBU-
CUMOCTbh JIOCTHXKEHUS LIeleBOro ypoBHS AJ[
P OJHOKOMIIOHEHTHOH WM KOMOWHUPO-
BaHHON aHTUTUIIEPTEH3UBHOW Tepamuu OT
OCOOCHHOCTEH TeHOTHUIA TMAIMEHTOK MO BHI-
SIBJICHHBIM HETaTUBHBIM JIOKYCaM.

VY Gepemennbix xeHIUH ¢ XAl u npu-
coenunmBIeiicsa [1D nHaubosee yacTo nmpume-
HSJIaCh KOMOMHUPOBAHHAS CXeMa aHTUTHIIEP-
TEH3UBHOM Tepanuu, 4To ObLJIO CBSA3aHO ¢ 00-
nee BBICOKMMHU nuppamu cpeaHero AJl mpu
MOCTYIUICHUU B CTallMOHAP W 3aTPYIHSIO J10-
CTHDKEHHUE IIesieBoTo ypoBHsS AJl mpu Ha3Ha-
YEeHUH OJHOr0 JIEKApCTBEHHOTO CpEeICTBa.
[Tatmentkn ¢ XAI', HanpoTUB, AOCTOBEPHO
yaiie MNOoJydald OJHOKOMIIOHEHTHYIO Tepa-
MU0, OJHAKO TPH OTCYTCTBUU JOCTHKCHHS
uenesoro ypoBus AJ[ um TpeboBanoch
Ha3HAYeHHWEe KOMOWHHUPOBAHHON  Teparvu.
HeoOxonmuMocTh Ha3HaueHUsT HECKOJbKUX
AQHTUTUIIEPTCH3UBHBIX MIPEIAPATOB Y JKCHIIHH
¢ XAI' coueranach ¢ MPUCYTCTBHEM B T€HO-
mune xeHmuH ameas AGT 704C B 75,0%
ciydaeB npotuB 35,7% mpu AOCTHKEHUU Iie-
neBoro ypoBHs AJl Ha ¢(oHe MoHOTEepanuu
(p=0,02, OR=5,2 (1,17-28,49)). V marueHToK
¢ XATI u npucoenunusiieiics [19 neodbxomau-
MOCTh MPUMEHEHUS] KOMOMHHUPOBAHHOHN Tepa-
nuu accoruupoBanace ¢ renotunom GNB3
825T/T B 30,8% cmydaeB, 4To OBLIO JOCTO-
BEPHO YaIlle, YeM NP JTOCTIKEHUH TICJIEBOTO
ypoBHS A/l mpu mpueMe OJHOTO aHTHUTHIIEp-
TeH3uBHOTO cpencrea (3,6%, p=0,04, OR=1,4
(1,12-1,87)). CoveranHoe MpPUCYTCTBHE B Te-
noturie AGT 704C, CYP11B2 (-344)T u GNB3
825T/T 6bu10 oT™MeueHo y 14,6% NanueHToK ¢
XAI' u npucoenunuBiierics 13, He moctur-
mmx ypoBHs 1eneBoro AJl Ha gone MoHOTEpa-
MY, YTO MOTPEOOBASIO BKIFOUYCHUSI B KOMOUHU-
POBaHHYIO CXEeMy JICUEHHS THUIEPTEH3MBHOTO
CHHJIPOMA IPETIapaToB BTOPOU JIMHHH.

3akaouenue. Takum 00pa3oM, TeHHBIE
Bapuantel AGT 704C, CYP11B2 (-344)T u
GNB3 825T/T, kak 10 OTACIBHOCTH, TaK HU
MIPH X COYETAHWH, SBISIOTCS MOJICKYIISIPHO-
TeHETUYECKUMHU TPETUKTOPaMU TOBBIIIEHHO-
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ro pucka npucoenuHeHus 19 y 6epeMeHHBIX
eHIUH ¢ XAI'; ux ompezaeneHue MO3BOJIUT
BBIJICJIUTH TPYIIY BBICOKOTO PUCKA Pa3BUTHS
19 y nanuentok ¢ XAI' U CBOEBPEMEHHO
Ha4yaTh TNPOPUIAKTHUCCKHE MEPOTPUSATHUS.
Hannuune B renotune 6epemenHsix ¢ XAl B
TOM 4HCIIe ¢ npucoeauauBeiics 113, Hebna-
ronpuaTtHeIX noaumMopduzmoB AGT 704C u
GNB3 825T/T coueraeTcss ¢ pe3UCTESHTHO-
CTBIO K OJIHOKOMIIOHEHTHOM aHTUTHUIEPTEH-
3UBHOM TepamuM, WX BbBIIBJICHHE MOXKET
o0ecneunTh MepCOHUPUIMPOBAHHBIA TTOIXO/
K BBIOOPY CXEMbI aHTUTUIIEPTEH3UBHON Tepa-
MUU Yy IAaHHOW KaTerOpHuH MarueHTOK.
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Abstract

Background: The anti-inflammatory effect of indolicidin-like peptides, which have
a wide range of antimicrobial effects, has been already reported in several studies.
The inflammation of the periodontium is accompanied by the endothelium injury and
disorders of vasoactive substances formation. The investigation of the influence of
potential periodontal protectors on the microcirculation and vasoactive substances
production remains relevant. The aim of the study: To investigate the pharmacolog-
ical effect of indolicidin-like peptides on the vasoconstrictor and vasodilator content
in the animals with experimental periodontitis. Materials and methods: Experi-
mental periodontitis was performed in accordance with the method pro-
posed by A.l. Volozhin and S.I. Vinogradova. The pharmacological effect of indol-
icidin-like peptides N7 and N8 on the content of endothelin-1 in the homogenate of
gum tissue and the concentration of nitric oxide decay substances in the plasma was
studied. Rats with periodontitis were intraperitoneally injected with N7 and N8 pep-
tides. The dose of peptides was 500 pg/ kg in 0.2 ml of normal saline once a day for
7 days. Results: The values of endothelin-1 and nitric oxide decay products in the
rats with periodontitis enhanced from the 7 until the 21 day of the experiment. In-
dolicidin-like peptides administration decreased the mean values of endothelin-1 and
nitric oxide decay products in the rats with periodontitis at the 2" and the 3" weeks
of the experiment. Conclusion: The data obtained indicate that indolicidin-like pep-
tides N7 and N8 have protective effect on the vasoconstrictor-vasodilator balance in
periodontitis and there was no significant difference in their influence.

Keywords: periodontitis; indolicidin-like peptides; endothelin; nitric oxide
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Introduction. One of the directions of
modern dentistry is the search for new effec-
tive drugs for treating inflammatory periodon-
tal diseases. The leading role of periodontopa-
togenic bacteria in the provoking of the any
forms of periodontitis and the lack of efficacy
of currently using antibiotics make this prob-
lem especially important [1, 2, 3].

That’s why synthetic analogues of the
natural peptide indolicidin, which have a wide
range of antimicrobial effects, are of great in-
terest to researchers [4, 5, 6]. Recently, we
have shown the protective action of indolici-
din-like peptides on morphological and bio-
chemical changes in the periodontium in peri-
odontal disease [7]. It’s known that the in-
flammatory processes, including periodontitis,
are accompanied with the disorders of vasoac-
tive substances secretion [8].

The aim of the study is the evaluation
of the pharmacological effect of indolicidin-
like peptides on the content of endothelin-1
and nitric oxide decay products in the animals
with experimental periodontitis.

Materials and methods. Eighty Vistar
male rats were obtained from the branch
“Stolbovaya” of the Federal State Budgetary
Institution of Science “Scientific Center for
Biomedical Technologies of the Federal Med-
ical and Biological Agency”. The naive group
consists of 8 animals. Experimental periodon-
titis was performed in accordance with the
method proposed by A.l. Volozhinand S.1.
Vinogradova [9]. The animals received the
chloral hydrate intraperitoneally at a dose of
0.3 g / kg b.w.and 2% novocaine solution
locally. The silk thread was put in the form of
eight on the lower incisors after the dissection
of interdental papilla. Then the silk ligature
was immersed in the periodontal groove and it
was fixed with additional nodes for two
weeks. The animals were sacrificed at the
first, second and third weeks after by an over-
dose of anesthesia.

The concentration of endothelin-1 in the
gum tissue homogenate was measured by
immune-enzyme assay using a set produced
by Biomedica Medizinprodukte GmbH Co
KG (Austria) and it was expressed in
pmol/ml. Preliminary, the gum tissue (100

mg) was homogenized in the saline solution
(pH=7.2) in the low temperature (+2-+3°C)
and then homogenate was centrifuged in 3000
rpm during 15 minutes.

Nitric oxide decay products content in
the plasma was measured by a 546-nm spec-
trophotometer [10].

The rats with experimental periodontitis
were divided into the following groups: con-
trol group (periodontitis and saline solution
injections) — 24 rats, the first experimental
group (periodontitis and indolicidin N7 injec-
tions) — 24 rats, the second experimental
group (periodontitis and indolicidin N8 injec-
tions) — 24 rats.

The action of indolicidin-like peptides
N7 (H - lle — Leu — Pro — Trp — Lys — Lys —
Pro — Trp — Lys — Pro — Trp — Arg — Arg —
NH;) and N8 (H — lle — Lys — Pro — Trp — Lys
— Trp — Pro — Trp -Lys — Pro — Trp — Arg —
Arg - NHy) (LLC “NPF* Verta™”, St. Peters-
burg, Russia)” on the periodontitis develop-
ment was investigated. The rats in the control
group were intraperitoneally injected with 0.2
ml of normal saline 7 days. The rats in exper-
imental groups were injected under the same
schedule with 0.2 ml of the solution of N7 or
N8 peptide in normal saline. The dose of in-
dolicidin-like peptides was 500 ug/kg of body
weight. The solution was prepared ex tempo-
re. These doses were chosen on the basis of
the literature data and preliminary experi-
ments [7].

The study was carried out in accordance
with the regulations for ensuring the human
treatment of animals declared in the Helsinki
Declaration of the World Medical Association
on the Humane Attitude to Laboratory Ani-
mals (2000), European Community Directives
(86/609 EC) and the Rules of Proper Labora-
tory Practice in the Russian Federation (Order
N0.199n of the Ministry of Public Health of
the Russian Federation dated
01.04.2016). The approval of the Regional
Ethics Committee (REC) (protocol No. 3 of
10.27.2015) was received.

Experimental results were statistically
processed by methods of variation statistics.
The significance of discrepancies was defined
according to Student’s t-criterion after the
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checking of normal distribution of the param-
eters. MS Excel and Statistica 10 software
were used for statistical processing.

Results and discussion. Mean values of
the endothelin-1 concentration in the gum
homogenate and nitric oxide decay products
in the plasma in the naive, control and treated
with indolicidin-like peptides N7 and N8

groups are shown in Table. The studied indi-
ces of the control group rats increased in
comparison with those in the naive animals
during the entire observation. The arising in
the content of nitric oxide decay products in-
dicates to the reinforcement of nitric oxide
turnover and a decrease in its concentration

8].

Table

Pharmacological effect of indolicidin-like peptides on the endothelin-1 and the nitric oxide
decay products content in the rats with periodontitis. (M+m), n=8

Indices Concentration of nitric Concentration of endo-
Day of experiment oxide decay products in thelin-1 in the gum tis-
Group the plasma, mcmol/l sue, pg/mg of protein
Naive group 14.1+0.4 1.34+0.06
Control group 7 day 19.7+0.7 2.13+0.05 ™"
14 day 17.6+0.6 ™ 2.56+0.04 ™
21 day 16.3+0.4™ 1.76+0.04 ™
Periodontitis + indolicidin | 7 day 18.9+0.6 2.07+0.06
N7 14 day 15.4+0.7* 1.90+0.05***
21 day 14.0+0.4** 1.39+0.03***
Periodontitis + indolicidin | 7 day 20.1+0.6 2.12+0.06
N8 14 day 15.6+0.6* 1.92+0.05%**
21 day 14.7+0.5* 1.41+0.05***

Note: ™ — p<0.01, ™ — p<0.001 in comparison with those in the naive group; * — p<0.05, ** — p<0.01, *** — p<0.001 in

comparison with those in the control group.

The long-term treatment with indolici-
din-like peptides N7 and N8 revealed a signif-
icant decrease in the endothelin-1 and nitric
oxide decay products in rats with periodontitis
at the 2" week of the experiment in compari-
son with those in the control group: nitric ox-
ide stable metabolites concentration decreased
by 12.5% and 11.4% (p<0.05) and endothelin-
1 content — by 25.8% and 25.0% (p<0.001)
after the injection of indolicidin analogues N7
and N8 respectively.

This dynamics continues at the 3™
week: endothelin-1 and nitric oxide decay
products turned out to be significantly less
than in the control rats (p<0.05-0.01).

The results of our study confirm the da-
ta about disturbances in the endothelin and
nitric oxide content in periodontitis [11, 12].
The pathogenesis of endothelium injury in the
inflammation is complicated. The direct dam-
aging effect of periodontal microbes on the
vascular endothelium is mainly developed due
to their adhesion and invasion into endothelial
cells [13]. Endothelial damage leads to intra-

vascular changes: platelet aggregation and the
activation of coagulation [13]. It has been also
established that ET-1 was involved in the reg-
ulation of proinflammatory interleukins, espe-
cially interleukin-1b expression in gingival
tissues [11].

The microcirculation system provides
mainly metabolic homeostasis in the organs
and tissues. Recently it was declared that per-
iodontitis is characterized by a significant de-
crease in capillary perfusion in the periodon-
tium [8]. A critical decrease in microcircula-
tion and vasomotor activity of blood vessels
in patients with periodontitis is followed by
disturbances in the microcirculation adapta-
tion to local metabolic needs [8, 13].

The long-term administration of indol-
icidin-like peptides N7 and N8 was followed
by a protective pharmacological effect on the
content of vasoconstrictor and vasodilator.
These data confirm that indolicidin-like pep-
tides are able to correct microcirculation in
the affected periodontium. In our opinion, the
effect could be related to the action of the
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peptides on the vasoactive substances synthe-
sis by the macrophages and platelets, includ-
ing interleukins, arachidonic acid cascade me-
tabolites, growth factors, etc. The stimulation
of macrophage adhesion property indicating
to their functional activation under the influ-
ence of synthetic indolicidins has been al-
ready established [14].

Comparative investigation of the phar-
macological effect of indolicidin-like peptides
on endothelin-1 and nitric oxide decay prod-
ucts content in periodontitis didn’t reveal the
significant difference. Further research is re-
quired for better understanding molecular
mechanisms of vasoprotecting effect of syn-
thetic indolicidins.

Conclusion

1. The increase in endothelin-1 content
in gum tissue and nitric oxide decay concen-
tration in plasma has been established in peri-
odontitis.

2. The long-term administration of in-
dolicidin-like peptides N7 and N8 had protec-
tive effect on the vasoactive substances con-
tent: endothelin-1 and nitric oxide.

3. There was no significant difference
between the pharmacological effects of indol-
icidin analogues N7 and N8 on the vasoactive
substances content in periodontitis.
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Abstract

Background: The population of Mongolia in 2020 is estimated at 3,305,625
thousand people, thus it has increased by 25.3% since 2000, by about 5.6% per year.
The number of older people in Mongolia in 2015 was 244162, and that number will
grow up to 535761 in 2030. The history of development and establishment of the Na-
tional Gerontology Center (NGC) of Mongolia has taken a long road since 1966.
Nowadays, there is one NGC in the capital, Ulaanbaatar, which provides scientific
and practical guidance for conducting preventive examinations and treatment of the
elderly. On June 2020, a new Gerontology Center opened in Darkhan city of Mongo-
lia. The aim of the study: To introduce the statistical data of the elderly people and
history of development of NGC in Mongolia. Materials and methods: Statistical
data was mostly introduced from the renewed population projection for 2015-2045
designed by the National Statistical Office of Mongolia. The history of the NGC of
Mongolia was collected from the newspapers and journals of the library, the archive
of the Gerontology Center and electronic database from the web of the Ministry of
Health. Results: Performance results of the NGC: within the period from 2005 to
2015, 61,262 people received outpatient examinations, 25,453 received preventive
examinations, 3,500 received follow-up and home care, and 515,534 people received
geriatric diagnostics and treatment. By 2019, the Center received the national inde-
pendent status for providing comprehensive care for the elderly in accordance with
the current developments in the field of gerontology, providing qualified medical
services and methodological guidance for healthcare institutions and specialized
training of medical personnel. Conclusion: The modern NGC is now striving to de-
velop an integral healthcare system for the elderly that effectively integrates
healthcare for the elderly with long-term follow-up, home care and palliative care.
Keywords: elderly; history; establishment; development; healthcare
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Introduction. According to the national
statistics, the population of Mongolia in 2020
is estimated at 3,305,625 thousand people,
thus it has increased by 25.3% since 2000, by
about 5.6% per year. According to the
national statistical estimates, the population
will reach 4 million people by 2031 and 5
million by 2045 [1, 2]. In Mongolia, men and
women over 60 and 55 years are called elder-
ly people. In 2015, people aged 65 and older
made 3% of the total population, and by 2045
the number will triple up to 9%. It is predicted
that the share of the population aged 60 and
older will exceed the share of the population
aged 0 tol4 years old by 2056 [1]. The
percentage of elderly people above 80 in the
population will also increase from 0.5% in
2007 to 1.0% by 2025 and 3.4% by 2050 [3].
According to scientists, the number of older
people in Mongolia in 2015 were 244162, and
that number will double by 2.2 to become up
to 535761 in 2030. This figure indicates that
by 2030 the elderly will make up 14.9 percent
of the total population of Mongolia [4-7].

The aim of the study. To introduce the
statistical data of the older people and history
of development of the National Gerontology
Center in Mongolia.

Materials and methods. Statistical data
were mostly introduced from the renewed
population projection for 2015-2045 designed
by the National Statistical Office of Mongo-
lia. The history of the NGC of Mongolia was
collected from the newspapers and journals of
the library, the archive of the Gerontology
Center and electronic database from the web
of the Ministry of Health.

Results. Almost three quarters of Mon-
golia's population live in or around large cit-
ies, most of which are concentrated in one
area. Approximately 45% of the country's
population live in the capital, Ulaanbaatar,
which had the population of 1.5 million as of
2019 [6-8]. 68.3% of the total population of
elderly people live in urban areas, and 31.6%
live in rural areas. Ulaanbaatar is home to

2021;7(1):72-79. Russian. DOI:

1,440,400 people, or 46.2% of the total popu-
lation [7-9].

The population of Mongolia is now
young, but by 2045 the age structure will ap-
proach aging. Life expectancy of the popula-
tion of Mongolia in 2016 was 69.57 years,
65.58 years for men and 75.10 years for
women. The average life expectancy of wom-
en is 9.52 years longer than that of men. In
general, women constitute the majority of the
older population (58% female vs. 42% male),
and even more of the population of oldest
olds (61% vs. 31%). A higher proportion of
older women than older men are “single,” that
is, unmarried (3.2% vs. 2.8%) or widowed
(62.7% vs. 24.4%). Moreover, older women
face a higher incidence of disability (53% vs.
47%), fewer opportunities for productive em-
ployment (4.8% vs. 13.1%), and a higher
prevalence of difficulties with ADL (57% vs.
43%) and IADL (55% vs. 45%). As older
women tend to be less secure in terms of fi-
nances, care, and support, they are more vul-
nerable than older men [10].

Life expectancy is critical for determin-
ing mortality rates in population projections.
Therefore, with development of modern med-
icine, it is also assumed that the availability
and quality of medical services will increase,
infant mortality will decrease, and life expec-
tancy will gradually increase by about 0.5-1.5
years every 5 years by 2045 [8].

In 2005, average years in retirement for
male were 13.3 years, average years in re-
tirement for female were 15.3 years, but in
2030 and onwards average years in retirement
for male are expected to be 15.4 years, and
average years in retirement for female — 17.1
years [11]. Thus, according to estimates, in 30
years, 16% of the population of our country
will reach retirement age, i.e. the number of
the population in retirement age will triple by
2045, indicating the need for policy measures
such as regulating the rate of retirement pay-
ments and increasing social security services
for retired people [8]. During the "demo-
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graphic window", the government of Mongo-
lia is actively taking measures to accelerate
the country's economic development, increase
jobs, increase incomes, life quality and life
expectancy of the population.

History of Gerontology Development

The Mongolian gerontology dates back
to 1966, the Director of the Academy of Sci-
ences B. Shirendev and the Minister of Health
G. Tuvaan, at a meeting with Professor Par-
khong (Romania) from the Institute of Geron-
tology, signed the first foreign agreement on
the training of doctors in gerontology. The
first geriatric doctor was Ts. Gonchigsuren. In
1973, the second geriatric doctor N. Zhanchiv
from Ulaanbaatar was trained at the Kiev In-
stitute of Gerontology for 6 months.

Formation of first Geriatric outpatient
cabinet: After N. Zhanchiv graduated from
the institute, he proposed to create a center for
the elderly in his country with Ts. Gonchig-
suren and the first outpatient cabinet for the
elderly was established in 1977 [8-10]. By the
Order of the Executive Director and Head of
the Health Protection Department of
Ulaanbaatar People's Deputies Congress,
"Monitoring for the Elderly" No. 60 dated
January 15, 1977, "Hospital Rooms for the
Elderly" were arranged in Mongolia in the 3"
General Hospital of Ulaanbaatar, where Ts.
Gonchigsuren worked as a doctor. From 1983
to 1987, the outpatient Center for the Elderly
was expanded, in which, in addition to the
general physician D. Chultem, a neurologist, a
primary care physician, a rehabilitation thera-
pist, an otolaryngologist and a radiologist
started working [12, 13].

Establishment of geriatric cabinets in
districts: By the Order of the Executive Direc-
tor and Head of the Health Protection De-
partment of Ulaanbaatar People's Deputies
Congress dated December 20, 1988, No. 115
"On Measures Regarding the Work of Hospi-
tals for the Elderly", the procedure for the op-
eration of the first geriatric office in polyclin-
ics in two districts — Sukhbatar and Ok-
tyabrsky — was approved. The staff of the ger-
iatric office consisted of 2 doctors and 2 nurs-
es. Later the geriatric cabinet expanded and

became a Geriatric Clinic located in Damba-
darjaa [9].

Geriatric Clinic united with Traumatol-
ogy Clinic: By the decision of the Govern-
ment of Mongolia, the Geriatric Clinic united
with the Traumatology Clinic in 1992. After
this decision, the health of the elderly was
largely neglected. Rehabilitation Center: By
the Order of the Minister of Health dated Jan-
uary 26, 1995 A/Q09, the Ulaanbaatar Rehabili-
tation Hospital was transformed into a Reha-
bilitation Center, and not only for the elderly,
but also for other categories of the population
[9]. From that moment on, the number of el-
derly patients in the Rehabilitation Center be-
gan to decline sharply.

The Gerontology and Rehabilitation
Center: By the Order of the Minister of
Health dated October 3, 1995, A/132 and
A/209, the Rehabilitation Center was united
with the Traumatology Clinic [10]. Within the
framework of the National Program "Health
and Social Protection of the Elderly”, ap-
proved by Government Decree No0.130 of
1998, the Gerontology and Rehabilitation
Center was opened. 2 doctors and 1 nurse
worked in the Gerontology and Rehabilitation
Center. The Gerontology and Rehabilitation
Center was responsible not only for counsel-
ing the elderly throughout the country, but
also for training medical personnel in caring
for the elderly [13].

Establishment of geriatric cabinets in
provinces for the first time: By the Order of
the Minister of Health dated January 31,
1999, in all provinces, for the first time,
offices for retired people were created, in
which the elderly were trained in primary and
secondary prevention of morbidity, medical
and social issues.

In 2003, R. Oyunkhand became director
of the Gerontology and Rehabilitation Center
and started to organize research studies to-
wards health and pathologic conditions of the
elderly and geriatric health education train-
ings. In 2003, preparation of professional doc-
tors in gerontology-geriatrics began at a new
stage as Ya. Tsend and R. Oyunkhand began
training in geriatrics in Malta, organized by
the International Institute of Aging. Since
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2003, under the leadership of the Gerontology
and Rehabilitation Center in the provinces,
geriatricians have been working to carry out
preventive examinations of the elderly. Since
2003, a team of geriatric physicians began
working with family doctors, as well as gov-
ernment and nongovernmental organizations
working with the elderly, to provide preven-
tive check-ups, health education and training
of elderly people on healthy lifestyles and
physical activity. The preparation-educating
program of geriatric doctors and nurses in
Mongolia started in 2005 by the organization
aid of the Postgraduate Institute of Mongolian
Health Sciences University with the support
of the World Health Organization. Two phy-
sicians have been trained as “Geriatric Physi-
cians” and three have been trained as “Geriat-
ric Nurses”, doctors and nurses first trained in
first aid treatment [13].

In 2005-2006, the head of the Gerontol-
ogy and Rehabilitation Center, R. Oyunhand,
was trained as the first clinical gerontologist
at the Joint Medical Postgraduate Institute in
Singapore and became the first trained geron-
tologist in Mongolia. In 2007, head of the
Center R. Oyunkhand initiated and estab-
lished the “Association of Gerontology and
Geriatrics”, which included specialized mem-
bers in gerontology [13]. By the Order of the
Minister of Health of December 14, 2007
No0.311 "On Measures for the Care of the El-
derly”, guidance rules for the operation of a
geriatric office structure and personnel sched-
ule in district and province hospitals were ap-
proved [14].

Establishment of the Gerontology Cen-
ter: Until 2005, the Gerontology and Rehabil-
itation Center and geriatric doctors arranged
medical care for the elderly on their premises,
but the lack of methodological support for
arranging care of the elderlies lead to the es-
tablishment of the Gerontology Center under
the Ministry of Health of Mongolia. The head
of the Gerontology and Rehabilitation Center
R. Oyunkhand initiated a project to create a
gerontology center and submitted it to the
Ministry of Health, which supported the deci-
sion to establish a gerontology center. By the
Decree of the Government of Mongolia

No0.209 dated September 29, 2005, the func-
tions of the National Gerontology Center un-
der the Ministry of Health of Mongolia in-
clude conducting researches, training
healthcare institutions of various levels with
professional methodological guidelines for
studying the causes and factors of aging of the
Mongolian population and providing medical
care [14, 15].

On the basis of the Order of the Minis-
ter of Health of November 11, 2005 No.279,
“The Strategy and Structure of the Activities
of the Gerontology Center” was approved, 18
stationary places were organized. At the same
time, the original emblem of the Gerontology
Center and the internal work order regulations
were approved. The Gerontology Center start-
ed to work in four main areas: strategic divi-
sion, educational division, research division,
the department of information marketing and
financial services of rehabilitation care. One
of the functions of the Center was activities in
the field of training medical personnel [16].

In 2007, at the initiative of R.
Oyunkhand, director of the Tenhleg Center a
multi-specialty team providing home care for
the elderly, introduced a new form of care for
the elderly and began to provide the elderly
with the necessary medical and social ser-
vices. The multi-specialty team is dedicated to
providing comprehensive home care for the
critically ill and disabled, addressing social
issues and improving the satisfaction and
quality of life of elder people across the coun-
try.

Since the foundation of the Gerontology
Center as an independent organization, 2 spe-
cialists worked in the training department for
promotion of healthy aging and 1 specialist
worked in the research field. In 2006, the De-
partment of Training and Research, Foreign
Relations and Cooperation including 6 spe-
cialists was added to the structure of the Cen-
ter. The department conducts trainings and
education on gerontology and geriatrics, stud-
ies the factors influencing the aging of the
Mongolian people and the health of the elder-
ly; supports and evaluates researches; pro-
motes healthy aging; arranges and directs
multiple activities across the country, includ-
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ing the collection of health data and infor-
mation on elder people; cooperates with for-
eign and domestic organizations performing
similar activities. Every year the department
expands cooperation and the scope of its ac-
tivities [10].

The educating program "The Funda-
mentals of Gerontology and Geriatrics™ was
developed and approved by the head of the
Center R. Oyunkhand and the head of the ed-
ucational department M. Solongo in 2007.
1251 doctors took part in the training, orga-
nized in 2007-2011 in 9 districts of the capital
and 21 rural provinces. This is a major break-
through in providing basic knowledge about
the aging process and the conditions accom-
panying aging to physicians of primary
healthcare centers [17]. In 2009, with the sup-
port of the United Nations Population Fund
(UNFPA), offices were renovated and train-
ing of coaches on “Breathing Exercises” and
“Water and Breathing” meditation started for
the elderly. Since 2010, preventive examina-
tions have been carried out among the elderly
in remote areas of the capital and among the
elderly in rural areas. The Hall for Healthy
Aging was opened with financial support
from the United Nations Population Fund and
began using instruments for comprehensive
physical examination, electronic weight and
bone density measurement [12, 13].

In 2012, “The nursing guidance for the
elderly” was approved by the Ministry of
Health on 13 January, 2012. The rationale is
that health care providers should not only fo-
cus on the illness of the elderly, but also con-
duct a comprehensive physical, mental and
social assessment, develop and implement a
care plan tailored to the needs of the elderly,
evaluate the results for the prevention, long-
term preservation of the independence of the
elderly and the promotion of healthy aging
[18].

The National Program named “Healthy
Ageing, Health of Elders” was approved by
the Mongolian Government in December 14,
2013. The purpose of the program was to im-
prove the quality of life of the elderly by sup-
porting a healthy and active aging population,
improving the health, care, protection and so-

cial participation of the elderly. These include
1. Creating a favorable legal, social and eco-
nomic environment to support a healthy aging
population; 2. Promoting the health of the el-
derly and preventing disease; 3. Improving
the development, protection and participation
of the elderly in society; 4. Expanding com-
prehensive health care services to meet the
needs of the elderly [19].

The Gerontology Center expanded to
the National Gerontology Center: The func-
tional direction and structure of the Center's
activities were approved in 2012 by Govern-
ment Decree No.231 "The National Gerontol-
ogy Center" and by the Order of the Minister
of Health N0.226 dated June 25, 2013 [15].
The National Gerontology Center is currently
the leading national health organization for
gerontology and geriatrics. The General Di-
rectors of the National Gerontology Center
were: R. Oyunhand (2006-2013), N.
Nyamsuren (2015-2016), B. Bayar (until De-
cember 2016), R. Khishigzhargal (from De-
cember 2016 to the present).

Since its establishment, the National
Center for Gerontology has carried out its
mission studying the factors affecting the ag-
ing and health of the elderly in Mongolia,
providing disease prevention, diagnostics, re-
habilitation, treatment and nursing services,
providing professional management and
methodology to health organizations, training
and advocacy.

The National Gerontology Center has
four divisions: the health services division,
the academic research division, the strategic
planning division, and the internal audit ser-
vice for quality control and assessment. Since
2005, the Center has been located in the
building of the former anti-tuberculosis dis-
pensary. Despite the fact that there are 52 po-
sitions in the Center, there are currently 9
doctors and 3 nurses in the Center.

Gerontology-geriatrics current condi-
tion

The National Gerontology Center —
Mission: To study the aging process and the
risk factors, to develop the workers by creat-
ing a system that respects clients by providing
social, health and medical care to the elderly.
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The NGC is an organization under the Minis-
try of Health of Mongolia. According to the
rules of the NGC, the organization is respon-
sible for studying the causes of aging and
health factors in Mongolia, providing profes-
sional and methodological guidance to health
care providers in providing public rehabilita-
tion services for the elderly, and conducting
training and research [20].

Scope of activities — The NGC under the
Ministry of Health studies the factors affect-
ing the aging and health of the elderly in 9
districts, 21 provinces and the country, pro-
vides services for disease prevention, diag-
nostics, rehabilitation and treatment that is a
national reference center that provides train-
ing and advocacy to the elderly free of charge,
regardless of home address.

The National Gerontology Center has
four divisions: the health services division,
the academic research division, the strategic
planning division, and the internal audit ser-
vice for quality control and assessment. From
2005 the Center has been located in the build-
ing of the former anti-tuberculosis dispensary.
Despite the fact that there are 52 positions in
the Center, there are currently 9 doctors and 3
nurses in the Center.

Performance results: In 2005-2015,
61,262 people received outpatient examina-
tions, 25,453 patients received preventive ex-
aminations, 3,500 patients received home
care and 515,534 patients received diagnos-
tics. In 2016, a total of 21,079 examinations
were performed, of which 19,077 were outpa-
tient examinations, 1,523 were preventive ex-
aminations, and 479 were active home visits.
Observing these numbers, only 8.18 percent
of the elderly is provided with healthcare an-
nually, therefore it is an important issue that
needs to be addressed in order to improve the
quality and availability of care (diagnostics,
type of treatment, number of rooms, number
of qualified doctors and specialists) [20].

Within the framework of training for
geriatric doctors and nurses: Since 2007, we
have been organizing specialized professional
training programs for geriatric doctors and
nurses. There are 24 geriatricians and 28
nurses for the elderly in Mongolia. This rep-

resents 49 percent of the total number of geri-
atric physicians and 28.4 percent of nurses,
indicating the need to focus on policy-
preparing the training of geriatricians and
nurses [20].

In the framework of geriatric training:
Every year, the Central Research and Training
Office organizes thematic and repeated train-
ings for doctors, medical professionals and
the elderly who provide health care services
to the elderly in the capital city and rural are-
as. As of 2016, 1513 doctors and medical pro-
fessionals participated in 16 trainings of 11
types and 2733 elderly people participated in
13 trainings of 37 types and successfully or-
ganized trainings in each field [19].

In the framework of research in geriat-
rics: The Academic Council of the Central
Research and Training Office consists of 9
professors, 3 associate professors, 3 doctors
of medicine and 1 master of social sciences
who works and directs research in aging and
its pathology [12].

Discussion

Health care system for the elderly:

1. Within the framework of the national
program “Healthy Aging and Health of the
Elderly” at the level of primary care, a train-
ing program on “Strengthening care for the
elderly in Soum (subprovince) health centers”
was created and approved at the primary care
level. In accordance with the “Friendly Fami-
ly Health Center for the Elderly” selection
procedure, we are selecting and rewarding
family and Soum health centers that have cre-
ated a friendly environment for the elderly
and set an example for other organizations
[20].

2.Within the framework of improving
the quality and access to specialized profes-
sional services for doctors and medical pro-
fessionals working at the second level or at
the level of general hospitals in province and
district health centers, training and advocacy
are organized in 8-10 provinces every year
providing professional and methodological
guidance. We are cooperating to make rec-
ommendations on the issue and pass them on
to the administrative unit management at the
appropriate level. Doctors in the geriatric of-
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fices in the district are involved in continuous
training throughout the year.

3. Thematic and repeated trainings on
the diagnostics and treatment of common dis-
eases in the elderly and communicating spe-
cial methods with the elderly are organized
annually in cooperation with the central hos-
pitals and specialized centers for doctors and
medical professionals working at the tertiary
level or specialized centers, general clinical
hospitals and centers. Professional and meth-
odological guidance in the care for the elderly
is also provided. In collaboration with central
hospitals and specialized centers, we conduct
research on risk factors and common diseases
that affect aging and make significant contri-
bution to the development of the sector.

The government of Mongolia decided
to construct a new building of the National
Gerontology Center for specialized care for
the elderly in 2020. Unfortunately, because of
the COVID-19 pandemic, the government
budget for 2020-2021 years was changed. On
June 2020, a new Gerontology Center was
opened in Darkhan city, where 13,000 elder
people live.

The Center has acquired the national in-
dependent status of providing comprehensive
care for the elderly in accordance with the
current trends in the field of gerontology,
providing qualified medical services and
methodological guidance for healthcare insti-
tutions. Also, the National Gerontology Cen-
ter acquired the status of the National Center
for Specialized Training of Medical Person-
nel. The modern National Gerontology Center
is committed to developing an integrated sys-
tem of care for the elderly that effectively in-
tegrates healthcare for the elderly with long-
term follow-up, home care, and palliative
care.

Conclusion. Due to the rapid increase
in the number of elderly people as a result of
the aging process, its necessary to improve
the quality of specialized services in aging
and pathology of the elderly, to establish a
nationwide rehabilitation hospital and re-
search laboratory that will enable to bring the
sector development to the level of developed
countries. The modern NGC is now striving

to develop an integral healthcare system for
the elderly that effectively integrates
healthcare for the elderly with long-term fol-
low-up, home care and palliative care. There
IS an urgent need to increase the number of
doctors and specialists in the field of the el-
derly and to continuously improve their skills.
Solutions are also needed for providing care
for the elderly living in rural areas, particular-
ly those with nomadic and seminomadic life-
styles.
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PaccoriiacoBanme CyTO4YHbIX OMOPUTMOB
APTEePHAJIBLHOIO JAABJIEHUS U YaCTOThI
CePACYHbIX COKPANIEHUHN Y MOKUIbIX

00JIbHBIX HH(PAPKTOM MHOKAPAA

I0.A. Jlyraii

®DenepalibHOE TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHUE BBICIIIETO
oOpa3zoBanus «KpeiMckuil Gpenepaibhblil yauBepcurer umenu B. . Bepnanckoroy,
npoci. Akagemuka Bepnanckoro, 1.4, r. Cumdeponosnb, 295007, Poccutickas deneparus
Aemop ons nepenucku: FO.A. Jlymai (vitalaxen@mail.ru)

Pesrome

AKTyanbHOCTh: MH(DapkT MuOKapaa cpeau MOKUIOr0 HaceJIeHUs Hallel CTpaHbl
ABJIETCS BEAYIIEH NPUYMHON MHBAIMIM3ALNUN U CMEPTHOCTH. B pasBuTum nndapk-
Ta MUOKapJa B HAaCTOsALLEE BPeMs BakHas pOJib OTBOJUTCS JAECUHXPOHU3ALUU LIUP-
KaJuaHHBIX pUTMOB remofauHamuku. Lleap mceiaenoBanus: AHanu3 paccoriiacoBa-
HUSI CYTOUHBIX OMOPUTMOB apTEpUAILHOIO JABJICHHS U YAaCTOThl CEPAECUHBIX COKpa-
HICHUH y MOXWIBIX OONBHBIX HH(pApKTOM MUOKapAa. MaTepuaJbl 1 MeToabl: [Ipo-
BeieHO obcinenoBanue 118 OonpHBIX MH(pApPKTOM MUOKapaa B Bo3pacte 60-74 rona.
Jnarnoctuka 3a00€BaHus OCYILECTBISUIACh HA OCHOBE CUMIITOMOB OCTPOU UIIEMHUH
MHOKapaa, uimemudeckux usmeHeHuidt OKI', maronmormueckoro 3ybma Q, mortepu
AKHU3HECIIOCOOHOCTH MHOKap/a Ha MeTojax Bu3yanu3auuu. CyToyHOE MOHUTOPHUPO-
BaHHE apTepHAIbHOIO JaBJCHHs MPOBOIMIOCH ammaparoM «SpacelLabsMedical» B
tedeHue 50-75 4acoB, O JAHHBIM KOTOPOTO PACCUUTHIBATIUCH XPOHOOMOJIOTUYECKHE
nokasarenu: akpodasa, oprodasza, neproa U amILIUTyaa 6uopuTMoB. PesyiabTarsi:
VYcTaHOBNIEHBI JOCTOBEPHBIE PA3JIMYUS B MPOJODKUTEIBLHOCTU MEpPUOJIa, BPEMEHHU
HaCTyIJIeHUs akpodasbl U opTodassl y O0JIBHBIX HH(APKTOM MUOKapJa i [HUpKa-
JUAHHBIX PUTMOB CHCTOJIMYECKOIO M JHACTOJIMYECKOTO apTEepHaIbHOTO JaBJIEHUS,
CBUJIETEJIbCTBYIOIIME O HAJIMYUM JECUHXpOHO3a. PaccormacoBanue GMOPUTMOB BBI-
SBJIEHO TaKX€ MEX/y MyJIbCOBBIM apTepPHAIbHBIM JaBICHUEM, YACTOTOM CepeUHbIX
COKPAILEHUI C CUCTOINYECKUM U JUACTOJIMUECKUM apTepuaibHbIM JaBiaeHueM. Pac-
COIJIACOBAHUE B OOJIBIIEH CTENEHN CBOMCTBEHHO akpogase U Nepruosy paccMaTpuBa-
€MBIX TE€MOJMHAMUYECKMX COCTABIIAIOIIMX. 3aK/JIH04YeHHe: BbISBICHHBIE 3aKOHO-
MEPHOCTH PACCOIIACOBAaHUS XPOHOOMOJOTHYECKUX MapaMeTpOB I'eMOJUHAMHUKU Yy
MOXKWIBIX O0JIBHBIX MH(APKTOM MHOKap/la HEOOXOMMO YUUTHIBATh IPU Ha3HAUCHUH
JIEKapCTBEHHBIX MPEenapaToB.

KaroueBble cioBa: HHMAPKT MHOKapa; JECUHXPOHMU3ALUSA; OMOPUTMBI TeMOJMHA-
MUKH; TOKUIIBIE
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Abstract

Background: Myocardial infarction in the elderly population of our country is a
leading cause of disability and mortality. In the development of myocardial infarc-
tion, an important role is given to desynchronization of circadian hemodynamic
rhythms. The aim of the study: To analyze the mismatch of daily biorhythms of
blood pressure and heart rate in elderly patients with myocardial infarction. Materi-
als and methods: A survey of 118 patients with myocardial infarction aged 60-74
years. The diagnostics of the disease was carried out on the basis of symptoms of
acute myocardial ischemia, ischemic ECG changes, pathological Q wave, loss of
myocardial viability, using imaging methods. Daily monitoring of blood pressure
was carried out by the «SpaceLabsMedical» apparatus for 50-75 hours, according to
which chronobiological indicators were calculated: acrophase, orthophase, period
and amplitude of biorhythms. Results: Significant differences were found in the du-
ration of the period, the time of onset of acrophase and orthophase in patients with
myocardial infarction for circadian rhythms of systolic and diastolic blood pressure,
indicating the presence of desynchronosis. Mismatch of biorhythms was also re-
vealed between pulse blood pressure, heart rate with systolic and diastolic blood
pressure. Mismatch is more characteristic of acrophase and the period of the hemo-
dynamic components under consideration. Conclusion: The revealed patterns of
mismatch of the chronobiological hemodynamic parameters in elderly patients with
myocardial infarction should be considered when prescribing drugs.

Keywords: myocardial infarction; desynchronization; hemodynamic biorhythms; el-
derly
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BBenenue. Ha npoTsskeHrM mociieIHUX JlaX YpOBEHb HAa3BaHHOW NATOJIOTMH JOCTO-
JIET BO MHOTHMX CTpaHax EBpOIbI MpOUCXOAUT BepHO cHu3mics ¢ 620 no 380 cimyuaeB Ha
HEYKJIOHHO€ CHIDKCHHE 3a00JIEBA€MOCTH HWH- 100000 nacenenusi [1]. AHanoruvHbie TEH-

dapkrom muokapnaa (UM). Tak, B Hunepnan- JeHIUK HaOmomarorcs B Jlanum, AHIIN,
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Hramuu [2]. B Poccun 3aboneBaemocts UM
0CTaéTcsl BBICOKOM U €XKETrOoJHO PerucTpupy-
etrcst 6osiee 120000 moaTBep)AEHHBIX ClTyda-
eB UM u 500000 HOBBIX Cily4yaeB OCTPOro Ko-
poHapHoro cunjpoma [3].

OaHuM W3 MATOJOTMYECKHX MEXaHU3-
MOB passutus MM cumraercsa paccoriacoBa-
HUE IMPKAJUAHHBIX PUTMOB T'€MOAMHAMMKHI
[4, 5]. IIpu 5TOM OCOOBIN Hay4YHBIN U TIPAKTHU-
YEeCKUIl MHTEpEeC MPEICTABIAET AECUHXPOHU-
3alMs  CYTOYHBIX PHUTMOB apTEpUaTIHLHOTO
nasieHus (AJl) m yacToThl cepAeuHBIX CO-
kpamenuii (YCC) [6]. Bmecte ¢ Tem u3yde-
HUE JTAaHHBIX MPOIECCOB C XPOHOOMOJIOTHYE-
CKUX MOo3uIil y manuentoB ¢ UM npoBoauT-
Csl KpailHe peaKo.

Heap uccienoBanus. AHanu3 pacco-
IJIaCOBaHMSI CYTOUYHBIX OuoputmMoB AJl
YCC y noxuibix 6oapHbIX M.

Marepuanbl M MeTOAbl HCCJIEI0BA-
HHUA. B KIMHMYECKHX YCIOBHSX IMPOBEIEHO
obcnenoBanue 118 6onpHbIX UM B BO3pacte
60-74 roga. luarno3 UM ycranaBiuBaiics Ha
OCHOBE JJaHHBIX OCTPOH HUILIEMUU MHUOKapia U
Cc oOHapy)XeHHeM NoabeMa W/WINW TaJACHUS
3HAQYEHUM CEpIEUYHBIX TPOMOHWHOB, TJE KakK
MUHUMYM OJIHO 3HaueHue Oyzaer Bbime 99-it
MEPICHTEIN BEPXHEH TpaHWIBI HOPMBI H
MUMEETCS] KaK MUHUMYM OJIHO U3 CJIEIYIOIIETrO:

- CUMIITOMBI HIIIEMUYECKOTO MUOKAP/Ia,

- HOBOBBISIBJICHHBIC HINEMUYECKHUE W3-
meHnenusa Ha OKI,

- pa3BHUTHE MATOJIOTUYECKOro 3yoma Q,

- HaJM4Yhe Ha METOJax BU3yallM3alluu
JTAHHBIX 32 HOBOBBISBIICHHYIO TIOTEPIO KHU3HE-
CIIOCOOHOCTH MHOKap/a, JIN00 HOBOBBISIBIICH-
HOE HApYIIEHUE PETUOHAIBLHOU MOBUKHOCTH
CTEHOK IO TUITy, XapaKTepHOMY JIs HUIIEMU-
YEeCKOM 3THOJIOTHUH,

- BBIABIICHHE KOPOHApHOro TpomOa Ha
aHruorpapuu.

bonpHbIM MIM 1m1poBOAMIIOCE CYTOYHOE
MmonutopupoBanue AJ[ (CMAJI) B TedeHwue
50-75 gacoB anmaparom «SpaceLabsMedical»
C pacu€ToM OOIIENPHUHATHIX MPHU XPOHOOHMO-
JIOTHYECKOM aHaJIM3€e MoKa3aTeiel pa3aenbHo
JUIS  CUCTOJHMYECKOTO,  JUACTOJIHYECKOTO,
nynascoBoro A/l u YCC: nepuoa purma, ak-
podasza, oprodasa u amruuryna [6].

[Ipn craructuyeckoir 00pabOTKe Mpu-
MeHsIcs kputepuil T-VYaiita u X2,

Pe3yabTaThl U MX 00cy:kaeHue. M3y-
YeHHe XPOHOOHMOJOTHYECKHX IOKa3aTemneit
CHCTOJIMYECKOTO W Auactoimdeckoro AJl y
o0ompHBIX UM 1o nmanasiM CMAJI BBISIBHIIO
HaJIMYMe CTATHCTUYCCKU 3HAYUMBIX PA3IAINMA
mo BceM mapamerpam (tadu.l). HaubGonpiras
pa3HUIIa YCTAaHOBJICHA JIJIsl BEJTMYUHBI aMILTH-
TyJlbl CHUCTOIMYECKOTO U JHACTOIHYECKOTO

AL

Tabnuya 1

ITapameTpbl CyTOYHBIX OMOPUTMOB CHCTOJIHMYECKOT0 M IHACTOJIMYECKOro AJl
y nanuenToB ¢ UM B noxxusiom Bozpacre (M+m)

Table 1
Parameters of daily biorhythms of systolic and diastolic blood pressure in elderly patients
with MI (M+m)

HaszBanue noka3zaresieili putma | Cucrosnuyeckoe AJl Junacroanuyeckoe AJl P

[epuon, gac 21,3404 24,8+0,9 <0,001
Axpodasa, gac 20,1+0,5 16,4+0,7 <0,001
AMIUIATY 2, MM.PT.CT. 18,6+1,1 9,3+0,6 <0,001
Oproda3a, gac 9,7+0,5 6,8+0,7 <0,01

Pa3znnyHoll OKa3anachk NpPOAOIKUTENb-
HOCTb MEPHOJOB JIJISl TaHHBIX XapaKTEPUCTUK
reMOJMHAMHUKN — OHM HMMEIHU JOCTOBEPHYIO
pasHuily ¢ OoJiblell MPONOIIKUTEIBHOCTHIO
s iepuosa nuacronmueckoro AJl. Akpoda-
36l U OpTO(a3bl KaK CHCTOJIMYECKOTO, TaK U
nuactonuueckoro A/l He coBnamanu BO Bpe-
MeHHU. Bpemst ux HacTyIieHHs! B LIMpPKaJdaH-

HOM PUTME CHUCTOJIMYECKOIO U JUACTOJIAYE-
ckoro A/l siBnsunock paznuuHeiM. Kpome Toro,
akpogaza cuctonuyeckoro A/l mpuxoaunach
Ha BeuepHee BpeMs, a quacroiandeckoro AJl —
Ha JIHEBHBIC 4YacChbl. YKa3aHHbIC HapyLICHUs B
CYTOYHBIX PHUTMaxX CHCTOJIMYECKOTO W JHa-
cronuueckoro AJ[ OAHO3HAYHO CBUAETENb-
CTBYIOT O PacCOINIaCOBaHUU IIapaMETPOB ITUX
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F€MOJMHAMUYECKUX COCTABIIIONIUMX B TeYe-
HUE CYTOK U SIBJICHUU JIECUHXPO03a y OOJIbHBIX
UM noxwuiioro Bo3pacra.
XpOHOOHOIOTMYECKHUI aHaJIN3 IMyJbCOo-
Boro A/l u UCC 1mo oCHOBHBIM HapameTpam
OMOPUTMOB BBISIBIJI, YTO Yy MOXHJIBIX OOJb-
Heix UM nepuop nynscoBoro A/l umeer npo-

JOJDKUTEIBHOCTD, MpEBBIIAONIYI0 24 yaca
(tabm. 2). Akpodassr mynascoBoro AJl u UHCC
HE COBMAJAIOT, MIMEETCSI paccoriacoBaHHE BO
Bpemenu Ha 3,7 daca (P<0,001). Oprodassl
CYTOUHBIX pUTMOB mynbcoBoro AJl u UCC
TaKX€ PacCOrIacOBaHbI, HO B MCHBIICH CTe-
MIEHU, YeM UX aKkpodassbl.

Tabnuya 2

IHapameTpbl cyTOYHBIX OHOPUTMOB IYJabcOBOro A/l m HCC y nanuento ¢ UM
B MOKWJIOM Bo3pacte (M+m)

Table 2

Parameters of daily biorhythms of pulse blood pressure and heart rate
in elderly patients with MI (M £+ m)

HasBaHue nokasareJisi puTMa IlyancoBoe AJI YCC P
ITepuon, yac (cek. g YCC) 25,6+0,7 0,82+0,07 -
Axkpodasa, yac 22,4+0,4 18,7+0,6 <0,001
AMIuATY 12, MM.PT.CT. (yI/MUH 31,8424 8,5+0,9 -
st YCC)

Oproda3a, gac 6,5+0,3 4,2+0,2 <0,001

B cpaBHeHMHM ¢ 1upKaguaHHBIMU PUT-
MaMu cucToiandeckoro AJl, amacronnyeckoro
A/l (tabn. 1) mokazatenu OHMOPUTMOB MYIb-
coBoro AJl u UCC (tabm. 2) xapakrepusyercs
HAJIMYUEM SIBHOTO AECUHXpo3a. [JocTaTodyHo
o0paTuTh BHUMAaHHE HA CTATUYCCKH 3HAYU-
MBI pa3Inyus MPOJOJKATEILHOCTH IeprUoaa
JaHHBIX OMOPUTMOB TeMoAuHaMukH. Pacco-
[JIACOBAHME ITUPKAJUAHHBIX PUTMOB CHCTO-
JIMYECKOTO, JUACTOJIMYECKOr0, IYJIbCOBOTO
Al m YCC nposiBisieTcss B pa3iuuuy BpeMe-
HU HacTymuieHus akpodas. CiemoBaTenbHO,
JECUHXPOHU3AIMUS [UPKaJUaHHBIX PUTMOB
reMoJuHaMuKu y OonpHBIX MM moxkwumoro
BO3pacTa SBJSIETCS 3HAYUMBIM  (PAKTOPOM
pHUCKa pa3BUTHUS JaHHOM MATOJOTUH.

W3BecTtHO, uTO BO3HHMKHOBeHHE VM 1
HEKOTOPBIX JIPYTUX KapAUOBACKYJISPHBIX 3a-
0oJeBaHUI TPOUCXOAUT B OMPEACNEHHOE
BpeMs cyTok [7]. B TeueHue cyTok M3MeHs-
torcsa Takue napamerpsl kak YCC n A/, ko-
TOpBIC y OOJBITMHCTBA JIFOACH CHUKEHBI HO-
Ypl0 M JOCTUTAlOT MAaKCUMyMa B YTPCHHHE
gacbl. OIHaKO y HEKOTOPBIX JIFOJIEH 3TH MOKa-
3aTelld MOBBIIIAIOTCS B HOYHBIE YaChl, BbI3bI-
Bast pazsutue MIM u uncynbra [8]. B Hamem
HCCIEOBAHUM YCTAHOBJIEHO, YTO MAaKCH-
MaJbHOE JIOCTI)KEHHE aKkpo(das3bl CHUCTOIHYE-
CKOTr'0, JMACTOJIMYECKOr0 M MyJbCOBOTO AJ|
MIPUXOJIUTCS HAa BEUEPHEE M HOUHOE BPEMSI.

da30Bo€ paccoriacoBaHHE CYTOYHBIX
putMoB AJl u UCC no naHHbIM XpOHOOMOJIO-
THYECKOro aHajau3a uMmeercs y OonbHbIX Al
paboTaOIINX BaXTOBBIM METO/IOM B YCIIOBHSX
Kpaiinero Cesepa [9]. D10 mnposBisgercs
YMEHBIICHUEM  aMIUIUTYH,  IPOLIEHTHBIX
BKJIAJJOB M JOCTOBEPHOCTH IMPKAJIUAHHBIX
putMoB AJ] Ha QoHEe ycCHIIeHHS BBICOKOYa-
CTOTHOTO W HU3KOAU(PEPEHIIUPYEMOro aua-
Ma30Ha CIEKTpa XPOHOTHUIIA YEJIOBEKaA.

B HEKOTOpBIX COBpPEMEHHBIX HCCIEHO-
BAaHMSX MOKA3aHA TECHAsl B3aUMOCBSI3b MEXKIY
perynsuuel nupkaguaHHBIX puUTMOB AJl ¢
JIPYTUMH KOOPJIUHUPYIOIINMH CTPYKTYPAMH
opranusma [10]. YcraHoBieHbl LHMpKaaHaH-
HBIE PUTMBI YIJIEBOJIOB, OEITKOB M KUPOB, B
PEryNalMu KOTOPHIX CHOCOOHA y4acTBOBAaTh
cucteMa Muokapa [4]. 9To CBUAECTEIbCTBYET
0 TOM, YTO IUPKAJMAHHbIE PUTMBI META0OIH-
YEeCKUX MIporeccoB B Muokapnae, AJl, cokpa-
TUTENBHON (QYHKIIMM MHOKapAa HaXOISTCs
MOJ, BJIMSIHUEM OCHUUISTOPOB (pPEryaupyro-
IUX CTPYKTYp) CEpPIAECYHO-COCYAMCTOU CH-
CTEMBI.

3akauenue. Y GonbHbIX UM moxu-
JIOTO BO3pacTa HabJtoaeTcsl JeCUHXPOHU3a-
1Ms HUPKAJHAHHBIX PUTMOB CHCTOIMYECKOTO,
nuactoanyeckoro, mynscoBoro A/l u HCC no
BCEM XPOHOOHMOJOTHYECKHM  IapameTpam.
Oco0eHHO CyIIeCTBEHHbIE PACCOTIACOBAHUS
XapaKTepHBI IS Mepuoja M akpodasbl IUp-
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KaJIMaHHBIX PUTMOB F€MOJIMHAMUKUA OOJIHHBIX
MM, koTopble ClIeIyeT CUHUTaTh BaKHBIMH
MATOTEHETHYECKUMU ~ (aKTOpaMu  JTAHHOTO
3a00/1eBaHus.
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Pesrome

AKTYaJIbHOCTb: [ UIIOKCMYECKU-UIIEMUYECKUE MOPAKEHUS LIEHTPAIbHON HEPBHOMN
CHCTEMBI - HanboJIee 4acTo perucTpupyemast naroorus y nereid 1o 1 roga. [lepexon
Ha HOBBIE KPUTEPHUH JKUBOPOXKJIEHUS IPHUBEN K COBEPIICHCTBOBAHUIO NEPUHATAJIb-
HBIX TEXHOJIOTUI U CBSI3aHHOM C TUM BBICOKOH HEBPOJOTHYECKON 3a00JICBAEMOCTHIO
BBDKUBIIUX TJYyOOKO HEIOHOIIEHHBIX HOBOpPOXKIEeHHBbIX. ILleqb wucciienoBanus:
OueHuTh YpOBEHb OKCUJATUBHOI'O CTpPECCa, aKTUBHOCTh CHCTEMbl MAaTPUKCHBIX Me-
tamonpotennas (MMII-1 u MMII-9) u ux tkaneBoro unruourtopa (TUMII-1) B
AMHUOTHYECKOM KUAKOCTH HEJOHOILIEHHBIX IJIOJI0OB C HU3KOW Maccoi Tesa mpu ab-
JOMUHAJIBHOM pojiopa3peuieHnd. MaTepuajbl 1 MeToAbl: B uccnenoBanue Obun
BKJItOUeHB! 142 sxeHuuHsbl, 102 U3 KOTOPBIX OBUIN pOIOpa3pelieHbl a0 JOMUHAIBHBIM
nyTeM Ha cpoke 28-33,6 Henenb OEpeMEHHOCTH B CBSI3M C KPUTHYECKUMH aKyllep-
CKHMH W/WJU TIepUHATAIBHBIMUA COCTOSTHUSIMU (OCHOBHAas rpymma). ['pynmny cpaBHe-
HUS cocTaBUiaM 30 MalMEeHTOK CO CPOUYHBIMU A0JIOMMHAIBHBIMU POJAMHU IO IJIAHO-
BbIM aKyIIEPCKUM MOKa3aHUsAM. Y 32 1m10/10B OCHOBHOM rpynmnsl U 30 Mmaoq0B rpyn-
bl CPABHEHUSI B aMHUOTUYECKOM KHUJIKOCTH ONPEAEIsUI KOHIEHTpaIuio THodapou-
TypaT-peakTuBHbIX IpoAaykToB (TBPII) doromerpuueckum meronoM Ha crekTpodo-
tomerpe KOK-3 npu qyrHe BoaHBI 532 HM 1O U3MEHEHUIO ONTHYECKOM MIOTHOCTH,
00YCIIOBJICHHOW OKPAacKOW KOMILIEKCOM MajoHoBoro auanbaeruga (MIA) ¢ tuo0-
apOUTYpOBOW KUCIIOTOM B cooTHoeHuu 1:2. Onpenenenue koHuenTpauuit MMII u
UX TKaHEBbIX UHTMOUTOPOB MPOBOJIUIN UMMYHO(GEPMEHTHBIM METOJIOM C IMOMOIIBIO
BepTUKaiIbHOro oromerpa Multiscan Ha jyuHe BonHbI 450 HM. PesyabTaThi: Oc-
HOBHBIMU TMOKa3aHUSIMH K a0JIOMHUHAIBHBIM MPEXKIEBPEMEHHBIM POJaM SBIISIOTCS
Tspkenas npesknammcus (38,2%), mianeHTapHas HeIOCTaTOYHOCTh (24,5%), mpex-
JICBpEMEHHAsT OTCIIOWKAa HOpPMalbHO pacnojoxenHo# miarentsl (ITOHPII-17,6%).
Tsoxenas nepedpanphas umemus yamie (p<0,05) nuarHoctupyercs y HETOHOIIEHHBIX
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JIeTe TOoClie POMOpa3pelICHHs] MO MOBOMY MPOrPECCUPYIONICH THUIOKCHH IUIOAA
(48,9%) u IIOHPII (26,7%), a nerkas/cpefHsisi CTENEHb — IOCJE TSHKEIOW MpedK-
namncuu (54,4%). B aMHHMOTHYECKOW KUJKOCTH IUIOJIOB OCHOBHOM TpYIIbI, 3a-
OpaHHOM cpa3y mocJie pa3pe3a Ha maTke, koHneHtpaius TBPIT, MMII-9, cooTHomie-
aue MMII/TUMII-1 6pu nocroBepHo Bbiie, a TUMII-1 - Humxke, yem B Tpymrme
cpaBHeHUs. 3akJ/iodeHHe: BolpakeHHOCTh aHTEHATAJbHOM TMIOKCHM ILIOJOB, J10-
CPOYHO M3BJICUYCHHBIX a0JJOMHUHAIBHBIM ITYT €M 10 aKyHMIEPCKUM TOKa3aHUSIM, TOJI-
TBEPKJIA€TCsl HAIMYUEM OKCUAATUBHOIO CTPECCa, BHICOKOW aKTUBHOCTHIO (pepMEHTA,
pazpyuiatomiero kojutaret |V tumna, u yruerenueM (QyHKIIUU TKaHEBBIX HHTHOUTOPOB
MMII B aMHUOTHYECKOM )KUIAKOCTH.

KuroueBble ci1oBa: mpekIeBPEMEHHbIE PObl; AMHUOTHYECKAS )KUIKOCTh; MAaTPUKC-
HBIC METAJJIONPOTEUHA3BI; OKCHIATUBHEIN CTpece

Jns nutupoBanus: Pemuéra OB, Kopenosckuii FOB, Xosaneir HM, u np. Uuay-
LIUPOBaHHbIE MPEXKJIECBPEMEHHbIE POJABI: OLIEHKA OKCHUIATHBHOI'O CTaTyca, MaTPUKC-
HBIX METaJUIONPOTENHA3 U UX TKAHEBbIX MHTMOMTOPOB B aMHUOTUYECKOM KMJIKOCTH.
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Induced preterm birth: evaluation of oxidative
status, matrix metalloproteinases and their
tissue inhibitors in amniotic fluid
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Abstract

Background: Hypoxic brain injury is the most common pathology in newborns.
New criteria of viability and progress of perinatal technologies results in high neuro-
logical morbidity of surviving very early preterm infants. The aim of the study: To
assess the level of oxidative stress, the activity of the system of matrix metallopro-
teinases (MMP-1 and MMP-9) and their tissue inhibitor (TIMP-1) in the amniotic
fluid of low birth weight premature newborns after abdominal delivery. Materials
and methods: The study included 142 women, 102 of whom were delivered by cae-
sarian section within 28-33.6 weeks of gestation because of severe obstetric and/or
perinatal complications (main group). The comparison group comprised 30 patients
with term abdominal delivery, for obstetric indications. In 32 women of the main
group and 30 of the comparison group the concentration of thiobarbitate-reactive
products (TBRP) in amniotic fluid was determined by the photometric method on the
KFC-3 spectrophotometer at 532 nm wavelength by changing the optical density,
due to the coloring complex of the malone dialdehyde (MDA) with thiobarbitic acid
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in a ratio of 1:2. The concentrations of matrix metalloprothyinasis and their tissue in-
hibitors were determined by immunoformation with the vertical photometer Multi-
scan at 450 nm wavelength. Results: The main indications for induced abdominal
delivery are severe pre-eclampsia (38.2%), progress of placental insufficiency
(24.5%), placental abruption (17.6%). In premature newborns, severe cerebral is-
chemia (p<0.05) is more commonly diagnosed after delivery induced for progressive
fetal hypoxia (48.9%), and placental abruption (26.7%), while mild/medium cerebral
ischemia is diagnosed after delivery for severe pre-eclampsia (54.4%). In the amniot-
ic fluid of premature infants taken immediately after delivery, the concentration of
TBRP, MMP-9, and the MMP/TIMMP-1 level was significantly higher and the
TIMP-1 level was lower than that in newborns after term abdominal birth. Conclu-
sion: The obtained results demonstrate that premature infants, delivered by caesarian
section for maternal indications, underwent antenatal hypoxia induced by life-
threatening situations in the functional system «mother-placenta-fetus», which is
confirmed by the presence of oxidative stress, the high activity of the enzymes de-
stroying collagen type 1V and low level of tissue inhibitors of matrix metallopro-
thyinasis.

Keywords: preterm delivery; amniotic fluid; matrix metalloproteinases; oxidative
stress

For citation: Remneva OV, Korenovsky YV, Hovalyg NM, et al. Induced preterm
birth: evaluation of oxidative status, matrix metalloproteinases and their tissue inhibi-
tors in amniotic fluid. Research Results in Biomedicine. 2021;7(1):86-95. Russian.
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BBenenue. Jlocpounoe pojopasperiie-
HHE TI0 MEIUIIMHCKUM TIOKa3aHHSIM CO CTOPO-
Hbl MaTepyd W/WIW TUIOJJa B COBPEMEHHOM
aKyIlIepCTBE SIBJISETCS OCHOBHBIM IyTEM
CHIKCHUSI MATEpUHCKOM W TEpPUHATAIBHOU
CMEpPTHOCTU. Ero 4yactora HEyKIOHHO pacTeT
B CTPYKTypE€ BCEX MPEXKJIEBPEMEHHBIX POJOB
u cocrasisger B cpennem 30% [1, 2, 3]. Un-
JTYyLIUPOBAHHBIE TMPEXKIACBPEMEHHBIE POJBI 110
MCOULMHCKAM ITOKa3aHMUSIM 4Yallle BCEro sB-
Js0TCsT aboMUHATBHBIMU. OHHM TIPOBOJISITCS
B CHUTYaIUAX, TPEOYIOIIHMX 3aBEpIICHHUS Oepe-
MEHHOCTH TPHU >KU3HEYTPOXKAIOIINX COCTOSI-
HUSIX Marepu w/win wiona [4-7]. Tpu mans-
IIEM OIEPATUBHOM POJOPA3PEIICHUH 1O T0-
Ka3aHUSIM CO CTOPOHBI IJI0Ja THOENb JeTeit
CHUKAETCS, HO UMEIOTCSI CEpbE3HbIC HApYIIIe-
HUS TIOCTHaTaJibHOW amanTtauuu [8, 9]. B
YCIOBHSX AePUIINTA KUCIOPOia U BBULY aHa-
TOMO-()M3HOJOTHIECKHX OCOOCHHOCTEH y He-
JIOHOIIIEHHBIX HOBOPOXICHHBIX YacTO BCTpe-
4aloTCAd pa3iuyHble MEepUHATaIbHBIE IOBpE-
KICHUS, MPEUMYIIECTBEHHO IIepeOpOoBacKy-
JsipHble HapyuieHus. MieMusanus HEpBHOM
TKaHU MPUBOJUT K aKTUBAIIMH TIPOIIECCOB TIe-

PEKHUCHOTO OKHCJICHHSI JIMITHIOB WU TIOBBIIIIC-
HUIO 00pa3oBaHUs CBOOOJHBIX PaJMKaIOB
[10, 11].

B mocnemnue roapl matoreHes moBpe-
YKJICHHUS MO3Ta TIPH IMePUHATATLHOW THTIOKCHH
CBSI3BIBAIOT C JMUC(HYHKIMEH BHEKIETOYHOTO
MaTpuKca, MOCKOJIbKY OH MEHEE 3alllUIleH OT
OKCHJIATUBHOTO TMOBPEKICHHS, YeM KIIETKH
[12, 13]. [Tox Bo3/EHCTBHEM MTATOIOTHUECKUX
(dhopM KHCIOpOJa YBEIMYUBAECTCS aKTUBHOCTD
MaTpUKCHBIX MeTayonporenHas (MMII) —
MPOTEONUTUUYECKUX (PEpMEHTOB, OCHOBHAs
pOJIb KOTOPBIX 3aKJIIOYAETCS B JIETpajaliu
COEIMHUTENLHO-TKAaHHOTO MaTpuKca TKaHew,
9TO MPUBOJHUT K O0OPA30BAHUIO CTPYKTYPHBIX
TKaHEBBIX J€(PEKTOB U Pa3BUTHIO BOCTIATICHUS
[14, 15, 16]. KonnenTpamuss MMII u ux Tka-
HEBBIX HHTUOWTOPOB YBEIUYHUBAETCS MPSIMO
MPOMOPIIMOHAIGHO ~ TSDKECTH  BO3HHKIIIAX
Hapymenuii [17, 18, 19].

[Torck paHHUX MapKepOB MOBPEKICHUS
TOJIOBHOTO MO3Ta M IMyTeH 3aluThl OT MaTo-
TCHHBIX arceHTOB MPHU3HAHBI MPUOPHUTETHBIM
HampaBJIeHUEM MEIUITMHCKOW HAYKU MO CHU-
YKCHHUIO CMEPTHOCTH M HHBAJTUM3AINH JICTEH,
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POAMBIINXCS C HA3KOW M OYEHb HU3KOW Mac-
Coii Tena.

Heas ucciaenopanus. OLeHKa OKCHIa-
TUBHOTO CTaTyca, KOHLIEHTPAallUd MaTpUKC-
HBIX METaJuIonpoTenHas3-1,9 u HUX TKaHEBBIX
MHTHOUTOPOB B aMHHOTHUYECKOW >KUIKOCTH
IUIOAOB C HU3KOM Maccod Tena Impu J0Cpoy-
HOM a0JIOMHUHAJILHOM POJOpa3pEIICHUN.

Marepuanbl M MeTOAbI HCCJIEI0BA-
Husi. B nccnenoBanne ObUTH BKIIFOYCHBI 142
KEHILUHBI, KOTOpbIe ObUIN pa3/ieleHbl Ha JIBE
rpynnsl. OcHOBHYIO Ipynny cocraBuian 102
KEHILUHBI, pOJOpa3peLICHHbIE ITyTEM oOIepa-
MM KecapeBa cedeHuWsl Ha cpoke 28-33,6
HeZenb OepEeMEHHOCTH B HMHTEpEcax Marepu
n/wnm mwiona. Kpumepuu ucknouenus: ante-
HaTallbHasg THOENh IMII0/a, BPOXKACHHBIE IO-
POKHM pa3BUTHs IJIOJIa, MHOTOILIONHAsA Oepe-
MeHHOCTb. ['pynmny cpaBHeHusi coctaBmin 30
MAIMEHTOK, HE MMEBIIUX TDKENBIX aKyllep-
CKUX M TEPUHATANBHBIX OCIOXHEHHH, KOTO-
pble OBUTH poJIOpa3penIeHbl a0 JOMUHAIBHBIM
MyTeM B JIOHOLIEHHOM CpPOKE TecTallH IO
aKyIIepCKUM TOKa3zaHusiM (pyOer; Ha MaTke,
OTATOIIEHHBIH aKyIIepcKo-
TUHEKOJIOTUYECKUN aHaMHE3).

Jlis OIleHKM OKCHJATUBHOTO CTaryca,
koHneHtpanuu MMII-1, MMII-9 u ux Tkane-
BbIX MHrHOuTOpoB (THUMII-1) y 64 xeHmuH
MPOU3BOIWICS 3a00p 0Opa3oB aMHHOTHYE-
CKOM ’KMJIKOCTH TIOCJIE pa3pe3a Ha MaTKe MpH
a0JIOMMHAJIBHOM ~ POJOpa3pellieHud  IMyTeM
aMHUOTOMHH. AMHHUOTHYECKYIO JKUIKOCTh B
o0beMe 5 M1 3a0upalid B CTEPUIILHYIO TIPO-
OMpKYy WITIOW JUIs NMPOBEACHUS CIHMHAIBHOM
MYHKIUU U J00aBisuiy renapuHat autus (14
EJl/mi). OOpa3upl 1eHTpUGYrupoBaan Mpu
3000 o6/muH (1200 g) B TeueHue 15 MUHYT U
B CyNEpHATaHTE ONPEENUIM KOHLEHTPALUIO
THOOAapOUTYpaT-PEaKTUBHBIX MIPOTYKTOB
(TBPII) ¢doTomMeTpuyeckumM METOIOM Ha
cnektpodoromerpe KOK-3 npu piune Boi-
Hbl 532 uMm. Konuenrpanus TBPII ounennBa-
J1ach M0 U3MEHEHHUIO ONTHYECKON IIOTHOCTH,
00YCJIOBICHHOM OKpacKod KOMIUIEKCOM Ma-
nmoHoBoro nuampaeruaa (MIIA) ¢ tTnobap6u-
TYpOBOH KHMCJIOTOW B COOTHOLIEHUH 1:2 ¢ mo-

MOIIbI0 Habopa peakTHuBOB (upmbl Zep-
toMetrix Corporation (CHIA) Kar.
Ne 0801192. KoHneHTpanuio MaTpPUKCHBIX
METAJJIONPOTEUHA3 U UX TKAHEBBIX WHTHOU-
TOPOB OTIPENEISIA HAOOPOM pEaKTHBOB (up-
Mbl Ray Biotech (CIIA), xar. NeELH-
MMP9-001 umMMyHO(QEPMEHTHBIM METOJOM
(ayBcTBHUTENBHOCT, 10 Mr/mMi1) ¢ MOMOINIBIO
BepTUKaIbHOTO hoToMeTpa Multiscan hupmbl
Labsystem (®unnsHaus) Ha UIMHE BOJHBI
450 um [20].

COop 00pa3iioB aMHUOTHYECKOW >KU/I-
koctu npoBomik Ha 6aze KI'bY3 "Ilepuna-
TaJbHBIN HEHTP (KIMHUYECKUN) ANTalCKOro
kpas" (bapHayn) B COOTBETCTBUU C PEKOMEH-
JAIUsIMHU U TPeOOBaHUSIMHU 3TUYECKOTO KOMHU-
Teta. Bece manuenTku noanucanu J00pOBOIIb-
HOe HMH(OPMHUPOBAHHOE corjlacue Ha 3a0o0p
OHMOJIOTMYECKOro MaTepuana.

Cratuctuueckas o0paboTka MaTepuaia
MPOBOAMIIACH C HCIOJB30BAHUEM DJIEKTPOH-
ueix Tabaur Microsoft Excel u makera npu-
knagHeix mporpamm IBM  SPPS  Statistics.
CpaBHEHHUE KOJIMYCCTBCHHBIX BEJIMYHMH B IBYX
HE3aBHCHMBIX TPYIIax MPOBOJWIOCH C IO-
MOIIBI0 HemapaMmerpuyeckoro U-kpurtepus
Manna-Yurtau. IlonyyeHHble naHHbBIE Mpen-
CTaBJIeHbl B Bujae Menuanel (Me) u HMHTEpK-
BapTHJILHOTO pa3Maxa (25-if u 75-i mpoliieH-
Tiin). KadecTBeHHbIE XapaKTEPUCTUKH OIle-
HUBAJIUCh IPU IIOMOILM KpuTepus x2. st mo-
CTPOCHHUSI MaTEeMaTHYECKOW MOJETH IPOTHO-
3UpPOBAHUS CTEMEHU THKECTH IEepeOpanbHOM
WIIEMUH Y HOBOPOXKICHHBIX C BBIBEICHUEM
TUHEHHBIX ypaBHEHHUI HCMOIb30BAJICS IMOIIa-
TOBBIM THUCKPUMHUHAHTHBIN aHanu3. Kpurnue-
CKUU YpPOBEHb 3HAYMMOCTH (P) MPUHUMAICS
nipu 3HadeHuu meHee 0,05.

PesynabTaTsl M uX o0cyxnenue. Muny-
IIUPOBAHHBIC TIPEKICBPEMEHHBIC POIBI ITyTEM
OTllEepalliu KecapeBa CEYEHUs! IMPOBEICHbI Yy
MAIMEHTOK OCHOBHOW TPYIIIBI TIO TOKa3aHU-
M co cTopoHbl Matepu — B 70 (68,6%) ciy-
qasx, co cTopoHsl mioma — B 32 (31,4%)
cinydasx. CrekTp mokasaHuil K ornepaTHBHOMY
POJIOpa3pEIICHUIO Mpe/ICTaBIICH Ha
pucyHke 1.
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HaHoManbHbIe NONOXKeHUA
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HHecocToATenbHOCTL pyBya
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=[OHPM
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Puc. 1. Cniektp nokasaHuil K MHIYLIMPOBAaHHBIM IIPEKAEBPEMEHHBIM pOJiaM IIyTEM OIlepaluu
kecapeBa ceueHus (%)
Fig. 1. Spectrum of indications for induced premature birth by cesarean section (%)

Kak BumHO u3 pucyHka 1, OCHOBHBIM
[IOKa3aHUEM K JOCPOYHOMY poJopaspele-
HUIO  SIBWIACh  TsDKENas  MPEIKIAMIICHS
(38,2%), B Ka)XJJOM YETBEPTOM ciydae — Mpo-
rpeccupyromias IUIAleHTapHas HeJ0CTaTo4d-
HOCTh, Ha TpeTtbeM Mmecte (17,6%) — npexne-
BpEMEHHas OTCJIONiKa HOPMAaJbHO pacIoiio-
>kenHno# twtarieHTs! ([IOHPIT).

VY Bcex 102 HEOOHOIIEHHBIX HOBOPOXK-

JICHHBIX ObUIA BBISBIICHA IiepeOpabHas HIIe-
MHUSI THIIOKCUYECKHM-MIIEMHUYECKOro I'eHe3a,
npudeM y 44,1% — Tskenoi creneHu, KoTopas
coyeTranacb C PECHUPATOPHBIM JHCTpecC —
cuapomoM. IlokasaHus K onepaTuBHOMY
POJOPA3PEIICHNI0 Y TMAIMeHTOK OCHOBHOU
IpYMIIbl B 3aBUCUMOCTH OT CTENEHM TSXKECTU
nepedpanbaoit nmemun (LIW) HOBOpOXIEH-
HBIX MIPEJICTaBJIEHbl HA PUCYHKE 2.

nporpeccupyrowan rmnokcna nnoga

TAXEeNaAa npesaknamncua

MOHPN

KpoBOTeYeHUE Npun npeanexkaHnu
naaueHTbl

HECOCTOATENbHOCTb pybLa Ha MaTKe

yxyaweHue 33

5,8

0

H TAaxKénaa UM

10

M nérkas/cpeaHas LN

20 30 40 50 60

Puc. 2. Tlokazanus K omnepanuu KecapeBa CEUeHUs CO CTOPOHBI MAaTEPU C YIETOM CTEMEHU TSHKECTH
1epeOpanbHON UIlIEMUH HOBOPOXKIeHHOTO (%)
Fig. 2. Indications for cesarean section on the mother's side, taking into account the severity
of cerebral ischemia of the newborn (%)
[pumeuanue: p < 0,05 110 OTHOLICHHIO K Jerkoii/cpenneii LA

Note: * p < 0.05 relative to light / medium Cl
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Kak BuaHO u3 pucynka 2, tskenas LU
yaie AUarHOCTUPOBANIACh Y HEIOHOUICHHBIX
HOBOPOKJEHHBIX IIOCJIE OIEPATUBHOIO POAO-
paspelieHusi MO TMOBOAY COCTOSHUN, 00y-
CJIOBJICHHBIX OCTPOM M XPOHMYECKOU IUIAlCH-
TapHON AUCHYHKIHUEH - TMPEKICBPEMEHHOMN
OTCJIONKM HOPMaJIbHO PAaCIIOJIOKEHHOM IuIa-
nentol (P=0,03) u nporpeccupyromein BHYT-
puyTpobHoii runmokcuu mioga (p<0,001).
HamnpoTus, nerkast u cpeiHsisi CTENEHb TskKe-
ctu LM yvame ormevanucey y aered, mMarepu
KOTOPBIX OBUTM POJOPa3pelIeHbl JOCPOYHO B
CBSI3U ¢ TspKenmoi mpeskmammcuei (p<0,001).
[Ipu ponopazpemieHnH MO MOBOAY YXYALIE-
HUS TEUEHUS SKCTpareHUTAIbHBIX 3a00JeBa-
Huii (OI'3) U HecocToATEeN HOCTH pyOIa Ha
MaTke ciaydaeB Tspkenoir L[ y HemoHoieH-
HBIX HOBOPOKJIEHHBIX HE 3apErUCTPUPOBAHO.

Konuenrpauus TBPII B amHuoTHUE-
CKOM >KUIKOCTH, 3a0paHHOM 10 Hadajga poJio-
BOH JESATEIILHOCTH Cpa3y IMOCJe pa3pe3a HUXK-
HEro MaTOYHOIO0 CErMEeHTa Yy IMalUeHTOK C
WHIYIUPOBAHHBIMHU MPEKICBPEMEHHBIMH PO-
namu, Oblj1a 3HAYMMO BBIIIE IO CPABHEHUIO C
TAaKOBOM B rpymnne cpaBHeHus: 14,1£2,7 u
3,94+0,9 amonb/ma (p<0,001), uro oTpakaer
aKTUBALIMIO MPOLIECCOB MEPEKUCHOTO OKHCIIe-
HUS JUNHIOB Yy IJIOJIOB, MAaTepu KOTOPBIX
ObUTH POJIOpa3pelieHbl JOCPOYHO B CBSI3U C
TSOKEIIBIMHU aKYIIEPCKUMHU OCIOXHEHHUSIMHU CO
CTOPOHBI OEPEMEHHOM W/WITH TTO/A.

Konuenrpauuss MMII-1,9 u ux Tkane-
BbIX MHrHOUTOpOoB (THMMII-1) B amHMOTHYE-
CKOM JKHJIKOCTH HEJOHOIICHHBIX IIJIOJIOB
npeicTaBjieHbl B Tabuie 1.

Tabnuya 1

KoHuenTpanusi MATPUKCHBIX METAJUIONPOTENHA3 U UX TKAHEBBIX HHTHOUTOPOB
B AMHHMOTHYECKOMH KMIKOCTH NPH HHAYLUHPOBAHHBIX MpeKIeBpPeMEHHbIX Poaax

Table 1

Concentration of matrix metalloproteinases and their tissue inhibitors in amniotic fluid
in induced preterm birth

OcHoBHas rpynmna I'pynna cpaBHeHust
Mapxkep n=32 n=30 P
Me [25-75%] Me [25-75%]

MMII-1, ur/ma 14,35 [3,82-46,6] 11,01 [7,85-16,79] 0,48

MMII-9, ur/ma 191,84 [82,24-279,03] 129,59 [52,25-230,43] 0,05

TUMII-1, ur/ma 3,43 [1,33-6,58] 8,91 [6,78-16,45] <0,001
MMII-1/TUMII-1 4,13 1,23 <0,001
MMII-9/TUMII-1 55,91 17,9 <0,001

HzBectHo, uyto MMII-9 sBasgercs
KJIFOYEBBIM (PEPMEHTOM, Pa3pyIIAOIIIM KOJI-
mareH IV Tuma — OCHOBHOM KOMIIOHEHT Ie€-
MaTodHIE(aTUIECKOTO Oaphepa TOJIOBHOTO
MoO3ra IJ10/1a ¥ HOBOpoXkieHHoro [15, 17, 18].
Kak Bugno n3 tabmunes! 1, aktusaocts MMII-
9 B aMHHOTHYECKOH >KHUIKOCTH HEIOHOIICH-
HBIX TUIOJIOB, 3a0paHHOM Cpa3y mocie paspesa
Ha MaTKe y MalUeHTOK 0e3 pOJIOBOM AesITeNb-
HOCTH, ObLJIa BBIIIE, YEM y JOHOIIECHHBIX TIO-
JIOB TPyHIbl CPaBHEHUS, YTO CONPOBOXKIA-
JIOCh JIOCTOBEPHBIM YTHETEHHEM (DYHKITMH
THUMII-1 u 0Oojee BBICOKHM COOTHOIICHUEM
MMII-1,9 /TUMII-1 (p<0,05).

Jns aBTOMaTW3MpOBAHHOTO YCTAHOB-
JieHus auarHo3a Tspkenon [, mo jgaHHBIM
MPOBEACHHBIX KOMIUIEKCHBIX UCCIEAOBaHUH Y
HEJIOHOIIICHHBIX ~ HOBOPOXKJIEHHBIX,  HaMH
MPUMEHEH TMOIIArOBbIi JAMCKPUMUHAHTHBII
aHanu3. B pesynprate ObLIa MojydeHa mart-
puna kiaccudukanuii ans oOydaromeil BbI-
OOpKH HOBOPOXKIEHHBIX C Pa3IMUYHOMN CTere-
HBIO TSDKECTH IepeOpanbHONW WIIEeMUU, PO-
JTUBIIUXCS ONepaTuBHbIM myTeMm. OOrmmas
TOYHOCTh Kiaccudukanuu cocrasmia §1,6%,
YTO MOYKHO CUHTATh OTJIMYHBIM PE3YyIhTaTOM
(>80%): 69,2% — nonst MpaBWIBHBIX KJIacCH-
buxaruii mna  gered ¢ Tspkenmon [ m
88,0% — c nerkoii u cpenneit [{U.
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Tabauya 2

DOYyHKIMH KJIACCH(PUKANMHU TAKeJI0H 1epedpaibHOiil MIIEeMHUH HOBOPOKIEHHbBIX
NMPU UHAYIHPOBAHHBIX MpeKIeBPeMEHHBIX POIax

Table 2
Classification functions of severe cerebral ischemia of newborns in induced preterm birth
IIpequxTopsl Kaacc 0 Kuaace 1 T P
CBOOOIHBIH YJIeH -10,29 -17,25 5,76 0,000
MMII-9 0,064 0,082 -3,64 0,001

IIpumeuanue: xnacc 0 — nerxas u cpennss LIU; knace 1 — tsxenas 1A

Note: class 0 — light and medium CI; class 1 — heavy Cl

bouin  cocraBineHsl Ba  JIMHEMHBIX
YpaBHEHUS TUCKPUMUHAHTHBIX (YHKIMH 715
IIPOTHO3UPOBaHUs creneHu Tsokectu LU He-
JIOHOIICHHBIX HOBOPOXK/ICHHBIX, MOJICTABUB B
KOKI0€ U3 KOTOphIX 3HaueHuss MMII-9,
MO>KHO OTHECTH HOBOPOXKJIEHHOTO K OJTHOM M3
JBYX TPYIII, COOTBETCTBYIOLIEH HamOOIIbIIe-
My 3HA4YeHUI0 (YHKIHUU C BEPOSTHOCTHIO
81,6%.

Knaccugpurayuonnvie ypasnenus ouc-
KPUMUHAHMHBIX QYHKYULL:

Do (nerkas u cpennss [IN) =-10,29 +
0,064xMMII9

D1 (Tsoxenas [IU) =-17,25 +
0,082xMMII9

3akiroyenue. Takum oOpaszom, y miio-
JIOB OT MaTepei, MpexIEeBPEMEHHO POAOpa3-
pelIeHHbIX a0JJOMUHAIBHBIM ITyTEM B CBSI3U C
KU3ZHEYTPOKAIOIIUMH COCTOSTHUSIMU, HMEET
MECTO OKCHJATUBHBIN cTpecc. TskecTs nepe-
HECEHHOM AaHTEHATAJIbHOM THUIIOKCUU TIOJI-
TBEP>KAAETCS] BHICOKOIM aKTUBHOCTBIO THOOAP-
OUTYpaT-peakTUBHOTO MPOAYKTa — MaJIOHO-
BOT0 JAuaibleruja u (epMeHTa, paspyllaro-
miero xoytareH IV Ttuma — maTpukcHON Me-
TaJUIONPOTENHA3BI-9 110 CPAaBHEHUIO C ILIOMA-
MU MPU CPOYHBIX TUIAHOBBIX a0JOMHUHAIBHBIX
ponax. CHM)KEHHE KOHLEHTPALlUU TKAaHEBBIX
MHTUOUTOPOB MATPUKCHBIX METAJIJIONPOTEU-
Ha3, SBIIOLIMXCS OCHOBHBIM KOMIIOHEHTOM
remMaTosHIepannueckoro  Oappepa  Mo3ra
IJI0J]a, MOYKHO PACLIEHUTh KaK YTHETEHUE UX
GYHKIIMM B YCIOBUSAX BBIPRXKEHHOH TuUIIO-
KCUU/UIIEMUHN TpU IUTALEHTapHON HemocTa-
TOYHOCTH, COMPOBOKIAIOUIEH BCE TSXKENbIe
aKyILIEPCKUE OCTIOKHEHUS.

[IporHocTYeCKHil pacyeT CTENEHU Ts-
KECTH LepeOpaIbHON MIIEeMUH B aMHUOTHYE-
CKOM >KHJIKOCTH TUJIOJIOB MPU JOCPOYHOM ab-

JOMUHAJIBHOM POJOPA3PEIICHUN TO3BOJISIET
3a0J7aroBpeMeHHO pa3padoTaTh TAKTHKY Be-
JICHUsI  HEJIOHOIICHHBIX  HOBOPOXKICHHBIX,
BKJIIOYAsl peaOuINTAllMOHHBIC MEPOIPUSITHSL.
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TpeBoxHO-TenpPeccCUBHbIE 1 KOTHUTHBHbIE
HAPYUICHUS Y MOKWIBIX MAIUCHTOB
C BO3PACTHOU MAKYJISIPHOM JereHepamnuen
U KATapaKTou

M.M. 516,10K0B

denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE YupexkaeHue «HanuoHanbHbli MEIUIUHCKUI
MCCIIEN0BATENbCKUI HEHTP «MeXoTpaciaeBol HayYHO-TEXHUYECKUN KOMILIEKC «MUKpOXUpyprus
ri1a3a» uMeHu akagemuka C.H. @enoposar,
beckynnukoBckuii OynbBap, 1. 59a, . Mocksa, 127486, Poccuiickas ®@enepanus
Aemop ons nepenucku: M.M. Hbnoxos (vitalaxen@mail.ru)

Pesrome

AkTyanabHoCTh: [Iponomkaromieecss u3MeHeHHE AeMorpaduueckord CTPYKTYphl 00-
LIECTBA PA3JIUYHBIX TOCYAAPCTB CONPOBOKIACTCSI HEYKIOHHBIM IIOBBILICHUEM HE
TOJIBKO JIOJIM TOXKHWJIOTO U CTapUYECKOI0 HACEJIEHUS, HO U YBEIMYEHUEM PaclpocTpa-
HEHHOCTU BO3pacTa acCOLMUPOBAHHBIX 3a00JIEBAHUN, CYIIECTBEHHO CHMIKAIOLIUX
(YHKLIMOHAJIBHYIO aKTUBHOCTh U KaueCTBO H3HH MalneHToB. CkazaHHOE B MOJHOU
Mepe OTHOCHUTCS M K TaKUM HMHBOJIOTHUBHBIM 3a00JIEBaHUSIM TJjla3a Kak BO3pacTHas
MaKyJIsIpHas JlereHepalus U KaTapakTa, 4acTO BCTPEUAIOLIUXCS y OJHOTO MalUeHTa.
PazButne nannpix 3a001eBaHUM B COUETAaHHON (DOpME MM B M30JIUPOBAHHOM COMPO-
BOJKIAETCS HE TOJIBKO 3PUTENbHBIM JE(PHUIUTOM, HO U CHOCOOCTBYET YXYILICHHUIO
MICUXOAMOLIMOHAIBHOTO COCTOSIHMSI TakuX MalueHTOB. OAHAKO ICHXOJOTHYECKHIM
JIOMEH y MalUEHTOB C COYETaHHOW BO3PACTHOM MaKyJSIpHOW JET€HEpalluel U KaTa-
pakToil paccmaTpuBaercs B eAMHUYHBIX nmyOnukanusax. leanb ucciaenopanus: M3y-
YeHHEe 0COOEHHOCTEH TPEeBOKHO-JETPECCUBHBIX U KOTHUTUBHBIX HapylIEHUH y ma-
LIEHTOB IMOXWJIOr0 BO3pacTa ¢ COYETAHHON KaTapaKTOM U MaKyJsIpHOM JeTeHepaln-
eil. MaTepuajbl 1 MeToAbl: OCOOEHHOCTH MCUXOJIOTMYECKOr0 JOMEHA MalMeHTOB
MOKUJIOTO BO3PACTa, CTPAJAIOIIUX COYETAHHON KaTapakToW U BO3pAaCTHON MaKyJsip-
HOM JereHepanuel, n3ydeHsl y 123 GOJbHBIX C BO3pAaCTHOM MaKyJspHOH JereHepa-
nuen 3-4-i cranuu U KatapakToil Ha 6aze TamOoBckoro ¢punuana MHTK «Mukpo-
xupyprus riaza uMmenu akagemuka C.H. ®énoposa». Konrponem ciyxunn 72 nanu-
€HTa MOXHUJIOTO BO3pacTa C BO3PACTHOW MaKyJIIpHOM JereHepamueil u oTCyTCTBUEM
KatapakThl. [Ipu obcienoBaHMM MAIMEHTOB 00EMX TPYII ONpPENeNsINCh CUTYaTUB-
Hasl TPEBOXHOCTH 1o Tecty Crimnbeprepa-XaHuHa, aenpeccus mo mkaine Center for
Epidemiologic Studies-Depression, korHuTuBHBIC HapylieHust mo mkame Mini-
Mental-State-Examenation. Pe3yabTarbi: CTpyKTypa CUTYaTHBHOH TPEBOXKHOCTH Y
MAlAEHTOB C COYETAaHHOM BO3PAaCTHOM MAaKyJSIPHOM JEreHepalued M KaTapaKTou
MPEJICTAaBICHbl NPEUMYILIECTBEHHO cpeaHuM (46,844,5%) U  MOBBILIEHHBIM
(32,4+4,2%) ypoBHeM, a B KOHTPOJIbHOM rpyrnrne HU3KuM (76,2+4,9%) ypoBHeM cu-
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TYaTUBHOM TPEBOKHOCTU. B OCHOBHOM IpyIlIle CUTyaTHBHAsl TPEBOKHOCTb COOTBET-
CTBOBAJIa CPEIHEMY YPOBHIO, a B KOHTPOJIE - HU3KOMY YPOBHIO TpeBOxHOCTH. Ko-
THUTUBHBIE HapyIIEHUs OTCYTCTBOBaIU y 5,6+2,1% mauMeHTOB OCHOBHOM U Yy
63,6+5,6% nauneHToB KoHTposbHOH rpynmnbl (P<0,001). lenpeccruBHbIE HapyIIEHUS
4ale perucTpUpPOBAINCH NP COUYETAHHOM BO3PACTHOM MAKYJISIPHOM JE€reHepanuu U
katapakte (57,6+4,4%), yem npu Hanumuumu Toibko BMJI- 14,94+4,1% (p<0,001).
3akaroyenue: CoueTaHHasi BO3pacTHas MakKyJsipHas JAEreHepalus M KaTapakTa
yXyJIIAaeT CUX03MOLMOHAIBHBIA CTAaTyC MAalMEHTOB MOKUIIOr0 Bo3pacTta Oojiee Ccy-
IIECTBEHHO, YE€M H30JIMPOBaHHAs BO3pacTHAas MakyJspHas JereHepanus, yTo HeoO-
XOJJMIMO YUYUTBIBAThH IPU KOPPEKLIUHU 3PUTEIBHOTO AeuuunTa.

KuroueBble cioBa: karapakTa; BO3pacTHas MAaKyJspHAas JereHepanus; KOTHUTHB-
HbIE€ HapYIIEHUS; TPEBOKHOCTD; IEIIPECCUS; TOKUIION BO3pACT

Jas uurupoBaHusi: S6moxkoB MM. TpeBOXHO-IIENPECCHBHBIE M KOTHUTHUBHBIC
HapyILICHNs y TOKWIbIX ITALJUEHTOB C BO3PAaCTHOM MAaKYJISPHOM JlereHepalnueii u Ka-
tapakToii. HayuHble pe3ynbraThl OMoMenuuuHckux uccienoBanmid. 2021;7(1):96-
105. DOI: 10.18413/2658-6533-2020-7-1-0-10

Anxiety-depressive and cognitive impairments
In elderly patients with age-related macular
degeneration and cataracts

Maxim M. Yablokov

S.N. Fyodorov Eye Microsurgery State Institution,
59a Beskudnikovsky Blvd., Moscow, 127486, Russia
Corresponding author: Maxim M. Yablokov (vitalaxen@mail.ru)

Abstract

Background: The continuing change in the demographic structure of society in dif-
ferent states is accompanied by a restless increase not only in the proportion of the
elderly and senile population, but also in an increase in the prevalence of age-
associated diseases, which significantly reduce the functional activity and quality of
life of patients. The foregoing also applies to such involutive eye diseases as age-
related macular degeneration and cataracts, which are often found in one patient. The
development of these diseases in a combined form or in an isolated one is accompa-
nied not only by visual deficits, but also contributes to the deterioration of the psy-
cho-emotional state of such patients. However, the psychological domain in patients
with combined age-related macular degeneration and cataracts is considered in a few
publications. The aim of the study: To study the features of anxiety-depressive and
cognitive impairments in elderly patients with combined cataract and macular degen-
eration. Materials and methods: Features of the psychological domain of elderly
patients suffering from combined cataracts and age-related macular degeneration
were studied in 123 patients with age-related macular degeneration of stages 3-4 and
cataracts on the basis of the Tambov branch of the MNTK ‘“Academician SN. Fedo-
rov Eye Microsurgery". The control consisted of 72 elderly patients with age-related
macular degeneration and the absence of cataracts. When examining patients of both


https://orcid.org/0000-0001-7902-0589

Kpamkoe coobwenue
Short communication

HayuHble pesyabmamol 6uomeduyuHckux uccaedoganutl. 2021;7(1):96-105
Research Results in Biomedicine. 2021;7(1):96-105

groups, situational anxiety according to the Spielberger-Hanin test, depression ac-
cording to the Center for Epidemiologic Studies-Depression scale, and cognitive im-
pairment according to the Mini-Mental-State-Examenation scale were determined.
Results: The structure of situational anxiety in patients with concomitant age-related
macular degeneration and cataract is represented mainly by the average (46,8 +
4,5%) and increased (32,4+4,2%) levels, and in the control group by a low (76,2 +
4,9%) level of situational anxiety. In the main group, situational anxiety correspond-
ed to the average level, and in the control group - to a low level of anxiety. Cognitive
impairments were absent in 5.6 + 2.1% of patients in the main group and in 63.6 +
5.6% of patients in the control group (p <0.001). Depressive disorders were more of-
ten registered with combined age-related macular degeneration and cataract (57.6 +
4.4%) than with only AMD — 14,9 + 4,1% (p <0.001). Conclusion: Combined age-
related macular degeneration and cataract improve the psychoemotional status of el-
derly patients more significantly than isolated age-related macular degeneration,
which must be taken into account when correcting visual deficits.

Keywords: cataract; age-related macular degeneration; cognitive impairment; anxie-
ty; depression; old age
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BBenenue. DOnuaeMHOIOTHMYECKHE HC-
CJIEIOBAHUS U OLIEHKH JKCIIepToB BecemupHon
OpraHu3alMK 3PABOOXPAHEHUS] CBUACTEIIb-
CTBYIOT O MpOJOJDKAIOIIEMCS pocte 3aboie-
BAEMOCTHU CPEAM JIFOJIEH MOXKUIIOTO U cTapye-
CKOTO BO3pacTa BO3PACTHOW MOJIEKYJISIPHOU
nereHepauuu (BM/I) u karapakTsl, KOTOpbIE
BO MHOTMX CTpaHax B HacToslIlee Bpems 3a-
HUMAIOT JIMJUPYIOIUE MO3ULHUH B CTPYKTYpE
3pUTENBHOTO AeUlINTa U HACTYIUJICHUS cle-
notel [1, 2, 3]. BM/] u xatapakra sBISIOTCA
WHBOJIFOTUBHOM MAaTOJIOTUEN C BBIPAXKEHHOU
3aBUCHUMOCTBIO PacIpOCTPAHEHHOCTH OT BO3-
pacta [4, 5]. [lokazaHo, 4TO pacmpocTpaHEH-
HOCTb BMJI CylecTBEHHO MOBBIIAETCA OT
40% B rpymnmne aun crapiie 40 ner no 58 -
100% - B xoropte crapie 60 net [6] u yacto
coyeTaeTrcs € KaTapakTo, 4YTo ycyryousser
TEYEeHHUE 3TUX 3a00JIeBaHUi, 3aTpyIHAET qH1a-
THOCTHKY W CIHOCOOCTBYET Ooiiee OBICTpOMY
IIPOrPECCUPOBAHUIO.

Karapakrta, cuuTatomascss Benyuieu
IPUYMHON 00paTUMOi CIENOThl, HEYKIOHHO
MOBBILIAETCS B CTAPIIUX BO3PACTHBIX TPYIIax
HaceneHus [7] W Takasg TeHOEHUMA Oyner
MPOJOJKAThCs HAa (POHE YCTOMUMBOIO TpeHaa
CTapeHus HaCEJICHUSI. OnHOBpEMEHHO
HaOJt01aeTCsl YBEIMYEHUE Cpeld KOHTHUHIEH-

Ta OONBHBIX KaTapaKTOHl BO MHOTHUX CTpaHax
MHpa JIMI[ B MOXUJIOM Bo3pacte a0 50% wu
crapueckoMm Bo3zpacte 10 70% [7].

OnHako ¢ BO3pacTOM acCOIMUPYETCs HE
TOJIBKO Yactotra kartapaktel 1 BMJI, HO 1
pacrpoCTPaHEHHOCTh OTKJIOHEHUH B ICHXO-
JIOTUYECKOM JIOMEHE M ATUX IAlHUEHTOB, KO-
TOpBIE CJIEAYET YYUTHIBaTh CHEHUAIACTAM
JUISL KOPPEKIMH CTIEIHATM3UPOBAHHON MEIU-
IMMHCKOM ToMonIu. BmecTte ¢ TeM, Kak cBHIIe-
TEJIbCTBYET MPAKTHUKAa U MPOBOJUMBIE Hay4-
HbIE WCCIEIOBAaHMS, TaK W TepUATPUUYECKHE
CUH/IPOMBI KaK KOTHUTHUBHBIA aeduuut, Tpe-
BOKHOCTbh U JENPECCUBHBIE HAPYUIECHUS PEJI-
KO JUArHOCTHPYIOTCS y OONBHBIX C O(Talb-
MOJIOTHYECKOM TMaTOJIOTME BpayaMud Nep-
BUYHOI'O 3BEHA 3/IpaBOOXPAHEHHUsI- Y4aCTKO-
BBIMU TepamneBTamMH, O(TaIbMOJIOTaMH, Ce-
MEWHBIMU BpauyaMU- U OCTAIOTCSA MO3TOMY He-
yuTeHHbIMH. Pa3BuTue xe katapaktsl 1 BM/]
CONIPOBOXKAAETCSA XPOHUUYECKUM CTPECCOM IS
MAIMEHTOB U3-3a CTpaxa YXYALIEHUS OCTPOTHI
3pEeHHS] U OTPULATENBHBIX PE3YJIHTATOB JieUe-
HUSI, 9TO TIPUBOANT K HAPYIICHUIO CHA, (op-
MHPOBAHUIO HEBPO3a, JCIMPECCUBHBIX pac-
CTpOMCTB, cHWKeHuto aktuBHOcTH [1]. Ko-
THUTUBHBIE U TPEBOKHO-JEMPECCUBHBIE
HApYUIEHUs, KaK CBUJIIETEIIbCTBYIOT €IMHUY-
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HBIE HCCIEAOBAHUS YacTO BCTPEYAIOTCA Y
O0onbpHBIX ¢ KaTapakTo 1 BMJI [7]. HecmoT-
psl Ha 3TO, U3MEHEHHUs KOTHUTUBHOIO CTaTyca,
TPEBOXKHOCTH M JENPECCUU NMPAKTUYECKH HE
paccMarpuBaiuch y mnanueHtoB 60-74 iner,
CTPAaJalOIIUX COYETAHHOW KaTapakTou U
BM/I, xoTs npu KOMOPOUAHOCTH ITUX 3a00-
JIEBaHUH MPOUCXOJUT YCYryOJIeHHe MCUX0JI0-
TUYECKOro AoMeHa [7].

Heas uccaenosanus. Msydenue oco-
OCHHOCTEH TPEBOXKHO-/ICTIPECCUBHBIX U KO-
THUTUBHBIX HAPYIICHUH y MAIMEHTOB IMOXKHU-
JIOTO BO3pacTa C COYETAHHOW KaTapakToh M
BM/JI.

Martepuaabl M MeTOAbI HMCCJIEA0BA-
Hus. OCOOEHHOCTH ICHUXOJIOTHYECKOTO [0-
MeHa nanueHToB 60-74 neT ¢ coueTaHHOU Ka-
tapaktoii 1 BM/] uzyuens! cpeau 123 601b-
HbIX ¢ BM/] 3-4-i1 cranquu u kaTtapakToil (oc-
HOBHas TpYIINa), MTPOXOAUBIINX CTAIlOHAP-
Hoe nedyenue B 2016-2019 rr. B TamOGoBcKkOM
¢mwmane MHTK «Mukpoxupyprus Tiasza
uMmenu akanemuka C.H. ®emopoBa». Bepu-
duKamus aUarHo3a KaTapaKThl OCYIIECTBIIS-
J1ach TIOCPEACTBOM BU3HMOMETPHH, 0(TaabMO-
OMOMHUKPOCKOIIMY, CIEKTPAIILHON omTHYe-
CKOI KOTepeHTHOW ToMorpaduu, aBTOKepaTo-
pedpakromerpuun. Ilpu mmarnoctuke BMJ]
UCIOJNIL30BAINCh 3JEKTpOpeTUHOrpadus, Or-
TUYECKasl KOTepeHTHast ToMmorpadus, ¢iaroo-
peclieHTHas aHTHorpadus, SJIEeKTpOHHAs Iie-
pUMETpHS.

KonTponpHas rpynmna Oblia mpeacTas-
JeHa 72 TanMeHTaMH TOXKHWIJIOTO BO3pacTa C
BMJ/I u OTCyTCTBHEM KaTapakTbl, KOTOPBIE
o0cne0BAINCh AHAJIOTHYHO MAlMeHTaM OcC-
HOBHOM TPYIIIIBL.

B ykazanHble Tpynmbel HE BKIIOYAIHUCH
MaIMeHTsl B Bo3pacTe 10 60 et u crapue 74
JIET, C HAIMYMEM TICUXUYECKUX 3a00JICBaHHIA,
BBIPQKCHHOM JIEMEHIIMEN M CHUHIIPOMOM CTap-
YEeCKOM aCTEHWH, apTepUaIbHON THUTIEPTEH3UN
3-4-i1  craguu, TUNEPXOJECTEPUHEMUU U
JCTTUTIHIEMHUH, 3JI0KaY€CTBEHHBIX HOBOOOPA-
30BaHUH, METAOOIMYECKOTO CHHIIPOMA, 0XKUPE-
HUS, aTepOCKIIepo3a IepeOpabHBIX COCY/IOB,
caxapHoro quabera 1-ro u 2-ro Tuma.

[Ipyn M3ydyeHHH NCUXOJOTMYECKOIO JI0-
MEHa y TMAalHWEHTOB CPAaBHUBAEMBIX TPYIII
M3Yy4yallCh CUTYyaTUBHAsI TPEBOXKHOCTD IO Te-

cry Cnunbeprepa-Xanuna [8], memnpeccus-
Heli cratyc no mkaie CES-D (Center for
Epidemiologic Studies-Depression) [9], ko-
rHATUBHBIE (yHKIMHK 110 mKajge Mini-Mental-
State-Examenation (MMSE) [10]. Ucnonb30-
BAHHME 3THUX METOJOB OLICHKH IICUXOJOTHYe-
CKOTO cTaryca OOYCIIOBJICHO HEOJHOKPATHO
JIOKa3aHHOW BAJIUJIHOCTBIO B MHOT'OYHCIICH-
HBIX uccienoBanusax. Hapymenue 3penus He
SIBJISUIOCH TIPENSTCTBUEM JUIsl TPUMEHEHMS
YKa3aHHBIX IIKAJ U TECTOB.

PaboTta BBINIOJHEHAa B COOTBETCTBUH C
STUYECKUMHM CTaHaapTamMu BcemupHol Menu-
LMHCKOM accouuanuu «ITHYECKUE MPUHLU-
bl NPOBEJECHUS HAy4YHBIX MCCIEAOBAHUN C
y4acTHEM 4YeJoBeKa» U «XeIbCUHCKOU Je-
KJIapanum».

[Ipn oneHke NOCTOBEPHOCTH pa3IMuui
ncrnonb3oBaics kpurepui U-ManHa-YuTHu.

PesynbraTrel M o0cy:xkaenme. Curya-
TUBHAsl TPEBOXKHOCTH CpeIu 00CIeI0BaHHBIX
KOHTUHI'€HTOB IOKWJIbIX MAallUEHTOB OCHOB-
HOM M KOHTPOJIbHOW T'PYII BBISIBJIEHA y BCEX
npencraButenei (Tadbn. 1). OnHako CTPYKTY-
pa CUTYaTUBHOM TPEBOXKHOCTH y NAaIlUEHTOB
60-74 ner c¢ coveranHO# KartapakToii 1 BMJ|
CTATUCTUYECKU 3HAYUMO PA3INYaiIOCh MO KpHU-
tepusiM Tecta Crmnbeprepa-XaHuHA 10 CpaB-
HEHHMIO C MAlMEHTAMH TOrO K€ BO3pacTa, HO
CTPAJAIOIIUMH TOJIBKO OJHUM O(TaIbMOJIOTH-
yeckuM 3aboseBanuemM — BMJI. ¥V marueHToB ¢
COYETaHHOU O(TATTELMOJIOTHYECKOM MaTOIOTHEH
HaMOOJIBIIYI0 YacTh COCTAaBILUIM JIMIA, UMEIO-
LIM€ CPEIHUI YPOBEHb CUTYaTUBHOM TPEBOXK-
HOCTH, YTO CTAaTUCTUYECKHU 3HAYUMO BBIIIE, YEM
B KOHTPOJILHOM Tpynme. 3HAUYUTENbHBIN Yeb-
HbIi BEC Cpeau IPEICTaBUTEICH OCHOBHOM
TPYIIIBI COCTABIISIOT MAEHTHI MTOKAIIOTO BO3-
pacta c HOBBIIIEHHBIM YPOBHEM CUTYaTHBHOM
TPEBOKHOCTH C JOCTOBEPHBIM pa3IMYUEM I10
OTHOILIEHUIO K KOHTpOJbHOU rpymme. O6paria-
€T TaK’K€ BHUMAHHUE 3HAYUTEIIbHBIN YIEITbHBIN
BEC MAMEHTOB ¢ coueTaHHo BM/I u kartapak-
TOW BBIPAKEHHBIM YPOBHEM CHTYaTHUBHOH Tpe-
BOKHOCTH TpU OTCYTCTBUM TaKOBBIX CpeIu
6ompHBIX ¢ BM/JI.

B KOHTpONBHOW TIpymnne JTOMUHHUPYIOT
MAalMEeHTBl TOXKHUJIOTO BO3pacTa C HHU3KUM
YPOBHEM CHTYaTUBHOM TPEBOXKHOCTH CO CTa-
TUCTUYECKH 3HAYUMOMN pa3HULEH K OCHOBHOMU
rpyme.
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Tabnuya 1

Oco0eHHOCTH CHTYaTHBHOM TPEBOKHOCTH y nanueHToB 60-74 et
¢ coueranHoii BM/I u karapakroii (ptmp, %)

Table 1

Features of situational anxiety in 60-74-year-old patients with concomitant AMD
and cataract (pxmp, %)

YpoBeHb CHTYaTHBHOM IMauueHTHI 0CHOBHOIM I[ManueHTHI KOHTPOJILHOM

TPEBOKHOCTH rpyHnbl TPYNIbI P
Huzknit 6,9+2,1 76,2+4.9 <0,001
Cpennuit 46,8+4,5 18,2443 <0,001
TloBbIIIEHHBII 32,4+4,2 5,6£2,9 <0,001
BripaxeHHBIH 11,7+4,2 0,0 -
Bricokwuii 2.2+1,4 0,0 -
Bcero 100,0 100,0 -

CpaBHMBasi CpelHHMIl YpPOBEHb CHUTYya-
TUBHOM TPEBOKHOCTH [0 BbIIICHA3BAHHOMN
HIKaJie Cpey MalMEeHTOB MOKUIIOr0 BO3pacTa
¢ komopouaHOoi BM/I u karapakToil 1 MOHO-
odpranpmomnaronorueri (BMJ[) HeoOxommmo
OTMETHTh, YTO CpPEOHHHA apudMeTHIeCKui
0a/1 CTaTUCTUYECKH 3HAYMMO BBIIIE Yy Mep-
BbIX (puc. 1). Bennmuuna cpennero Oamna cu-
TYaTUBHOM TPEBOKHOCTU B OCHOBHOM T'pymIe

YKa3bIBaeT Ha HAJIUYHUE CPEIHEr0 YPOBHS CH-
TyaTUBHOM TPEBOKHOCTH. B KOHTPOJIBHOU
IpyNIE CUTyaTUBHAs TPEBOKHOCTb XapaKTe-
pU3yeTCsl Kak HU3KUI YPOBEHb. DTO YKa3blBa-
€T Ha TO, YTO COYeTaHHas O(TaJIbMOJIOTHYE-
ckas marosioruss B Bune BM/JI u xarapakrtsl
OoJsiee CyIECTBEHHO IOBBILIIAET YPOBEHb CHU-
TyaTUBHOHN TPEBOKHOCTH.

60 p<0,001

50 47,8+2,1

40

30

20

CuTyaTMBHaA TPEBOXHOCTb

1

29,6+1,4

2

Puc.1. CuryatuBHasi Tp€BOKHOCTbH Y MAIIMEHTOB MOXUJIOTO BO3pacTa B OCHOBHOM (1)
1 KOHTpOJIbHOM (2) rpynmnax (M £m, 6asisl).
Fig. 1. Situational anxiety in elderly patients in the main (1) and control (2) groups (M £ m, points).

OueHka KOTHUTHMBHOIO CTaTyca MOXH-
JeIX OONBHBIX ¢ coueranHod BMJ[ m kara-
pakToil M TonbKko ¢ MoHomaronoruei (BMJ)
CBHUJIETEJILCTBYET O CYIIECTBEHHBIX Pa3JIMYM-
ax (tabma. 2). Tak, OTCyTCTBHE KOTHUTHBHOTO
nedunura cpeau mamueHtoB 60-74 ner oc-

HOBHOW I'pyNIbl YCTaHOBJIEHO B 5,6% ciyua-
€B, YTO CYIIECTBEHHO HWXXE IOKa3aTelen
KOHTPOJBbHOM rpynnbl. KOrHUTUBHBIM Ipo-
¢uiIp MalMeHTOB CpaBHUBAEMbIX TPYII CTa-
TUCTUYECKHM 3HAYMMO OTJIMYAETCA U IO ApPY-
ruM coctapistomuM. Cpeau MmanueHToB Io-



Kpamkoe coobwenue
Short communication

Abnokoe MM. Tpesooicno-Oenpeccugnvie 1 KOCHUMUGHbIE HAPYULEHUSL ... 101
Yablokov MM. Anxiety-depressive and cognitive impairments ...

KWIOTO BO3pacTa, CTPAJaAIOLIUX OJHOBpE-
MeHHO BMJ[ u karapakToi, CTaTUCTHYECKU
3HAYUMO TPEOOJIATAIOT JHIAa C KOTHUTHBHBI-
MM HapylIeHUsIMH JIETKOW cTeneHu. OaHako

[0 KOJIMYECTBY MAI[MCHTOB C YMEPECHHBIMHU
KOIHUTHBHBIMH PacCTPOMCTBAMU JIOCTOBEP-
HBIX Pa3IMyYUil MEXIy IPYIIIaMd HE BBISBIIC-
HO.

Tabauya 2

KorauTuBHbIEC HAPYIIEHHUS Y MOKUJIBIX MAIMEHTOB ¢ coueTanHoi BM/I u karapakroii
U B KOHTPOJIbHOI rpynime (ptmp, %)

Table 2

Cognitive impairments in elderly patients with concomitant AMD and cataract
and in the control group (p £ mp,%)

CreneHb KOTHUTHBHBIX IManueHTHI OCHOBHO¥ IManueHTHI KOHTPOJIbHOM

HapyLIeHMii rpynnsl rpynnsl P
Hapymenus ymepeHHoit 2,1£1,4 0,0 -
CTCIICHH
Hapymenus nerkoii cre- 69,4+4,7 23,6+4,7 <0,001
NICHU
[IpenneMeHTHBIE KOTHU- 22,9+3,8 12,8+4,1 >0,05
THBHBIC HAPYILICHUS
OTCyTCTBHE KOTHUTHBHBIX 5,6£2,1 63,6+5,6 <0,001
HapyleHUI
Bcero 100,0 100,0 -

Pe3ynbpraThl  OLICHKM  KOIHUTMBHBIX tonbko BMJI (puc. 2). CkazanHoe mHOATBEp-

Hapymenuii mo mkane MMSE cBuperens-
CTBYIOT O TOM, YTO y NOXWJIbIX ITallUEHTOB,
nMermux codetanHyro BMJI u karapaxry,
KOTHUTUBHBIN 1e(DUIUT BbIIIE, YeM y OO0JIb-
HBIX AQHAJIOTMYHOIO BO3pACTa, WMEIOLIUX

JKJTAETCsl TEM, YTO KOTHUTHBHBIC HApPYIICHUS
Cpenu MaIMeHTOB OCHOBHOM TPYIIBI COOTBET-
CTBYET JIETKOM CTENeHH, TOorja Kak B KOH-
TPOJILHOM TPYIIE OHU KIIACCU(DUITUPYIOTCS KaK
MpeJIEeMETHbIC KOTHUTUBHBIC HAPYIIICHUSI.

p<0,001

30

25
20,6%0,3

20

15

10

CTeneHb KOFHUTUBHbIX HapyLUEHUN

1

26,2+0,3

2

Puc.2. KoruutuBHble HapyuieHus y nanuenton 60-74 net ¢ couerannoit BM/I u karapaxTtoit (1)
u ¢ BM/I (2) (M £m, 6amibrn).
Fig. 2. Cognitive impairment in 60-74-year-old patients with combined AMD and cataract (1)
and with AMD (2) (M £ m, points).
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JlenpeccuBHBIE HApYLICHHUS] CPEAH IIO-
KUJIBIX TAIUEHTOB ¢ KoMopOuaHoit BMJI u
KaTapakToOW BCTpeyaluch y 0oJiee MOJOBUHBI
oOcnenoBaHHbIX B 57,6% ciydaeB (Tabmn. 3).
DTO CTaTUCTUYECKH 3HAUYMMO BBIILIE MO CpaB-
HEHHUIO ¢ OOJIbHBIMH 60-74 JeT, UMEIIuX
Tonbko BMJI, roe oHM 3aperucTpupOBaHbI
mumb B 14,9% cinywaeB. Cpeau nanueHTOB
60-74 ner c couerannoit BM/] u karapakroii
B CTPYKTYypE JIENPECCUBHBIX HApYIICHUH mpe-

o0jamany  paccTpoiicTBa  JEMPECCHUBHOTO
CIIEKTpa ,BBISBICHHBIE B OOJiee TpeTU ciydva-
€B, U YJIeTbHBIA BeC KOTOPHIX B 3,6 pasa mpe-
BBHIIIIAET AHAJIOTUYHBIN IOKa3aTelb IalleH-
TOB TOTO K€ BO3pacTa ¢ MOHOO(TAIbMONATO-
moruen — BMJI. [JocToBepHBIM 0Ka3ajoch
pasiiuuue MeXJy CpPaBHUMBIMU TpyHmamMu M
110 YKCIy JIUI C JISIPECCUBHBIM COCTOSIHHEM,
KOTOpbI€ Yallle BBISBISUIUCH B OCHOBHOM

rpymrme.
Tabnuya 3

JenpeccuBHbIi cTaTtyc nauueHToB 60-74 jiet ¢ couerannoit BM/I n karapaxkroii u ¢ BMJ|
(p+mp, %)

Table 3
Depressive status of 60-74-year-old patients with combined AMD and cataract
and AMD (p = mp,%)
JenpeccuBHbIE IlaumeHTHI 0CHOBHOM IIanueHTHI KOHTPOJIBLHOM p/oGBrHEI THI
HAPYIIEHHS rPyHnbl rpPynnbl

JlenpeccuBHOE COCTOSIHHE 19,0+3,4 4,6£2,2 <0,001
PaccrpoiicTBa nenpeccuB- 38,6443 10,3+3,5 <0,001
HOTO CIICKTpa
OTCyTCTBHE AETIPECCUBHOTO 42,4+4.4 85,1+4,1 <0,001
paccTpoiicTBa
Bceero 100,0 100,0 -

CratvcTUYeCKH 3HA4MMble pa3iInyus B
OCHOBHOH M KOHTPOJIbHOM Ipymnmax O0JIbHBIX
C O(TaTbMOJIOIMYECKUMH  3a00JI€BaHUAMU
YCTAQHOBJIEHBI U B BEJIMYMHE CpegHero Oaiia
JenpeccuBHbIX Hapymenuid (puc .3). Cpen-
HUN Oalll JENpecCUBHBIX HapyIIEHUN ObLI
CTaTUCTHYECKH 3HAYMMO BHINIE Y MAIEHTOB

MOXKUJIOTO BoO3pacta ¢ codyetaHHoM BMJI u
KaTapakTOM W COOTBETCTBOBAJ PacCTpoOu-
CTBaM JICIIPECCUBHOIO CIEKTpa. Y POBEHb Jie-
npeccu cpenud nanueHToB 60-74 jer, ume-
omux Tolibko BMJI, 3Ha4MMO HMXKE U COOT-
BETCTBOBAJI B L[EJIOM MO TPYIIE OTCYTCTBHUIO
JEIPECCUBHBIX HAPYILICHUM.

p<0,001

25 l

22,1+0,9

20

15

10

YpoBeHb genpeccum

1

13,4+0,5

2

Puc.3. [lenpeccuBHbie HapyleHus y manueHToB 60-74 net ¢ couerannoit BMJI u karapaxtoii (1)
u ¢ BMJI (2) (M+m, 6amsbr).
Fig. 3. Depressive disorders in 60-74-year-old patients combined with AMD and cataract (1)
and with AMD (2) (M£m, points).
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CpaBHHUTEIIBHOE H3YyYE€HHE TPEBOXKHO-
CTH U JENPECCUU CPEIU MALMEHTOB MOKUIIO-
ro W CTapyecKoro BO3pacTa C pPa3IuYHbIMU
o TamTbEMOJIOTUYECKUM 3a00JI€BaHUSIMHU - Ka-
TapakTa, TMEpBUYHAs TJIAyKOMa, OTCJIOWKA
CETYATKH, KOHBIOHKTHUBHUT, CHUHAPOM CYXOIO
rjlaza -1okKasajgo, 4TO, COIVIAaCHO ILKajle Ioc-
nUTaIbHBIA TpeBoru U aenpeccuu (Hospital
anxiety and depression scale), TpeBoxHO-
JICNIPECCUBHBIC HApPYIICHUsI BCTPEYAIOTCS B
45,5% npoueHTOB Ciy4aeB, HE3aBUCUMO OT
HA3BaHHOU BBIIIE TTATOJIOTHH, a CPSTHUN OaT
0 LIKaJie AJIsl BCEeX MCCIEIOBAaHHBIX O(Tallb-
MOJIOTHYECKUX IATOJOTHH cocTaBui 9,2+6,2
O6amta [6]. CraTHCTUYECKH 3HAYUMO 4Yallle
TPEBOKHO-/ICTIPECCUBHBIE HAPYIICHUS OTME-
YaJIUCh Yy MALMEHTOB C CUHAPOMOM CYXOI'O
raza — B 43,5% cnydaeB ¥ mpu OTCIIOWKE
ceruaTku — B 43,2% ciydaeB. Yacrora Tpe-
BOXKHO-JICTIPECCUBHBIX HAPYIICHUN B TTOPSIIKE
yObIBaHUS TpPU JPYTUX aHAIU3HPOBAHHBIX
oraneMonornyeckux 3ab0yeBaHMIX pacmpe-
JIENAIIach TakK: NMPU KOHbIOHKTHBUTE — 41,8%,
Ipu nepBUyHON riaaykome —38,8%,mnpu kara-
pakre — 36,9% [6]. Y nauuentoB 60-74 ner c
KaTapakToOl, M3YYEHHBIX HAMU COBMECTHO C
BM/I, nenpeccuBHblE HapyLIECHUS BBIABIIS-
nuck yamie — B 57,6% ciydaeB, ueM B paHee
PAaCCMOTPEHHOM HCCJIE0BaHUM, AHAIU3UPO-
BaBIIIEM H30JUPOBaHHYIO KaTapakty [6]. [1o-
Jy4eHHbIE HaMH pEe3YyJbTaThl YKa3bIBAIOT Ha
TO, 4YTO COYETaHHass OQPTAIBMOJOTHYECKAs
MaToJoTus - B JaHHOM ciyyae BMJ[ u kara-
pakTta — B OoJbIlIeH CTEMEHU, YeM H30JIHPO-
BaHHas1 — BM/l B HameMm uccrnenoBaHuu, a B
pabore Ayaki M. et al [6] — u3onupoBanHas
KaTapakTa, MEpBUYHAs TJayKkoMa M JpyTue
MEHee CYIIECTBEHHO BJIMSIIOT Ha pacrnpocTpa-
HEHHOCTb Jienpeccuu u TpeBoru. Cpeau o06-
CJICIOBAaHHBIX HAMU TOXXWJIBIX TMAalMEHTOB C
couetaHHOM BMJI M KaTapakToil BBISABJICH B
OCHOBHOM CpEIHUM U MOBBIIIEHHBIN YPOBEHb
CUTYaTHUBHOM TPEBOXHOCTH, YTO TAKXKE MOJ-
TBEP)KJACT CIENaHHbIN BhIIe BhIBOJ. Hanbo-
Jiee BBICOKHM CpeqHUil Oalll  TPEeBOXKHO-
JEPECCUBHBIX HAPYIICHWH Cpeau W3Yy4eH-
HBIX MOHOIIATOJOTUM YCTAHOBJEH ISl CHUH-
npoma cyxoro riaza (10,2+6,0 6amna) u ais
OONBbHBIX NEepBUYHON rinaykomoil (9,8+6,6
Oamna) [6]. Y mamumentoB ¢ BMJI pacmpo-

CTPAaHEHHOCTh JENPECCHH BapbUPYET B JHa-
na3one ot 33% 1o 44% [11].

KoranutuHple CHOCOOHOCTH, MO MHe-
uuro Mazzoli L.C.et al [12], nauGosnee cHu-
KEHBbl y nanueHToB B Bo3pacte 50-90 et c
MEPBUYHON OTKPBITOYTOJBHOM TJIAyKOMOI,
yeM BMJI. Oco0eHHO cyliecTBEHHbIE pa3iiu-
yusi MEXAY NalMEeHTaMH C IEPBUYHOM OT-
KpBITOYTOJIbHOM Tiiaykomoil 1 BMJI BbisiBiie-
HBI TI0 CHMDKCHUIO MaMSTH U PaCIO3HaBAHUIO
muu. Kpome TOro, ycraHOBJIEHBI pa3ivudus B
CTENEHU KOTHUTUBHBIX HApYIICHUN B 3aBU-
cumocTH oT popmbl BMJI- skccynatuBHas u
HeskccynatuBHas [13]. Cpemgnuit Oamnm 1o
mkane MMSE y nanuentoB 55 ner u crapiie
nmpu  HeskccynatuBHon BMJI  cocraBun
26,2+3,6 Oamma, a mpU SKCCYIAaTUBHOM -
27,2+2,8 6amma. HecMoTpst Ha HEKOTOpBIC pa3-
JIMYUsl B CTEIIEHU KOTHUTHBHBIX HAPYLICHUN Y
MAIMEHTOB C AKCCYJIATUBHON U HEIKCCYHATUB-
Hoit (hopmamu BMJI, uiccinenoBanue moaTBep-
JKIAaeT CBsI3b KOTHUTHBHBIX HAPYIICHUUA C
BM/I. B wactHoctH, y mnauueHtoB ¢ BM/]
UMEIOTCSl XYAIIUE PE3YNbTaThl MO TMaMSITH M
BepOaTbHBIM TECTaM IO CPABHEHUIO C JIUI[AMHU
6e3 BM/] ananoruunoro Bo3pacrta [13].

3akirouenune. Hanmnuue y manueHToB
MOYXKUJIOTO Bo3pacta coyetanHon BMJI u ka-
TapakThl CYIIECTBEHHO YXYAIIAET MCUXO3MO-
[UOHAJBHBIM CTaTyC, 4YeM H30JMpPOBAHHAS
BM/I. V namueHTOB ¢ codyeTaHHON odTalb-
MOJIOTHYECKON  MMaTOJOTHEH  pa3BUBACTCS
CpPEIHUM YypOBEHb CHUTYaTUBHOW TPEBOXKHO-
CTH, TOTJA KaK IpyU HaIn4uuu Ttonbko BMJ] -
HU3KUA YPOBEHb CUTYATHUBHOM TPEBOKHOCTH.
KoruutvBHBIE HapylIeHUs dYalle PETUCTPHU-
pyIOTCS y ManueHToB ¢ coyetaHHod BMJI u
KaTapakTOM M COOTBETCTBYET JIETKOW CTere-
HH, a ipu B BM/J] — npeaieMeHTHBIM KOTHU-
TUBHBIM HapylieHusM. [lenpeccuBHbIE Hapy-
LIEHUsI JUArHOCTUPYIOTCS MpaKkTUYeCcKu B 4
paza dame cpead OONBHBIX C COYETAHHOM
BMJ/I u katapakToil M NpPEICTaBIEHBI IIpe-
MMYIIIECTBEHHO PacCTPONCTBAMH JCTIPECCUB-
HOTO criekTpa. Bricokas pacnpocTpaHEeHHOCTh
KOTHUTHUBHBIX WU TPEBOXKHO- JICTIPECCHUBHBIX
HapyLIEHUW Cpeau TOXUIBIX MAalUeHTOB C
couetaHHOM BM/I m karapakTtoii yka3bIBaeT
Ha HEOOXOJAMMOCTh HMX KOPPEKIIMH COOTBET-
CTBYIOITUMU CITEIIUATTUCTAMHU.
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