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Abstract

Background: Despite the achievements of human genomics, comprehensive genome analysis, in-
cluding acquiring the knowledge about intercellular and interindividual variations at (sub)chromoso-
mal/cytogenomic level, remains a difficult task. This basically results from a lack of heuristic algo-
rithms for uncovering (cyto)genomic and/or somatic genome variations and the functional outcomes.
However, current developments in molecular cytogenetics and “cytopostgenomics” may offer a so-
lution of the problem. The aim of the study: To present a heuristic algorithm for molecular cytoge-
netic and cytopostgenomic analysis of the human genome to uncover mechanisms of genetic
(brain/neurodevelopmental) diseases. Materials and methods: Data on cytogenetic and (cyto)ge-
nomic variations (chromosome abnormalities, chromosome/genome instability, copy number varia-
tion (CNV) etc.) addressed by original molecular cytogenetic techniques and processed by original
bioinformatic (cytopostgenomic) methods were used to develop the algorithm. Karyotyping was per-
formed in 8556 individuals. FISH analysis was applied when required (cases of somatic mosai-
cism/chromosome instability). Molecular karyotyping by SNP-array was performed in 600 (~7%)
cases. Results: Using our long-term experience of studying chromosomal and genomic variations/in-
stability in neurodevelopmental disorders as well as original developments in (cyto)genomic data
processing, we managed to present a heuristic algorithm for molecular cytogenetic and cytopost-
genomic analysis of the human genome to uncover mechanisms for brain diseases. Estimated effi-
ciency of the algorithm was established to achieve 84%. Analyzing the dynamics of applying cyto-
genetic and cytogenomic techniques throughout ~35 years of our diagnostic research we found that
the diagnostic efficiency had been increasing from ~7% (exclusive diagnosis by karyotyping) to more
than 80% (molecular cytogenetic and cytopostgenomic analysis). Conclusion: Here, we propose a
heuristic algorithm for molecular cytogenetic and cytopostgenomic analysis of the human genome to
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uncover mechanisms for genetic diseases. The efficiency and ability to uncover mechanisms of chro-
mosome instability allows us to conclude that the algorithm may be highly competitive for basic and

diagnostic genomic/cyto(post)genomic research.

Keywords: chromosome; chromosomal instability; genome; genome instability; molecular cytoge-
netics; human disease; brain disease; bioinformatics; neurodevelopmental disorders; cytogenomics

For citation: lourov 1Y, Vorsanova SG, Kurinnaia OS, et al. Molecular cytogenetic and cytopost-
genomic analysis of the human genome. Research Results in Biomedicine. 2022;8(4):412-423. DOI.

10.18413/2658-6533-2022-8-4-0-1

Introduction. Molecular cytogenetic and
cytogenomic analyses have become an important
part of diagnostic and basic research focused on
uncovering genetic mechanisms of a disease
[1-4]. Brilliant discoveries of novel genetic
mechanisms for brain disorders [5, 6, 7] obliged
to reevaluate diagnostic workflows and ap-
proaches to identification of genomic variations
associated with a disease. Nonetheless, there are
still numerous problems associated with cytoge-
nomic diagnosis roughly referred to genome
mapping, difficulties of interpretation of genome
variations (i.e. copy number variation or CNV),
and understanding the meaning of somatic ge-
nome variations [3, 8, 9]. On the other hand, sys-
tems analysis applied to cytogenomic data seems
to be able to solve these problems [10]. Addition-
ally, molecular cytogenetic and genetic tech-
niques (e.g. fluorescence in situ hybridization or
FISH and genome scanning methods) have a
number of limitations, i.e. analysis of specific ge-
nome loci (FISH), lack of reproducible interpre-
tation and moderate cell scoring potential (ge-
nome scanning methods) [11], which are, how-
ever, may be also overcome by the application of
bioinformatic or ‘“cytopostgenomic” methods
[12]. Furthermore, these methods are required
for complementing the knowledge about ge-
nome variations [13], i.e. genome behavior at the
interindividual [14] and at intercellular levels
[15]. Accordingly, it is highly likely that combi-
nations of molecular cytogenetic, cytogenomic
and bioinformatic techniques may underlie ap-
proaches to uncovering disease mechanisms
[16-19].

To succeed in unraveling genomic mecha-
nisms of genetic diseases, genome data are to be
processed for estimating functional outcomes of
changes in genetic material [16, 20]. More pre-
cisely, these data are to be used for uncovering

molecular and cellular pathways to a
disease [20]. In the molecular cytogenetic/cy-
togenomic context, these studies have to address
somatic chromosomal mosaicism and chromo-
some/genome instability in addition to disease
pathways [15, 20-25]. Furthermore, cytoge-
nomic variations are generally more complex
than those affecting single genes [26, 27]. In to-
tal, there is a need to address all the variations
detectable in an individual genome (variome)
with respect to mosaicism and genomic/chromo-
somal instability for understanding causes and
consequences of cytogenomic variations [28].
This becomes even more significant, taking into
account the ability of chromosome instability or
genome chaos to produce pathological condi-
tions (e.g. cancer and neurodegeneration)
through the lifespan [25, 29-32]. Finally, the sys-
tems biology methodology (bioinformatics or
systems genomics) [33, 34], applied to cytoge-
nomic and cytogenetic data should be efficient
for uncovering genetic/genomic mechanisms of
a variety of clinical conditions [10, 28, 35] lead-
ing to a possibility of treating diseases associated
with chromosome imbalances, which are gener-
ally considered as incurable [36]. In conclusion,
we suggest that combining all the aforemen-
tioned methods and may provide a heuristic al-
gorithm for unraveling cytogenomic mecha-
nisms for genetic brain diseases.

The aim of the study. Here, using our pre-
vious developments in molecular cytogenetics
and cytopostgenonics and analysis of data on
karyotyping of 8556 individuals with neurode-
velopmental disorders and congenital malfor-
mations, we have presented a heuristic algorithm
for unraveling (cyto)genomic mechanisms for
genetic diseases.

Materials and methods. Karyotyping
data, acquired as described previously [37, 38],
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was obtained during a long-term study (from
1985 to present) of 8556 individuals with neuro-
developmental disorders (intellectual disability,
autism, epilepsy, behavioral abnormalities) and
congenital malformations. FISH was applied in
cases of somatic mosaicism and/or chromosome
instability according to previous protocols of hy-
bridization and detection [37-39]. FISH data
were acquired from Vorsanova et al. 2021 and
2022 [37, 38]. Molecular karyotyping by SNP
array was performed in 600 cases from the kary-
otyped cohort. The protocol of SNP array was re-
peatedly described previously [40-43]. Bioinfor-
matic analyses were carried out by an original
methodology, which included systems genome
(variome) analysis, data fusion, “CNV launder-

Commonly accepted

worhflow for molecular

diagnosis
Cytogenetic
analysis

Chromosome instability analysis

(cytogenetic or molecular cytogenetic)

ing” and pathway-based prioritization of ge-
nomic variations. All these techniques were re-
cently described in detail elsewhere [16, 20, 28,
44, 48],

Results and discussion. Previously, we
proposed that karyotyping (cytogenetic analysis)
is the initial step of genomic data analysis, which
is required for understanding the variability and
behavior of an individual genome [17]. More
precisely, it was recommended to obtain two
data sets: cytogenetic and genomic (cytoge-
nomic). This proposal was lately supported by
Breman and Stankiewicz, who noted that karyo-
typing is to be applied at the start of diagnostic
genome research [46]. Figure 1 schematically
demonstrates this idea.

Molecular
karyotyping

Bioinformatic analysis
(uncovering disease mechanisms)

Fig. 1. Schematic depiction of the algorithm for investigating the molecular and cellular mecha-
nisms of diseases mediated by CIN. To succeed, one has to follow green arrows or, in other words,
to analyze chromosome instability by karyotyping and FISH (analysis of larger amounts of cells)
instead of the commonly accepted workflow including only cytogenetic karyotyping and molecular
karyotyping; bioinformatics is mandatory for uncovering disease mechanisms. (Copyright ©
Vorsanova et al. 2019 [17]; an open access article distributed under the conditions of the Creative
Commons by Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium or format, provided the original work is correctly cited).
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Taking into account the efficiency of com- cases, inasmuch as it gives an opportunity to un-
bining FISH and SNP array (Fig. 2) [36-40], we cover the molecular and cellular causes of the in-
propose to use these techniques for analyzing cy- stability in addition to detection intercellular var-
togenomic variations. The idea is even more ap- iations caused by genome chaos (i.e. description
posite for cases of chromosomal instability and of the nature of chromosomal instability) [6, 8,
mosaicism as well as aneuploidy/polyploidy 10, 17, 25, 28, 30, 31].
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Fig. 2. An example of molecular cytogenetic analysis depicted by a study of a female with non-mo-
saic monosomy X; (A) FISH with a DXZ1 DNA probe (chromosome X, one green signal) and
D1Z1 DNA probe (chromosomes 1, two red signals); (B) SNP-array results demonstrating non-mo-
saic X chromosome loss (regular monosomy X). (Copyright © Vorsanova et al. 2021 [37]; an open
access article distributed under the conditions of the Creative Commons by Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium or format, provided
the original work is correctly cited).
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Focusing on karyotyping data obtained
from studying 8556 individuals with neurode-
velopmental disorders and congenital malfor-
mations, allowed us to select a very specific
group of individuals (n=600; ~7%), who require
molecular karyotyping and extended bioinfor-
matic analysis of genome data. SNP array was
selected as a technique of choice, inasmuch as it
allows detecting chromosomal imbalances and
CNVs at the highest resolution [40-43] and seg-
mental uniparental disomies within imprinted
loci [40, 47]. Thus, a heuristic algorithm for com-
prehensive genome analysis for medical genetics
does require both karyotyping (classical cytoge-
netics) and molecular karyotyping by SNP array.
Since FISH allows single-cell monitoring of ge-
nomic/chromosomal variations, it is, thereby, re-
quired for cases of mosaicism and chromo-
some/genome instability

Despite the studies reporting significantly
increased diagnostic efficiency rates resulted
from the application of array genome scanning
techniques, understanding the mechanisms of the
diseases and unraveling the cellular and molecu-
lar pathways requires a bioinformatic addition to
the analytic workflows [16, 28, 32, 36, 44, 48].
Bioinformatic approaches to analyze data ob-
tained by new sequencing technologies includ-
ing panel versions were suggested to be an alter-
native [9, 11, 48, 49]. However, the alternative
remains questionable, since these approaches do
not provide intrinsic data on diseases mecha-
nisms/pathways, inasmuch as genomic mecha-
nisms are much more sophisticated than previ-
ously envisaged [20, 28, 50]. Moreover, these
mechanisms become even more complicated
when somatic genomic mosaicism and chromo-
some/genome instability are taken into account
[3, 7, 15, 25, 51, 52]. Considering the data that
applications of the simplest digital tools appre-
ciably increase the yield of molecular cytoge-
netic genome analysis [1, 17, 53-55], sophisti-
cated bioinformatic techniques are likely to pro-
vide the highest efficiency in diagnostic/research
cytogenomic analyses [7, 16, 28, 44, 45]. Here,
we have added to the algorithm all of our original
developments in genomic data processing, which
include OMICs data input/processing (variome

analysis, data collection, CNV prioritization)
[3, 10, 12, 16, 28, 44], CNV laundering [45],
pathway-based analyses of variome for candi-
date process or CNV prioritization [16, 20, 28,
36, 44] (Fig. 3).

Combining the aforementioned cytoge-
netic, molecular cytogenetic and cytogenomic
or cytopostgenomic approaches seems to result
in uncovering mechanisms of a disease associ-
ated with a set of genomic variations (disease
variome), clinical outcomes of which are me-
diated by chromosomal/genomic instability
and/or molecular and cellular pathways (candi-
date processes). In this light, it is to note again
that morbid conditions associated with chro-
mosomal/genomic instability range from infer-
tility to pathogenic aging, from early onset
neurodevelopmental disorders to late onset
neurodegenerative and neuropsychiatric dis-
eases, from immunodeficiency to cancer [1-3,
6, 7, 15, 22-25, 29-31, 51, 52]. Finally, the de-
scribed heuristic algorithm in its final form
may be depicted, as follows (Fig. 4).

Our long-term experience (from 1985 to
the present) [1, 17, 37, 38] allowed us to high-
light the dynamics of efficiency changes in de-
pendence of introducing molecular cytogenetic
and postgenomic techniques (Fig. 5). Initially,
karyotyping uncovers ~7% of genomic varia-
tions (chromosomal abnormalities) in neurode-
velopmental disorders. The introduction of in
situ hybridization (ISH) gave instantly 12% of
detection of chromosomal abnormalities. Fur-
ther introduction and developments of FISH
(e.g. increasing DNA probe numbers, multi-
color FISH [39], analysis of chromosomal in-
stability and mosaicism) increased the effi-
ciency to 34% (~3 times increase). Metaphase
or classical comparative genomic hybridiza-
tion (CGH) in combination with FISH and kar-
yotyping allowed to detect chromosomal vari-
ations in 40% of individuals from the neurode-
velopmental cohort. Substitution of CGH by
array CGH (CGH on chips; laser detection) in-
creased the efficiency to 48%. SNP array with
the highest resolution of molecular karyotyp-
ing (up to 1 kbp), used instead of array CGH,
gave an unprecedented efficiency in detection
of chromosomal abnormalities and CNV (in-
cluding intragenic CNV) estimated as 61-64%
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(depending on protocol/variation size filter).
Finally, in silico molecular cytogenetic analy-
sis using bioinformatic, postgenomic/cytopost-
genomic or pathway-based classification made
a breakthrough in efficiency of genomic varia-
tion detection, which achieved 80-84%. In this

context, we would like to mention that these
efficiency rates were achievable by an ex-
tremely thorough selection (clinical and cyto-
genetic selection) of cases to be addressed by
genome scanning, FISH and cytopostgenomic
methods.

OMICs data input

® Microarray scan
e Data processing
® CNV database
® Clinical data

CNV laundering

® Recurrence check
® CNV contents analysis

Pathway prioritization

e Interactome analysis
e Pathway retrieval
® Pathway prioritization

Fig. 3. Bioinformatic part of the algorithm (see text for more details).
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Fig. 4. Schematic representation of the algorithm for molecular cytogenetic and cytopostgenomic
analysis of the human genome, which is based on data collection (non-genomic, classical and mo-
lecular karyotypic, whole-genome etc.), analysis of somatic mosaicism and chromosome instability
by FISH and karyotyping, postgenomic pathway based classification of variome and candidate pro-
cesses; to finalize the algorithm, all these data sets are then processed by bioinformatic analysis for

the fusion.
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50%

30%

20%
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Fig. 5. Dynamics of diagnostic/detective efficiency depending on the introduction of molecular cy-
togenetic and postgenomic techniques in neurodevelopmental disorders from 1985 to the present.
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Conclusion. Our communication de-
scribes a heuristic algorithm for molecular cy-
togenetic and cytopostgenomic analysis of the
human genome, which may be successfully
used to uncover mechanisms for genetic dis-
eases (especially, brain genetic disorders). The
algorithm is also applicable for identification
of causes and consequences of somatic chro-
mosomal mosaicism and chromosome/genome
instability, which are common mechanisms for
a wide spectrum of human morbid conditions.
The rise of detection rates produced by intro-
ducing molecular cytogenetic and cytopost-
genomic techniques was a basis for developing
the algorithm, the efficiency of which was high
enough to conclude that it is highly competi-
tive for research and diagnostic purposes dur-
ing forthcoming genomic or cyto(post)ge-
nomic studies.
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u MUKpoPHK-218 y nanuenTon
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Pesrome

AKTyanbHOCTB: ['eMopparnueckas nuxopazaka ¢ nouednsiM cuaapomom (I'JITIC), BeI3piBaeMast op-
TOXaHTaBUPYCaMH, 3aHUMAET OJIHO U3 BEIYIIHUX MECT CPEIU MPUPOIHO-0YAroBhIX 3a00JIeBaHUMN Ye-
JIOBEKA, JUIs1 KOTOPOT'O OTCYTCTBYIOT COBPEMEHHBIE TOUHBIE U BBICOKOYYBCTBUTEIbHBIE METO/IBI 1A~
THOCTUKU. YTOOBI yJIy4IIUTh 3Ty CUTYaLUIO, TpeOyeTCs Jiydllee IOHUMaHNe XaHTaBUPYyCHOTO MaTo-
reres3a [JIIIC. YpoBHu skcnpeccun 3x30comanbHbIx MUKpOPHK B ChIBOpOTKE My masme KpoBH
MAlMEHTOB BO BpeMsi MHPEKLUHU JeJal0T UX MOTEeHIHAIbHBIMU TEPareBTUYECKUMU OnoMapKepamMu
s quarHoctuku LJITIC. Heab uccnenopanus: [IpoananuzupoBath ypoBHHU dKcnpecc miR-126
1 miR-218 manuenTtos ¢ ['JIIIC Ha pa3HbIx 3Tanax TedeHUs: 00JIE3HH, a UMEHHO Ha CTaJHUU JHUXO-
panku, nomuypudeckor craauu [JIIIC u cragum pexonBanecueHuuu. MarTepuaabl M MeTOAbI:
Cpennetsixenas rpynma marueHToB ¢ ['JITIC Bxirouana 105 o6pasno PHK, tsokenas — 99 u tspkenas
c ocnoxHeHusMu — 84 obpasua PHK. O6pasusl kpoBu nanuentos ¢ ['JIIIC st nmpoBeneHust Mole-
KYJISIPHO-T€HETHYECKOI0 aHajln3a ObLIM cOOpaHbl TPUXKIBl — B HAYAJbHBIN JTMXOPAJOYHBIA TIEPUOJ
(1-4 nuu Gonesnu), momuypuueckuit mepuo (15-22 qHu 00NIe3HU) U B TIEPUO]] PEKOHBAICCIICHIINH.
Brinenenune toranpHoit PHK BeImomaeno mpu nomornu Hadopa exoRNeasy Midi Kit (Qiagen, 'ep-
manust). KommuectBennyto III[P B peanbHOM BpeMeHM MPOBOIMIM C MCIIOIB30BaHMEM Halopa
miRCURY LNA SYBR Green PCR Kit (Qiagen, ["'epmanusi) u cucremsl neTekuuu npoayktos TP
B peanbHOM BpeMeHu LightCycler96 (Roch). Pe3yabTaTbi: CpaBHeHHE ypoBHEH dKcmpeccun miR-
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126 1 miR-218 manmenTos ¢ ['JITIC Ha paznuunbix craausx ['JITIC He BBISBHIIO KaKUX-THOO CTAaTH-
CTHYECKH 3HAYUMBIX pe3ynbraToB (P>0,05). 3akiaouenune: HeoOxoauMel nanpHENIINE UCCIIEIOBa-
Hus dkcnpeccun MUKpOoPHK u cetu reHoB, siBiasitonuxcsi MUIICHIMU pa3inndHbix MUKpoPHK, miis
BBISICHEHUS MOJICKYJIIPHBIX MEXaHU3MOB, CITOCOOHBIX OKa3bIBaTh BIMSHUE HA BOSHUKHOBEHUE U Pa3-
urtue [JIIIC.

Kuarouessie ciaoBa: MukpoPHK; renbl-muinenu; remopparuyeckas JIUXopajka C IIOYE€YHBIM
CUHIPOMOM

Jas uutupoBanus: ['misizoBa UP, Xacanosa ['M, BanoBa EA, u np. MccnenoBanue npodumeit
skcnpeccuu 3k30coMalibHBIX MUKpOPHK-126 u MukpoPHK-218 y manueHToB ¢ reMopparuyeckou
nuxopaakoi ¢ moueynsiM cuHapomoM (I'JIIIC). Hayunsie pe3yiabpTaTel OMOMETUIIMHCKUX HUCCIIEHO0-
Banuii. 2022;8(4):424-438. DOI: 10.18413/2658-6533-2022-8-4-0-2

Study of the exosomal microRNA-126
and microRNA-218 expression profiles
In patients with hemorrhagic fever with renal
syndrome (HFRS)
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Abstract

Background: Hemorrhagic fever with renal syndrome (HFRS), caused by orthohantaviruses, occu-
pies one of the leading places among natural focal human diseases, for which there are no modern
accurate and highly sensitive diagnostic methods. To improve this situation, a better understanding
of the hantavirus pathogenesis of HFRS is required. The expression levels of circulating microRNAs
in the serum or plasma of patients during infection make them potential therapeutic biomarkers for
the diagnosis of HFRS. The aim of the study: To analyze the expression levels of miR-126 and miR-
218 patients with HFRS at different stages of the disease. Materials and methods: The moderate
disease severity group of HFRS patients included 105 RNA samples, severe — 99 and severe with
complications — 84 RNA samples. Blood samples of HFRS patients for molecular genetic analysis
were collected three times — during the initial febrile period (1-4 days of illness), the polyuric period
(15-22 days of illness) and during the convalescence period. Total RNA isolation was performed
using the miRNeasy Serum/Plasma Advanced Kit (Qiagen, Germany). Quantitative real-time PCR
was performed using the miRCURY LNA SYBR Green PCR Kit (Qiagen, Germany) and the real-
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time PCR product detection system LightCycler96 (Roch). Results: A pairwise comparison of miR-
126 and miR-218 expression levels in patients with HFRS at the fever stage and at the polyuric stage
of HFRS did not reveal statistically significant results (P>0.05). Conclusion: Further studies of the
network of genes that are targets of various microRNAs are needed to clarify the molecular mecha-
nisms that can influence the occurrence and development of HFRS.

Keywords: microRNAs; target genes; hemorrhagic fever with renal syndrome

For citation: Gilyazova IR, Khasanova GM, lvanova EA, et al. Study of the exosomal microRNA-
126 and microRNA-218 expression profiles in patients with hemorrhagic fever with renal syndrome
(HFRS). Research Results in Biomedicine. 2022;8(4):424-438. Russian. DOI: 10.18413/2658-6533-
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BBenenue. I'emOpparuueckas
aux0paaka ¢ nodednbiM cuuapomom (IJITIC)
BIIEPBBIE ObLIA OMMCaHA B KUTAHCKUX MTACAHMSIX
900 ner Hazax Kak 3a00JIEBaHUE, HALIOMHUHAIO-
mee XaHTaBUPYCHYIO WHQEKIuo. Bo30ymu-
TeNb 3a00JIeBaHMUS OCTABAJICS HEU3BECTHBIM 0
koH1a 1970-x rogos, noka Lee ¢ coaBropamu
He coobmmmu o Bupyce Xantaan (HTNV),
MIPUCYTCTBYIOIIEM B JIETKHX €0 €CTECTBEHHOTO
pe3epByapa, TIOJIOCATOM  TOJIEBOM  MBIIIU
(Apodemus agrarius) [1]. Cnenyrormieii BaxxHOIA
BEXON M3yueHHs] XaHTaBUPYCHOW HH(MEKINU
cTajia BCHbIIIKa 3a00JIeBaHus, HA3BAaHHOT'O XaH-
TaBUPYCHBIM KapJAUONYyJIbMOHAIBHBIM CHHJIPO-
MoM, npousouienmas B pernone Four Corners
B CIIIA B 1993 r., BO30yauTeneM KOTOPOTO
okazanuch XaHTaBupychl Sin Nombre (SNV) u
Andes (ANDV), 3apeructpupoBanusie B Ce-
BepHoi u FOxHoit AMepuke [2].

Haubonee pacnpocTpaHeHHBIM XaHTa-
Bupycom B EBpore siBisiercst Bupyc Puumala
(ITlyymana (PUUV)), orHocammiica kK poay
XaHTaBUpYycOB cemeiicTBa Bunyaviridae [3],
MEPEHOCUUKOM BHUpYCa SIBISIETCSA pbDKasl IO-
neBka Myodes glareolus, Hacenstomas mpak-
TUYECKH BECh KOHTHMHEHT, 332 HCKIIOYEHHEM
Cpenn3zeMHOMOPCKOTO peruoHa. bosbimmH-
CTBO ciy4aeB, cBia3aHHbIX ¢ PUUV, auarno-
CTUPOBAHO B HEKOTOPBIX YaCTIX €BPONEHCKON
yactu Poccun, @unngaauu, IIBenun, a Takxke
B beneruu u I'epmanum [4]. B PecnyOmuke
bamrkoprocTan BBIABISIOT caMoe OOJbIIOE
yucino nmoATBepxkAeHHbIX ciaydaeB [JIIIC
cpenu Bcex cyonbekToB [IpuBomkckoro dene-
panpHOTO OKpyTa [5].

LenTpansHpiMu (EeHOMEHAMH TMaTOTe-
Hesa ['JITIC sBastoTCsI MOBBIICHHAS TPOHUIIA-
€MOCTh COCYZOB U OCTpasi TPOMOOLIUTOTICHUS

C BBIPaKEHHOM NMPOHUIIAEMOCTHIO MUKPOCOCY-
JUCTBIX pycen. Permmkanus XxaHTaBupyca
IPOUCXOIUT B 3HJOTEIUH COCYOB, HO, 10-BU-
JUMOMY, OHA HE BBI3BIBAET IIPSIMBIX LIUTOIIATH-
geckux 3¢ ¢dexros [6]. Llukn perumkannum xaH-
TaBUpYCa JOBOJIBHO MEIUICHHBIN, YTO IIPUBO-
TUT K TI03/THeH BupeMun Ha 5-10-i nenp mocie
3apakCHUsI, YTO MOJKET YKa3blBaTh HA IEPCU-
CTEHIIMIO BUPYCa, & HE HAa OCTPOE JIUTUYECKOE
porpeccupoBaHue, HablloJaeMoe Hpu Jpy-
IMX BHUPYCHBIX T€MOpPPAru4ecKUX JHUXOpas-
kax. B Tkansx nouek namuentos ¢ ['JIIIC Bu-
PYCHBII aHTUTeH OblUT OOHAapy’>KeH Hapsay ¢
UHQUIBTpAe BOCHIAIUTEIbHBIX KIETOK M
MOBPEXKICHUEM KaHaJbIEB, YTO CBUIETEIb-
CTBYET O TOM, YTO PEIUINKALIUS BUPYCa BMECTE
C UMMYHHBIM OTBETOM Y4YacTBYIOT B IOBpe-
JKJIEHUM TKaHei [7].

JlaGopaTopHasi JIMarHOCTHKAa OCTPBIX
XaHTAaBUPYCHBIX MH(EKIMH OCHOBBIBAaETCS Ha
CEPOJIOTMYECKUX JIaHHBIX, TOCKOJIbKY MTPaKTH-
YECKU Y BCEX MALMEHTOB B CHIBOPOTKE KPOBU
MIpU TOSBJIEHUH CHUMIITOMOB IPHUCYTCTBYIOT
IgM u IgG-anTuTena [8]. XantaBupycHas UH-
(dexmust Takke MOXXET OBITh IMOJTBEPIKICHA
o0OHapy’KeHHeM T'eHOMa XaHTaBHpyca B 0Opas-
11aXx KPOBU WJIM CHIBOPOTKH C MTOMOLUIBIO MOJIHU-
Mepa3Hoi 1EeNHOoN peakuu ¢ 0OpaTHOM TpaH-
ckpunuueit (OT-IILP). XoTs nanuuue Bupe-
MHUH MOXeT ObITb pa3HblM, BupycHas PHK
OObIUHO OOHapyXHUBaeTCsi NpU HATUYUU
octpoil mpoOsl. Takke mpenmonaraercs, 4To
0oJ1ee BbICOKAsI BUPEMHUSI IPOUCXOIUT MpH 60-
Jee TSKENbIX XaHTAaBUPYCHBIX HHQEKIHIX
DOBYV, SNV, ANDV no cpaBuenuto ¢ 6omee
JETKUMHU HUHQEKIUSIMHU, TaKOBOM CUHUTAaeTCs
Bupyc PUUV [9].
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HecmoTpss Ha akTHBHOE H3y4YeHUE U
OoJIbIIIOE KOJIMYECTBO NyONIMKanuii, MOCBS-
LICHHBIX HCCIEAOBaHUSM IaTOreHe3a BHUPYC-
HBIX MH(QEKIIMOHHBIX 3200JIeBaHM, B 3THOJIO-
ruu u narorenese ['JIIIC ocraerca MHOrO He-
SICHBIX BOIIPOCOB. B mociieqHue roapl BeayTcs
aKTUBHbIC HcCcieaoBaHud poiau MUKpoPHK
OpU  Pa3IMYHBIX BHUPYCHBIX HH(EKIUSX,
CYLIECTBYET BCET0 HECKOJIbKO IyOnMKaiuii,
MOCBAILLEHHBIX W3YYEHUIO POJIHM KOJbLEBBIX,
LUPKYJIHPYOIMX U 3Kk30comanbHbix PHK n
MukpoPHK npu Bupycuoit nadeknun Hantaan
[10]. BeisBnen psa mukpoPHK, koropsie
UTPAIOT BAKHYIO POJIb B KOHTPOJIe OaphepHOit
(GYHKIMK SHAOTETUAIBHBIX KJIETOK M MOTYT
IpuHUMaTh ydactue B narorenese ['JITIC.

CooOmaercsa, yto MukpoPHK, BbicBO-
0oxmaeMas M3 KIETOK-MHILIEHEH BHpyca, pe-
TYJIMPYeT BUPYCHYIO MH()EKIHIO U peIuInKa-
L[1I0, 3 BUPYCHBIE (PaKTOPHI, B CBOIO OYEpE/Ib,
MOJIYJIUPYIOT BHYTPUKIETOUHYIO IKCIIPECCUIO
MukpoPHK. IlpennonararT, yTo BUpyC OKa-
3bIBAET BIMSHHE Ha KiItoueBble MUKpOPHK-pe-
TyJIMpyeMble pEeaklNH, IPOTEKAOUIUE B 3H]I0-
TEIHAJIbHBIX KJIETKaX, OTBETCTBEHHbIE 3a MOJI-
JiEpKaHUE LENOCTHOCTU COCYJI0B, TEM CaMbIM
BbI3bIBasl BOCMAJICHUE U HapyLIEHHE LEJI0CT-
HocTH Oapbepa [11].

Heab uccaenoBanms. [Ipoananusupo-
BaTb YpoBHM dKcrpeccun MukpoPHK-126 u
MukpoPHK-218 nanuenros ¢ ['JIIIC Ha pa3s-
HBIX dTanax Te4eHus OOJIe3HH.

Marepunan 1 MeTOAbI HCCIEAOBAHUA.
Jns Bcex manuenTtoB ¢ I'JIIIC auarnos ycra-
HaBJIMBAJICA  BbICOKOKBAJIU(UIIMPOBAHHBIMU
BpauaMH 1ociie coopa KIMHUYECKHX U aHaM-
HECTHMYECKHMX JAHHBIX, MOJIy4E€HUsl pe3yJibTa-
TOB J1a00paTOPHO-MHCTPYMEHTAIBHBIX 00Ce-
JOBaHUN (KOJWYECTBO JICHKOIIUTOB, KOJHYE-
CTBO TPOMOOLIMTOB, amMHJjIa3a, JHIa3a, 00U
OounupyOuH, npsiMol OMIMpPyOUH, KPEaTUHUH,
a30T MOYEBHUHBI KpPOBH, IPOTPOMOMHOBOE
BpeMsl, aKTUBUPOBAHHOE YaCTUYHOE TPOMOO-
IJIACTUHOBOE BPEMS M YPOBEHb KaJIbIUS B Chl-
Bopotke). Kpome toro, muarxo3 I'JIIIC 6wt
MIOATBEPKJIEH TOJIOKUTEIBHBIM PE3YJIbTaTOM
ummyHopepmenTHoro ananuza (UPA) Ha an-
turena IgM k XanrtaBupycy ceporuna Ilyy-
Mmana (OI'YIT «HITO «Mwukporen» Mun3apasa
Poccun).

Bee mnanumeHThl OBUTM TOCHUTATU3UPO-
BaHbl B MH(EKIMOHHBIE OONBHHIBI T. Y(bI ¢
2018 roma o 2021 roxap! u qamu 1006pOBOIBHOE
MH()OPMHUPOBAHHOE COTJIACHE HA Y4acTHE B HC-
crnenoBanuu. B uccnenoBaHue He BKIIOYAIUCH
HECOBEPIICHHOJIETHUE JIMLA, UHUBHU/IBI, OTKA-
3aBIIMECS OT Y4acTHs B UCCIICIOBAHUU 1 HE TIO-
NHMCABIIME MHCbMEHHOTO COTJIACHs, KypHJIb-
LIUKH U JIMLA, UMEIOIINE B AaHAMHE3E JIPyTUe UH-
(hex1ImoHHBIE 3a00JICBaHNI.

KnuHandeckas kapTuHa Mpu UHPUIUPO-
Banuu Bupycom PUUV BapeupoBana ot Oec-
CUMITOMHON WH(MEKIHH JO0 TSHKEIOro Teue-
HUS, HO B OOJIIIMHCTBE CIlydyaeB MMeJa Jer-
Koe TeueHue. B TunmnyHbIX popmax nHpEKIuu
MO>KHO BBIICTTUTH MATh PA3IMYHBIX (Pa3: Tuxo-
Paso4yHYyI0, TUIIOTEH3UBHYIO, OJIUTYPHUECKYIO,
HNOJIMYPUYECKYI0 W PEKOHBAJIECLEHTHYIO.
BosbHBIE 0OBIYHO MOCTYMAIOT B CTAllMOHAp B
TUIOTEH3UBHYIO (a3y, Korma mpeoOiagaeT
CHUH/APOM KaNWUIPHOM HPOHULAEMOCTH. Y
MAI[MEHTOB MOT'YT HAa0JII0/1aThCS JIETOUHbIE UH-
(UIBTPATHI U TUICBPATBHBINA BBIIOT, TICPUKAP-
JUAJIbHBIN BBITIOT U OTEK 3a0PIOIIMHHOTO MPO-
cTpaHcTBa. Cpenu TOCHUTATIN3UPOBAHHBIX
00JBHBIX MeHee 5% HMMEIOT HUPKYISATOPHBIMA
oK. Mapkepamu MopakeHusi Mo4ek y 0oJib-
IIMHCTBA MAIMEHTOB SBJISIOTCS TPAH3UTOPHAS
MPOTEUHYPUS U TeMaTypus. | MIIOTeH3WBHAs
(aza compoBOXKIAeTCsA OJNUTYpUEH U OCTPOH
MOYeYHOU HezocTaTouyHOCThI0. OKomo 6% mna-
LIUEHTOB HYXJAIOTCS BO BPEMEHHOM JIMAJIN3E.
[Tonmypus, koTopasi MOKET ObITh 3HAYUTEIh-
HOM, SIBISIETCS MPU3HAKOM BBI3JIOPOBICHUS.
I'emopparnueckuil 1uare3 BCTpedaeTcs peako,
neTanpHOCTh coctasisieT MeHee 0,5%. Ha oc-
HOBaHUM KJIIMHUYECKUX U JIA0OPATOPHBIX HC-
CJIETIOBaHHUI MBI BBIOPATU TPYIIIBI MAIIUEHTOB
JUISL TIPOBEJICHUS aHAJIW3a SKCIIPECCHH 3K30CO-
ManbHbIXx PHK.

Bce manmeHTsl, BKIIOUYEHHBIE B MOJIEKY-
JSIPHO-TEHETHUECKHI aHAIN3, OBUTH pa3JielieHb
Ha 3 Tpynmbl B 3aBUCUMOCTH OT TSHKECTH Tede-
HUs 3a00JIeBaHUS B COOTBETCTBUM C KIacCH(U-
kaiuedd b.3. Cuporuna [12] — rpynna nanues-
TOB CO CPEAHETSKEIILIM TEUEHUEM, TSXKEIIBIM Te-
YEHHEM, a TAKXKE TPYTINA MAIUEHTOB C TSHKETBIM
TEUEHHEM U OCIOKHEHHMsAMHU. KimHudeckas xa-
paKkTepucTHKa OOCIEIOBAHHBIX IpUBE/IEHA B
TabnuIe.
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Tabnuya
Kannnueckas XapaKTCPHUCTHKA Oﬁc.]'leL[yeM]:IX 00JILHBIX
Table

Clinical characteristics of the examined patients

®DopmMbl 3200J1€BAHAS
Tsxeaast ¢ 0CIA0KHEHH-
CuMnTOMBI Cpennerstkesas Tsxenast M
aoc. aoc. aoc.

n=105 % n=99 % n=84 %
JUXopajaKa 105 100 99 100 84 100
roJIoBHas 00JIb 105 100 99 100 84 100
3aTOPMOKEHHOCTD, aIMHAMUS 9 8,5 48 48,5 58 69
SIBJIEHUSI MEHWHTHU3MA 0 0 32 32,3 28 33,3
TUIICPEMUS JIMIIA, IIICH 89 84,7 37 37,4 28 33,3
0JICTHOCTh KOYKHBIX ITOKPOBOB 6 5,7 60 60,6 84 100
aKpOIIMaHO3 0 0 0 0 39 46,4
HHBEKITUSA COCYIOB CKIIED 93 88,6 99 100 84 100
HapylIeHUe 3pCHUs 38 36,2 74 14,7 73 86,9
TOIIHOTA 45 42,8 76 76,8 73 86,9
pBOTa 33 314 63 63,6 73 86,9
OpamuKapaus 12 68,6 44 44 .4 0 0
TaxUKapIus 11 10,5 55 55,5 84 100
OJIBIIIIKA 0 0 55 55,5 73 86,9
00JIb B ITOSICHUILIE 90 85,7 99 100 84 100
00JIb B )KUBOTE 33 31,4 90 90,9 84 100
CHIKCHHE TUype3a 88 83,8 99 100 84 100
KUIKHAN CTyI 6e3 MaToIorude- 18 17,1 54 54,5 44 52,4
CKHX IpuMecei

VY nanuenTtoB Tspkenoi ¢opmoit T'JITIC
reMOpparuuyeckuii CHHAPOM IPOSBIISIICS KpPO-
BOUBJIMSIHUSIMU B CKJIEPHI, B IOJIKOKHYIO KJIET-
YaTKy B MECTaX MHBEKIINI, HOCOBBIMU H HKEITy-
JIOYHO-KUIIEYHBIMH  KPOBOTEYEHHUSIMHU, A
TaKKe MaKpo — U MUKpOTeMaTypHei.

O6pasub! kposu narueHToB ¢ [JITIC qis
MPOBEJEHUS  MOJIEKYJIIPHO-T€HETUYECKOTO
aHanm3a ObLITM cOOpaHbl TPMKIBI — B HAYaJIb-
HBI Juxopanounsld niepuon (1-4 maum Go-
Je3HH), nonuypudeckuid nepuon (15-22 auu
0OJIe3HN) U B MIEpUOJ] peKOHBaIECIICHITHH. Ta-
KM 00pa3zoM, Kaxkaas TpyIia BKIoYana Io
Tpu 00pasna ot kaxaoro nanuenta ¢ ['JII1C na
pa3HBbIX CTaausAX OoJie3HH (B IMHAMUKE Jeue-
Hus). OTaenpHO OblTa coOpaHa Tpynma 3710po-
BbIX HHIUBUI0B (N=100), HUKOT1a HE TepeHo-
cupmmx ['JIIIC 1 HEe nMEOMMX XPOHUYECKHUX
3a00JIeBaHUN TIOYEK.

CpenHersbkenas rpymna HalUeHTOB C
I'JITIC Bxurouana 105 o6pasuoB PHK, Tske-
nas — 99 u Taxenas ¢ OCIoKHEHUSIMH — 84 00-
pasua PHK. 3a6op kpoBu ManueHTOB MPOU3-

BOJIMJICS B CIIELIUAJIBHBIE BAKYTEHHEPHI CO CTa-
ommzaTopamu PHK. Dk30combl Beiaesm u3
IJ1a3Mbl  KpOBHU, IIOJYYEHHOW JBYKPaTHBIM
uentpudyruposanuem npu 4°C (10 mun npu
1900 g u 15 mun npu 3000 g). ¢ mocnenyto-
M BeizieeHueM TotanbHo PHK. OcraBmry-
10CS 4acTh IIJIa3Mbl Cpa3y 3aMOpakKMBaJId M
XpaHw rpu Temmneparype -80°C.

Jns BeigeneHust sk3ocomanbHo PHK
WCIOJIb30BaM 1 MJI miia3Mbl KpOBU M Habop
exoRNeasy Midi Kit (Qiagen, I'epmanusi), Bce
MaHUITYJISLUU BBIOJHSUIM B COOTBETCTBUU C
IIPOTOKOJIOM MPOU3BOAUTEINSI KaK OIHMCAHO pa-
Hee [13]. Ha cnemyromem stame Obuta moiry-
yeHa k/IHK no marpunie MPHK c¢ ncnons3osa-
HUEM O0OpaTHOW TpaHCKpUNTa3bl M Habopa
MukpoPHKCURY LNA RT Kit (Qiagen, I'ep-
manus). KonmuectBennyto IILP B peanbHOM
BPEMEHH, CTaTUCTHUYECKYI0 00pabOTKy MOIy-
YEHHBIX PE3YJIbTATOB IMPOBOINIHN KaK OMIHCAHO
panee [13].

Bb160p reHOB «I0MaIIHero xo3sucTBay
OCHOBBIBAJICS HA IaHHBIX JIUTEPATyphl. Py aB-
TOPOB JUISL KCCIIE0OBAHUS YPOBHS SKCIPECCUU



Opuzuuaﬂbuaﬂ cmamaous
Original article

Tunszosa UP, u op. Hccredosanue npoguaeii sxcnpeccuu ...
Gilyazova IR, et al. Study of the exosomal microRNA-126 and ...

429

HUPKYJIUPYIOIUX U 3K30COMAIbHBIX MHK-
poPHK B 11azMe nuiu cbIBOPOTKE KPOBU PEKO-
MEHJIOBaJIM HCIOIb30BaTh hsa-mukpoPHK-16
u has-mukpoPHK-1228-3p B kauecTBe reHOB
«aomartHero xo3siicrsay [14-17]. Mebl cineno-
BaJIM JIAHHBIM PEKOMEHIAIUSAM, IOCKOJIbKY
MukpoPHK hsa-mukpoPHK-16 u has-muk-
poPHK-1228-3p 6butn onucanbl Kak cTaOUIIb-
HBIE M BBICOKO 3KCIIPECCHUPYEMBIE B ILJIa3Me.
MBI OCYyLIECTBIISUIA HOPMAaJIU3alUIO 110 CPe-
HEMY 3HAYEHUIO IBYX AaHHbIX MUKpOPHK.
Pe3ysabTarhl U UX 00Cy:KIAeHHe. YUu-
ThIBas TOT ()aKT, YTO, IO JTUTCPATYPHBIM JIaH-
HbIM 710 80% reHoMa X03siMHa TPaHCKPUOUpPY-
ercs B HeTpaHcimpyemyro PHK, dro nmomuep-

MukpoPHK-218
p=0,9521

.\-o

—

L —

nn nn

1004

804

604

YpoBeHb 3Kcnpeccum

YpoBeHb 3Kcnpeccum

KMBaeT NOTEHIUAIBbHYI0 BaXKHOCTh HEKOAHPY-
rouieit PHK xo3sinHa BO B3aUMOIEHCTBUH XO-
35lMHa U BHpPYCAa, Mbl MNPEANOJIOXWIN, YTO
Hekoaupyromme, a umeHHo MukpoPHK xo31-
MHAa MOTYT UIPaTh KIIIOUEBBIE PETYJISTOPHBIE
pOJIK BO BpeMsl peIUIMKalMKM BUpYca P JaH-
Hoil uHdekuuu. Ha nepom stamne uccienona-
HHUSI MBI IIPOBEJIM NIOMAPHOE CPAaBHEHUE YPOB-
Hel okcnpeccun MuUkpoPHK-126 u  muk-
poPHK-218 nanuentoB ¢ ['JIIIC Ha pa3nHbIx
JTanax Te4yeHus 00JEe3HU, 8 UMEHHO Ha CTaJUU
auxopanku, nonunypudeckoi craguu 'JIIIC u
CTaJuu pekoHBaslecueHuH. Pa3nuuus okasa-
JUCh cTaTUCTUYecku He 3HauuMbiMu (P>0,05)
(Puc. 1).

MukpoPHK-126
p=0,3460

Puc. 1. Ananu3s sxkcnipeccun 3k3ocomanbHbix MUKpOoPHK y manmenrtos ¢ I'JITIC. JIIT — nuxopanou-
HBII niepuo 3aboneBanus, [111 — monumypuyeckuii nepruo 3ar001eBaHus. Y POBEHb 3HAYUMOCTH (p-
Value) OIIPEACIICH C NCII0JIBb30BAHUEM T-KpI/ITepI/IS{ Bunkokcona.

Fig. 1. Analysis of exosomal microRNAs expression in patients with HFRS. FP is the febrile period
of the disease, PP is the polyuric period of the disease. The level of significance (p-value) was de-
termined using the Wilcoxon T-test.

YuuTeIBas TO, YTO IKCIPECCHS BBILLIEIIE-
peuncneHsblx MUKpoPHK m3Mensiercs crartu-
CTHUYECKHU HE3HAUYUMO, OHU HE MOTYT OBbITh UC-
II0JIb30BaHbI B KAYECTBE TONOJIHUTEIIBHBIX JU-
arHoctuyeckux mapkepos ['JITIC.

Ha cnenyromeM srarne Mbl CpaBHUBAIU
JKCIPECCUI0 dK30coMallbHbIX MUKpOPHK ma-
nuenTos ¢ I'JIIIC B rpynnax ¢ pa3HbIM Teue-
HUEM 3a00JIEBaHUSI — CPEIHETSKEIbIM, TSKe-
JIBIM, TSDKEIIBIM € OCJIOKHEHUsAMH. [Ipu cpaBHe-
HUY YPOBHEN 3KCIPECCUN 3K30COMAIIbHBIX MUK-
poPHK B rpymnmnax nanueHToB ¢ pa3jIMyHOM cTe-
TMIEHBIO TSKECTH TEUEHUS 3a00JIEBaHUS TAK)KE HE
OBbLIO BBISBJICHO CTaTMCTMYECKH 3HAUUMBIX M3-
MeHEeHHH ypoBHe# skcnpeccrn MukpoPHK-218
u MukpoPHK-126 (P>0,05) (Puc. 2).

AHanmM3 HKCIPECCUU DK30COMATBHBIX
MukpoPHK-126 u mukpoPHK-218 B rpymnmne
nanueHTos ¢ ['JIIIC no cpaBHEeHHUIO ¢ Tpynmnoi
3I0pPOBOT'O KOHTPOJISI TAKKE HE BBISIBUII CTATH-
CTHYECKH 3HAYUMBIX pe3yibTatoB (P>0,05).

HecmoTpst Ha OCTaTOYHO HHUBKYIO Jie-
tanbHOCTh nipu PUUV-nndekuuun (0,1-0,4%)
[2, 5, 11], 3aboneBanue 4acTO MPUBOJIUT K TOC-
MUTaNU3allKi, a UHOT/Aa TpeOyeT JedeHus B
OT/IETICHUAX UHTEHCUBHOM Tepamnuu, BKItOYas
3aMeCTUTENbHYIO MToYeyHYI0 Tepanuto. Kpome
toro, nocie uadpekuun PUUV Obuio onrcano
HECKOJIBKO JOJITOCPOYHBIX HEPPOIOTHUECKHUX,
CEpAEYHO-COCYIUCTBIX U JHIOKPHUHOJIOTHYE-
CKUX IIOCJIEICTBUH.
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Puc. 2. CpaBHuTeNnbHBIN aHaIN3 3KcIpeccun 3Kk30coManbHbIX MUKpoPHK-218 (a) u MukpoPHK-

126 (6) B rpynnax naueHTOB C Pa3IMYHON CTENEHBIO TsDKEeCTH TeueHus 3aboneBanus. CT — cpen-

HAA TsDKeCTh TeueHus; TS5 — tsoxenoe Teuenue; TO — Tshkenoe TeUCHHUE ¢ OCIIOKHECHUIMH. 3HaUe-
Hus P-value paccuuTaHbl ¢ IPpUMEHECHHEM KpuTepus MaHHa- Y UTHH.

Fig. 2. Comparative analysis of the expression of circulating microRNA-218 (a) and microRNA-
126 (b) in groups of patients with various degrees of severity of the disease. ASC — average severity
of the disease course; SC — severe course; SCC — severe course with complications. The p-values
were calculated using the Mann-Whitney criterion.

Kak Ob110 cKka3aHO paHee, IeHTPaTbHBIM
SIBJICHUEM TIPU XAaHTAaBUPYCHBIX WH(EKIHIX
SIBJISIETCS [TOBBIIICHHE TPOHUIIAEMOCTH KaIluJI-
JSIPOB, YTO MPHUBOJUT K MOBPEXKIECHUIO COCY-
JIOB, OTEKY PA3JIMYHbIX TKaHEH U CHUYKEHUIO
apTepHalibHOTO JAaBieHus. [leTanbHble marto-
TEeHETUYECKHE MEXAHU3MBI, JIEXKAIUE B OCHOBE
3TOrO SIBJIEHHUS, A0 CUX IOp BO MHOTOM OCTa-
101cd HesscHbIMU. PUUYV He BbI3BIBaeT NpsAMON
LUTONATOJIOTUN WJIM aroNTo3a 3HIO0TENNallb-
HBIX KJIETOK, HO, TEM HE MEeHee, MH(EKIHS PU-
BOJMT K BBIPAKEHHBIM U3MEHEHUSM KaK Oaph-
epHOM (PYHKIMU PHIOTENHS, TaK U (QYyHKIUH
MHQUIUPOBAHHBIX 3HIOTENIHUANBHBIX KJIETOK
[1, 9]. Kak npaBuno, PUUV BbI3bIBa€T MHTEH-
CUBHBII UIMMYHHBII OTBET, B KOTOPOM Yy4acT-
BYIOT Kak B-, Tak u T-knetku [16]. [{lutoTokcu-
yeckue T-KIETKH MOTYT BBI3bIBATh MOBBIIIICHUE
MIPOHUIIAEMOCTH KaNWLISIPOB, TOTAA KaK IIUTO-
KUHbl M aKTHUBalUsl KOMIUIEMEHTa CIOCOo0-
CTBYIOT IPOTPECCUPOBAHUIO KAITMIIISIPHOTO T10-
BpeXXaeHUs. Bbulo MokKa3zaHO, YTO HECKOJBKO
MMMYHOBOCHAIIMTEIbHBIX MapKEpOB CIIyXKaT
MHAMKATOpaMH OOIIel TSHKECTH WM HEKOTO-
pBIX crenuUYecKnx XapakTepUCTUK HH(]EK-
nun PUUV. CymiecTBylOT naHHble 0 OnomMap-
Kepax, KacaroIIMXCsl IPOAOIKUTENLHOCTH IIpe-
ObIBaHMSI B CTAllMOHAPE U TSHKECTH OCTPOTO MO-
YEYHOT'0 TMOBPEXICHUS, TPOMOOIIMTONICHUN U

nerikonuTo3a. ONHAKO, MOCKOJIBbKY TOYHBIE Ia-
TOTCHETHYECKAE MEXaHU3MBbI 3a00JICBaHUs HE
BBIBJICHBI, HEBO3MOYKHO Pa3JIMYMUTh, B KAKOU
CTENEeHU aKTHBAIUS TOTO WM WHOTO Omomap-
Kepa OTpa)kaeT UMMYHOJIOIMYECKYI0 aKTHBa-
LIMI0, HALIEJICHHYIO Ha 3JIMMUHALUIO BUPYCa U B
KaKOW CTENeHU OHa 00YCIIOBIICHA peakluel Ha
MOBPEXKICHUE TKaHeH. XOTs BbIpaboTKa pas-
JUYHBIX MEAUATOPOB HMMMYHOBOCIAIUTEIb-
HOTO IIpOLIECCa YacTO KO-PETYJIHPYETCs, pas-
Hble OMOMapKepbl, BEPOSITHO, OTPAXKAIOT pa3-
HbIE UIMMYHOIIaTOI'€HHBIE XAPAKTEPUCTUKH 3a-
OosieBaHuUsI.

B nocnegnue rogpl HECKOJIBKO UCCIIEN0-
BaHM nokasanu, yto MUKpoPHK moryT urpars
BaXXHYIO POJb B 3a00JIEBAHUSAX YEJIOBEKA, BbI-
3BaHHBIX pa3IW4HbIMU BHpycaMmu. IIpenmosa-
TaroT, YTO OHU MOTYT BJIMATh HA PEIUIMKALIMIO
BHUpYyCa U U3MEHEHUS TPAHCKPUIITOMA XO351MHA
BO BpEMs BUPYCHOIO 3apaxkeHus. Hapymenus
skcripeccun MUkpoPHK, B cBoto ouepenb, Mo-
T'YT U3MEHATh IPOTUBOBUPYCHBIN OTBET. Heko-
topele MUKpoPHK koaupyrorcs Bupycamu,
JKCIIPECCUPYIOTCSI B TEHOM XO3MHA U MOTYT
BHOCHUTb BKJIAJl B PEryJIALUIO DKCIPECCUU T'e-
HOB KaK XO35IMHA, TaK U BHPYCHOTO I'€Ha BO
BpeMs 3apakeHusd. 11o Toi npuunHe B3auMo-
OTHOLIEHHsT Mexay BHpycoM M MHUKpoPHK
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MIPEICTaBIISAIOT OO0 CIIOXKHBIA MexaHu3M. He-
JABHUE HCCIIEOBAHUS II0KA3ald, 4YTO MUK-
poPHK xo3siuHa U3MEHAIOT BUPYCHBIN NaTOre-
HE3, PEryJHpysl 3KCIIPECCHUI0 I€HOB, a TaKKe
TPAHCIAIMIO W peIuiMKaiuoo Bupyca [18].
Taxxe ycranosinena posis MukpoPHK B Bocnia-
JIUTEJHHBIX MPOLIeccax U IeJI0OCTHOCTH Oaphepa
SHIOTENMATBHBIX KIETOK [19-22]. Tem He me-
Hee, MPOBEJIEHO JI0BOJIbHO OIPaHUUYEHHOE KO-
JIMYECTBO HCCIIEOBAHUN YPOBHS 3KCIIPECCUU
Hekonupyrommx PHK B sHporennanbHbIX
KJIETKaX MpH 3apaXKCHUH OPTOXaHTaBUPYCAMHU.

Tak, B pabore Shuang Lu c coastop.
ObLIN UCCIIE0BaHBI U TPOAHATU3UPOBAHBI ITPO-
¢wm skcnpeccun koibieBbix PHK u ux mo-
TEHIIMaJIbHAasl POJIb BO B3aUMO/ICHCTBUU BUpYCa
XaHTaaH M XO35IMHA C MOMOIIbIO MHTETPUPO-
BaHHBIX OMHUKCHBIX JaHHBIX CEKBEHHPOBAHUS
PHK u mMukpoPHK Ha noxHo-uHGUIIMpPOBaH-
HBIX ¥ XaHTaaH-UHPHUIMPOBAHHBIX SHIOTENU-
aJIbHBIX KJIETKaX IyNOYHOM BEHBI uenoBeka. B
oOrmiell CIOXHOCTH UCCliefoBaTen oOHapy-
xum  auddepeHnmanbayo dkcnpeccuo 70
koJbleBbix PHK, 66 MukpoPHK u 788 MPHK
MeXy uccieayembiMu rpynnamu. Juddepen-
1uanbHas skcnpeccust Hekotopbix PHK Obuta
MOJTBEP)KICHA METOJIOM  KOJMWYECTBEHHOMN
I[P ¢ oOpatHOli TpaHckpunuueir. Kpome
TOTO, aBTOPBI MOATBEPAMIIN, YTO HEKOTOPHIE
middepennmanbHo skcnpeccupyemsle PHK,
takue kak Circ_0000479, muxpoPHK-149-5p,
mukpoPHK-330-5p, mukpoPHK -411-3p, pe-
rentop rpynmsl RIG-1-mogo0HBIX perenTopoB
(RIG-I), MHTOXOHApPHATBHBIA OEIOK IHUTH-
IUH/ypuaMH MoOHOQochaTtHas KuHaza 2
(CMPK2), mnomu(AJdP-pubo3a)-nonumepasa
10 (PARP10) u ryanunar-cBa3siBaromuii Oe-
nok (GBP1) crumynupoBanu unu WHrHOUpo-
BaJIM peruiMKanuio Bupyca Xantaad. Obora-
maronuit ananu3 Gene Ontology (GO) u Ku-
OTCKOM SHIUKJIONEIUN TE€HOB U TE€HOMOB
(KEGG) moka3zan, uTo reHsl-xo3sieBa audde-
PEHIIMAIBHO AKCIPECCUPYEMBIX KOJIBIEBBIX
PHK B 0CHOBHOM y4acTBYIOT BO BPOXKJIEHHOM
MMMYHHOM OTBETE, CHTHAJIBLHOM MYTH UHTEP-
¢epona I Tuna (IFN) u nuroxkuH-onocpeno-
BaHHOM UMMYHHOM oTBeTe. Kpome Toro, aBTo-
pamu ObLIT TPOBE/IEH KOMIUIEKCHBIN aHAIIN3 pe-
ryJsiTopHoid cetu KoJblieBbix PHK — muk-

poPHK - MPHK. IlosyuyeHble naHHbIE MOKa-
3aJIM, 4TO CYUIECTBYET OOJIbIIOE KOJIHMYECTBO
B3aMMOJICCTBUI B JAHHOUW CETH NP HMH(EK-
uuu BUpyca Xanraad. C moMonipo penoprep-
HOI'O aHalu3a ¢ JAByMs jounudepasamMu OHU
nonrBepamiy, 4ro circ 0000479 kocBeHHO
peryaupyer 9KCIPECCHIO peuentop
rpynbl RIG-I-mogo6ueix penentopoB RIG-I,
nornomast MukpoPHK-149-5p u npensitcTByst
perukanuu Bupyca. B uccnenosanuu Lu S. ¢
COAaBTOpPAMHU BIIEPBBIE IPEACTABIEH BCECTO-
ponnuit 0630p PHK, nHxynmpoBaHHBIX BUPY-
coM XaHTaaH U M0Ka3aJo, 4To CeTh 00OraleH-
HbIX KoJbleBbiXx PHK u acconumnpoBaHHBIX C
kosnbleBbiMI PHK KOHKYpEHTHBIX 3HIOIEH-
Hbeix PHK yuactByer B perynauuu unpexkuuu
XaHTaaH, TeM CaMbIM IpeJiarasi HOBO€ MOHHU-
MaHHE MEXaHU3MOB, JIEXKAINX B OCHOBE B3au-
MoJIeHcTBUS BUpYC-X03sivH [10].

Taxxe U3BECTHO, UYTO BOCHAIUTENIbHBIE
CTUMYJIBI, TAKHE KaK HHTEPPEpOHBI, JIn30(]oc-
(darunnas kucinora (LPA), wHTEpIeHKUHBI,
¢dakTop Hekposza omyxosn u Jurasasl 10ll-
HOJOOHBIX PELENTOPOB, KOTOPbIE UHAYLMPY-
I0TCA NpPU BUPYCHOM HH(MEKIHUH, U3MEHSIOT
skcripeccuro MUKpoPHK B sHporennanbHbIx
KJIeTKax, BKiovas, MukpoPHK-126 [19-22],
KOTOpasi y4acTBYET B BOCIAJIUTEIBHON peak-
1M1, AaHTUOT€HE3€ U MOJIIepKAHUH [€IIOCTHO-
CTH cOCyJOB [23, 24, 25].

[lonmxeHHass BSKcmpeccuss psiia MHK-
poPHK, Bkmtouass mukpoPHK-126, nabmona-
nace y nmanueHToB ¢ KpsiMcko-Konro remop-
parn4ecko JMXOpPaAKOM IO CpPaBHEHUIO C
IpYNIONW KOHTPOJISI, MPU 3TOM YpPOBEHb JKC-
npeccun MUKpoPHK-126-3p chuxancs B 45
pa3, 4To ObUIO acCOLMUPOBAHO C y4acTUEM
MukpoPHK-126-3p B mpoaykuuu uHTEpde-
poHa | Tuna u MoaynIMpoBaHKUU NATO(GU3NOIIO-
MY UIMMYHHOT'O OTBETa y NallUeHTOB [26, 27].

B uccnenoBanuu, BrepBble OMUCHIBAIO-
meM npoduis sxcnpeccun MukpoPHK B Tka-
HAX TIEYCHH MPH JUXopaake aexre (in Vivo),
[I0OKa3aHa T[IOBBIIIEHHAs JKCIPECCHS] MUK-
poPHK-126, kotopas akTuBUpyeT OJMH W3
HanboJiee KOHCEPBATUBHBIX MyTEH PEryIIsAINU
y BelcIIuX 3yKapuoT - myTb JAK1/STAT3 my-
TEM HWHTUOMPOBAHUSA TPAHCKPUIIIMOHHOTO
(hakTopa Tumna nuHKOBBIX NabiieB ZEB1. BoI-
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SIBJIGHA aCCOLIMALIMA YPOBHSA SKCIIPECCUH MHUK-
poPHK-126-5p, muxpoPHK-122-5p u wmuk-
poPHK-146a-5p ¢ matorene3om remopparuue-
CKOH JINXOPAJKH, BBI3BAHHON BUPYCOM JIEHTE,
B TKaHsX nevyeHu [28].

B HenmaBHeMm wmccnemoBaHuM OOHapYy-
XeHo, uTo sKkcnpeccus MUKpoPHK-126-3p Bo
BpeMs peOpuabHO# (ha3pl U (a3bl BHI3AOPOB-
JeHUus y AeTed, NHOUIMPOBAHHBIX JTUXOPA-
KOHW JieHre, Obljla 3HAUUTEIbHO HUXKE, YeM Yy
JETe C OCTPOU JTMXOPAIKOH, HE WHPUIUPO-
BaHHBIX BHUPYCOM JEHI€, 4YTO CBUJACTEIb-
CTBYIOT 0 ToM, yT0 MUKpoPHK-126-3p yuacr-
BYET B MaTtorenese MH(EKInM, BHI3BAaHHON BU-
pycom genre [29]. 3apakeHHe SHIOTEIUATb-
HbIX KieTtok xaHtaBupycom AND (ANDV)
MPUBOJMIO K CHUXXEHHIO IKCIPECCUU MHK-
poPHK B sH0TeNMMaNbHBIX cOCYaX, BKIOYAs
u MukpoPHK-218, xoTopas cBsizana ¢ perynis-
[Mel MHUrpaluyu SHAOTENUATBHBIX KIETOK H
cocyauctoil mponuraemoctu [21, 30], B pe-
3yJbTaTe€ YEro MPOUCXOAMIN JE3UHTETpalus
MEKKJIETOUHBIX B3aUMOJICHCTBUM M H3MEHE-
HUE MPOHUIaeMOCTH cocy10B [31, 32, 33]. OTo
MO3BOJISIET MPENAIOJIOKUTh, YTO B UH(UIUPO-
BaHHBIX BHUPYCOM SHJOTEIHANIbHBIX KIETKax
cHmxkeHHas skcnpeccus MUKpoPHK-218 ycu-
muBaeT VEGF-nHanpasiieHHyr0 NpoHMIae-
MOCTb 32 CUeT yBeluueHus 3kcrpeccun Robol
U, CHIOKEHUsI perysiiin Robo4, KoTopblii cTa-
OMJIM3UPYET COCYIUCTYIO C€Th, MPOTHBOJIEH-
CTBysl curHainpHbelM peakuusm VEGF, koro-
phI€ IPUBOJAT K OBBILIEHUIO TPOHUIIAEMOCTH
SHJOTEANMaIbHbIX cocyaoB [34, 35]. U3mene-
Hue sxcnpeccun MukpoPHK-126, kotopas pe-
TYJIUPYET UEIOCTHOCTH COCYI0B ITyTEM I0JaB-
nenus sxcnpeccuu MPHK reroB SPRED1, ko-
JUPYIOUIET0 HeratuBHbIN perynsrop MAPK-
curHanmara U PIK3R2, komupytomiero peryisi-
TopHYI0 cyobeaununyy p85p kmacca IA PI3K
[24, 25, 30], mpuBoaMIa K MOBBIMICHUIO HX
IKCIIPECCUU. B COOTBETCTBHUM C MOBBIIEHHOM
skcrpeccueid rena SPRED1, yposens docdo-
Ko(mInHa ObLIT CHIDKEH B KJIETKaX dHI0TENN,
MH(UIIPOBAHHBIX XaHTABUPYCOM, UTO yCHUITHU-
BaJIO HAPYIIEHUE MEXKIIETOYHOIO B3aUMOIEH-
ctBus [30].

B npyrom wuccienoBaHuu OBLIM BBISIB-
JICHBI 3HAUNTEJIbHbIE U3MEHEHUS B OKCIIPECCUU
14 muxpoPHK, Bxitouas, MukpoPHK-218 npu

BUpYyCE JIEHI'€ U BUPYCE TPUIIIA, YTO YKAa3bl-
BaeT Ha TO, 4TO naHHble MUKpOPHK moryT sB-
JATHCA PETYyJIATOPaMHU I'€HOB IATOTE€HE3a P
BUPYCHBIX HHpeEKIuIX [36].

3axiouenue. Takum oOpa3om, TuTepa-
TYpHbIE JlaHHBIE MOATBEPKAAIOT POJIb MHK-
poPHK B moaynsimuu renoB npu I'JITIC, on-
HAaKO OLEHKAa DKCIPECCHUU HK30COMAIIBHBIX
MukpoPHK-216 u muxkpoPHK-218 He BbI-
SIBWJIA NIEPCIIEKTUB X HUCII0JIb30BAHUA B Kaue-
ctBe mapkepoB ['JIIIC. OrpannyeHHoe 4uCIo
UCCJIEIOBAHUI U TIOJIyYEHHBIE IIPOTUBOPEUH-
BbI€ JJaHHbIE TPEOYIOT JaJIbHENIIET0 U3YUEHHUS
B JIaHHOHN 00JaCTH C aHaJIU30M S3KCIIPECCHU
apyrux MukpoPHK. Ilonumanue ponu Muk-
poPHK B maTtorenese mHQpEKIMiA, BEI3BAHHBIX
OpTOXaHTaBUPYCaMH, IPEACTABIISIET OOJIBIION
UHTEpEeC, MOCKOJBKY BBISIBICHHE HOBBIX OHO-
MapKepoB U pa3paboTKa OCHOBAaHHBIX Ha MUK-
poPHK TepanesTrueckux cpencts A Jiede-
HUsl BUpYCHbIX MHGekuui, Bxmouas [JIIIC,
SIBJISIETCS] IEPCIIEKTUBHBIM HANPABICHUEM UC-
CJIEIOBAaHHM.
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UccaenoBanue acconuamuu mojaumMopgusma
rs10508336 rena TpaHCKPUIIIIMOHHOTO
(¢pakropa TAF3 ¢ puckom pa3zBuTHs
3a00J1eBaHUI apTepuil HUKHUX KOHEYHOCTEeH
B POCCHUCKOM MONMYJIALNHA

C.H. Kaoun

deepaibHOE TOCYIAPCTBEHHOE OFOKETHOE 00Pa30BaTEILHOE YIPEIKICHUEC
BBICIIEr0 0OpazoBanust «Kypckuii rocy1apcTBEHHbIN MEAUIIMHCKUN YHUBEPCUTET,
yi. Kapna Mapkea, . 3, 1. Kypck, 305041, Poccuiickas denepanus
Aemop ons nepenucxu.: C.H. JKabun (79038771993 @yandex.ru)

Pesrome

AKTyajabHOcTh: OOnuTepUpyomuil aTepockiepo3 aprepuid HIkHUX koHeuHoctel (OAAHK), nua-
Oeruueckass anruomatus ([IA) Bxomsar B rpymmy 3a0oyieBaHMM apTepuii HUKHUX KOHEYHOCTEH
(BAHK) u sBastorcs MynbTU(aKTOPUATBHBIMU 3a00JIEBaHUSMHU, CYLIECTBEHHYIO POJIb B Pa3BUTUU
KOTOPBIX UTpalOT reHeTndeckue hakropel. OHUM U3 T€HOB, MIPEACTABISAIONINX UHTEPEC IS HCCIe-
noBanus acconuanuu ¢ puckom pazsutus 3AHK, sensercs TAF3. Llean uccaenoBanus: [Iposectu
aHaiIu3 accouuanuu noauMmopduoro Bapuanta rs10508336 rena TAF3 ¢ puckoM pa3BUTHs XpOHUYE-
CKHX OOJUTEpUPYIOIIKX 3a00JI€BaHUN HIDKHUX KOHEYHOCTEH B poccUiicKkoi monyisuuu. Marepu-
ajbl U MeToabl: B uccnenoBanuu npunuManu yyactue 1261 manueHT (642 310pOBBIX MAlUEHTa U
619 6o1pHBIX 3AHK. Bee nmanuenTsl npoxoaunu jgeueHue B otaeneHusx xupypruu 'MY Kypckoit
o0acTHOM KIMHUYECKOU OombHUIIBEL. Beinenenne renomuoi JIHK ocymecTBisnocsk xinopodopmMHOi
AKCTpaKIUEH U TIperunuTanuei 3TanojaoM. ['eHoTunupoBanme mpoBOIMIIOCH Ha 0a3e HaydHO-HCCIe-
JI0BATEIbCKOTO MHCTUTYTA FEHETUUECKON U MOJeKyJIsipHOU anuaemuonorud KI'MY ¢ ncnonbs3osa-
HUEM BPEMSIIPOJIETHOIO TEeHOMHOro Macc-criekrpoMetpa MassARRAY-4 (Agena Bioscience,
CIIA). PesyabTaThl: Hannune nomumopduoro Bapuanta rs10508336 rena TAF3 accorunpoBano ¢
MOBBIIEHHBIM PUCKOM Pa3BUTHs OWJIaTepalbHOrO NEpU(PEpUUIEecKoro aTepocKiiepo3a HCKIIOUU-
TenbHO y KypuibiukoB (P<0,05). YcranoBneno, uro momumopdusm rs10508336 cratuctudecku
3HAYUMO aCCOI[MUPOBAH C MOBBIIIEHHBIM PUCKOM Pa3BUTHUS TUA0ETUYECKON AaHTMOTIATUN HUYKHUX KO-
neuynocteit (OR=1,59 95% CI 1,02-2,46; P=0,045). Obnapy>keHa accormanus amnens rs10508336-A
C TIOBBIIIIEHUEM YPOBHS IUIIOKO3bI KPOBHU Y MALMEHTOB C COCYAUCTHIMU 3a00JI€BaHUSIMU HHXKHUX KO-
Heunocrelt (P=0,01). 3akaouenne: B poccuiickoil momyisiiuy BiepBbl€ BBISIBIEHA aCCOLMAIUS T10-
mumopduszma rs10508336 rena TAF3 ¢ MOBBIIIEHHBIM PUCKOM Pa3BHTHUS OOJUTEPUPYIOLIETO aTePO-
CKJIEpO3a HWKHHMX KOHEYHOCTEH, rumepriukeMueid u quabeTudeckoil anruonatueid. BolsiBineHHbIe
accolMalyuy yKa3blBalOT HA BO3MOXHYIO CONPSKEHHOCTh HApYyIIEHUH YIJIEBOJAHOIO OOMeHa U arte-
pocKJiepo3a B JeTepMHUHALIMY NTepudepruuecKux 3a00IeBaHni apTepuil.

KuroueBble ciioBa: nepudepruuecknii aTepoCcKiepo3 HUKHUX KOHEYHOCTEH; Tna0eTHYecKas aHTuo-
NaTHs; TeHETUYECKas MPEAPacIoIOKEHHOCTh; OAHOHYKICOTHAHBINH nomumopdusm; TAF3; kypenue
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Abstract

Background: Atherosclerosis obliterans (AO) and diabetic angiopathy (DA) are known to be periph-
eral artery diseases (PAD) of multifactorial origin, in which genetic and environmental factors play
a synergetic role. TAF3 is one of the genes that has been found to be associated with PAD. The aim
of the study: To analyze the association of the rs10508336 polymorphism of the TAF3 gene with the
risk of PAD in the Russian population. Materials and methods: The study involved 1261 patients,
including 642 healthy subjects and 619 PAD patients. All patients were recruited at the Vascular
Surgery Division of the Kursk Regional Clinical Hospital. Isolation of genomic DNA was carried out
by chloroform extraction and precipitation with ethanol. Genotyping was carried out on the basis of
the Research Institute of Genetic and Molecular Epidemiology of KSMU using a MassARRAY -4
time-of-flight genomic mass spectrometer (Agena Bioscience, USA). Results: We found that poly-
morphism rs10508336 is associated with an increased risk of developing bilateral peripheral athero-
sclerosis exclusively in smokers (P<0.05). The polymorphism was found to be statistically signifi-
cantly associated with an increased risk of DA (OR=1.59, 95% CI 1.02-2.46, P=0.045). Furthermore,
an association of the rs10508336-A allele with an increase in blood glucose levels in PAD was ob-
served (P=0.01). Conclusion: In the Russian population, an association of the rs10508336 polymor-
phism of the TAF3 gene with an increased risk of AO, hyperglycemia, and diabetic angiopathy was
revealed for the first time. The identified associations point out a possible relationship between car-
bohydrate metabolism and atherosclerotic processes in the determination of peripheral arterial dis-
eases.

Keywords: peripheral artery disease; diabetic angiopathy; genetic predisposition; single nucleotide
polymorphism; TAF3; smoking
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BBenenue. 3AHK sBnsoTCS MyJbTH-
(bakTopranbHBIMU 3a00JICBaHUSMH, pPa3BHBa-
IOILIAECS B PE3YJITATE B3aUMOACHCTBUS CIIOXK-
HBIX MaTOI€HETUYECKUX MEXAaHU3MOB, B IIOJI-
HOM Mepe KOTOpbIE 10 CUX IOp OCTArTCs He-
n3y4eHHbIMU. COIIaCHO COBPEMEHHBIM IIpE.I-
craBienusiM, OAAHK — »T0 XpoHuueckoe
BOCHAJIUTENbHOE 3a00JIeBaHUE, XapaKTepU3y-
IOLLEECS] HAKOIUIEHWEM HACBIIIEHHBIX JIMIIHU-
JaMu  MakpogaroB B CyO3HIOTEIHAIBHOM
cioe aprepuid. CyIllleCTBEHHYIO pOJIb B 3TOM
KacKaJle MaTOJIOTNYECKUX BHYTPUCOCYIUCTBIX
peaKIuii UrparT TaKKe T'eHeTHYecKue (ak-
TOPBI, IOCKOJIBKY Ba)KHBIE aHTHU- U MPOATEPO-
TEHHbIE MEXAaHU3Mbl 3aBUCST OT SKCIIPECCUU
onpeeleHHbIX reHoB. Tak, HarpuMep, Ha ce-
TOJHSIIHUNA JI€Hb MMEIOTCS JIaHHBIE O CBA3U
OSBPL10, TGFB2, MAPK10 u npyrux reHoB
C HQJIWYUEM NPEIPACIIONONKEHHOCTH K JIaH-
HOMY 3abosieBanuio [ 1-4].

OpHMM U3 TEHOB, PEJCTABIIAIOIINX UH-
Tepec Uil HCCIENOBaHUs AaCCOLMALMHU C
PHCKOM pa3BUTHUS OOJUTEPHUPYIOLIETO aTepPO-
ckiepo3a, seisiercss TAF3. JlanHbIN reH Koau-
pyer cyobenuaniy TAF3, xoropas Oymyun
cBsi3anHON ¢ TATA-cBs3bIBatOIIUM OE€IKOM
(TBP) o6pasyer kommiuekc TFIID, sBisto-
muiics pakropom TpaHckpunimu. JlanHsli 6a-
3aJbHBIM KOMILJIEKC UTPAeT IJIaBHYIO pOJib B
MHUALMAMY, 3aBucuMoit oT PHK-nonumepasbl
II rpanckpunimu. OH pacliO3HAET U CBSA3BIBAET
npomotopsl ¢ TATA-6okcom unu 6e3 Hero ye-
pe3 cBoto cyoreaunuity TBP u ciocoO6cTByeT
cOopke nmpeunnuaropHoro kommiekca (PIC).
JIaHHBIN KOMIUIEKC COCTOUT U3 3-X MOJYJICH:
TFIID-A, TFIID-B u TFIID-C. TAF3 o6pa-
3yet monyib TFIID-A coBmectno ¢ TAFS u
TBP. Kpome toro, TAF3, 06pa3ys koMIekc ¢
TBPL2, ygactByer B mporeccax auddepen-
IIUPOBKM MMOOJACTOB B MHUOLMTHL. JlaHHBIN
komiuiekc TAF3-TBPL2 Tarxke 3ameHsieT
TFIID Ha cneuu¢puyeckux NPOMOTOpax Ha
paHHell craguu nporecca AU depeHIUPOBKU
[5]. Ha ceromHAIHUN A€Hb CYyIIECTBYET HE-
CKOJIbKO T€HETHYECKUX HCCIIEIOBaHUM, yCTa-
HOBUBLIMX CBsA3b Mexay pazButueM OOAHK
n nomumopdusmamu reHa TAF3, peamusyro-
LIETO CBOE BIMSIHME YEpPE3 pa3IMyuHbIe [TaTore-
HETUYECKHE MEXaHU3MBI aTeporenesa [6, 7, 8].

Heab uccaenoBanus. [Iposectu ananus
accollallid  MOJUMOPGHOrO  BapHaHTa
rs10508336 rena TAF3 ¢ puckom pa3BUTHS
XPOHUYECKHX OOJUTEPUPYIOIUX 3a00jeBa-
HUM HWKHUX KOHEYHOCTEH B pOCCUMCKOMN TO-
MyJISIIU Y.

Martepuajbl M MeTOAbl HCCJIEI0BA-
Hus. B uccinenoBanuu yyacrBoBanu 1261 He-
POJCTBEHHBIN MHAMBUJ] CIABSIHCKOTO MPOHUC-
XOXKICHUSI. YUACTHUKHU HCCIIEOBAHUS OBLIN
pa3zesieHbl Ha 2 TPYIIIBI C COTIOCTaBIEHUEM 10
Moy U Bo3pacTy: B 1 rpynmy Bouwm 619 na-
[IUEHTOB, MPOXOIUBIIUX JICYCHHUE IO TOBOTY
OAAHK, 2 rpynna cocraBuia 642 nauueHra,
y KOTOPBIX B XOZA€ 0OCJIENOBaHUS B paMmKax
IIPOBEICHUS IPEAbIAYIIUX HCCIEIOBAHUN HE
ObLIO OOHApyXEHO XPOHUYECKUX 3a0oJieBa-
Huii [9]. Bee uccneyemple NaueHThl TPYIIIbI
1 HaXOAWJIMCHh HA JICYCHUH B OTACIICHUSIX XH-
pypruu 'MY Kypckoii 06:1acTHO# MHOTOIIPO-
¢bwnbHOM KiIMHUYECKOH OonpHMIBI ¢ 2013
rojia Mo HACTOALMNA MOMEHT. Bce manueHTsl,
BKJIIOUEHHBIE B HACTOAILIEE HCCIIEI0BaHUE,
noJnucanu WHGOPMUPOBAHHOE COTJIACHE Ha
y4dacTue.

COop aHaMHECTHYECKH 3HAYMMBIX JaH-
HBIX OCYIIECTBIISIICS C TOMOILIBIO aHKETUPOBa-
HUs, BKIIFOYABIIETO BOMPOCHI O HAJIIMYUU CEP-
JIEYHO-COCYJIUCTHIX U MeTaboInm4eckux 3a00-
JeBaHul, KypeHuu. KoHTpoJib cocTostHus ap-
TEPUN U BEH HWKHUX KOHEYHOCTEH IPOU3BO-
JUJICSL ¢ TIOMOUIBIO AYIJIEKCHOTO CKaHWPOBa-
HUS ¥ aHTHOTPpaQUU HUKHUX KOHEYHOCTEH Ha
HAa4YaJIbHOM U 3aKJIFOUMTEIBHOM 3Tanax Jede-
Hus. Jluarno3 OAAHK ycranaBnuBaiics Ha
OoCHOBaHMM HalmoHaNbHBIX KIMHUYECKUX pPe-
KOMEHJAlUH 10 IUarHOCTUKE U JICYEHUIO 3a-
OoseBaHUIl apTepuil HIWKHUX KOHEYHOCTEH
(Mockga, 2019 r.). ITox Tepmurom «Ilepude-
PUYECKHI aTEPOCKIIEPO3 CIIpaBa/CiaeBay MOHU-
MajJl  aTepOCKIEPOTUYECKOE  IOpAKEHUE
KPYIIHBIX apTEepUil MPAaBOU U JIEBOM HUXKHUX
KOHEYHOCTEH COOTBETCTBEHHO.

B kauecTtBe 6HoNOrHUECKOro MaTepuana
UL  TCHOTUNMHPOBAHUA  TOJUMOpGHU3IMa
rs10508336 rena TAF3, a Taxoke oneHku nado-
pPaTOpPHBIX OMOXMMHUYECKUX IOKa3zaTeseu, uc-
I10JIb30BaJIaCh BEHO3HAsI KPOBb B 00bEME 5 MIL.
N3 nabopaTtopHbIX MOKazaTenei y maiueHToB
HCCIEAOBAIA: YPOBEHb TJIIOKO3bl ILIa3Mbl
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KpPOBH HATOIIAK, KOHIEHTPALIUIO TPUTIHILIEPH-
108 (TT'), TunonpoTenHOB HU3KOW, OYEHb HU3-
Ko u Bbicokoi riotHoctu (JITTOHII, JITIHII,
JITIIBIT), ypoBeHs oOmmIEro XoJecTepuHa
IJ1a3Mbl KPOBHU.

Brinenenne renomuon JIHK ocymects-
JSI0CH XJIOpO(OPMHOM 3KCTpakuuend u mpe-
nunuTanue sraHoigoM. ['eHoTUNMpoOBaHUE
MIPOBOAMIIOCH Ha 0a3e HAyYHO-UCCIICIOBATEIIb-
CKOTO MHCTUTYTa FT€HETHYECKON U MOJIEKYJISApP-
HoH smumemuonornu KI'MY ¢ ucnosnb3oBa-
HHUEM BpEMAINPOJIETHOIO TE€HOMHOIO Macc-
cinektpomerpa  MassARRAY-4  (Agena
Bioscience, CIIIA).

Jnsa ananvza acconyanuii ajiesiei u re-
HotunoB TAF3 ¢ puckom paszutuss OAAHK
ObUIa HCIOJIb30BaHA CTaTHCTUYECKas IIpo-
rpamma SNPStats (https:
/Iwww.snpstats.net/start.htm).  Craructude-
CKMM aHalM3 KIMHUYECKUX U JaOOpaTOpPHBIX

XapaKTePUCTHK MPOBOAMIICS C HCHOJIb30Ba-
HueM nporpammbsl STATISTICA 13.0 (TIBCO
Software Inc., CIIIA). ®yHKIMOHATBHOE aH-
HoTtupoBaHnrue SNP npoBoauIoCcs ¢ UCHOJIB30-
BaHHEM OMOMH(DOPMATUYECKUX  PECypCcoB
GTEXx portal (https://gtexportal.org), QTLbase
(http://www.mulinlab.org/qtlbase/index.html)
u HaploReg v4.1
(https://pubs.broadinstitute.org/mammals/hapl
oreg/haploreg.php).

PesyabTarsl u ux obcy:xknenume. Pac-
IpeaesieHue YacTOT T'eHOTHIIOB IOJMMOp-
¢duszma rs10508336 rena TAF3 cooTBeTCTBO-
BaJO OXHJaeMbIM 3HAYCHHSIM IPU paBHOBE-
cuu Xapau-Baitn6epra (P>0,05). B tabnure 1
MIpe/ICTaBJICHBI PE3yJIbTaThl aHAIM3a acCOolMa-
nuit monmumopgusma rs10508336 rena TAF3
pa3BUTUS TEPUPEPUUECKOTO aTEPOCKIEPO3a.

Tabnuya 1

AHanu3 accouuanuu moaumopdusma rs10508336 rena TAF3
€ PUCKOM pa3BUTHs NepudepuyecKoro aTepockijiepo3a

Table 1

Analysis of the association of the rs10508336 polymorphism of the TAF3 gene with
the risk of peripheral atherosclerosis

Hanuune nepudepuyeckoro arepockjeposa Hanuuyne nepudepuyeckoro arepockjieposa
Ferto CIIPABA CJIEBA
HoTun Her Ecte | OR (95% Her Ectb OR (95% .
N (%) N (%) Ch)! N (%) N (%) ch)!
06]1[39[ TpyIiia HanueHTOB € COCYAUCTBIMHA 3&60J’I€B3HI/I$[MI/I HOKHAX KOHEYHOCTEN
437 98 428 107
ele 683 | (o0 | 0 679 | (61D 100
57 23 1,03 AD 57 1,68 AD
1 24
AIG a1s) | (186 | @i2-331) | 900 ann | BEA | 599286 | 00
1 3 15,41 2 4,30
ATA (0.2) 24)  |(1,56-152,2) (0,4) 2(15) | (0,5931,15)
KypHIBbIIMKH C COCYTUCTBIMH 3a00JIEBAaHUSIMH HIDKHUX KOHEYHOCTEH
231 50 224
GIG 68.8) 78.1) 1,00 000 | 57(760) 1,00 -
29 14 2,54 25 3,09 !
AIG-AIA | 119y | (21,9) | (1,23-5.24) 100) | 1840 | ;56619
Hexkypsme ¢ cocyaucTsIMHU 3a00JIeBaHISIMHA HIDKHUX KOHEYHOCTEH
206 48 204
GIG 677) (0.0 1,00 @57 | 50©77) 1,00 -
12 1,81 34 0,84 ’
AIG-AIA 1 29(12.3) | 500 | (0,85-3,83) 1a3) | "123 | 35201

Ipumeyanue: 1 OTHONIEHHE MAHCOB U 95%-10BEPHUTENLHBIH HHTEPBAN ACCOLHMALIIH C PUCKOM Pa3BUTHA Iepu(epHIEcKoro aTe-
POCKIIEpO3a ¢ KOPpeKIKeii 1o MOy M BO3pacTy, (KOJOMMHAHTHAS FeHeTHIecKas MOJENb); P2 ypoBeHb 3HAYHMMOCTH aCCOLHA-
i ayuens/renotuna TAF3 ¢ puckoMm pasButus mepugeprdeckoro arepockieposa. IIpeacTaBiieHbl ypoBHH 3HAYMMOCTH
HauboJiee 3HAYUMBIX TeHOTUTMYecKux Mojeneit: AD — log-ajutuBHas, D — noMuHaHTHASL

Note: ! odds ratio and 95% confidence interval for SNP association with the risk of peripheral atherosclerosis adjusted
for sex and age (codominant genotypic model); P? significance level of the association of the TAF3 allele/genotype with
the risk of peripheral atherosclerosis. Significance levels of the most significant genotypic models are presented: AD —

log-additive, D — dominant.
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Kak MoxHO yBHAETh W3 TaOmHIBI 1,
HaJIn4ne OJIMMOP(HHOTO BapuaHTa
rs10508336 rena TAF3 acconuupoBaHo ¢ T0-
BBHIIICHHBIM PUCKOM DPa3BUTHUSL OHIIaTEPalIb-
HOTO TMepudeprudIecKoro arepockieposa (aj-
JUTHBHAS FEHOTUIIMYECKAs MOJEIb acCcolHa-
nun). OxHaKo cTpaTU(UIMPOBAHHBIN MO CTa-
TyCy KypEeHUsl aHAJIU3 acCOIMAITUN ITO3BOJIMI
yCTaHOBHTb, 4TO naHHBI SNP yBenmuuBaer
PHCK pa3BUTHUS OMIIaTepaIbHOTO TIeprdeprye-
CKOT'O aTepOCKJIEPO3a UCKIIOUUTEIBHO Y KY-
PHIIBIIMKOB, B TO BpeMs KaK y HEKYPSIIUX JTHI]
M3y9daeMBbIit noJuMophu3mM TIPOSIBIISLIT
HEUTpaNbHBIA 3(P(EKT B OTHOIICHUU PHUCKA
pa3BuTHUs OOJIC3HMU.

B tabnuue 2 npeacTaBieHbl pe3ybTaThl
aHanan3a accolanuu nosimMopduzma
rs10508336 rena TAF3 ¢ puckom pa3Butus co-
CYIUCTBIX 3a00JICBaHUI HIKHUX KOHEYHO-
creil. YcraHoBieHo, uro amiens rs1058336A
CTAaTHCTUYECKU 3HAYMMO aCCOIMHPOBAH C IO-
BBIILIEHHBIM PUCKOM Pa3BUTHS TUAOETUYECKOM
aHrHoNaTHH HIKHUX KoHeunocred (P=0,03).
Hauny4mryro Moziens accoluanyu MoJIuMop-
¢uszma rs10508336 ¢ pasButuem auadbeTHye-
CKOM aHTHONATUU HUKHHUX KOHEYHOCTEH IO-
Kazaya aJJIMTUBHAs T€HOTHIHMYECKas MOJEb
(OR=1,59 95% CI 1,02-2,46; P=0,045).

Tabnuya 2

Ananu3 accouuanuu nojumopdusma rs10508336 rena TAF3 ¢ puckom pa3BuTus
COCYAUCTHIX 3200/ 1eBAHNH HHKHUX KOHEYHOCTEH

Table 2

Analysis of the association of the rs10508336 polymorphism of the TAF3 gene with the risk
of vascular diseases of the lower extremities

4acToThl reHoTHnoB, N (%)
mw o
SNP ID Tenorun, aj- 4acTOThI aJLIeneit, % pt OR (95% CI)?
Jejlb KonrtpoJubHas
BoubHble
rpynna
Bonesnp nepudepuueckux aprepuid (642 3m0poBbIX u 619 6ONBHBIX)
GIG 558 (86,9) 535 (86,4) 1,00
AIG 82 (12,8) 80 (12,9) 0,37 0,99 (0,70-1,40)
rs10508336 AIA 2(0,3) 4(0,6) 3,55 (0,57-21,96)
A 6,7 7,1 0,68 1,07 (0,78-1,45)
OOIUTEepUPYIONINIA aTEPOCKISPO3 COCYI0B HIDKHUX KOHEUHOCTEH (471 OombpHOIN)
GIG 558 (86,9) 415 (88,1) 1,00
AIG 82 (12,8) 54 (11,5) 0,44 0,82 (0,56-1,21)
rs10508336 AIA 2(0,3) 2 (0,4) 2,48 (0,26-23,63)
A 6,7 6,2 0,61 1,91 (0,65-1,29)
Jwnabernyeckasi aHTHONATHS HIDKHUX KOHedHOoCTeH (156 GONbHBIX)
GIG 558 (86,9) 126 (80,8) 1,00
AIG 82 (12,8) 28 (17,9) 0,08 1,45 (0,90-2,34)
rs10508336 AIA 2(0,3) 2 (13) 6,38 (0,86-47,08)
A 6,7 10,0 0,03 1,59 (1,04-2,44)

ITpumeuanue: ! ypoBens sHaanMMocTH acconmaniy avtens/renoruna TAF3 ¢ puckoM pasBUTHS COCYUCTBIX 3a00JIEBaHUN
HUKHMX KOHEYHOCTEH (KOJOMHHAHTHAS F€HETHYECKas MOJIENb); 2 OTHOLIEHHUE MIAHCOB U 95%-10BepUTENbHBII HHTEPBA
acCOLMAINN C PICKOM Pa3BUTHS OOJIE3HU ¢ KOPPEKIHEH TI0 TIOTy ¥ BO3PACTY.

Note: ! significance level of the association of the TAF3 allele/genotype with the risk of vascular diseases of the lower
extremities (codominant genotypic model); 2Odds ratio and 95% confidence interval for SNP-disease association adjusted

for sex and age.

Taxke BBIABICHA acCOIUAIUs ajIeis
rs10508336-A c moBbIIEHHEM YpPOBHS TJIIO-
KO3bI KPOBH Y IMAIMEHTOB C COCYIUCTHIMHU 3a-
00JIEeBaHUSIMHU HIDKHHAX KOHEUHOCTEH
(P=0,01). B wacTHOCTH, Y MAIMCHTOB C T'€HO-
tunamu A/G-A/A ormeueH 0ojiee BBICOKHI

YPOBEHb TJIFOKO3bI KpoBU — Ha 1,19 MMOJB/1
(95% Cl1 0,25-2,13).

[IpoBenaeHo ¢GyHKIMOHATEHOE AHHOTHU-
poBanne SNP c¢ ucmonb3oBaHMEM WHTEPHET
pPEeCypcoB, EMOHUPYIOIMIMX TE€HOMHO-TPaH-
CKPHUIITOMHBIE JTaHHBIE, MO3BOJISIONINE yCTa-
HoBuUTh €QTL — yuactku JIHK, Brsuromue Ha
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sKkcrpeccuto reHoB. CorjgacHO JaHHBIM TOp-
tanma eQTLGen (https://www.eqtlgen.org/cis-
eqtls.html) amnens rs10508336A accoruupo-
BaH CO CHIIKEHHUEM YpPOBHS AKCIIPECCUU I'eHa
ITIH2 B miasme kpoBu (Z=-6,1026;
FDR=0,00001).

B uccnenoBannu Ward-Caviness u co-
aBT. OblIa yCTaHOBJIEHA acCcOLMalUs MOJU-
moppmuzma rs10508336 rena TAF3 ¢ moBswI-
IIEHHBIMA PHCKOM pa3BUTHUsI Tepudepude-
CKUX 3a00JIeBaHUI COCY/IOB Y JIULI, PUKHUBA-
IOLUX Ha TEPPUTOPUSIX C MOBBIILICHHBIM XUMH-
YECKUM 3arpsi3HeHueM Bo3ayxa [6]. daktuye-
CKM B HACTOSILEM HCClie[loBaHHE OblIa Moj-
TBepXKaeHa cBsa3b naHHoro SNP ¢ pasButnem
nepudepuyecKoro aTepockieposa.

Cy1ecTBeHHYIO POJIb B pa3BUTHH aT€PO-
CKJIEPOTHYECKOTO TMOPaKeHUs COocyaa SBIs-
eTcs CHIDKEHHE (DYHKIMH TJIaJKOMBIIIEUYHBIX
KJIIETOK, KOTOpasi, B CBOIO OUePe/Ib, MOXKET pa3-
BUTHCS B pe3yJbTaTe HEMpaBUIbHOU mudde-
PEHIIMPOBKH U CO3PEBAHUSA KIIETOK TJIaJKOU
Mmyckynarypsl. CorinacHo Bennet u coaBT. mon
NEMCTBHEM aTEPOCKIEPOTUUECKUX (PAKTOPOB
TJIaJIKOMBIIIEYHbIE KJIETKU COCYAOB, KaKk MHU-
HUMYM IN VItro, MOBBIIIAIOT CBOK CHOCO0-
HOCTh K mponudepanuun [3]. Boicokas cko-
pocTh mponudepalyy, B CBOIO 04epe/b, CIo-
cOoOHa MOBIUATH Ha AUD(EPEHLIUPOBKY Kile-
TOK, HampuMep, TOCPEICTBOM HAPYIICHUS
TpaHckpunuuu. Ilpouecc  TpaHCKpUNIMU
MMeeT MHOXECTBO TOYEK MPHIIOKEHUS, CIO-
COOHBIX TOBJIHSATH Ha KOHEYHBIH Pe3yJIbTaT, B
TOM YHCJIE U Yepe3 MHUIHUAIIIO 3aBHCUMOM OT
PHK-nonmumepass! Il Tpanckpununu. Ha ocHo-
BaHUHM JTOTO, MOYXHO KOCBEHHO CYAHTH O
CBsI3M dKcrpeccun TeHa TAF3, Bxopsmiero B
koMmiutekc TFIID, 3amyckaromero TpaHCKpHII-
LU0, U HapyIeHUsIX JudQepeHInpOBKH Kie-
TOK TJIaJIKOM MyCKyJaTypbl cocyzoB [10].

st TAF3 Bo3MOXKHBI HECKOJIBKO MeXa-
HU3MOB BIHMSHHUA Ha aTEpPOCKIECPOTHYECKOE
MIOPAKEHUE apTepUll HUKHUX KOHEUYHOCTEM,
CKOPOCTH €T0 MPOTPECCUPOBAHUS U BBIPAKEH-
HOCTb KJIMHUYECKUX IposiBiaeHui. Hueso u co-
aBT. B CBOEM HCCJICJOBAHUU HA MBIIIAX TPH
noyiHoreHoMHoM mnpodumirpoBanun MPHK u
MukpoPHK ycranoBmim, uto npu arepockie-
POTHYECKOM TMOPAXEHUN 3HAYUTEIHHO aKTH-
BU3HPOBAIHNCH HEKOTOPHIE TPAHCKPHUIITHI, OJI-
HUM U3 KoTopbIX sBisuica TAF3. Kpome Toro,

TAF3 oOHapy»XuBaJICsl Y MBIIIICH B IEPUBACKY-
JISIPHOM KMPOBOM TKAHU U MEHUCTBIX KIIETKAX
UHTUMBI. J[aJIbHENIIEE HUCCIIEIOBAHUE aTepO-
CKJICpOTHYECKHUX OJISIIEK y 4YeloBeKa IMO3BO-
JHUIIO0 TaKXKe YCTaHOBHTH HAJIMYHUE CBEPXIKC-
npeccun rera TAF3 [7].

Hanwuue TAF3 B nepuBackyIsipHOH *Ku-
poBoii Tkanu (IIBXT) anasormyno MoxkeT
OBITH CBSI3aHO C PAa3BUTHEM aTepockieposa. B
pabotre Liu M COaBT. MMEIOTCS CBEACHUS O
Hasmunu cBsi3u [IBXXT u arepockieposa, mo-
CKOJIbKY OO0JIajlaeT 3HIOKPUHHBIMU U Mapa-
KPUHHBIMU (DYHKIIMSIMH, TIPOSIBIISISE aTEPOTCH-
HBIH 3D PEeKT 3a cueT BEICBOOOXKICHHS POBOC-
NATUTENBHBIX U TPOATEPOTeHHBIX (hakTOpOB
[8, 11, 12].

JIpyrum CBSI3BIBAIOIIAM 3BEHOM MEXKIY
JKCIIpeccHel TeHa U BO3MOXKHBIM PHCKOM aTe-
pockiiepo3a MOXKHO cuuTath  (ochonHo-
3uTubl. JlaHHbIE BelIecTBa SIBISIOTCS BaX-
HBIMH CHUTHAJIbHBIMH MOJIEKYJIAaMH B sIZIpe, KO-
TOpBIE BIUSIOT Ha dKCIpeccuto reHos. Mccne-
nosanue Stijf-Bultsma u coaBT. ycraHoBwmIoO,
yto TAF3 npeobpa3yer onocpenoBaHHbIE JTU-
nuakuHa3oil PIP4K2B u3menenus B ¢pochou-
HO3UTH/IaX B U3MEHEHHUSI B TPAHCKPHUIILIUH CITe-
nugugeckoro rera. CorylacHO psiay HCCIeno-
BaHUH, caM# (HOCHOMHOTUIUIBI TAKIKE UTPAIOT
POJb B Pa3BUTHUU KapIAHOBACKYJSPHBIX 3a00-
JeBaHUN U, B TOM 4HCIe, aTepockiepo3a. Ha
OCHOBAHWH YKa3aHHBIX JaHHBIX MOXHO Ipe/I-
HOJIOXKHTh, YTO B pe3yJIbTaTe HAPYILIEHUS KC-
npeccunn TAF3 mepenavya curHaia BHYTPHU
aIpa ¢ MoMOoIIbI0 (HOCcHOMHOTU3UIIOB TaKXKe
OyzeT HapyIIeHa, YTO MOXET IPUBECTH K yCH-
JICHHUIO WIN OCJIabJIeHUI0 aTepOreHHOoro 3¢-
¢ekra pochounotusuaos. [13, 14, 15].

Accoumanusa amtens rs10508336A co
CHIDKEHHEM ypoBHs dKkcrnipeccun rera ITIH2 B
I1a3Me KpPOBHM HMMEET TaKXKe HEMaJOBaXXHOE
3Ha4YeHHEe. YYacTHe JaHHOTO T'eHa B Peryiisi-
LMY TPAHCIIOPTA U MOTJIOIIEHUS HHCYJINHOIIO-
nobnoro ¢akrtopa pocta (IGF) 6enkamu, cs-
3BIBAIOIIMMU UHCYJIMHONOA00HBIH (hakTop po-
cta (IGFBP) naer npaBo roBoputh 06 onocpe-
JIOBaHHOM BIIMSIHUU JIAaHHOTO T€HA Ha pa3BU-
THE aTepOCKIIepO3a yepe3 CeMeHCTBO HHCYIIH-
HOMOI00HBIX (pakTopoB pocta [16, 17]. Kpome
TOTO, OH MOXET JeHCTBOBaTh KaK HOCHUTEINb
ruanypoHoBoit kuciotel (I'K) B cbiBopoTke
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WM KaK CBSA3BIBAIOIINN OEOK MEX]y Truaiy-
POHOBOM KHCIIOTOW M APYTUMH OEJIKaMH Mat-
pHKCa, B TOM YHCJIE€ Ha KIIETOYHBIX [TOBEPXHO-
CTSIX B TKAHSX, JUIsl PETYJIMPOBAHUS €€ TOKaIH-
3aluM, CUHTE3a U aerpajauuu. ['manypoHoBas
KHCJIOTa OIOCPENYET TPAHCMUTPALUIO JIEHKO-
LUTOB uYepe3 KJIETKU DHIOTeNus, a OoJblIue
Monekysbl 'K, pacmiemieHHbie TpoMOOIH-
TaMH, YCUJIMBAIOT MPOAYKIUIO IUTOKHUHOB U
XUMOKHUHOB [ 18].

3akirouenue. B HacTosiieM wuccieno-
BaHUU BBISIBJICHA accolanus nojuMopdusma
rs10508336 rena TAF3 ¢ puckom pa3BUTHS
OOJIUTEPUPYIOLIETO AaTepOCKIIepo3a HUIKHUX
KOHEYHOCTEH U 11a0eTHUeCKOl aHTHOIaTHEH,
YTO MOATBEPKAaeT MNATOPHU3UOIOTUYECKYIO
CBS3b JAHHOTO MapKepa ¢ pa3BUTHEM Iepude-
pudeckux 3aboseBaHuil aprepuil. Brepsbie
MOKa3aHO, YTO MATOJOTUYECKOE BIIUSHHUE TI0-
aumopdusma rs10508336 rena TAF3 Ha puck
pa3BUTHsA TepU(epuvIecKoro aTepocKieposa
MIPOSIBISIETCS TOJIBKO Y KYPUJIBIIMKOB, TEM Ca-
MBIM, JEMOHCTPUPYS COMPSHKEHHOCTh BIIUSI-
HUS JAHHOTO F€HETUYECKOT0 MapKepa U KIIo-
yeBoro (pakTopa pucKa pa3BUTHUS aTE€pPOCKIIe-
po3a — kypenus. Undopmanus o cBsI3u aymiens
rs10508336A ¢ pa3ButHeM IUAOETHYECKOM
AQHTMOIATHH Y TTOBBIIIEHUEM YPOBHS TITIOKO3BI
KPOBU Tak)Ke MMEET OO0JIbIIIOe 3HAYEHUE, I0-
CKOJIbKY YKa3bIBa€T HA BO3MOXKHBIE MOJIEKY-
JISIPHBIE MEXaHU3MBI COTIPSKEHHOCTH HapyIIIe-
HUN TUIUIHOTO U YTJIEBOAHOTO OOMEHOB B Jie-
TepMUHALMKA TIepUpEepUUecKuX 3a00JIeBaHUI
aprepuil. [19, 20, 21].
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HoxayT retos a-, p-, ¥ Y-CHHYKJICHHOB
y MbIllIed MPUBOAUT K U3MEHEHHUIO COJIePKAHUSA
pPAAa JUINHUIA0B B MEYEHU U IJIa3Me KPOBH

E.A. JIvicukoBa @, K./[. Yanpos

denepanbHOE TOCYIAPCTBEHHOE OI0/IKETHOE YUpEKIeHNE HayKu «DenepaibHbli HCCIIeI0BATEb-
CKUU HEHTp mpoOsieM XUMUYECKON PU3MKU U MEAUIIMHCKON XuMHuU Poccuiickoii akageMuu HayK»,
np-T akagemuka Cemenona, 1. 1, r. UepHorosioBka, 142432, Poccuiickas ®enepanus
Asmop onsn nepenucku: E.A. Jlvicuxosa (lysikova.ipac@gmail.com)

Pe3ome

AKTyalIbHOCTh: B HacTosIee Bpemst akTUBHO HcclieayeTcs (yHKIMs OelIKOB ceMelcTBa CUHYKIIe-
MHOB B PEaKLMAX CHHTE3a JIMIUAOB U )KUPHBIX KUCJIOT B JIONOJHEHHE K YK€ ONMCAHHOW UX PO
y4acTHsl B CHHANTHYECKOH mepeaue 3a CYeT CBSI3bIBAHMS C JTUMUAaMU MeMOpaH. B cBs3u ¢ 3Tum
0coOBIif MHTEpEC MPEACTABISIET U3yYeHHE HAPYLICHUS JIMITUIHOTO 0OMEHa TIPpY HApYUICHUU (PyHK-
[IMU CUHYKJIEMHOB B naToreHe3e 6ose3nu [lapkuncona. Heab ucenenoBanus: OnpeaeneHue Biaus-
HUSL OTCYTCTBUS OEJIKOB CEMENCTBA CUHYKJIEMHOB Ha 0011ee co/iepKaHue JTUMHUI0B U COOTHOILIEHUE
Pa3NIUYHBIX KJIACCOB JIMIHMJIOB B MEUYEHHU M IUIa3Me KPOBU Y TPAHCTE€HHBIX Mblllel. MaTepuaiabl U
MeToabl: V3MepeHue ypoBHEH JTUMNI0B IPOBOAUIHN Y MBIIIEH C FTEHETUUECKUM HOKayTOM 0, 3- 1 Y-
cunykiIenHoB (N=6) 1o cpaBHEHHIO C KOHTPOJBHBIMH XHUBOTHbIMU aukoro tuna (N=6) meromaom
TOHKOCJIOMHON Xpomarorpauu Ha IulacTuHax cuiukarens. Pesyabrarbl: Bbuio JeTeKTHpOBaHO
yBEJIUYEHHUE MPOLIEHTa OOIINX MOJSPHBIX JIUIUA0B B MeYeHU 0€3CHHYKICHHOBBIX MBILIEH 110 CpaB-
HEHUIO ¢ TUKUM TunoM B 1,4 paza (P<0,05), B To BpeMsl Kak OTHOCUTEJILHOE COIepKaHUE TPUTIIHUIIE-
puzoB cHu3miock B 1,2 pasza (P<0,05), coorBercTBeHHO. [Ipu 3TOM B mi1a3Me KPOBU YPOBHHM TOJISP-
HBIX JIMIHUIOB U TPUTIHUIEPUIOB HE MeHsUUCh. [Ipu HapymieHnn QyHKIMN CUHYKJIEUHOB TaKXKe U3-
MEHSIOCH pacIipeiesIeHUe JKUPHBIX KUCIIOT Y 0€3CHHYKJIEMHOBBIX MBIIIEH 0 CPAaBHEHHUIO C KOHTPO-
nsiMu TUKoro Tuma: ypoBeHb C16:0 mosbimancs B 1,2 pa3a B neuenu (P<0,05) u B 1,8 pa3 B utazme
(P<0,05), a ypoenb C18:1n9 moBsImasncs kak B miasme kposu B 1,4 pasza (P<0,05), Tak u B ieueHn
B 1,2 paza (P<0,05). Yposensr C20:4n6 cHmxancs B e4eHN OE3CHHYKIEHHOBBIX MbIIeH B 1,5 paza
(P<0,05). Yposenb C18:2n6 camxkaiics B iazme kposu B 7 pa3 (P<0,05), HO He MEHSJICS B IICYCHHU.
3akiroyenue: TakuM 00pazoM, HalllM JaHHBIE J€MOHCTPUPYIOT, UTO OTCYTCTBUE BCEX TpeX OEIKOB
ceMeNCcTBAa CHHYKJIENHOB IIPUBOJINUT K U3MEHEHHIO COOTHOLLIEHUS JKUPHBIX KUCIOT U HAKOIUIEHUS JIU-
MUJIOB B IIEYECHHU.

KiroueBble cj10Ba: CUHYKJIEWHBI; HOKAYTHBIE MBIIIH; TOJISPHBIC JIUMHIBL; )KUPHBIE KUCIOTHI

Js nurtupoBanus: JIsicukoBa EA, Yanpos K/I. HokayT reHoB a-, 3-, ¥ Yy-CHHYKJICMHOB y MBbIIIEH
MIPUBOJUT K U3MEHEHUIO COJEPKAHMS psla JUIIMIOB B IIEYEHU M I1a3Me KpoBu. HayuHble pesyib-
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In mice leads to changes in the distribution
of several lipids in the liver and blood plasma
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Abstract

Background: In addition to the role of synuclein proteins in synaptic transmission through binding
with lipid membranes, the function of synucleins in reactions of the synthesis of lipids and fatty acids
is also widely studied. Studying the disruption of lipid metabolism in Parkinson’s disease caused by
synuclein dysfunction is particularly interesting. The aim of the study: To determine the effect of
the absence of synuclein family proteins on the total lipid content and the ratio of different lipid
classes in the liver and blood plasma in transgenic mice. Materials and methods: Measurement of
lipid classes of afy-synuclein triple knockout mice (N=6) and wild type controls (N=6) was per-
formed by the HPLC on the silica gel plates. Results: A 1.4-fold (P<0.05) increase in the percentage
of total polar lipids was detected in the liver of knockout mice compared with the wild type, while
the relative content of triglycerides decreased 1.2-fold (P<0.05), respectively. At the same time
plasma levels of the polar lipids and triacylglycerols were unaltered. The lack of synucleins causes
changes in the levels of fatty acids in comparison to wild type animals: C16:0 levels increased 1.2-
fold in the liver (P<0.05) and 1.8-fold in plasma (P<0.05), and C18:1n9 levels increased both 1.4-
fold (P<0.05) in plasma and 1.2-fold in the liver (P<0.05). C20:4n6 levels decreased 1.5-fold
(P<0.05) in the liver of nonsynuclein mice. C18:2n6 levels decreased 7-fold in plasma (P<0.05), but
did not change in liver. Conclusion: Our data demonstrate that the absence of all three members of
the synuclein family causes disruption of lipid metabolism and leads to altered synthesis of fatty acids
and hepatic lipid accumulation.

Keywords: synucleins; triple-knockout mice; polar lipids; fatty acids
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BBenenue. benku cemeiicTBa CHHYKIIEH-
HOB, NPEACTABICHHBIE TPEMSI YWIECHAMHU CEMEN-
ctBa- anbda (), 6eta (B) m ramma (y)- cu-
HYKJIEMHAaMH, aKTUBHO UCCIIEAYIOTCS B CBSI3U C
UX BOBJICUEHHOCTHIO B MAaTOT€HE3 Heilpojere-
HepaTUBHBIX 3a0oseBanmil. Hanbomnee xoporo
U3y4eH OeNOoK O-CHHYKJIEHUH, ISl KOTOpPOTO
ObuIa MOKa3aHa KJII0YeBasi pojb B MEXaHU3ME
(hOopMHUpPOBAaHMS TATOJIOTHYECKUX OCIKOBBIX
arperaros — tenen Jlesu, npu bonesnu Ilap-

kuHcoHa (BII), BciencTBue vero monamisito-
iee OOJIBIIMHCTBO PadOT MOCBSILEHO HU3yde-
HUIO POJM CHHYKJIEMHOB B MAaTOJOTMYECKHUX
MexanusMax BII u npyrux 3aboneBaHuii, Bax-
HBIM 3BEHOM I1aTOT€HE3a KOTOPBIX SIBISETCS
cuHyKJIenHomarus [1].

benku CHUHYKJIEHHBI SBISIFOTCS MHO-
ro()yHKIIMOHAJIbHBIMU: B HOPME OHHU BOBJIE-
YeHBbl B PEryJSIHI0 HeliporpaHcmuccuu [2].
st o- ¥ B-cUHYKJIENHOB ObLIa OKa3aHa CIo-
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COOHOCTH CBSI3BIBATHCS C BE3UKYJIO-ACCOIUU-
poBaHHBIM MeMOpaHHbIM OenkomM VAMP2 u
ydactue B popmupoBanuu SNARE-kommiek-
COB B IIPECUHANTHYECKUX TEPMUHAIUAX T0(Da-
MUHEeprudeckux Hewiponos [3, 4]. Tperuii
YJIeHA CEMENCTBA — Y-CUHYKJIEHH, BOBJICUEH B
npouecchl GOPMUPOBAHUS JIUMUTHBIX padTOB
U PEeryJsiuIo JUIUAHOTO OOMeHa, a Hapylle-
HUE (YHKIMU Y-CHHYKJICHHA BEIET K yCuie-
HUIO JIMIOJIN3a U U3MEHEHUIO JTUIUIHOTO TO-
MmeocTasa [5, 6].

MexaHusm, MOCPEeICTBOM KOTOPOTO CH-
HYKJIEMHBI OCYLECTBIISIIOT B3aUMOJIEHCTBUE C
CUHANTUYECKUMU BE3UKyJIaMU U JPYTHUMH
MeMOpaHHBIMH ~ CTPYKTYpaMHu, OOYCIIOBJICH
HAJIMYUEM HECKOJIbKUX aM(PUPUIbHBIX MTOCIIe-
nosatensHocTelt amuHOKUCIOT (KTKEGV) Ha
N-KOHIIEe MOJEKyJl OENKOB MaHHOTO CEeMEii-
cTBa. J[aHHbIE IOCIIEI0BATEIBHOCTH SBJIIOTCS
CHEHU(pUUHBIMU  JUISI  JIUIH]I-CBSA3BIBAIOIINX
OeskoB amosunonporeuHos [7, 8]. Takum 06-
pa3oMm, CliocOOHOCTbH CBSI3BIBATHCS C JIUIHIAMU
SBIIICTCS (PU3UOIOTUYECKOW (PYHKIMEH BCEX
OeNKOB ceMelCTBa CHUHYKJICHMHOB, a CBSI3bIBa-
HUE KaXJO0ro u3 OEJIKOB C JUMUAAMU MOXKET
KOMIIEHCUPOBAThCS JPYTUMH OelKaMu ceMei-
CTBa: B NpPHUCYTCTBUHU 0O-CHHYKJIEHMHA BO3pac-
TaeT CTENEHb CBA3bIBaHUA ¢ MeMOpaHamH - 1
y-CUHYKJIeHHOB. [Ipm 3TOM OAHOBpEMEHHOE
NPUCYTCTBUE - U Y-CUHYKJIEMHOB OCJIa0JIsAI0
CTENeHb MEMOpaHHO-CBA3aHHOTO O-CHHYKJIE-
una [8]. [TokazaHHasi Ha HOKAYTHBIX 110 TEHY Y-
CHUHYKJIEHHA MBIIIAX PE3UCTEHTHOCTh K TUETE
C BBICOKHM COJEp>KaHMEM JKUPOB M IIPEAOT-
BpallleHHE O’KUPEHUS 32 CUET YCHIICHHUS JIUIO-
JM3a U U3MEHEHHUsS COCTaBa JIMIHJOB I03BO-
JIUJIa pacCMaTpUBaTh Y-CUHYKJIEHH B KaueCTBE
HOBOM IIOTEHLUAJIBLHON MOJIEKYJISIPHOM MHU-
LIeHH U1 pa3pabOTKH Teparuy MpU JICYECHUH
METa0OJIMYECKUX PACCTPOHCTB U PEryJsIUN
maccel Tena [9].

OnHako pa3paboTka HeToCcpeICTBEHHOM
CTpaTeruy MaToreHeTUYeCKON Teparnu orpe-
JeNICHHBIX ~ MEeTa0OJIMYEeCKUX  PacCTPOUCTB
OCJIOKHSIETCSI HEJIOCTATOYHON H3yYE€HHOCTHIO
y4acTUs APYTUX CHHYKJIEHHOB B MeXaHH3Max
peryJsiiMM  JIMIIUJHOTO TOMeocTasza, Io-
CKOJIbKY O€JIKM IaHHOTO ceMeicTBa 001aJatoT
CBOMCTBOM (DyHKIIMOHAJIILHOTO 3aMELICHHUS.
Bce Tpu Oenka cemelicTBa MMEIOT BBICOKYIO

CTENEeHb IOMOJIOTHMHM KaK Ha HYKJICOTHIHOM,
TaK ¥ Ha aMUHOKHUCIIOTHOM YPOBHE, U B JKCIIE-
PUMEHTAIBHBIX YCIOBUSX (PYHKLIHS OJHOTO
YTPAYEHHOI'O CHHYKJIEMHAa MOXXET 3aMme-
HIaThes, 10 KpalHel Mepe YaCTUYHO, JPYTUMHU
uynenamu cemeiicta [10]. MccnenoBanue nu-
MUJHOTO COCTaBa B MO3T€ U MEYEHHU Y MbIIICH
C HOKayTOM BCEX TpeX I'€HOB CeMeicTBa CH-
HYKJIEMHOB I10Ka3aJl0, YTO Y 3TUX JKHBOTHBIX
U3MEHEH CHUHTE3 KMPHBIX KHUCIOT U CHHXKEHO
coJiepyKaHue UMEHHO TeX MOJSPHBIX JUIHJIOB,
KOTOpBIE€ SIBJISIOTCS OCHOBHBIMU KOMIIOHEH-
TaMH JIMOUAHBIX PadTOB, Y4acTBYIOIIHUX B
HEHPOTPAHCMUCCUU U PETYIUPYIOUIUX TpaHC-
nopt nodamuna [11]. [Ipu 3Tom oTcyTcTBHE
BCEX TpeX CHMHYKJIEMHOB MPHUBOJIWIO K Oojee
BBIPRKEHHBIM HW3MEHEHHSM B MeTaboim3Me
JUMHIOB, YEM paHEe BBISIBICHHbBIC H3MEHEHHS
JUIHUIHOTO FOMEOCTa3a y MbIIIEN ¢ eAUHUY-
HBIM HOKayTOM I'€Ha y-CHHYyKJIeHHa [6].

Henp wuccaegoBanus. OrnpeneneHue
BJIMSIHUSL OTCYTCTBUSI OCJIKOB CeMeiicTBa CH-
HYKJIEMHOB Ha o011iee coiepKaHKe JIUIUIO0B B
MIEYCHHU U IJIa3Me KPOBHU, a TaKkKe Ha COOTHO-
LIEHHE PA3JIMYHBIX KJIACCOB JIMIUAOB B 3THUX
TKaHSAX Yy MBbIIIEH ¢ TeHETUYECKUM HOKayTOM
o, B- ¥ Y-CHHYKJICHOB.

Matepuajbl 4 METOIbI MCCJIEJOBAHUS

Hccneoyemvie ocusommbie

JIuHUS TpaHCT€HHBIX OE3CHMHYKJIEHHO-
BBIX MBIIIEH C HOKAyTOM I'€HOB O-, 3-, U Y-CH-
HYKJIEHMHOB, COJIEp’Kajach Ha T'€HETUYECKOM
¢done C57BI6/Chg B GecrmraroreHHOM BUBapuu
NDPAB PAH. XuBoTHbIE CONEPKATUCH NPU
HUCKYCCTBEHHO peryiaupyeMoM 12-gyacoBom
UKJIE IeHb/HOYb U Temiieparype 22°C co cBo-
OO0JHBIM JOCTYIIOM K BOJE U CIEHUAIBHOMY
KOpMY, B KOTOpoM XHpbl coctaBisuin 10%
(moxpo6HbIii coctaB omwucan B [6]). XKupusre
KHUCJIOTHI OBIIIM pactpeziesieHbl B TUETE B Clle-
JYIOIEM COOTHOMIEHUHU: 35% 0JIEMHOBOM KHC-
10THI, 25% nuHoneBO# KUCHoThl, 20% manb-
MUTHHOBOW KuCIOTHI u 13% creapuHOBOI
KHUCIOTHL. PaboThI ¢ )KUBOTHBIMU NPOBOANIIH B
COOTBETCTBUH C 3TUYECKUMHU MPHHIUTIAMH U
TpeOoBaHUSAMHU XEIbCUHKCKOHN JeKIapaluu u
npukazom Munsapasa Poccunm Nel99m ot 1
anpens 2016 r. «O6 ytBepxaenuu Ilpasun
HaJJIeKaIen JJabopatopHou mpakTukm». [1po-
BEJICHHE YKCIIEPUMEHTA OBLIO YTBEPXKICHO Ha
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3acenanuu dTuueckoro komurera UOGAB PAH
ot 18.12.2020, mporokon Ne 47.

Oxempaxyus 1unuoos

Craperomux caMmiioB B Bo3pacte 12 me-
CSIEB, MO 6 CaMIIOB B 3KCIEPUMEHTAIBHON U
KOHTPOJILHOM TpyNIax, yYMEPIIBISUIA METO-
JIOM LEPBUKAIBHON JUCIOKALWU, IPOHU3BO-
IWIIA cOOp KPOBU U3 JKEITYJJOYKOB Cep/Iia U Ha
XO0JIOy U3BJIEeKaIu neueHb. HeMemieHHo 3kc-
TparupoBaiu JUOuAbl 1no merony PDomya u
xparnm npu -20°C, kak ormcano panee [6].

HenonsipHble mUnuasl pa3aensil MeTo-
JIOM OJJHOMEPHOM TOHKOCIIOWHOW XpOoMarTorpa-
¢un Ha mactuHax cuimkarens G 10x10 cwm?
(Merck, I'epmanust) B cMeCH PacTBOPHUTEICH
(80 gacreit rekcana: 20 JacTtel JTUITHUIIOBOTO
a¢upa: 1 yacTp NeAIHON YKCYCHOM KUCIIOTHI),
MOJIIPHBIC JIMMHIBI Pa3/IeNsid METOJIOM JIBY-
MEpPHOW TOHKOCJIOHHON Xpomarorpadguu Ha
rtactuHax cuimkarens G ¢ 1,2% G6opHoit kuc-
JIOTHI B CMECH pacTBoputens (65 dacrteit xio-
podopma: 25 yactelt MmeTaHosa: 4 YaCTH THI-
POXJIOpUIa aMMOHHUS) B IEPBOM HAIPaBJICHUN
u B cMmecu pactBoputens (90 wgacteit
N-Oyranona: 20 yacTeil NneAsHOW YKCyCHOMH
KUCJIOTHL: 20 yacTel BO/IbI) BO BTOPOM HaIpaB-
neHu. WpeHtudukanuio IUMHIOB MPOBO-
UM 10 pedepeHcy Ha CTaHAapThl. Dupbl
KHUPHBIX KHUCIIOT MOJy4yalu U3 ¢Gpakiuu oo-
IMX TUIU 0B Harpesaanem npu 70°C mpu j1o-
OaBnenuu 2,5% cepHOI KUCIOTHI U FeKCaHa B
cMech MeTaHoJ: Toiyou (2:1). dpakuuio rex-
CaHa MePeHOCHITN B YHCTYIO CTEKJISTHHYTO ITPO-
OupKy, BBIIAPUBAIIM B Mapax a30Ta U pacTBO-
psii B 50 Mk rekcana. Mnentudunuponanu
3¢uUpbl KUPHBIX KHUCIOT METOAOM Ta30BOM
xpomarorpaguu Ha xpomatorpade Clarus 500
GC ¢ miaMeHHO-MOHU3AIMOHHBIM JIETEKTO-
pom (Perkin-Elmer, Norwalk, CT, USA) mo
OIMCAHHOM paHee MeToauke [5].

Cmamucmuyeckuii ananu3z

Cratuctuueckyro 00pabOTKy JaHHBIX
npooamin B mporpamme GpaphPad Prism 8.0
(GraphPad, CIIIA). HopmanbsHOCTH pacripee-

JICHUsI JAaHHBIX MPOBEPSIIN C TOMOIIIbIO KpUTe-
pus Ilanupo-Yuika, cpaBHEHUE TPy J1aH-
HbIX  MPOBOJWIM  C  HCIOJb30BAaHUEM
U-kputepust Manna-YutHu. [locTtoBepHbIMU
cuntasm paznuaus npu p <0,05.

PesyabTaThl M uX 00cyxnenue. [Ipose-
JICHHBI HAMH aHAJIU3 BBISIBUJI CYIIECTBEHHOE
CHIDKEHHE OOIlero cojepskaHus JUIHIOB B
reyeHn Oe3CMHYKIJIEMHOBBIX MBIIICH MO0 CpaB-
HEHUIO ¢ KOHTPOJIbHBIMU KUBOTHBIMU JUKOTO
THUIIa TOTO e Bo3pacta. Copep:kaHnue KUPHBIX
KHUCIIOT B iepecuere Ha 100 Mr TkaHU OBLITO HC-
CJIEIOBAHO Y 6 KMBOTHBIX KaXJOT0 F€HOTHIIA
u coctaBisuio 3,5+0,73 mr/100 Mr B medeHu
0€3CHKYKJICHHOBBIX Mblmed wu  5,2+0,84
Mr/100 Mr y KOHTPOJBHBIX MBIIIEH TUKOTO
tumna. [Ipu 3ToM B 11a3mMe KpoBU OE3CUHYKIIE-
WMHOBBIX MBIIIEH TAKOTO BBIPAKEHHOT'O CHIKE-
HUS yPOBHS JIMITUIOB HE HaO01a0Cch. bonee
TOT0, BBISIBIICHHOE HE3HAYUTEIbHOE CHIDKEHUE
coJiepKaHusl TUIMIOB B IJIa3Me KPOBU Oe3CH-
HYKJIEHMHOBBIX MbItiei 10 0,26+0,44 mr/100 mr
HE OBUIO CTATHCTUYECKH JOCTOBEPHBIM 10
CPaBHEHUIO C TaKOBBIM y KOHTPOJBHBIX MBbI-
e, koropoe cocranisuio 0,32+0,56.

CHmkeHne 00IIEero cofepaHus JTUMH-
JIOB B TI€YEHU OE3CUHYKJIEMHOBBIX MBIIIEH CO-
MPOBOXK/JIAJIOCh TAaK)Ke€ H3MEHEHHEM HX CO-
craBa (Ta6in.). Tak, mpoueHT OOIUX MOJsIpP-
HBIX JIMMTHJIOB CYILIECTBEHHO MOBBICUJICS B TI€-
YeHU OE€3CMHYKJIEMHOBBIX MBIIIEH MO CpaBHE-
HUIO ¢ KOHTPOJIBHBIMH KUBOTHBIMU C 34% 110
48,8%, B TO BpeMst Kak OTHOCHTEIILHOE COJIep-
KaHUe TPUIIIMLEPUA0B CHU3UIOCH € 63,7% 110
50%, cootBercTBeHHO. IIpu 3TOM B MIIa3me
KPOBU YPOBHU TMOJISIPHBIX JTUIHAOB U TPUTIIU-
LEPUIOB HE MEHSIUCh. OTHOCUTEIHHOE CO-
JepKaHUe CIOXKHBIX 3(QHUPOB cTepoia B Iie-
4yeHU OE3CHHYKJICMHOBBIX MBIIIEH CHU3UIIOCH
MoYTH B ABa pasa ¢ 2,3% no 1,2%, B To Bpems
KakK B IJIa3Me KPOBU OHO BBIpociio ¢ 16,4% no
21,3%. UnTepecHo, 4ToO B miia3zMe KpoBH Oe3-
CUHYKJIEMHOBBIX MBIIIEH PE3KO TMOHU3HICS
ypOBEHb CBOOOJHBIX (HeacTepuUIUpOBaH-
HBIX) )KUPHBIX KUCIOT ¢ 11,1% no 4,8%.
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Tabnuya

OtHocurenbHoe conep:xkanue (B % 0T 0011ero KoJiu4ecTsa) MoJAsipHbIX JIUNHAOB, TPUIIHIIE-
PHI0B, 3UPOB CTEPOJIa U CBOOOAHBIX JKHPHBIX KHCJIOT B IJIa3Me KPOBU U NeYeHH
y mbimeii gukoro Tuna (JAT) u 6e3cunykinennoBbix (BC) mbimeii (N=6)

Table

Relative amount (% of the total amount) of polar lipids, triacylglycerides, sterol esters and
free fatty acids in the plasma and liver of wild type (WT) and triple-knockout (KO) mice

(N=6)
e Ty P— Ilnazma Ileyennb
AT BC AT BC
OO01mye NoNsPHBIC JIUTTHIBI 33,1+4,6 36,7+3,2 34,0+ 6,8 488 +73 *
Tpuraumepuast 39,4+17,5 37,2+5,6 63,7+6,9 50,0+7,5*
OdupsI cTepora 16,4 +£2,1 21,3 4+£2,9 ** 2,3+0,5 1,24+0,5*
CBOOOTHBIC KHUPHBIE KUCIOTHI 11,1+29 48+1,6 **

Ipumeuanue: N=6. U-kpumepuii Manna-Yumnu: *p<0,05, **p<0,01. /lanuvie npedcmagiensl 8 8ude cpedHe2o + cmam-

OapmHoeo OMKIOHEHUA.

Note: Mann-Whitney test, *p<0,05, **p<0,01. Data are presented as mean =+ standart deviation.

JlaHHBIC O CHWDIKEHUHU OOImen (pakiuu
JUNHUJIOB YKa3bIBaIM Ha TO, YTO OTCYTCTBHUE
CHUHYKJICHHOB BJIMSET Ha COJAEpKAHHUE JUIU-
JIOB B nedeHu. J[anbHEHInii aHauru3 cocTaBa
YKUPHBIX KUCJIOT B JIMITUIHBIX QPaAKIIUIX TTOKa-
3aJl, 9TO MX pacnpeleseHrue ACHCTBUTEIHHO
MEHSIeTCS TPU HapyIIeHUH (PYHKIIMU CUHYKIIe-
nHoB. Haubosnee BbIpa)KEHHBIMU H3MEHEHUS
OKa3aJnch BO (Ppakluy TOJSPHBIX JIUIHOB
(Puc.). B aroit ppakuuu conepxurcs Oonploe
KOJIMYECTBO HACHIIICHHBIX >XUPHBIX KHUCIOT.
VYpoBeHb nanbMuTHHOBON KHcnoThl (C16:0)
CYIIIECTBEHHO TOBBIIICH B MEUEHU U TIIa3Me
0E3CHHYKJICHHOBBIX MBIIICH 10 CPABHCHHIO C
JKMBOTHBIMU JHKOTO THma: 27,7+3,4 BMecTO
21,6+1,5 u 44,2+5,5 Bmecto 23,6+1,2, cooT-
BeTcTBeHHO (PHC.).

ConepxaHne  OJIGMHOBOM  KHUCJIOTBI
(C18:1n9) — apyroro KOMIIOHEHTa, COCTaBIIs-
IOIIIETO CYIIECTBEHHYIO J0JI0 BO (DPAKIINH T10-
JSPHBIX JTUMUIOB, TAKXKe MOBBIIMIACTCS y 0€3-
CUHYKJICHHOBBIX MBIIICH 110 CPAaBHEHHIO C JKH-
BOTHBIMHU JIUKOTO THUIA KaK B IJIa3Me KPOBHU C
12,7+0,9 go 18,1+1,0, Tak ¥ B IEYECHU C
13,0+1,0 mo 15,2+0,8 (Puc.).

Haubonee npamaTudnbie N3BMEHEHUS OT-
MEUEHBI I JTMHONIEeBOW KucaoThl (C18:2n6),
COJIEp’KaHUE KOTOPOU B 7 pa3 HUXKE B IIa3Me
KpPOBU 0€3CHHYKJIEHHOBBIX MBIIICH, YeM y KU-
BOTHBIX AuKoro tuna: 2,7+0,8 u 19,2+1.4, co-
OoTBETCTBEHHO. [Ipu 3TOM B meueHu ee coaep-
*KaHe He MeHsieTcs (pucyHOK). Taxke craTu-
CTHYECKH JIOCTOBEPHO OBLJI TOHWKEH YPOBEHD

apaxu1oHoBo# kucioThl (C20:4n6) B meueHu ¢
15,7£1,7 mo 10,4+2,7 y 0Ge3CHHYKICHHOBBIX
MBIILIEH 110 CPAaBHEHHUIO ¢ TUKUM THIIoM (Puc.).

[Teyenp urpaer BaxHyIO poJib B MeTabo-
JAU3Me JIMNHUJIOB U OOecreyuBaeT UMHU IIeH-
TPaJIbHYIO HEPBHYIO cHUCTEMY. JIunuaHeIil Me-
TabO0JIN3M B [1€YEHU BIUSIET HA KOHLIEHTPALIUIO
U COCTaB JIMIOIPOTENIOB, KOTOPbIE CEKPETH-
PYIOTCsI B IJIa3My KPOBH, UTO, B CBOIO OUEPEIb,
OTIpe/IeIIsieT COCTaB JIMIHUIOB U )KUPHBIX KHUC-
JOT B mnepupepudeckux TKaHIX, BKIOYas
MO3T, TJI€ JINITOIPOTEN1aM OTBOJIUTCS BaXKHAs
poJib B HOpME U nipu narosiorud. llossnsercs
Bce OoJIbllIe KCIIEPUMEHTAIBHBIX CBUIETEIb-
CTB TOr0, 4To B naroreHese bl BaxHyr0 posb
UTPaOT HapYyIIEHUs JIMITUIHOTO COCTaBa U Me-
Tab0JIM3Ma JIUIU0B, KOTOPbIE CIIOCOOHBI MHU-
LMUPOBATH arperamuio NOTeHIHaIbHO aMUIIO-
UJOT€HHBIX OEJIKOB, B IEPBYIO OUEPEb, OL-CH-
HyknenHa [12, 13]. HemocpencTBeHHbIe Mexa-
HU3MBI, Y€pe3 KOTOPHIE OCYILECTBIISIETCS 3Ta
peryJsiysi, OCTalOTCA HE /10 KOHIA U3YyYEH-
HBIMH.

B nocnennee BpeMs Hauyanud aKTUBHO
pa3BUBAaTbCSl MCCIEAOBAHUS TI0 H3YUEHHIO
PO HapyILIEHUs JUMHUIHOTO oOMeHa B maTo-
reneze bIl. Hanpuwmep, Obu1o mokasaHo, 4TO
WHTUOMPOBAaHNE aKTUBHOCTU (pepMEHTa CTea-
pui-ko3H3uM A(KoA)-necatypasbl nojasisier
o0Opa3oBaHHe B MOJEIBHBIX CHCTEMaxX ILHUTO-
IUIa3MaTUYECKUX BKJIIOUEHHH, chOpMUpPOBaH-
HBbIX MyTaHTHBIMH BapHaHTaMU Y-CHHYKJIEUHA
U -CUHYKJIEHHA C MOBBIIIEHHON aQUHHOCTHIO
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K MeMOpaHHBIM CTpykTypam [14]. Dkcrepu-
MEHTaJbHO OBUIO MMOKA3aHO, YTO JHETa C BbI-
COKHM coJiep:KaHrueM N3->KUPHBIX KUCIIOT CIIO-
COOCTBYET BOCCTAHOBJICHUIO JABHTaTEIbLHON U
KOTHUTUBHOM (DYHKLIMU y MBIIIEH MOCe UHb-
exuuu HenporokcnHa MOTII, monenupyro-
IIero NapKuHCoHn4eckuit cunapom [15]. Tlpu

KHCIOT Trpynmbl N-3 — anbda-THHOICBOM
(C18:3n3) u nmoko3arekcacHoBoi (C22:6n3)
OBLIO BBISIBJICHO HAMU B IUIa3Me KPOBU U Tie-
YeHU 0e3CHHYKIJICHHOBBIX MbIIei. Takum 00-
pa3om, OeNKU ceMelcTBa CUHYKJICHHOB MOTYT
paccMaTpuBaTbCs B KAaueCTBE MOJIYJISATOPOB
nyTel OMOCHMHTE3a U METaboIu3Ma JIUITHIOB.

9TOM JOCTOBCPHOEC CHHMIKCHHUE YPOBHS JKUPHBIX

*
1 B [T nnasma
i I B AT neyeHb
4 O BC nnasma
i O BC neyeHb
40+

| *

CocTaB XMpPHbIX KUCNOT B obueit chpakuum
NONSAPHbLIX NUNNUAOB, %

0_

C16:0 C16:1n7 C18:0 C18:1n9 C18:2n6 C18:3n3 C20:3n6 C20:4n6 C22:6n3 C24:1n9
XUPHbIE KNCNOTLI

[Ipumeuanue: XXupHble KACIOTH 0003HAYCHBI IO KOJIMYECTBY aTOMOB YIIIEPO/a W KOJIMIESCTBY JBOMHBIX CBA3EH mocie
nBoerouns. [lo3uis nepBoii TBOMHOM cBsI3u 0003Ha4YeHa mociie OykBH “N”. C16:0 — manemutuHOBast, C16:n7 — mains-
mutonenHoBas, C18:0 — creapunoBas, C18:1n9 — oneunosas, C18:2n6 — nunoneras, C18:3n3 — anbda-nuHoseBas,
C20:3n6 — auromo-ramMmma-iuHoseBas kuciora, C20:4n6 — apaxumonosas, C22:6n3 — noko3arekcacHosas, C24:1n9 —
HepBoHoBasi. N=6. U-kpurepuit Manna-Yutau, *p<0,05.

Puc. CootHomienue JKUPHBIX KHUCJIOT B O6HICI>’I (bpaKI_II/II/I TOJIAPHBIX JIMITUAOB B IJIa3ME KPOBH U IIC-

YeHU 0€3CHHYKIIEHHOBBIX MBIIIEH MO CPAaBHEHHUIO C )KUBOTHBIMHU JUKOTO THUIIA.
Note: Fatty acids are presented as the number of carbon atoms: number of double bounds with the position of the first
double bond showed after “n”. C16:0 — palmitic, C16:n7 — palmitoleic , C18:0 — stearic, C18:1n9 — oleic, C18:2n6 —
linoleic, C18:3n3 — alpha-linolenic, C20:3n6 — dihomo-gamma-linolenic, C20:4n6 — arachidonic, C22:6n3 — docosahex-
aenoic, C24:1n9 — nervonic. N=6. Mann-Whitney test, *p<0.05.
Fig. Comparison of fatty acids in the total polar lipids fraction from the plasma and liver of triple

knockout (KO) and wild type (WT) mice.

AHanu3 cocraBa JKHPHBIX KHUCIOT B
1a3Me KpOBU M MEYEHU OE3CHHYKJIEHHOBBIX
MBIIIIEH NTOKAa3all, YTO UX PACIPENEIICHUE ACH-
CTBUTEJIbHO MEHSETCS IPU HapylIeHUN QyHK-
MU CHUHYKJIEHHOB. CoJepkaHue JUIHUIOB B

Ne4yeHu Oe3CHHYKIJICHMHOBBIX MBIIIEH ObLIO
3HAYUTENIbHO HUXKE, YEM Y KOHTPOJIbHBIX JKHU-
BOTHBIX JUKOTO THUIIA 3a CYET CHUKCHUS
HAaKOIUIEHHBIX TPHALWJITHLIEPUAOB U 3(UpOB
cTeposa 0e3 U3MEHEHHUs1 0OIIero KOoJu4ecTBa



Opuzuuaﬂbuaﬂ cmamaous
Original article

HayuHble pesyabmambl 6uomeduyuHckux uccaedoganuil. 2022;8(4):448-456

Research Results in Biomedicine. 2022:8(4):448-456 454

NOJIAPHBIX JIMNUAOB. [Ipn 3TOM M3MEHEHMI B
KOJIMYECTBE LIMPKYIUPYIOIUX TPHALWIITIINLIE-
PHIOB U MOJISIPHBIX JIMIIUAOB Y O€3CHHYKIIEH-
HOBBIX MBIIIIEH HE OBUIO BBISIBICHO, B TO BPEMS
KaK COCTaB JKUPHBIX KUCIIOT B IIJIa3M€ KPOBH y
STHX HBOTHBIX ObUT M3MEHEH. J[aHHBIE O TOM,
pa3BHUBAETCA JIM MPU TOM IIEYEHOYHAs HEIO-
CTaTOYHOCTh y OE€3CHHYKJICHHOBBIX MBIIIEH,
OTCYTCTBYIOT, M, HACKOJIbKO HAM U3BECTHO, Ta-
KM€ UCCIIEI0OBaHUS HE TPOBOJIINCE.

3akirouenue. OCHOBHBIM PE3YyJIbTaTOM
JAHHOM paloThI sIBIIETCSI OOHAPYKEHHOE U3-
MEHEHHUE CUHTE3a MOJIMHEHACHIIIEHHBIX JKUP-
HBIX KUCJIOT U 3TepU(UKALMH OCHOBHBIX IO-
JSPHBIX JIMIUAOB alMIbHBIMU LEMSAMHU KHUP-
HBIX KHUCJIOT B IIEYEHH, YTO COIPOBOKIACTCSA
CHIDKEHHUEM COJEpXKaHUS 3TUX KUPHBIX KHUC-
JOT BO (ppakiuu MOJSPHBIX JIUIIKJOB IJ1a3Mbl
KPOBH TpU HapyHICHWU (DYHKIUH CHHYKJICH-
HOB. Ha ocHOBaHMM 3TUX JaHHBIX HaMH ObLIO
BBIIBUHYTO IIPEIIOJIOKEHUE O TOM, UTO JAe(pu-
IUT OENIKOB CeMEHCTBA CUHYKJICHMHOB MOXET
OKa3bIBaTh BIIMSHHUE HA IOMEOCTa3 JIMIIUJOB
IIEYECHH U MOCIEIYIOIMNA TPAHCIOPT KUPHBIX
KHCIIOT K mnepudepuuyeckuM TKaHsaM. Haim
JaHHBIE BHOCST BayKHBIM BKJIAJl B TEOPHUIO pas-
pabOTKM NPUHLMIIMAIBHO HOBBIX MOJXOJI0B
s co3nanus apdextuBHoit Tepanuu BII, oc-
HOBaHHBIX Ha MPUHIUNAX MOJABJICHUS IpPO-
I'PECCUH O-CUHYKJIEMHOMATUH IIyTEM MOZYJIs-
LIUM CUHTE3a W/WIN KaTaboau3Ma ONpeseseH-
HBIX TUIIOB JIUIIUIOB.
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PoJsb MeTa00/IM3Ma KOPTHU30J1a B peaiu3anuu
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Pe3rome

AKTyanbHOCTB: OCTEONOpO3 SABISIETCS BaXXHOM MEAMLMHCKOW M COIMAIbHON MpoOiemMoit olrie-
CTBEHHOT'O 3[JpaBOOXPAHEHHUS B CTAPEIOILIEM WUITH MTOKUIIOM 001ecTBe. OCTEonopos3 BeI3bIBAECTCS IUC-
6ajaHCcOM B KOCTHOM PEMO/IETIMPOBAHNH, KOTOPOE NPeCTaBiIsieT co00il HenmpephIBHbIIM Mpoliecc pas-
pYLLIEHUS 3pesioil KOCTHOM TKaHMU OCTeOKIacTaMH (pe3opOiuns KOcTH) U (GOpMUPOBAHUS HOBOU KOCT-
HOW TKaHM ocTeolnactamu (oO6pa3zoBaHue KocTH). CucTeMa KOCTHOTO TOMEOCTas3a, PeryIupyromas
(GYHKIIMOHATBHYIO aKTUBHOCTh OCTEOKJIACTOB M OCTE00IacTOB IMpE/CTaBiIeHa MIUPOKUM CIIEKTPOM
MOJIEKYJI. JIOCTUTHYTOE CErofHsl IMOHMMAaHHUE MOJEKYJISPHBIX MEXaHU3MOB KOCTHOI'O I'OMEOCTasa
MO3BOJISIET CYLIECTBEHHO U3MEHUTh U PACIIUPUTh MapaJurMbl JIEUEHHUS U MPOQPUIAKTUKH OCTEOIO-
po3a. Lleab uccaenoBanusi: PaccMoTpeTs OCHOBHBIE TATOTEHETUYECKUE ITYTH, YEPE3 KOTOPBIE pea-
JU3YeTCsl BIUSHUE CUCTEMBI MeTaboIM3Ma KOPTH30J1a Ha pa3BUTHE OCTEONOpo3a U 0003HAYUTH My TH
MOMCKA HOBBIX TEPANEBTHUECKUX MOAXO0JIOB K JICUEHUIO M TPOPHIaKTHKE 0003HAU€HHOHN MAaTOJIOTHH.
Martepuanbl 4 MeToaAbl: [IJ1s1 JOCTHIXKEHUS TTOCTABIIEHHOM 11eTTH OBLT MPOBEACH aHAIHU3 JIUTEPATyp-
HBIX MCTOYHHUKOB I10 NMpo0JieMe BIUSHUSA MeTab0oIM3Ma KOPTU30J1a Ha pa3BUTHE OCTEON0po3a, OImyo-
JUKOBaHHBIX 3a nocnenHue 10 mer. Pesyabrarbl: Ha cerogHsanHuil 1eHb B JINTEPAType UMEHOTCS
BECOMBIE MPEANOCHUIKH MPSIMOI CBA3M HapylIeHUH MeTabosn3Ma CTEPOUIHBIX TOPMOHOB C pa3BU-
THEM OCTEONOp03a U HAPYUICHHEM OCTEOPENapaTUBHBIX IpoleccoB. B HacTosmeM JIurepaTypHOM
0030pe MpeICTaBlIeHbl OCHOBHbIE MATOI€HETHUECKUE ITyTH, 00YCIIaBIMBAIOLINE TPOIIECCHI, BEIYIIHE
K CHIDKCHHIO TUIOTHOCTH KOCTHOM TKaHU IIPH HApYIICHUsIX MeTaboim3Ma kKopTuzona. ®epmenrt 11b-
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ruapokcuctepouieruaporetasa (11b-HSD), npeacraBineHHsiil 1ByMs n30GhopMaMu OCYIICCTBIISIET
B3aMMHOE ITPEeBpallleHUue KOPTH30HA U KOPTH30Ja B TKaHIX. C MCIOIb30BAHUEM METO/I0B 00OpaTHOU
TeHETUKHN ObUIM yCTaHOBJIEHBI CHCTEMHBIE MOCIEICTBUSI HOKayTa o0enx uzodopm. YoeaurenbHbie
JI0Ka3aTeIbCcTBA JEMOHCTPUPYIOT, 4TO 00a (hepMeHTa BOBIICUECHBI B MaToreHe3 ocreornoposa. Ilo-
CKOJIBKY XMBOTHBIE ¢ AedunuTom 11b-HSD 2 tuma xapakTepu3yroTcsi MpOBOCHAIUTEIBHONW aKTHBA-
LMeH 3HJIOTENUS MBI IIPEAIIONIAraeM, YTO OTAEIbHBIA HHTEPEC IPECTABIISIET JalbHENIIEE U3yUEeHUE
B3aMMO/JICHCTBUS MEKIY SHAOTEINEM U KOCTHON TKaHbI0. 3aka0ueHue: DHPeKThl ITIOKOKOPTHKO-
unoB Ha skcrpeccuto eNOS, mno-BHIMMOMY, CYIIECTBEHHO MOAYJIHpYyeTcs u30(hepMeHTaMu
11B-HSD. Ycranosnennas cBs3b Mexay 11B-HSD u NO moxeT paccMaTpuBaThes MEPCIIEKTHBHAS
bapmakoTepaneBTHUECKass MUILIEHb. B 3TOH cBsA3H, (papmakoTepaneBTUUECKUI MOX0, HallpaBJICH-
HBI HAa BOCCTAHOBJICHHE OajlaHCa OKCHAA a30Ta B KOCTHOM M SHIOTEINAIBHON TKaHAX, paCCMaTpHU-
BAaIOIIMICS B HACTOSAIIEE BPeMs KaK OJIMH U3 HauboJjee aKTyalbHBIX CIIOCOO0B KOPPEKIIUU OCTEOIO-
PO3a MOXeET ObITh aKTyaJbHBIM U IPH HAPYIIEHUH 0OMEHa KOPTH30J1a BCIECICTBHE HEIOCTATOYHOCTH
118-HSD 2.

KuroueBble cji0Ba: 0CTEONOPO3; KOCTHOE PEMOAEIUPOBAHNE; CTEPOUIHBIE TOPMOHBI; KOPTHU30J1

Jas nurupoBanusi: Kopokun MB, Connatos BO, I'yasipes OC, u ap. Ponb merabonusma koptu-
30J1a B peaJin3alliy NaTOr€HEeTUYECKUX 3BEHbEB PAa3BUTHUSL OCTEOIOPO3a — 00OCHOBAHUE OUCKA HO-

BBIX (hapMaKoTeparneBTUYeCKNX MUIeHeH (0030p). Hayunble pe3ynpTaThl OMOMETUITMHCKUX HCCIIe-
nosanwmii. 2022;8(4):457-473 DOI: 10.18413/2658-6533-2022-8-4-0-5
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Abstract

Background: Osteoporosis is an important medical and social public health problem in an aging or
elderly society. Osteoporosis is caused by an imbalance in bone remodeling, which is a continuous
process of destruction of mature bone tissue by osteoclasts (bone resorption) and the formation of
new bone tissue by osteoblasts (bone formation). The system of bone homeostasis that regulates the
functional activity of osteoclasts and osteoblasts is represented by a wide range of molecules. The
understanding of the molecular mechanisms of bone homeostasis achieved today makes it possible to
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significantly change and expand the paradigms of treatment and prevention of osteoporosis. The aim
of the study: To consider the main pathogenetic pathways through which the effect of the cortisol
metabolism system on the development of osteoporosis is realized and to identify ways to find new
therapeutic approaches to the treatment and prevention of this pathology. Materials and methods:
To achieve this goal, we analyzed the literature on the influence of cortisol metabolism on the devel-
opment of osteoporosis published in the last 10 years. Results: To date, there are significant prereg-
uisites in the literature for a direct connection of disorders of steroid hormone metabolism with the
development of osteoporosis and a violation of osteoreparative processes. This literature review pre-
sents the main pathogenetic pathways that cause the processes leading to a decrease in bone density
in disorders of cortisol metabolism. The enzyme 11b-hydroxysteroid dehydrogenase (11b-HSD), rep-
resented by two isoforms, performs the mutual conversion of cortisone and cortisol in tissues. Using
the methods of reverse genetics, we have established the systemic consequences of knockout of both
isoforms. Convincing evidence demonstrates that both enzymes are involved in the pathogenesis of
osteoporosis. Since animals with type 11b-HSD deficiency are characterized by proinflammatory ac-
tivation of the endothelium, we assume that further study of the interaction between the endothelium
and bone tissue is of particular interest. Conclusion: The effects of glucocorticoids on eNOS expres-
sion seem to be significantly modulated by 116-HSD isoenzymes. The established relationship be-
tween 118-HSD and NO can be considered a promising pharmacotherapeutic target. In this regard, a
pharmacotherapeutic approach aimed at restoring the balance of nitric oxide in bone and endothelial
tissues, currently considered as one of the most relevant ways to correct osteoporosis, may also be
relevant in case of cortisol metabolism disorders due to 118-HSD2 deficiency.

Keywords: osteoporosis; bone remodeling; steroid hormones; cortisol
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BBenenue. Octeonopo3 — 3aboneBanue,
XapaKTepU3yloIlleecs: CHIKEHHUEM KOCTHOM
MaccChl, YXY/IIIEHUEM COCTOSIHHUS KOCTHOU
TKaHU W HapyIIEHHEM MHKPOAPXUTEKTOHHKHU
koctu. OT ocreomopo3a crpagarT Oosee 75
MWIIHOHOB 4esnoBek B EBpome, fnonum u
CIIA, ocTeomnopo30oM 00yCIOBICHO €XKETOTHO
Oonee 2,3 MMJUIMOHOB MEPEIOMOB B yKa3aH-
HbIX cTpaHax [1, 2]. Ocrteonopo3 Ha3bIBAIOT
«MOJTYAJIMBON 3MUIAEMHEN», TOTOMY UYTO BO
MHOTHX CITy4asix 3a00JieBaHHE Ha MEPBHIX CTa-
IMSIX HUKaK ceOs He mposiBiseT. BeemupHas
OpTaHu3aIysl 3[PaBOOXPAaHEHHS OPHIINATBHO
ornpenenuia ocreonopos (OIl) kak oHO U3 f1e-
CATH BaKHEUIINX XPOHMYECKUX 3a00JIeBaHMA
YeJI0BEYECTBA, MOCKOJIbKY OH OY€Hb IIMPOKO
pacrpoCcTpaHeH, UMEET YETKOE OIpe/esieHHe,
METO/Bl JUAarHOCTUKH, U BO3MOXKHOCTH ISt
npodunaktuku u nedenus. OIl — cucremHoe
3a0oJIeBaHuE CKeJleTa U3 TPYIbI MeTabosnye-
CKHX OCTEOIIaTHUH — XapaKTepU3yeTcss yMEHb-

LIEHHEM KOCTHOM Macchl M HApyILIEHUEM MHK-
POAPXUTEKTOHUKHN KOCTHOW TKaHU, YTO IPUBO-
JUT K CHIKEHUIO MPOYHOCTH KOCTH M, KaK
CJIEJICTBUE, K MIOBBIIIEHNIO PUCKA BOSHUKHOBE-
Hus nepenomoB. byayun ogHol u3 Hanbonee
YacThIX NMPUYUH MATOJOTHYECKUX WHBAIUIH-
3UPYIOIIUX TIEPEIOMOB, OCTEOINOpPO3 CyIile-
CTBEHHO OIPaHMYMBAECT KAa4e€CTBO M IPOJOJI-
KUTEIbHOCTh JKM3HU U yCYTIyOJIsleT TeueHue
COITyTCTBYIOIIUX 3a00seBanuii [3, 4].
OcTteornopo3 BbI3bIBaeTCS IUCOATaHCOM
peMOIENMPOBaHUS KOCTH, KOTOPBIH NPEACTaB-
JsieT co00i HETIPEPBIBHBIN MpoIiecc, MPH KOTO-
POM 3penasi KOCTHasl TKaHb yJIaJseTcsl OCTEO-
Kyactamu (pe3opOLus KOCTH), a HOBasi KOCT-
Has TKaHb Gopmupyetcst octeobnactamu (00-
pazoBanue Koctu). UpesmepHas pe3opOmus
KOCTH WJIM HEIOCTaTOYHOE O0pa3oBaHHE HO-
BOM KOCTH B MpoIiecce KOCTHOT'O PEMOIETUPO-
BAaHMS MOKET MPUBECTU K OCTEONOPO3y [5].
Hayunble pocTmxkeHuss COBpEMEHHOU
OMOMEeTUITHBI TPUBEIIH K IPOPHIBY B TEPAITUU
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OOJIBHBIX CO CHM)KEHUEM INIOTHOCTH KOCTHOM
TKaHU. 3a MOCJIEIHUE TPU JECATUIIETUS apce-
HaJI CPECTB JIJIs JICUEHUS MOI0OHBIX MalyeH-
TOB MPOJBUHYJICS OT 3aMECTUTEIIbHOU Tepa-
MU 3CTPOTCHHBIMU NIpernapaTaMyd U BUTAMH-
HOM D 110 mpuUMEHEHHS] TaKuX PEBOJIOIMOH-
HBIX CpelncTB Kak OucdocdoHatsl, panmokcu-
(beH (CeJIeKTHBHBIA MOIYJSTOpP pelenTopa
ACTpOTeHa), eHocyMabd (aHTUTENIO K BHYTPH-
kierouHomy (aktopy RANKL) u pexomOu-
HaHTHBIM ITapaTUPEOUIHBIM TOPMOH. Tem He
MeHee, 3HaYUTeNIbHBIN mporpecc B (hapmako-
Tepanuy OCTEONOpO3a HE CHMIKAET aKTyallb-
HOCTh IIOMCKa HOBBIX OCTEONPOTEKTOPOB H
MHUILIECHEH JJIsI BO3IACHCTBUS HA IIPOLIECCHI
OCTEOPEMOJIETIUPOBAHUS. AKTYyalbHOCTh
JAJbHEUIINX UCCIEAOBAHUI MTPOAUKTOBAaHA, B
YHUCJIe IPOYEro, TeM, 4TO JJisl YCIEIHOH nep-
COHAJIM3UPOBAHHOW TEparuu Bpad JOJDKEH
pacnojarate OOJBIIMM BBIOOPOM PE3EPBHBIX
cTpareruii neuenus. Hampumep, o100peHHbIi
FDA B niepBoii nonosune 2019 roga npenapat
poMOco3ymMal, MPOXOAMI TOJTYIO TPOLETYPY
pEerucTpali Hu3-3a BBICOKOTO pHUCKA cep-
JIEYHO-COCYJIUCTBIX  OCJOKHEHUH.  Kpome
TOTO, PY NPUMEHEHUH HEKOTOPBIX COBPEMEH-
HBIX AHTHOCTEONOPOTHYECKUX IpenapaToB
MIPOUCXOAUT Pa3BUTUE TOJEPAHTHOCTH.
N3BecTHO, YTO CHMXKEHUE OCTeopenapa-
TUBHBIX TPOLIECCOB M YBEIMYEHUE OCTEOope-
30pOLIMK YacTO CBSI3aHbI C HAapyLIEHUEM 00-
MEHa CTEPOUJIHBIX TOPMOHOB. B cBsi3u ¢ 3THM,
OCHOBHBIMH (haKTOpaMU PHUCKA JJIs Pa3BUTHUSA
OCTEOIOpO3a SBJISETCS MOCTMEHONAY3albHbIN
MEPUOJ U JJIUTEIbHAS TEparnus TIIFOKOKOPTH-
kougamu [6]. [ToaTomy omHuM U3 Haumbojee
OUYEBHJIHBIX HAIMpPABJICHUN IS TIOMCKA MOJIE-
KYJISIDHBIX MNPEIUKTOPOB U HOBBIX MUIIEHEH
i apMakoTepanuu OCTEeonopo3a SBISETCS
CHUCTeMa TKAaHEBOTO MeTaboim3Ma CTEepOU/I-
HBIX TOPMOHOB. CKeJeT SBISIETCS OTHOW W3
KJIACCUYECKUX MHUIIEHEH TIIOKOKOPTUKOU/I-
HBIX TOpMOHOB. KOpTHKOCTEpOUIHAS aKTHBA-
LUs TPU TUIEPKOPTULIU3ME, JIIUTEIBHOM Jie-
YEHUU KOPTUKOCTEPOHUTHBIMUA TOPMOHAMHM WJTH
aJIbJI0CTEPOHU3ME ACCOLMMPOBAHA CO CHIKE-
HHEM IJIOTHOCTH KOCTHOM TKaHu [7, 8].
®epment 11b-runpokcucrepouaeru-
porenasa (11b-HSD), npeacraBneHHbIN 1ByMs

n30(opMaMu OCYIIECTBIISIET B3aUMHOE IIpe-
BpallleHue KOPTU30HA U KOPTH30JIa B TKAHSX.
C ucrnonb30BaHUEM METOJIOB 0OpaTHOI reHe-
THUKH OBLJIM YCTAHOBJIEHBI CUCTEMHBIE TOCIIEI-
CTBUS HOKayTa o0eux uzodopm. YOeauTenb-
HbIE J0KAa3aTeIbCTBA JIEMOHCTPUPYIOT, YTO
o0a (epMeHTa BOBJICUYEHHI B MATOI'€HE3 OCTe-
onopo3a, npu 3Tom 11b-HSD 2 Tumna no Bcei
BUJIUMOCTH BBITIOJIHAET OCTEONPOTEKTUBHYIO
ponb. Tem He MeHee, HA CErOHSIIHUN JeHb
OTCYTCTBYIOT KOMIUIEKCHBIE in ViVO U in Vitro
UCCJIEJIOBAHMSI, MTO3BOJISIOIINE OKOHYATEIIbHO
CyIUTh O €ro BKJajae B ocTeomnopo3. Kpome
TOr0, TOCKOJBKY >KHBOTHBIE C JAepUIMTOM
11b-HSD 2 Tuma xapakTepu3yrTcs poBoCIa-
JUTENbHOM aKTUBALMEW YHAOTENNS MBI MIpeJ-
M0JIaraeM, 4To OTJEIbHBIN UHTEPEC MPEICTaAB-
JSIeT U3y4YEeHHE B3aUMOJICHCTBUS MEKIY IH/I0-
TEJIMEM M KOCTHOW TKaHblO. BBHIYy aHaromu-
YECKUX 0COOEHHOCTEH CTPOEHUS COCYAUCTOTO
pycia ckenera, PyHKIUs SHIOTENUS SIBISICTCS
KPUTHYHOM NJIi TOMEOCTa3a KOCTHOM TKaHHU.
[Ipenpiymme uccienoBanus HaIeTO KOJUICK-
THUBa TOJTBEPAUIN 3Ty CBsSI3b U MPOJAEMOH-
CTPUPOBAJIIM, YTO BOCCTAHOBJICHHE (YHKIIUU
3HJO0TeNus, B ToM uyucie NO-npoayuupyro-
mei 00JaaeT BBICOKUM TEPaneBTUUYECKUM
NOTEHIIMAJIOM TpPU KOPPEKLUUU SKCIEPUMEH-
TaJHLHOTO OCTEOTOPO03a, a aHAJIN3 U OIICHKA HO-
BbIX (pu3MoOIOTMYEeCKUX MHUIIEHEH A papma-
KOJIOTMYECKOW KOPPEKLIMH HApYyIIEHUH Mpo-
LIECCOB KOCTHOTO PEMOJIETUPOBAHUS SIBIIETCS
aKTyaJbHOM HAYYHOU 3a7a4ei.

eanb ucciaexoBanus. PaccMorpers oc-
HOBHBIE TTATOT€HETUUECKHE TYTH, YePe3 KOTO-
pble peann3yeTcsl BIUSHUE CHCTeMbl MeTabo-
JU3Ma KOPTHU30Jia Ha Pa3BUTHE OCTEONOPO3a 1
0003HAaYHUTh MYTH MOWCKA HOBBIX TE€PAINEBTH-
YECKHUX TIOJIXOJIOB K JICUCHUIO W TPOQHIIaK-
THUKE 0003HAYCHHOMN MATOJOTHH.

Marepuanbl M MeTOABbI HMCCJIEA0BA-
Hus. J[J19 DOCTHXKEHMsI MOCTaBIEHHOM IeNH
OBLIT IPOBEJICH aHAU3 JINTEPATYPHBIX UCTOY-
HUKOB TIO TIpoOJieMe BIMSIHHS MeTaboin3mMa
KOpPTH30Jla Ha Pa3BUTHE OCTEONOpPO3a, OMmyo-
JUKOBAaHHBIX 3a nocienuue 10 ner.

Ocmeonopo3 u memaboausm cmepouo-
HbIX 20PMOHO8

[IneitoTponHOoCTh OHONMOTMYECKUX 3-
(heKTOB CTEPOUIHBIX TOPMOHOB M CIIOKHOCTH
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myTel nX MeTadoanu3Ma o0yclaBiINuBalOT TPY/I-
HOCTH B OKOHYATEIbHOM IMOHMMAaHUH MaTOre-
HETHYECKHX aCIEeKTOB Pa3BUTUS U IIPOrPECCH-
poBaHMsI ocTeonopo3a. B TkaHsx, skcnpeccu-
PYIOIIUX PELENTOPbl K CTEPOUIHBIM TOPMO-
HaM, (pyHKIMOHUPYET CIOXKHBIN KacKaa dH3H-
MaTUYEKUX MPEBpAIICHUM, KOTOPBIA JIUMUTHU-
pyeT B3auMO/IeliCTBHE TOPMOHOB C UX BHYTpPHU-
KJICTOYHBIMHM JINTaH1aMHu [9].

OO6HapysxeHue peenTopoB CTEPOUIHBIX
TOPMOHOB Ha OCTEOLUTAX MPUBEIO YUYECHBIX K
MBICITH, YTO CTEPOUJIHBIE TOPMOHBI JOJKHBI
MOJTyJTUPOBATh UX OMOCHHTETHYECKYIO aKTHB-
HOCTb. Bckope mocie 3Toro ObUIO MOKa3aHo,
YTO CTEPOUIHBIE TOPMOHBI HE TIPOCTO BIHSIOT
Ha (YHKIIMOHATLHOE COCTOSIHUE CYIIECTBYIO-
X OCTEOLUTOB, HO (DAKTHUECKHU SBIISIOTCS
MOIIHBIMH PETYIATOpaMU MX O0pa30BaHUA U
MPOJOJDKUTENLHOCTH Ku3HH. B 1992-1995 ro-
Jlax MOKa3aHbl [IUTOKUH-OTIOCPEIOBaHHbBIE Me-
XaHU3MBI PETYJIALNN OCTEOKIacTOreHes3a 3CT-
poreHamu u aaporeHamu [10, 11]

Cpenu KiIOUEBBIX (PEPMEHTOB, BIIHSIO-
IIMX Ha KHHETUKY CTEPOUIOB B TKAHSIX MOKHO
BBIZICIUTH JiBe M30(opmel 11B-ruapokcucte-
poungeruaporenassl (11B-HSD), ocymecTts-
JSIOLIME MPEPEeLEenTOPHBIA KOHTPOJIb OHOJI0-
rMYecKoi akTUBHOCTH KopTu3oia. 11B-HSD 1
TUINA OCYIIECTBISAET KaTaiu3 MeTaboIUTOB
TJIIOKO- U MUHEPATOKOPTUKOUIOB B X aKTHB-
Hele ¢opmbl, a 11B-HSD 2 Tuna, HanpoTus,
IPUBOANT K MHAKTHUBALUM CTEPOUIOB, MPEIy-
npex/1ast N30BITOYHYIO aKTUBAIIMIO MIHEPAJIO-
KOPTUKOMIHBIX M KOPTUKOCTEPOUTHBIX perier-
TOpOB. Y ueloBeKa M TPbI3YHOB JIBE H30-
(dbopMBbI, KOAUPYIOTCS pa3sHBIMU T'€HaMH, pac-
MIOJIOKEHHBIMH Ha Pa3HBIX XPOMOCOMaX, U Oa-
JIAHC MEXIY UX aKTUBHOCTBIO ONpeessieT UH-
JVBHTyaJbHBI OTBET TKAHHM HAa TOPMOHAIb-
HbIE U TapaKpUHHBIE Bo3aencTBus [12, 13].

W3 akTyaiapHBIX pabOT, MOKA3bIBAIOIITIX
pOJb MeTaboaM3Ma CTEPOUIHBIX TOPMOHOB B
pazButun U JauddepeHIUpoBKE KOCTHOMN
TKaHU MBI BbIJIEJIIEM PaOOThI IPYMIIbI YYEHBIX
moa pykoBojcTBoM Hao Xiao, mokazaBmimx
YTO HU3KHMHA ypoBeHb akcpeccun 11B-HSD 2
OTIOCPENyeT MPEepacoioKeHHOCTh K OcCTe-
OIOpO3y, BBI3BAHHOMY IpPEHATAJIbHBIM BO3-
neiicteueM kodenHa y Kpbic-camIoB [14], a
TaKXe HCCIeI0OBaHUEe TPYMIbl aMEPUKAHCKHX

YYEHBIX, TTOKazaBmux, uro Hsd11bl sBmsercs
MUIICHBIO ISl Pa3pabOTaHHOTO MMHU JIeKap-
CTBEHHOTO  CpEJICTBA, JIMMUTPUPYIOIIETO
ocTeoreHe3 W (PyHKIMOHAIBHYIO aKTUBHOCTH
OoTCceokJ1acToB [15].

Bri3BaHHas MIIOKOKOPTUKOUAMU aKTH-
BallMsl OCTEOKJIACTOB U MHAKTHUBAIIMS OCTEO00-
JaCTOB IPUBOJUT K OTpULIATEILHOMY OanaHcy
KaJbIUsl B KOCTSIX. Biiokupyst B octeo0macrax
Wnt-curnanuzanuioo © SKCIPECCUI0 TpaH-
CKpUIIMOHHOTO (hakTopa Runx2, rirokoxop-
THUKOMU/JIbI OCTAHABJIMBAIOT OCTEOT'€HE3 U OCTEO-
penaparuto [7]. PaboTkl B JaHHOM Harpasiie-
HUU 3aKOHOMEpPHO MPUBEIN K MOHHUMAHUIO
BaXHOU POJIM TKAHEBBIX (PepPMEHTOB MeTabo-
JU3Ma CTEPOUJIOB B Pa3BUTUHU OCTEOIIOPO3a.
B kocTHO# TKaHM 4YeloBeKa U TPHI3YHOB MPH-
cyTcTBYIOT 00a (epmenta 11B-HSD, ognako
n3zodopma 1 sKcpeccupyeTcst TOJIBKO B OCTe-
objacTax M OCTEOKJIacTaxX, a m3odopma 2 —
TOJIBKO B ocTeoOsactax [16, 17]. B uccnenona-
Hun Arampatzis S. et al. (2013) mokasaHo
000CHOBAaHHOE TMPEIOJI0KEHHE, YTO JucOa-
naHc akTuBHOCTH n3odopMm 11B-HSD mpuso-
JUT K HAKOIUICHHIO KOPTU30JIa B KOCTHOMN
TKaHU U CTUMYJISIIIUM aKTUBHOCTH OCTEOKJIa-
CTOB C JaJbHEUILIEN TeMUHEepaIu3aluen KocT-
HOi1 TKaHu [18].

Mpiu ¢ HokayToMm 11B-HSD 1, coznan-
HbIE U 0XapaKTepU30BaHHbIE B DIUHOYpre noj
pykxoBojactBoM IOpus Korenesnesa B 1999 r.
JEMOHCTPUPYIOT METa0O0INUECKYIO TOJIEPaHT-
HOCTh K BBICOKHUM J103aM TJIFOKOKOPTHKOHUJIOB,
YTO JIOTUYHO UCTEKaeT M3 (PYHKIMH JTaHHOTO
tdhepmenTa [19]. HemaBHO OBLIO TPOBEACHO HUC-
cleJoBaHMe, MOATBEPKAAIOIIee, YTO JAaHHAs
JMHUSL YCTOMYMBA K Pa3BUTHIO OCTEOIOPO3a
IIpU BO3AECHCTBUU BBICOKUX 103 TJIFOKOKOPTH-
kou1oB [20]. Mpimm ¢ Hokaytom 11B-HSD 2
TUTA, TIOJYYEHHBIE TEM JK€ KOJJIEKTHBOM,
CKJIOHHBI K TUIIEPTEH3HH, CEPJIEYHON HE0CTa-
TOYHOCTH, TUTIOKAJIMEMUN W PA3BUBAIOT KJIH-
HUYECKYI0 KapTHHY, CXOXKYI0 C CHHAPOMOM
runepaibaocteponnsma [21, 22]. Ognako, He-
CMOTpsl Ha TIyOOKUH (heHOTHIHUYECKUN aHa-
713, IPOBEJIEHHBIN 3a 20 JIeT, CBEIEHHs O COo-
CTOSSHUM KOCTHOW TKaHU y JIaHHOW JIMHHUH
MPaKTUYECKH OTCYTCTBYIOT. Hanbonee Omu3-
KO K 3TOMY HampaBJeHHI0 paboToil ObLIO CcO-
3nanue B 2004 r. nuHuy, ¢ skcnpeccueit 11f-
HSD 2 B ocreoknactax, koTopas IMoOKa3aia
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YCTOWYMBOCTb K OCTEOINOPO3Y MPHU BBEACHUU
BBICOKHX JI03 TJIIOKOKOPTHKOHWAOB [23, 24].
Taxoke B 2017 roay BbluIa padbora, TIe Ipo-
JEMOHCTPUPOBAHO, YTO THUIEPIKCIPECCHS
11B8-HSD 2 B ocrteobmnacrax, nmpuBeia K CHU-
KEHHIO YKCITPECCUU MTPOATTONTHYECKUX (HaKTO-
poB Fas u kacmassI-8 in vitro [25].

DHoomenuii 0NOCPeOoBaHHAsi AKMUBA-
Yusi nPoYecco8 KOCMHOU pe3opoyuu

Cy1iecTByIOT U Apyrue MNPeAroChUIKH,
YKa3bIBAIOIIME€ HA TECHYIO CBSI3b MEXKAY aK-
tuBHOCTHIO 11B-HSD 2 1 MuHepanbHO# TI10T-
HOCTBIO KOCTHOW TKaHH. Psj uccriemoBaHMii
neMoHcTpupyet, uro HokayT HSD11B2 mpu-
BOJMT K CYIIECTBEHHOMY yXYyAIICHUIO (HyHK-
MU COCYIUCTOM CTEHKH, YTO BBIPAXKAETCS B
MIPOrPECCUPOBAHUU aTEPOCKIIEPO3a U YBEIH-
YEHUU DKCIPECCHUU MOJIEKYJT MEXKKJICTOYHOM
anaresun sHuaotenuorutamu [26]. Ilocnennee
OOCTOSITENTLCTBO MPEACTABISETCS HaM OCO-
OCHHO Ba)XHBIM BBUJY TECHOW CBS3H MEKIY
(hyHKIHEH SHI0TEIHS 1 MOPPOPYHKINOHAb-
HBIM COCTOSIHHEM KOCTHOM TKaHU, COCYIUCTAast
CETh KOTOPOM MpeACTaBICHA TOJIBKO SHIOTE-
JIMAJTLHBIM MOHOCJIOEM.

C ucnosap30BaHUEM MOJIEKYISIPHO-O0MOTI0-
TMYECKUX TIOJIXOJIOB M METOZOB 0OpaTHOM reHe-
THKA B HACTOSIIEE BPEMSI YCTAHOBIIEHA POJIh
000ux (epMEHTOB B PETYIISIIH apTEPHATIHHOTO
JIABIICHUSI, DJIEKTPOJIMTHOIO COCTAaBA IUIA3MBbI
KpPOBH, BIIMSIHUM HA MHUHEPAJIbHBIA 00MEH KOCT-
HOM TKaHH Y KapIUOTPOITHOE JICHCTBHE.

Kpome Toro, nockosbKy >KUBOTHBIE C JI€-
¢unurom 11b-HSD 2 tuna xapakrepusyrorcs
MPOBOCHIAJIUTEIIBHON aKTHUBAUEH 3HAOTEIIHS
[26], MBI TIpeanonaraem, 4ro OTAEJIbHBIA HH-
Tepec MPEeJCTaBIsAECT U3YYEHUE B3aUMOJECH-
CTBUS MEXKIy SHJOTEIINEM U KOCTHOM TKaHBIO.
BBuay anarommdecknx 0COOCHHOCTEH CTpoe-
HUS COCYTUCTOTO pyclia ckenera, QyHKIUs dH-
JOTEINS SABIISACTCS KPUTUIHOM JISI TOMEOCTa3a
KOCTHOM TkaHu. [Ipenpiayiue uccieqoBaHus
HaIIero KOJUIEKTUBA MOITBEPAUIH 3Ty CBSI3b U
MPOJICMOHCTPUPOBAIIA, YTO BOCCTAaHOBJICHHE
GbyHKIMU 3HA0TENUS, B ToM yncie NO-npoxy-
UpYHoIIel 00liaaeT BEICOKHM TepareBTHYe-
CKHMM MOTEHIIMAJIOM MPU KOPPEKILUU IKCIIEPHU-
MEHTaJILHOTO OCTEOTIOP03a, a AaHAJIN3 U OI[EHKA
HOBBIX (DM3HOJOTUYECKUX MUIIeHeH ams dap-
MaKOJIOTUUECKOW  KOPPEKIUU  HAPYIICHHM

IPOLECCOB KOCTHOT'O PEMOAEIUPOBAHUS SBIIS-
€TCsl aKTyaJIbHOM SKCIIEpUMEHTAJIbHOM 3aja-
yeil. TepameBTHUeCKUi MOTEHIHAT TOJ00-
HOTO 10/1X0/1a ObLT MPOJIEMOHCTPUPOBAH C UC-
II0JIb30BAHUEM T'MIIO3CTPOT€H-UHAYLIUPOBAH-
HOT'O U aCCOLIMMPOBAHHOIO C 3HI0TEIUAIBHON
nuchyHKIMen ocreonoposa [27, 28]. B cBszu
C MpuBeIeHHOW HH(OpMaLMeld, Mbl CYUTAEM
000CHOBAHHOM TMIIOTE3Y O TECHOM CBSI3U dep-
menTa 11B-HSD 2 ¢ ocTeonopo3om, HapyIie-
HUEM B3aUMOJICUCTBUS MEXY dHIOTEIUEM U
KOCTHOM TKaHbIO, a TAaK)K€ CHM)KEHHEM OMO-
cunte3a NO.

Hecmotpst Ha noka3aTenbcTBa ydacTus
¢depmenTrbix cucreMm 113-HSD 1 u 2 B pery-
TS QYHKIUN SHIOTENHS ¥ MHUHEPATbHBINA
00OMeH KOCTHOM TKaHU, Ha CETOAHSIIHUN JCHb
OTCYTCTBYIOT JIaHHBIE, XapaKTEePU3YIOIIHe
IPOLECChl KOCTHOIO PEMOJCIUPOBAHUS H
ocTeopenapauMd y MbIIIEH C TEHOTUIIOM
11B-HSD2—/— u 11B-HSD2+/-. OtnenbHbie
IOPEINOChUIKY, YKa3blBalOIIME Ha TECHYIO
CBSI3b TAHHOTO (hepMeHTa ¥ (PYHKINOHATIHHOE
COCTOSIHME SHJOTEIHOLUTOB, 00yCIaBINBAIOT
1eJIeCO00Pa3HOCTh  KOMITJIEKCHOTO — IIeJieHa-
MPaBJIEHHOTO  M3yY€HHUS  B3auMMOJCHCTBUS
KOCTHOM TKaHU M COCYIUCTOTO JHIOTEIHS C
OLICHKOW DPOJM OKCUJa a30Ta B pealn3alyu
ocreoTponHbIX dpdexroB 11B-HSD 2.

Ocmeonopo3 u caxapuwlii Oouabem -—
POJIb MemaboauIMa KOpmu3ona

Kak u ocreomopos, caxapHblil nuabet
SIBJISIETCSI COBPEMEHHOM MaHIEMHUEN CO 3HAYU-
TEJIbHOM 3a00JIEBa€MOCTBI0 U CMEPTHOCTBIO
[29]. IIpu xponnyeckoMm TeueHuu CJ okasbi-
BaeT HeOJaronpusTHOE BO3JEHCTBUE Ha pas-
JMYHBIE OPTaHbl U TKaHU, BKJIIOYask KOCTH, He-
PBBL, MBILIIBI, CETYATKYy, CEPAECUYHO-COCYIHU-
CTyIO cuctemy u nouku [30].

C TOYkHM 3peHus paccMaTpUBacMbIX B
JTAHHOM CTaThe MEXaHW3MOB peajH3alllH Ma-
TOT€HETUYECKUX 3BEHbEB PAa3BUTHUSL OCTEOIO-
pO3a OCHOBHOI MHTEpEC MPEACTABISAIOT MyTH,
4yepe3 KOTOpBIE Pealu3yeTcsl BIUSHUE TOBbI-
IIEHHBIX KOHIIEHTPAaLMH KOPTU30Jla HA MeTa-
00113M 1M0K03bl. [lOBBIIIEHNE 3SKCIIpeccHH
11B-HSD-1 nox neiicTBueM BBICOKUX KOHIIEH-
TpalMi TIIOKO3bl 3aKOHOMEPHO INPUBOAUT K
YBEJIMYEHUIO KOHIEHTpaluuu KopTtuszona. Ms3-
BECTHO, YTO Y TYYHBIX JIOJEH B JKHPOBOH
TKaHU TMoBbIIIeHa skcnpeccus 11B-HSD-1
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[31]. B Toxe BpeMs MOKa3aHO, YTO TPAHCTEH-
HBbIE MBIIIH, CEJIEKTUBHO CBEPXIKCIIPECCUPYIO-
mue 11B3-HSD1 B xupoBoii TkaHu, XapaKTepH-
3YIOTCSl BBIPOKEHHBIM META0O0IMUYECKUM CHH-
JPOM C BUCLIEpAJIbHBIM 0XKUPEHUEM, JUCIUIIU-
JeMuel, HHCYJIMHPE3UCTEeHTHRIM 1ua0eToM U
rurnepronuei [32, 33].

Koprtuzon peryaupyer merabonusMm u
TG GEepeHIIMPOBKY  aTUTIONUTOB,  CIIOCO0-
CTBYsl aJUIIOI€HE3y M YBEJIMUYEHHIO 3aIracoB
BHCIIEpalbHOTO xupa [34, 35, 36]. Taxxe kop-
TU30JI YMEHBIIAET YyBCTBUTEIbHOCTh TKaHEH
K UHCYJMHY CHUXasl CPOJCTBO DPELENTOPOB,
WIA JIa)Ke KOJMYECTBO PELENTOPOB K MHCY-
JIMHY, CHHMJKAeT IOIVIOIIEHUE TJIFOKO3bI KIIET-
KOl 3a cueT M3MEHEHUs TpaHCIOKalUU
GLUT4 na mia3maTtuyeckyto MmemOpany [37].
B 2010 roay mokaszana knuHHYecKas dddex-
tuBHOCTh MHTHOUTOpa 11B-HSD1 mon mmd-
pom INCB13739 B KOHTpOJIE THIIEPTIUKEMHUH
U yJIy4IIEHUH YyBCTBUTEIBbHOCTH K MHCYJIUHY
y MalUEeHTOB C CaxapHbIM JAMA0ETOM, II0OXO
KOHTPOJUPYEMbIM MeTGopMuHOM [38].

BnusiHue rIItOKOKOPTUKOMJIOB Ha CEKpe-
LMI0 UHCYJIMHA 3aKJII0YaeTCs B CHUKEHUH CEK-
pelMy WHCYJIMHA [(-KJIEeTKaMu MOKeTy104d-
HOM ’KeJe3bl, U3MEHEHUU HMU OKHUCIUTEIb-
HOT'0 MeTaboIM3Ma III0KO3bl, a TAK)Ke aKTHBa-
nuy penossipuzanuu K+-kananos. Yka3zaHHbIE
IpoIecchl MHIYLHUPYIOT 00pa3oBaHHUE aKTHB-
HBIX (OpPM KHCIOpOJa, TOBBIINIAIOT AKTUB-
HocTh 11B-HSD1 u canxarot 3¢ (hekTHBHOCTh
BHYTPHUKJIETOUHBIX MOHOB Ca2+ B cekperop-
HoM otBete [39]. Co cHmkeHneM pyHKuuu B-
KJIETOK XPOHHMYECKasl TMIEPIIIMKEMUsSI BbI3bI-
BA€T OKHCIMUTEIBHBIA CTPECC, BOCIHAJICHHUE,
BbIpaOOTKY aKTHUBHBIX (OpM  KHUCIOpOJa
(ADK) u KOHEUHBIX MPOAYKTOB TIIIMKHPOBA-
Hus (KIII'), BbI3bIBast MOBPEXKAEHUE OPTaHOB U
CHIKEHME MPOYHOCTH KOCTed. B wacTtHOCTH,
Hakorienue KIII' B auabeTnyeckoM KOCTHOM
KOJUJIaTeHe OMNpeJeNiieT CHI)KEHHUE CBOMCTB
KOJUJIar€Ha Y TOBBIIIEHHYIO CKJIOHHOCTD K Iie-
penomam. KIII' m rumeprimkemus Takxe
HanpsMyl0 MHTHOUPYIOT 00pa3oBaHUE KOCTH
MMOCPEJICTBOM TOJaBICHUsT (DYHKIIMH OCTEO0-
nactoB. Ilpu caxapHom nuabere l-ro Tuma
(CA1) 1 Ha MO3IHUX CTAJUSAX CaXapHOIo Jua-
o6era 2-ro tuna (CI2) xkocreoOpa3oBaHHe
TaK)X€ CHUKAeTCs M3-3a JAepUIMTa WHCYJINHA

3a cueT MHTMOUPYIOIIEro NeHCTBUS Ha 0CTe00-
JacThl TMOO0 HETIOCPEACTBEHHO, JT00 uepes u3-
MEHEHHS] B MHCYJIUHONOAOOHOM (pakTOpe po-
cra 1. M3mMeHeHuss B MeTabOJIIMYECKOM IYTH
Kanpluid-nmapatupeonnbii - ropmon  (I1TD)
MPUBOAAT K OTPHUIATEIBHOMY OanaHCy Kaib-
1Usl, TEM CaMbIM CIIOCOOCTBYS JIeMUHepaIn3a-
IIY KOCTel Mpu caxapHoM auadete [40]

Ocempaoduon-onocpedosannas pe2yiayus
axmuenocmu 110-HSD

Octeonopo3 sBIISETCSI CEPhE3HOM MPO-
O51eMoil 171 3710pOBbsI JKEHIIMH B IMOCTMEHO-
nayse. KoctHas macca yBennumBaercst B JIET-
CTBE, JOCTUTas MUKa K TPETbEMY WJIH YeTBEp-
TOMY JECSTUJICTUIO KU3HU >KeHIIMHEL. [locie
3TOr0 HAYMHAETCS MOTEPsl KOCTHOM Macchl, KO-
TOpasi yCKOpSIeTCs B IEPHO MEHOMay3bl. B uc-
CJIEIOBAHMIX COOOIIAETCs, YTO YACTOTa OCTe-
OTI0p03a YIBAaMBAETCS TPUMEPHO KaXKABIE 5
JeT, HauuHas ¢ Bo3pacta 45-49 ner ¢ 3,3% u
nocreneHHo yBenuuusasch 10 50,3% B BO3-
pacte 85 net u crapie [41, 42].

W3BecTHO, 4TO peMoIeIMPOBaHIE KOCTH
OCYIIECTBIISIETCS O0CTe00IacTaMH, OCTEOKJIa-
cTaMu u ocreonutamu. OTpHUIATENBHBIA AHC-
OanaHc peMOJIeNIMPOBAaHUS KOCTH, MPH KOTO-
POM pe30pOIusl KOCTH IMpEBBILIAET 00pa3oBa-
HHE KOCTH, IPUBOJUT K ocTeonopo3y. Ha kie-
TOYHOM YPOBHE CYIIIECTBYET HECKOJIBKO MeXa-
HU3MOB HapyIIEeHUs KOCTHOTO PEMOJIEINPOBa-
HUS U OCTeOpenapaIiy, CBI3aHHbIX C IeUIIH-
TOM 3CTPOTeHOB [41]. Penentops! k acTporeny
(ER) B BBICOKOI1 CTEIICHH SKCIIPECCHPYIOTCS B
ocTeo0J1acTax, OCTEOKIAacTaX M OCTEOLHUTaX,
OKa3bIBas 3alIUTHOE JIEHCTBHE HA KOCTh. DCT-
poren cBsa3biBaeTca ¢ ER, koropwlie perymu-
PYIOT DJKCHpPEeCcCUr0 OEJIKOB, KOAUPYIOIIUX
TeHbl MUIIEHEH 3CTporeHa — WHTEepIeHKuH-1
(IL-1), uacynmuHONOMOOHBIN (hakTop pocta 1
(IGF1) u tpanchopmupyrommii Gpakrop pocra
oera (TGFp) [43]. HemocraTok acTporeHa us-
MEHSIET JKCIIPECCUI0 T'€HOB-MHILIEHEH 3CTpo-
reHa, ypennunBas cexpenuto WMJI-1, UJI-6 u
¢akropa Hekpoza onyxonu (PHO). Uccneno-
BaHUS TaKKe MOKAa3aJv, YTO NEPUIUT ICTPO-
reHa HapsAMYIo BiIMseT Ha AU pepeHInpoBKy
KJICTOK U aronTo3 [44].

VYCTaHOBIIEHO, YTO ACTPAaaUOi TOaB-
asiet aktuBHOCTDH 11B-HSD1 [45], uro npuBo-
IUT K CHWKCHHIO 00pa30BaHUS aKTHBHOTO
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KOPTH30J1a Ha KJIETOYHOM ypoBHE. Mcnonb3ys
muddepennmpoBannbie  agunonutel 3T3-L1
nmokazaHo, 4to 17B-3cTpaanon wHTHOUpyeT
aktuBHOCTH 11B-HSD1. AnTaronucts! pemern-
topa actporeHa, ICI-182780 u TamokcudeH,
HE CMOTJIH OJIOKHPOBATh 3P (HEKT ero HHruou-
poBanusa. Kpome Toro, aneTuinpoBaHUE WU
a-anuMepusanus  17-ruapokcurpynmnsl  17B-
CTpajuoyia OclabliseT ero HWHTruOHupyomee
neiicteue Ha 11B-HSD1. Kunernueckoe wuc-
CIIeJOBaHHE TII0Ka3allo, 4YTO 17B-3CTpaanon
NEeNCTBYeT KaK HEKOHKYPEHTHBI HMHTUOUTOP
118-HSD1 [36]. Kpome TOro, scTpOreHbI
TaKk)kKe MOTYT MOAABIATH JCHCTBHE IUTaHIa
snepHoro dakropa-kf (RANKL), uarubupys,
TakuM 00pa3oM, 00pa30BaHUE OCTEOKIACTOB U

— [NOKo3a

[nroKoHeoreHe3

PEe30pOTUBHYIO aKTUBHOCTb KOCTH, peanusye-
MYIO 3a cueT KopTtu3zoia [46].

llepcnexmusnvie gapmaxomepanesmu-
yecKue Muuienu

Takum 00pa3oM, Ha CETOJIHSAIIHUNA JACHb
B JIUTEpAaType HMEIOTCS BECOMBIE MPEIIO-
CBUIKU MPSMOI CBSA3M HapylIeHUW B MeTabo-
JU3ME KOPTU30Jia C pa3BUTHEM OCTEONOpOo3a 1
HapylUIeHHEM OCTEOpenapaTUBHBIX Ipolec-
coB. OCHOBBIBAsACh Ha MPOBEJICHHOM JIUTEPaA-
TYpHOM 0030p€, MBI MOKEM BbIJIEJIUTH OCHOB-
HbIE€ MATOT€HETUYECKUE MEXaHU3MBbl, CBsI3aH-
HbIE ¢ METa0OIU3MOM KOpPTH30Ja U 00yciaB-
JIMBAIOIIME TTPOLIECCHI, BEAYIINE K CHUYKEHUIO
IJIOTHOCTH KOCTHOM TKanu (Puc.).

-
~
S . | MwHepanmnsaums
Y - -
A 4l
=
o dv
d’\? M CHUMXEHWe

o = o

MNOTHOCTH

KOCTHOM
TKaHH

& \ —» | Pesopbuus | —»

VEGF

HopmanbHan
Tpoduka

KOCTHOW
TKaHW

[ ynyuwenue dyHkuum
L 3HAOTENMA

LEGEND:

-

£ |
4
| a ./.

OcTeobnact

OcTeoyut

npeﬂI.IJeCTBEHHI/IK
OCTeoKnacTa

OcTeoknacTt

-

/f—;—-\

JHAOTENNOLUT

[Mpumeuanue: 11B-HSD-2 — 11-6erracTepounneruaporenasa sroporo tuna; 11p-HSD-1 — 11-6erracTepounnernapore-
Hasa nepsoro tuna; VEGF — ¢axrop pocra sugorenus cocynos; RANK — Penentop-akTuBarop siiepHOT0 TPaHCKPHII-

roHHoro ¢akropa NF-KB

Puc. Bausgaue metaboansMa KOpPTHU30JI1a Ha MaTOIrCHETUYCCKUE ITYTHU, BEAYIIUC K CHUKCHHUIO ITJIOT-

HOCTH KOCTHOMW TKaHH.
Note: 113-HSD-1 — 11- bettasteroid dehydrogenase of the second type; 113-HSD-1 — 11- bettasteroid dehydrogenase of
the first type; VEGF — vascular endothelial growth factor; RANK - Receptor-activator of nuclear transcription factor

NF-kB

Fig. The effect of cortisol metabolism on pathogenetic pathways leading to a decrease in bone density.
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Bbicokne KOHLIEHTpaluu KOPTHU30J1a
HENOCPEACTBEHHO BIIUAIOT HA JIMTaH]-aKLIEIl-
topHyto cucteMy RANK/RANKL/OPG nytem
yBenudeHus sxcnpeccun RANKL, aktuBarm
RANK ¢ manpHeWImuM yBEIMYEHUEM WHTEH-
CHUBHOCTH AH(PPEepeHINPOBKH OCTEOKIACTOB.
Taxke, BBICOKME KOHLIEHTpPALMM KOPTHU30J1a
IIPUBOAAT K aKTUBALIMU INIFOKOHEOTeHEe3a B I1e-
YEeHU YTO MPUBOJIUT K TOBBINICHHIO KOHIICH-
Tpauuu IIroKo3bl. [loBbIIIEHHE KOHLEHTpa-
LIMU TJIFOKO3bI B CBOIO OUEPEIb IPUBOJUT K aK-
tuBanuu ¢epmenta 11B-HSD-1 u nanpHeii-
1IeMy HapacTaHUIO KOHLEHTPaLUu KOPTH30J1a.
Ha cerogusmnuii 1eHb pojb caxapHOro Jua-
Oera B aKTUBAIMM TPOLECCOB KOCTHOH pe-
30pOLMH M HAPYLIEHUH IPOLIECCOB OCTEOperna-
paluy He BBI3BIBACT COMHEHHUN. | mneprivke-
MUl MOXKET BBI3bIBAaTh OCTEONOPO3 U MATOJIO-
TMYECKYI0 XPYIIKOCTh KOCTEH, BO3IEUCTBYSI HA
KOCTHbBIE U MBIIICYHbIC KJIETKU Pa3IMYHBIMU
BO3MOXKHBIMU Iy TSIMU. buomonexynspHsie oc-
HOBBI Pa3BUTHs OCTEOINOPO3a JOCTATOYHO IO-
IpoOHO M3JI0KEHBI B Psijie TUTEPATyPHBIX 00-
30poB [40, 47-50]. DcTpaaunon peanusyer CBOe
3alUTHOE JIEHCTBUE MyTEM BIIUSHUS HA MeTa-
00JIM3M KOpTU30JIa yTHeTas akTUBHOCTH 11[B-
HSD-1 u yny4mas GyHKIIHIO COCYyIUCTOTO SH-
JOTeNusl, 4TO UMeeT 0coOblil 3 (dekT B KoCcT-
HOM TKaHU C y4e€TOM aHaTOMUYECKHX 0COOEH-
HOCTEH CTPOEHUS COCYIOB KOCTEH.

[Tockonbky B HacTosIee BpeMs HET 3(-
(EeKTUBHBIX CIOCOOOB (PapMaKOIOrUYECKH TO-
BbIIaTh akTUBHOCTH 11B-HSD 2, ocodyto 3Ha-
YUMOCTb PUOOpPETAET U3yUeHrne MeTabonye-
CKUX U PETYJATOPHBIX MyTEH, CONPSIKEHHBIX C
11B-HSD 2. B 31011 cBsi31 OTENbHBIN HHTEpEC
npencrasiser cBs3b 11B3-HSD ¢ merabonus-
MoM okcupaa azota (NO) - ¢dakropa, B 3HaUH-
TEIbHOW CTENEHH BIIMSIOIIETO HAa OCTEOperna-
paTtuBHbIe nporiecchl. Cuntaercs, uro NO mu-
POKO BOBJIEYEH B pa3BUTHE, PYHKIIMOHUPOBA-
HUE U PEMOJEIINPOBAHNE CKEJIETa Ha BCEX JTa-
nax OHTOreHesa. B KocTHOl TkaHM 0OHApYKu-
BaloTcsi Bce Tpu u30popmbl NO-cuHTa3
(eNOS, iNOS u nNOS) [51]. IIpu aTOM, Kak u
B JPYTUX TKaHSX, CJI0XHO OJHO3HAYHO Olle-
HUTb 3P PEKTHl OKCUAA a30Ta C TOUYKH 3PEHUS
JKeNaTeJIbHbIX WM HexenaTelabHbIX. Hampu-
Mep, OCTEONpPOTEKTUBHOE JIEHCTBUE 3CTpOre-

HOB TECHO CBSI3aHO C UX CIIOCOOHOCTH CTUMY-
JMPOBATh CHUHTE3 OKCHJA a30Ta B ocTeolIa-
ctax. B 1o ke Bpems, ocreonopo3 Ha ¢oHe
MEPCUCTUPYIOMIETO CHCTEMHOTO BOCTIATUTEb-
HOTO OTBETa TAaKXE CBSI3aH C MOBBILICHHEM
MPOAYKLMHU OKCUAA a30Ta 3a cueT NO-3prude-
CKOTO JIEHCTBUS LIUTOKUHOB. CUuTaeTcs, 4To
OazanpHble KoHIeHTparuu NO o001amaroT B
OTHOIICHUU KOCTHOW TKaHW PETeHEPATUBHBIM,
a U30BITOYHBIC — HHTUOUPYIOMUM S PeKToM.
HccnenoBanust B 007aCTH TeHETUYECKOM ATIH-
JIEMHOJIOTUH, BBISIBUBIIME ACCOIMALIMIO TTOJH-
MopdHbIX BapuaHToB reHa eNOS c puckom
pa3BUTHUSL OCTEONOPO3a, JOMOIHUTEIBHO MO~
TBEPXKIAIOT 3Ty CBA3b [52, 53, 54]. B nannom
KOHTEKCTE Ba)XHO, YTO TUIMEPTOHUYECKHH U
npyrue 3O(EeKThl TIFOKOKOPTUKOUIOB MOTYT
OBITh YaCTUYHO OIMOCPEIOBAHbI MOIABJICHHEM
HKCIPECCHH SHAOTEINAIBHON CHHTA3bI OKCHIA
azota (eNOS). IIpu 3ToM 3¢ deKThI TITFOKOKOP-
TUKOUJIOB Ha 3Kcrpeccuto eNOS, mo-Bumau-
MOMY, CYIIECTBEHHO MOZAYJHUpyeTcs uzodep-
mertamu 11B-HSD. VYcranoBneHnHas cBs3b
mexay 11B-HSD u NO moxer paccmarpu-
BaThCs MIEPCIIEKTUBHAS (hapMaKOoTepareBTHye-
CKas MHIIeHb. JlaHHbIE, TOMyUYEeHHBIE KOJIJICK-
tuBoM IOpust Korenesuiea npu GpeHoTunupo-
BaHUM MbIeil ¢ neguuurom 11B3-HSD 2 ne-
MOHCTPHUPYIOT, UTO y HUX TIPOUCXOUT CHIKE-
HUE DJHAOTENMH3aBUCUMON Ba30UIaTallUH,
yKa3bIBalOIee Ha IOJIABJICHWE AaKTUBHOCTHU
eNOS B sH0TENMH COCYH0B [55].
3akarouenue. Vicxoas u3 npeacTraBieH-
HBIX JINTEPATYPHBIX JTaHHBIX, OYEBUIHO, UTO
00OMEH KOPTH30J1a SBISETCS OJTHUM H3 KIF0Ue-
BbIX (DAKTOPOB, PEryIUPYIOUINX MPOLIECCHI
TpoukH, MeTaboIM3Ma U MHUHEpaIu3aluu
KOCTHOW TKaHH, a BBICOKHE KOHIICHTpAITUH
KOPTH30JIa TIPUBOAT K KacKajy IPOIECCOB,
KOHEYHOW TOYKOH KOTOPBIX SIBISIETCS CHIKE-
HUE€ HOPMaJbHOW TPOPUKU KOCTHOW TKaHHU U
ocreornopo3. CHIKEHHE KOHIICHTpaluu KOp-
TH30J1a BO3MOXHO 32 CUET YMEHBIICHHS €ro
CHHTE3a C moMotIkko 0okanasl hepmenta 11[3-
HSD-1 wiu 3a cueT yCKOpEeHHUS TTPOIECCOB €ro
MeTabonn3Ma B HEAaKTUBHYIO GopMy (KOpPTH-
30H) cTUMynHpys akTuBHOCTH 11B-HSD-2. B
3TOW CBs3U, (papmMakoTepaneBTUUECKUM TOJ-
XOJI, HAIpaBJICHHBII Ha BOCCTAaHOBJICHHE Oa-
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JaHca akTUBHOCTH (epmeHToB 11b-runpokcu-
CTEPOUAACTHAPOreHa3bl 1 U 2 THIIOB MOXKET
paccMaTpuBaThHCS KakK OJMH U3 HAauOO0JIee aKTy-
QJIIBHBIX CIOCOOOB KOPPEKIUH IpeloTBpalle-
HUS peallu3allii MaTOTEHETHYECKUX 3BCHHEB
pa3BUTHUS ~ OCTeOmopo3a, a  (EepPMEHTHI
11B-HSD-1 u 11B-HSD-2 sBnsroTcs ob6ocHO-
BaHHBIMH (hapMaKOTEparneBTUUECKUMU MHUIIIE-
HSMHU, Ha KOTOPBIC MOXET OBITh HampaBleH
MTOMCK HOBBIX JIEKAPCTBEHHBIX CPEACTB IS Jie-
YEeHHsI OCTEONOPO3a U HAPYLIEHUH KOCTHOTO
peMoIeTMPOBaHUSI.
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Pesrome

AKTyaabHOCTh: [laTonornueckuii mpoiecc, CBsI3aHHBIM C MATOrN€HHOM arperauyen Tay, MOoJyquI
Ha3BaHUE TAyMaTUHU U 3TOT e TEPMUH YaCTO UCHOIb3YIOT /Ui 0003HAUEHHsI TPYMIbI HeWpojereHe-
paTUBHBIX 3a00JIeBaHUMN, BaKHBIM MaTOIT€HETUYECKUM KOMIIOHEHTOM KOTOPBIX SIBJISIETCS arperanus
tay. Hapymenue B skcnpeccun reHa MAPT npuBoauT Kk M3MEHEHUSAM (PU3MKO-XMMHUYECKHX CBOM-
ctBa O6enka. CoBpeMEeHHbIE CTpaTernu MOUCKa TePaeBTUUECKUX areHTOB JUIsl MOIYJISLUN Tay-TIpo-
TEUHOIATHH, HALIEJIIEHbl Ha CO3/1aHUE JIEKApPCTBEHHBIX CPEACTB, MOAABISIONIMX 00pa3oBaHUE MATO-
reHHbIX (popM Oelika U ero arperaruio, HO Mpu 3TOM HE HapyIIAIOIIKUX METa00JIM3M HOPMAJIbHOTO
BHYTPUKIIETOUYHOTO Tay M €ro (yHKIMIO B cTabunn3anuu Mukporpybouek. Lleab mcciaenoBanus:
PaccMmoTpeTh BO3MOXHBIE OMOIOTHYECKHE MUIIIEHU MTATOJIOTMYECKUX COCTOSIHUM, aCCOLMMPOBAHHBIX
¢ 6enkoM Tay U 0003HAYUTh MYTH (HapMaKOJIOTHYECKON KOPPEKLUHU Tay-ipoTenHonaTuu. Marepu-
aJIbl H METOABI: bbUT IPOBENIEH aHAIN3 JINTEPATYPHBIX HCTOYHUKOB I10 OCHOBHBIM MEXaHHU3MaM pa3-
BUTHUS NATOJIOTUYECKUX COCTOSIHUM, aCCOLIMMPOBAHHBIX C OEITKOM Tay Y BO3MOYKHBIM OHMOJIOTHYECKUM
MHUILIEHAM 17151 GapMaKoJIOTHUYEeCKON KOPPEKLUH Tay-IIPOTEUHONATHH, ONyOIMKOBAHHBIX 32 MOCIE-
Hue 10 smer. PesyabraTrel: COBpEMEHHBIE CTPATErMH MTOMCKA TEPANIEBTUYECKUX ar€HTOB JIJISI MOJLY-
JSIUM Tay-TIPOTEMHONATUH, B TOM 4Hcie 0oyie3Hn AJblreiiMepa, HalelleHbl Ha CO3/IaHUE JIeKap-
CTBEHHBIX CPEJICTB, MOJABIISIIOIINX 00pa30BaHNE MATOI€HHBIX (JOPM Tay M €ro arperaiuio, Ho Mpu
3TOM He HapyHIAIOUMX METa0O0IN3M HOPMAILHOTO BHYTPUKJIETOUYHOTO Oellka Tay U ero (pyHKIHUIO B
cTaOWIN3aluu MUKPOTPYOOUeK. B CBS3M ¢ ATHM CyIIECTBEHHO aKTMBU3UPOBAINCH PabOTHI IO IMO-
HCKY TEpareBTUYECKUX areHTOB, CIIOCOOHBIX KOPPEKTUPOBATh Tay-NPOTEHHONATHIO. JaK/II0YeHHe:
MO>KHO BBIIEIINTH HECKOJIBKO MOJIXO0/I0B K JICUEHUIO U MPEJOTBPAILECHHUIO PA3BUTHUS Tay-IIPOTEHHO-
natuid. CTabunm3anust CTpyKTypbl MUKPOTPYOOUEK, CHXKEHHE aKTUBHOCTH MOJTHOPa3MEPHOTO U T'H-
neppochopuIMpOBaHHOTO Tay, PErYJISLUs MaToJIOrHYeckoro GochopuarpoBaHus Tay, IpeaoTBpa-
IIeHUe arperanuu Oenka, THruOMpPOBaHUE aHOMAJIBHON arperauy, NpeJoTBpalleHle OJIUroMepH3a-
LMY, MPENSITCTBHE HAKOIUIEHUIO BHYTPH KIIETKHU, clielu(UUEecKOe WHIHMOWPOBAHUE MyPHUHOpPELEN-
topa P2RX7, perymsamus AMPA-penentopoB, 010KHpOBKA IPOHUKHOBEHUS BHYTPb KIIETOK U Tepe-
Jlaya IaToreHHoro Oelka.
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Abstract

Background: The pathological process associated with the pathogenic aggregation of tau is called
taupathy. The same term is often used to refer to a group of neurodegenerative diseases, an important
pathogenetic component of which is the aggregation of tau. A violation in the expression of the
MART gene leads to changes in the physicochemical properties of the protein. Modern strategies for
the search for therapeutic agents to modulate tau-proteinopathy are aimed at creating drugs that sup-
press the formation of pathogenic forms of protein and its aggregation, but at the same time do not
disrupt the metabolism of normal intracellular tau and its function in stabilizing microtubules. The
aim of the study: To consider possible biological targets of pathological conditions associated with
tau protein and to identify ways of pharmacological correction of tau proteinopath. Materials and
methods: We analyzed the literature on the main mechanisms of pathological conditions associated
with tau protein and possible biological targets for pharmacological correction of tau-proteinopathy
published over the last 10 years. Results: Modern strategies for the search for therapeutic agents to
modulate tau-proteinopathy, including Alzheimer's disease, are aimed at creating drugs that suppress
the formation of pathogenic forms of tau and its aggregation, but do not disrupt the metabolism of
normal intracellular tau protein and its function in stabilizing microtubules. In this regard, the search
for therapeutic agents capable of correcting tau-proteinopathy has significantly intensified. Conclu-
sion: There are several approaches to the treatment and prevention of tau-proteinopathy. Stabilization
of the microtubule structure, reduction of the activity of full-sized and hyperphosphorylated tau, reg-
ulation of pathological phosphorylation of tau, prevention of protein aggregation, inhibition of abnor-
mal aggregation, prevention of oligomerization, inhibition of accumulation inside the cell, specific
inhibition of purinoreceptor P2RX7, regulation of AMPA receptors, blocking penetration into cells
and transmission of pathogenic protein.
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BBenenue. llepBrie ynnoMuHaHus B Jd-
TEepaTypHbIX UCTOYHUKAX O MAaTOJIOTUU, aCCO-
[IMUPOBAHHOM ¢ OEJIKOM Tay JaTHpOBaHbI 1945
rogoM. 3a mociemuue 25 ner ¢ 1996
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1o 2021 roasl KOJUYECTBO HAYYHBIX TPYIOB
MOCBSIIIIEHHOMN M3yUEHUIO Tay-IIPOTEHHONATUU
yBeanumiock B 4 pasa (Puc. 1).

Puc. 1. Ananu3 ny61uKkannoHHONW aKTUBHOCTH IMPH MOMCKE B MEXIyHAPOAHBIX 0a3ax TaHHBIX
10 KJIIOYEBOMY CIIOBY «Tay-IIPOTEUHONATUS»
Fig. 1. Analysis of publication activity when searching in international databases for the keyword
«tau-proteinopathy»

[TapamnenbHO ¢ 9THUM, y4YEHBIMH Hayall
aKTUBHO MCIIOJIb30BaThCSI TEPMUH «aMUJIOU]I-
Hele Oisikny. C mocnenuux aecsruitetnii 20
BEKa IO HACTOSIMA MOMEHT HaOoJaeTcs
BBICOKHW W BO3PACTAIOIINN MHTEPEC YUEHBIX
pasHBIX CTpaH K IATOJIOTUSIM, CBSI3aHHBIM C
HapyIlIEHUs €CTECTBEHHOIO  PacCILEIICHUs
TpaHCMEMOpaHHOTO OeNlka Mpe/IIeCTBeHHUKA
ammnonna (APP) (Puc. 2).

Tay-6e10K — 3T0 OeIOK, HaXO/ISIIIHIACS B
HEHWpOHAaX LEHTPAJIBHON HEPBHOM CHCTEMBI U
CBSI3aHHBIN ¢ UX MUKpOTpyOoukamu. BriepBbie

OH ObuI onucaH BaifHrapreHoM U ero KomaH-
noi B 1975 rony. OnHOM U3 OCHOBHBIX (PYHK-
Ui Tay SIBJISIETCS MOJAYJIMPOBAaHUE CTaOWIIb-
HOCTH aKCOHAJIbHBIX MUKPOTPYOOUEK.
CeronHsl U3BECTHO, YTO aCCOLIMMPOBAH-
HBI ¢ MUKpOTpyOOuKkamu Oeok Tay (tau) sB-
JS€TCSI BaXXHBIM KOMIIOHEHTOM LIUTOCKEJIETa
AKCOHOB HEHPOHOB LIEHTPAJIbHOW HEPBHOH CH-
ctemsl [1]. Tlatonornueckoe HaKoIIEHUE Tay-
Oenka, CBSI3aHHOTO C MHUKpPOTpyOOUKamH, B
BUJIe HEHpODUOPHIUIPHBIX KIyOKOB U Map-
HBIX CHUPAJIbHBIX HATEH B HEMpPOHAX U TJIMHU
MIPUBOJIUT K THOENIH KJIETOK I'OJIOBHOTO MO3Ta.
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Puc. 2. Aramuz Hy6J’II/IKaI_II/IOHHOI71 AKTHBHOCTH IIPpH ITOUCKE B MCKAYHAPOIHBIX Oasax JAaHHBIX
10 KJIFOYEBOMY CJIOBY «aMIJIOMTHOE OJISIIIKID)
Fig. 2. Analysis of publication activity when searching in international databases for the keyword
«amyloid plaque»

Hapyenust sxcrnpeccuu rena KoJupyro-
miero 6emnok Tay (MAPT), a Takke H3MEHEHHS
B MEPBUYHON CTPYKTypE W MOCTPAHCISIIAOH-
Hble MOJAU(DUKALMYU ITOro Oenka MPUBOIAT K
HapyIIEHUIO ero KOH(POpPMaluu, U3MEHEHUIO
(U3NKO-XUMHUYECKUX CBOMCTB U CYILIECTBEHHO
MOBBIIAIOT MPHUCYIIYIO Tay CKIOHHOCTH K ar-
peramuu, 4YTO CO BPEMEHEM IMpPHUBOAMT K
HAKOIUICHHUIO B KJIETKaX HEPBHOW CHCTEMBI, B
NEpBYI0 Ouepe]b B HEWpOHaX, MAaTOTEHHBIX
MIPOJYKTOB arperaiuuu U oOpa3oBaHUIO MaTo-
JIOTHYECKUX BKJIIOUEHHH aMHUJIOUIHOTO THIA.
[Taromornyeckuii mpouecc, CBA3aHHbIN C TATO-
TeHHOM arperanuei Tay, MOJy4YWJl Ha3BaHUE
TayMaTHH, W 3TOT XK€ TEPMHUH YacCTO HCIOIb-
3YIOT JUIs 0003Ha4YeHUs TPyl HEHpoaereHe-
pPaTUBHBIX 3a00JIeBaHWN, BAKHBIM ITaTOTCHE-
TUYECKUM KOMIIOHEHTOM KOTOPBIX SIBJISIETCS
arperarus Tay [2, 3].

Eme ogHMM MOJEKYJISIpHBIM MEXaHM3-
MOM TaymaTHU MOMKET CIYKHTh ONHCAHHBIN
HE/IaBHO IPOLIECC 3aXBaTa U BBICBOOOXKIACHUS
HETPAaBWIIBHO CBEPHYTHIX TPaHCMEMOpaHHBIX
6enxoB P24, Ttpancnoptupyrounmx O6eiaok 9
(TMED?9) peuienitopamMu ¥ MX aHTEPOTPaTHBIN
nepeHoc B nm3ocomy [4]. K rpynmne Taynatuit
OTHOCSATCSl YacTO BCTpPEYAIONIUecs W COIH-
aJIbHO 3HAYMMBbIe 3a00JIeBaHUs, Cpelu KOTO-

peIX Oone3nb Aunbrreiimepa [5], dppoHTOTEM-
ropayibHas iIeMeHIus [6], HeKoTopbie (popMbI
6one3nu [lapkuncona [7], 6osie3ns [Tuka [8] u
YEpENHO-MO3r0Basi TpaBMa C Pa3BUTHEM XpO-
HUYECKOW TpaBMaTH4eCKOW sHIeanonaTuu
[9]. B HepBHOIi cucTemMe OOJBHBIX C 3TUMU 3a-
0oseBaHUAMH OEJIOK Tay MOXET MO/IBEpraTbCs
Pa3IMYHBIM MOCTTPAHCISLIMOHHBIM MOJUH-
KallusiM, TakuM Kak runepdochopunupona-
HUE, alleTWIMPOBaHUE, YOMKBUTHHUIMPOBA-
HUe U TpyHkupoBanue 6enka [10, 11]. B 60mb-
IIMHCTBE CJIy4aeB JaHHble MOJU(PHUKAINN
MPUBOJAT K pa30OILIeHUIO CBA3M Tay-Oenka ¢
MHUKPOTPYOOUKaMHU U UX JAE3UHTErPaIllH B aK-
COHax, HapyLIEHUIO IIUTOCKEJIEeTa KIETKHU, aK-
COHAJILHOTO TPAHCIIOPTA U MOCIEAYIOLEN TH-
6emu HelipoHoB. OHAKO, B HEPBHOM CHCTEME
MbIlIeH HOKayTHbIX 10 reHy MAPT noreps
¢u3nonornyeckod (QpyHKIUM Tay YCHEIIHO
KOMIIEHCUPYETCSl APYTMMH acCOLMUPOBaH-
HBIMH C MHUKPOTpPYOOUKaMU HEHpOHAIbHBIMU
6enkamu. IIpu MaToIOrMYECKHX COCTOSHHSIX
0eJoK Tay, He CIIOCOOHBIN CBSI3bIBATHCS C MUK-
poTpyOOUKaMHU, arperupyer ¢ oOpazoBaHHEM
XapaKTepHBbIX HEPACTBOPUMBIX BKIIIOUEHUI
aMMJIOUJTHOTO THUIIA, @ TAaKXKe MEHSIET JIOKaJu-
3allMI0 ¥ HAKaIUIMBAaeTCS B KIIETOYHBIX KOM-
MapTMEHTax, I MOBBIIIEHNE €r0 KOHIEHTpa-
UM OKa3bIBaCT TOKCHUECKUH 2 dexT [5].
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C npyro# cTOpOoHBI, HapyIIeHHEe MeTa0o-
nu3Ma OerKa Tay W Jerpajalus ero HopMaib-
HBIX (PU3HOJIOTHYECKUX (POPM MOXKET CaMo IO
ce0e cTaTh MPUYUHON pa3BUTHS HEHpoOIeTeHe-
paTuBHOrO mporecca. Tak, Ha TPaHCTEHHBIX
mpimax jguaud P301S T43 6puto moxaszaHo,
YTO JIN30COMalIbHAs IIUCTEUHOBAs IPOTEHHA3a
— acmaparuH-3gjaonentuaaza (AEP), aktuBu-
pyeTcsl B MEPUOJ CTApEHUSI U IPOTEOIUTHYE-
CKH pa3zpyliaet Oesok Tay, HHAYLUPYS ero ar-
peranuio. OTO CIOCOOCTBYET HHTEHCH(HKA-
MU YXKE€ HIYIIEro HeWpojereHepaTUBHOTO
npouecca. B ciydae nenenuu resa, Koaupyto-
mero AEP, y P301S T43 wmbimeir Habmroa-
JIOCh CYIIECTBEHHOE CHUYKEHUE YPOBHS TUIIEP-
bochopunMpoBaHHOTO Tay, MEHbINAS MOTEPS
CUHAIICOB B TUIIIOKAMIIE U YJIYYIICHHE MOKa-
3aresieil KOTHUTUBHOM (DyHKIIUU.

OnnuMm 13 HauboJiee BaXKHBIX pe3yJsIbTa-
TOB HEJABHUX HUCCIEJOBAaHUN MaTo(U3MOI0-
TUU TaynaTHH SIBISETCS YCTAaHOBJICHUE MeXa-
HU3Ma PacIpOCTPaHEHUs HEeWpoJlereHepaTHB-
Horo nporiecca [ 12]. beuto nokazano, 4To oJu-
roMepHbie U GuOpILIApHBIE (OPMBI Oelka
Tay CIOCOOHBI IEpenaBaThbCs OT HEHpOHa K
HEWpPOHY uepe3 CHUHANTHYECKHUE KOHTAKTHI,
WHULIMHUPYS B PEIIUMTUEHTHBIX HEUPOHAX MaTo-
TeHHYIO arperairo sH10rennoro tay [13-16].
Takxe OblIa SKCHEPUMEHTAIBHO TPOJIEMOH-
CTpUpOBaHa «UH(EKIUOHHOCTEY» TMpeachop-
MHUPOBAHHBIX IN VIr0 maroreHHbIX (HOPHILI,
KOTOpbIE€ TPU B3aUMOJACHCTBUU C HATHUBHOU
dbopmoii Oenka Tay B MO3re SKCIIEPUMEHTAITb-
HBIX MBIIIEH H3MEHSIM €ro CTPYKTYpy, UYTO
MPUBOAWIO K HAKOIJICHUIO Tay-PEaKTUBHBIX
BKitoueHud [17, 18]. dpakuuu Be3uKys, co-
JiepXaliye naTtoreHHole (Gopmsl Oeika Tay,
BBIJICJICHHBIE U3 MO3Ta TPAHCTEHHBIX MBIIIEH,
MOJICIIUPYIONTUX TayMaTHI0, WHUIIUAPOBATH
arperaiuio Tay B KyJbType KJIETOK, IpHUYeM
WHTCHCUBHOCTh Pa3BHBABIICHCS MATOJOTHH
NpsIMO KOppeJupoBajia ¢ KOJIUYECTBOM HHbB-
€IMPOBAHHBIX TMATOTEHHBIX (PUOPUILI-3aTpa-
BOK arperauud [19]. 3a mocieaHne HECKOIbKO
neT ObUTH ompeneneHbl (PU3HKO-XUMHYECKUE
CBOWMCTBA, OIpeNesIonIie MaTOreHHOCTh 00-
pasyembIx 0enkoM Tay GUOPHILISPHBIX CTPYK-
Typ C HaUBBICIINM «HMH(PEKIIMOHHBIMY MOTEH-
MAJIOM M pa3paboTaHbl METOJbI X MOIyYe-
Hus [20-24]. HenocpeacTBEHHbIE MEXaHU3MBbI

nepefayd WHULUMUPYIOIUX TayHaTHio Maro-
TeHHBIX KOMIUIEKCOB Pa3IMYaOTCs U 3TO 3aBH-
CUT Kak OT THIIa HEUPOHOB, TaK U OT CTaJAUU
nporpeccuu 3abonesanusd. [Ipu aTom ucnoss-
3yeTcsi HEeBE3MKYJIApHas Iepenada KOMILICK-
COB, TAK)X€ MHHUIIMAIUS TIPOUCXOJUT TIO Cpel-
ctBy N- n C-yceuenus 6enka, KOTOpOe COIpo-
BOXKJ1aeTcsi popMupoBanueM kiryoka. [lpu na-
TOJIOTUYECKUX COCTOSTHUSX Tay MOKET MPUHU-
MaTh aHOMAaJIbHYIO0 KOH(OpPMAalHI0, KOTOpas
OOHa)XAeT 3TU OCTAaTKH M YBEJIWYHBAET €r0
CKJIOHHOCTb K camoarperaiuu, oJHaKo hpu3uo-
JOTHMYECKHE Tay-MOHOMEpPHI MOTYT OBITh
BKJIIOYEHBI B arperaTsl [25-28].

Pacnpoctpanenue  martosiorum  npu
TayMmaTUU MOKET IPOUCXOIUTH TAKXKE MTPU yda-
CTUM KJIETOK Id. Ha TpaHCreHHBIX MBIIIax ¢
TaynaTueld ObUTO TOKa3aHO, YTO MHUKPOTIIHUS
crocoOHa (harouuTHPOBATh IMTONATHYECKUE
HEHPOHBI, coepiKalle MaTOreHHyw GopMmy
Tay M CEKPETHPOBATh €ro B APYIHe KIETKU
HEPBHOM CUCTEMBI B COCTaBe 3Kk30coM [29]. Ta-
KM 00pa3oM, ObUIO BBIABUHYTO MPEANOIONKE-
HHUE, YTO UHIMOUPOBaHKE OMpEIETICHHBIX Tap-
TEHTHBIX MOJIEKYJI, Y4aCTBYIOIINX B CEKPEIIUU
9K30COM MMKPOIJIMEH, MOXET 3aMeIJIUTh
TEMITbI PACTIPOCTPAaHEHUS 3200JIeBaHUSL.

HccnenoBanus mokasanu, 4To B Mexa-
HU3ME TPOTPECCHPOBAaHUS 3a00JIEBAaHUS WT-
paeT poiib W MYPUHEPTHUECKUU perenTop
(P2RX7). bbulo moka3aHo, 4TO aKTHUBAlUs
P2RX7 3amyckaeT Na'/Ca?" o6MeHHHK, nemo-
JSIpU3aIMIO TUIa3MaTUYeCKO MeMOpaHbl, CeK-
penuio BHEKIETOYHBIX Be3ukyn (BB), xemo-
TaKCUC M aKTHBAILMIO BOCIIAJIHUTEIBHBIX 3200-
neBanuii [30].

YcraHoBieHue ponu 6enka Tay B MoJie-
KYJISIPHO-KJIETOYHBIX MEXaHU3MaX PacripocTpa-
HEHUsI TaTOJIOTMYECKOro MpolLecca Mo HEPBHOMN
CHCTEME SIBIJIOCH TJIABHBIM PE3YJIbTaTOM TpPO-
BEJICHHBIX B TIOCII/IHEE BpPEeMsI MHOTOUHMCIICH-
HBIX MCCJIEIOBAaHUN B 3TOI 00JIaCTU U TPUHITH-
MUATbHO HM3MEHWIO OCHOBHYIO KOHIICTIIHIO
pa3paboTKU MAaTOTEeHETUYECKON Teparnuu MHO-
ITMX HeWpoJereHepaTHUBHBIX  3a00JI€BaHUA,
BKITto4ast Oone3Hs Anbireiimepa [31, 32].

PazpabaTsiBaeMble TOAXOIBI TEpAIUU
HeHpoJereHepaTuBHBIX 3a00JIEBaHUH, ACCOLIU-
MPOBAHHBIX C MMATOJOTHEH Tay, 9acTO HaIpaB-
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JIeHbl Ha MPENOTBpalICHHE HEUPOTOKCUYHO-
cTu OeiKa M MPH 3TOM MHUILIEHBIO paccMaTpu-
BaeTCsl BHYTPUKIIETOUHBIH, JTUOO BHEKIJIETOY-
HBIN, 00 006e Gopmbl Tay. Hanpumep, cau-
KEHHE ypPOBHS 3HIOTEHHOrO Tay MpeaoTBpa-
I1aJ10 Pa3BUTHE MOBEJACHYECKUX HAPYIICHUH Y
TPAHCTEHHBIX MBIIIEH, KOTOPBIE IKCIIPECCUPO-
BaJM OENOK-TIPEIIECTBEHHUK aMHJIONa Ye-
JOBeKa, 0e3 HM3MEHEHHUS BBICOKHUX YpPOBHEU
B-amunonaa B uX HepBHOU cucteme. CHuUXe-
HUE YPOBHSI Tay HPOBOHIIH ITyTEM CKpPEIINBa-
Hus Mblmeil uaun hAPP ¢ Tay”". B kon-
TPOJNBHYIO TPYHIy BXOAWIH IKHUBOTHBIE C
JBYMsI, OJTHUM DHJIOT€HHBIM aJUIeJIEM T10 Tay U
C MOJIHOCTHIO UHIYIIUPOBAHHBIM.

B pesynbpraTe uccienoBaHHil yCTaHOB-
JICHO, YTO MOBBIIICHUE YPOBHS BHY TPHKJIETOY-
HOTO Tay MOKET MPUBECTU K TUOENN KIETOK U
COIIPOBOXKAATHCS CEKPELHUEH OJMTOMEPHBIX
dbopM Tay B MEXKKIETOYHOE MPOCTPAHCTBO.
Bbu1o mokazaHo, 4TO HE3aBHCHMO OT CIOCO0-
HOCTH K (POPMUPOBAHUIO arperaTtoB, BHEKJIE-
TOYHBIH Tay OKAa3bIBACT HEWPOTOKCHUYECKOE
JeicTBHE HAa HEUPOHBI TUIIIIOKAMIIA ITyTEM aK-
THUBAIlMM MYCKapWHOBBIX perentopoB M1 u
M3 [33].

CekperupyemMble B COCTaBE€ BE3UKYII
(hOpMBI arperaToB Tay CBSI3BIBAIOTCS U MIPOHU-
KaloT BHYTPh KJIIETOK TPH YYaCTHH TelapaH-
cynb(haT MPOTEOTTUKAHOB U JTAHHOE B3aUMO-
TeCTBUE MOXET OBITh 3a0JIOKMPOBAHO Tera-
punom [34]. C ucnonszoBaHueM OHOUHGOP-
MaTHYECKOTO aHaIHM3a, OCHOBBIBAIOIIEMCS] Ha
PENaKTHPOBAHUU T€HOMOB BBICIIMX OPraHu3-
MOB, 0a3HMPYIONIETOCSI HA MMMYHHOUH CHCTEMe
Oaktepuit CRISPRi Obuio mpotecTupoBaHO
6omnee 3200 reHoB Ha CIIOCOOHOCTH KOJUPYeE-
MBIX UIMH OETTKOB MOAYJIHPOBATh TPOHUKHOBE-
HUE Tay B KJIETKH ¥ OBUTH OTIPECIICHBI KITF0Ye-
Bble ()epPMEHTHI B IIyTH OMOCHHTE3a remapaH-
cyns(ar-nporeoriimkana. [lokazano, aro 6-O-
cynb(haTUpOBaHUE MPOTEOTIMKaHA TemapaH-
cynbdara (HSPG) nmeer pemaromiee 3Hade-
HUE JJIs B3aUMOJCHCTBHIA Tay C MMPOTEOTIIHKA-
HOM Temapancynbdara [35].

Cneuuduyeckoe HHrHOUpPOBaHHeE MMY-
puHopenentopa P2RX7

JlokazaHo, YTO MEepOpaIbHOE BBEJCHHE
GSK1482160 — crieruduueckoro HHTruoOUTOpa
perienitopoB P2RX7, 3HAaYUTENHEHO CHHIKAIO

HAKOIUIEHHE MapKepOB HENPaBUILHO CBEPHY-
toro tay (MCI u Alz50) B obnacTsx rummo-
KaMIla, YTO COIPOBOXKIAIOCh CHUKCHHEM
HaKOIUIEHHSI MapKepa CHHTE3a 3K30COM
(Tsgl01) B HelipoHax rumnmokammna. Mertogom
OJIM3KOr0 TUTHPOBAHMS OBLIO MOKa3aHO (op-
MupoBanue Komiuiekca Alz50" tay u Genka
Tsgl0l B HeipoHax rummokamia, KOTOPOE
cHkanoch npu npumeHennn GSK1482160.
Tpancrennsie mbimin P301S ¢ skcnpeccueit
MyTaHTHOTO Oenka Tay, KOTOPBIM BBOJWJIU
GSK1482160, neMOHCTPUPYIOT YJIy4dlIEHUE
nokasaresiei pabodeld 1 KOHTEKCTyalIbHOH Ia-
MSTH. B KJ1eTkax MUKpPOTIINH 3THX KUBOTHBIX
TaK)K€ YBEJIMYMBAJIOCh HAKOIUIEHUE OEIKOB-
MmapkepoB 3k30coM TsglO1 u CD81, uto cBu-
JETeNbCTBYET O nmojaBieHuu P2RX7-unmynu-
POBAHHON CEKpEIUH HK30COM MHUKPOTJIHEH.
OroT 3 dekT ObUT MOATBEPXKACH in Vitro, Ko-
raia  o0paboTka KyJbTYp HHTHOUTOPOM
GSK1482160 npuBoamiia K CHIXKEHUIO CEKpe-
MU DK30COM KJIETKAMH MHKPOTJIUU, HO HE
HEHpPOHAMH WJIM acTpouuTam [36].
Hcnonb3oBaHue HMMYHOTEpANuu
3aMeTHO aKTHBU3UPOBAIUCH PaOOTHI MO
CO3JIaHUIO METOJI0B UMMYHOTEpAnuu Jyis 6110-
KHpOBaHUS MPOIIECCOB NIEpEHOCca Tay U 3aMe/l-
JIeHUs TPOTpecCUpOBaHMs 3a00JE€BaHUS TIO
HepBHOU cucteme [37]. C uCmOIB30BaHHEM
KJIETOYHOTO OMOCEHCOPHOIo aHainu3a ObUIo
YCTAQHOBJICHO, YTO BBEJCHHE aHTUTEN K Tay B
OOKOBOM eIy 104eK FOJIOBHOTO MO3T'a MbIILIEH
auauu P301S T43, B HEpBHOM cuUCTEME KOTO-
PBIX pa3BUBAETCS Tay-IPOTEUHONATHS, IPUBO-
JA11as K MpOrpeccupyroleMy HelpojereHe-
paTUBHOMY 3a00JIEBaHUIO, YMEHbIIAET BHYT-
PUKJIETOYHYIO arperammio Tay ¥ yJlIyqiaeT Ko-
THUTUBHBIE QYHKIMU in vivo [38], B TO Bpems
KaK KOMIUICKCHl Tay-aHTHTEIO MOTJIH OBITh
WHTEPHAJIM30BaHbl U TOJBEPrajiiCh KOHTPO-
mupyemort nerpananuu [31, 39]. Ha apyroi
JIMHUM TPAHCT€HHBbIX Mbllel — tau.P301L, mo-
JETUPYIONIAX Tay-MPOTEHHONATHIO, TaK JKe
ObUI TPOJIEMOHCTPUPOBAH IOJIOKUTEIBHBIN
3¢ (deKT nmpUMeHeHUs MPOTUBO-TAY-aMHUIIOHI-
HOM BaKIMHBI Ha ocHOBe junocoM [40], a B
OKCIEPUMEHTaX Ha  MBIIIMHOH  MOJENH
THYTau22 s¢ddexTuBHOM OKazanach aKTUB-
Hasi UMMYHoOTepanus 6enkom Tay [41]. bonee
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TOro, NpoUIAKTHYECKas aKTUBHAsI UMMYHHU-
3aIus MPOTUB MATOTEHHBIX (OpPM Tay MpUBO-
IWia K yCTOWYMBOMY CHUKEHHIO Tay MaToJIo-
ruii 1 amuiouaa-f y meimeit 3xTg munum [42].
Pe3ynbTaThl 3TUX HCCIETOBAHHUM MOCITYKUIH
OCHOBAHUEM JUIsl Hayaja KIMHUYECKUX HCIIbI-
TaHu UMMyHoTeparuu Tay [43]. Tak xe 0110
JI0Ka3aHO, YTO T€HETHYECKOEe CHIDKEHUE Oenka
Tay IMPENOTBPALLACT IIOBEACHUECKUE IIpHU-
3HAKHU ayTU3Ma B IBYX MOJIEJISX MBIIIEH, UMU-
TUPYIOIIUX PA3TUYHbIE IPHYUHBI 3TOTO COCTO-
AHUS. Y JaHHOTO BUJA MBbIIIEH aHOMaJIbHO
YBEIIMYEH MO3T U IPUCYTCTBYET TUIEPAKTHBA-
s dbochaTuInIMHO3UTOII-3-KHHA3BI
(PI3K)/Akt (mporennknHaza B)/ mumenn ams
MJIEKOTHUTAIONINX CUTHAIBHOTO MyTH paraMu-
uuHa (mTOR). Bce 3tu aHomanuu ObLIM
MPEeIOTBPALICHBl WM 3aMETHO YMEHbIIICHBI
YACTUYHBIM WJIH TOJIHBIM TCHETHYECKUM Y/Ia-
JIeHueM Tay [44].

IIpenorBpaimenue arperanum

JpyruM TepcreKTHBHBIM — HampabJe-
HUEM B CTpaTeruu pa3paboTKu MaToreHeTuye-
CKOW TEpamuM Tay-NPOTEHHONATUHU SBIISETCS
CO3/IaHUE COCIMHEHUH, CTOCOOHBIX MPEIOTBPa-
math arperauuto Tay. [IoCKONbKy ycedeHHbIe
(hopMBbI Oenka Tayo0sIaaa0T CKIIOHHOCTBIO K ar-
peraiyu 1 noTepe CBOMCTB, CTAOMITN3UPYIOLINX
MHUKPOTPYOOUKH, MOKHO BBLIEIHUTH 1B OCHOB-
HBIX [10JIX0/1a: OJIMH HalpaBJieH Ha MOIYJIALUIO
naToJoruyeckoro ¢gochopunrpoBanus Tay, a
BTOPOH — Ha MPEJOTBPAILEHUE €TO OJIMTOMEPH-
3aruu. [lepBblii mpenmnonaraeT MOWCK WHTUOU-
TOPOB KUHa3, PochOpUIUPYIONIUX TAY, WIH aK-
TUBaTopoB Gocdaras, nedochopHIHPYIONIIX
Tay, a BTOpOW HAIIPaBJIeH Ha MOMCK MPSMBIX WH-
rMOMTOPOB MATOr€HHOM arperalyu 3Toro Oeka
[45, 46, 47].

beuto oOHapykeHo, 4To aHaTaOWH CHU-
’KaeT 4yacToTy Mapajuya U aHOMaJlbHOTO pe-
¢nekca pasrubanus 3aJHUX KOHEUHOCTEH, 0/1-
HOBPEMEHHO yJydllas MoKa3aTeiau TecTa po-
tapo y Tay-tpancrennsix mbimeid P301S (Tg
Tau P301S) u 3aaepxuBaeT mporpeccupoBa-
HUe 3a00NIeBaHUSI B ATOW MOJIENH TayOIlaTHH.
AHanu3pl TOMOTE€HATOB TOJIOBHOTO U CIIMH-
HOTO MO3Tra MOKa3bIBaIOT, YTO aHATAOWH CHU-
*aeT GochopuaupoBaHre Tay B HECKOJIBKUX
COOTBETCTBYIOLIMX AMHUTONAX O0JIe3HU AJbLI-

reiimepa (bA) 1 cHUKAET ypOBHH MATOJIOTHYE-
CKUX Tay — KOH()OPMEPOB /OJIMTOMEPOB KaK B
PacTBOPUMBIX, TaK U B HEPACTBOPUMBIX (hpak-
LUSAX JETEPreHTOB, YTO CONPOBOKIAIOCH CHU-
XKeHueM skcnpeccuu Oenka Ibal, 4ro ykasbl-
BAa€T Ha YMEHBIIEHUE MHUKpPOIJINO03a B I'OJIOB-
HOM U ciMHHOM Mo3re Mbliei Tg Tau P301S.
Kpome Toro, 6p110 0OHapy’>KEHO, YTO BBEJIE-
Hue aHatabuHa yBenuuuBaeT Qochopumupo-
BaHHME HMHTHOUpYyromero ocrarka (Ser9) ku-
Ha3bl TIMKOTCHCUHTAa3bl-3[3, MEpBUYHON Tay-
KHHA3bl, CBI3aHHOM ¢ maTonoruei BA, obec-
neynBas BO3MOXKHBIA MeXaHW3M Habiromae-
Moro cHmkeHus hochoprmupoBanus tay [48].

Tax e ObLIO JTI0OKa3aHO, YTO MPHU KpaT-
KOCPOYHOM BBEJICHUU Tperapara parnamMHuIMH
3HAUUTENIBHO CHU)KAETCS KOpPTHKaJbHAsl Tay-
NaTOJIOTUSI B MOJENIU MBIIIMHONW TayoOIlaTHH.
JocTuraercs naHHBIN 3 (HEKT 3a cUeT MpenoT-
BpallleHusl arperanuu O0eiaKa panamMHIIMHOM B
Pa3IMYHbIX MOJENSAX HEWpoJereHepaTUBHBIX
paccTpoicTB, KOTOPhIE, B OCHOBHOM, OOBSICHSI-
IOTCSl €r0 CBOHCTBOM MHAYIIMPOBATH ayToda-
ruro [49].

Nuruéuropsl aHoMabHON arpera-
oy 0eska (MOJICKYJISIPHBIN NMMHIIET)

HenaBHue nccnenoBanus nokasainy, 4To
MoJekyisipHele nuHIEeTel (MTs) sBistoTcs
MEPCIEKTUBHBIMA HHTHOUTOpaMU aHOMaJIb-
HOM arperanuu 0elika MUPOKOTro CIeKTpa JAe-
CTBUS B TOM YHCJI€ U OEJIKOB y4acCTBYIOIIMX B
00pa30BaHUM NATOJIOTUI1, CBI3aHHBIX C CEMEN-
CTBOM T'€HOB KOJUPYIOILIUX MOCJIE10BaTEIbHO-
ctu JIHK, acconumpoBaHHbIE C pETPOBUPYCOM
(Ras) martomormii. B wucciemoBanusix ObLIO
IIPOJIEMOHCTPUPOBAHO, YTO CBUHIIOBBIA MTS,
HazeiBaemblii CLRO1, uHrHOupyeT arperanuto
U TOKCUYHOCTbh MHOKECTBA aMUJIOUIOTE€HHBIX
OenkoB in vitro u in vivo [50]. Beuto oOHapy-
’K€HO, uTO BBeaeHue Mbimam 0,3 uau 1,0 mr/kr
B AeHb CLRO1 B Teuenue 1 Mecsna npuBoauT
K 3HAUYUTEIbHOMY YMEHBIIEHNUIO aMUJIOUTHBIX
Onsmex, HeWpoPUOPHWUIAPHBIX KIYyOKOB H
MUKporino3a. Takxke ObUI0 MPOJeMOHCTPHPO-
BaHO, yTo CLRO1 nnrubupyer arperamuio tay
[51]. Jamee ObL1 MpOTECTUPOBAH CBUHIIOBBIH
MonekyssipHblid nuHIeT CLRO1 — menkomoite-
KYJISpHBIA MHTUOUTOpP arperanuu Oenka IIu-
POKOro crmekrpa AeicTBusA. beuio nokasaso,
yro crnocobHocts CLRO1 HemocpeacTBeHHO
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HalenuBaTbcd Kak Ha AP, Tak M Ha Tay, a
TaKkXke TOT (DaKT, YTO OH TAKKE MOYKET MHIH-
OupoBaTh 00pa30BaHUE TOKCHUYHBIX COEAMHE-
HUH JPYrMMH aMWJIOMJIOTEHHBIMH O€JIKaMHu,
YYacTBYIOLIMMHM B 3THX 3a00JI€BaHUAX, Ta-
KUMU Kak a-cuHykienH u JIHK-cBs3biBaro-
it 6enok (TDP-43), nenatot ero ocoO0eHHO
IIPUBJICKATEIbHBIM COEIUHEHHEM.

IIpepeiBanue aTOJIOrHYeCKOi
TpaHchopManuu Oeaka

[Iporpecc B mOHMMaHUU MOJIEKYJISIPHBIX
MEXaHU3MOB, JIS)KALIMX B OCHOBE IIaTOJIOTNYe-
CKuX TpaHchopMmalmii 6enka Tay, criocooCcTBO-
BaJl CO3/IaHUIO METOJIOB CIeU(PHUIECKOro BO3-
NEeNCTBUS Ha 3TU TpaHcdopMauuu AJs Tepa-
NEeBTHUYECKUX Lienel. B pesynbraTe nosBuiics
psAa TepaneBTUYECKHX I10/XO0/I0B, KOTOpBIE
IPSIMO UJIM KOCBEHHO HALEJIEHBI Ha ATOJIOI -
YeCKHUE KacKaJlbl, B KOTOpPbIE BOBJICUEH Tay [32,
52]. Cpeau Takux TeparneBTUYECKUX MOX0/10B
MOKHO BBIJIEIMTh NPUMEHEHHE COEIMHEHUH,
KOTOpbIE MOJABISAIOT WM OOpalatoT BCIATh
arperanuto tay [53, 54, 55]. Tak, ObUTH BBISIB-
JIEHbl HU3KOMOJIEKYJISIpHblE MHIHOUTOPHI ar-
perauuu Tay U Moka3aHo, YTO HEKOTopble (e-
HOTHA3UHBI (METUJICHOBBIN CUHUIL, Ja3yph A,
na3ypb B u xunakpuHoBas ropunua), nouude-
HOJBI  (MUPHULIETHH, SNUKaTEeXUH-D-rajar,
roccunetvH u 2,3,4,2', 4'-neHTaruipoKcuoOeH-
30¢eHOH) M mopdupHH, aeruaponopdupuH
xene3a [X MHruoupyroT HHAYLUPOBAHHOE Te-
napuHoM oOpa3oBaHHe Tay-(uiaamMeHToB. B
JKCIIepUMEHTax Ha TpaHcreHHbix P301S T43
MBbIIIax ObUIO MOKa3aHO, YTO JUMEOOH U Pl
IPYTUX TPOM3BOAHBIX ramMma-KapOOJIMHOB
[56] nmomaBieT HAKOIIEHUE Tay-PEAKTUBHBIX
BKJIFOYEHUN B HEHWPOHAX Yy ITUX >KMBOTHBIX,
CHIDKAET YHUCIIO0 AUCTPOPUUECKUX HEHPOHOB U
3aMeJISIeT TPOTrPECCUI0 JIBUTATEIbHOW JHC-
bynkun [57, 58].

IIpenorBpamenue runepdocdopuiu-
poBanus Oenka

Eme Oosiee ycrnemHbMU OKa3aluch pa-
OOTBI 10 CO3/ITaHUIO METOA0B KOPPEKLIUH MaTO-
nmoruueckoro ¢ochopmmpoBanus Tay. Tepa-
NEBTHUUECKUI MOTEHIMand ObUI MOKa3zaH i
HU3KOMOJIEKYJISIPHBIX MHTHOUTOPOB MPOTEUH-
kuHa3 [59]. Hanpumep, ¢ HOMOIIBI0 UHTHOU-
TopoB mnporeuHknHas gsk-3B, cdkS u cdkl

yAaJI0Ch MPEIOTBPATUTh rurieppochopunpo-
BaHHE Tay, CIIOCOOCTBYIOIIEE OOPa30BAHUIO
HNaTOreHHBIX arperaToB, B KJIIETOUHBIX KYJbTY-
pax COS-7 [60].

D10 OBUIO MOATBEPKIECHO B HIKCIIEPH-
MEHTaX Ha UBOTHBIX C UCIIOJIb30BAaHUEM JIU-
HUM TPAHCTEHHBIX MBIIIEH, KO-3KCIIPECCUPYIO-
nux MyTaHTHbId APP u Ttay yenoBeka. bouio
[I0Ka3aHo, 4TO He-AT®-KOHKYpPEHTHBIN UHTU-
Outop  KHMHa3bl-3  OeTa-TJIMKOT€HCHHTAa3bl
NP12 (GSK-3beta NP12) obecnieunBaet 6oJiee
HU3KHM ypoBeHb (ochopunupoBanus Tay,
CHIDKEHHE YHUCJIa aMUJIOUJHBIX BKIIIOUEHUH,
MOJIaBJsieT 00YCIOBICHHBIA aMHIIONI030M pe-
aKTUBHBIHN acTPOIJIMO03, YUTO B KOHEYHOM UTOI'e
OPUBOIUT K 3alllUTE HEHPOHOB IHTOPHHAIB-
HOW KOpbl M cyOmons rummokamma CAl u
OpEeIOTBpAlllCHUIO HapylleHuid mnamsatu. Ha
KYJBType KIETOK HeipoodmacToMbl N2 u nud-
(epeHIIMPOBaHHBIX TMEPBUYHBIX KYIbTypax
KOPTUKAJIBHBIX HEHPOHOB KphIC OBLIO TOKa-
3aHO, YTO MHTMOUTOPHI MPOTEUHKUHA3 (MHTHU-
ourop xazenmHkuHasbl 11, marndéuropsr GSK-3
u Saracatinib) cHIKaT ypoBeHb runepgdoc-
(dbopmMpoBaHUs U OJIMTOMEPU3AIUHN Tay. DTH
JTaHHBIE TO3BOJIMIIM paccMaTphBaTh WHTHOU-
TOPBI MPOTEMHKMHA3 B KAYECTBE MMOTCHIINAb-
HBIX TEPaNeBTHUYECKUX areHTOB S JICYCHUS
Oomne3nu Anbireiimepa [61].

Hpyras TepameBTHYECKas CTpaTers,
HalpaBJIeHHasl Ha CHIbKeHue runepdocdopu-
JUPOBAHHOTO Tay — aKTUBanus ¢ocdaras Tay-
oenka. CyIecTByeT TMPEANoJIOKEHUE, YTO
nucbanaHc akTUBHOCTH KWHA3bI U (pocaTazbl
MO>KET MPUBOJUTH K aHOMaJIbHOMY (hocdopu-
JMPOBAHUIO Tay U INOCJIELYIOIIEH €ro arpera-
uuu [62]. JleicTBUTENBHO, HA 1N Vitro KyJIbTH-
BUPYEMBIX Cpe3axX THMIOKAMIIa MO3Tra KpbIC
OBLIO MOKA3aHO, YTO MEMAHTHUH MPENATCTBYET
runepdochopuINpOBaHUIO Tay, BHI3BAHHOMY
MpeIBapuTeNIbHON 00paboTKOM cpe3oB okaja-
MHOBOW KHCJIOTOM, MO-BUANMOMY, 3a CUET BO3-
NENCTBHUS Ha CUTHAJIBHBIN MMyTh MPOTEHUH(OC-
dbartazsl 2A (PP-2A).

beutn mpoBeneHsl paboThl, 10Ka3bIBAIO-
e BIMSHHUE (DU3MUECKUX YNPaKHEHUW Ha
CHWKEHHUE TIOJTHOPa3MepHOTro u runepdocdo-
PUIMPOBAHHOTO Tay B CIUHHOM MO3T€ U THII-
rnokammne Melmen. [IpuHyauTensHbpie ynpax-
HEHHsI Ha OEroBOW JOPO’KKE MOTYT CHUXKATb
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ypoBeHb runephocHopuIMpoBaHHOIO Tay Y
Tpancrennsix mbimeid NSE/htau23, ognako B
3TOM MOJIeNH, 10-BUIMMOMY, HE Pa3BUBAIOTCS
HelipopuOpUIUIApHbIE KIIyOKH WM HEHUpoze-
resepauus. Takxke UMEIOTCS J0Ka3aTelbCcTBa
TOT'0, YTO IIPOU3BOJIbHBIN O€r Ha Kojecax Mo-
KeT CHUXKaTh runeppochopuiinpoBaHue Tay y
mbinieit THY-Tau22. B ucciaenosanuu 2014
roza ObUIO JOKa3aHO, YTO (PU3UUECKUE YIIPAXK-
HEHMsI YJIydlIaioT OOUIyI0 ABUraTeNIbHYI0 MU
HCCJIEIOBATENbCKYIO0 aKTUBHOCTh U IIPUBOJST
K 3HAYUTEJIbHOMY CHUXEHHUIO IOJIHOpa3Mep-
HOro u runephocGopuIMpOBaHHOTO Tay B
CIIMHHOM MO3T'€ M TUIIIIOKAaMIIe, a TAK)Ke K CHU-
KEHHUIO HepacTBOpuUMoro B capkosuiie (N-Mme-
TWITJIMLUH) YaCTUYHO OYHILEHHOI'O YeloBe-
geckoro Tay, (hochOopUIMpPOBAHHOTO IO Ce-
puny 202 AT8-tay B cimHHOM Mo3re [63].

Craduniausanusi MUKpoTpy0o4eK

B kadyecTBe KOMIIOHEHTa KOMIUIEKCHOM
Tepanuu Tay-IPOTEMHONAaTUil paccMaTpuBa-
IOTCSl U COEJMHEHUs, CIIOCOOHBIE CTaOMIIN3U-
poBath MUKpOTpyOouku. Hanpumep, anmMunu-
CTPUPOBaHME MbILIAM TPAHCT€HHOW JIMHUM
PS19 snotunona D (EpoD) crartuctuuecku
JOCTOBEPHO MOBBIIIAJIO IIIOTHOCTh MUKPOTPY-
O0oueKk B IIEHTPAJbHON HEPBHOW CHCTEME,
obecrieunBas 11€IOCTHOCTh AKCOHOB, U TIpH
STOM HE BBI3bIBAJIO 3aMETHBIX MOOOUYHBIX 3(-
¢exToB [64]. [Ipyroii TepaneBTUUECKUI areHT,
B3aUMOJICHCTBYOUIUI ¢ HEUPOHHBIMH MUKPO-
Tpy6oukamu — NAPVSIPQ, Ob11 criocobeH 3a-
MEJIATh MPOTPECCUI0 TAYy-TIPOTEHMHONATUH U
KOTHUTHUBHOM TUC(YHKIUU Ha MBIIIMHON MO-
nenu 0ose3Hu AJbIreiimepa.

B Gonee paHHMX uccienoBaHUAX ObLIO
MIOKa3aHO, YTO TIeHeTH4YecKas alOisiuus WU
yMEHBbIIIeHHE OellKa Tay, CBA3aHHOTO C MUKPO-
Tpyboukamu MAPT, mnpenorspamiaer wuiu
YMEHBIIAET SMHUIETICUIO Pa3IMYHBIX IPUYMH, B
TOM 4YHCJIE B MBIIIMHON MOJENH CHHJIpOMa
Hpage. Tak ke 3TO IPUBOIUT K MOJABICHUIO
HE TOJIKO SIMUJIETICHH, HO U YMEHBIIAEeT PUCK
BHE3aITHOW CMEpPTH, CBS3aHHBIM C TOpUNaI-
KaMH, y 9THX MBIIIEH, H TaK’)K€ MUHUMH3UPYET
nepunut odydyenus u namsatu [65]. beuio mo-
Ka3aHO, YTO CHM)XEHHE Tay IpOTHUBOACH-
CTBYET HEHPOHHBIM M3MEHEHUSIM Y MbIIIEH U
Pa3BUTHIO ayTUCTUYECKOTO MTOBEIACHHUSL.

Peryasiuuss AMPA penenrtopa

HoBeiM HampaBiieHHEM B pa3padOTKe
METOJIOB KOHTPOJISl Tay-IIPOTEUHONATUH SBIIS-
€TCsl UCII0JIb30BAHUE PETYJISITOPOB HOHOTPOII-
Horo perenropa rayramata (AMPA-penenTo-
poB) [66,67]. Hapymienue perynsitun AMPA-
PELEnTOPOB CBA3aHO C OOJIBIIMHCTBOM HEBPO-
JIOTHYECKUX U HeWpoJereHepaTUBHBIX pac-
ctpoiicTs [68]. Pone AMPA-penentopos B na-
TOJIOTUYECKUX COCTOSHUAX MPOIECCOB CHHAI-
TUYECKOW IUIACTUYHOCTU U MaMATH B HACTOS-
1Iee BpeMs IHUPOKO 00CYykKAaeTcs U repecMmar-
puBaetcs. Ha xoMOMHHPOBAaHHOW CTPECCOBOM
AB-ynpaBnsemoli Moaenu 06071e3HU AJbLTrei-
Mepa MOKa3aHo, YTO MO3UTUBHBIN amiocTepu-
yeckuii  moxayiarop  AMPA-penentopoB
(P.2.046) cnocobeH 4acTUYHO BOCCTAHABIIH-
BaTh KOTHUTHBHYIO (DYHKIIMIO y MOJIEIbHBIX
KUBOTHBIX, UTO CJEIYET U3 TECTOB Ha pacio-
3HaBaHHE HOBOTO OOBEKTa M aHAIMU3 MIpPo-
CTpaHCTBEeHHOM namatu [69]. bbuio nokazano,
YTO MUpaleTaM M aHupaneTaMm 3HAaYUTEIbHO
pa3nuyaloTCs B PEKUME CBA3BIBAHUSA C CyOb-
enquauiiamu AMPA penientopa. AHUpaneram
CBSI3BIBAETCS C CUMMETPUYHBIM CaliTOM CBS-
3bIBaHMS HA IpaHulle pa3aena qumepos. [upa-
LIETaM JK€ CBSI3bIBACTCSI C HECKOJIbKUMH Caii-
TaMU ¢ HU3KUM YPOBHEM 3aII0JHEHUS, OJIUH U3
KOTOPBIX SIBJISIETCSI YHUKAIbHBIM CalTOM CBS-
3bIBaHUsS JUISl TIOTEHIUANBHBIX allJloCTepHUye-
ckux moxayisitopoB AMPA-penentopos u3
KJacca paneramoB. Cunraercs, 4To JeHTU(HU-
KallMsi 3TOr0 HOBOT'O CaiiTa MOYKET UMETh BaXK-
HOE€ 3HaueHHe NpU pa3paboTKe HOBBIX allIo-
CTEpUYECKUX PETYIJIATOPOB.

Hcnonb3oBanue MyJIbTUTAPTeTHBIX
coeIMHEeH U

Oco0blil MHTEpeC MpPeNICTaBIAIOT YKe
W3BECTHBIE M XOPOIIO N3YUYEHHbIE MYJIbTHTAP-
TeTHbIe COeAMHEHUs, oONagaroIue U Helpo-
MpoTeKTUBHBIM 3¢ dekrom. B yacTHOCTH,
HelponpoTeKTUBHBIN 2P PEKT ObLIT MPOAEMOH-
CTPUPOBAH ISl JOCTATOYHO XOPOIIO H3y4YeH-
HOTO M IIHPOKO INPUMEHSIEMOrO B KIMHHMKE
SPUTPONOITHHA. B 3KCEepuMeHTalbHOU MO-
nenn Anbureimepa, BbI3BaHHON CTEPEOTOKCH-
YECKOM MHBEKIIMEN CTPENTO30TOLHNHA, TPUMeE-
HEHHE  JPUTPONOITHHA  CIOCOOCTBOBAIO
YMEHBIIIEHUIO0 TOTEPU HEWPOHOB THUIIIIOKaMIIa
[70]. bonee TOro, S3pUTPONOITUH B J103€
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1000 ME/kr cHM>Kalm KOTHUTUBHBIN TePUITUT y
MBILIEH, BBI3BAHHBIM CTEPEOTAKCUYECKUMU
JIBYCTOPOHHUMH HHTpanepeOpaIbHbIMU UHbB-
exiusiMu A42. [Ipu 3ToM y 3KCTIeprMEeHTalTb-
HBIX XUBOTHBIX OBLIO BBISBIEHO CHHXKEHUE
ypoBHs runeppochopuIupoBaHUs Tay B TeX
caifTax, KOTOpbI€ aCCOLIMMPOBAHBI C OOJIE3HBIO
AnbireiiMepa, 1 OHO OBLJIO OMIOCPEIOBAHO pe-
TYJISIUedl  KWHA3bl  TIUKOTCHCHUHTA3bI-3[3
(GSK-3B). bbuto Tak ke BBISBIEHO Ociadiie-
HUE MUTOXOHJPUATBLHONU AUCQOYHKINH, UHIY-
nupoBaHHOM AB42 u aronTo3a B HEHPOHAX TO-
noBHoro Mosra [47]. IlepcrieKTUBHOCTH
SPUTPOIIOATHHA MOIKPEIUISETCS €ro Crocoo-
HOCTBIO TPOHUKATh Yepe3 reMaTtodHedanu-
4yecKkuil 0apbep U IKCHEPUMEHTAIbHBIMU JIaH-
HBIMH, TOATBEPKIAOMIUMU IPPEKTUBHOCTD
MPUMEHEHUS 3PUTPONOITHHA IIPU TMOBPEXKIe-
HUsAX Mosra. Hanpumep, Obu1o mokasaHo, 4To
MIPH UILIEMUU MO3Ta SPUTPOINIOITUH YMEHbBIIAT
oyar HIIEMHYECKOro MoBpexaeHus Ha 50—
75%, a Takxke OKa3blBaJl HEHPONPOTEKTUBHBIN
3pdekT B MOIEISIX OSKCICPUMEHTAIHLHOTO
ayTOMMMYHHOTO SHIE(aTOMUEINTa, TPABMBI
MO3ra ¥ KAMHATHOM TOKCUYHOCTH.

CHuxkeHHe ypOBHs Tay 0€JIKOB NpH
NMOMOLIM HIATIEPOHOB

Haubonee akTuBHOE pa3BUTHE OTMEYa-
€TCsl B MOCJIEJIHEE BPEMsI B UCCIIEJOBAHUSIX C
UCIOJIb30BaHUEM PEKOMOWHAHTHBIX OENKOB,
MOJIyYCHHBIX B DYKAPUOTUYECKUX TPAHCTEH-
HBIX CHCTE€Max, KaK B Ka4ecTBE TepareBTHYe-
CKMX areHTOB Ui KOPPEKIMH MPOTEHHOIIA-
TUW, TaK U IKCIEPUMEHTAIbHBIX HHCTPYMEH-
TOB JUIsI TIOMCKA TIOTCHIIUAIBHBIX MHUIIICHEH
pH pa3pabOTKe HOBBIX MOAXO/I0B B MaTOTeHe-
THYECKOW Tepanuu nporenHonatuil. Hampu-
Mep, Oenok teruioBoro moka (Hspl04) oka-
3aJics croco6eH 3(pPEeKTUBHO PaCTBOPSTH pas-
JTUYHBIE KOH(OPMEpHl aMUTIOU/IA U YCTPAHSTh
TOKCUYHBIE PACTBOPUMBIC IPEAMIIOUHBIC
onuromepsl [71]. beuio nokazano, uro Hsp104
B3alMOJICICTBYET C IPYTrUMU OeTKaMHu TEeIUIo-
BOTO II0KA, CIIOCOOCTBYs 2PPEKTUBHOI Te3a-
rperaiuy 1 peakTUBAIK CTPECcC-1eHaTypUpO-
BaHHBIX OEIKOB B HEYMOPSAOYCHHBIX arpera-
Tax [72]. OgHako AJis TepareBTHYECKOW aK-
tuBHOCTH Hsp104 npu HeliponereHepaTUBHBIX
3a00J1€BaHUAX YEIOBEKa TPEOOBAIHCH BHICO-

KHe YpOBHM naHHoro oOenka [71]. Ha coBpe-
MEHHOM 3Tarle pa3BUTHUA OMOTEXHOJOTHH 3Ta
3a/laya okKazajiach peaema, u OblT CO3/1aH MO-
muduurpoBanHbii 6enok Hspl04, obnmanaro-
muii 6ojee BBICOKMM TEparieBTUYECKUM I10-
TeHIMajaoM. Ha cerogHsImHui J1€Hb OH ak-
TUBHO HCCJEeNyeTCs. AHTHAMIIOUAHOE JIeH-
cTBHE OBLIO MOKa3aHo u s marepona Hsp70.
[Ipumenenne nanHoro Oenka ISl JICYCHUS
IPOTEUHOINATUI aKTUBHO U3Y4YaeTCsi MHOTUMHU
MHPOBBIMH J1a00paTOpPUsIMH, BKIIIOUasi OTeue-
cTBeHHbIe. B wactHOoCcTH, B paboTax c yua-
CTHEM YJICHOB 3asBJICHHOI'O B MPOEKTE Hayy-
HOT'0 KOJUIEKTHBA OBLIIO MOKa3aHO, YTO XPOHU-
yeckoe BBereHue Hsp70 cHuxaio ypoBeHb
OcTa-amMmiIonJa U KOJU4ecTBO AP-Oismiek B
MO3Te TPAaHCTEHHBIX MBIIIEH ¢ epeOpaIbHBIM
amminouzo3oM. [lpu stom ymiyyiianuce Mop-
(bodyHKIIMOHATBHOE COCTOSIHUE HEHPOHOB M
MOKa3aTe KOTHUTUBHOW (YHKIMH TIpU Te-
CTHPOBAaHUU OOYUYCHUS M TMAMSTH YKUBOTHBIX
[73]. Bonee Toro, OBLIO MOKAa3aHO, YTO KO-IIa-
neporn Hsp90, Cdc37 moxer perynmpoBaTh
¢dbochopunrpoBanre Tay B TOJOBHOM MO3re
yenoBeka. Hokmayn Cde37 B kierkax Hela
BJIMSUT HA CTAaOUITBHOCTD Tay-KMHA3, TAKHX KaK
Cdk5 u Akt m mpuBOIMI K JA€CTaOUIN3AINN
Tay M ero kimpency. I Hao6opor - u30sITou-
Has skcnpeccuss Cdc37 monpmepkuBana ypo-
BEHb Tay B 3TUX KJIeTKax. lHTepecHo, uTo ypo-
BeHb Cdc37 3HAUUTENHHO TMOBHIIIAETCS B CTa-
peroleM Mo3re, 1 OblII0 BBICKA3aHO MPEIoJIo-
YKEHHE, YTO 3TO BHOCHUT OIPEICTICHHBIN BKIIA]
B ipoduiib pochopunrupoBanus Tay [74].
CTOUT OTMETUTH, YTO OEJIOK Tay MOXKET
NPUHUMATH MHOYKECTBO MIEPEXOTHBIX KOH(OP-
Malui, U Kaxaas U3 ATHUX KOHpopMaruil
UMeeT pa3UyuHble CBOWCTBA M OONagaeT pas-
JMYHBIM MATOT€HHBIM MoTeHIuanoM. [loatomy
MPEINPUHUMAIOTCS TOMBITKH 33/IeHCTBOBATh
MEXaHU3Mbl paCIIEIUIEHUsI UMEHHO NaTOoreH-
HBIX (hopM Tay B HelpoHaX. OUH U3 ITUX Me-
xaHu3MOB BKitouaet 0enok CHIP, ko-manepon
Hsp90, xoropelii onocpenyer aerpananuro
aHOMAJIBHO MOJAU(UIMPOBAHHOTO Tay uYepes3
ero akTuBHOCTh E3. YOUKBUTHHUpPOBaAHUE Tay-
Oenka u ero onocpenoBanHas 6enxom CHIP ne-
rpaganus uepe3 yOWKBUTHH-TIPOTEACOMHBIN
MIPOTCOIUTUICCKAN TyTh OBLIM IOKa3aHBl B
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kierkax HelLa. Kpome Toro, apyroii ko-1arne-
pon (STI1/Hop), koTopslii ciocodcTByeT hop-
MupoBaHuto komruiekca Hsp70-Hsp90, Tak xe
UIpaeT pelIarollylo poJib B KIMpeHce Tay. My-
Talu ¢ norepei QyHKIMKU B TeHe, KOAUPYIO-
mem STI1/Hop, BeI3BIBAIOT HAKOIUICHUE I1ATO-
TeHHBIX (pOpM Tay B MOJENU Tay-IIPOTEUHOMa-
TUU y MyX. Takxke ecTb JaHHbIE, TOKa3bIBAIO-
e, 9to pu bA ypoBens 6enka Sgtl, npyroro
ko-manepona Hsp90, Huxe.

B uenom stm pesynbTarhl mIpeamofa-
raroT, 4YTO BO3pacTHas moteps (yHKIIMH/aK-
TUBHOCTH HEKOTOPBIX KO-IIANIEPOHOB B TOJI-
JepKaHUM HOPMAJIbHOTO TOMEOCTa3a Mo3ra

» /” Straight -

filaments ' /)

6 )
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loss

Lo

TProtein kinases ~—~
+Phosphatases .

Microtubule

MOXKET UIpaTh Ba)KHYIO POJb B I1aTOJIOIHYE-
CKHX Kackazax HeilpoaereHepauuii. C npyroii
CTOPOHBI, 3TO JIeJacT IANePOHbl IEPCIIEKTUB-
HBIMM areHTamH, JJIsl BKJIIOUEHUS UX paspa-
OO0TKY METOJ0B KOMIUIEKCHOW NaToreHeTuye-
CKOH Tepanuu Tay-IpOTEUHOIIATHM.
3akmouenne. Ha cerogusmmmii 1eHb Cy-
IIECTBEHHO AKTUBU3UPOBAIUCH pabOTHI MO IMO-
UCKY TEpaneBTUUECKUX AareHTOB, CIOCOOHBIX
KOPPEKTUPOBATh Tay-IIPpOTeHHONaTuo. B pe-
3yJIbTaTEe MPOBEJCHHOT0 JINTEPATYPHOT0 0030pa
MBI MO’KEM BBIIEIIUTh OCHOBHBIE TOUKH IIPUJIO-
KEHHS JUIS TIOMCKA MyTel (papMaKoIormyeckon
KOppeKIuu Tay-tiporernonaruu (Puc. 3).
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Puc. 3. Bo3aMo)XHbIE TOUKH MPHIIOKEHUS I TOUCKA MyTel (papMakoiIoruyeckoit KOppeKIuu Tay-
nporeuHonatuu. 1. Ctabunuzanus CTpyKTypbl MUKpOTpyOouek; 2. CHU)KEHUE aKTUBHOCTHU MOJTHO-
pa3mepHoro u runepdochopunrpoBanHoro tay; 3. Perymnsauus naronoruueckoro pochopuanpona-
Hus Tay; 4. [IpenorBpamenue arperanuu 6enka; 5. MHrnOuTopoBanne aHOMalIbHOW arperarum; 6.
[IpenorBpaiienue onuromepusanuy; 7. [IpensTcTBre HaKOMIeHUIO BHYTPpH KieTky; 8. Cneunduye-
CKoe mHruompoBanue mypuHopenentopa P2RX7; 9. Perymsmus AMPA-penenitopos; 10. bioku-
POBKa NPpOHHUKHOBCHHUA BHYTPb KIJICTOK U IIEpCaavda MaTOr¢HHOT'O Oenka.

Fig. 3. Possible application points for finding ways of pharmacological correction of tau-protei-
nopathy. 1. Stabilization of the microtubule structure; 2. Reduction of the activity of full-sized and
hyperphosphorylated tau; 3. Regulation of pathological phosphorylation of tau; 4. Prevention of
protein aggregation; 5. Inhibition of abnormal aggregation; 6. Prevention of oligomerization; 7. Ob-
struction of accumulation inside the cell; 8. Specific inhibition of purinoreceptor P2RX7; 9. Regula-
tion of AMPA receptors; 10. Blocking penetration into cells and transmission of pathogenic protein.
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Hcxons u3 npuBeAeHHBIX JTUTEPATYPHBIX
JAHHBIX MO>KHO BBIJEJINTH HECKOJIBKO MOJIXO-
JIOB K JICYCHUIO U MIPEIOTBPALICHUIO Pa3BUTHS
Tay-IIpOTENHONATUH. B HEKOTOpBIX HCCIENO-
BaHUAX TIOKa3aH TepaneBTHUECKUN MOAXO/,
CBSA3aHHBIN C pealnu3aluell peenTOPHbIX Me-
XaHU3MOB KOPPEKIMH Tay-IIpoTenHonatuu. B
YaCTHOCTH, TIO3UTHUBHBIN aJIOCTEPUUECKHIA
moaynsarop  AMPA-peuentopos  (P.2.046)
CHOCOOEH YaCTUYHO BOCCTAHABIMBATh KOTHU-
TUBHYIO (DYHKIUIO Y MOJICIBbHBIX KHUBOTHBIX C
Tay-niporenHonarueii. Axkrusanus P2RX7 3a-
nyckaer Nat+/Ca2+ oOMeH, Ienossipu3anuio
1a3MaTH4ecKoi MeMOpaHbl, CeKpEeIUIo BHE-
KJIETOYHBIX BE3MKYJI, XEMOTAaKCUC U aKTHBa-
[[UI0 BOCHAIUTEIBHBIX MPOLIECCOB.

Taxxe, 3pPexTuBHON OKa3anmach aKTHB-
Hasi UMMYHOTepanusi 6eiakom tay [54]. bonee
TOT0, MPO(pUITAKTUYECKAs aKTUBHAS UMMYHH-
3a1us MPOTUB MATOTEHHBIX (OpPM Tay MpUBO-
JWIa K yCTOMYMBOMY CHUXKEHMIO Tay MaToJIO-
ruil u amunonna-f y mpieit 3xTg nunuu. He-
JaBHO OBLIIM MPOBEACHBI UCCIIEI0BAaHUS, KOTO-
pbI€ MOKa3aJId, YTO MOJIEKYJISIPHbIE MUHIETHI
SBJIAIOTCSI TIEPCIEKTUBHBIMU HHTHMOUTOpaMU
aHOMaJIbHOW arperanuu OejKa IIUPOKOro
CIIEKTpa JEWCTBUA. B KauecTBe KOMIIOHEHTA
KOMIUIEKCHOW TEpanuu Tay-IpOTEMHONATUI
paccMaTpuBarOTCA U COEIMHEHUS, CIOCOOHBIE
CTaOMIIN3UPOBATh MUKPOTPYOOUKH, ITyTEM MO-
TyJAIHAHA TaTOJOTHYECKOTo (dochopuinpona-
HUS Tay, a TAKXKe MPEAOTBPAILEHUEM E€TO OJIU-
roMepH3aIuu.

Cnenyer BBIIEIUTh TEPANEBTUYECKHE
MOJIXOJIbl K IPUMEHEHUIO COEeIMHEHUH, KOTO-
pBI€ MMOAABIISAIOT UIIU IPEJOTBPALIAIOT arpera-
uuto Oenka tay. Tak, MHTUOUTOPBI TPOTEUHKH-
Ha3 (MHruouTop KaszemHkKUHa3bl II, MHrHOU-
topbl GSK-3 u Saracatinib) cHHXkarOT ypoBeHb
runepochopuIMpOBaHUS U OJIUTOMEPU3ALIUN
tay. A 6enokx Hspl104 oxa3zancsi cmocobeH a¢-
(EeKTUBHO pPACTBOPATH pa3U4HbIE KOH(Op-
Mepbl aMHJION/1a U YCTPaHITh TOKCUYHbBIE pac-
TBOPHUMBIE NPEAMUIIOUIHBIE OJTUTOMEPBI.

Taxum 006pa3zom, cOBpeMeHHbIE CTPATErUU
MIOMCKa TEPaleBTUUYECKUX areHTOB JUIsl MOAY-
JSUUU Tay-IPOTEUHOIIATHH, B TOM 4Hciie 00-
Je3HN AnblreliMepa, HalleJIeHbl Ha CO3/1aHue
JIEKapCTBEHHBIX CPEACTB, MOJABISIFOIIUX 00-

pa3oBaHUE ATOTEHHBIX (JOPM Tay U €ro arpe-
raiuio, HO TPU 3TOM HE HAPYIIAIONIUX METa-
00JIM3M  HOPMAaJIbHOTO BHYTPHUKIETOYHOTO
Oenka Tay W ero (pyHKIHIO B CTaOWIH3AINH
MHUKPOTPYOOUEK.
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Abstract

Background: Urinary incontinence (Ul) is described as the involuntary leakage of urine and is a
global problem. The younger age groups have the lowest prevalence (12.0%), while the oldest have
the greatest (40.0%); however, there is a surge around the middle age. Osteoporosis (OP) is a medical
and socioeconomic hazard characterized by the decrease of bone mass, strength throughout the body
resulting in lower bone density and a higher risk of fractures. Females become more vulnerable to
these conditions as they grow older. The aim of the study: To assess the available research and find
links between coexistence of decreased bone health and urinary incontinence in females. Materials
and methods: Electronic databases like, CINAHL, Embase, Trip Medical Database, Cochrane Li-
brary and Pub Med were the ones searched for relevant articles from January 2011 to January 2022.
The PRISMA Statement for Systematic Reviews and Meta-Analysis was used to conduct this sys-
tematic review. Results: There were 416 results found in the databases after eliminating the dupli-
cates and studies that were unrelated to the topic. The review included total of five studies and quality
assessment was done by four reviewers. Most studies found a strongly significant link between os-
teoporosis and urinary incontinence, whereas one study found no association. Conclusion: In this
study, the five most common associated risk factors were revealed to be menopause, obesity, smok-
ing, physical inactivity, and hyperlipidemia. Based on recent studies a strong significant link was
found between the two health conditions (OP and Ul) and coexistence of both conditions was seen in
females.

Keywords: urinary incontinence; osteoporosis; bone density disorder; urine dysfunction
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Introduction. Osteoporosis (OP) is a
medical and socioeconomic hazard character-
ized by a systemic loss of bone mass, strength,
resulting in lower bone density and a higher
risk of fragility fractures [1]. The term "osteo-
porosis™ was first used in French in the early
1820s to describe a pathological state of the
bones, but it was only in the twentieth century
that it entered the English medical language
[2]. OP is frequently discovered until after the
first clinical fracture. The initial signs of OP
are usually acute back pain caused by a fracture
or groin discomfort caused by a hip fracture
[3]. Menopause and ageing lead to Type | and
Type 11 OP respectively and are the common-
est among the various forms of OP. Alcohol
misuse, hypercortisolism, hyperthyroidism
and hyperparathyroidism immobility are all
secondary causes of OP [4].

Urinary incontinence (Ul) is described as
the involuntary leakage of urine and is a global
problem that affects 13.9 percent of men and
51.1 percent of women [5]. Involuntary urine
leaking from the urethra synchronous in re-
sponse to exercise or elevated abdominal pres-
sure without detrusor contractions is known as
stress urinary incontinence (SUI). Urge urine
incontinence (UUI), on the other hand, is in-
voluntary leaking that is accompanied by an in-
stant sense of urgency and is caused by invol-
untary detrusor contractions. Both urgency and
effort cause mixed urinary incontinence
(MUI) [6].

Old age, obesity, and smoking, as well as
pregnancy and delivery, all appear to have a
role in the disease. Women who are nullipa-
rous have a lower frequency than those who are
multiparous [5, 7]. The younger age groups
have the lowest prevalence (12.0%), while the
oldest had the greatest (40.0%). However,
there is a surge around the middle age, with a
frequency of 30.0% among women aged be-
tween 50-54 [8]. It’s a costly condition affect-
ing women cross culturally in all age
groups [9].

The pathophysiological mechanism for
the higher Ul incidence in women with osteo-
porosis is because of two factors. One of the
primary for the higher prevalence of urinary in-
continence is that because of osteoporosis

there are changes in spinal curvature which
further lead to vertebral compression or spinal
compression fracture. These changes lead to
persistent rise in intra-abdominal pressure,
which pushes down on the pelvic floor muscle
and weakens its fast as well as slow twitch fi-
bers finally leading to urinary incontinence
[10, 11]. The second point is that osteoporosis
and pelvic floor diseases have the same etiol-
ogy and pathophysiology. Both osteoporosis
and Ul are linked to sarcopenia, an age-related
muscular condition that reduces muscle size
and function and leads to additional loss of
connective tissue tension such as irregularities
in mass, matrix, and microstructure, weaken-
ing the pelvic floor's supportive strength
and thereby causing Ul. The control of oestro-
gen and selective oestrogen receptor modula-
tors help to alleviate these detrimental pro-
cesses [12].

Methods

Study design. The Preferred Reporting
Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) Statement for Systematic Re-
views and Meta-Analysis, a 27-item checklist
was used to conduct this systematic
review [13].

Literature search. An electronic search
of five databases i.e. Embase, PubMed, CI-
NAHL, Trip Medical Database and Cochrane
Library were performed from January 2011 to
January 2022 to identify relevant studies. Be-
sides, a Google Scholar search was done to find
more related articles. To find related articles, a
variety of keywords were utilized. Urinary in-
continence; osteoporosis; bone density disor-
der; urine dysfunction; prevalence; association
were used as search phrases. Only human par-
ticipants were included.

Eligibility criteria. Studies were consid-
ered if: (1) the participants with Ul of any type
were part of the study; (2) women with OP ir-
respective of their age were included in the re-
search;(3) publications were in English; (4)
studies were published in previous 10 years.
The authors were also contacted if there was
any missing information in potentially relevant
research. When the author did not answer or
stated that he or she was unable to, the study
was ruled out due to a lack of relevant data.
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Participants with neurological disorders and
any other bone-related issues were ruled out.
Any study that was a review or a randomised
controlled trial (RCT) was excluded. Because
of the inadequate information, conference ab-
stracts were not considered for inclusion.

Study selection. The four authors (SP),
(SB), (AP), (VS) assessed the abstracts of the
studies separately at first. The studies chosen
were ones relevant to the population exam-
ined, diagnoses of the patients, as well as the
study's objective and conclusion. To determine
eligibility, full articles were obtained, and bib-
liography was checked for related literature.
Any disagreement amongst the reviewers was
settled through mutual conversation.

Data extraction and synthesis. The
four reviewers (SP), (SB), (AP), (VS) worked
separately to extract data from each research,
and recorded the information.

Quality assessment. The “Guidelines
for critical appraisal for the health research lit-
erature: prevalence or incidence of a health
problem” by Loney et al. was used for the qual-
ity assessment of included studies [14]. This
tool consists of eight things, each of which was

awarded one point. The “Yes” (1 point) and
“No” (0 points) are the options for this tool.
The item was given a “No” score (0 points)
when the information was not enough to reach
a conclusion. Quality ratings varied from 0 to
8, with 0 being the lowest and 8 being the high-
est. When the score was fewer than four points
(<4), the study was classed as poor quality,
four to six points as moderate quality and
seven or more points (>7) as high quality.

Results

Study characteristics. The research
work included were chosen individually by the
four authors (SP, SB, AP, VS) taking inclusion
and exclusion criteria in consideration.

There were 416 results found in the data-
bases. After eliminating the duplicates and
studies that were unrelated to the research
question, six studies were included. One poten-
tial research project was turned down because
the author failed to provide further information
in the methodological area. This review in-
cludes five studies, which are listed below in
the Table 1. The procedure for selecting stud-
ies is presented in Figure 1.

Table 1
Characteristics of included studies
Osteoporosis . . .
Study N Country Stuc_jy de- Age assessment Urinary incontinence Quality
sign assessment method
method
Berk & 85 | Turkey Corelational 40-70 years | BMD Incontinence severity 3
Baykara. index
2020 [18]
Meyer et al. | 681 | US state Cross-sec- | Post BMD and TBS | 3 incontinence ques- 6
2020 [15] of Al- tional menoupausal tionnaire
bama women

Moon etal. | 901 | Korea Cross-sec- | > 65years BMD Face to face interview 6
2020 [16] tional
Weietal. [18375| Taiwan Retrospec- | >40 years Longitudinal Longitudinal Health 5
2020 [12] tive cohort Health Insur- Insurance

ance Database from Taiwan

Database from

Taiwan
Richter et. |4026 | US state | Cross-sec- | >60 years BMD Incontinence Ques- 6
2013 al. [17] of Al- tional tionnaire short

bama form,31Q

Note: BMD = Bone mineral density; TBS = Trabecular bone scan
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Fig. 1. PRISMA Flow Diagram

The studies included were carried out in
four nations: Turkey, USA, Korea, China (Ta-
ble 1). Most of the papers [15, 16, 17] were
cross-sectional in nature, with one retrospec-
tive cohort study [12] and one correlation study
[18]. Only women were included in all the
studies. A total of 24096 women participated
in the various included studies. Majority of the
research looked at women between the ages of
40 to 70. All five studies [12, 15-18] (100.0%)
described age, body mass index, race, mode of
delivery, smoking and drinking status of par-
ticipants while few also focused on previous
health condition, or surgery, physical activity,

marital status and previous fractures. The ma-
jority of research used questionnaires to track
Ul prevalence, with only a handful relying on
self-reporting (Table 1). Female volunteers
were recruited from physiotherapy outpatient
departments, universities, physical medicine
and rehabilitation outpatient department and
general population.

Methodological quality. The quality as-
sessment was done using the Loney et al.
method [14], which recommended four moder-
ate and one low-quality studies (Table 2). Dis-
agreements between the three reviewers were
addressed through conversation.
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Table 2
Quality assessments of included studies
Appropriate I Prevalence
Sampling |Unbiased| Adequate Objgctlve Outcomes Adequate | rates with |Study sub-
- .~ | & suitable| measured by : N
Study method & |Sampling| sample size outcome | unbiased as. | TESPONse confidence in{ ject de- |Score
sample de- | frame (>300) rate (>70%) tervals sub- | scribed
" measures Sessors .
sign group analysis
Berk &
Baykara - - - + - + - + 3
2020 [18]
Meyer et al. + + + + - - + + 6
2020 [15]
Moon et al. + + + + - - + + 6
2020 [16]
Wei et al. + + + - - - + + 5
2020 [12]
Richter et. + + + + - - + + 6
2013 al. [17

Osteoporosis (OP) assessment. There
were three different techniques of evaluation
used. Bone mineral density (BMD) was uti-
lized to measure OP and osteopenia in these
studies. BMD was assessed from the lumbar
vertebrae (L1-L4) and the left proximal femur
in an anteroposterior position in same patients.
When the bone density of the left femur could
not be determined, the right femur was exam-
ined and lumbar spine was assessed when both
femoral lesions could not be quantified. BMD
of -1 to -2.5 Standard deviation (S.D.) were
classified as having osteopenia, while those
with a BMD of -2.5 and below were classified
as having OP [15, 17, 18]. Trabecular bone
scan (TBS) and fracture risk classification
scheme was used in one of the studies by Isuzu
Meyer et al. TBS of < 1.31 suggested de-
creased bone quality, indicating a moderate to
high risk of fracture [15].

Urinary incontinence (Ul) assessment.
Various questionnaires were used to measure
urinary incontinence, with some concentrating
on the kind of incontinence and others on fre-
quency assessment (Table 2). Isuzu Meyer et
al. used the four-item International Consulta-
tion on Incontinence Questionnaire-Short
Form (ICIQ-SF) to assess Ul [14]. while the
three Incontinence Questions (31Q) were used
to determine the kinds of Ul among partici-
pants [15, 17]. Ejder Berk et al. assessed the

frequency and amount of urine loss by another
instrument known as Incontinence Severity In-
dex [18] while as the International Consulta-
tion on Incontinence Questionnaire was used
to assess the frequency and severity of Ul by
Richter et al. [17]. Face-to-face interview was
the method of investigation used to assess Ul
by Ji Hyun Moon et al [16].

Coexistence of the two conditions. Ac-
cording to a study based on the Korean Na-
tional Health and Nutrition Examination Sur-
vey (KNHANES) data, poor bone health is not
alone responsible for Ul in elderly females.
The lumbar spine adjusted T-score was not sta-
tistically significant (p-value = 0.390) in either
the Ul or no Ul groups. Furthermore, neither
the entire femur nor the femoral neck T-scores
showed statistically significant (p-value = 0.39
and p-value = 0.739, respectively) results [16].
Using the combined quality/quantity bone
evaluation, another research found that 262 of
681 individuals had poor bone strength and
419 individuals had normal bone strength. Ul
(stress, urge, mixed) was more likely in women
with poor bone quality i.e. OP or osteopenia
[15]. The OP group and the healthy group
scores were statistically significant in terms of
presence of Ul (p-value <0.001) in comparison
to osteopenic and healthy group scores (p-
value =0.081). Even the OP and osteopenic
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group scores also showed statistically signifi-
cant difference (p-value <0.001) [18]. Ul risk
was 1.79 times greater in women with OP than
in women without osteopenia, regardless of
age, according to a retrospective cohort analy-
sis. SUI was found to have a stronger relation
to OP than other kinds of urinary incontinence
[12]. Another study found that women with os-
teopenia had a decreased risk of Ul compared
to normal women, but those having OP had a
very high frequency of moderate to large vol-
ume Ul (75.0%) and fecal incontinence
(16.0%) [15].

Discussion. The focus of the study was
to assess the available research and find links
between the coexistence of bone health (OP,
osteopenia) and urinary incontinence. The link
between OP and Ul is clearly of worldwide in-
terest, as evidenced by the research evaluated,
which came from different countries of the
world. Women of various ages were included,
which may have influenced study comparabil-
ity. Most studies found a strongly significant
link between OP and urinary incontinence,
whereas one study using KNHANES data
found no association. Face-to-face interview
was used to assess Ul in females, which is not
a reliable technique for measuring an outcome,
and females are often hesitant to discuss this
issue, which can lead to the lack of correlation
[16].

Some researches have shown a strong as-
sociation between osteopenia and urinary in-
continence, whereas others have found no link.
The majority of the research employed BMD
and TBS, which are reliable and established
methods for measuring bone mineral density
[19, 20]. Four-item ICIQ-SF was used in two
studies to assess Ul whereas the three Inconti-
nence Questions (31Q) were used to determine
the kinds of Ul among participants with uri-
nary incontinence [15, 16]. The Incontinence
Severity Index was used to assess the fre-
guency and amount of urine loss [18]. All three
questionnaires are reliable to measure types,
and other parameters of urinary incontinence
[21, 22, 23].

In this study, the five most common as-
sociated risk factors were revealed to be men-
opause, obesity, smoking, physical inactivity,

and hyperlipidemia. Those with OP who exer-
cise less are prone to develop Ul than the one
who are more into exercises.

Limitation. The current study has a
number of limitations. We only looked at the
studiesthat were written in English. The occur-
rence of Ul in osteoporotic individuals should
be examined in both genders in future research
to guarantee that the findings can be applied to
both. All of the participants in this research
were female. However, this may preclude the
findings from being applied to both men and
women. A larger sample size would result in
more conclusive conclusions. The studies that
look at the possible pathophysiological con-
nection between BMD and incontinence
should be prioritized. Individual variations
such as everyday life situations, living habits,
hygiene, and the way people perceive and in-
terpret stresses might all have an impact on uri-
nary incontinence, which cannot be ruled out.
Future research with bigger samples and indi-
viduals of both genders may contribute more to
the literature based on these variables. Not
only the kind of urinary incontinence, but also
the intensity of the symptoms may have
yielded more relevant results if alternative
questionnaires had been used. Because of so-
cial desirability, many studies employed self-
reported measures of urinary incontinence,
which leads to a significant amount of bias into
such investigations.

This was a descriptive overview of the
association between Ul and OP, not a statisti-
cal meta-analysis. Because the majority of the
studies were cross-sectional in nature, no con-
clusions concerning cause and effect could be
drawn. This is something to keep in mind while
planning future research.

In contrast, the present study used a sys-
tematic strategy that included a published
methodology, and adhered to the PRISMA
statement. The review reveals the restrictions
that are currently in place and identifies the ex-
isting limitations of published research into the
link between OP and urinary incontinence.

Conclusion. In conclusion, this system-
atic review investigated the coexistence of OP
and Ul in women, and it demonstrates that Ul
(stress, urge, mixed) is more likely to occur in
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women with poor bone quality because of the
same pathophysiology.
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Pe3ome

AKTYaJIbHOCTh: YUUTHIBasi IPOrPECCUPYIOIIEE CTAPEHNUE HACEICHHSI, OCTPO CTOUT IMpodieMa mpo-
JUICHUS 3JI0POBOTO JOJTOJIETHS C COXPAHEHUEM BBICOKOM KU3HECTTOCOOHOCTH. OCOObIN HAYYHBIN NH-
Tepec MPEACTABISAIOT «T0yOble 30HBD) — PErMOHBI C CAMOW BBICOKOHN MPOJAOKUTEIHHOCTBIO KU3HU.
K 006pa3zy ku3HM kUTEIeH 3TUX TEPPUTOPUIN IPUKOBAHBI B3IJISJIbl YUEHBIX CO BCEro Mupa. B umero-
LIUXCSI UCCIIEIOBAHUSAX IEMOHCTPUPYETCS Ba)KHAs POJIb MMUTAHUS B JOJITOJIETUU, HO HEJOCTATOYHO
nH(pOpMaLIUU O €IMHOM pe3UIMeHC-IMeTe Ha OCHOBE MPOAYKTOB, HOTPEOIAEMBIX B MUIILY JOJITOXKHU-
TensaMu «roinyobix 30H». Lleab ucciaenoBanus: Llensio qanHOro o03opa sBiISETCS ONpeAeieHHe
MMEET JIU IUTaHUE JOJITOXKHUTENEH «roJIyObIX 30H» XapaKTepUCTUKHU Pe3UIMEHC-I1eThl. MaTepuaJbl
U MeToAbl. bl N3y4yeHsbl JaHHBIE TUTEPATYPHI 10 TOUCKOBBIM CIIOBaM: CTApEHUE, 10T 0JIETHE, I'e-
POHTOJIOTHSI, TUTAHKUE JOIT0XKUTENEH, TOIyOble 30HbI, )KU3HECIIOCOOHOCTh, BO3pAaCTHAs KU3HECIIO-
COOHOCTb, pe3unmeHc-aueta 3a 2006-2021 rox B xoMmbroTepHbIX 0a3zax gaHHbIX: NCBI, Google
Scholar, ScienceDirect, PubMed, Scopus, ISI Web of Science, Cyberleninka, Elsevier u SciELO.
Pe3yabTaThl: AHANW3 JUTEPATYPHBIX JAHHBIX MOKAa3all, YTO MHUILIEBHIE NMPUBBIYKU JOITOXKUTEIEH
«roy6six 30m» CHIA, I'periun u Utanmuu, Anonnn, Kocra-Puku, bpazunuu nuMeroT cX0kKue 4epTHI.
B ux pannone mpeobiagaetr pacTuTenbHas MUIA: 371aKW, 000bI, MAaKapOHHBIE U3JIENHS U3 TBEPBIX
COpTOB, OpexH, (PYKThI, OBOLIH, CBEKas 3€JIeHb, OJINBKOBOE Macio. Msico, ocoOeHHO KpacHOe, MO-
JIOKO Y MOJIOYHBIE MPOAYKTHI, Sifl1a OHU YIIOTPEOJIAIOT KpaliHe PelIKo, OTAaBasi IpearnouTeHue pride
¥ MOpernpoaykTaMm. Takol palroH COCOOCTBYET MPOQHUIAKTHKE CEPACUHO-COCYIUCTHIX 3a00JIeBa-
HUH, caxapHOro AnabeTa, KOJOPEKTaIbHOTO paKa, paka Tpyau U JIETKUX, U30BITOYHOM MACChI TeNa U
OKUPEHMsI, paHHEW CapKOIIEHHWU U JIEMEHIUH, Jlenpeccuil. biaronaps 3ToMmy JOATOXHUTENN «TOJY-
OBbIX 30H» OTJIMYAIOTCS BHICOKOM BO3pAcTHOMH >kn3HecnocoOHOCThIO. 3akaouenue: Ha ocHoBe aHa-
JM3a MUTAHUS JOJTOXKUTENEeH «roiyObIX 30H», MOXHO C(OPMUPOBATH pe3WIMEHC-IUeTy. JloMUHu-
PYIOIIUMHU MPOTYKTAaMH B PaIlOHE JTOJKHBI OBITh HepahUHUPOBAHHBIE KPYITBI, MAKAPOHBI U3 TBEP-
JIBIX COPTOB MILIEHUIIBI, CBEXKHE OBOIIM U (PPYKTHI, 3€JIeHb, BOJOPOCIH, (pepMEHTHPOBAHHBIE MTPO-
OyKThI (TOdy, MHCO, KBallleHasl KamycTa). Takxke exXeJHEBHO HE0OX0JMMO YHOTpeOIATh Opexu u 00-
00BbI€, OJIMBKOBOE MACJIO, PhIOY U MOPETIPOIyKThl. bermoe Msico, MOJIOUHbIE MPOTYKTHI, iflla He 00-
nee 1-2 pa3 B HeAento. MakCHMalbHO OTPAaHUYUTH WIIH HCKITFOUUTH KPACHOE MSICO, KapTo(dens, Oemnblii
xJ1e0, cnagocTu. JlaHHble TueTHYecKrue HHTEPBEHIIMU MOTYT OBbITh MTOJIE3HBI JUIsl (POPMUPOBAHHUS 3]10-
POBOTO MaTTepHa CTApPEHUs C BEICOKOM BO3PACTHON KU3HECTIOCOOHOCTHIO.
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Abstract

Background: Given the progressive aging of the population, the problem of extending healthy lon-
gevity while maintaining high vitality is very important. The "blue zones" — the regions with the
highest life expectancy — are of particular scientific interest. The views of scientists from all over the
world are riveted to the lifestyle of the inhabitants of these territories. The available studies demon-
strate the important role of nutrition in longevity, but there is not enough information about a single
resistance diet based on foods consumed by long-livers of the "blue zones". The aim of the study:
The purpose of this review is to determine whether the nutrition of long-livers of the "blue zones" has
the characteristics of a resilience diet. Materials and methods: Literature data were studied based
on the following search words: aging, longevity, gerontology, nutrition of centenarians, blue zones,
viability, age viability, resilience diet for 2006-2021 in computer databases: NCBI, Google Scholar,
ScienceDirect, PubMed, Scopus, I1SI Web of Science, Cyberleninka, Elsevier and SciELO. Results:
Analysis of the literature data showed that the eating habits of centenarians of the "blue zones" of the
USA, Greece and Italy, Japan, Costa Rica, Brazil have similar features. Their diet is dominated by
plant foods: cereals, beans, pasta from hard varieties, nuts, fruits, vegetables, fresh herbs, olive oil.
People in these countries eat meat, especially red meat, milk and dairy products, eggs very rarely,
giving preference to fish and seafood. This diet helps prevent cardiovascular disease, diabetes, colo-
rectal cancer, breast and lung cancer, overweight and obesity, early sarcopenia and dementia, and
depression. Due to this, the long-livers of the "blue zones" are characterized by high age viability.
Conclusion: Based on the analysis of the nutrition of long-livers in the "blue zones", it is possible to
form a resistance diet. The dominant foods in the diet should include unrefined cereals, durum wheat
pasta, fresh vegetables and fruits, herbs, algae, fermented foods (tofu, miso, sauerkraut). It is also
necessary to consume nuts and legumes, olive oil, fish and seafood daily. White meat, dairy products,
eggs should be consumed no more than 1-2 times a week. We should limit or exclude red meat,
potatoes, white bread, sweets as much as possible. These dietary interventions may be useful for the
formation of a healthy pattern of aging with high age viability.

Keywords: nutrition; diet; longevity; geriatrics; gerontology; vitality; resistance diet
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BBenenue. I'eHepanbHas AccamOnes
Opranuzanun O6weaunennbix Hamwmii (OOH)
oopsBuima 2021-2030 roaer [ecsaTuieTuem
310pOBOro cTapenus. Beap HecMoTps Ha yBe-
JUYUBAIOIIYIOCS KOJOCCAJIbHBIMU TEMITAMH
YHCJIEHHOCTh HACEJIEHUSl IUIaHEThl, MHOTHE
CTpaHbl CTAJIKUBAIOTCA C IMpoOieMoi crape-
Hus. CrapeHue — 3TO KOMIUIEKCHBIN IpPOIEcC
MIPOTPECCUPYIOIINX U3MEHEHUW Ha OWOJIOTH-
YECKOM, COLMaIbHOM, JYXOBHOM ypoBHE [1].
Pacrymas nons monei moXwioro u crapye-
CKOTO BO3pacTa BJIeYET 3a COOOM JOMOJHU-
TENBHYI0 HAarpy3ky Ha pabOTOCIIOCOOHBIX
rpaxaaH u OrKeT 3apaBooxpaneHus. 1 ceit-
4yac 0CTPO CTOUT BOIIPOC O 37J0POBOM JI0JITOJIe-
THUU, COXPaHEHUU MOOUIBHOCTH, pabOTOCHO-
COOHOCTH Kak MOXXHO ponbiie. J{is Bpaueit
BCEX CIEHHUATBHOCTEH Ba)XXHO 3HATh, MTOUYEMY
OJIHU IMOKUJIBIE JIFOJU MOJIBEP>KEHBI CTPECCO-
BBbIM (hakTOpaM, HHPEKIIMOHHBIM U HEeUH(DEK-
LMOHHBIM 3a00JIeBaHUSIM, a JpYyrHe coxpa-
HSIOT aKTUBHOCTB JI0 TIIyOOoKO# crapoctu [2].
DTO sIBIEHUE TOJYYWIO TEPMHUH- >KH3HECIIO-
COOHOCTH WJIM YCTOMYUBOCTDH (C aHTIIHICKOTO
«resilience») [3]. BospactHas xu3Hecnoco0-
HOCTb MPEACTaBISAET COO0I BO3MOKHOCTh MO-
OMJIM3allMK BCEX PECypCOB OpraHM3Ma IMOXKH-
JIOTO YelloBeKa Ui MOANepKaHusl (yHKIHO-
HAJIbHOW aKTHUBHOCTU TPU BO3JICUCTBUU HE-
OnmaronpusATHBIX (PAKTOPOB BHYTPEHHEH WIIH
BHEIIIHEW cpenpl [4].

[IpencraBienne o MOKUIOM YEJIOBEKE,
Kak 00 acoIMaJIbHOM, C BBIPAXXEHHBIM (DYHK-
[IUOHALHOM JIe(DUIIUTOM, MHOKECTBOM XPO-
HUYECKHUX 3a00JI€BaHUN YTPATHIIO CBOIO aKTYy-
IBHOCTh. BHeIpeHne KOMIUIEKCHBIX peadu-
JUTAIMOHHBIX MPOTPAMM B TepHATPUUECKYIO
MPAKTUKY, TMPOTYJIKH W TUMHACTHKA Ha CBe-
KEM BO3/yXe, TPYNIOBBIC TTOXObI, UTPHI, pa-
LUOHAJIBHOE MUTAHUE JEMOHCTPHUPYIOT CBOIO
s dextuBHOCTD [5]. DHU3NYECKas aKTUBHOCT,
HOpMaJlh3alusl Macchl Tejla MPEJOTBPAIAIOT
paHHee pPa3BUTHE JEMEHIIMM W CapPKOTICHUH,
YMEHBIIAIOT PHUCK TPEBOTU U JACHPECCUU
[6,7,8]. CHMXKeHME BIUSHUS CTPECCOBBIX (ak-

TOPOB IpodrTakTUPyeT MaHuecTaIuo 3a60-
JIEBaHU, B TOM YHCJIE CEPIACYHO-COCYIUCTHIX
[9]. ITpueM MOKXUIBIMU JIOABMHU PE3UITUEHC-
npenaparos (ButamuH Jl, kosu3um Q10, 1iuHK,
MarHui) B KOMIUIEKCE C MPaBUJIBHBIM TUTa-
HUEM WIPalOT KIIOYEBYIO pPOJIb B 3I0POBOM
crapenuu [10, 11]. Dra kKoMOWHAIMS MOTY-
yiila Ha3BaHUE «pe3wineHc-auera». OnHa
MMEET BETreTapuaHCKYI0 OCHOBY CO CHIKEH-
HBIM TIOTpeOsieHreM Kajopuid, g0 1500 B
cytku [12]. OcoOslit MHTEpPEC B TaHHOM CITy-
Yyae MpeCTaBISIIOT «TOIyOble 30HBD) - TePpHU-
TOPHUH C CaMbIM OOJIBIIIMM KOJIMYECTBOM JOJI-
TOXKUTENIeH U XapaKTepHOW UM MapajoKcalb-
HOM YCTOMYMBOCTBHIO. Takue «30HB» €CTh B
CIOA, Utanmum u I'peunun, Anonuu, Kocra-
Puxe, bpaswnuu [13]. [IpeamonoxxurensHo,
UMEHHO 00pa3 >KM3HU U MUTAHUE HACEICHUS
STUX PErHMOHOB SIBJIIOTCS OMPEACISIONINMU B
JOJNTOJIETUH.

IMeans uccaenoBanus. l{enbo gaHHOTO
0030pa sIBisIeTCs OMpe/eieHne UMeeT I TH-
TaHUE JIONTOXKHUTENIECH «ToJyOBIX 30H» Xapak-
TEPUCTUKU PE3UIINEHC-UETHI.

Marepuanbl M MeTOAbI MCCJIEI0Ba-
HMS. BbUIM W3y4YeHbl TaHHbBIE JIUTEPATYPhI MO
TOMCKOBBIM CJIOBAM: CTapeHue, JOJTOJIETHE,
TE€POHTOJIOTUSl, IUTAHUE JOJITOKUTEIEH, TOITy-
Oble 30HBI, >KHU3HECIOCOOHOCTh, BO3pacCTHas
KU3HECMIOCOOHOCTh,  PE3WIHMEHC-AMeTa  3a
2006-2021 rox B KOMITBIOTEPHBIX 0a3ax JaH-
ueix NCBI, Google Scholar, ScienceDirect,
PubMed, Scopus, ISI Web of Science, Cyber-
leninka, Elsevier u SciELO.

Pe3yabTarhl B MX 00CyKICHUE

IuTanue noJroxxureieil «roxy0bIX 30H»

Jloma-Jlunoa (CILLIA). Jloma-JIunnaa - ro-
pox, pacnonoxenHslii B CIIA, mrar Kanu-
dopuaus, ¢ Hacemenuem 24 784 denmomeka.
Cpenssisi TPOJOIKUTENHFHOCTh JKU3HH 0OoJiee
90 net [14]. XKutenu naHHON «T0TyOOI 30HBI»
B OONBIIMHCTBE BEre€TapHaHIIbI, TaK KaK 3TO
CBSI3aHO C WX BEPOM- aJIBEHTHCTHI CEIBMOTO
nHs. Ecnu mocMoTpeTh 1o CTPYKType MoKasa-
TeJIei CMEPTHOCTH OT BCEX MPUYHH U 3a007e-
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BAEMOCTh BCEMH BUJAMU PAaKa B COBOKYITHO-
CTH B NOMYJISIIUU aIBEHTUCTOB, TO OHA HUXKE,
1o cpaBHeHHIO ¢ obmel momyssued CLIA,
Ha 33% u 30% cooTBeTcTBeHHO. bosiee HU3KME
MOKA3aTeNIM pakKa rpyau, KOJIOPEKTAIBHOIO U
pEeKTalbHOTO paka, U paka jerkux (Ha 30%,
16%, 50% u 30%). Cpeau anBeHTUCTOB, IIPO-
JkuBaronmx B ToM umciie B Jloma-JIunge,
HaumOoJee PEeAKU CIlydad MPEKICBPEMEHHOM
cmeptu [15]. Ha done pacTtymel npomomku-
TEIHHOCTH JKU3HH B 3TOM HEOOJIBIIIOM rOpoJie,
CUTyalus B LIEJIOM II0 CTpaHe He Tak Ojaro-
npusitHa. B CIIA Heckoiabko €T cpeaHss
MIPOJIOJKUTENIBHOCTD )KU3HU HE pocia, U Jaxe
3 roxa nmoapsia cHUXKaack [16].

OCHOBHBIMU TIPOJIYKTAMH, KOTOPBIMH
MUTAIOTCS JKUTEIH «TOJIyOOH 30HBD», SIBIIS-
0Tca opexu, Tody, 37maku, GpPyKThI, OBOIIH,
CBEXasl 3eJIeHb, apaX1COBOE MACIIO, TOPTHUIIbS,
pb10a U MopenpoyKThl. OHU MOTHOCTHIO WU
YaCTUYHO UCKITIOYAIOT MSCO U MSACOIPOIYKTHI,
MOJIIOKO, siinia. [IpeoOnamanue pacTUTENbHOM
MWLM HaJ )KUBOTHOM B UX PALIMOHE TOJIOKH-
TEJIbHO CKa3bIBAETCSI HA 3JI0POBbE CEPACUHO-
cocyauctol cucrembl. bonbmias BbeIOOpKa
My>KuuH ¥ xkeHiuH (81337) B uccnenoBaHuu
3I0POBBSl QJIBEHTUCTOB TO3BOJIMJIA BBHISIBUTH
CHJIBHYIO CBSI3b MEX]y OEIKOBBIMU MPOIYK-
TaMH >KMBOTHOTO TPOUCXOXKICHUS (MSICO) U
pacTuTensbHOr0 (OpeXu W CEeMeHa), U cep-
JIEYHO-COCYJIUCTBIMU ~ UCXOJaMHU.  3710pOBast
JMeTa JTOJITOKUTENIed OCHOBAHA HAa MCTOYHU-
Kax MpOTerHa HE U3 MsICa, a U3 PACTUTEIbHBIX
IIPOAYKTOB: OpeXxoB U ceMsH [17]. Ynorpebie-
HUE B MHINY OOJBIIOTO KOJIMYECTBO PACTH-
TeIbHOU KJIETYATKU, PhIOBI U MOPEMPOAYKTOB
MPEAOTBPANAET KOTHUTUBHBIA JeDUIUT C
Bo3pactoM. ['pynna uccnegosarenei uz CLIA
M3YYWJIM BJIUSTHUE BET€TAPUAHCKOTO THUIIA TTH-
TaHUA MOKUIIBIX ofeil u3 Jloma-JIuHABR Ha
WX KOTHUTUBHBIE (PyHKIMU. Pe3ynbrar moka-
3aJl IPSIMYIO CBSI3b CTaOMIIBHOTO pPeKHMMa TH-
TaHWsI, IPUCYIIETO BereTapuaHIiaM, ¢ JydInei
namaTbio U peusto [18]. Eme onun Hemano-
BKHBIN (haKTOP 370POBOTO BET€TAPHUAHCKOTO
MUTaHUS C Tpeo0alaHueM PacTUTEIbHOM
MUK~ IKOJOTHYHOCTh. BBIOPOCH TapHUKO-
BbIX Ta30B Ha 50% MeHblIie, 4eM OT OOJIbIINH-
CTBa COBPEMEHHBIX TUET JJIA BCeSAHBIX. [19].

Takum o0pa3om, Onarojgaps auere, y
nonroxurenend Jloma-JIMHAbI MEHBIIE BCTpE-
YalOTCsl CepJIEYHO-COCYAUCThIE 3a00JieBaHus,
caxapHblii 1uader 1 u 2 TUIIOB, KOJIOPEKTAIIb-
HBI pak, paK MPOCTaThl, TPy, IEMEHIUS,
capkoreHus. Mx Macca Tema J0CTOBEPHO
HUKE, YEM B OCHOBHOM MOMYJISILIUH, a TaKXKe
6osee HU3KUI ypoBeHb C-peakTUBHOIO Oenka
U aTeporeHHBIX JMNHIoB. Bee 310 cmocob-
CTBYET OOJIbIIEH MPOJOIKUTENIbHOCTH KU3HU
U BBICOKOH BO3PacCTHON KHM3HECIIOCOOHOCTH
[20].

Ukapua u Capounusa (Ipeyus u Uma-
qus). TIpuMepoM BBICOKOUM MPOAOIKUTENBHO-
CTH >KM3HU SIBJIACTCSA CPEAN3EMHOMOPCKHUH pe-
ruoH: Uramus u ['perus. «["onyOpiMu 30HaMm»
B HUX IIpu3HaHbl octpoBa Ukapus u Capaunust
¢ HaceneHueM 8312 um 1598225 uyenosek.
CpenHsisi IPOIOJIKUTEILHOCTD )KH3HU OOJIBIIIC
80 ser (83,4 m 82,1 coorBercTBeHHO) [21].
CBOMM JONTOJETUEM KUTEIH ITUX PETHOHOB
BO MHOTOM 00s13aHbI U3BECTHOW B MUPE CPEIU-
3emHomopckoi nuere (Cll). bonee 56% nace-
nenust Ukapuu cOXpaHsIOT BHICOKYIO (DYHKIIU-
OHAJIBHYIO aKTUBHOCTH JIO TIIyOOKOM cTapo-
cTu. B monapnstoiemM GOIBIIMHCTBE OHU, KaK
U CapIMHIbI, HE CTPAJAIOT CapKOIICHUEH, 3Ha-
YUTEJIBHO PE’KE, YEM B OCHOBHOM TMOIYJISIINH,
OecroKouT HapylleHue cHa, aenpeccuu. He-
CMOTpPS Ha JOCTATOYHO BBICOKYIO pacipocTpa-
HEHHOCTh THMEPTOHUHU, OOJBITMHCTBO MOXKH-
JBIX UMEET HOPMAJIbHBIN YPOBEHb apTepHab-
HOTO JaBJICHUS B CBSI3M C BBICOKOW IPHUBEP-
KEHHOCTBIO Tepanuu u quetsl. A 37,5% mno-
YKHUJIOTO HAaceJIeHMs BOOOIIE He CTPaAaloT Xpo-
HUYECKUMH 3a00JIeBaHUAMU, UYTO 3HAUYUMO
BBIIIIE, U€M IO cTpaHe B menom (21%) [22, 23,
24]. TloMuMO NEPEUYHUCIEHHBIX CXOXKUX OCO-
OCHHOCTEW 310pOBBs HonroxuTenein kapun
u CapaIuHUM, CTOUT OTMETUTH MX TICUXOJIOTH-
YECKYI0 YCTOMYMBOCTD K BHEITHUM (haKTOpam.
Baxxnoe HaOnrofieHHe MPOBENU UTATbSHCKUE
y4€HbIC, 3aMETUBIIINE TIOBBIIIIEHHYIO CTPECCO-
BYIO YCTOMYMBOCTb MOKUJIBIX JIIOJIEH U3 HOXK-
HBIX peruoHOB MTanuu (peruoHbl J0ITOXKUTE-
neit) k mangemun COVID-19 [25].

CpenunzeMHOMOpCKasi JUeTa BKIIOYEHA B
cnucok Bceemupnoro nacnemus HOHECKO,
Kak HamOoliee cOaJlaHCHMpPOBAHHAs, 3/10pOBasd,
CHOCOOCTBYIOIIAsT JIONTOM M KadyeCTBEHHOM
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*u3HU [26]. Ecii mOCMOTpPETh Ha CTPYKTYPY,
TO OHA BBHIMJIIIUT CIEAYIOUIMM 00pa3oM: OT
TpeX 10 JEBATH MOPLMHA OBOLIECH, OT MOJO-
BUHBI JIO IBYX MOpUU (HPYKTOB, OT OJTHOM 10
13 nopuuii 3;1aK0B ¥ 0 BOCbMU MOPIMI OJIUB-
KoBOro macia B aeHb. Ogna nopuust — 100 rp.
DHepreTuyeckas IIEHHOCTh NPUOIM3UTENIHBHO
2250 xkai, 37% obuux xkupoB, 18% MoHOHE-
HaCBIIIEHHBIX U 9% HACHIIEHHBIX, 33 T KIET-
yaTKd B JieHb [27]. JKurenn «romyObIX 30H»
CpennzeMHOMOPBSI B OCHOBHOM HCIIOJIb3YIOT B
MUYy Takue MPOAYKTHI, KaK MIICHHIA, S4-
MEHb, MaKapOHHBIE M3JIENHS, PEXKE KyKypy3a,
00051, xJ1€0 Ha 3aKBaCKe, OBOIIIHBIE CYTIbI, KaK-
TycoBasi Tpylla, IUIOJAbI 3EMJITHUYHOTO Jie-
peBa, KallTaHbl U TPELKUE OPEXU, HHXKUD, BU-
HOrpaj, He Ooisiee 2-4 mopuuil B MecsI] Mmsca
OBEIl WIH MTHII, OBEYhE U KO3bE MOJIOKO, CBE-
KHE  CbIpbl, pblda, BHUHO, OJUBKOBOE
Mmaciio [28].

C/1 oxa3pIBaeT OJaronpusiTHOE BO3/EH-
CTBHE Ha CEPACYHO-COCYIUCTYIO CHUCTEMY B
IUTaHEe CTAOWIIM3alUK JIMIATHOTO TPOdHIIs,
npoUIAKTUKA aTePOCKIEPOTUYECKOTO MPO-
necca, UHGAPKTOB M WHCYJIBTOB B TMEPCIIEK-
TUBE. JIMMOMpPOTENHBI BBICOKOW TMJIOTHOCTH
(JITIBII), mpenoTBpamaroiyme aTepocKiepo-
TUYECKHI MPOLECC, MOBBIIAIOTCS B TEUEHUE 4
nHel nocne nepexona Ha CJI, Torna kak are-
POTE€HHBIE KJIAcChl JIMIUJIOB CHIXKAKOTCSA 10
ONTHUMAaJbHBIX yYpoBHeH [29]. HacpleHHOCTD
JIOKO3areKCaeHOBOM M apaxuIOHOBOW KHCIIO-
TaM# 00€CTIeunBaeT HEHPOMPOTEKIIUIO TPOTUB
HeHpoJereHepaTUuBHbBIX MATONIOTUM, TAKUX KaK
6one3np Anbireiimepa u IlapkuHcoHna, KOTo-
pBI€ CBS3aHBI C MUTOXOHAPUATHHON AUCPYHK-
1Mel, HEMPOBOCTATICHUEM U OKUCIUTEIHHBIM
ctpeccoM [30]. KopeHHoe HaceleHne peruoHa
B OOJIbIIUX 00BEMAax MCIOJIB3YIOT OJIMBKOBOE
MacJo JJisi TpurotoBieHus 6moa. OHO sSBIS-
€TCSl OCHOBHBIM HCTOYHHKOM >XHPOB, H, TIO-
MUMO BBIIIETIEPEYUCICHHBIX CBOICTB, OKa3bl-
Ba€T BIUSHHUE €IIe U HAa UMMYHHYIO CUCTEMY.
[TpssmbiM (TOKODEPOITBI, MOMH(PEHOTBI, MOHO-
HEHACHIIICHHBIC JKUPHBIE KUCIIOTHI) U KOCBEH-
HbIM (HU3KOE COAEpKaHUE >KUPHBIX KHUCIIOT,
cOalaHcupOBaHHas TUHOJIEBAs U ab(a-TuHO-
JIeHOBast KUCIOTHI) 06pa3om [31]. [IpuBepxen-
HOCTh K PaCTUTEIHHOUN THIINE CHIKACT PUCK
caxapHoro auabera Broporo tuma [32]. Eme

OJIHOH XapaKTepHOW OCOOEHHOCTHIO JaHHOTO
NUTAHUS SIBJSIETCS PEAKOe YNOTpebieHue
Mmsica, OCOOEHHO KpacHOro. PerymspHblii
IpUeM B MHILYy KpacHOro U 00paboTaHHOTO
Msica YBEJIIMYUBAET PUCK CMEPTHU OT BCEX MPH-
YUH U CEpAEYHO-COCYAMCTBIX 3a00JeBaHUI
[33]. U HemanoBaxubiM dakTopom CJI siBis-
€TCsl COXpaHEHHE ONTHUMAaJIbHOM Macchl Tena
Wi cHKeHue n30biTouHoi [34]. Hopmans-
HBII BEC MOBBIIIAET KA4e€CTBO )KU3HH, CIIOCO0-
CTBYET COXPAHEHUIO 3/J0POBbS OMIOPHO-/IBUTA-
TEJBHOIO ammapara, CepJe4HO-COCYIUCTON U
SHJOKPUHHOM cucTeM. B mpoBeieHHBbIX nccie-
JOBaHMUSIX TOTpeONieHMEe CBEXKUX (PPYKTOB
ObUIO CBSI3aHO C Jyd4miedl (yHKIHOHATHHON
CIIOCOOHOCTBIO B TOBCETHEBHOM >KHU3HH, TO-
TpeOJIeHre OJIMBKOBOTO Macia ¢ yJIy4llIeHUEM
CllyXa M 3peHHs, ChIpa ¢ CaMOOLIEHKOH 3/10po-
BbsI, KOTHUTHUBHBIMH (DYHKIMSIMH, aBTOHO-
MHEH B TOBCETHEBHOW aKTUBHOCTH [35].
Oxunasa (Anonus). B ctpane A3suar-
CKOTO peruoHa, SmonHuu, oOHapyKeHa elle
oJlHa «roiy0ast 30Ha»- mpedekxtypa OKuHaBa.
HebGonpias tepputropuss ¢  HaceleHUEM
1457162 yenoBeka M3BECTHA CBOMMH JOJTO-
KUTENAMUA  (CpelHss TMPOJAOKUTEIHHOCTh
xu3Hu 84,8 net). bnaromaps kpynHeimemy
COpOKaJIeTHEMY HCCIIEI0BaHHIO, IPOBEICH-
Homy rpynmnoii Okinawa Centenarian Study
(OCS), B xoTOpOM OBLITO 0OCIEAOBaHO Oosee
TBICSYH YEJIOBEK cTapiie 99 ner, KuTenn mpe-
(beKTypbl TPEaNONOKUTENBHO SBISIOTCS Ca-
MBIM 3JIOPOBBIM H JIOJTOKUBYIIUM HapOIOM
mupa [36]. D Craig Willcox ¢ xomteramu ce-
Jay BBIOOPKY YMEpIIMX JOJTOXKHUTENEH, BO3-
pact cmepTH Konebaics ot 110 go 112 net. ¥
OO0JIBIIMHCTBA 10 MO3/IHEr0 Bo3pacTta HaOIo-
JAJIUCh MUHUMAIbHbIE KIMHUYECKH OYEBH/I-
Hble 3a0oneBaHus: KaTtapakTta (42%), mepe-
nomsbl (33%), umemudeckas 0oNe3Hb cepia
(8%), uaCynbT (8%), pak (0%) u quadet (0%).
@OyHKIMOHAIBHO OOJBIIMHCTBO CBEPX JI0JITO-
JKUTEJeH ObuTH He3aBHUCHMMBI B Bo3pacte 100
JIeT, ¥ JTUIIb HEMHOTUE U3 HUX OBbLIN TepeBe-
JICHBI B JIeYeOHBIE YUPEKICHHSI TIPH TOCTHIKE-
Huu Bo3pacta 105 ner [37]. [Ipuuuna sToro,
KaK  CBHJICTEIhCTBYIOT  MHOTOYHCIICHHBIC
HaOJIOCHNS, B OKHHABCKOM JIHeTe.
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B ocHoBe TpaauMIMOHHONW OKHMHABCKOW
JUETHI JIOKUT MOoTpebIeHne HepadhuHUPOBaH-
HBIX YTIJIEBOJIOB, YMEpPEHHOE MOTpediieHne
OenKa, ¢ aKIEHTOM Ha PAaCTHUTENbHBIN Oemok
(60060BBIC), pHIOY W HHOTIA HEXUPHOE MSCO B
KaueCcTBE MCTOYHHUKOB 3JIOPOBBIX KUPOB
(Oomplie MOHO- M TOJHMHEHACHIIIEHHBIX,
MEHbIIIe HaChIEeHHbIX ) [38]. OKkuHABCKUN THIT
MUTAHUS SIBIISIETCS CAMBIM HU3KHM 10 TIOTPEO-
JICHUIO KHUPOB, 0COOCHHO HACBHIIICHHBIX, U Ca-
MBIM BBICOKHM IO MOTPEOJICHUIO YTIEBOAOB,
KaJIOPUHHBIX MPOIYKTOB OOraThIX aHTHUOKCH-
nantamu [39]. Haubosiee monyasspHbIMEU MPO-
nykTamu sxkuteneid OKUHAaBBI SIBISIFOTCS: CBIP
Tody, pHc, mosocaTelii TyHel, 13 BUI0B MOp-
CKHX BOJOpOcIieli, 0aTar, TOpbKUH Orypell,
JDKMHYpa, CBUHUWHA, Citrus depressa (OYCHB
KHUCIBI COK JaiiMa, pacTyIero Ha OCTPOBE
Oxkwunagna), caroBHuk, muco [40]. [lutanue mo
ATOW MOJENU BHEAPSAIU M B CKaHIUHABCKUX
cTpaHax. B wTore ymy4manoch KauecTBO
KU3HU, YMEHBIIAINUCH KEITYyA0YHO-KUILICYHbIE
CUMIITOMBI, UHIEKC MACChI T€Ja, OKPY>KHOCTh
TaJuH, YPOBEHb IIIIOKO3bl Y MAIEHTOB C Ca-
XapHbIM JaMa0eToOM 2 TuIlla, XOJecTepuHa M
TpurimuepuoB [41]. Taxxe 3ameueHo BIusi-
HHUE HEKOTOPBIX OKMHABCKUX IMPOJYKTOB Ha
MPOJOIKUTENBHOCTD KU3HU. Hampumep, B u-
€Ty JKHUTeJell mNpeeKTypbl BXOIUT HMOUPDH
(Alpinia zerumbet), KOTOPBIi B KCIIEPUMEH-
Tax Ha XUBOTHBIX YBEIUYUBAT UX TIPOOJIKHU-
TENBHOCTh KMU3HHM Ha 22,6%. DTO CBsI3aHO C
ero 6oraTbIM pUTOXMMHUYECKUM COCTaBOM, 00-
JAIAl0IIMM aHTHOKCHIAHTHBIMH CBOWCTBAMU
U CIOCOOCTBYIOIMM OOphOE € OXKUPEHHEM
[42]. XKutenu OkuHABBI 1O TITyOOKOH cTapo-
CTH COXPaHSIOT CBOI COLMAIBHYIO aKTHB-
HOCTh. OOBEAMHSIOTCS B OOIIUHBI, IPOBOJIST
o0pa3oBaTeNbHBIE W YBECEIHUTEIbHBIE MEpO-
TPUATHSL, OOJIBIITYIO YaCTh BpEMEHHU HAXOSTCS
B Kpyry apy3ei u 6onuskux. B Bospacte 100 u
Oojee neT 3aHUMAIOTCS IUIaBaHWEM, TMMHa-
CTHKO, JI0BJNIEH pbIObI U hepmepcTBOM [43].

KOoHTHUHEHT, KOTOPBIN TaK)Ke MOXKET I0-
JYYUTh 3BAHUE CAMOTO 3JI0POBOTO C BBHICOKOM
MPOJIOJKUTENIBHOCTRIO KU3HH — FOxHas Ame-
puka. O JlatuHCKON AMepHKe OImyO0IMKOBaHO
HE MHOTO HCCJIEIOBaHHWN NHUTaHWs M oOpasza
YKU3HU JOJTOXKUTENE. XOTsS U TaM €CTh MpH-
3HAHHBIE «TOITYObIC 30HBI».

Huxos (Kocma-Puxa). B Kocra-Puke Ha
nostyoctpoBe Hukost (Hacenenue 24833 ueno-
BEKa) BHICOKUH MPOIIEHT JOJTOKUTEIIEH B paii-
onax Canra-Kpyc, Huxkos, Xomxkanua,
Hanpatope n Kappuibo. Cpennsisi mpo10mKu-
TeNbHOCTH kn3HU Oosee 80 sier. B nccnenona-
HUU JOJTOXKUTENEH, cpelHUi BO3pacT KOTO-
peix coctaBuia 101,93 roma (18 (42%) myx-
guHbl U 25 (58%) keHmwmHb), Obl1a OOHAPY-
’KEHa BBICOKAsl paclpOCTPAHEHHOCTh HU3KOTO
ypoBust Butamuna D (87,3%), ¢pubpmisiuun
npencepauit (9,3%) u HapylieHUs 3peHHs
(46,5%). Ho 3710 HaceneHne MPAKTUYECKU HE
CTpaJaeT TaKUMHU 3a0O0JICBaHUSIMHU, KaK Jua-
Oer, ngempeccus, wuIiIeMuueckas Oo0Je3Hb
cepana, XpOHHUYEcKas OOCTpYyKTHBHas 00-
JIE3Hb JIETKUX. JIaHHOU rpynIie AOJAroKuTenen
CBOMCTBEHHA YMEPEHHOCTH B eJie [44]. B cpas-
HUTEJIBLHOM HuccienoBaHuu Habmomanu 210
yenosek, 60 (31 myxunna) uz Huxos (Kocra-
Puxa) (Bo3pactHoit nuamnazon 80-109 ner) u
150 (61 myxumna) uz Omnbsctpel (MrTamms,
Capaunus) (Bo3pact 90-101 rom). B obeux
rpynmnax camasi BbICOKas 4acToTa motpediie-
HUs ObLJIa 3apETUCTPUPOBAHA JIJIsi MPOIYKTOB
pPacTUTEIHHOTO TMPOUCXOXKICHUS (3epHOBBIE
60-80% B meub, 6000BwIe > 80% B neHs B Hu-
Kore, > 60% 2-5 mopuuii B Heaeno B Ounb-
SICTPE), 32 KOTOPBIMH CJIEIYIOT MPOAYKTHI JKHU-
BOTHOTO MPOUCXOXACHUS (MOJOYHBIE MPO-
IOyKThl, Msico) > 60% u 80% B nenp B Hukoiie
u OnbsicTpe, COOTBETCTBEHHO [45].

Puy-I'panou-oy-Cyn (bpaszunus). B bpa-
3UIIMU €CTh CBOS «Tojy0as 30Ha», KOTopas
MOKa YTO MaJOU3BECTHA, U B JIUTEpaType JaH-
HBIX 00 9TOM pEruoHe Hea0CTaTouHO. Puy-
I'panau-ny-Cyn camblii 10KHBIN 1ITAT C Hace-
aeaueM 11,29 MuIIIMOHA 4YEIIOBEK, SIBIISIO-
IIUHCS JIUJIEPOM B CTPaHE IO TPOIO0JDKUATEIh-
HOCTH Ku3HU [46]. CpenHsst MpOIOKUTENb-
HOCTh ku3HM 78 ner. B 2020 romy umcien-
HOCTb IOXUIBIX xuTenen B Puy-I'panau-ny-
Cyn ounenuBasiacb B 2 143 707 w4enoBek
(18,77% ot obmero uucna), npudem 15% u3
Hux ObLu ctapie 80 et [47].

bpaswiust BXOAUT B JECATKY CTpaH C
HauOOJIBIIIUM KOJIMYECTBOM YEJIOBEK CTapIIe
60 net. [1o mporHo3am /1011 MOKUJIBIX JIFOJIEH
k 2025 rony npesbicut 14% [48]. Oxunaemast
CpenHsisl TPOJODKUTEIIBHOCTh JKU3HU OoJiee



0630p
Review

Mapmoinenko AB, u Op. Pe3unuenc-ouema 6 «201y0uix 30HAX» ... 509
Martynenko AV, et al. "The blue zones" resilience-diet ...

76 ner. IIpumepno 72,6% cmepreit 6b110 3a-
(buKcupoBaHO OT HEMH(PEKIIMOHHBIX 32a00JIeBa-
HUH, U 3TO MOCIYXWIO TOJYKOM JJIsl paspa-
00TkH «CTpaTernuecKoro miaHa JIeUCTBHH 10
00pbr0e C XPOHUYECKUMU HEHH(EKITMOHHBIMH
3aboneBanusMu B bpaswnmu no 2022 romay
[49]. ITo nanHbIM uccaenoBaHuil, u3 184 mo-
KHWIBIX YEJIOBEK TOJIbKO 20 HE UMETU XPOHU-
YeCKMX  HEWH(EKIMOHHBIX  3a00JICBaHHIA.
Octanbnubie 143 (77,71%) ¢ aprepuaibHOil ru-
neprensueit, 70 (38,04%) c ocreoapTpo3om,
68 (36,95%) c nuaberom, 43 (23,36%) c ne-
npeccuelt u Tak ganee [50]. YuutsiBas Benu-
YHHY CTpPaHbl, HEJIb3s1 OJTHO3HAYHO JIeJaTh BbI-
BOJIBI O CTPYKType NHUTaHUS U 3a00JeBaHUI
HacesieHus. [lo pesynpTaTam nccienoBaHus C
ucrnonp3oBanueM MHpaekca 310poBOro mnura-
nus (IAS), mpoBeneHHOTO B KpYITHEHIIIEM TO-
pone bpaswmmu Can-Ilayny, OGOIBIIMHCTBO
MOXKUJIBIX JTtoAeH (cpenHuit Bo3pact 71,5 ner)
MPUAEP)KUBATUCH HOPMAJILHOTO MTUTAHMUSI, O~
HAKO y TPETH BBISABIEHO OkupeHue. Yto kaca-
eTCsl XpOHUYECKHX 3a0oseBanuil, 74% umenn
apTepuanbpHyl0 runepreHsuto, 21,9% aucnu-
nugemuro, U 20,5% crpaganu auaberom, Bce
OHU MPUHHUMAJIH JIEKAPCTBA ISl UX KOHTPOJIS
[51]. UccnenoBanue, onmyOIMKOBaHHOE B XKYp-
nane Ciencia & saude coletiva, mossoser mo-
HATH B I[EJIOM OCOOEHHOCTH paIfioHa Opa3uib-
ueB. Iluma, kotopyr enu OONBIIMHCTBO
B3pocibix (> 50%), cocTosiina u3 6enoro puca,
kode, uepHoit Qaconu, caxapa-paduHana u
¢dpanmysckoro xneba. llenpbHOE MOJIOKO TO-
TpeOseT NMpeuMyILEeCTBEHHO B3pOCiOe Hace-
JeHue, 00e3KUpeHHoe- MOJIoJIeKb. B3pocisie
yHoTpeOsu ra3upoBaHHbIC HAITUTKA
Oosblie, 4yeM (PpYKTOBBIE COKH, IIPU TOM, YTO
1esnbHble PpyKThl enu 63,3%, roBsuHy enu
0o0JbIIe, YEM KypHILy, ppIOy Wi cBUHUHY. Co-
yeTtaHue O6enoro puca, yepHou ¢acoiu, ro.s-
nuHa ¥ QpaHIy3CKUid XJ1e0 MPUHOCAT HE Me-
Hee 25% sHepruu, 0enKoB U yriieBoAoB U 17%
nunuaoB. B o0mieit crnoskHocTH 65 MpOoayKTOB
NUTaHus coaepxar npumepHo 90% sHepruu u
MaKpO3JIEMEHTOB. J[aHHBII CIIUCOK B 4EM-TO
MOX0’K Ha TOT, KOTOPBIH HCIOIH30BAICS B aHA-
JIOTUYHOM olpoce, nposeaeHHoM B Can-Ila-
yny [52]. HecMoTpst Ha ri100anbHyIO TEHIEH-
U0 K M3MCHEHHIO TTUIIIEBBIX TIPUBBIYEK B CTO-
POHY BBICOKOKaJIOPUIHBIX, O€AHBIX MUTATENb-
HBIMH BEIECTBAMH MPOAYKTOB, CpaBHEHUE

Opa3uiiblieB U aMEpUKaHLIEB JIEMOHCTPUPYET,
YTO0 Opa3uiIbCKHE MOJOIBIE JIIOIU HE MPHIEP-
KUBAIOTCS JIUEThl, AHAJOTMYHOW aMepUKaH-
nam. EcTb Haziexx1a Ha TO, YTO BCE €I1e MOKHO
00paTUTh BCISATh TEKYIIME TEHACHIIUN BKIIIO-
YEHMsl 3allaJiHbIX IPOAYKTOB B JUETUYECKUE
npuBbIYKHU B bpazunuu [53].

3axirouenue. Takum oOpazoM, mpoBes
aHallM3 THUTAHUS JOJNTOXHUTEICH «ToiyObIx
30H», MOKHO C(HOPMHUPOBATH PE3UINEHC-IU-
€Ty Ha OCHOBE MX pauuoHa. /JomuHHpyrO-
MIMMH OPOJAYKTAMU B palliOHE JOJHKHBI OBITH
HepadUHUPOBAHHBIE KPYIbI, MaKapOHBI W3
TBEPJABIX COPTOB MIIEHUIIbI, CBEKUE OBOIIU U
(GpPYKTBI, 3€JleHb, BOJOPOCIH, (EpMEHTHUPO-
BaHHBIE MPOAYKTHI (TO(dy, MUCO, KBaIlICHAs Ka-
nycra). Takxe eXelHEeBHO HEOOXOAUMO YIIO-
TpeOJIATh Opexu U 000OBBIC, OJMBKOBOE
Maciio, pbI0y U MOpenpoaykThl. benoe msco,
MOJIOUHBIE TIPOIYKTHI, siilia He Gonee 1-2 pa3
B HeJleo. MakcuMaabHO OTPaHUYUTh UITH UC-
KIIIOYUTh KpacHOE MsCco, KapTodeib, Oemnblii
xJ1e0, cnanoctu. JlaHHbIe TUeTHYEeCKUE UHTEp-
BEHI[UU MOTYT OBITh MOJE3HBI sl POPMUPO-
BaHUs 3/10pOBOI0 MAaTTEPHA CTApPEHUS C BBICO-
KO BO3pacTHOM KM3HECTIOCOOHOCTHIO.

B Buny manoro o6bema nHpopmanuu,
HEOOXOJIMMO MPOJOJKUTh M3YYEHUE «TOJy-
ObIX 30H» cTpaH MOXHONW AMEpPUKH C TOUKH
3peHMs TPaJULUN MUTAHUS U JTOJTOXKHUTENb-
CTBa.
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CouunanbHast QYHKIIMOHAJIbHASA AKTUBHOCThH
NMANMEHTOB ¢ THA0ETHYECKON peTUHONMATHEeH

H.M. Arapxkos! @, U.B. Jles? ©, M.O. Tanbirun® ©, E.H. Kopopun®
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yi. 50 ner Okts6ps, 1. 94, r. Kypck, 305040, Poccuiickas Denepanst
2 denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE Yupeskaenue « HanmoHanpHbli MeNIMHCKHIA
HCCJIEIOBATENBCKUN EHTP «MeX0TpacieBoil HayYHO-TEXHHUECKUH KOMIUIEKC
«Mukpoxupyprusi ria3a» umenu akajaemuka C.H. @enopoay,
beckynnukoBckuii OyibBap, A. 59a, r. Mocksa, 127486, Poccuiickas denepanus

3 denepanbHOE rocyIapCTBEHHOE GIOKETHOE 00PA30BATENBHOE YUPEK/ICHHE BBICIIETO
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Aemop ons nepenucku: H.M. Aeapkos (vitalaxen@mail.ru)

Pe3rome

AKTyajabHOCTh: [loTeHIManbHBIM (PaKTOPOM, 00YCIaBIMBAIOIINM PAa3BUTHE CYILIECTBEHHOTO 3pH-
TEJBHOTO Ae(UIuTa B CTApLIMX BO3PACTHBIX IPYIIAX, CYUTAETCS JuadeTHYecKast peTHHOIATHs, pac-
MIPOCTPAHEHHOCTh KOTOPOM MHTEHCUBHO NoOBbIIIaeTcs. OHaKo, MpU U3y4YEeHUU TepuaTpUIeCcKux ac-
MEKTOB AMA0ETUYECKON PETUHONATUY MTPAKTUYECKH HEMCCIIEJOBAHHBIM OCTAeTCs COIMaIbHast (PyHK-
LMOHAJIbHAS! AKTUBHOCTH NalieHToB. Llesab nceaenoBanusa: AHanus conuaabHON QyHKIMOHATIBHON
aKTUBHOCTH HAIlMEHTOB MOXMJIOTO BO3pacTa ¢ AUabeTHdeckol peTnHonatueil. Marepuasabl U Me-
Toabl: B uccnenoBanuu, BeimoaHeHHOM B TamOoBckoM unnane MHTK «Mukpoxupyprus riaza
umenu akaaemuka C.H. denopoBa», ydacTBOBajIo 74 MOXKWIBIX MAlMEHTa, CTPAJAIOIIUX AUA0ETH-
YeCKOM peTuHomnarueu (ocHoBHas rpynna) u 51 mamuenT 60-74 net, He UMEBIIUX OPTATBMOJIOTHYE-
CKOW MaTOJIOTUM Ha MOMEHT 0OCJIeZIOBaHUS U B aHaMHe3e (KOHTpoJbHas rpynna). bonbHbIM 06enx
IpYyII BBIIOJHEHO KOMIUIEKCHOE CTaHAAPTHOE O(PTaIbMOJIOTHYeCKOe 00CIeI0BaHUE C POBEICHUEM
OIITUYECKOM KorepeHTHOH ToMorpaduu — anruorpaduu, GIroopecleHTHON aHrHorpapuu, cTaHapT-
HOM (hOTOperucTpaluy ra3Horo JHa, a TAKXKE U3yueHUe COIMaTbHON (yHKIIMOHATIbHOW aKTUBHOCTH
no mkaine Jloyrona. IIpu oOpaboTke AaHHBIX MpPUMEHsUICS (AKTOPHBIM aHaIM3 M MporpaMma
«Statistica 10.0». Pe3synabTaTbl: YCTaHOBJIEHO CTAaTHCTUYECKH 3HAYMMOE CHHYKEHHE COIHAIBHOMN
(YHKIIMOHATIBLHON aKTUBHOCTH MALUEHTOB MOKUIIOT0 BO3pacTa, UMEIOIIUX JUA0ETUYECKYIO PETHHO-
natuo, 10 3,1040,08 6amtoB nmpotus 5,38+0,09 6amnos (p<0,001) B kouTpOasHO# rpymie. Hanbomns-
1Iee yxXy/JIIeHnue COUaTbHON (yHKIIMOHAIBHOW aKTUBHOCTH Cpeld OOIBbHBIX OCHOBHOM IpyIIIBI IO
BEJIMYMHE CpeIHEro Oasuia MpoU301UI0 IO OTPAaHNYEHUIO UCIIOJIb30BAaHUS JTMYHOTO UM OOIIECTBEH-
HOro TpaHcnopra, coctaBuiuee 0, 31+0,04 6amna no cpaBuenuto ¢ 0,74+0,07 Gamna B rpymnie mo-
KHWIbIX 0€3 0(TaIbMOJIOrHUYECKUX HapyIIeHUH. Y MalleHTOB, CTPAJaouX TUabeTHYeCKOl peTu-
HoTaTHel 6ojee yeM B 2 pasa Mo CPaBHEHUIO C KOHTPOJIEM CHHMKEHA CaMOCTOATEIbHOCTh COBEpILIe-
Hus nokymnok, cocraBuBias 0,33+0,04 u 0,69+0,07 6annoB coorBeTcTBeHHO. DaKTOPHBIA aHAIN3
MoKasaJl, YTO HauOOJIbIINM BKJIAJI0M B YMEHBIIEHUE COLUANBHON (DyHKIIMOHAILHONH aKTUBHOCTHU 00-
JIa/1al0T MCIOJIb30BAHKE JIMYHOTO U oluiecTBeHHOro Tpancnopta (0,876), coBepieHue pazaIudHbIX
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nokynok (0,708) u BeimoaHeHue crupku Bemei (0,669). 3akiawouenue: Jlnadberndeckas peTuHONA-
THUS BBI3BIBACT 3HAYUTEIILHOE YXY/IIICHUE COUATBHON (QYHKIIMOHALHOW aKTUBHOCTH, YTO CIIEyET
YYUTBIBATH TIPU OPraHU3aIUU COUATLHON TTOMOIIH MMAIUEHTaM TTOXKHIIOTO BO3pPacTa.

KiroueBble cjioBa: quabeTudeckas peTHHONATHS; COIMaIbHAS ()YHKIIMOHATbHAS aKTHBHOCTD; T10-
KHJTBIC TIAIIUEHTHI; COIUATIbHASI TOMOIIIb.

Juasi uutupoBanus: ArapkoB HM, Jles B, Tanwsirun MO, u ap. CounanbHas GpyHKIIMOHAIbHAS
aKTUBHOCTbH MAIMEHTOB C quabeTnyeckoil peruHonaTtueil. Hayunsie pe3ynpTaThl OMOMEAUIIMHCKIX
uccnenosanuii. 2022;8(4):516-523. DOI: 10.18413/2658-6533-2022-8-4-0-9
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Abstract

Background: Diabetic retinopathy, the prevalence of which is intensively increasing, is considered
to be a potential factor causing a significant visual deficit in older age groups. However, when stud-
ying the geriatric aspects of diabetic retinopathy, the social functional activity of patients remains
practically unexplored. The aim of the study: To analyze the social functional activity of elderly
patients with diabetic retinopathy. Material and Methods: The study performed at the Tambov
branch of the ISTC "Academician S.N. Fedorov Eye Microsurgery" involved 74 elderly patients suf-
fering from diabetic retinopathy (the main group) and 51 patients aged 60-74 who had ophthalmo-
logical pathology neither at the time of examination nor in their anamneses (control group). Patients
of both groups underwent a comprehensive standard ophthalmological examination with optical co-
herence tomography — angiography, fluorescent angiography, standard photoregistration of the ocular
fundus, as well as the study of social functional activity on the Lawton scale. Factor analysis and the
Statistica 10.0 program were used when processing data. Results: A statistically significant decrease
in the social functional activity of elderly patients with diabetic retinopathy was found to be up to
3.10+0.08 points versus 5.38+0.09 points (p<<0.001) in the control group. The greatest deterioration
in social functional activity among the patients of the main group in terms of the average score was
due to the restriction of the use of personal or public transport, amounting to 0.31+0.04 points com-
pared with 0.74+0.07 points in the elderly group without ophthalmic disorders. In patients suffering
from diabetic retinopathy, the independence of shopping was reduced by more than 2 times compared
to the control, amounting to 0.33 + 0.04 and 0.69 = 0.07 points, respectively. Factor analysis showed
that the greatest contribution to the reduction of social functional activity is the use of personal and
public transport (0.876), making various purchases (0.708) and doing laundry (0.669). Conclusion:
Diabetic retinopathy causes a significant deterioration in social functional activity, which should be
taken into account when organizing social care for elderly patients.
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BBenenue. [loTenmaabHbiM pakTopoOM,
CIIOCOOCTBYIOIIMUM CHHUXCHUIO WM TOJTHOU
oTepe 3peHMsl, CYNTACTCs AruabeTudeckas pe-
tunonatus ([IP), paccMarpuBaemas kKak Xpo-
HUYECKOE M OBICTPO Mporpeccupyroiiee 3a00-
JIEBaHWE U OCOOCHHO B CTapIIMX BO3PACTHBIX
rpynnax [1, 2,3]. CoBpeMeHHBIMU HCCIIE10Ba-
HUSMH TIOKa3aHO, 4TO pUcK pa3Butus [P cy-
IIECTBEHHO TMOBBIIIAETCS C YBEIMYECHHEM MPO-
JOJDKUTEIBLHOCTH caxapHoro nuabera [4, 5].
HenaBHo nmpoBeAeHHbIN aHaIW3 NOMYJISAILIMOH-
HBIX MCCIIEIOBAaHUW, BKJIIOYABIIUN pE3YJib-
Tathl 22 896 4enoBeK, BHISIBUI BHICOKYIO pac-
npoctpaneHHocTs JIP, cocraBuBuieil 34,6%
(95% nosepurenbHbIi uHTEpBaN 34,5-34,8%)
[6]. Oxxumaercst, 9TO 4ncia0 OOIBHBIX auade-
TOM B Oirpkaiinne Troasl COCTaBUT 79,4 Muil-
JINOHOB, a KOJIMYECTBO mnarueHTos ¢ [P — 22,4
MuIioHa [3].

JIP BbI3BIBa€T HE TOJBKO BBIPAKECHHBIN
3pUTENBHBIN NeUINT, HO U U3MEHSET COIHU-
NbHYIO0 (MHCTPYMEHTAIbHYIO B 3apyOeKHBIX
myouKamnusax) GyHKIUOHATBHYIO aKTUBHOCTD
MalUEeHTOB, HO MOCJEIHAS] OCTaeTCsl MPaKTH-
YECKH HEM3y4EeHHOU. M3BECTHO O HEKOTOPBIX
HCCIE0BAHUAX, B KOTOPBIX MMOKA3aHO CTaTH-
CTHYECKHU 3HAUYMMOE CHUKEHUE (PYHKITMOHATb-
HOM aKTUBHOCTH IMAIIUEHTOB BCJIEICTBHUE pa3-
JUYHOM CTENIEHU HapyIIeHUs 3peHus 0e3 yka-
3aHUS OQTAIBMOJIOTMYECKO maronoruu |7,
8]. Coobmiaercst 0 CBSI3U MOTEPU 3pEHUS TPU
[JIAyKOME€ U BO3PACTHOM JEreHepaluu >Kej-
TOTO MATHA C WHCTPYMEHTAIHHOM aKTHBHO-
cThio [8]. M3yueHue xe COCTOSHMS COLMaIb-
HOM (YHKIIMOHAJTbHONW AKTMBHOCTH TAIEH-
TOB, crpajaromux /[P, mo3BoauT momy4uTh
HOBBIE JJaHHBIE 00 OTPAHMYCHUSIX TAHHBIX T1a-
[IMEHTOB B COIMANILHOW cepe U OCYIIECTB-
JISATh UX CBOECBPEMEHHYIO KOPPEKIMIO M Tap-
TETHYIO COLIMAJIBHYIO TIOMOIIIb.

eanb uccienoBaHusA. AHAIIA3 COIHAITH-
HOM (PYHKIIMOHAIBHOW aKTUBHOCTH MalliEH-
TOB MOXKMWJIOrO Bo3pacta ¢ JP.

Biomedicine. 2022;8(4):516-523. Russian. DOI:

Marepuan u MeTOAbI HCCIE0BAHUSA.
B uccnenosanuu, BbinonHeHHOM B TamOo0B-
ckoM ¢ummane MHTK «Mukpoxupyprus
rnaza uMenu akaaemuka C.H. ®enoposay,
MPUHSIIN y4acTue 74 moxuiblx nauuesTa c (P
B Bo3pacte 60-74 net (ocHOBHas rpynma) u 51
naruedT 60-74 mer 6e3 odTarbMoNIOTHYe-
CKOTO0 3a00JIeBaHNs B aHAMHE3€ U B HACTOsIIEe
BpeMs (KOHTpoJIbHas rpymnmna). JluarHoctuka
JIP ocyiecTBIsiiach MO AaHHBIM ONTHYECKOI
KOTE€PEHTHOU ToMOTpaduu — aHruorpaduu mo-
cpenctBom ammapata RTVue XR, Optovue
(CIIA), ¢mroopecuenTHoi —aHruorpadwumu,
KOMIBIOTEPHONH CTaTUYECKOW MEepUMETpUH,
CTaHJApPTHOU (POTOPETHCTPALIUA H3MEHEHUIM
TJIa3HOTO JIHA C BKJIIOYEHHEM 7 LEHTPaIbHBIX
noJieit u B coorBeTcTBUM ¢ KitnHnueckumu pe-
koMeHaanusmu o J[P AmMepukanckoro ooie-
cTBa nrabeToioros [9].

OneHka couuanbHOM (PyHKIIMOHAIBHON
aKTUBHOCTH TarueHToB 60-74 et B cpaBHUBa-
€MBIX TpYMNIax IPOBEJEHA HA OCHOBE ILKAJIbI
Jloyrona — Lawton Instrumental actikities of
daily living Scale [10]. JIis onpenenenus cre-
MIEHU BO3JEUCTBUS OTIEJBHBIX COCTaBIISIIO-
IIMX COLMAbHON ()YHKIIMOHAILHONW aKTUBHO-
CcTH B ()OpMUPOBAHME OrPaHUYEHUI B MOBCE-
JTHEBHOW JESATEIBHOCTH MOKUJIBIX MTallUEHTOB
¢ JIP BeimosnHeH (hakTOpHBIN aHAIH3.

HccnenoBanue ocyniecTBIsIOCh C yde-
TOM MPUHIUIIOB U 3TUYECKUX HOPM XeJbCUH-
CKOH JeKJapaluyu U IOCHE MOJTYyYEHUs MUCh-
MEHHOTO COTJIAIIeHUs MTallEeHTOB.

IIpu craructuueckoit obpaboTke mpu-
MeHsiIach nporpamma «Statistica 10.0» u He-
napaMeTpUYecKuii Kputepuii X2 ¢ OIEHKOit
JIOCTOBEpHOCTH pasinunii He MeHee 0,05.

Pe3yabTarsl 1 ux oocy:xkaenue. Conu-
anbHas (QyHKUMOHAJIbHAS aKTUBHOCTH Mally-
enToB 60-74 ner c JIP no cpaBHEHHIO C IpyIn-
IIOM BO3pPAacCTHOTO KOHTPOJs CHUXkeHa B 1,74
paza co CTaTUCTUYECKHU 3HAYMMBIM pa3InunueM
(Tabmuma 1).
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Tabnuya 1
Iloxa3zatenu conuaibHON GyHKIMOHAIBHON AKTHBHOCTH NALMEHTOB MOKUJIOT0 BO3pacTa,
crpaxaomux /AP, B cpaBHenuu ¢ nanmentamu 60-74 jet 6e3 opraabMo1orudeckux 3adoJieBa-
Huii (M£m, 6a1b1)
Table 1
Indicators of social functional activity of elderly patients suffering from DR, in comparison
with patients 60-74 years old without ophthalmic diseases (M + m, points)

Iloka3zatenns counanbHoii pynkuuo- | Iaumentst 60-74 ner Naumentei 60-74 aer 6es 0¢-
. TAJIBMOJOTHYECKHUX 3a00.1€- p
HAJIbHOU AKTUBHOCTH c AP .
BaHM

CrenieHb N0JIb30BaHus TeNehOHOM 0,64+0,05 0,78+0,05 <0,05
S(?IIZ/IOCTOHTGHLHOC COBEpIIEHHUE MOKY- 0.3340,04 0.69+0,07 <0,001
IMoanepxanue mopsiaKa B KBapTHUPE 0.4140,06 0.7640,06 <0,001
(mome)
BrinonHeHue CTUPKH Belllei caMmocTos- 0,43£0,05 0,7840.05 <0,001
TEJILHO
Hcnonp30BaHUE JIMYHOTO WU 00IIIe- 0.3140,04 0,7440,07 <0,001
CTBEHHOTO TPaHCIOPTA
CaMOCTOATEeNbHBIN IPUEM U KOHTPOJIb 0,56:40,05 0,87+0,08 <0001
3a cOOJTIOJICHUEM NpHeMa JICKapCTB
BrITlosTHEHUE pa3TUYHbIX IJIATeKEH 0,42+0,04 0,76+0,07 <0,001
Bcero 3,10+0,08 5,38+0,09 0,001

Oco0eHHO BBIpAKEHHOE YMEHBIICHHE
COLMAbHOW (DYHKIIMOHATHHOW aKTUBHOCTH
CpeIu MalMeHTOB MOXKUJIOro Bo3pacta ¢ 00-
cy’kaaeMol o(TalbMOJIOTMYECKONH HO30J10-
rUel CBOWMCTBEHHO TaKUM €€ COCTAaBIIAIOLIUM
KaK MCII0JIb30BaHHUE JTMYHOTO UJTH 00IIEeCTBEH-
HOTO TPaHCHIOPTA JI COBEPIICHUS] He0OX 0T~
MBIX MOE€3J0K U CaMOCTOSITEIIBHOE COBEpIIe-
HUE€ PA3JIMYHBIX MOKYNOK. /[aHHbBIE BUIBI CO-
AATBbHON  (DYHKIIMOHATBHONW  aKTHBHOCTH
cpeau OOJBHBIX OCHOBHOM TPYIIBI CHHKEHBI
6onee yem B 2 paza. CylieCTBEHHbIE OTpaHU-
YeHHUs] B COLMAIbHOW (DYHKIIMOHAIBHON aK-
TUBHOCTH TOXHUJIBIX TMAIMEHTOB C HaJIUYHEM
JIP BBIABIIEHBI TAaKXe MO MO3ULHUAM: MOAJIEP-
YKaHWE HEOOXOUMOTO TTOPsI/IKa 1 ObITa B KBap-
THUpE (IOME), BO3MOXHOCTh COBEPUICHMSI pa3-
JINYHBIX TUIATEKEHN, CAaMOCTOATEIHbHOE BBIMOJI-
HEHUE CTUPKM Bellel. B MeHblIeH cTeneHu
YXyZAIIEHWEe COLMAIBbHON (YHKIIMOHATBHON
aKTUBHOCTH y TIOXKUJIBIX OonbHBIX ¢ JIP 3ape-
TUCTPUPOBAHO 110 COXPAHEHUIO BO3MOXKHOCTH
MOJIb30BaHUS TeNe(OHOM U CaMOCTOSITEIb-
HOMY TIPHEMY U KOHTPOJIIO 32 COOJIIOICHHEM
npueMa JeKapcTB.

B KOHTpOIBHOI rpymnie ManueHToB IMo-
KHUJIOTO BO3pacTa B OOJbIIEH CTENEHU CPeau

COCTaBJISIIOLIUX COLIMATBLHON (DYHKIIMOHAIb-
HOM aKTMBHOCTH CHHXXEHO CAMOCTOSITEIBHOE
coBepieHue nokymnok. Ilo apyrum napamer-
paM coluanbHON (YyHKIIMOHATBLHON aKTHBHO-
CTU OrpaHUYCHHUS SBIAIOTCA MEHee Cyllle-
CTBEHHBIMHU, YTO FOBOPHUT O OOJIbIIEH COXpaH-
HOCTH aBTOHOMHOCTH y OosibHBIX 60-75 ner,
HE MMEIOIUX 0(TaIbMOJIOTMYECKON MaToJo-
TUU.

CpaBHHTENbHAST OIEHKA COIMAIBHOMN
(YHKIIMOHATIBHOM aKTMBHOCTH MOXHJIBIX Ta-
UeHTOoB ¢ HamuuueM JIP u oTcyTrcTBUEM 0(-
TaJIbMOJIOTUYECKUX 3a00JIeBaHUI  BbIBUIIA
CTAaTUCTUYECKN 3HAYMMBIEC Pa3JIN4us 110 BCEM
IoKasareiasaM mkansl JIoyToHa, a UMEHHO HX
CHIDKEHHE M IO HEKOTOPBIM IapameTpaM — 0o-
nee 4eM B 2 pa3a. CkazaHHOE BBIIIE TIO3BOJISET
yTBepkaarh, 4yto JIP u 0OycioBieHHbIN
BCJIEJICTBHE €€ HAJTMUUS 3pUTENbHBIN JePUIIUT
Pa3JINYHOM CTENEHH CYIIECTBEHHO YXYJIIAET
COLMAIbHYIO (DYHKIIMOHAJIBbHYIO aKTHUBHOCTb
JTAaHHOU KaTeropuu OOJbHBIX, KOTOPBIE HYK/1a-
10TCs1, 0€3yCIIOBHO, B COLIMAIBHOMN MOJIEpIKKE
CO CTOPOHBI COOTBETCTBYIOIIUX CIIyk0 U 0co-
OCHHO 1O TO3ULUAM COLUHUAIBHONW (PyHKIHO-
HaJbHOM AaKTHMBHOCTH, KOTOpBIE CTPAJarOT B
Oo0JbIICH CTeNeH .
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Onpenenenne BKIIaa OTAEIbHBIX MO3U-
Ui colManbHON (PYHKIIMOHAIBHOW aKTUBHO-
CTU B €€ CHMXXEHHE Yy MAalHUEHTOB IOXXHIOrO
Bo3pacta ¢ /[P BeIOTHEHO Ha OCHOBE (PaKTOp-
HOT'O aHajau3a, pe3yjibTaTbl KOTOPOrO CBUJE-
TEIbCTBYIOT O TOM, 4YTO CpEAu MalUEeHTOB

OCHOBHOH T'PYTIIBI CHIDKCHHE WX COLIMAIBHON
(YHKIIMOHATILHOM AKTUBHOCTH OOYCJIOBJICHO
MPEUMYIIECTBEHHO OrpaHWYEHUEM MOJIb30Ba-
HUS JIMYHBIM ¥ OOLIECTBEHHBIM TPAHCIIOPTOM
U COBEPIICHHUS CaMOCTOSTEIBHO Pa3IMYHBIX
MOKYTIOK (Tabyuia 2).

Tabnuya 2

CreneHb BJIUSHUSA COCTABJSAIOIIMX COUAIbHON QYHKIIMOHAJILHON AKTUBHOCTH
B (pOpMHUPOBAHMY 3aBUCUMOCTH OT OKPY/KAIOUIUX Y NALMEHTOB MOKUJIOT0 BO3pacTa,
crpaxaomux /AP

Table 2

The degree of influence of the components of social functional activity in the formation
of dependence on others in elderly patients suffering from DR

. Bkaaa ¢pakTopa y naniueHTOB
IMoka3aTeab couHaabHO# QyHKIHO- Bruiaj ¢pakTopa y nanueHToB oy pa y nat
. 0e3 0TaIBLMOJIOTHYECKUX
HAJILHOW AKTHBHOCTH 60-74 aer ¢ AP .
3a200J1eBaHUii
CreneHb 10J1p30BaHus TenehOHOM 0,412 0,128
CaMOCTOSTEIbHOE COBEPIIICHHE MOKYIIOK 0,708 0,354
Tlonnep:xkanue nopsaka B KBapTUpE
JUIep P pTHp 0,622 0,162
(mome)
BrlnmonHeHne CTUPKHU BEIIEH CaMOCTOS-
DI Betl 0,669 0,206
TEILHO
Hcronb30BaHne TMYHOTO WU 00I1e-
B 0,876 0,198
CTBEHHOT'0 TPaHCIOPTa
CaMOCTOHTCHLHLIﬁ IIPUEM U KOHTPOJIb 3a
P P 0,547 0,133
COOJIIOICHIEM IIpHEMa JIEKapCTB
BrImoHeHNE pa3InYHbIX TIATSKEH 0,619 0,181

Cy1iecTBEeHHBIM TaK)Ke€ OKa3aloch y Ma-
nueHToB 60-74 ner ¢ JIP BausHNE HA 3aBUCH-
MOCTb B ITIOCTOPOHHEHN MOMOILHY IO BBIIOJIHE-
HUIO IIJIATEXKEW, CTUPKU BEIIEW M MojJepKa-
HUIO nopsaka (ObITa) B KBapTUpE WU JIOME.
MeHnb11e BCEero OrpaHUYMBAET COLUAIbHYIO
(GYHKIMOHAJIBHYIO aKTUBHOCTB MAI[UEHTOB 110~
KHJIOTO BO3pacTa OCHOBHOM IpYyMIbI MOJIb30-
BaHUE Tene(hOHOM.

B rpymnme mnanueHTOB aHAJOTHYHOTO
BO3pacTa, He UMEIOLINX 0PTATBMOIOIMYECKIX
3a0oneBaHui, (pakTOpHas HaArpy3ka OTHEINb-
HBIX TIOKa3aTesiedl B CHUKEHUE COILHMabHON
(YHKIIMOHATTPHONH aKTHBHOCTH 3HAYHUTEIBHO
Hwke. Hanbonpime 3aTpyAHEHUs! y HUX BBI-
3bIBAET COBEPILIEHNE CAMOCTOSITEILHO pa3iny-
HBIX MOKYNOK. CyIlleCTBEHHO HMXE, YEM Yy
OOJIBHBIX OCHOBHOW TPYIIIBI, BIUSHHE TaKUX
COCTABIISIIOLINX COLMATIBHON (DYHKIIMOHAIb-
HOW aKTHBHOCTHU KaK BBITTOJTHEHUE CTHPKH Be-
I1e, TO0JIb30BAHNE JIMYHBIM MM OOILECTBEH-
HBIM TPAHCIIOPTOM M BBINIOJHEHHE (HHAHCO-

BBIX IJIATEXEH, IPUYEM BKJIa/1 BhILLIEIIEPEUHC-
JICHHBIX MTAPaMETPOB B ATOU TPYTIIIE MTPaKTUUe-
CKH SKBHUBAJICHTEH.

DakTOPHBIN aHATTN3 0OBEKTUBHO MIPO/Ie-
MOHCTPHUPOBAJ 3HAUMTENbHOE BiusHUE /[P Ha
CHUKEHHUE COLIMATIbHON (PYHKIIMOHAIHHOU aK-
TUBHOCTH TAI[MEHTOB MOXWIOrO BO3pacTa,
CTpaJArOIIMNX 3TOW MATOJOTUEN U 3pUTEITbHBIN
neUIUT, YTO BIEpPBHIE MOKA3aHO B HACTOS-
€M UCCIICIOBAHUH.

B nonynaunonnom uccnenoBanuu B Hu-
JepaaHaax cpeau Joaei B Bopacte 60 jeT u
cTapllie ¢ MoTepel CayXa v C HapyLIEHUEM 3pe-
HUSI HEW3BECTHOW MPHUYMHBI H3y4YeHA CaMo-
OIIEHKA COIMAIIbHOM (PYHKIIMOHAIBHOMN aKTHB-
HOCTH C HCIOJIb30BaHUEM MOJU(PHUIIUPOBAH-
HOoro ompocHuka Katz, mokazaBiero, 4ro
HauOOJIBIIIEE YHUCIIO OTPAaHWYCHUN 3aperu-
CTPUPOBAHO Yy 00CIETOBaHHBIX, UMEBIIUX O/I-
HOBPEMEHHO JIBa CEHCOPHBIX JCPUIUTA - CITy-
XOBOM U 3putenbHbIil [8]. B aTom ciyuae cpen-
Hu 0a no mkane Katz cocrasui 2,00 6amra
C MEXKBapTWIbHBIM HHTepBajioMm 1,00-4,00
0aJJIOB, TOT/Ia KaK y JIIOJIEH C MOTEper ciayxa
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cpenHsisi BenumumHa coctaBwia 1,00 Gamwr, a
MexXkBapTwibHbIA uHTEpBas oT 0,00 g0 3,00
6amioB. [lomyueHHble aBTOpaMu pe3yJIbTAThI
CBHJIETEIILCTBYIOT O 00Jee CYyIIEeCTBEHHOM
CHIDKEHUHU COIMAIbHON (QYyHKIIMOHATIBHON aK-
TUBHOCTH TNPHU HAJIUYHUH JIBYX CEHCOPHBIX JIe-
(GUIUTOB U 3TH OrpaHUYEHHUs OOJbIIe, YeM
YCTaHOBJICHHbIE HAMU Y TTAIIUEHTOB MOXKHJIOTO
Bo3pacra, crpagatomux [IP. Onnako B oTiu-
Yyye OT HalIero MCCIeN0BaHMs, aBTOpamu [§]
BBISIBJICHO, YTO HauOoOJiee 4acTOW MPUIMHOMN
CHIDKEHHUS COLUAIbHOU (PYHKIIMOHATBHON aK-
TUBHOCTH TOJIJIAHIIEB BHICTYMACT MOJACpKa-
HUE TIOpsiKa W OblTa B KBapTuUpe (moma) —
70,7%, TOoraa Kak TPyJAHOCTU C MOKYIKAMH —
38,3%, TpYyHOCTH C MPUTOTOBICHUEM €bl —
25,3%, TpyaHoCTH ¢ (PMHAHCOBBIMU JICHCTBU-
AaMu — 22,8%, a MUHUMAJIBHO YXyJIUIalOT CO-
IUAATBHYI0  (PYHKIMOHAIBHYIO aKTHUBHOCTD
npuem JekapcTs (12,2%) u ucnonb3oBaHue Te-
nedona (7,3%). Y obcrnegoBaHHBIX HAMH T10-
KHWIbIX TaueHToB ¢ /[P cHmkeHue counanb-
HOW ()YHKIIMOHATHHOW aKTHBHOCTH JCTCPMHU-
HUPOBAHO MPOOJIEMaMU HCIIOJIb30BAHUS JINY-
HOTO WJIA OOIIIECTBEHHOTO TPAHCTIOPTA, COBEP-
LIEHUSI CAMOCTOSITENIBHO MOKYIIOK U BBINOJIHE-
HUE (PUHAHCOBBIX OMEpAIHii, COTJIACHO pe-
3ynbTataM (PaKTOPHOTO aHalIM3a U CPEIHUM
3HAYEHMSIM 0aJJIOB 32 T COCTABJISIFOIIUE, YTO
YKa3bIBa€T Ha ONPENEICHHBbIE pA3NHUUS U
HaJU4he CXOACTBA, HAIIPUMED, IO MpodIeMam
COBEPILIEHUS TOKYNOK, MOAIEPKAHUIO HOP-
MaJIbHBIX YCJIIOBHI B KBapTUPE UM JIOME.

B apyrux uccienoBaHusAX yKa3bIBaeTCs
BIIMSIHME BO3pacTa Ha YMEHBIIEHUE COIUab-
HOM (yHKIIMOHATHHON aKTUBHOCTH MPH MATO-
norun oprana 3penus [11]. [Tokazano Takxe,
YTO HE TOJIbKO HapylIeHWE 3pEHUs, HO U
OCTpOTa 3pEeHUs, TO €CTh KOJWYECTBEHHAs
Mepa HapyUIeHHs 3pEHUsI KOPPEIUpYyeT C Co-
UanbHON (PYHKIIMOHAIBHON aKTUBHOCTBIO Ta-
KHX Jrofiel (BenmuunHa kod(dduimenta koppe-
nsuy paBHa = +0,21) [7]. Takoit pe3ysibrat
MOJYyYeH B TMEPBOM HCCIEJOBAHUU CBS3HU
MEXy HApyIICHHEM 3pEHUS U COIUATBHOU
(GYHKIIMOHATTEHOM aKTUBHOCTHIO CPEIH TOKH-
neix Jogerd Mamaitzun. Bo ®paHumu BbIsSB-
JIeHAa 3HAYUTENbHAas CBSI3b MEXKIY HU3KOM
OCTPOTOM 3PEHHS U OTPAaHUYCHHUSIMHU COIHATh-

HOM (PYHKIIMOHAJIHHOW aKTUBHOCTU C OTHOCH-
TenabHbIM puckoM 1,60 [12]. Kpome Toro, ycra-
HOBJICHO TP HApYyLICHUHU 3PEHUS DPA3BUTHE
OTpaHUYEHUI B COLMAIBHBIN (DYyHKIIHOHAIb-
HOM aKTMBHOCTH BO BCEX 3a/1ayax, KpoMe Io-
KYIIOK MPOJYKTOB U TIOJ30BaHUS TeIe)OHOM.
OTH JaHHBIE MOATBEPKAAIOT BBIBOJBI, COIEP-
JKaIruecs B myOnuKanuu [7], a Takke HaTudue
CBSI3U IMOTEPH 3PEHUS MPU TIIAYKOME C yXY-
IIICHUEM COLMAJIBLHON (PYHKIIMOHAIBHOM aK-
tuBHOCTH [13]. [Ipr 3TOM y OOJIBHBIX IITaAyKO-
MO BBISIBIICHBI POOJIEMBI CO UTEHUEM, TOJIb-
30BaHUEM Tesle(hOHOM U IPUEMOM JIEKAPCTB.
3akurouenue. Pa3sutue /[P y nanueH-
TOB TMOXHUJIOTO0 BO3pacTa MPUBOAMUT K CTaTH-
CTUYECKH 3HAYMMOMY CYIIECTBEHHOMY CHH-
YKEHUIO UX COLIMAIbHON (DYHKITMOHAIBHON aK-
TuBHOCTH. [Ipn 5TOM HanbonblIee yXyAlIeHue
COMaTbHONW (DYHKIIMOHALHON aKTHBHOCTH Y
601bHBIX ¢ /IP 00yc10BIE€HO BO3SHUKHOBEHHEM
npo0JieM C MOJIb30BaHUEM JIMYHBIM U 0O0IIe-
CTBEHHBIM TPAHCIIOPTOM Kak IO BEJIMYHUHE
cpemHero ©Oamia JaHHOHW — COCTaBJISIONICH
(0,31+0,04 Gamna), Tak U MO BKJIAAy STOTO
orpanuyenus ¢ynkuuonansHoctu (0,876),
YTO UMEET HE TOJbKO HAYYHOE, HO U MPOTHO-
CTHYECKOE 3HAYEHME Ul OpraHU3aluu COLU-
aIbHOM TMOMOILM PACCMATPUBAEMON KaTero-
puu mojiel. B conmanbHol npakTuke Heo0Xo-
JUMO YJEISATh TaKXKe BaXXHOE 3HAUEHHE B pe-
IIEHUU TPOOJIEMBI C OCYIIIECTBICHUEM TOKY-
MOK MalMeHTaMHt MOXuIoro Bo3pacra ¢ J1P.

HNudpopmanus o puHAHCHPOBAHUU
Qunancuposanue 0aHHOU pabomvl He NPOBO-
OUOCS.

Financial support

No financial support has been provided for this
work.

KoH(ukT uHTEpECOB

A8m0pbl 3AA6IAIOmM 06 omcymcmeuu KOH-
Gauxma unmepecos.

Conflict of interests

The authors have no conflict of interest to de-
clare.

Crnucok JuTepaTypsbl
1. Morjaria R, Alexander I, Purbrick RM,
et al. Impact of Diabetic Retinopathy on Sleep,



Kpamkoe coobwenue
Short message

HayuHble pesyabmambl 6uomeduyuHckux uccaedoganuil. 2022;8(4):516-523

Research Results in Biomedicine. 2022:8(4):516-523 522

Mood, and Quality of Life. Investigative Ophthal-
mology and Visual Science. 2019;60(6):2304-
2310. DOI: https://doi.org/10.1167/iovs.18-26108

2. Lu X, Gong W, Win Z, et al. Correla-
tion Between Diabetic Cognitive Impairment and
Diabetic Retinopathy in Patients With T2DM
by 'H-MRS. Frontiers in Neurology.
2019;10:1068. DOI:
https://doi.org/10.3389/fneur.2019.01068

3. ChenD, Zhao X, Yang S, et al. Associ-
ation Between Diabetic Retinopathy and Cognitive
Impairment: A Systematic Review and Meta-Anal-
ysis.  Frontiers in Aging  Neuroscience.
2021;13:692911. DOI:
https://doi.org/10.3389/fnagi.2021.692911

4. XieY, Gunasekeran DV, Balaskas K, et
al. Health Economic and Safety Considerations for
Acrtificial Intelligence Applications in Diabetic
Retinopathy Screening. Translational Vision Sci-
ence and Technology. 2020;9(2):22. DOI:
https://doi.org/10.1167/tvst.9.2.22

5. Wu Z, Pan X, Liu D, et al. Variation of
IgG N-linked glycosylation profile in diabetic reti-
nopathy. Journal of Diabetes. 2021;13(8):672-680.
DOI: https://doi.org/10.1111/1753-0407.13160

6. Miller DJ, Cascio MA, Rosca MG. Di-
abetic Retinopathy: The Role of Mitochondria in
the Neural Retina and Microvascular Disease. An-
tioxidants  (Basel). 2020;9(10):905. DOI:
https://doi.org/10.3390/antiox9100905

7. Qui AW, Huang DR, Li B, etal. IL-17A
injury to retinal ganglion cells is mediated by reti-
nal Miiller cells in diabetic retinopathy. Cell Death
and Disease. 2021;12(11):1057. DOI:
https://doi.org/10.1038/s41419-021-04350-y

8. Mueller-Schotte S, Zuithoff NP,
Schouw YT, et al. Trajectories of Limitations in In-
strumental Activities of Daily Living in Frail Older
Adults With Vision, Hearing, or Dual Sensory
Loss. Journals of Gerontology - Series A Biologi-
cal Sciences and Medical Sciences.
2019;74(6):936-942. DOI:
https://doi.org/10.1093/gerona/gly155

9. Solomon SD, Chew E, Duh EJ, et al.
Diabetic Retinopathy: A Position Statement by the
American Diabetes Association. Diabetes Care.
2017;40(3):412-418. DOI:
https://doi.org/10.2337/dc16-2641

10. Acraxos IOC, Hepoes BB, Illecrakosa
MB, u np. CaxapHslif 1uadeT: peTHHONATHs JTna-
OeTmueckasi, MakyJsIpHBIA OTEK AUAOETHUECKHM.
Knunnaeckne pexomenpanuu. M.: OGmepoccuii-
CKasl OOIIECTBEHHAs] OpTraHU3alMs «ACCOIHAIIHS
Bpaueit opransmonorosy; 2018.

11. Davidson JG, Guthrie DM. Older
Adults With a Combination of Vision and Hearing
Impairment Experience Higher Rates of Cognitive
Impairment, Functional Dependence, and Worse
Outcomes Across a Set of Quality Indicators. Jour-
nal of Aging and Health. 2019;31(1):85-108. DOI:
https://doi.org/10.1177/0898264317723407

12. Perez KM, Patel NJ, Lord JH, et al. Ex-
ecutive Function in Adolescents With Type 1 Dia-
betes: Relationship to Adherence, Glycemic Con-
trol, and Psychosocial Outcomes. Journal of Pedi-
atric  Psychology. 2017;42(6):636-646. DOI:
https://doi.org/10.1093/jpepsy/jsw093

13. Burman J, Sembiah S, Dasgupta A, et
al. Assessment of Poor Functional Status and its
Predictors among the Elderly in a Rural Area of
West Bengal. Journal of Mid-Life Health.
2019;10(3):123-130. DOI:
https://doi.org/10.4103/jmh.JMH_154 18

References

1. Morjaria R, Alexander I, Purbrick RM,
et al. Impact of Diabetic Retinopathy on Sleep,
Mood, and Quality of Life. Investigative Ophthal-
mology and Visual Science. 2019;60(6):2304-
2310. DOI: https://doi.org/10.1167/iovs.18-26108

2. Lu X, Gong W, Win Z, et al. Correla-
tion Between Diabetic Cognitive Impairment and
Diabetic Retinopathy in Patients With T2DM
by 'H-MRS. Frontiers in Neurology.
2019;10:1068. DOI:
https://doi.org/10.3389/fneur.2019.01068

3. Chen D, Zhao X, Yang S, et al. Associ-
ation Between Diabetic Retinopathy and Cognitive
Impairment: A Systematic Review and Meta-Anal-
ysis.  Frontiers in  Aging  Neuroscience.
2021;13:692911. DOI:
https://doi.org/10.3389/fnagi.2021.692911

4. XieY, Gunasekeran DV, Balaskas K, et
al. Health Economic and Safety Considerations for
Artificial Intelligence Applications in Diabetic
Retinopathy Screening. Translational Vision Sci-
ence and Technology. 2020;9(2):22. DOI:
https://doi.org/10.1167/tvst.9.2.22

5. Wu Z, Pan X, Liu D, et al. Variation of
1gG N-linked glycosylation profile in diabetic reti-
nopathy. Journal of Diabetes. 2021;13(8):672-680.
DOI: https://doi.org/10.1111/1753-0407.13160

6. Miller DJ, Cascio MA, Rosca MG. Di-
abetic Retinopathy: The Role of Mitochondria in
the Neural Retina and Microvascular Disease. An-
tioxidants  (Basel).  2020;9(10):905. DOI:
https://doi.org/10.3390/antiox9100905

7.  Qui AW, Huang DR, Li B, etal. IL-17A
injury to retinal ganglion cells is mediated by reti-
nal Miiller cells in diabetic retinopathy. Cell Death



Kpamkoe coobuyenue
Short message

Mapmoinenko AB, u Op. Pe3unuenc-ouema 6 «201y0uix 30HAX» ... 523
Martynenko AV, et al. "The blue zones" resilience-diet ...

and Disease. 2021;12(11):1057. DOI:
https://doi.org/10.1038/s41419-021-04350-y

8. Mueller-Schotte S, Zuithoff NP,
Schouw YT, et al. Trajectories of Limitations in In-
strumental Activities of Daily Living in Frail Older
Adults With Vision, Hearing, or Dual Sensory
Loss. Journals of Gerontology - Series A Biologi-
cal Sciences  and Medical Sciences.
2019;74(6):936-942. DOI:
https://doi.org/10.1093/gerona/gly155

9. Solomon SD, Chew E, Duh EJ, et al.
Diabetic Retinopathy: A Position Statement by the
American Diabetes Association. Diabetes Care.
2017;40(3):412-418. DOI:
https://doi.org/10.2337/dc16-2641

10. Astakhov YuS, Neroyev VV, Shesta-
kova MV, et al. Diabetes mellitus: diabetic reti-
nopathy, diabetic macular edema. Clinical recom-
mendations. Moscow: Obshcherossiyskaya ob-
shchestvennaya  organizatsiya  «Assotsiatsiya
vrachey oftal'mologov»; 2018. Russian.

11. Davidson JG, Guthrie DM. Older
Adults With a Combination of Vision and Hearing
Impairment Experience Higher Rates of Cognitive
Impairment, Functional Dependence, and Worse
Outcomes Across a Set of Quality Indicators. Jour-
nal of Aging and Health. 2019;31(1):85-108. DOI:
https://doi.org/10.1177/0898264317723407

12. Perez KM, Patel NJ, Lord JH, et al. Ex-
ecutive Function in Adolescents With Type 1 Dia-
betes: Relationship to Adherence, Glycemic Con-
trol, and Psychosocial Outcomes. Journal of Pedi-
atric  Psychology. 2017;42(6):636-646. DOI:
https://doi.org/10.1093/jpepsy/jsw093

13. Burman J, Sembiah S, Dasgupta A, et
al. Assessment of Poor Functional Status and its
Predictors among the Elderly in a Rural Area of
West Bengal. Journal of Mid-Life Health.
2019;10(3):123-130. DOI:
https://doi.org/10.4103/jmh.JMH_154 18

Cratbs mocTymmiia B penaknuto 30 HosOps 2021 T.
[octynuna nocne nopadotku 15 urons 2022 r.
[Ipundara k nedatu 6 urons 2022 r.

Received 30 November 2021
Revised 15 June 2022
Accepted 6 July 2022

HNudopmanus 006 aBTopax

Huxomnaii MuxaiioBu4 ArapkoB, 10KTOp MeJU-
IUHCKUX Hayk, npodeccop Kadeapbl Oromenu-
uuHckoi unxeHepun GI'BOY BO «IOro-3anaz-
HBIM TOCYJapCTBEHHBI YHUBEPCUTET», T. Kypck,

Poccuiickas ~ ®Demeparus, E-mail: vital-
axen@mail.ru, ORCID: https://orcid.org/0000-
0002-4821-3692.

HNuna BanepseBHa JleB, KaHIUIaT MEIULIMHCKHAX
HayK, 3aBeIyIOIIMNA NEPBbIM XHUPYPrUUECKUM OT-
neneaueM, TamOoBckuit dpumman OI'AY «HMUAUIL]
«MHTK «Muxkpoxupyprus ria3a» UMEHHU akKaie-
muka C.H. ®enoporay, . Tamb0B, Poccmiickas
Deneparms, E-mail: michina.inna@mail.ru, OR-
CID: https://orcid.org/0000-0003-3436-4059.
MaxkcuMm Oseropnd TaHbIrMH, KAHIUIAT TCXHU-
YEeCKUX HayK, JIOIeHT, 3aBeAyIOIHi Kadeapoii nH-
(hopmanronHoi 6€30MacHOCTH, IeKaH (haKyIbTeTa
(hyHIaMEeHTATFHOW U TIPUKIATHOW MH(POPMATHKH
OI'BOY BO «lOro-3anagHelii rocyaapCcTBEHHbBIN
yHHUBepcuTe™, I. Kypck, Poccuiickas deneparus,
E-mail: ib-swsu@yandex.ru, ORCID: https://or-
cid.org/0000-0002-4099-1414.

EBrennii Hukonaesuu KopoBuH, 10KTOp TEXHU-
YeCKUX HayK, mpodeccop Kadenpsl CHCTEMHOTO
aHaJM3a U YIpaBIeHUs B ONOMEIULINHCKIX CUCTE-
Max O®I'bOY BO «Boponexckuil rocyaapcTBeH-
HbI TEXHUYECKUUA YHHMBEpCUTET», I'. BopoHex,
Poccwuiickas deneparus, E-mail:
centl705@mail.ru, ORCID: https://or-
cid.org/0000-0001-9984-987X.

Information about the authors

Nikolai M. Agarkov, Doct. Sci. (Medicine), Pro-
fessor at the Department of Biomedical Engineer-
ing, South-West State University, Kursk, Russia,
E-mail: vitalaxen@mail.ru, ORCID: https://or-
cid.org/0000-0002-4821-3692.

Inna V. Lev, Cand. Sci. (Medicine), Head of the
First Surgical Department, Tambov Branch of the
S.N. Fyodorov Eye Microsurgery State Institution,
Tambov, Russia, E-mail: michina.inna@mail.ru,
ORCID: https://orcid.org/0000-0003-3436-4059.
Maxim O. Tanygin, Cand. Sci. (Engineering), As-
sociate Professor, Head of the Department of Infor-
mation Security, Dean of the Faculty of Fundamen-
tal and Applied Informatics, Southwest State Uni-
versity, Kursk, Russia, E-mail: ib-swsu@yan-
dex.ru, ORCID: https://orcid.org/0000-0002-4099-
1414,

Evgeny N. Korovin, Doct. Sci. (Engineering),
Professor at the Department of System Analysis
and Management in Biomedical Systems, Voro-
nezh State Technical University, Voronezh, Rus-
sia, E-mail: cent1705@mail.ru, ORCID: https://or-
cid.org/0000-0001-9984-987X.



Opuzunanbras cmamosi HayuHble pesyabmambl 6uomeduyuHckux uccaedoganuil. 2022;8(4):524-533 524

Original article Research Results in Biomedicine. 2022:8(4):524-533
(co) R
DOI: 10.18413/2658-6533-2022-8-4-0-10 YK 614.8:617.75:617.7-007.681

3puTeSbHbINA Je(PUUUT U TepuaATPUYCCKUM
CTATYC MAIUEHTOB CEJIbLCKIUX PAUOHOB
C Pa3JIMYHON 0(PTATBLMOIIATOJIOTHMEH
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Pe3ome

AKTyaIbHOCTB: 3a00JI€BaHMs OpraHa 3peHHs HEraTUBHO CKa3bIBAIOTCS HA KAYECTBE JKU3HU MOXKU-
JbIX Jroen. KoMIiekcHOro uccienoBaHus MaToJIOTUU OpraHa 3peHHs CpeAy MOKHIIOrO HaceJleHUs
Boponesxckoii obmactu He poBouiiocsk. Lleans ucciienoBanusi: AHaau3 3pUTEIbHOTO AeduuuTa U
repuaTpUyYecKoro cTaTyca MalueHTOB CeJIbCKUX pailoHOB ¢ pa3iauyHoll odrampMonaronoruei. Ma-
TepHaJbl 1 MeTO/bl: J[aHHBIE ObUTH MOTY4YEHbl PETPOCHEKTUBHO U3 MEAULIMHCKUX KapT U UCTOPUI
6os1e3nu bY3 BO «BOKOB» 842 noxxumnsix nanueHToB (=60 jer), KoTopbsle 00pariaiuch 3a cTau-
OHapHOM MEeIUIIMHCKON MOMOIIIBI0 N0 npoduito «odTanemonorus» B nepuoj ¢ 2018 r. mo 2020 r.
W3BreueHHbIE JaHHBIE BKIIIOYAJINA: BO3PACT, 110JI, CEMEIHOE MOJI0KEHHE, POJ] 3aHATUH, OCTPOTY 3pe-
HUS, OCHOBHOH U COINYTCTBYIOIME O(PTAaIbMOJIOIMYECKHE JUArHO3bl, JEKapCTBEHHbIE NpenapaThl,
olepaTHBHbIE BMELIATENbCTBAa Ha Tia3ax. Pesyabtarbl: CpeaHuil Bo3pacT HAallIEHTOB COCTaBUII
69,8+7,5 rona, 524 (62,2%) sxenmin. Harbosee yacto BCTpedaeMbIMK ObLTH KaTapaKkTa U riIayKoma,
takke Obutn mauuentel ¢ BM/I, IAPII, pedpakinOHHBIMHI HapyLIEHUSIMH, OTCIIONKOM CETYaTKH, ce-
HWIBHOM maTonoruei BeK. AHTHUITIAYKOMAaTO3HbIE TMpernapaTbl MMEIH IMPEeBATUPYIOIIYIO JIOJII0
(57,1%) cpeaun Bcex MPUMEHSAEMBIX MpENapaToB JJIsl JICUEHHUS TJIa3HBIX 3a0osneBaHuil. 66,4% ObuH
TOCIUTAIM3UPOBAHBl JJIs NPOBEIECHUS ONEPaTUBHOIO BMEIIATENbCTBA, a 18,1% panee yxe mepe-
HECJIH OTlepanuio Ha riia3ax. CHKeHrue ocTpoThl 3peHust MeHee 40% umenn 61,4 % marnueHToB Ha
o0a rias3a mpu MoCTyIJICHUH, B TO BpeMs Kak 8,1% umenu ciaboBHIEHHE WIM CIENOTY Ha | uiu
o0oux rnazax. Bozpact u riaaykoma ObUIM (pakTOpaMu, B 3HAYUTENILHON CTENEHU CBSI3aHHBIMU CO
3PUTETBHBIM JEPUIIMTOM TSKEION CTereHH U cienoToi. C BO3pacToM y MalMeHTOB CO 3pUTEIbHBIM
Ne(PUIIUTOM aCCOLIMUPOBAHbI OT/IEbHBIE TepUATPUUECKUE CUHAPOMBI, CPEIU KOTOPBIX HanOObIIas
pacpoCTPaHEHHOCTh CBOMCTBEHHA CHHJPOMY MaJ€HUMN, TPEBOXKHO-AEIPECCUBHOMY CHUHAPOMY H
CHUH/IpOMY KOTHUTHBHBIX HapyleHuil. 3akatouenune: Hanbomnee yacteiMu 3a001€BaHUSIMU TJ1a3, ac-
COLIMMPOBAHHBIMU C BO3PACTOM SIBJIIIOTCS I1ayKkoMa, katapakta 1 BM/I. Heob6xoaumo nonyssipusu-
poBarth IMpornaraiay npoQuIakTUKH U CBOEBPEMEHHOTO JICYEHUS TPEIOTBPATUMBIX IPUYNH HU3KOTO
3peHus y MOKUJIBIX U CHUKEHHE PACIPOCTPAHEHHOCTU IT'epUaTPUUECKUX CUHIPOMOB.

KuroueBble ciioBa: repuaTpuieckie MalMeHThl; MaTOJOTHs OpraHa 3peHusl; 3pUTEIbHBIN AePUIINT;
rJlayKoMa; repuaTpudeckue CHHIPOMBI
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Abstract

Background: Diseases of the visual organ negatively affect the quality of life of the elderly. A com-
prehensive study of the pathology of the visual organ among the elderly population of the VVoronezh
region has not been conducted. The aim of the study: Analysis of visual deficit and geriatric status
of rural patients with various ophthalmic pathologies. Materials and methods: The data were ob-
tained retrospectively from medical records and case histories of 842 elderly patients (=60 years old)
who sought inpatient medical care in the "ophthalmology" profile in the period from 2018 to 2020.
The extracted data included: age, gender, marital status, occupation, visual acuity, primary and con-
comitant ophthalmological diagnoses, medications, surgical interventions on the eyes. Results: The
average age of patients was 69.8+7,5 years, 524 (62.2%) women. The most common were cataracts
and glaucoma, there were also patients with AMD, DARP, refractive disorders, retinal detachment,
senile pathology of the eyelids. Anti-glaucomatous drugs had a predominant share (57.1%) among
all drugs used for the treatment of eye diseases. 66.4% were hospitalized for surgery, and 18.1% had
previously undergone eye surgery. 61.4% of patients had a decrease in visual acuity of less than 40%
in both eyes on admission, while 8.1% had poor vision or blindness in 1 or both eyes. Age and glau-
coma were factors largely associated with severe visual deficits and blindness. Certain geriatric syn-
dromes are associated with age in patients with visual deficits, among which the greatest prevalence
is characteristic of falls syndrome, anxiety-depressive syndrome and cognitive impairment syndrome.
Conclusion: The most common age-related eye diagnoses are glaucoma, cataract, and AMD. It is
necessary to popularize the promotion of prevention and timely treatment of preventable causes of
low vision and geriatric syndromes in the elderly.

Keywords: geriatric patients; pathology of the organ of vision; visual deficit; glaucoma; geriatric
syndromes
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BBenenne. Jlemorpaduueckas TpaHc- Y MHBAJIUJIHOCTH 32 CUET MOMYJISALUU MOXKH-
dbopmarusi TpeapacosaraeT K yBETUYCHHUIO aeIx monaei. B Poccun nonst moxkuiioro Hace-
pacipoCTpaHEHHOCTH MPOOIEM CO 3I0POBHEM neHusi cocrasnser 25,1% u3 Hux 1,2 yenoBek
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Ha 10000 cirabGoBUAALIMX U IIOJIHOCTBIO ClIE-
MBIX, U3 KOTOPBIX OOJBINAs YacTh MPOKUBACT
B CEJIbCKOM MecTHOCTH [1]. DTO nemMoHCTpH-
pYyET HEJOCTATOYHYIO JJOCTYITHOCTh CIIeLIUAIN-
3UpPOBAaHHON MEIUIIMHCKOM TOMOIIIU JIJIsl Hace-
JIEHUs, MPOKUBAIOLIETO B CEIBLCKOW MECTHO-
CTH, Yallle BCEro 3a cueT KaJpoBoro aepunura
U TPAHCIIOPTHOM YJAJIEHHOCTH MEIUIIMHCKHUX
OpraHu3alyil, HEJOCTATOUYHOM MEIULIMHCKOU
IPaMOTHOCTH.

Bo3HukHOBEeHHE  O(TaTBEMOMATONOTHH
3aBUCUT OT HACJIEICTBEHHOW Mperpacnoio-
KEHHOCTH, BO3pacTa, CONMyTCTBYIOIIEH Tepa-
MEeBTUYECKOM MATOJIOTHH, 10JIa U APYTUX (ak-
TOpOB [2]. 3a0oneBanus oprana 3peHusi, Takue
KakK TJIayKoMa, BO3pacTHAsl MaKyJIsIpHas Jere-
Heparuss (BMJI), karapakrta, HEKOppETHpO-
BaHHbIE aHOMaJIMH pedpakuuu u auadeTHye-
CKasl PETUHOMATHS MPOIOJIKAIOT OCTaBAThCS
MPEAUKTOPAMH  CJIA00OBUICHUS U  CJICTIOTHI
CpeIu MOXUIBIX JIIOJEH BO BCEM MHpeE, He-
CMOTps Ha MpEeANpPUHUMAEMbIE MEPHI yUpe-
KICHUSMU 3/IpaBooXpaHeHus [3].

3puTenbHbIN 1e(UIUT MOKET HEraTUBHO
BJIMSITH HA CIOCOOHOCTH MOKHIIBIX JIFOACH BBI-
MOJIHATH TIOBCEIHEBHBIA YXOJ 3a COOOM, Mpu-
BOJS K 3aBUCUMOCTH OT Apyrux. lloreps mmm
ocialiieHne HOPMAaJbHOTO 3PUTENBHOTO BOC-
MPUATHS TIPUBOJUT K CHIDKEHUIO TIOBCETHEB-
HOM aKTUBHOCTH JItOJIel B Bo3pacte 60 ner u
CTapuie, a TakKe K COLUUAIbHON H3OJSLUN U
orpannueHuto MmoousHOCTH [4]. [To Mepe yBe-
JUYEHUS TPOJIOJKUTEIILHOCTH JKU3HH, HAKOII-
JeHHas OoQTaTbMOMNATONOTHs, 0€3 MPUHATHUS
JIOJKHBIX CBOEBPEMEHHBIX MTPOPUITAKTUIECKIX
1 JICUeOHBIX MEPOIPHUATHI, 3aKOHOMEPHO MO-
KET MPHUBECTH K TOBBIIIEHUIO YPOBHS HHBa-
JUIHOCTHU TIO 3PEHUIO0 U YBEIMUYEHHIO MOTpPeO-
HOCTH TEpHAaTPUYECKOro yxona. BrisaBrneHue
MOTEHIIMATFHO WHBATUIUZUPYIOMINX TJIa3HBIX
3a00JeBaHUl HA PAHHHUX CTAIUSIX TOMOXKET
MPEIOTBPATUTh WHBATHIHOCTh U 3aBUCUMOCTH
oT noctopoHHero yxoja [ 1] Ecau nporaosupy-
€MBIIl POCT YHMClia MOXKUIIBIX JII0Jel He OyaeT
COIPOBOXKAATHCSI MOBBIIIEHHUEM JIOCTYITHOCTH
repuaTpUIECcKOil MMOMOIIH, 3aKOHOMEPHO Clie-
€T O’KUJATh CYILIECTBEHHBIM POCT YKCIIA JIIO-
JIeid co CITabOBUICHUEM U CIICTIOTOM.

Bmecte ¢ Tem aHanu3 repuaTpuuecKuUx
CHUH/IPOMOB, TTO3BOJISIFOIIMIA BBISIBUTh MX CIIE-

uu(UKy y NAIUEHTOB CO 3pUTEIbHBIM JehUITH-
TOM B CEITbCKHMX paiiOHaX ISl pallMOHAIN3AINN
repuaTpruuecKkoil MOMOIIHM, OCYIIECTBIISIETCS
penko. B eqMHUYHBIX MyOauKanusaxX MpeacTaB-
JICHBI TaK)K€ MIPUYUHBI PA3IMYHOM CTENEHU TS-
KECTH 3PUTENBHOTO Ae(UINTa, YTO, HAPSLY C
BBILLIEH3JI0KEHHBIM, OIPEIENISieT aKTyadIbHOCTb
HACTOSIIIETO UCCIICIOBAHMSL.

Heab uccaenoBanus. AHAIN3 3pUTEIb-
HOro JeHIUTa M TepuaTpUuecKoro craryca
MAlMEHTOB CEJIbCKUX PAalOHOB C Pa3IHUYHOI
o TaTbMONATONOTHEH.

Matepuaibl U MeTOAbI HCCJIEA0Ba-
HHUsA. PeTpocrnekTHMBHO OBbUTHM TONyYEHBl H
BKJIIOUEHBl B HCCJIEOBaHUE aMOylaTOpHBIE
KapTel ¥ ucTopuu Oone3Heil 842 mamueHTOB
bY3 Bopounexckoit obnactu «BopoHexckas
oOjacTHasg KJIMHHMYECKas OOJIbHHIIA» B BO3-
pacte crapiie 60 ner ¢ 2018r. mo 2020r. Bce
KJIMHUYECKHUE JJaHHbIE ObLUTH COOpaHbI ¥ CTATH-
CTHYECKH 00paboTaHbl C TMOMOIIBIO TIPO-
rpammbl Statistica 10.0. O6mas 1 KIMHHYE-
cKasi MHQpOpManus BKIOYaia: BO3PACT, IOI,
CeMeIHOe MOJI0XKEHNE U POJI 3aHATUH, COIyT-
CTBYIOLIYIO TEparneBTUYECKYIO IaTOJOTHIO;
OCHOBHOM M CONyTCTBYIOUINI 0()TaabMOIOTH-
YeCKHe JUarHo3bl, OCTPOTY 3pEHUs, IPUMEHS-
emMble O(PTaTbMOJIOTHYECKHE JIEKApPCTBEHHBIE
Mpernaparel, KIMHUYECKHE TepuaTpuiIecKue
CHHJIPOMBI.

Octpoty 3penus (O3) uccnenoBaiu ¢
nomoIbio Tabmuiel ['onosuna-CusiieBa, pac-
MIOJIOKEHHOM Ha PaCCTOSHUH 5 M OT MaleHTa
U KJIacCU(HUIMPOBATIHN B COOTBETCTBHH C PEKO-
MEH/IalUSIMH acCOLMAIMM Bpaueil-opTanbMo-
goroB [5]. ¥V kaxkmoro manueHTa ObLIO MOBE-
JICHO KOMILIEKCHOE O(TaIbMOJIOrHYecKoe 00-
ClleZIOBaHHE, BKJTIOYAIOIIIEee MIPOBEPKY
OCTPOTHI 3pEHUsI, pePpaKIuu, OCMOTP TIepe-
HEro CerMeHTa IJIa3HOro sI0J0Ka ¢ TMOMOIIBIO
IIEJICBOM JIaMIIbI, 33/IHETO CErMEHTa C IMOMO-
b0 0pTaTbMOCKONUU (YHTyCHBIMU JIMH-
3aMH BbICOKOU MoTHOCTH (+78D umu +90D).

Cpenu KIMHUYECKUX TepUATPUUYECKHUX
CHHJIPOMOB M3yUYeHBI PacIpOCTPaHEHHOCTh 3a
2018-2020rr: cuHIpoma MajeHui, capkorie-
HUHW, MaJbHYTPHUIINHA, KOTHUTUBHBIX HapyIIe-
HUH, TPEBOXKHO-JIETIPECCUBHOTO CUHAPOMA.
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3a paccMaTpuBaeMblii MEpPHOJ MpoaHa-
TU3UPOBaHO 842 MarMeHToB ¢ oraabMonaro-
norueit. Kennmn 6s010 (62,2%) u (37,8%)
MyX4HMH. X cpegHuil BO3pacT COCTaBIIII
69,8+7,5rona, y myxuun (71,5£7,9 ner), y

B Ttabnume 1 mpuBeneHbl aemorpaduyuecKue
JAaHHBIC yYaCTHUKOB HCCIICIOBaHUs. bolb-
ITMHCTBO MAaIMEHTOB ObLIH B Bo3pacTe 1o 70
net (52,2%), B Hacrosiiiee BpeMsi COCTOAT B
Opake (78,0%), HO 110 poay 3aHATUH He pabo-

xenuH  (68,1£6,9  roma)  (p<0,001). tanu (56,0%).
Tabnuya 1
MeHHKO‘COHHaﬂbeIe XAPaAKTEPUCTUKH MALMCHTOB
Table 1
Medical and social characteristics of patients
IMapameTtp 2018 2019 2020 Bcero
Irf‘(’%qemo MTAHCHTOB, 295 (35,0) 279 (33,1) 268 (31,8) 842 (100,0)
Bospacr, ger 69,6+7,9 69,9+7,5 70,1+7,2 69,8+7,5
Bo3spacThble TpyIIIBI
(rozel):
60-64 94 (32,0) 70 (25,2) 74 (27,6) 238 (28,7)
65-69 68 (23,2) 85 (30,5) 52 (19,3) 205 (24,3)
70-74 59 (20,0) 54 (19,1) 68 (25,3) 181 (21,5)
75-79 41 (13,6) 38 (13,7) 39 (14,5) 118 (14,0)
>80 33(11,2) 32 (11,5) 35(13,3) 100 (11,9)
ITon
My KYHHBI 120 (40,8) 111 (39,7) 87 (32,5 318 (37,8)
XKeHuruast 175 (59,2) 168 (60,3) 181 (67,5) 524 (62,2)
CeMeiinblii cTaTyc
Coctourt B Opake 221 (74,8) 217 (77,9) 219 (81,6) 657 (78,0)
He cocrourt B Opake 74 (25,2) 62 (22,1) 49 (18,4) 185 (22,0)
Pon 3ansTuit
Paboraer 132 (44,6) 115 (41,2) 123 (45,8) 370 (44,0)
He paGoraer 163 (56,0) 164 (58,8) 145 (51,2) 472 (56,0)
KonnuecTBO KOMKO-IHEN 6,8 +7,8 6,6 £7,7 6,3 +8,3 6,6 7,9
3puTenbHbIH qeQUIUT
Jlerkas  cremenr (O3
seme 0.4) 176 (59,2) 185 (66,3) 156 (58,8) 517 (61,4)
Cpennsisi  crenensr (O3
0,3-0,05) 94 (32,0) 74 (26,5) 82 (30,5) 250 (29,7)
Tsaxenas crenenp (O3
sk 0,04) 25 (8,8) 20 (10,7) 30 (10,7) 75 (8,9)

CrnenoBarenbHO, MPOAHAIU3UPOBAHHBIE
COBOKYITHOCTH MAIIUEHTOB CO 3pUTENIbHBIM Jie-
¢uMTOM B yKa3aHHbBIE BBIIIE TOJBI OJHO-
POIHBI O€3 CYIIECTBEHHBIX Pa3IudHil.

HccnenoBanus OCyIIECTBIAJIOCh C CO-
OJII0/IEHUEM PTUYECKUX MPUHIUIIOB XeIbCHH-
CKOH JeKJIapaLyH.

JUJis WILTIOCTpAluy CTIONb30BANIUChH CO-
OTBETCTBYIOIIME TpauKu U CpeaHee CTaH-
naptHoe oTkJoHeHue (£SD), B To Bpemst Kak
KaTeropuaibHble IepeMEeHHble ObUIM Tpes-
CTaBJIEHbl ~ YacTOTOW ¥  MPOLEHTaMH.
JUis  OLEHKM  JIOCTOBEPHOCTH  PA3JINYUI

HCTIOIB30BATUCh X2 U t-KpuTepuit CThIOIEHTa
pH 5% ypoBHE 3HAYMMOCTH.

PesyabTaTsl B ux odcy:xaenne. Cpeau
reprUaTpPUYECKUX CHHAPOMOB Y TIAIIMEHTOB C O)-
TaJIbMOIIATOJIOTHEH Ba)XKHBIM SIBIISIETCS OLICHKA
3putenbHOro nedurmura (Tadm. 2). Haubombimas
YacTh MAIMEHTOB MMeJa 3pUTENbHbIA TePUIUT
OT cpemHel a0 Tspkenou creneHu (38,6%) u
HapyIIeHUs 3peHus Jerkoit crenenu (61,4%) Ha
MPaBOM H JIEBOM TJIa3aX COOTBETCTBEHHO. Y
OosbIIMHCTBA mareHToB (>90%) — cocrosiHue
MPUIATOYHOTO arapaTa rjia3 ¥ pOroBUIIbI ObLTH
B IIpeJieiax BO3PACTHONW HOPMBI.
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Tabnuya 2
3puTenbHBIH Ae(PUUINT y NALNEHTOB ¢ 0QTAJILMONATOJIOTHEel
Table 2
Visual deficit in patients with ophthalmopathology
ITapamerpbl IIpaBslii raa3 JleBblIii 1123
3PHUTEJILHOTO My KYHHBI Kenumupl Bcero My:xuunbl | KeHmmHbI Bcero
AepuuuTa (n=318), % (n=524), % (n=842), % | (n=318), % | (n=524), % | (n=842), %
3puTenbHBIA neduIT
Jlerkas crenens (O3
see 0.4) 92 (28,8) 232 (44,3) 316 (37,6) 134 (42,4) 288 (55,0) 421 (50,0)
CpenHsisi CTEIICHb
(03 0.3-0,05) 118 (37,2) 204 (38,9) 322 (38,2) 92 (28,8) 133 (25,4) 226 (26,8)
Tsokenas cTeneHb
(03 mxe 0,04) 108 (34,0) 88 (17,7) 204 (24,2) 92 (28,8) 103 (19,6) 195 (23,2)
Xpycranuk
IPO3paYHbIi 16 (4,9) 36 (6,7) 50 (6,0) 22 (7,0) 38 (7,0) 60 (7,2)
KaTapakTa 271 (85,3) 444 (84,7) 715 (84,9) 266 (83,5) 445 (85,2) 711 (84,5)
HmnnanTupoBaHHas
HUHTPAOKYJIIpHAs 23 (7,4) 42 (7,8) 65 (7,7) 27 (8,6) 38 (7,3) 65 (7,8)
JIMH32
adaxus 8 (2,4) 4 (0,8) 12 (1,5) 3(0,8) 3(0,6) 6 (0,7)
Jluck 3putensHOro
HepBa
0J1eTHO-PO30BBIH 135 (42,5) 296 (56,5) 162 (50,9) 122 (39,1) 272 (52,0) 394 (46,8)
OenHbIN 132 (41,6) 176 (33,7) 117 (36,9) 167 (51,8) 214 (40,9) 381 (45,3)
cepbIid 51 (15,8) 52 (9,7) 39 (12,2) 29 (9,1) 38 (7,1) 67 (7,9)

OnepatuBHOE JIeYEHUE KaTapaKThl ObLIO
caMoil pacmpoCTpaHEeHHOM NpUYMHON 0Opa-
LIEHUS [TAIMEHTOB 332 MEIUIIMHCKOM TOMOIIBIO
B CTalMOHAp, UX KOJIUYECTBO COCTABUIO —
60,3% nanueHToB. Jluck 3pUTENBLHOrO HEpBa
UMeNl OTTEHOK, OTJIUYHBIM OT OJeIHO-po30-

OCHOBHBIMU TPUYMHAMH 3PUTEIHHOIO
neuuuTta y o0cne0BaHHbIX MallUEeHTOB BbI-
CTyIaJM KaTapakTa u riaykoma, mpuieM B 0o-
jiee TOJIOBUHE CITy4aeB 3pUTENbHBIN JePULINT

oOycroBiieH katapakToit (Taoum. 3).

Boro B 448 rnazax (53,2%).
Tabnuya 3
IpuyuHBI 3pUTETHHOTO Ae(PUIIUTA Y NAIUEHTOB ¢ 0QTAIbMONATOIOTHEH
Table 3
Causes of visual deficiency in patients with ophthalmopathology
Jnarxoss1 My:KYMHBI KeHIMHDBI Bcero p
(n=499), % (n=823), % (n=1322), %
Karapakra 289 (57,9) 449 (54,6) 744 (56,3) <0,001
Cnaykoma 94 (17,7) 113 (13,8) 207 (15,7) <0,01
Pepaxumonnie 23 (5,3) 62 (7.5) 85 (6,4) <0,001
HapyUIEHMsI
Jnaberueckas peru- 33 (6,1) 36 (4,3) 69 (5.2) <0,01
HOIIaTuA
CHHIPOM CYXOTo Ijiasa 21 (4,3) 42 (5,1) 63 (4,7) <0,001
BM/JI 4(1,2 41 (5,6) 45 (3,4) >0,05
[repurunym 13 (2,4) 18 (2,2) 31(2,3) >0,05
XOpHOPETUHUT 3(1,0) 19 (2,4) 22 (1,7) >0,05
ATpodus 3pUTeITHEHOTO 1(05) 15 (1,9) 16 (1,2) 0,05
HepBa
Ortcroiika ceTyaTKi 1(0,7) 12 (1,5) 13(1,1) >0,05
VYBeur 2(0,4) 6 (0,6) 8 (0,6) >0,05
Hpyroe 13(2,3) 5(0,5) 18 (1,4) >0,05
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PacripocTpaHeHHOCTh ~ TJIAYyKOMBI 10
CPaBHEHHUIO C KaTaPaKTOU CYIIECTBEHHO HUXKE,
KaK U JPYrux oPTaJIbMOJIOTHYCCKUX 3a0oJie-
BaHUI, 0O0yCIIaBJIMBAIOIINX 3PUTEIBHBIN Je-
(GUIUT CO CTATUCTHYCCKH 3HAYMMBIM pa3iiv-
gyrieM B OOJILITUHCTBE ciiydaeB. KpaitHe peako
Cpey MPUYHH 3PUTEIBLHOTO ACPHUIMTA BBICTY-
najau arpodus 3pUTEIBHOIO HEPBa, OTCIOWKA
CCTUATKH, YBCI/IT.

BONBIIMHCTBO MalMEHTOB HMMENO Ooliee
onHoro auarHosa (n = 713; 84,7%) u 6onee mno-

J0BUHBI U3 HUX (h = 412; 57,8%) nomy4anu je-
YeHue OPTATEMOJIOTHYECKIMU MpenapaTtamMu. Y
237 (56,7%) manmMeHTOB HCIOJIB30BAIICS OJUH
o(rampMonornueckuii nmpemnapart, 28,2% nasa u
3,8% mnomyyanu Gosiee YeThIpeX MpenapaToB B
BUJIC TJa3HBIX Karenb. CaMbIMU YacTBIMH HC-
MOJIb3yEeMbIMH ObLIIH AHTHUIJIAYKOMATO3HbIE IIpe-
napatbl y 234 (55,8%) nanueHToB, 3aTeM aHTH-
6akrepuansubie 68 (16,3%). Hemnorue marm-
eHtsl, 176 (21,0%), paHee y:xe mepeHeciu ore-
paly Ha OTHOM MJIM OOOHX Ti1a3ax.

Tabnuya 4
YacroTa NMPUMEHECHUA MEIUKAMEHTO3HbIX O(l)TaJ]I)MOJIOFI/I‘-ICCKI/IX npemnapaTtos
Table 4
Frequency of use of ophthalmic medications
Mapamerpbi My:K4YMHBI KeHmuHbI Bcero
(n=318), % (n=524), % (n=842), %
KosunuectBo odransmonornye-
CKHX JIMarHO30B
1-2 267 (84,0 446 (85,2) 713 (84,7)
>3 51 (16,0) 78 (14,8) 129 (15,3)
Od¢raneMoIOrHyYecKue npermna-
partsl (n=419)
AHTHTIAYKOMATO3HbIE 107 (65,1) 127 (49,7) 234 (55,8)
AnTnbakTepanbHbIe 14 (8,7) 54 (21,2) 68 (16,3)
[TpoTuBoajuIepruyecKue 3(1,6) 17 (6,7) 20 (4,7)
Cre303aMecTUTENIbHBIC 7 (4,0) 2 (1,0) 9(2,2)
ITpOTHBOBOCHIATUTENILHBIE 42,4 9(3,6) 13(3,1)
[Ipoune 30 (18,3) 45 (17,6) 75 (17,9)
KosmuectBo odransmonornye-
ckux npenaparos (n=419)
1 83 (50,8) 154 (60,7) 237 (56,7)
2 52 (31,7) 66 (25,9) 118 (28,2)
3 24 (14,3) 23 (9,3) 47 (11,3)
>4 5(3,2) 12 (4,1) 17 (3,8)
[epeHeceHHbBIE paHee OTepaIiin
Ha rnazax (n=346)
Ja 70 (21,9) 106 (20,3) 176 (21,0)
HET 248 (78,1) 418 (79,7) 666 (79,0)
[IpuumHBI ONEpaTHBHBIX BMELIa-
TENBCTB Ha Ta3zax (N=176)
KaTapakTa 47 (66,7) 58 (54,5) 104 (59,6)
TJIlayKoMa 23 (33,3) 43 (40,9) 66 (37,7)
[poune (0,0 5 (4,6) 6 (2,7)

N3ydeHne OCHOBHBIX KIMHUYECKHUX Te-
pUaTPUYECKUX CUHIPOMOB y BKJIIOUCHHBIX B
UCCIIEJOBAHUE IAallUEHTOB BBISIBUJIO, 4YTO
HanOosee pacnpoCcTpaHeH CUHIPOM MaJIeHUH
(Tabxn. 5). Ero pacrnpocTpaHeHHOCTh CTaTH-
CTUYECKHM 3HAYMMO OTJIMYanach B HCCIenye-
Mbl€ T'OJIbl, JOCTUTHYB Makcumyma B 2019 r.

Oco00eHHOCThIO repuaTpudecKkoro

cTaryca MalMeHToB ¢ 0()TaIbMOIaTOIOTHEH,
MIPOKUBAOIINX B CEIIBCKON MecTHOCTH Bopo-
HEXCKOW 00J1acTH, SBISETCS 3HAYMTEIbHas
PacIpOCTPAaHEHHOCTh TPEBOKHO-/IETPECCUB-
HOI'0 CUHJpOMA C yBEIUYEHUEM PacIpocTpa-
HEHHOCTH B 2020 r. Y KaxXJ10ro TpeThero mna-
LIUEHTa CO 3PUTENBbHBIM Je(PUIHUTOM 3aperu-
CTPUPOBAH JIPYyrOd BaKHBIN TepHaTPUUECKAN
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CUHAPOM — CHHJIPOM KOTHUTHBHBIX Hapyllle-
HUI. PelKO y CENbCKHMX MalMeHTOB CO 3pH-
TEIBHBIM JIHUIIMTOM BCTPEYAOTCS CHHIPOM

MaJbHYTPHUIIMKA U CAPKOTIEHUU 0€3 3HAYMMBIX
pasiuuuil B paccMaTpUBAEMBbIE TOJIbI.

Tabauya 5

PacnipocTpaHeHHOCTh OCHOBHBIX KJIMHNYECKHX FrepUaTPUYECKUX CHHAPOMOB Cpelu
NAIHEHTOB €O 3pUTEIbHBIM JeduuuroMm 3a 2018-2020 rr. (Ha 100 o6cie10BAHHBIX)

Table 5

Prevalence of major clinical geriatric syndromes among patients with visual deficits
in 2018-2020 (per 100 patients surveyed)

I'epuaTpuyeckuii CHHIpOM 2018 2019 2020
CuHapoM najieHui 52,7£2,9 64,2+£2.9 57,4£3,0
CHHIpOM capKONEeHUH 28,44+2,6 23,6+2,6 22,2425
CuHIpOM MaJbHYTPULIUU 13,242,0 15,742,0 11,842,0
CHHIPOM KOTHUTHUBHBIX HAPYIICHUHA 33,642,7 37,2427 32,4+2,8
TpeBoKHO-IENPECCUBHBIA CHHAPOM 41,8429 43,9432 513743,1

OOHapyXeHO, YTO Cpeau OO0CIIeOBaH-
HBIX MAIMEHTOB EHCKOI'o I0Jla CTaloHapa
CpEeIHUI BO3PACT HUXKE, YEM Y MYXKUHUH. ITO
MOJKET CBHJIETEJILCTBOBATH O TOM, YTO CTPEM-
JICHUE K 3/J0POBBIO Y MMOKUJIBIX KEHIIIUH BBILLIE
WIA O TOM, YTO OHM CTPEMSTCS IOJIy4aTh
HaJJIeXkKAaIly0 METUIIUHCKYIO IOMOILb U COLIU-
aJIbHYI0 noaepkKy. CoruanbHast MoAaepKKa
JOCTOBEPHO IOJIOKUTENBHO BIUSAET HA 310PO-
BbecOepexeHne U Ka4yeCTBO KU3HU MOKUIIOTO
HaceneHus [2]. Taxke, 00JBIIMHCTBO MAITUEH-
TOB HAXOJWJIUCh Ha CEIbMOM JIECATHIETUU
KU3HU U TOJbKO 13% Obutn crapme 80 jer.
DTO0 0TpaXkaeT OTHOCUTEIBHO 00JIee MOJIOIYIO
aeMorpaguio MOXWIBIX JOAeH, o0paTuB-
muxcs 3a OPTaTbMOJIOTHYECKON MOMOINIBIO.
Oxono 84% y4acTHUKOB MMEJIH Pa3HYyIO CTe-
IIEHb IOMYTHEHUH XPyCTaJIMKa, OT HA4aJIbHOMN
710 Tiepe3pentoil katapakTsl. Cpeny ManueHToB
C IJIayKOMOM, Oojpllasi UX 4acTh UMeNa Ja-
JIEKO 3allellIyI0 M TEPMUHAIBHYIO CTaIUI0
DT0 MOXET ObITh CBA3aHO C HEY/IOBJIETBOPEH-
HOM MOTPEOHOCTHIO B ONIEPATUBHOM JICUEHUH B
pe3ysbTaTe HECBOEBPEMEHHOI'O BbISBICHUS
JAHHOM MAaTOJIOTMM B HA4YalbHOW CTaJuU U
OTpaHMYEHHBIX pecypcax CTallMOHApHOMW Io-
MOIIH 10 MpopuiIo «opTansMoIorus» B Bo-
poHexckoi obmactu [6]. Hanbonee vacteimu
PUYMHAMU 00pallleHus 3a CTallHOHAPHON MO-
MOILBIO CpPEAM YYACTHUKOB HCCIEIOBAHUS
ObUIN TTIayKOMa, KaTapakTa, pedpakiHOHHbIE
HapyuleHus U AuadeTudeckasl peTHHOIATHUS C
pacnpocTpaHeHHOCThI0 56,3%, 15,7%, 6,4% un
5,2% cooTBeTcTBEeHHO. He3zaBrucuMo OT TOro,

YTO KaTapakTa Obuia Ooliee YacToW MPUYUHOMN
rOCIUTANIU3AIMH, TSAKECTh HApyILICHUH 3pu-
TeNbHBIX (PYHKIMK ObLTIa 3HAYUMO BHIIIIE Y Ta-
LHEHTOB ¢ riaykomoit 1 BM/I. Ycranoneno,
YTO PacCIpOCTPAHEHHOCTH INIayKOMbI 3HAUUMO
cBs3anbl ¢ Myxxckum mosiom (P<0,001), uto
MOJKET TaKXe CBHJIETEIbCTBOBATH O HEJOCTa-
TOYHOM MX MPUBEPKEHHOCTH K JICUEHHUIO.
Bricokuii ypoBeHb TNa3HBIX 3a0oJeBa-
HUH B IPOJBUHYTHIX CTAAUAX CPEIU TOKHUIIBIX
MAI[MEHTOB B HAIlleM HCCIIE0OBaHUN MOXKET OT-
pa)kaTb HH3KMH ypOBEHb JHCIAHCEPHOIO
HaAOJIOZICHNS UM HEI0CTaTOYHYIO 00ecrieyeH-
HOCTB JItoJiei crapie 60 et opTaabMoIorye-
CKOM M repraTprueckoil momoiipro. Obiee Ko-
JMYECTBO JPYTHX 3a00JIeBaHUN OpraHa 3peHHs
Cpeau MOXKUJIbIX JIFOJIeH, TaKUX KaK 3HJIOKpUH-
Hast 0 TaIbMOIATHSL, SKTONMS XPYCTaIIHMKa, Ce-
HWIBHBIM NMTO3, KEPATUT, O KOTOPBIX COOOIIA-
JIOCh B JIPYTHX HUCCIENOBAHUAX [7], OKa3anoch
HU3KUM B HamieM uccienoBanu (1,4 %).
YcTpaHuMble M TIPEJOTBPAaTUMBIE TNIPU-
YUHBI 3PUTEJIBHOTO JEQUINUTA COCTABISIOT
OOJIBIITYIO YaCTh INIa3HBIX 3a00JI€BaHUN CpeIu
MAlMEHTOB MOKUJIOIO BO3pacTa B IIPOBEJECH-
HOM MCCIIE0BaHUU. JTO TOBOPUT O TOM, 4TO
HE00X0/IMMO aKTUBU3UPOBATh MPO(UIAKTUKY
oranbMonornyeckux 3aboJeBaHUN  Ccpeau
MOXKMIIBIX JItoJel B Boponexckoit obnactu,
JUIS CHIDKEHHsI OpeMEeHM yXYyIIICHUs 3pEHHUs
BCJIEJICTBUE CTapeHus Hacenenus [6]. CHuxe-
HUE JOCTYMHOCTH MEAMLMHCKHUX YCIYT U CO-
KpalleHue (UHAHCOBBIX PECYPCOB MOKHIIBIX
Jrozieit MoxeT o0ycaBlIMBaTh BBICOKYIO pac-
MPOCTPAHEHHOCTD O(TAIILMOIIATOJIOTHH CPEIN
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Hux. Kpome TOro, mporpeineHTHOe TeYeHHe
IJIayKOMBI U OTCYTCTBHE KaKOI'0-JINOO U3BECT-
HOTO croco0a MpeaoTBPALeHHs TOTEPH 3pH-
TENBHBIX (PYHKIUI, KpOME aHTUTIJIAYKOMATO3-
HBIX KarleJb, 3aKOHOMEPHO IPUBOJUT K HaKOII-
JICHUIO B TOIYJIALMU IOXKUIOTO HaceJleHUs
OO0JIBIIIOTO TPOIIEHTA JIIOJeH co craaboBHe-
HUEM U CJIETIOTON. DTa KaTeropus MalnueHTOB
HYXKJA€TCsl B KA4ECTBEHHOM JIMCIAHCEPHOM
HAOJIOACHNH U JIOJDKHOM COLIMAIBHOM YXOJE.
[TpenebpekeHue U 0TKA3 OT JICUCHUS, a TAKKE
omr00YHOE MHEHHE, YTO CIJIENOoTa 3aKOHO-
MEPHO O0’KHUJAETCSI B CTAPUECKOM BO3pacTe H,
CIIeZIOBAaTENbHO, HET HEOOXOAMMOCTH B Jieue-
HUU, B KOHEUHOM UTOI'€ IPUBOJUT K IOBBIILIE-
HUIO O()TAIBEMOJIOTHYECKON 3a00J1€Ba€MOCTH.
JlocTaTouHO BBICOKYIO OCTPOTY 3peHus (>0,4)
umenu 517 (61,4%) nauMeHToB IpH NOCTYILIE-
HUH B CTAIlMOHAPHBIE OT/ACICHUS 00IACTH, TO-
I7la KaK OCTaJIbHblE MMEJIU Pa3Hyl0 CTEHEHb
HapyLIEHUs! 3pUTENIbHBIX QYHKIUI U CIenoTy
oJHOro win odoux rna3. Ilogo6GHbIe BHIBOIBI
He SBJISIOTCS] HEOKUAAHHBIMU B CBS3H C BBICO-
KOIl  pacnpOoCTpaHEHHOCThIO  3a00JeBaHUN
IJ1a3, aCCOLMMPOBAHHBIX C BO3PAaCTOM, CpEAH
NOXWIBIX Jroaed. OaHako cepbe3Hoe Oecro-
KONCTBO BBI3BIBAET HU3KOE KAYECTBO KHU3HH,
KOTOpPO€ OHU MOTYT NpHOOpeTaTh B CBS3U C
HU3KOW OCTPOTOM 3pEHMS U COITyTCTBYIOLIMMU
CHCTEMHBIMH 3a00JI€BaHUSMHU, PUBOSAILUMU
K YaCTUYHOMY HJIM ITOJIHOMY OTCYTCTBHIO He-
3aBHMCHUMOCTH OT [IOCTOPOHHEN IIOMOILU U CHU-
KCHUIO ITOBCEIHEBHON aKTUBHOCTH. boiee
TOT0, HAallle HCCIIEJOBAHME TAKKE€ BBIIBUIIO,
4yro y 713 manueHToB umencs: 6osee OAHOTo
o(ranbMosiornyeckoro Auartosa, a 'y 129 us
Hux Obw10 3 U 601ee. Kpome Toro, u3 Tex, KTo
MIOCTOSIHHO TIOJyYaeT JeueHue oQTaabMOJIo-
TMYECKUMHU IpenapaTtamu, 55,8% npumeHser
aHTUIJIayKOMAaTO3HbIE MPENapaThl. ITO MOXKET
MOTEHLIMAJIBHO YXYALLATh KAYECTBO UX JKU3HU
3a CUET JOMOJIHUTENIbHBIX PacXoJ/iOB, CBSI3aH-
HBIX C MX MOKYIIKOM, HECMOTpS Ha COKpalie-
HUE JI0XO/I0B Y IEHCHOHEPOB, a TAaKKE BbI3bI-
BaTh MHOT'OYHMCJIEHHBIE MECTHBIE U CUCTEMHBIE
no6ounble 3pdexTsi [8].

Kak ycranosneno Hamu cpenu o0cieno-
BaHHBIX W3 AaHAJU3UPOBAHHBIX TepuaTpuye-

CKHUX CHUHAPOMOB PacCIpPOCTPAHCHHBIMU SBJIS-
I0TCA CUHJPOM IaJEHUM, TPEBOXKHO-IEIpec-
CUBHBIM CHHJPOM, CHUHAPOM KOIHUTHBHBIX
HapyLIEHU, UTO B OIPEEIIEHHOM CTENEHHU CO-
[J1IacyeTcs ¢ paHee BBIITOJIHEHHBIM HCCIIE10Ba-
HueMm B TamboBckoM ¢unuane MHTK «Muk-
poxXupyprus  Ijasa HMMEHM  aKaJeMHKa
C.H. ®enoposax [9, 10].

3akmrouenue. lccnenoBanue rnokasaio,
YTO OCHOBHOM INPUYMHOW HM3KOIO 3pPEHUA Y
MTOKWIIBIX JIFOJIEH CpEel TaMeHTOB BopoHexk-
CKOM O0ONacCTHOM KJIMHUYECKOW OOIBHUIIBI
ObUTH TIIaykomMa, BM/I, HecBoeBpeMeHHO Tpo-
OllEpUpPOBaHHAsl KaTapakTa. 3pUTEIbHBIN Jie-
(¢unuT y OONBIIMHCTBA MMAIIMEHTOB OBLTA BHI-
3BaHa TJIayKoMoi, katapaktoii, BMJI, nuate-
TUYECKOM PETUHONATHEH! M OTCIOUKOW CeT-
yaTKu. MHOTMe U3 3TUX MOXKWIbIX MTallHEHTOB
TaK)Ke UMEIOT, 110 KpaliHEeW Mepe, OJTHO COITyT-
CTBYIOIIIEE coMaTu4ecKoe 3aboaeBanne. Acco-
LMUPOBAHHBIMU C BO3PaCTOM OCOOEHHOCTH Ie-
pHAaTPUYECKOr0 CTaTyca MAlUEHTOB, MPOXKH-
BAIOIINX B CEJILCKUX PaiiOHaxX 00JacTU BBICTY-
NAlOT BBICOKAas pPAcCIpOCTPaHEHHOCTh CHUH-
JpoMa TaJeHui, TPEBOXKHO-IAEIPECCUBHOTO
CHUHApPOMAa U KOTHUTHUBHBIX HapymeHuil. Ilo-
9TOMY MEPONPUSTHSI TOKOMIUIEKCHON repuar-
pUUYECKON OLIEHKH HEOOXOJUMO YCHIIUTH J10-
HOJHUTEIBHBIMU O TATbMOJIOTHUECKUMH Te-
CTaMM, KOIJla MEIHULHHCKHE, COLUAJIbHBIE U
o(ranbMonornyeckre noTpeOHOCTH MOKMIIBIX
Jro/ieil MOTYT OBITh yJIOBJIETBOPEHBI C MIOMO-
IIbI0 OJHOTO CIELUAINCTA TepUaTPUUYECKOTO
npoguIs.
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