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Abstract

Background: Targeting the epidermal growth factor receptor (EGFR) with cetuximab or
panitumumab (anti-EGFR MADb) has been historically reserved for patients with RAS/BRAF wild-
type advanced colorectal cancer (CRC). However, results of recent studies including PARADIGM
and PRESSING evaluating the role of negative hyperselection of RAS wild-type CRC by alterations
in other genes suggest that other genomic factors beyond RAS/BRAF/ERBB2 might influence the
response to anti-EGFR MADbs in CRC. Although vast, current data on the predictive role of individual
biomarkers to anti-EGFR MAD is often misunderstood. The aim of the study: In this review, in light
of recent findings, we aimed to summarize existing data on the influence of various signaling
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pathways and their individual components along with nongenomic factors for the optimal patient
selection for anti-EGFR MADbs. Materials and methods: To collect available information on possible
mechanisms of resistance to anti-EGFR MAD in patients with colorectal cancer we searched PubMed
and ClinicalTrials.gov in May 2024. We also searched proceedings from the major oncology
conferences ESMO, ASCO, and ASCO Gl up to May 2024. We further scanned reference lists from
eligible publications. Results: In this review we outline current knowledge on the mechanisms of
resistance to anti-EGFR MADbs beyond traditional KRAS/NRAS/BRAF mutations in CRC. We focus
on the alterations of genes involved in signaling pathways downstream of EGFR that can be detected
by comprehensive tumor profiling in real-world clinical practice. Conclusion: Despite many
mechanisms affecting various signaling pathways beyond the traditional KRAS/NRAS/BRAF
mutations that are thought to be implicated in the resistance to anti-EGFR MADb in CRC, future efforts
are needed to clarify their significance. Ongoing sequencing efforts will clarify the need for
expanding the list of alterations routinely tested for the selection of candidates for anti-EGFR MADb.
Keywords: colorectal cancer; epidermal growth factor receptor; anti-EGFR resistance; cetuximab;
panitumumab; anti-EGFR monoclonal antibodies

For citation: Lebedeva AA, Kavun Al, Belova EV, et al. Pathway directed mechanisms of anti-
EGFR resistance in colorectal cancer (review). Research Results in Biomedicine. 2025;11(1):5-30.
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Introduction. Advanced colorectal
cancer (CRC) is the third most commonly
diagnosed cancer, and one of the leading
causes of cancer-related deaths [1]. Many
molecular mechanisms of CRC progression
have been described, including genes involved
in Ras/RaffMEK/ERK known as the mitogen-
activated protein kinases (MAPK) pathway,
the phosphatidylinositol 3-kinase
(P13K)/protein kinase B (AKT) pathway as
well as Wnt/B-catenin, transforming growth
factor-p1/SMAD (TGF-B/SMAD) and Janus
kinase/signal transducer and activator of
transcription 3 (JAKS/STAT3) pathways [2].
Concomitantly genes regulating metabolism,
as well as genes responsible for
biotransformation  of  xenobiotics  and
antioxidant enzymes etc.,, affect the
effectiveness of anti-EGFR MADb therapy,
reducing it [3].

Development and approval of anti-
EGFR monoclonal antibodies (MADb),
cetuximab and panitumumab, have provided a
significant survival benefit for patients with
KRAS/NRAS (RAS) and BRAF wild type (wt)
CRC [4]7. However, while the development
of acquired resistance to treatment is
inevitable in most patients, some patients
demonstrate intrinsic resistance [5-8]. In
current clinical practice, treatment decisions

regarding anti-EGFR MADs are based on the
analysis of classic biomarkers of resistance,
such as mutations in RAS and BRAF genes
[9, 10]. Various nonsystemic studies have
previously reported on the influence of
individual genomic  alterations  beyond
RAS/RAF mutations on the benefit of anti-
EGFR MAD therapy. However, the results of
PRESSING and PARADIGM trials have truly
reopened the question of the optimal selection of
CRC patients for the anti-EGFR MAbs. Unlike
previous studies, these studies suggest that the
simultaneous screening of various genes
frequently upregulated in CRC might be the
most effective approach [11, 12]. However,
current data suggests that not all of the
alterations might be the same in terms of
influencing the resistance to therapy. Therefore,
it is important to address the impact of
individual alterations in various genes, as the
genes included in diagnostic panels used in real-
world clinical practice might vary. In addition,
several clinical trials are still ongoing (Table 1).
In this review, we discuss current understanding
of the mechanisms of resistance to anti-EGFR
MADbs in CRC beyond RAS/BRAF V600
mutations. Here, we review mechanisms of both
primary and acquired resistance with a focus on
altered signaling pathways, and not on
differentiation between the two.
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Table 1

Active clinical trials associated with studying the mechanism of tumor resistance to the EGFR inhibitors cetuximab and panitumumab

NCT Name Stu_dy Phase | Status Patlen.t Mutations Treatment arms Prlma_ry Secondary/Epror
Design population end point atory end point
NCTO3 | Optimization of Individualized Observation | 1l Recruit | Locally RAS wild-type | Chemotherapy + targeted PFSat5-7 | N/A
263663 | Therapy for CRCs With al ing advanced treatment according to the months
Secondary RESISTance Case- CRC resistance mechanism to
Towards Anti-EGFR Targeted Control (n=1000) cetuximab pretreatment
Therapy Using an Avatar Model | Prospective Chemotherapy according to
(2016-003295-46) physician’s choice after
cetuximab pretreatment
NCTO03 | EmutRAS: Detection of the Intervention | N/A Active, | mCRC RAS/BRAF CtDNA test after 1st line with | Proportion | PFS, OS at 36
908788 | Emergence of RAS (Rat al not (n=130) wild-type cetuximab/panitumumab of patients | months, proportion
Sarcoma Viral Oncogene Non- recruiti with of RAS/BRAF
Homolog) Mutations in randomized ng mCRC mutation
Circulating DNA Single who
(Deoxyribonucleic Acid) in Group develop a
Patients With mCRC Assignment RAS
(Metastatic Colorectal Cancer) mutation
During Treatment with Anti- under anti-
EGFR (Epidermal Growth EGFR
Factor Receptor) Therapy therapy
NCTO06 | Other Oncogene Mutations for Intervention | Il Recruit | mCRC KRAS/NRAS/ | Cohort A FOLFOX plus anti- | PFS an PFS, OS an
226857 | Anti-EGFR Efficacy in Patients | al ing (n=355) BRAF wild- EGFR therapy (panitumumab | average of | average of 3 years,
with Left-sided RAS-wild Type | Randomized type or or cetuximab) 3 years AEs
Metastatic Colorectal Cancer Parallel KRAS/NRAS Cohort B FOLFOX plus anti-
(CRCO1) Assignment wild-type with | EGFR therapy
unknown Cohort C FOLFOX +
BRAF status bevacizumab
NCTO04 | Optimal Anti-EGFR Treatment | Intervention | Il Not yet | mCRC RAS mutations | Panitumumab, Irinotecan, OSupto PFS, OS up to 60
034173 | of mCRC Patients with Low- al recruiti | (n=120) Folinic acid, 5-FU 60 months | months
Frequency RAS Mutation Randomized ng ETSupto 48
Parallel months
Assignment DpR up to 48
months

Note: abbreviations: (m)CRC — (metastatic) colorectal cancer, ctDNA — circulating tumor DNA, PFS — progression-free survival, OS — overall survival, ORR — overall response rate,
AEs — adverse events, ETS — early tumor shrinkage, DpR — depth of response, N/A — not applicable.
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1. Unconventional mechanisms of
RAS/RAF-mediated resistance. The
mitogen-activated protein kinases (MAPK)
pathway, often known as the
Ras/Raf/MEK/ERK signaling pathway, is a
highly conserved signal transduction pathway
in all cells. The MAPK pathway is one of the
best-characterized signaling cascades that
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regulates cell proliferation, differentiation,
survival and apoptosis, by transmitting signals
from upstream extracellular growth factors to
various downstream effectors [13] (Fig.1).
However, although widely investigated, there
are still some unanswered questions regarding
RAS/RAF-mediated resistance.

Cell growth + survival

Angiogenesis

Migration/invasion
Fig. 1. Schematic representation of commonly altered pathways driving therapy resistance
and their key components in CRC resistant to treatment with anti-EGFR Mab

1.1 Unanswered questions regarding
RAS. Oncogenic mutations in RAS are the
most common molecular event in CRC
(Fig.2). RAS mutations are detected in up to
60% of CRC patients; KRAS mutations are
found in around 30% of cases, while NRAS
mutations are found in about 5% of cases [14,
15]. Activating mutations are predominantly
located in 2, 3 and 4 exons, affecting the
catalytic G domain. The majority of observed
mutations are substitutions that occur in
hotspots affecting codons 12 (70-80% of all

cases), 13 and 61 [16]. Rare activating
missense variants affect codons 59, 117 and
146 [17]. Oncogenic activation of RAS genes
is a known mechanism of resistance to anti-
EGFR MADs in CRC patients [18], as shown
in numerous clinical studies [19-24]. RAS
mutations are routinely analyzed by PCR, and
the implementation of NGS analysis may
increase the detection rate by 9% with tissue
and X ctDNA analysis, respectively [25].
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Fig. 2. Frequencies of commonly upregulated signaling pathways in CRC resistant
to treatment with anti-EGFR MAb
Although KRAS mutations are validated reported a significant improvement of PFS
predictive biomarkers of resistance to (median, 7.4 vs 6.0 months; hazard ratio [HR],

cetuximab and panitumumab, patients
harboring the KRAS G13D mutation might
still derive benefit from cetuximab, as shown
in several retrospective studies [26, 27]. This
effect may be attributed to the atypical
activating effect of the variant, as shown in
functional studies [28]. A possible mechanism
that distinguishes KRAS G13D from other
activating variants was shown using a
mathematical model and biochemical studies
[29, 30]. According to the model, KRAS
G13D is most likely sensitive to cetuximab
due to a difference in the mechanism of
interaction with NF1 and wt RAS. While other
KRAS variants bind to wt RAS negative
regulator NF1, effectively inhibiting the wt
RAS inhibitor and leading to wt HRAS and
NRAS activation, G13D does not interact with
NF1, thus promoting NF1-mediated inhibition
of wt RAS and the effective functioning of
cetuximab. Thus, cetuximab treatment can
block wt HRAS and NRAS activation.
Although this hypothetical mechanism
explains the atypical effect of the KRAS
G13D variant, its clinical relevance remains
unknown. Despite this evidence, a more recent
retrospective analysis indicates that patients
with KRAS G13D mutations are unlikely to
respond to cetuximab [31]. However, both
large retrospective and prospective trials
failed to confirm this effect. Teipar et al. [27]

0.47; P =0.039) and tumor response (40.5% v
22.0%; odds ratio, 3.38; P = 0.042), but not
survival (median, 15.4 vs 14.7 months; HR,
0.89; P = 0.68) in those receiving cetuximab
harboring KRAS codon 13 mutations.
Similarly, in a retrospective analysis by
Peeters et al. [32] the presence of KRAS G13D
was significantly associated with a negative
impact on OS (P = 0.0018). In a phase Il
Fleming single-stage design study by
Schirripa et al. [33] evaluating the activity of
single-agent cetuximab in KRAS G13D-
mutated CRC, the primary objective of the
trial was not met, DCR at 6 months was 0%.
Studies show that patients with low
variant allele frequencies (VAF) of RAS/RAF
might still be candidates for anti-EGFR
therapy. In a post hoc analysis of the
CRYSTAL study, it was shown that patients
with RAS-mutated CRC whose mutations had
low VAF in the tumor (0.1%-5%) benefited
from the addition of cetuximab to FOLFIRI
[34]. Similar results were obtained in a phase
Il ULTRA trial. Based on the results of this
study, the optimal threshold for VAF of
RAS/RAF mutations was established to be 5%.
Across patients with RAS/BRAF mutation
whose mutations had VAF of 5% and less, the
response rate as well as median overall
survival (OS) and progression-free survival
(PFS) were similar to the RAS/BRAF wit
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patient cohort [35]. Noteworthy, this threshold
is only used when tissue is analyzed and is not
applicable for ctDNA analysis. When ctDNA
is used, the tumor is considered RAS-mutant if
the mutation is identified with any VAF.

Another member of the RAS oncogene
family is HRAS. However, alterations in HRAS
are rare in CRC [15], hence only anecdotal
evidence points toward the association
between HRAS mutations and resistance to
anti-EGFR MADs [36].

In the case of KRAS G12C-mutated
CRC, another treatment strategy is the
combination of specific KRAS G12C
inhibitors (i.e. sotorasib, adagrasib) to anti-
EGFR MADbs [37]. The combination treatment
is preferable to KRAS G12C inhibitor
monotherapy, as frequently  observed
mechanisms of acquired resistance to these
drugs include new RTK pathway alterations,
which can be targeted by EGFR inhibitors
[38].

Finally, KRAS amplification is another
alteration that can be found in CRC. KRAS
amplifications are extremely rare among
patients with CRC (<1%) and are usually
mutually exclusive with other KRAS
alterations [39]. KRAS amplification has been
suggested to drive resistance to anti-EGFR
treatment in a small patient cohort [18, 39, 40].
In vitro cetuximab could partially abrogate
phosphorylation of MEK and ERK but, like in
KRAS mutant cells, was unable to induce
growth arrest in KRAS amplification-positive
cells [18].

1.2 De novo RAS mutations and
neoRAS. Another known mechanism of
acquired resistance to anti-EGFR MADs is the
emergence of de novo RAS mutations in the
course of treatment [18, 41, 42, 43]. The
emergence of RAS mutant subclones can be
detected months prior to the radiographic
documentation of disease progression via
liquid biopsy [18, 43]. At the same time, the
discontinuation of anti-EGFR MAb might be
associated with a decrease of the level of
acquired RAS mutations [44]. Thus,
assessment of acquired RAS mutations in
liquid biopsies is necessary not only for the
timely detection of acquired resistance to

EGFR inhibitors, but also for when
considering therapy re-challenge [45, 46, 47].

An opposite phenomenon known as
‘neoRAS wild-type’ is characterized by the
conversion of RAS-mutant tumors to RAS wt,
as detected in ctDNA in the course of
treatment with standard therapies. However,
this phenomenon is thought to be uncommon,
occurring in only 1-8% of patients [48]. One
patient in the case series by Osumi et al. [49]
with neoRAS has been reported to exhibit a
long-term  partial response (PR) to
panitumumab in combination with irinotecan.
Results of the SCRUM-Japan GOZILA study
reported an incidence of neoRAS of 9%. In
this study, out of 6 patients with neoRAS, 1
patient had PR and another had SD for at least
6 months [50].

1.3 Non-V600 BRAF mutations.
Activating mutations in BRAF occur in 8-12%
of patients with CRC, with the most common
missense mutation BRAF V600E accounting
for up to 95% of all BRAF mutations [51-54].
BRAF V600E is widely known to be one of the
most common causes of primary resistance to
EGFR therapy in CRC [55, 56]. BRAF V600E
leads to constitutive activation of the MAPK
pathway, and therefore inhibition of the
MAPK pathway by EGFR inhibitors alone is
not effective [57]. However, it has also been
shown that monotherapy with BRAF
inhibitors is also not effective in BRAF V600E
CRC, which may be explained by EGFR-
mediated feedback reactivation of MAPK
signaling [58]. The addition of BRAF
inhibitors in combination with EGFR
inhibitors has been shown to restore the
sensitivity of BRAF-mutant tumors [59-65]. A
combination of encorafenib and cetuximab
was approved by the FDA for the treatment of
patients with BRAF V600E CRC based on the
results of the BEACON trial [62].

Class Il and 111 BRAF variants can be
seen in about 2.2% of CRC patients. BRAF
non-V600 mutations mostly affect codons 594
and 596 [66, 67, 68]. Class Il mutations are
activating and signal in dimers in a RAS-
independent manner. Class IlIl  BRAF
mutations typically exhibit reduced Kkinase
activity or absence thereof, however can still



O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2025:11(1):5-30

Review

Research Results in Biomedicine. 2025:11(1):5-30 11

activate MAPK through signaling through
increased RAS binding or CRAF activation,
which is RAS-dependent [69].

The data on the effect of non-V600
BRAF mutations in terms of their influence on
the efficacy of anti-EGFR therapy is
conflicting [70]. Preclinical data as well as
several case reports suggest that BRAF non-
V600 mutations (specifically, class 11B and 11
mutations) may be sensitive to EGFR
inhibition due to the dependency on upstream
receptor tyrosine kinase signaling [51, 71].

However, clinical studies have
suggested that BRAF non-V600 mutations
might be implicated in the resistance to anti-
EGFR MAD. In a retrospective study among
36 patients with BRAF class Il and Il
mutations, the median survival of patients was
significantly higher than for patients with
BRAF V600E (36.1 months vs 21 months),
however, among 11 patients receiving anti-
EGFR therapy, no responses were observed,
while 6 patients achieved stable disease as best
response [72]. Similar results were obtained in
another study, where among 4 CRC patients
with non-V600 BRAF variants no one
responded to cetuximab therapy [73]. Studies
suggest that different non-V600 BRAF
mutations might have a different effect on the
efficacy of anti-EGFR MADb. In a study by
Yaeger et al. [74] it has been suggested that
response in CRCs with class 11 BRAF mutants
is rare, while a large portion of CRCs with
class 1l BRAF mutants might respond to
therapy, based on the difference in objective
response rate (ORR) in the two groups (8% vs
50%).

Differences in the effect of anti-EGFR
MAbs on CRC with BRAF mutations of
different classes may be attributed to
differences in their biological properties. For
instance, class |1l BRAF mutations are largely
dependent on upstream EGFR signaling, and
thus might be more sensitive to EGFR
inhibition [71]. Additionally, non-V600 BRAF
mutations in CRC are rare, and thus may be
largely understudied.

1.4 Other mutations in MAPK
pathway genes. Mutations in genes other than
RAS/BRAF in the MAPK pathway may also be

associated with resistance to anti-EGFR
MADs in CRC.

For example, gain of function mutations
of MAP2K1 (encoding for MEK1) have been
suggested as one of potential drivers of
primary resistance but are not recommended
for routine assessment due to insufficient
validation in clinical trials [75]. MAP2K1
mutations, especially p.Lys57, were found in
CRC patients with shorter PFS [76, 77] and
were also recently found to be implicated in
acquired resistance to anti-EGFR agents [39,
75, 78].

NF1, another gene involved in the
MAPK pathway, encodes for a negative
regulator of KRAS and plays a negative
regulatory role in signaling downstream of
EGFR due to its function as a RAS GTPase
activating protein  [79, 80]. It was
demonstrated that NF1 loss might be one of
the potential mechanisms of acquired
resistance to EGFR inhibitors in CRC [76, 81,
82]. NF1 inactivation has also been associated
with decreased sensitivity of human lung
cancer cells to EGFR inhibitors, which can be
attributed to enhanced RAS signaling [83].

GTPase RAC1 and its alternatively
spliced isoform RAC1B, important
components of the pathobiology of various
tumor progression processes, were shown to
be involved in anti-EGFR MADb resistance
using CRC cell lines [84], as well as surgical
specimen from head and neck squamous cell
carcinoma (HNSCC) patients [85].

Mutations in  ARID1A, the most
frequently mutated subunit of the SWI/SNF
chromatin remodeling complex in cancer,
have been reported to be associated with a
transcriptional signature predicting reduced
efficacy of anti-EGFR MADbs. This effect can
be partially attributed to the activation of
PI3BK/MAPK signaling and loss of SWI/SNF
activity [86]. However, further studies are
warranted to confirm these findings.

2. PI3K pathway-mediated resistance.
The PISBK/AKT/mTOR (PI13K) pathway is the
second most commonly  upregulated
intracellular signaling pathway in CRC. In
CRC, the oncogenic activation of the PI3K
pathway frequently occurs through gain of
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function mutations of PIK3CA, as well as loss
of function mutations, deletions or loss of
expression of PTEN — all common events in
CRC [87]. For instance, PIK3CA exon
20/PTEN/AKT1 alterations were found in
10.9% of older patients receiving
panitumumab plus FOLFOX or 5-FU/LV
[88]. The PI3K pathway is an important
signaling pathway downstream of EGFR,
exhibiting crosstalk with other signaling
pathways, including MAPK [89, 90]. It has
been proposed that the oncogenic activation of
the PI3K pathway might play a role in
generating resistance to EGFR-targeting
therapies in CRC due to the activation of
signaling downstream of EGFR [89, 91].
However, since dysregulation of the PI3K
pathway often coexists with RAS/BRAF
mutations, the individual roles of PI3K
alterations in terms of anti-EGFR resistance
warrants further investigation [87].

2.1 PIK3CA. Oncogenic mutations in
PIK3CA occur in RAS-mutant and in RAS-wt
CRC, suggesting that they might possess both
driver and passenger roles depending on the
molecular context [92, 93]. PIK3CA is altered
in up to 20% of CRCs [87, 92] (Fig.2). In over
1.5% of tumors, double-hit mutations are
observed, which are associated with increased
PI3Ka signaling [94]. Activating mutations
are predominantly located in exons 9 and 20
of the gene, affecting kinase and helical
domains. However, recent studies suggest that
less common activating mutations can occur in
other exons of the gene [95, 96, 97].

Although molecular testing is routinely
performed for patients with CRC, the data on
the activity of anti-EGFR MADbs against
PIK3CA-mutated tumors is limited. Although
responses can be observed occasionally,
PIK3CA mutations are generally associated
with resistance to anti-EGFR MADs, as shown
by lower PFS and OS rates across patients
with PIK3CA mutations [25, 91, 98, 99]. This
effect appears to be especially pronounced in
patients with exon 20 PIK3CA mutations,
whereas exon 9 mutations do not seem to be
predictive of response to anti-EGFR therapy
[91, 99, 100]. This difference can be attributed
to the domain-specific nature of activating

properties of various PIK3CA mutations
[101]. However, some studies report no effect
of PIK3CA mutations on OS in RAS wt tumors
[98, 102]. Although potentially significant,
these findings should be interpreted with
caution, since no randomized controlled trials
have been carried out.

2.2 PTEN. When compared to PIK3CA,
PTEN is less frequently altered in CRC (~5-
7%) [87]. PTEN is a negative regulator of the
PI3K pathway, and its loss or loss of function
leads to aberrant PI3K signaling [103]. PTEN
loss of function (LoF) mutations, as well as
loss of protein expression due to promoter
hypermethylation are associated with features
of the sessile-serrated pathway [104, 105].
PTEN mutations/loss of expression have been
associated with reduced response rates to
cetuximab [106, 107]. Lack of response to
panitumumab has also been reported across
patients with PTEN loss or LoF mutations
[107]. Additionally, reduced PTEN copy
number has also been implicated in resistance
[106, 107]. However, the number of studies
that investigated the individual effect of PTEN
alterations is small, warranting further
validation.

2.3 Other components of the PI3K
pathway. Although mutations affecting
PIK3CA or PTEN are the most common in
CRC, impact of alterations in other genes
encoding for the components of the
PI3SK/AKt/mTOR pathway has been reported.
PIK3R1 encodes the p85a subunit of PI3K and
acts as a regulator of the pl10a catalytic
product of the PIK3CA locus. Additionally, it
has been proposed that PIK3R1, together with
PIK3R2, is involved in the regulation of PTEN
protein stability [108, 109]. Interestingly,
PIK3R1 tends to be altered in RAS/BRAF wt
tumors, albeit at low frequency [76]. In vitro
studies have identified decrease of PIK3R1
expression as a potential mechanism of anti-
EGFR resistance [110].

Point mutations in AKT1 occur at lower
rates as compared to PIK3CA/PTEN
alterations in CRC [86]. AKT1 oncogenic
mutations, primarily E17K, had been identified
in CRC patients initially resistant to anti-
EGFR treatment [111, 112]. Additionally,
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AKT1 mutations are associated with
concurrent RAS/BRAF mutations [111].

The impact of FBXW?7 alterations on the
resistance to anti-EGFR MAbs remains
controversial. The F-box protein FBXW7 is
also implicated in the PI3K signaling [113].
Alterations of FBXW?7 have been identified in
CRC patients displaying short PFS and lack of
response to anti-EGFR treatment, however the
small sample size and the retrospective nature
of data do not allow to draw univocal
conclusions [76, 114, 115].

Combinations of anti-EGFR MAbs with
various targeted agents, such as mTOR
inhibitors, have also resulted in high efficacy,
warranting further validation in larger patient
cohorts [116, 117, 118]. However, clinical
evaluation of an experimental PI3K inhibitor
combined with cetuximab for KRAS wt CRC
patients unselected for the alterations of
PI3K/Akt/mTOR pathway, had limited
activity [119].

3. RTK. Mutations in receptor tyrosine
kinases (RTK) lead to the
autophosphorylation of the tyrosine kinase
domain resulting in conformation changes and
activation of downstream signaling pathways.
Alterations of different RTKSs can be found in
CRC, the majority of which have the potential
to activate PI3K and MAPK signaling [120],
highlighting that the oncogene addiction can
be a driver of anti-EGFR therapy resistance.

3.1 HER/ERBB family. Amplifications
of ERBB2 occur in up to 3% of tumors, and
outline a distinct patient population [87].
RAS/BRAF/PIK3CA quadruple  wild-type
tumors are especially enriched for ERBB2
amplifications, which are observed in up to
20-30% of cases [121]. ERBB2 amplifications
have long been recognized as a mechanism of
primary resistance to anti-EGFR mAbs, as
they have been shown to be associated with
worse PFS and ORR in various studies [122,
123]. However, the question of what threshold
of ERBB2 amplification should be taken into
account when considering EGFR MADb
requires further studies [124].

In a similar manner to ERBB2
amplifications, ERBB2 mutations result in
downstream pathway activation, and thus

have the potential to mediate resistance to
EGFR-targeting agents [125]. Consistently,
various studies have validated the association
between ERBB2 mutations, particularly the
ones occurring in the tyrosine kinase of the
protein, and resistance to EGFR inhibitors.
Interestingly, ERBB2 mutations can be
attributed to both primary and acquired
resistance [126]. In the era of NGS, these
findings have become more relevant than ever
before due to the potential of NGS to identify
not only ERBB2 amplifications, but also
mutations.

Preclinical studies suggest that ERBB3
mutations may also influence the effectiveness
of EGFR MADb in CRC, as well as in HNSCC.
This effect can be explained by the activation
of the PI3K pathway caused by ERBB3
oncogenic mutations [127]. However, in a
retrospective study by Loree et al. ERBB3
mutations exhibited a less pronounced effect
on the effects of EGFR MAb treatment when
compared to ERBB2 mutations [128].

For cancers with sustained ERBB
signaling, the addition of ERBB TKIs has
been investigated, resulting in promising
antitumor activity [129, 130, 131]. Despite the
promising activity of other agents, when
combined with cetuximab or panitumumab,
pan-ERBB TKI neratinib failed to produce
any objective responses among patients with
RAS/BRAF/PIK3CA wt CRC [132].

3.2 EGFR ECD mutations. In some
cases, acquired resistance to anti-EGFR MADbs
can be mediated by the emergence of EGFR
ectodomain (ECD) point mutations [133].
EGFR ECD mutations may arise in up to 16%
of patients treated with EGFR MAbs [133].
Several EGFR ECD mutations have been
reported, including, among others, R451C,
S492R, G465R, K467T [134-138]. Contrary
to activating mutations of the EGFR, most of
the EGFR ECD mutations lie in the surface
recognized by EGFR MAbs and have the
potential to affect complex formation. Some
mutations (i.e. R451C) that are not specifically
located in EGFR MAD binding sites introduce
other critical structural changes [134].
Importantly, a subset of these mutations (such
as S492R) may only affect the interaction with
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cetuximab and not panitumumab [133, 134],
which may be attributed to the presence of a
large central cavity in panitumumab but not
cetuximab [139].

Switching  from  cetuximab  to
panitumumab has been reported to be an
effective strategy for treating cetuximab-
resistant CRC patients with acquired EGFR
ECD mutations, as a significant subset of these
mutations does not prevent panitumumab
binding [134]. Moreover, Sym004, a 1:1
mixture of cetuximab and panitumumab has
been shown to be an effective treatment
strategy for EGFR ECD-mutated CRC in vitro
[140]. Therefore, for CRC patients with EGFR
ECD mutations no additional agents might be
needed apart from standard EGFR MADb.

3.3 MET amplification. Alterations of
the MET are a well-established mechanism of
resistance to EGFR tyrosine kinase inhibitors
(TKIs) in non-small cell lung cancer (NSCLC)
[141, 142]. Similarly to NSCLC, MET
amplifications, albeit occurring at lower
frequencies (around 1%), have been found to
drive resistance to anti-EGFR mAb in CRC.
Using patient-derived tumor xenografts,
Badrelli et al. showed that MET amplification
might be associated both with primary and
acquired resistance in KRAS wt CRC, which
was then supported by patient cases [143].
This effect can be attributed by the activation
of the downstream PI3K and MAPK induced
by MET [144].

In MET-amplified CRC, a combination
of MET and EGFR targeting agents have
resulted in the improvement of patients’
outcomes, although the data on the
combination of these drugs are limited [145].

3.4 Kinase fusions. Kinase fusions are
rare in CRC, occurring in less than 1% of the
patients [87, 146]. However, kinase gene
fusions are estimated to be enriched in
RAS/BRAF wt tumors in patients that will be
potentially treated with EGFR MADbs [147], or
mismatch  repair  deficient/microsatellite
unstable (dAMMR/MSI) tumors [148, 149].
Specifically, ALK, BRAF, NTRK, RET gene
fusions have been reported in patients with
CRC [88, 112, 147, 150]. Kinase gene fusions
have been identified in EGFR MAD treatment

resistant CRC patients [112], however, their
effect has been underexplored in large
randomized studies due to low prevalence.
Additionally, kinase fusions have been found
to be enriched in dMMR/MSI colorectal
cancer, which can further explain resistance
[151].

3.6 Other. Other uncommon RTK-
mediated mechanisms of resistance have been
suggested. For instance, although rare in CRC,
in vitro studies have identified FGFR1
amplifications as mediating resistance to anti-
EGFR mAbs, possibly due to the activation of
compensatory pathways, however, these
findings have not been further investigated to
date [143].

Upon binding with growth factors and
insulin, the insulin-like growth factor 1
receptor (IGF1R) activates the two most
commonly upregulated signaling pathways in
CRC, the PI3K and MAPK [152]. Elevated
expression of IGF1R has been found to be a
poor prognostic factor in CRC [153]. Low
IGF1R expression has been found to correlate
with  better outcomes with cetuximab
treatment [154]. However, the data regarding
the effect of IGF1R expression on the efficacy
of EGFR-targeting therapy is inconsistent
[154, 155].

Persistent activation of the JAK/STAT
pathway has also been linked to anti-EGFR
therapy. Specifically, activation of STAT3
through phosphorylation correlated with the
resistance to EGFR TKI gefitinib in CRC cell
lines, suggesting that STAT3 phosphorylation
may play a role in mediating resistance to
EGFR inhibitors in CRC [156].

VEGF and EGFR signaling pathways
are closely related, sharing multiple
downstream effectors. VEGF signaling plays
a crucial role in angiogenesis, and inhibition
of angiogenesis is one of the mechanisms of
action of anti-EGFR MADb. Increased
expression of VEGF has been reported to be
associated with decreased response to
cetuximab [157]. Dual targeting of VEGF and
EGFR represents a promising strategy for
overcoming resistance mediated by either
VEGF, or VEGF/EGFR crosstalk [158, 159].
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5. Wnt signaling and epithelial-to-
mesenchymal transition. The Wnt pathway
is commonly divided into p-catenin
dependent, or canonical, and independent, or
non-canonical, signaling pathways [160]. The
canonical Wnt signaling pathway plays one of
the most important roles in CRC
carcinogenesis [161]. Wnt activation in CRC
occurs through inactivation of APC
approximately in 50% of cases, or through
mutation of [-catenin [160]. Wnt signaling
pathway promotes the nuclear accumulation
of B-catenin, which contributes to epithelial-
mesenchymal transition (EMT) and increased
tumor aggressiveness [162]. In CRC cell
cultures, it was shown that the expression of
E-cadherin, a marker of epithelial cells, may
be associated with the effectiveness of EGFR
inhibition. At the same time, mesenchymal
cells were 7 times less sensitive to anti-EGFR
MADbs when compared to epithelial cells
[163]. These findings were also validated in
other tumor types. For instance, in treatment-
naive patients with HNSCC who received
cetuximab before surgery, upregulation of
expression of genes implicated in CAF and
EMT including markers of embryologic
pathways like NOTCH and Wnt was
demonstrated [164]. There is also supporting
preclinical data for other cancer types besides
CRC [165-168].

While some studies suggest that APC
mutations might contribute to anti-EGFR
MAD resistance, the data is inconsistent. For
instance, Thota et al. reported that APC
mutations in the context of TP53 mutations
may, in fact, predict cetuximab sensitivity
[169].

6. TP53. Alterations in TP53,
commonly referred to as ‘guardian of the
genome’ can be found in the vast majority of
CRC cases (>70%) [87]. Several studies have
reported that TP53 wild-type or TP53-
expressing CRC tumors exhibit worse
outcomes when treated with anti-EGFR MAbs
when compared to TP53-mutant tumors,
however other factors, such as tumor
sidedness, might contribute to this effect [170-
173]. In vitro studies suggest that EGFR
expression can be differently modulated

depending on the TP53 mutational status, and
TP53-mutant status is generally associated
with increased EGFR expression, which can
explain the differences in anti-EGFR MADb
sensitivity
[174, 175].

7. TGF-p pathway. The transforming
growth factor (TGF)-B signaling pathway is
involved in many biologic cellular processes
such as cell proliferation, differentiation,
apoptosis, and extracellular matrix production
[176]. In the early CRC carcinogenesis,
activation of TGF-B leads to tumor
suppression [177]. However, in advanced
stages, TGF-B is believed to promote
metastasis, angiogenesis, and EMT [178,
179].

SMAD4 is a common mediator in the
transcriptional regulator complex in the TGF-
B pathway [180]. It has been demonstrated that
SMAD4 mutations can lead to cetuximab
resistance in CRC patients. The modified PFS
(mPFS) and ORR to cetuximab has been
reported to be decreased for SMAD4-mutated
patients when compared to SMAD4 wt patients
[81, 115]. Similar results have also been
shown in other studies [181] and for other
tumor types, specifically for HNSCC [182,
183].

8. Non-genomic mechanisms of
resistance. Various other non-genomic
mechanisms driving EGFR MADb resistance
have been proposed. For instance, dAMMR,
caused by a dysfunction of mismatch repair
and occurring in up to 15% of CRC patients,
has been reported to play an important role in
mediating resistance [184]. Although the
mechanism  underlying  resistance in
dMMR/MSI CRC cases remains largely
unknown, it has been shown that in cases
where dMMR/MSI is caused by the
hypermethylation of MLH1 promoter
(commonly referred to as sporadic
dMMR/MSI) increase in the expression of
ERBB2, as well as PI3K signaling can be
observed [185]. However, in this case, the
increase in the ERBB2 expression might not
be clinically significant, as ERBB2
amplification-positivity and MSI are mutually
exclusive in CRC [186]. Additionally,
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sporadic AMMR/MSI is commonly associated
with BRAF V600E mutations, whereas
mutations in other oncogenes known to drive
resistance to anti-EGFR MAD are frequently
found in Lynch syndrome-associated CRC
[187].

Apart from dMMR/MSI, the immune
microenvironment by itself can be considered
as an important modulator of anti-EGFR MADb
efficacy. Specifically, increase in cancer-
associated fibroblasts (CAFs), which produce
mitogenic growth factors such as FGFL,
FGF2, HGF, TGF-B and others, as well as
angiogenesis and abnormal functioning of
various immune cells have been demonstrated
to modulate resistance [82].

Additionally, metabolic
reprogramming, which can occur following
treatment with EGFR-targeting agents, can
influence therapy efficacy [188]. Autophagy,
a self-cannibalization biological process, is
another factor that should be considered when
discussing mechanisms of resistance to
EGFR-targeting agents. It has also been
proposed that autophagy acts as a protective
response in cancer cells [189]. Finally, cancer
stem cells, also known as tumor-initiating
cells, have also been suggested to play a part
in drug resistance, due to their ability to self-
renew and differentiate into various cell
lineages [190].

Furthermore, gut microbiota
composition has been found to modulate
therapy efficacy in various tumors, including
CRC. However, data regarding the effect of
gut microbiota on the efficacy of anti-EGFR
MADs is currently limited. A small study by
Lewandowski et al. [191] found that patients
with high diversity of gut microbiome may be
better candidates for anti-EGFR MADb therapy,
as compared to patients with non-diverse
microbiome. However, these findings should
be further validated, as diverse gut
microbiomes have been linked to a good
prognosis of CRC patients regardless of
therapy [192].

Finally, non-coding RNAs (ncRNAS),
including microRNAs, long non-coding
RNAs, and circular RNAs have been reported
to regulate resistance to anti-EGFR MAD in
CRC. One of the suggested mechanisms
explaining this phenomenon is that different
ncRNAs can upregulate oncogenic signaling
pathways promoting resistance to anti-EGFR
therapy [193].

Discussion and conclusions.
Monoclonal antibodies that target EGFR
blocking downstream signaling have emerged
as important therapeutic agents in the
treatment of CRC. The indication of drugs
from this class, cetuximab and panitumumab,
is currently based on the mutational statuses of
KRAS, NRAS and BRAF genes [9, 10]. Until
recently, the question of whether additional
factors play a role in resistance to anti-EGFR
MADb has not been widely investigated.
However, the encouraging results of trials
evaluating the role of the hyperselection have
reopened the question of the optimal selection
of CRC patients for the anti-EGFR MADbs
once again [11, 12].

Here, we outline current knowledge on
the mechanisms of resistance to anti-EGFR
MADbs beyond traditional alterations in CRC.
Specifically, we focus on the alterations of
various genes involved in relevant signaling
pathways downstream of EGFR that can be
detected by genomic assays currently used in
the real-world clinical practice. Despite the
fact that some of the discussed biomarkers
have been extensively studied, their individual
use in the clinic is limited by the lack of
randomized clinical studies. Therefore, it will be
necessary to validate the clinical utility of these
alterations in large cohort studies for optimal
patient management. Future efforts should be
directed at optimizing strategies to overcome
resistance to anti-EGFR MADbs in patients with
various genomic alterations. The most common
mechanisms of intrinsic and acquired resistance
are summarized in Figure 3.
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Fig. 3. The landscape of biomarkers validated in retrospective/prospective trials of primary (A)
and acquired (B) resistance to anti-EGFR monoclonal antibodies.
Abbreviations: ampl — amplification, mut — mutation

Many attempts have been made towards
the development of strategies to overcome
resistance to anti-EGFR MADb in CRC [194].
Combining anti-EGFR MADbs with targeted
agents represents a promising strategy for
overcoming treatment resistance arising from
compensatory pathway activation, although
further studies are warranted to improve
patient outcomes. Additionally, novel agents
may be used as standalone therapies for
patients with various alterations, such as
aberrant Wnt/B-catenin signaling, for instance
[195, 196].

Apart from genetically-driven
resistance, growing evidence suggests that
various non-genetic mechanisms might be
implicated in the resistance to anti-EGFR
MADbs in CRC. Although currently these
findings are mostly of academic interest, with
the advances of novel assays, it will be
possible to incorporate their analysis into
routine clinical practice.

In current clinical practice, tumor
sidedness plays a crucial role in clinical
decision making, which is largely driven by
differences in their biology. For instance,
right-sided tumors are more likely to have
MSI, as well as display higher rates of
oncogenic EGFR activation, BRAF and
PIK3CA mutations, which factor into therapy
resistance [197]. However, further efforts
should be  directed towards  the

implementation of comprehensive genomic
testing into routine clinical practice, which
will allow to focus on genomic portraits of
tumors, and not only their sidedness.

In conclusion, while many mechanisms
affecting various signaling pathways beyond
the traditional RAS/BRAF mutations are
thought to be implicated in the resistance to
anti-EGFR therapy in colorectal cancer, future
efforts are needed to clarify their significance.
Ongoing sequencing efforts will clarify the
need for expanding the list of alterations
routinely tested for the selection of candidates
for anti-EGFR therapy.
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B3auMocCBA3b MOOMJIBHBIX FT€HETHYECKHUX
3JIeMeHTOB ¢ HekoaupywimumMu PHK
B Pa3BUTHH aTePoOCKJepo3a (0030p)
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Pesrome

AKTYaJIbHOCTB: ATEPOCKIIEPO3 SBIAETCS BEAYIIEH NMPUYMHON CEpIEeYHO-COCYIUCTON NaTOJIOTHH
B3pOCJIOr0 HacEJIEHUs BCEro Mupa. Acconuanys 00J1e3HH ¢ BO3PACTOM CBUAETENIBLCTBYET O HAIMYUU
o0IIMX MEXaHU3MOB PAa3BUTHUS CTAPEHUS U aTepockiiepo3a. B HayuHOI nuTepaType MosBisieTcs Bce
Oosbiie AaHHBIX O ponu Hekoaupyrommx PHK v MOOWIBHBIX T€HETMUECKHUX D3JIEMEHTOB B
MeXaHU3Max CTapeHuss U arepockieposa. I[lonck MONEKyIspHBIX MeXaHU3MOB OOJIe3HH Ha
SMUIeHETUYECKOM YPOBHE MTO3BOJIUT pa3padaTbiBaTh HOBbIE MeTO 16l Tepanuu. Lleab uceienoBanus:
Onpenenuts posib TpaHCNO30HOB M Hekoaupyroomux PHK B aTmonaTorenese atepockiepos3a U Ux
B3aMMOCBS3b MEXJy cO00W B JaHHBIX mpoueccax. Marepuanabl u MeToabl: Vcronb3oBanbl 6a3bl
nanubix Scopus, WoS, PubMed mis ananuza ponn mukpoPHK, mmmHHBIX Hekoaupyrommx PHK,
TPAHCIIO30HOB B pPa3BUTHMM  CTapeHMss U arepockiepo3a. Pesyabrarsi:  CoryacHo
MPOaHATM3UPOBAHHON JHUTEpaType, BaKHBIM (AKTOPOM pa3BUTHs aTEpPOCKIepo3a SBISETCS
NaToJIOrnyecKasi akTUBAIUS TPAHCIIO30HOB MPH CTAPEHUH, BBI3bIBAIONIAs MHTEP()EPOHOBBIN OTBET U
aCeNTHYECKOE BOCHAJICHHE B OPraHM3ME, B TOM YHCIIE B CTEHKax cocylnoB. OmpenencHa poib
SNUT€HETUYECKUX (PaKTOPOB, B ATHONATOreHe3€e aTepockiepo3a, Bkitoyas MUKpoPHK u nnuHHBIE
Hexkoaupytonme PHK, koToprie m3aMeHsIOT sKkcrpeccuio crenupuyeckux IeHoB B Makpodarax,
IJIAJJKOMBILIEYHBIX KJIETKAaX COCYJOB M DHIOTEIMOUMTAX. AKTUBALMA TPAHCIIO30HOB OTPAXKAETCS B
M3MEHEHHMH 3KCIIPECCUU MPOU3OIIEANINX OT HUX B 3BOJIIOIMU MU 00pa3yIOLIUXCs IPH MPOIIECCUHTE
UX TpaHCKpUNTOB JUIMHHBIX Hekoaupyronmx PHK n MukpoPHK. Ananu3 Hay4dHOH nuTepaTypbl
MO3BOJIMI OOHApPYXUTh 64 mpousouienmmux ot Tpancno3oHoB MUKpoPHK, n3menenus skcrnpeccun
KOTOPBIX XapaKTepHBI s atepockiepo3a. U3 64 BesiBienHpx MUkpoPHK 34 accomuupoBans! co
CTAPEHUEM, YTO CBHUJAETEIBCTBYET O pOJIA MATOJOTMYECKHM AKTUBUPOBAHHBIX IIPH CTAPEHUU
TPAHCIIO30HOB B MHMIIMALIMK Pa3BUTHUS aTepockiepo3a. 3ak/arodeHue: [[0CKOIbKY TpaHCIO30HBI
SBJSIIOTCA  paiiBepamMu JIUTCHETUYECKOW pEryJsiiid B OHTOIEHE3€, IIOIYYEHHBIC Ppe3YJIbTaThbl
BIICPBBIC B HAyYHOW JIMTEpaType OMNMCHIBAIOT Hauboyiee BEpPOATHBIE MEXAaHU3MBl BIHMSIHUS
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MEXaHHM3MOB CTapEHHUs Ha Pa3BUTHE aTEPOCKIIEPO3a Ha SMUTCHETUYECKOM YPOBHE. DTO 00YCIOBIECHO
[aTOJIOTUYECKON aKTUBALMEN TPAHCIIO30HOB C BO3PACTOM, YTO OKAa3bIBAECT BIMSHUE HA U3MEHEHHE
JKCIPECCUU Mpouzomenmux or Hux Hekomupyromux PHK 3a cuer Hanmunsg KoMIUIEMEHTApHBIX
MOCTIeIOBATEIBHOCTEN M YHaCTHUS B OOIINX AMUTCHETUYECKUX CETSIX PEryIsuuu (QyHKIIMOHUPOBAHHS
reHoma. IlosrydeHHblie JaHHBIE O POIU IPOU30LIEAINX OT TpaHcn030H0B MUKPOPHK B pa3suTum kak
aTepoCKJIepo3a, TaK U CTapEHUs, MOATBEPKAAIOT MPEIJIOKEHHBIE MEXaHU3MBbI ITaTOreHe3a OO0JIe3HH.
KuarwueBble ciaoBa: arepockiepo3; BocnaieHue; JiuuHHble Hekoaupyromme PHK; mukpoPHK;
CTapeHHE; TPAHCIIO30HbI
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Abstract

Background: Atherosclerosis is the leading cause of cardiovascular pathology in adults around the
world. Association of the disease with age indicates the presence of common mechanisms for the
development of aging and atherosclerosis. More data is emerging in the scientific literature on the
role of non-coding RNAs and transposable elements in the mechanisms of aging and atherosclerosis.
The search for the exact molecular mechanisms of atherosclerosis at the epigenetic levels will allow
the development of new therapeutic methods. The aim of the study: To determine the role of
transposable elements and non-coding RNAs in the etiopathogenesis of atherosclerosis and their
relationship with each other. Materials and methods: We used the Scopus, WoS, PubMed databases
to analyze the role of miRNAs, long non-coding RNAs, and retroelements in the development of
aging ant atherosclerosis. Results: According to the analyzed literature, an important factor in the
development of atherosclerosis is the pathological activation of transposable elements during aging,
causing an interferon response and aseptic inflammation in the walls of blood vessels. The role of
epigenetic factors in the etiopathogenesis of atherosclerosis has been determined, including
microRNAs and long non-coding RNAs that change the expression of specific genes in macrophages,
vascular smooth muscle cells and endothelial cells. Activation of transposable elements is reflected
in changes in the expression of long non-coding RNAs and microRNAs that originate from them in
evolution or are formed during the processing of their transcripts. An analysis of the scientific
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literature revealed 64 microRNAs derived from transposable elements, changes in the expression of
which are specific to atherosclerosis. Of the 64 identified microRNAs, 34 are associated with aging,
which indicates the role of activation transposable elements during aging in the initiation of the
development of atherosclerosis. Conclusion: Since transposable elements are drivers of epigenetic
regulation in ontogenesis, the results obtained for the first time in the scientific literature describe the
most likely mechanisms of the influence of aging mechanisms on the development of atherosclerosis
at the epigenetic level. This is due to the pathological activation of transposable elements during
aging, which affects changes in the expression of non-coding RNAs derived from them due to the
presence of complementary sequences and participation in general epigenetic networks regulating
genome functioning. The data obtained on the role of microRNAs derived from transposable elements
in the development of both atherosclerosis and aging confirm the proposed mechanisms of disease
pathogenesis.

Keywords: atherosclerosis; inflammation; long non-coding RNA; microRNA; aging; transposable
elements

For citation: Mustafin RN, Khusnutdinova EK. Relationship of transposable elements with non-
coding RNAs in the development of atherosclerosis (review). Research Results in Biomedicine.
2025;11(1):31-56. Russian. DOI:10.18413/2658-6533-2025-11-1-0-2

Beenenne. ATtepockiepo3 (AC) HapylIleHHON 3kcnpeccuun reHoB npu AC, B
SBIIACTCS BEAyLIeH MPUYUHON CeplIedyHo- TOM u4mcie aktuBaumu reHa ERVPDI,
COCYIUCTBIX 3aboneBanuii B wmwupe. Ero npousomeaero or ENV spporennsix PO
OCHOBHBIE KJIIMHUYECKHE MPOSIBJICHUS HERV-P [6].

BKJIIOYAIOT UILIEMHUYECKYIO0 O0JIe3Hb cepauna U
ronoBHoro Mmo3ra u AC nepudepuueckux
aprepuil. HesaBucumbiM QaxTOopoM puHcKa
pazeutua AC  sABiIseTcCs  CTapeHue U
aCCOLIMMPOBAHHOE C HUM BOCHAJIEHUE CTEHOK
cocyqioB [1]. OgHuM U3 KIIIOUYEBBIX (HAaKTOPOB
CTapeHus SBJIAETCS MaTOJIOTUYECcKast
aKTHBAIMA MOOMIIBHBIX TE€HETUUYECKUX
anemeHToB (MI'D), TakuX Kak peTpo3IeMEHThI
(PD) HERV (Human Endogenous
Retroviruses) u LINE-1 (Long Interspersed
Nuclear  Elements-1) [2].  IIpomykTsl
skcripeccu PO mpu cTapeHuu CTUMYIHPYIOT
TUIEPIPOTYKIHIO uHTepdepoHa u
CMOCOOCTBYIOT ~BTOPHUYHBIM  XPOHHUYECKUM
BOCHAJIMTENbHBIM MpOLECCAM B OpTraHU3Me
[3]. st makpodaroB xapakTepHa 3KCIpeccus
HERV-K  HML-2, «xoppemupyromas ¢
MMMYHHOHI aKTUBaLMEH Makpogaron
(monsipuzanust B M1-KJI€TKM) U OTBETOM Ha
untepgpepon-l  [4].  CormacHo  HoOBOH
napajaurme MMMYHOCTapeHus,
TUCHYHKITMOHATHHBIE LB-nenuctsie
Makpoparn (CD14+CD16+) mpomynupyroT
gactuisl HERV-K102, BEICBOOOXKIaeMBIE IS
CTUMYJIALMM ~ 00y4aeMoro  BpPOXKJICHHOTO
UMMYHHUTETa [5], 9TO MOKET OBITh MPUUNHON

MI'D — sto nocnenoBarensHoctu JTHK,
CIOCOOHBIE K TEPEMEIICHUIO B HOBBIH JIOKYC
reHoMa IyTeM «BbIpe3anus 1 BctaBkn» (JITHK-
TPAHCIIO30HBI) UJTU «KOTTUPOBAHUS U BCTABKI»
(P3). K aBroHomHbIM PD (koaupyrommm
coOcTBeHHBIE (DepMEHTHI, HEOOXOIUMBIE IS
TepeMeNIeHu)  OTHOCSATCA  COJEpIKaIIre
JuHHEbIe KOoHIeBbIe ToBTOPHI (LTR) HERV 1
He coxaepxamme LTR »snementsr LINE.
HeaBroHoMHubie PO wucnonb3yroT o0paTHYIO
TPAHCKPUIITA3y U SHAOHYKJI€Aa3y aBTOHOMHBIX
PO nns tpancno3unmii, K HUM OTHOCSTCS
SINE (B Tom uucne Alu) u SVA. PD 3anumMator
3HAQYUTENILHYI0O 4YacTh TE€HOMa 4YeJOBEeKa:
8,3% — HERV, 35% — LINE1 u SINE [7]. Ponb
MI'D B wuHMmmanmum wu  pazsutun AC
00yCIIOBJIEHa HE TOJIbKO OMOCPEIOBaHHBIM
WHTEP(HEPOHOM BOCHATICHUEM, HO U YIaCTHEM
B (DYHKIMOHHUPOBAHUM HMMYHHOU CHCTEMBI.
O6 5TOM CBUIECTENHCTBYET BO3HHUKHOBEHHE
HeoOxomumbix s V(D)) pexomOuHanmu
RAGI u RAG2 or JIHK-tpancmo3oHos [8].
[Tockoapky ¢  BO3pacToM  MPOUCXOAUT
nucoOamauc B AKTUBAINN P> [2],
CIOCOOCTBYIONIUIN CTAPEHHUIO W BOCIATICHHIO
CTEHOK cocyoB [1, 3], 3T0 MOXKeT oTpakaThCs
Takke Ha pucperyisauuu JJHK-tpancnozonos
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U mpoucxomsmux or Hux reHoB V(D)J
peKOMOMHALIUT c MOCTIE Ty FOIIUM
nucbaJaHCcOM HMMYHHOM — CHUCTEMBbl  MpH
ctapeHud [8], dYTO Takke BEPOATHO
orpaxkaercss Ha paszputuu AC (Puc. 1).
AxtuBaiuss PO  1npu  cTapeHMH  MOXKET

MPUBOJIUTH K UMMYHHOM MAaTOJIOTMH TAKXE B
cBs3u Cc ucnoipzoBanuem ERV  kak
suxaHcepoB reHoB HLA-G u wunHTepdepoH-
MHAYIHOCITBHBIX IEHOB (popmupys
TPAHCKPUIILIMOHHBIE CETH UHTEP(HEPOHOBOTO
oTBera [9]).

MOBWU/IbHbIE TEHETUYECKUE 3/IEMEHTbI

PETPO3/IEMEHTDbI

v

OHK-TPAHCNO30HbI
y

A 4

-

3 namosoauveckan
HXaHcepel aKCMpeccus npu cmapeHuu
] ) : !
AnareHos
HLA-G NPOAYKTbI SKCNPECcCUm ¢ Bauanue Ha V(D)J
UMMYHHOFeHHbIMU pPeKomBuHayuro, npou3owedwyro
ANA UHTepGepoH- cBoOlicTBAMM om [JHK-mpaHcno3oHos
MHAYLMPOBaHHbIX
[EHOB
A 4 b N b
[ namosoauYveckue UMMYHHbIE peakyuu ]
[ gocnaneHue cmeHoK cocydos ]
( ATEPOCK/IEPO3 ]

Puc. 1. Cxema nyreit Biusaug MI'D Ha pa3BuTue arepockiieposa
Fig. 1. Scheme of MGE pathways of influence on the development of atherosclerosis

Baxnyto ponb B pazsutun AC urparor
SMUTreHeTndeckue  (akTopel,  U3MEHEHUE
KOTOPBIX TIIOJ BJMSHHEM aKTHUBauu PO
xapakTepHo [uis crapenus [2]. [Tox BaussHuemM
SMUTCHETHICCKUX  (AKTOPOB  MPOHMCXOJUT
noyspu3anus  accouuupoBaHHbIXx ¢ AC
MakpodaroB W3 TMPOTHBOBOCHATHTEIHHBIX
(M2-iogo6HBIX) B poBocnauTeabHbIe (M1-
MoAOOHBIE) W  Pa3BHBACTCS  YCTOMYMBOE
BOCIajeHue creHok cocynoB [10]. Jns
AKTUBHPOBAHHBIX MOHOIIUTOB XapaKTepHa
aktuBaiss HERV-K102 ¢ BeixogoM wux
MIPOYKTOB IKCIIPECCHUU B BAKYOIIH, CBI3aHHBIE
C TOBEPXHOCTSIMH JTHUX KIETOK, KOTOpHIC
MIpEeBpAaLIAIOTCS TaKUM oOpazom B
«menucTeiey. BricBoboknenne HERV-K102
MIPOUCXOUT TOJBKO MPH JIU3KUce MaKpodaros.

HERV-K102 3amumaroT KIeTKH YeI0BeEKa OT
BUPYCHBIX HH(ekuuil [5], ponb KOTOphIX B
pazButun AC nokazaHa jisi BupycoB BUY,
npocroro repneca, rematuta C u B,
LHATOMETaJIOBUpyca, T-KJIETOYHOro JIEWKO3a,
nanuioMsl, rpumnmna [11].

PD XapaKTEepPU3YITCs
MIPOTUBOBUPYCHBIMHM ~ CBOMcTBamMH [S5] ©
aKTUBallMed B OTBET HA K30TE€HHBIE BUPYCHI
[12], moPTOMYy MOKHO MpPEANIONOKHUTH, YTO
OJIHUM W3 MEXaHU3MOB BIIMSHUS BHUPYCHBIX
uHpekuii Ha pasButHe AC MoxeT OBITh
n3MeHeHue skcrpeccun PD. B pesymnbrare,
HECMOTpsl Ha akTuBauuio MID B kayecTBe
3alUTHOIO MEXaHu3Ma, PO MOryT CIIyXHWTb
TpPUITEpaMU  JanbHeimero  aucbananca
UMMYHHOM CHCTEMBI, B OCOOECHHOCTH NpHU
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HAJIMYUK UMEoNIeics aucperyiasauuu PO,
Hanpumep, npu crapeHuun [3]. Ilockonbky
MI'D ciuyxar peryjaiaropamMu 3KCIPECCUU
F€HOB Ha MPOTSHKEHUHM BCETO OHTOreHEe3a
yenoBeka [2, 7], a Takxke ApaiiBepaMu
snureHeTnyeckux (axropos [13], uameHenue
KOTOPBIX ~ OOpaTUMO M MOXET  OBIThH
CKOppPEKTUpOBaHO ¢ momoiblo MUKpOoPHK,
noApoOHoe wuccienoBanue poimu MID u

AMUTCHETHYECKUX daxropos B
stuonaroreHeze AC omnpenensieT BO3MOKHBIE
HOBEBIE yTH BO3JICHCTBUS Ha
AMHUTEeHETUYECKYIO JUCPETYIISLIUI0 C

nomotuipio Hekoaupywomux PHK (uxkPHK),
KoMIUIeMeHTapHbIx MI'D.

Henp wucciaenoBanms. Onpenenursb
pOJIb TpaHCNIO30HOB 1 Hekoaupyromux PHK B
OTHOINIATOTE€HE3€e  aTepOCKiIepo3a M HX
B3aMMOCBSA3b MEXAY COO0OH B  JAHHBIX
poueccax.

MarepuaJsl U MeTOo/bI
ucciaenoBanms. Vcrnonabp3oBanbl 6a3bl JaHHBIX
Scopus, WoS, PubMed mist anammsa posin
MukpoPHK, nnunubx Hekogupyromux PHK,
TPAHCIIO30HOB B Pa3BUTUU CTapeHHUs] U
aTepOCKIIEpO3a.

Pe3yabTaTsl 1 HX 00cy:KIeHHE

Poar  Hexkogupyromux PHK B
NaToreHese aTepocKJ/epo3a

K OCHOBHBIM AIUTE€HETUYECKUM
(dakTopam otHocsaTcs MmetunupoBanue [JHK,
MO UKAITIH TUCTOHOB U PHK-
unreppepennusa npu nomomtu HKPHK. Ilpu
stoM HKPHK He TolBKO y4YacTBYHOT B
MTOCTTPAHCKPUIILIMOHHOM peryisiuu
JKCIIPECCMM  T€HOB, HO U  SIBISIFOTCS
KJIFOUeBbIMHU ApaiiBepamu Moaupuxanuiit JTHK
U THUCTOHOB B oOHTOreHese [13]. M3MeHeHus
skcnpeccnn  MuUKpoPHK  ommcanbl  kak
MIaTOT€HETUYECKHE (baxTopsl
pasBuBaromierocss npu crapeaun AC [1].
Mexannsmbel  yuactuss ~ MukpoPHK B
natoreHese AC CBs3aHBl C pa3INYHBIMU
MEXaHM3MaMH, B TOM 4YHCIE C pEryJsIuei
MeTabonu3Ma JIMOUAOB U BOCHAJICHUS.
OHJ0TENNaIBHOE BOCIIAJICHUE
aCCOLIMMUPOBAHO C IOBBIIICHHBIMH YPOBHAMH
mMIiR-126, miR-221/222 u HU3KUMH YPOBHIMHU
miR10a, miR-155, miR-181a, uyro Bemer k
anomnTo3y, OCTAHOBKE KJIETOYHOIO LHKIIA,

BbIpa0OTKe akTUBHBIX (popm kucinopoaa. [Ipu
CTapeHUU HJOTENUsI HAOMIOAAeTCs YCUIICHHE
skcnpeccur MIR-217, mMIR-34; cHmwKeHHe
BbIpaboTkn  MIR-92a, mIiR-216a, u4to
COIPOBOXKIAETCA MOBBILICHHEM
konueHrpauuit VCAM (vascular cell adhesion
protein), ICAM (intercellular adhesion
molecule), MCP1 (monocyte chemoattractant
protein 1), CXCL12 (chemokine (C-X-C
motif) ligand 12) [14].

[IpoBenennsIit B 2018 roay
CUCTEMAaTUYECKUN 0030p Hay4YHOU
auTeparypel  nokaszai, u4ro  MukpoPHK
CIIOCOOHBI ~ KOHTPOJUPOBATh  BOCIHAJICHHE
COCYIUCTOM CTEHKH, perynupys ee
UHOUIBTPALUIO AKTUBUPOBAHHBIMU
nerikommramu. K HuM ortHOcsTes MIiR-19a,
miR-19b, miR-21. Kimouesoii mukpoPHK B
naaubix Mexannsmax AC sBisiercs MiR-126,
KOTOpast UHTHOUpYeT VCAM-1 u
npoBocnanuteabHbii TNF-o. B cBsi3u ¢ aTum
CHIDKEHHE dKcrmpeccun MIR-126 moBsiaer

AKTHUBHOCTH NF-xB, yCUIIMBAas
B3aUMOJICHCTBUE JIEMKOLIUTOB c
sHAOoTenuanbHbIMU  KieTkamu  (OK) wu
CrocoOCTBYs AC. Brnusiauem Ha

riagkomsliednble kieTku cocy1oB (IMKC) B
naroreHese AC oxapakrtepuzoBaHbl MIR-1
(mumensimu  sBistoress MPHK renos KLF4,
PIM1), miR10a (MPHK rena HDAC4), miR-
126 (MPHK renos BCL2, IRS1, FOXO3), miR-
22 (uurubupyer rensl MECP2, HDAC4,
EVI1), miR-143 u miR-145 (Bo3aelicTBytOT Ha
ACE, ELK1, KLF4/5), miR-21 (mumenu —
MPHK renos DOCK, PDCD4), miR-26a, miR-
34a, miR-130a, MiR-221. BocnanmurenbHbie
Makpodaru CEKPETUPYIOT BE3UKYJIbI,
conepxkaniue cnenudrueckue PHK, munuer u
OenKH,  KOTOphIE  WCIONB3YIOTCS IS
KOMMYHUKaIMi, B ToM uucie MHUKpoPHK
MEXIy KJIETKaMH  aTepPOCKIEPOTHYECKHIX
cocynoB (takue kak mMiR-28, miR-146a, miR-
185, miR-365, miR-503) [15]. AnomanbHas
nponmudepaunss  u  murpauus  [MKC
BOBJICYCHBI B ()OPMHPOBAHWE HEOWHTHUMBI U
CMOCOOCTBYET pPECTEHO3Y M 00pa30BaHHIO
osstmex ipu AC [16].

K SIUT€HETUYECKUM (akTopam
oTHocsTCs Takxke nnuHHble HKPHK, xoTopsie
Takke ywactByroT B nartoreHese AC.
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Hanpumep, mmuanas HxkPHK VINAS [17]
BiusgeT Ha pa3utre AC 3a cYeT peryJsauuu
curHampHbix myTet MAPK u  NF-xB,
y4acTBYIOIIMX B BocnajmeHud. Hoknayn
VINAS cHuXaeT OHKCIPECCHUI0 KIHOYEBBIX
BOCTIAJIMTEIBHBIX MAapKepoB, Takux kak MCP-
1, COX-2, TNF-a, IL-1B 8 DK [17]. B ma3me
KpoBH U B Onsmikax 0onbHbIX AC ompeneneH
NOBBIIICHHBIA  ypOBeHb JIMHHOM HKPHK
AK136714, wuHruOupoBaHue KOTOpPOH B
AKCIIEPUMEHTAX IMOAABISICT (OopMHUpPOBAHUE
AC, Bocrmanenne OK wm  3ammumaer
SHAO0TENHAIIBHBIN Oapbep. AK136714
CTUMYJIMPYET TpaHCkpumiuio Bim, a taxxke
Harpsimyto cBsi3biBaeTcsi ¢ HUR, moBbimas
crabmwibHOCTh MPHK TenoB TNF-o, IL-15 u
IL-6 [18]. HaGmromaemblie H3MEHEHHSI yPOBHEH
muHHbIX HKPHK B matoreneze AC moryt
OBITh OTPaKEHUEM OCOOCHHOCTEH IKCIIPECCHH
PO, koropeie cimyxar ncrounukamu HKPHK
[7]. 210 00yCJIOBJIEHO BBICOKOM
YYBCTBUTEIHHOCTHIO PO K BIMSHHIO CPETOBBIX
BozneicTBuil [2, 7, 13], KOTOpBIMH MOTYT
CIIY’KUTb U SK30T€HHBIE BUPYCBHI.

ANRIL B3aUMO/JICHCTBYET
HEMOCPEICTBEHHO C MOCIEA0BATEIbHOCTAMHU
perpoaniemenToB Alu B reHoMe, KOTOpbIE
OKa3bIBAIOT MPOATEPOT€HHBIN s dexr,
pacrosiarasicb B 00JI1acTSX IPOMOTOPOB T'€HOB-
MUIICHEeH, KOJUPYIOUIMX OENKH TPYIIbI
nosimkoMO6 PRC-1 u PRC-2. [lannble Oenku
pekpytupytotrcess ¢ mnomomsio  ANRIL u
HCIIONIB3YIOTCSA JUIS MoAU(PUKAITIT
SMUTEHETUYECKUX (bakTopoB c
WHTUOMPOBAHNEM T€HHOW JKCIPECCUH B ITUC-
pEeryJSIIMKM  amomTo3a, mnpoinudepanuu U
aAre3uu KJIETOK, BocnasieHus u pa3sutus AC
[19]. Taxxe BBISIBJICHO, 4TO
MOAU(GUIIMPOBAHHBIE  MyTeM  aJCHO3WH-
WHO3WHOBOTO PENaKTUPOBAHUS TPAHCKPHIITHI
Alu-371eMEHTOB KOHTPOJIHMPYIOT CTAOMITBHOCTD

MPOBOCHAIUTEIILHON JUIMHHON HxkPHK
NEATI npu AC. Oxcmpeccus NEATIL,
uanymupyemas TNF-a, 6onee yem B 2 pasa
BbIIE B MOHOLUTaxXx KpoBuU OombHBIX AC
kopoHapubix aprepuii (KA). IlomaBnenue
NEAT1  npuBoamno K  ocinabiIeHHIO
Bbi3BaHHOM  TNF-0  mpoBocHaauTeIbHOM
peaKuuu >HJIOTETUOLUTOB, YTO MPOSBISIOCH
skcnpeccueir CXCL8, CCL2, VCAMI wu
ICAMI [20]. Dkcnpeccusi acCOLMMPOBAHHOM
¢ uHpapkroM wmuokapaa mmmHHOH HKPHK
MIAT  3HauMTenbHO  TMOBBINIAETCS B
CBIBOPOTKE  OOJBHBIX C  CHMIITOMAMH
HecTaOUIBHOM aTepOCKIEPOTHUECKOM
omsamku. MIAT peiicTByeT B KauecTBe ryOKH
st MiR-149-5p, crmocoOCTBYsT SKCIpEecCUH
antudaromurapHoi monekynsl CD47 [21]. To
€CTb MexaHu3M BiusHUS JunHHbIX HKPHK Ha
pazButue AC MoxeT OBITh CBSI3aH C
perynsiuuein mukpoPHK. Jlanublii MexaHusm
BEPOSITHO OOYCIIOBJIEH TIPOUCXOXKJICHHEM B
spoaronuu ot MI™D kak mmmHHBIX HKPHK, Tak
u wmukpoPHK [7, 11, 22] (oGmee
MPOUCXOXKACHUE CHOCOOCTBYET  HATUYMIO
KOMIUIEMEHTAPHBIX  MOCJIEI0BATEILHOCTEN ).
[losTOMy JIOTMYHO TPEANONOKUTh, YTO
HaO/tolaéMble  HM3MEHEHMsSI  BKCIPECCUU
HKPHK npu AC sBisoTcs ClI€ICTBUEM
natojorunyeckol  aktupauuu MI'D  npu
CTapeHHH [2], KOTOpbIE OKa3bIBAIOT HE TOJIBKO
npsimoe BiusiHue Ha pasButue AC [1], HO U
OINIOCPENOBAHHOE, 3a CYET B3aWMOJEHUCTBUU
npousomenmux oTr Hux MUKpoPHK wu
mHHbIX HKPHK (Puc. 2). JlokazaTtenbcTBo
maHabIX  MexaHm3MoB AC MoOXeT cTaTh
OCHOBOM Il TapreTHOro BO3ICHCTBUA Ha
natoreHe3 OOJE€3HM C  HCHOJIb30BAaHUEM
MukpoPHK #u uX MHUMETHKOB B KauecTBe
WHCTPYMEHTOB, PEryIUPYIOIINX
MaTOJIOTUYECKYI0 aKTUBHOCTE MI'D.
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Puc. 2. Cxema Bingaug MI'D Ha n3meHeHune skcnpeccun Hekoaupyromux PHK
B IIaTOI€HE3C aTCPOCKIICPO3a
Fig. 2. Scheme of the effect of transposable elements on changes in the expression
of non-coding RNAs in the pathogenesis of atherosclerosis

Poab npousomenmux 0T MOOHIbHBIX
reHernyeckux 3jaeMeHToB MHKpPOPHK B
Pa3BUTHHU aTepoOCKJIepo3a

B 6a3y mamneix MDTE DB (mMiRNAs
derived from transposable elements database)
BKJIIIOYeHbI 661 cremuduueckux MukpoPHK,
npouzomenmux ot MID [22]. Awnanus
HAy4YHOU TUTEPaTyphl MO3BOJIHII HAM BBISIBUTH
M3MEHEHHUE dKCIpecCHu 64 TPOU3O0MIECIITNX OT
MI'D wmukpoPHK, »skcmpeccuss KOTOPBIX
m3mensiercs npu  AC, 4YTO CBsSI3aHO C
pa3TMYHBIMU MEXaHU3MaMH WX BOBJICUCHUS B
natoreHe3 Oose3Hu. Y OompHBIX AC B
AK30COMax OMpPE/IEICHbI TOBBIIIICHHBIE YPOBHU
miR-1202 [23], mpousomemmeir ot LTR-
ERV1 (TIOTHOCTBIO COOTBETCTBYET
nocnenoBarenbHocTH) [22]. [loTeHmanbHOM
TepaneBTHUecKoi MuteHbl0 AC MOXET cTaTh
MiR-1246, Bosamkmas or LTR-ERVL wu

YaCTUYHO KOMILJIEMEHTapHas €ero
MOCIE0BATEIbHOCTH [22], KOTOpast
CMOCOOCTBYET TpoTUdepanu, HHBAa3UU U
g hepeHIMPOBKE I'MKC [24].
AcconuipoBaHHasl CO CTapeHUuEeM (CHUKCHUE
ypoBHs)  [25] < miR-1248  momaBmsier
SKCIPECCUIO TPOMOOMOyTTUHA B
npemecTBeHHNKax JK, 94To CBUIETENBECTBYET
0 €€ BO3MOKHOM yuacTuu B narorerese AC
[26]. MiR-1248 mpou3somnuia B 3BOJIOIHHA OT
SINE/Alu [22].

vy OOJIBHBIX AC OTIPEIETICHO
3HAUUTENILHOE CHIDKCHHE ypoBHs MIR-1253,
MUIICHBIO KoTOpol sBisiercs FOXC2-AS1
(cmoco6etByer mpoiudeparnun  'MKC  u
uHrHOMpyer ux amonto3) [27]. MiR-1253
Bosuukiaa or LINE2 u or SINE/MIR [22].
MiR-1257, yuactBymomas B MyTx COOpKH
0eJKoB TJIABHOTO KOMILJIEKCa
ructocobmectumoctn  MHC,  perymupyer
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pa3IMyYHbIe TeHbI-MUILIEHH, TJIABHBIM 00pa3oM
CALR, a Taxxe POMC, TLR4, IL10, ATF®6,
crocoOcTByst mporpeccupoBannio AC [28].
HNannas muxkpoPHK npomsommia or ERVL
[22]. ¥V mamueHTOB MOJIOAOTO BO3pacTa C
UIIIEMHYECKUM HHCYJIBTOM, OOYCIIOBJICHHBIM
AC, BbISIBJICHBI MOBBIIICHHBIE YpOBHH MIR-
1261 (mpowmsommna ot JJHK-tpancmoszona Tc-
Mar [22]), miR-1290 u miR-891a [29],
Bosuukimmx or SINE/MIR [22]. Huskue
ypoBHH  MIR-1264,  compoBoXaarOIUECs
noBbIIeHHOW — 3kcnpeccuer  DNMT1  u
bochoprmpoBaHHOTO STATS,
omnpeaenstorcs npu HectabunpHoM AC [30]. Y
00JIBHBIX MHPAPKTOM MHUOKap/a B 3K30COMax,
MOJIyYeHHBIX U3 MakpodaroB, OMpeesieHbI

BBICOKHE YPOBHH miR-1271 [31],
npousomenmeid ot LINE2 [22]. Ilpm
UCCIIEIOBAaHUU 00pasuoB KOPOHAPHBIX
aprepuii oompHBIX  AC OIIPEAEIIECHO

3HAYUTENILHOE MOBBIIICHHE dKcrpeccuu MIiR-
1273 [32], ceMelcTBO KOTOPOM MPOU30IILIO B
spomonmu o PO LINE, SINE, ERVL [22].
DOkcnpeccust Bo3uukiei or SINE/MIR miR-
1278 monmaBnser crumynupoBaHHyro PDGF-
BB npomudepanmro u murpanuo ['MKC npu
AC [33].

VY GonpHbIX ¢ AC KpyHmHBIX COCYZOB
OTIpeIeNIEHO JIOCTOBEPHOE CHIDKEHHE
skcnpeccurt MIR-1296 u  miR-493 1o
cpaBHeHUIO ¢ KoHTpojem [34]. JlanHbie

MukpoPHK BO3HUKIIN oT LINEZ.
[Mpomsomenmas or LINEL miR-147 [22],
oblajjaeT  aTepoOreHHbIMH  CBOMCTBaMH,

uaaympys skcnpeccuio ICAM-1. C nanHOU
MukpoPHK B3anmozeiicTByeT BOBIIE€UEHHAsI B
AC mmunas HKPHK MEG3, neiictByromas
kak ryoka muist miR-147 [35]. LINE2 sBasiercs
ucrtounnkomM  MIR-151  [22], xotopas
nogasisier anonto3 DK npu AC. MuiieHbto
MiR-151 seusaroresa IL-17A, a Taxxe Oenok
BAX, c-kacna3el 3 u 9 [36]. Dxcnpeccust MiR-
192 (Bo3nukia ot LINE2 [22]) 3HauuTenbHo
BBIILIE B CBHIBOPOTKE KpoBU OonbHBIX AC.
Hannas MukpoPHK crocoOCcTByeT
nponudpepaunu u murpauun 'MKC [37]. B
ChIBOpOTKEe  OobHBIX  AC  BBISBICHO
3HAYUTEIbHOE CHIDKEHHE YpoBHsS MIR-211
[38], mpomzomenmeii ot LINE2. Ot JITHK-
TPAHCIO30Ha MER-135 B DBOJIOIHU

BOo3HHMKIA MIR-224 [22], mig KOTOpO#
ompezaeneHa oOparHas koppemsus ¢ AC
KOpPOHApHBIX apTepui y uyenoBeka [39]. B
IU1a3Me€ KPOBU TALIMEHTOB C HECTaOMIbHOU
CTCHOKAapAHeH OMpeleNeH0 3HaYUTeIbHOe
MOBBIIIICHUE  ypoBHEH MIR-28, koropas
ycunuBaeT — akcnpeccuto  ABCAI,  4to
KOppelnupyeT ¢ aKTHUBAlUell TpaHCISAIUU
MPHK rena LXRa B Makpodarax [40]. [Jannas
mukpoPHK, mpowmsomenmas or LINE2 [22],
CUMTAETCs MOTEHIHAIbHBIM OHOMapKepoOM
HecTabmnpHOM  creHokapauu  [40]. B
MOHOIIUTAaX MepudepudecKoil KPOBU OOIBHBIX
CTEHOKapAue BBISIBJICHO MOBBILICHHE
skcnpeccurt MIR-2909 (Bo3nukmeir ot LTR-
ERVL [22]) mpu yTsKeneHUU OKKIIO3UU
KOPOHApHBIX apTEepUil C TMOJIOKUTEIBHOU
koppersueir. MiR-2909 perysupyer reHsl,
BOBJICUCHHBIC B BOCIAJICHHE W HMMYHHTET
[41]. TloBblmieHHbIH  ypoBeHb  MIR-31
(mpousomwna ot LINE2 [22]) BezbiBaeT AC 3a
cuet BozxeiicTBus Ha NOX4 [42]. B mna3zme
KpOBH O0JBHBIX AC OINPEIEIECHBI
MOBBILICHHBIE ~ ypoBHH  MIR-3168  [43],
Bosuukmei ot JJHK-TE hAT Charlie [22].

VY 60nbHbIX AC KOpPOHApHBIX apTepuit
3HAYUTENIbHO TMOBBIIEHAa JKcrpeccus MIR-
320b, KOoTopas perynupyer OTTOK
xosecteprHa u3 Makpodaros. Beegenne miR-
320b  OKCHIEpUMEHTANBHBIM  KUBOTHBIM
YBEITUYHBAJIO Pa3MePhl aTEPOCKICPOTHUECKUX
OJIsIIIIEeK, coJiepKaHue MTOBPEKACHHBIX
Makpo(haroB W ypOBHHU IPOBOCIATHTEIHHBIX
IIUTOKUHOB 3a cueT YCUIICHUS
(bochopumpoBaHus NF-xB [44].
Ucrounnkom miR-320b B aBosronuu sBisercs
LINE2 [22]. [Ipousomeamas or LINE2 miR-
325 [22] crocobeTByet pa3zsutuio AC 3a cuet
nogasieHus: skcnpeccun KDMIA, crHmkast
ypoBaun SREBFI1 u uHrubupys axTuBanuio
nytu  PPARy-LXR-ABCALl [45]. B
00pa30oBaHUM OKHUCIIEHHBIX MEHUCTBIX KIETOK
npu AC ompenenena ponb  MiR-326
(mpomzouna ot JIHK-tpancnmozona hAT-
Tipl00 [22]), BoBJcuYeHHass B  CeTh
B3auMozeiictBuii  komeueBblx  PHK ¢
nmuaabiM - HKPHK  [46].  Konuenrtpauwms
Bosuukmier ot SINE/MIR miR-335 [22],
TOBBINICHA B T1a3Me KpoBu 00abHBIX AC [43].
B makpogarax, TMKC u 3K npu areporenese
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oIpeziessieTcsl TOBBIIIEHHE dKcnpeccud MiR-
340 [47], nwpomsomenmenr ot JHK-
Tpancmo3ona  TcMar-Mariner  [22]. B
nepudepuyecKux MOHOHYKJIeapax
oIpejieNieHbl BRICOKHE ypoBHH MIR-342 [48]
(Bosnukineit or SINEARNA-RTE [22]),
KOTOpBIE TMOJIOXKUTEIBHO KOPPEIUPOBAIIU C
KOHIIEHTPALUsAMU B ChIBOpOTKe KpoBU IL-6 u
TNF-a [47].

B ceiBopoTke 601bHBIX AC ompeseneHo
3HAYUTEILHOE IMOBBIILICHHE dKcrpecchuu MiR-
3646 [49] (npomsomenmreii or SINE/MIR
[22]) u miR-374 (npousouuta ot LINE2 [22]),
KOTOpasi CTUMYJIHpYeT nponudepanuo U
vurparuio ['MKC [50]. CHuwkeHnue oTTOKa
CBOOOJHOTO XOJIECTEpUHA M3 MakpodaroB u
YCHJICHHBIH HPUTOK OKHCIICHHBIX
JUTONPOTENHOB HU3KOM MIOTHOCTH SBIISETCS
BaXHbIM  (akrtopom paszButus AC. B
MEeTabOIMUECKUX MyTIX, PETYIUPYIOMIUX TH
MPOIECChl, YYacTBYET MPOU3OMIEANIast OT
SINE/MIR u LINE2 [22] miR-378 [51].
VYckopsier pazButue AC 3a cuer BIMSHUS HA
Makpodaru (Hapymas uxX ayTo(aruio) Takxke
miR-384 [52], mpowmsomemmias ot LINE-
Dong-R4 [22]. Hu3skas skcmpeccus mMiR-421
(mpouzomma ot LINE2 [22]) B ceiBopoTKe,
omsmkax uw I'MKC 'y OGompHbix AC
KOPOHApHBIX apTepUil TOBBIIIAET YPOBHU
CXCL2 [53]. Ilpu AC ompenensercst Takxe
CHIDKEHUE KOHIICHTpAIlUU miR-4286,
BosHukiei ot ERVL [22] u unrubupytomieit
TGF-B1 (cmocoberByer moBpexaeHnto IK)
[54]. Bosuukmas ot JIHK-tpancnozonos hAT
Charlie miR-4463 [22], mnpensrcTByer
MIEPEKIIIOUCHUIO denoTuna I'MKC,
criocooctByst AC [55]. MiR-4487 (mpowu3oruia
or LINE1 [22]) mpu AC crtumymnupyer
murpanvio u  BebDkMBaemMoctb ['MKC wu
MHTOMpYeT MX amonTo3 IyTeM LEeJIeBOro
Bo3zeiictBusi Ha RASAL [56]. MiR-4731
(mcrounuk — LINE-CR1 [22]) BbI3bIBaet
npomudepaunto  u  murpamuio  ['MKC,
B3aUMOJICHCTBYSL C  TPAHCKPUIILIMOHHBIM
dakropom FOXO3 w jgmuaHONM HKPHK

SENCR (xoTopas obnagaer
MIPOTHBOIOJIOXKHBIM 3 pexTom) [57].
MiR-487 (mpowusomeamas oT

SINE/MIR [22]) mpennokeHa B KaudecTBe
MOJIEKYJISIpHON MuiieHn s jedeHus AC.

Hannas muxkpoPHK uaru6upyer p53 u CBP,
yeunuBast nposudepamnuto DK [58]. MiR-495
(uctounuk — ERVL [22]) yuwacTByeT B
natoreHeze AC myTeM  CBSA3BIBaHHUS C
koubiieBoit PHK hsa_circ_0126672 [59]. MiR-
498 (mpomsourna ot LINE1 [22]) oka3siBaeT
MOCTTPAHCKPUIILIMOHHOE WHTMOMpOBaHUE Ha
ren SCD (stearoyl-CoA desaturase), kotopslii
B HOpPME CHHW)XAeT YPOBEHb XOJIECTEpPHHA B
CBIBOPOTKE. Y IIOAEH ¢ TOJuMOpPPU3MOM
rs41290540CC B 3’UTR »3Toro rewna,
HapylIalomui  cBsi3piBaHKe ¢ MIR-498,
onpeaeneH Huskuii puck AC KA [60].
VYposens npousorreamei ot LINE2 miR-502
[22] 3HAUMTENBbHO TIOBBIINIEH B CBHIBOPOTKE
6onpHBIXx AC KOpoHapHbIX aptepuit [61].
MiR-511 (ucrounuk — LINEI1 [22]) sBnsiercs
OIHUM U3  «CBSI3YIOIIHUX» KOMIIOHEHTOB
MYJIbTUCYOBETMHUYHOTO KOMILIEKCa,
Y4acTBYIOIIETO B TEPMHUHAIBHBIX CTaAUAX

CHHTE3a  XOJIECTEpHHAa C  peryisnuei
cemerictea  OenkoB  GPCR,  kotopkie
BOBJICYCHBI B TpaHchopmaIuio

narosiornyeckux ¢erotunoB 'MKC npu AC
[62]. MiIR-520d (mpom3zonuia ot SINE/Alu
[22]) unrudupyet skcnpeccuto rena PCSK9,
BBI3BIBAIONIETO  JCTPAJAIMIO  PELENTOPOB
JUIIONPOTENHOB HU3KOM IUIOTHOCTH,
nogasssist pazsutue AC [63].

MiR-544 (uctounuk B 3Bororud — hAT
Charlie [22]) yuactByer B marorenese AC 3a
CUeT perynauuu GopMHUPOBAHUS U perapaluu
K, CIOCOOCTBYS CO3PEBAHUIO u
aHTUOKCUJAaHTHBIM cBolicTBaMm JOK myrem
peryIupoBaHHS CUTHAJTBHBIX nmyTei
YYLUTET2 [64]. ¥ mnauumentoB ¢ AC B
YKUPOBOM TKaHU BOKPYT KOPOHAPHBIX apTEPUI
OIpEeIeTICHO CHMKEHHUE dKcrpeccun MiR-548.
[IpencraBurenu ceMelicTBa TaHHOU
MukpoPHK mpownsonum B 3BOMIOLMHM  OT
pasmuunabix PO (LINEL, LINE2, LTR-ERVL,
LTR-Gypsy, LTR-ERV1, SINE/MIR) u JHK-
tpancrno3onoB (TcMar, hAT Charlie) [22].
MiR-548 perynupyer OKcopeccHio TeHa
HMGB1 (kogmpyeT HErHCTOHOBBIH O€oK,
CBSI3BIBAIOIIMI XpPOMAaTUH M Y4YacTBYIOIIUU B
KOHTpOJIE TPAaHCKPUIILMH, PEIUIMKALUU U
penapaiun  JIHK)  [65].  [loBblienHas
skcapeccust MiR-552 (mpowmsomnuia or LINEL
[22]) non Bnusauem PDGF-bb onpenencna B
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I'MKC, 4to Bemer K CTUMYJSALUM UX
nponudepanud, WHBA3MH W  MUTPALUU.
Murmiensmu MiR-552 sensorcs MPHK renos
SK1u ATF4 [66]. MiR-575, npou3oieamias ot
JHK-tpancnozona hAT  Charlie [22],
IpeUiokeHa B KadyecTBE OHoMapkepa U
KJIMHAYeCKOW MuimieHn y ©OonbHbIX AC.
HNannas muxkpoPHK uHrHOUpyeT Murpanuio u
npomupepannto DK u  cTUMynupyer uX
armonto3. MIR-575 monaBiseT SKCHPECCHIO
MPHK rena Rab5B [67]. Kombuesas PHK
circ_0086296 unnyuupyer AC depe3 meTiro
obpatnoii cesi3u IFITL/STATI, nelictBys kak
ryoka mis MiR-576 (Bosumkiaa ot LINEL
[22]), xoTOpas MHTHOUPYET SKCIPECCHUIO
IFIT1-STAT1, mnpemsitctByss pasputuio AC
[68]. Hsa_circ 0031891 momasister MiR-579,
ycunusas skcnpeccuto HMGB1 u PDGF-BB-
WHIYIUPOBAHHYIO poaudepaIuio,
MUTpaIMI0 U HapylieHne AudQepeHnpoBKu
I'MKC aoptel yenoBeka. Dkcrpeccus MIR-
579 cumxkena y OonbHbIX AC KOpPOHApHBIX
aprepuii [69]. [Tpomsomenmas or LINE-CR1
[22] miR-582 omnpenenseTcs Ha BBICOKOM
ypoBHE B ChIBOpOTKE 00abHBIX AC [43].

I[Ipy  BoOCHANUTENBHBIX  PEAKIIHIX
CHIDKAeTCs YPOBEHb DHJIOTEIHATHHON
cuHTetassl okcuaa azota (ENOS), koropas
SBIISICTCS TJIABHBIM PETYJISITOPOM TOMEOCTasa
OK. Ilpu AC orcyrctBue OASL1 (2°-5°

oligoadenylate synthetase-like 1),
HE00X0IMMOMH Juis HOIIePIKAHUS
crabmipHocth  MPHK  eNOS  yckopser
MIPOrpECCUPOBAHUE OJIAIIeK. OASL1

B3auMojIelcTByeT ¢ MIR-584 (mpousomie et
or JIHK-tpancnozona hAT-Blackjack [22]),
kotopas  wHTHOMpyer  MPHK  eNOS,
CBSI3BIBAsICH C ee 3’UTR [70].
Caepxakcnpeccuss MiR-612 (mpousonuia ot
SINE/MIR [22]) uHruOupyer Murpaunuio u
neBaznio I'MKC, BbI3BIBasE ~ OCTaHOBKY
kineroyHoro 1wkina Ha craguun Gl. Ilon
BrusiaueM PDGF-BB, xoTopslii ciocoO0cTByeT
nponmupepaumun uw murpanun  ITMKC,
CHIKaeTcs oskcopeccuss MIR-612 [16]. B
CBIBOPOTKE 00J1bHBIX AC CHIKEH YpPOBEHb
PON1 u nmunnoit HkPHK, neiictByromeit kak
KOHKypeHTHas sHoreHHas PHK mist miR-616
(mpomzomia ot LINE2  [22]). bBsuio
ompezaenaeHo, uto MIR-616 wuHrHOHMpyer

skcnpeccuro PON1, cniocoOCcTByst pa3BUTHIO
AC [71].

Koapueas PHK circARHGAP12 B
IKCIIEPUMEHTAX Ha MBIIIaX CIOCcOOCTBOBaJA
AC 3a cyer CTHMYJSIIUU TpoJTUdepanu U
murpaimn TMKC aopter. CircARHGAP12
Tak)Ke HampsMylo CBs3biBajach ¢ MIR-630
(Bosumkina ot SINE/MIR [22]), MuIeHb0
KOTOPOWA SIBIISICTCS MeTHATpaHc(epasza
TUCTOHOB EZH2, MOAYJIUPYIOIIIast
TpaHckpunuuto  TIMP2 B perynsnuu
murpanud 'MKC u BbI3bIBaroIas pa3BUTHE
AC [72]. CXogHBIM MEXaHHU3MOM JICHCTBHS
obmamaer hsa_circ 0008896, Biusiomnias Ha
I'MKC nocpeactBom B3aumoeicTsus ¢ MiR-
633 (mpoumsomenmas or SINE/MIR [22] u
perymupytomas  CDC20B) [73]. MiR-637
(ucrounuk — LINE1 [22]) wunrubupyer

skcrpeccuto TRAF6  u  cmocoOcTByer
nponudepauun DK u  aHruorenesy,
UHTUOMPYS  amonTo3 M BOCHAJICHHE.

BsaumogeiictByrommas ¢ Heit circ_0003575
BBI3BIBACT O0OpaTHBIA dh(deKT, a TaKxke
aktuBupyetr nmytb NF-kB [74]. Dkcmpeccus
miR-641 (mpomszounuta ot SINE/MIR [22])
CHI)KEHAa B MHAYLIMPOBAaHHBIX OKHCIIEHHBIMH
munonporenHaMu HU3KoM miotHoctn ['MKC.
C nmamHot MukpoPHK B3aumopeiictByer
mmuHHas HKPHK MIAT [75]. Wctounukom
miR-652 B osBomouun sBiasercs JHK-
TPaHCII030H hAT-Tip100 [22].
Wurubuposanue 3toit MukpoPHK ymenbiiaer
nporpeccupoBanne AC u  ycuIuBaer
BOCCTAaHOBJIEHME  DJHJOTEIMS  3a  CYET
CTUMYJISIIIAY Kcnpeccuu nukinHa D2 [76].

N OO0JIbHBIX AC ompeneneHa
MOHW)KEHHAS IKCIpeccust miR-664a
(mpomzomma ot LINE1 [22]) [77]. dnuaHAs
ukPHK Punisher perymupyer amonto3 u
MHTOXOHIPUAJIbHBIN roMeocTas I'MKC
MMOCPEICTBOM B3auMoeicTBHs ¢ MIR-664a
[77]. lpouzomenmias or LINE2 miR-708 [22]
AKCIIPECCUPYETCA HA BBICOKOM ypoBHE B DK
HEOMHTHMBI B IOBPEXKIEHHBIX COCYJax IpH
(U3MONIOrMYEeCKOM TOTOKE KpPOBH U HE
aKcnpeccupyroTes npu  3actoe.  MiR-708
oOnanaer MIPOTUBOBOCTIATIUTEILHBIM
CBOMCTBOM, IOJIaBJIsAsl OKCIIPECCHUIO CBA3aHHOU
C PpelentopoM HHTepieHKkHHa-1 KHUHa3bI,
penenTopa uHTepiieiKkuHa-6, KOHCEPBAaTUBHOM
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CIpUAIIb-TICTISA-CITUPAIb BE3IECYIICH KHHA3BI
U UHruouTopa CyOBEAMHUIBI-Y KHHA3bI
saepHoro ¢akrtopa kB [78]. B Tkansx aprepuii
y OompHBIX AC omnpeneneHbl MOBBIIICHHBIC
ypoBuu mpowusomenimeit or LINE/CR1 [22]
MIiR-769, MHUILIEHBIO KOTOPOH  SIBISIOTCS
MPHK renoB kmnaszei GSK3B u TRAPPC2B
[43]. MIiR-7975, npowmsomeamas or LTR-
ERV1 [22], mnpemnoxeHa B  KauecTBe
MOTEHIMAILHOTO OMOMapKepa U MHUILIEHH ISt
neuenust AC [79]. YpoBuu skcrpeccuun MiR-
942 (npomsomenmmeii ot LINE2 [22])
OKa3aJIMCh JIOCTOBEPHO CHIKEHBI Y OOJIbHBIX B
noctoudypkanuoHHbix — KapotugHbix  AC.
MiR-942  moxaBnseT AKCIPECCHIO  TIeHa

cemeiictBa aaresuHoB GPR56 [80]. Takum
obpa3zom, mpomsomeamue or MI'D mukpoPHK
MOTYT BIUATH Ha pazButue AC nocpencTsom
n3MeHeHusa skcnpeccun TeHoB B ['MKC
(cocoOcTBYyst MaTOJIOTUYECKUOM
nponudepanuu, TMPPEepeHINPOBKE, HHBAZUU
u amonto3y kierok), B OK (BbI3bIBad
MATOJIOTMYECKYI0 ~ DKCIPECCHIO T'€HOB B
KJIETKax) ¥ Makpodarax, a Takxke BIHsS Ha
UMMYyHHBIEe mporeccel (MIR-1257 [28]; miR-
28 [40]; miR-2909 [41]), snureHeTnuecKue
daxtoper  (MiR-1264 [30], miR-630 [72],
B3auMozeicTBys ¢ ;ummHHbIMU HKPHK [46, 57,
71,75, 77] n xonsuieBoiMu PHK [59, 68, 69, 72,
73, 80] (Puc. 3).

| MOBW/IbHbIE TEHETUHECKWE 3/IEMEHTDI |

NMPONCXOXOEHNE B 3BOTKOLUMN

mukpoPHK

A 4

A

miR-326,-4731,-495, -
616,-641,-664a

miR-495,-576,-579, -
630,-633,-637,-942

B3aMMOAENCTBUE C
OAMHHbIMKM HKPHK
B3aUMOAEUCTBIE C [y Frverrrmm 3Kcpeccuu
KonbuesbimM PHK 2eHo8

HM3meHeHuUe 3Kcnpeccuu

obpazoBaHwue
makpodaro-
noaobHbIx
KNETOK

PA3BUTHUE ATEPOCKJIEPO3A

miR-1246,-1253,-1278,-192,
-374,-421, -4459,-4463, -

4487,-4731,-511,-552,-579,
-612,-641, -942
cnocoberBytoT

NaToIoTMYEeCcKon
anddepeHumposke,
WMHBa3UK U
2eHog nponudepaummn TMHKC KNEeTOK

miR-1248,-151,-4286,-| | miR-1257,-28, -
487,-544,-637, -708, - 2909,-320b,-326, -
769,-7975 340,-378,-384
cnocoberBytoT
naToNorMyeckomy
¢beHoTMny
3NUTENMANbHDBIX

y4yactue B
MaToNOrM4eCKMx
MMMYHHbBIX
peakumax

M3MeHeHWe
deHoTMna

BOCnaneHue MaKpOd}aFOB

\

AYTOMMMYHHbIE peakLm

A 4

Puc. 3. MexaHnusmel y4acTuda nNporu3omeammnx oT MOOHMIIBHBIX T€HETUYECKAX DIIEMEHTOB MI/IKpOPHK
B IIaTOIr€HE3C aTCPOCKIICPO3a
Fig. 3. Mechanisms of participation of microRNAs derived from transposable elements
in the pathogenesis of atherosclerosis



O630p Mycmadgpun PH, u 0p. B3aumocesnzb MOOUNALHBIX 2eHEeMUYECKUX ... 42
Review Mustafin RN, et al. Relationship of transposable elements with ...

Poanb aCCOIMUPOBAHHBIX c
aTepocKJIepo3oM NPON301IeIHNX oT
MOOMJILHBIX TeHeTHYeCKHUX JJIEMEHTOB
MuKpoPHK B crapennu

[Tockonbky AC cBs3aH CO CTapeHUEM U
BOCIAJICHUEM CTEHOK COCYJIOB [1],
aktuBanmedn MID [2, 3] npu crapeHuw,
MPOBEJICH aHaIM3 HAy4yHOH auTepaTrypsl 00
acconmanuu  npousomenmux ot  MID
mukpoPHK  omnoBpemenno ¢ AC wu
crapenueM. B ¢ubpobrnacrax yenoBeka mpu
CTapeHUU ONPEEIICHO MOBBIIICHHE YPOBHEM
miR-1246, miR-1271 [81, 82], miR-1273 [81],
mMiR-1290 [82], a Takke CHW)XEHHE YPOBHEH
miR-1257 [81], miR-1261 [82]. IIpu crapenuu
OIpEeIeTICHO CHIKEHHE OJKcmpeccur MR-
1248, miR-151 [25] u miR-147 [83],
MOBBIIIEHHE  dKcmpeccun MIR-192  [84].
VYpoBenb MIR-211 3HAaYWTENBHO BBIIIEC Y
JONTOXKHUTENEH MO CPaBHEHHIO C JIIOJbMHU C
KOPOTKOW  MPOAOJDKUTEIBHOCTRIO  JKU3HHU
(HU3Kas IKcmpeccus), 0OpaTHAs KOPPEAIUs
omnpeneneHa st MiR-340 u miR-374 [85].

MiR-224 accrionrpoBaHa co cTapeHueM
rojoBHOro Mmosra. Ee MuUIIeHbIO SBISETCS
MPHK rema CHOP, BoBimeueHHoro B
PEryJISIIMI0 MUTOXOHIPUATIBHBIX OesKoB [86].
B panHux craausx crapenust OK onpeneneHo
TPaH3UTOPHOE CHIDKCHUE KOHIIEHTpaluu MiR-
28 B maHHbIX KiIeTkax [87]. MiR-31 aeiictByer
Kak KJIFOUE€BOU JpaiiBep CTapeHus
(GOITUKYIAPHBIX CTBOJIOBBIX KJIETOK BOJIOC
nyteMm npsmoro HaunenuBanus Ha MPHK rena
Clock (ocHOBHO# TeH IHMPKATHBIX YacoB,
HapyIIeHHE PETyJISAINN KOTOPOTO aKTHBHPYET
kackan MAPK/ERK), BbI3bIBasg HCTOIICHHE
HFSC mocpeactBoM TpaHCIMUACPMATBHON
SIAMUHAIMKA. YcinoBHas aOmammsa MiR-31
oOecnieunBaet 3(hPEeKTUBHYIO 3ALIUTY KOKU OT
crapeaust [88]. IloBbleHHass 3Kcrpeccus
mMiR-320b acconuuposana co craperuem [89].
CHmxkenue ypoBHeir MIR-325 cnocoOcTByeT
CTapeHHUI0 XOHIPOIIUTOB 33 CUYET aKTHBAIIUU
nyTen p53/p21 [90]. [ToBbieHHas
akcmpeccust  MIR-326  onpenensercs B
¢ubpobiactax Kok npu crapeHuu [91].

IoBbimrenHast  skcmpeccus  MIR-335
cnocoOcTByeT crapenuto OK, wuHruOupys
skcpeccuro rena sSKlotho [92]. IIpu crapennn
B MOHOHYKJI€apax Mepu(epudecKol KpoBU
OIpeIEIIEHO CHIDKEHHE dKcrpeccun MiR-342,
HanenenHod Ha MPHK rena SIRT6 [93].
[ToBbIIICHHE AKCTIPECCUH miR-378
OTIPEJIEJICHO y JIFOJIeH CTapuecKoro BO3pacTa
IpH pereHepanuu Ml MumeHsmu MIR-
378 sBusaorcs MPHK reHOB cHUrHanmbHbIX
MyTe MHCYIMHO-TI0I00HOTO (hakTOpa pocra
(IGF-1) [94]. Beuto BhIsiBIIEHO, uTo MIR-384

HETaTUBHO perynupyer BO3PACTHYIO
OCTEOTEeHHYIO b hepeHIPOBKY
ME3EeHXMMAaJIbHBIX CTBOJIOBBIX KIIETOK

KOCTHOT'O MO3T'a, YTO CBHJICTEIILCTBYET O POJIU
nannoit mMukpoPHK B crapenun [95]. Co
CTapeHHEM KOXH OIpe/elieHa acCOIHAaIns
HOBBIIIEHUS dKcrpeccuu MIR-4487 [96].

B oskcmepuMeHTax Ha  KIETOYHBIX
JTUHUSX 4eloBeka MIR-495 cnocoOcTBoBasa
CTAPCHHIO  ME3CHXUMAIbHBIX  CTBOJIOBBIX
KJIETOK 3a cueT Bo3naeidictBus Ha MPHK
nporoorkorena BMI1 [97]. MIiR-520d
CIIOCOOCTBYET CTapeHUIO CKEJICTHOU
MYCKyJIaTyphl 32  CYeT  BJMSHHS  Ha
perynstopabie dpakTopsl MyoD, MyoG, Mef2c,
Myf5.  JInmuanas wxkPHK GPRC5D-AS1,
uHrudupyromas mMiR-520d, npemnoxena B
Ka4eCTBE TEPANEBTHUCCKOW MHUILIEHH IS
neuenusi capkomnenuu [98]. Ilpu crapenun y
JIOJIEH OTPEJIETICHO YBEIHYCHUE SKCIPECCUH
mMiR-552 B 124 pa3a Gosibliiee B CpaBHEHUH C
MonoasiMu  JoaepMu  [99]. Co crapeHuem
(ubpoOracToB  4YeIOBEKa  aCCOIMHUPOBAHO
CHIKeHHE ypoBHed MIR-548, mIiR-576 u
noBeiienne — MIiR-584 [81, 82], miR-633
[83], miR-641 [81]. B skcmepumeHTax mnpu
CTapeHUH CyCTaBOB  OBUIO  OMpEIEICHO
CHIDKeHHE ypoBHeH MIR-652 u miR-708
[100]. B Ttabnunie mpencraBieHbl TaHHBIE 00
MU3MEHEHUSX OKCIPECCHU  CIeHU(pHUISCKUX
MukpoPHK, npowmszomenmmx or MID mpu
aTepockiiepo3e W 00 WX acCCOIMAIMH CO
CTapeHUCM.
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Tabauya (nauano)
Accouuanus npousomenmux or MI'D mukpoPHK ¢ atepockiiepo3om u crapennem
Beginning of Table

Association of transposable elements-derived microRNAs with atherosclerosis and ageing

. HN3menenne 3xcnpeccnu HN3meHeHnne 3xcnpeccuu
MoouabHbIi
. MukpoPHK npnu MuxkpoPHK npu crapenun
Ne MuxpoPHK reHeTHYeCKU
aTepockJjepo3e (MOBbIIEHHUE - | (IOBbILIEHNE - T, CHUIKEHHE - |)

ANEMEHT-HCTOTHUK 1, CHIZKeHue - |) [aBTOp] [aBTOD]
1 miR-1202 ERV1 1 [23]
2 miR-1246 ERVL 1 [24] 181, 82]
3 miR-1248 SINE/Alu 1 [26] 1 [25]
4 miR-1253 LINE2, SINE/MIR 1 [27]
5 miR-1257 ERVL 1 [28] 1 [81]
6 miR-1261 Tc-Mar 1 [29] 1 [82]
7 miR-1264 LINE2 1 [30]
8 miR-1271 LINE2 1 [31] 1 [81]
9 miR-1273 LINE, SINE, ERVL 1 [32] 1 [81]
10 miR-1278 SINE/MIR 1 [33]
11 miR-1290 SINE/MIR 1 [29] 1 [82]
12 miR-1296 LINE2 1 [34]
13 miR-147 LINE1 1 [35] 1 [83]
14 miR-151 LINE2 1 [36] 1 [25]
15 miR-192 LINE2 1 [37] 1 [84]
16 miR-211 LINE2 1 [38] 1 [85]
17 miR-224 MER-135 1 [39] 1 [86]
18 miR-28 LINE2 1 [40] 1 [87]
19 miR-2909 ERVL 1 [41]
20 miR-31 LINE2 1 [42] 1 [88]
21 miR-3168 hAT-Charlie 1 [43]
22 miR-320b LINE2 1 [44] 1 [89]
23 miR-325 LINE2 1 [45] 1 [90]
24 miR-326 hAT-Tip100 1 [46] 1[91]
25 miR-335 SINE/MIR 1 [43] 1[92]
26 miR-340 TcMar-Mariner 1 [47] 1[85]
27 miR-342 SINE/ARNA-RTE | [48] 193]
28 miR-3646 SINE/MIR 1 [49]
29 miR-374 LINE2 1 [50] 1 [85]
30 miR-378 SINE/MIR, LINE2 1 [61] 1 [94]
31 miR-384 LINE-Dong-R4 1[52] 1[95]
32 miR-421 LINE2 1 [53]
33 miR-4286 ERVL | [54]
34 miR-4463 hAT Charlie | [55]
35 miR-4487 LINE1 1 [56] 1 [96]
36 miR-4731 LINE-CR1 1 [67]
37 miR-487 SINE/MIR 1 [58]
38 miR-493 LINE2 | [34]
39 miR-495 ERVL 1 [59] 1 [97]
40 miR-498 LINE1 1 [60]
41 miR-502 LINE2 1 [61]
42 miR-511 LINE1 1 [62]
43 miR-520d SINE/Alu 1 [63] 1[98]
44 miR-544 hAT Charlie 1 [64]
45 miR-548 LINE, LTR-P3, SINE, 1 [65] 1181, 82]

TcMar, hAT Charlie
46 miR-552 LINE1 1 [66] 1199]
47 miR-575 hAT Charlie 1 [67]
48 miR-576 LINE1 | [68] | [81]
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Tabauya (oxonuarue)

Accouuanus npousomenmux or MI'D mukpoPHK ¢ atepockiiepo3om u crapennem

End of Table

Association of transposable elements-derived microRNAs with atherosclerosis and ageing

. HN3menenne 3xcnpeccnu HN3meHeHnne 3xcnpeccuu
MoOuIbHbII
. MukpoPHK npnu MuxkpoPHK npu crapenun
Ne MuxpoPHK reHeTHYeCKU
aTepockJjepo3e (MOBbIIEHHUE - | (IOBbILIEHNE - T, CHUIKEHHE - |)
3JIeMEHT-UCTOYHUK
1, cHUKeHue - |) [aBTOp] [aBTOP]
49 miR-579 LINE1 L [69]
50 miR-582 LINE-CR1 1 [43]
51 miR-584 hAT-Blackjack 1 [70] 1181, 82]
52 miR-612 SINE/MIR 1 [16]
53 miR-616 LINE2 1 [71]
54 miR-630 SINE/MIR L[72]
55 miR-633 SINE/MIR L[73] 1 [83]
56 miR-637 LINE1 L [74]
57 miR-641 SINE/MIR L [75] 1 [81]
58 miR-652 hAT-Tip100 1 [76] 1 [100]
59 miR-664a LINE1 L[77]
60 miR-708 LINE2 L [78] 1 [100]
61 miR-769 LINE/CR1 1 [43]
62 miR-7975 LTR-ERV1 1[79]
63 miR-891a SINE/MIR 1 [29]
64 miR-942 LINE2 1 [80]

[IpencraBnenHple B TaOMUIlE JaHHBIC
CBUJIETEIBCTBYIOT O TOM, 4TO aKkTuBamus MI'D
npu CTapeHUH MOXET CIIYKUTb
WHULIMUPYIOIUM COOBITHEM B HaPYyIICHUH
pEeryJsiluy SMUT€HETUYECKUX T€HHBIX CETeH,
YTO OTpaKaeTcs B U3MEHEHHUSX YPOBHEH
cneruduuecknx MukpoPHK, crnocoOcTBys
atepockiiepo3y. Ilpu AC wmoxer ObITh
CXOZHOE CO CTApEHUEM BO3pacCTaHHE YPOBHEU
npomsorreamux or MI'D mukpoPHK (miR-
1246, -1271, -1273, -192, -31, -320b, -326, -
335, -340, -374, -378, -384, -4487, -552, -584)
win ux cHmkenue (MiR-151, -211, -224, -342,
-421, -493, -548, -576, -708). JI1s1 HECKOIBKUX
MukpoPHK omnpeneneHo pasHoe u3MeHeHHE
AKCIIPECCUM TIPH CTAPEHUH M aTepOCKIIEPO3e
(miR-1248, -1257, -1261, -1290, -147, -28, -
325, -495, -520d, -633, -641, -652), uto
JIOTUYHO, TOCKOJBKY CTapeHHe SIBISETCS He
€IMHCTBEHHBIM (DAKTOPOM, CIIOCOOCTBYIOIIUM
paszButuro Ooneznu. AktuBarus MI'D takxke
MPOUCXOAUT TOJ] BIUSHUEM Pa3TUIHBIX
IIPUYMH, B TOM 4ucie Bupycos [11] u crpecca
[7], xak OBLITO OTMEYECHO B CTAThHE.

3aki0ueHue. YBenuueHue
3a00J1eBa€MOCTH aTepOCKJIEPO30M c
BO3pPACTOM MOXHO OOBSCHUTH pOJIbIO B
crapeHUH  aktuBauuu MI'D,  KoTOpbIE

BBI3BIBAIOT  MAaTOJIOTMYECKYI0  AKTHBALMIO
MukpoPHK wu gmuneeix  #HkPHK, renos
UMMYHHOU cucTeMbl, Makpogaros, OIK,
I'MKC. Kpome TOro, npoayKkThl 3KCIpPECCUU
PD sBnstorcs TpurrepaMu MHTEPHEPOHOBOTO
OTBETa U pa3BUTHUA acenTUYeCKOro
BOCIAJICHUSI B OpPraHU3Me, XapaKTEPHOIO JUIs
AC. Ananu3 Hay4YHOU JIUTEPATYPHI MTO3BOJIMI
BbIIBUT 64 mpomsomenmux or MIO
mukpoPHK (30 — ot LINE, 13 — ot SINE, 10 -
or JHK-tpancmozonoB, 7 — or LTR-
conepxammx PO, 2 — omnoBpemenno ot LINE
u SINE, 1 —-ot1 LINE, SINE, LTR, 1 -0or PO u
JIHK-TpaHCcno30HOB), U3MEHEHHSI KCIIPECCUU
KOTOPBIX aCCOLIMUPOBAHBI C aTEPOCKIIEPO3OM.
Mexanu3m ux ydactusa B mnaroreHese AC
00yCJIOBJIEH BIMSHUEM Ha HKCIPECCHUIO T€HOB
B OHJOTEIHOLMTAX, B TJaJKOMBIIIEYHBIX
KJIETKaX COCYAMCTOW CTEHKH, B Makpodarax;
BO3JEHCTBHEM Ha MeTa00INU3M
JUIONPOTENHOB; U3MEHEHHUEM
¢bynkuuonupoBanus AuHHBIX  HKPHK
konbleBbix PHK. M3 64 accounnpoBaHHbBIX C
aTepOCKIIEPO30M Mpouzomeamux or MID
MukpoPHK 1npu crapenun omnpeneneHo
n3Menenue skcrpeccun 34 muxkpoPHK. Dto
CBUJICTEJILCTBYET O  HAJIM4YUUM  OOLIMX
JNUTCHETUYECKUX MEXAaHU3MOB CTapeHHs U
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Pesrome

AxkrtyaabHocTb: [lo manaeiM BO3 mpumepno 8-13% >KeHIIMH penpoayKTHBHOTO BO3pacTa
CTPalalOT CUHIAPOMOM TOJUKUCTO3HBIX sudHUKOB (CIIKA), nmpu atom 10 70% >KEHIIUMH BO BCEM
mupe ¢ CIIKS ocratorces ve nuarnoctupoBanubivu. CIIKS siBnsiercs Hanbonee pacnpocTpaHeHHON
MPUYMHON aHOBYJSIMM U OcHOBHOW mnpuunHoi Oecrutogus. s CIIKS  xapakTtepHsl
OKHCIIUTENBHBIA CTPECC U CHUIKEHUE aHTHOKCUIAHTHOTO CTaTyca. AKTUBHOCTh @HTHOKCHUJIAHTHBIX
(epMEHTOB TEHETUYECKH JACTePMHUHHPOBAHA M 3aBUCUT OT HAIWYHUS MOJUMOPQHBIX alieNen.
[Tokazano, yto momumop¢Hei Bapuant Alal6Val rena SOD2 moxeT MpUBOAWTH K HCTOLICHUIO
(dbepmeHTa U OBITH acCOIMUPOBAHHBIM ¢ puckoMm pasputus CIIKS. B nurteparype mpucyTCTBYIOT
IPOTUBOPEUYMUBBIE JaHHbIE 00 accouuaiuu noaumMopgHoro jgokyca rs4880 rena SOD2 ¢ CIIKS. Hean
uccaenoBanmsi: VccrnemoBate  acconmanuio  moiauMopdHOro  Jokyca  Vall6Ala  rena
MUTOXOHAPHAIIEHOU cymnepokcuaaucmyTassl (SOD2) ¢ CHHIPOMOM MOJUKUCTO3a SUYHUKOB IO
MIPOTOKOJTY TIPOBEACHHSI CHCTEMaTHIECKHX 0030poB M MeTa-aHanmn30B PRISMA B ucciemoBanusx
«cimyyaii-koHTpoJib». MaTepuanbl U Metoabl [IpoBeneH BCeCTOPOHHUI MOUCK IO 3IEKTPOHHBIM
0azam nmaHHBIX, BKiItodas PubMed, eLibrary, Science Direct, Google Scholar, EMBASE, Scopus u
KokpaHoBckyto OHOMMOTEKY WCCIIEIOBAaHUN, ONMyOJMKOBAaHHBIX 10 jAekabps 2022 roma u
MOCBAIIEHHBIX TOUCKY accouuanuii Mex ity nonumopduzmom rs4880 B rene SOD2 u CITKSI. ITouck
MPOBOJMJICSA MO CIEAYIOIIUM KIIOUYEBBIM cioBaM: «CHHAPOM MOJUKUCTO3HBIX SIMUHUKOBY WIIH
«CIIK Sy, «cynepokcuaaucmyTtasa 2» unu «SOD2y» wm «MnSODy, «momumopduzm» uinn « SNPy
i «BapuaHT» win «rs4880» miu Alal6Val unun C47T Ha aHTIuiickoMm, apaOCKOM M PyCCKOM
s3pikax. M3 95 peneBaHTHBIX MyOJHMKAIMA KPUTEPHUSM COOTBETCTBOBAIA 6 TMOIXOSAIIUX
HccaeaoBaHui «cmydai-KoHTpostb» ¢ 1606 cioyuasmu CITKS u 1333 koHTpOSISIME 17151 BKITFOUCHHS B
JTaHHBIA MeTa-aHaau3. BOIBIIMHCTBO OTOOpPAaHHBIX WCCIICOBAHHMNA OBLTU TPOBEACHBI B 3amaIHOM
A3sun. Mera-aHanu3 NPOBOJUIICA B COOTBETCTBUM C MpoTokojoM PRISMA wu ucnonb3oBaHueM
Review Manager Bepcuu 5.4. PesyabTaThl: [lokazaHo, yTo Hanmuuue, 1Mo KpailHeH mepe, oJHOU
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kormu T-anmens B mosmmMopdHoM Jtokyce rs4880 y marmentos ¢ CIIKS yBenuumBaeT puck pa3BUTHS
CUHApPOMAa B TpeX TIEHETHMYECKUX MOJIEISIX: JOMHUHAHTHOM, aieJbHOW U TE€TepPO3UTOTHOM.
3akirouyenue: Pe3ynbpraTel MeTa-aHaIu3a AEMOHCTPUPYIOT, 4TO mosmmopdusm rs4880 rena SOD2
MokeT ObITh ¢akTopoMm pucka passutusa CIIKS, u mpenmonaraercsa, uyto amiens Val moxer

noBelaTh puck pazsurus CITKS.
KiaroueBble cioBa: Mera-ananus; CITKS; rs4880; SOD2; Alal6Val; PRISMA; 6ecrmonue
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Abstract

Background: According to WHO, approximately 8-13% of women of reproductive age suffer from
polycystic ovary syndrome (PCOS), while up to 70% of women worldwide with PCOS remain
undiagnosed. PCOS is the most common cause of anovulation and the main cause of infertility. PCOS
is characterized by oxidative stress and a decrease in antioxidant status. The activity of antioxidant
enzymes is genetically determined and depends on the presence of polymorphic alleles, and it has
been shown that the polymorphic variant Alal6Val of the SOD2 gene can lead to enzyme depletion
and be associated with the risk of PCOS. There are contradictory data in the literature on the
association of the polymorphic locus rs4880 of the SOD2 gene with PCOS. The aim of the study:
To investigate the association of the polymorphic locus Vall6Ala of the mitochondrial superoxide
dismutase (SOD2) gene with polycystic ovarian syndrome according to the PRISMA protocol of
systematic reviews and meta-analyses in case-control studies. Materials and methods: A
comprehensive search was conducted on electronic databases, including PubMed, eLibrary, Science
Direct, Google Scholar, EMBASE, Scopus and the Cochrane Library of studies published before
December 2022 and devoted to the search for associations between rs4880 polymorphism in the
SOD2 gene and PCOS. The search was conducted by the following keywords: "Polycystic ovary
syndrome" or "PCOS", "superoxide dismutase 2" or "SOD2" or "MnSOD", "polymorphism" or
"SNP" or "variant" or "rs4880" or Alal6Val or C47T in English, Arabic and Russian. Out of 95
relevant publications, 6 suitable case-control studies with 1,606 cases of PCOS and 1,333 controls
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met the criteria for inclusion in this meta-analysis. Most of the selected studies were conducted in
Western Asia. The meta-analysis was carried out in accordance with the PRISMA protocol and using
Review Manager version 5.4. Results: It has been shown that the presence of at least one copy of the
T-allele in the polymorphic locus rs4880 in patients with PCOS was shown to increase the risk of
developing the syndrome in three genetic models: dominant, allelic and heterozygous. Conclusion:
The results of the meta-analysis demonstrate that the rs4880 polymorphism of the SOD2 gene may
be a risk factor for the development of PCOS, and it is assumed that the Val allele may increase the

risk of developing PCOS.

Keywords: meta-analysis; PCOS; rs4880; SOD2; Alal6Val; PRISMA; infertility

For citation: Ali RM, Lomteva SV, Alexandrova AA, et al. Association of polymorphic locus rs4880
of superoxide dismutase 2 gene (SOD2) with Polycystic Ovary Syndrome: A meta-analysis. Research
Results in Biomedicine. 2025;11(1):57-74. Russian. DOI:10.18413/2658-6533-2025-11-1-0-3

BBenenne. CHHIPOM TOJMKUCTO3HBIX
sugaukoB (CIIKS) — omHo M3 cambix
pacnpoCTpaHEHHbIX MaTOJIOTUYECKUX
COCTOSIHMI Cpely KEHIIUH PernpoayKTUBHOTO
Bo3pacta: [lo nanasim BO3 nmpumepno 8-13%
KEHILUH PENPOTyKTHBHOTO BO3pacra
CTpajaroT CHUHPOMOM TOJUKHUCTO3HBIX
sugankoB (CIIKS), mpu stom 1o 70%
xkeHIuH Bo BceM Mmupe ¢ CIIKS ocrarores
HequarHoctupoBanubiMu.  CIIKS sBnsiercs
HauOoJiee  PacHpOCTPAHEHHOW  MPUUYHMHOU
AQHOBYJIALIMM U OCHOBHOM  IIPUYMHOU
oecrutogust [1, 2]. CIIKS — xpoHmueckoe
CUCTeMHOE  3a00JieBaHHE CO  MHOTHMH
reTepOreHHbIMU KJIMHUYECKUMU
MPOSIBJICHUSIMU, HauboJee pacrnpoCcTpaHeH-
HBIMH U3 KOTOPBIX SIBISIIOTCA THUPCYTHU3M,
TUTIEPAHIPOTECHUSI, XPOHHUYECKUE HAPYIICHUS
MEHCTPYaJIbHOTO IHMKJIa WIH OBYJALMH H
MOp(}OIOTHsI MONUKUCTO3HBIX SIMYHUKOB |3,
4]. Tlokazano, uro B 40% cmyuae CIIKS
npuBoAUT K Oecromuto [5]. DTo wacrto
CBSI3aHO C META0ONMYECKUMHU HAPYIICHUSIMH,
TaKUMHU KaK JUCTUNuieMus [6], HapyiieHue
TOJIEPAHTHOCTH K TIIFOKO3€ U PE3UCTEHTHOCTH
K MHCYIMHY [7], 4YTO, B CBOI OYEPE.b,
MPUBOIUT K DPA3BUTHIO OXXHUPEHUsI, AuadeTa
2tuna  [8, 9], cepAeYHO-COCYIUCTHIM
3aboneBaHusM, paky >Hg0MeTpus [10, 11] u
MeTaboIMueCcKUM HapyuieHusM [12], kotopbie
JEHCTBYIOT CHHEpPruYecKu. BapuabenbHOCTH
KJIMHUYECKUX MPOSIBJICHUI CIIKA
OoOyCJIOBNMBAET  HANW4Me  3HAYUTEIBHBIX
TPYAHOCTEM TMpU TMOCTAHOBKE JUArHosa.

[osiBnsieTcst Bce OObIIE T0KA3aTENbCTB TOTO,
YTO B IATOI€HE3€ YYACTBYIOT XPOHHYECKOE
BOCIIAJICHWE M OKUCIUTENbHBIA cTpecc [13,
14]. HenmaBHo OblIO OOHApyKE€HO, YTO
OKHUCJIUTEIbHBIA CTPECC U  XPOHUYECKOE
BOCHAJICHUE HHU3KOW CTENEeHH aKTUBHOCTH
COTIPOBOXKIAIOTCS CHI)KEHHEM
AHTHUOKCHUJAHTHON CITIOCOOHOCTH Y MallMEHTOK
¢ CIIKA [3, 15]. B To *e BpeMs akTUBHbBIE
(GopMBI  KHCIIOpOZa  UIPAOT  BaXHYIO
(u3MONOrMYecKyl0  poilb B Ipoleccax
KEHCKOW pEenpoayKIMH, TaKUX KaK OOTEHE3,
(hoNTMKyIO0TeHe3, CTEpOHIOTEHE3,
SMOpPHOHAJIBHOE pa3BUTHE U OEpPEeMEHHOCTh
[16]. V30bITOUHBIE YPOBHU AKTHUBHBIX (OpPM

KHCJIOpOAa obnamaroT JOCTATOYHO
pa3pyLIUTEIBHBIM P exTom.
OKuCIUTENBHBINA cTpecc U3MEHSIET

OBapUaJlbHBIH CTEPOUIOTEHE3 B CTOPOHY
YBEJUYEHUSI BBIPAOOTKH aHJPOTEHOB, YTO
MPUBOAUT K arpe3uu QosunkynoB. Kpome
TOTO, 3TO COCTOSIHHE CHUJILHO aCCOLMUPOBAHO C
XPOHUYECKUM BOCIaTeHUuEeM. TakiuM 06pa3oM,
OKHUCJIUTEIbHBIA CTPECC MOXKET MOBIHUATH Ha

CO3pEBaHHE STIIEKIJIETOK u HCXOT
oepemennoctu [17]. CIIKS umeeT cioxHYyIO
3THOJIOI'HUIO, BBI3BAHHYIO COUYCTaHHUEM

T€HETHUYECKUX, SITUTEHETHUECKUX (aKTOPOB U
(dakTopoB OKpyXkatouieit cpenasl. Bpicokas
MHTEHCUBHOCTb XPOHUYECKOTO BOCHAJIEHUS U
acCOLMMpOBaHHAs € HUM  IOBBILICHHAA
WHTEHCUBHOCTD CBOOOTHO-PaAMKAIBHBIX
nporeccoB BiustoT Ha pazsutue CIIKSA [13,
18, 19]. Ilpu usyuenun mnaroreHesza CIIKA
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MosIBIIIETCS. Bce Oounbliie HHPOpMALUU O
MOBPEKIAIOIIEM BIUSHUU OKHCIUTEIBHOIO
cTpecca Ha AHTUOKCUIAHTHBIE CBOMCTBA
Opranu3mMa [20]. buomapxkepsl
OKHUCJIUTEIBHOIO  CTpecca  3HAYMTENIBHO
IOBBIIIEHBI B CHIBOPOTKE  KPOBU U
(b OJTHKYISIPHOM XKHUAKOCTH, 8 OOIINNA YPOBEHb
AHTUOKCHUJAHTOB B CHIBOPOTKE KPOBHU CHUKEH
y xeHmuH c CIIKS, no cpaBHeHuio co
310pOBbIMU >keHIMHamu [21, 22, 23]. Cpeau
pa3IM4YHBIX JIETEPMUHAHT CIIKA,
aCCOLIMUPOBAHHBIX c OKHUCJIUTEIHHBIM
CTpeccoM, BaKHEHIIas poJib  OTBOAMTCA
TeHETHYECKUM  (haKTopaM: MOITUMOPPHUIMY
T€HOB,  PETYIHPYIOIIUX  OKHCIUTEIbHBIN
CTpecc, ¥ IMUTCHETUYECKOU PETyIsSLUU.
CynepokcunaucmyTtaza 2 (SOD2)
SBIIETCS MUTOXOHJPHAIBHON  H30(opMOit
SOD, wmmu wmaprangesoit SOD (MnSOD),
KOTOpast ABIISICTCS BEIYLIUM
AHTHOKCUJAHTHBIM bepmenTOM B
MUTOXOHJPUSAX U HAXOAUTCS BO BCEX KIIETKAX,
NOTPeOIIIOLTNX KHUCIIOPOJ. SOD2
JNETOKCULIUPYET  CYNEpPOKCUIHBIE  aHHOH-
paauxansl (O%), npespaimias UX B HEPEKHCh
BOJIOpOJIa (H202), KoTOpas 3areM
BoccTaHaBnuBaercs katanazod (CAT) wu
nrytatuoHnepokcunazamu  (GPx) 1o Bomsl
[24]. ITo nanubIM TeHOMHOTO Opayzepa UCSC
[25], cTpykTypHas opranuzauus reHa SOD2
IIpE/ICTaBICHA ISTBIO 9K30HaMH,
pacrnoiokeHHbIMU Ha xpomocome 6q25.3. Tlo
nanubiM nipoekta GTEX, skcmpeccus reHa
JNEMOHCTpUpYyeTcs B 54 TKaHSIX 4YEJIOBEKa.
CymmapHoe MeIMaHHOE KOJINYECTBO
TPAHCKPUNTOB Ha MWJUIMOH Map OCHOBaHUM
(TPM) — 3058. Hawubomnblee MeauaHHOE
3HAQYEHNE OTMEYAETCS B CKEJIETHON MBIIIEYHOMN
Tkanu — 496.1 TPM [26]. Beuto noka3aHo, 4To
Hanmuuyue noiauMmopdusmMoB B rTeHe SOD?2
aCCOLMUPOBAHO c HaJIM4ueM psaaa
MHOTO(AKTOPHBIX 3a00JeBaHUN, TaKUX Kak
CepJIeUHO-COCYAUCThIE 3a00IeBaHus, TUA0ET U
€ro OCJIOKHEHHS, O)KUpPEHHE, PaK MPOCTaThl U
pak MosouHou xene3nl [27-30]. SOD2
SBIISIETCS BaXXHBIM (DEPMEHTOM, KOTOPBI
UrpaeT LEHTPaJbHYI0 pOJIb B OTBETE Ha
OKHCIUTENbHBIN  cTpecc.  [lomumopdHbIit

aokyc 154880 (Alal6Val wmm C47T) rena
SOD2, npuBOAUT K 3aMEHE aJJaHWHA Ha BAJIMH,
YTO MPUBOAUT K HAKOIJICHUIO CYNEPOKCHIA B
MHUTOXOHAPUATHHOM MaTpuKce u,
COOTBETCTBEHHO, OOJBIICH BBIPAKEHHOCTH
okucnuTenbHbIX noBpexaenuit MmtJHK [31].
Panee accommarnusa nomumopdusma 1s4880
rena SOD2 c¢ CIIKA Opuia u3ydena B
pa3nuuHbIX nonyasanusax mupa [ 13, 24, 32-35],
OJTHaKO pe3yabTaThI OCTaroTCs
MPOTUBOPEUUBHIMHU.

Heas wmccaenoBanus. lcciegoBaTh
aCCOLIUAIUIO nOoIUMOPGHOTO JOoKyca
Vall6Ala reHa MUTOXOH/IpUAIbHON
cyrnepokcugaucmyTassl (SOD2) ¢ CHHAPOMOM
MOJIMKKUCTO3a  SIMYHUKOB IO  MPOTOKOIY
MPOBEACHUS CHCTEMAaTUYECKUX 0030pOB U
MeTta-aHann3oB PRISMA B wucciegoBaHHSIX
«CIIy4aii-KOHTPOJIbY.

MarepuaJibl 1 METOAbI MCCIEIOBAHUS

Cmpamezus noucka ucciedosanuii

B Tteuenue nexabps 2022 roma ™Mbl
CUCTEMAaTHYECKH TPOBOAUIN BCECTOPOHHHIM
MOUCK 1O DJJCKTPOHHBIM 0azaM JIaHHBIX,
Biitouass PubMed, eLibrary, Science Direct,
Google Scholar, EMBASE, Scopus wu
KokpanoBckyto OMOMHOTEKY HCCIIEOBaHUH,
BBISIBUB  3HAUMMbIE  aCCOLMALUUA  MEXKIY
nomumopdusmom 1s4880 B rene SOD2 u
CIIKA. Ilouck mpoBoAwiCS MO CIEAYIOUIUM
KJIFOUEBBIM CJIOBaM: "Cungpom
MOJIMKKUCTO3HBIX sauuHuKkoB" wumm "CIIKS",
"cynepokcunaucmytasza 2" win "SOD2" unm
"MnSOD", "nomumopduzm" nim "SNP" umu
"papuant”" wim "rs4880" mmm Alal6Val wim
C47T Ha aHmIMiicKOM, apaOCKOM U PYCCKOM
sI3pIKax. Takke OBbLI MPOBENEH PYyYHOU MOMCK
B CIIUCKE JIUTEPATYPHI JUIsl BBISIBIICHUS IPYTUX
NOTEHIIMAJIbHBIX myOIUKaIui. JlaHHBIH
CUCTEeMaTH4YeCKUi 0030p OBLT TPOBEACH B
COOTBETCTBUHU C OCHOBHBIMU TPEOOBAHUAMH K
CUCTEeMaTHYECKUM 0030paM B MeTa-aHallu3aM
PRISMA [36].

Kpumepuu exniouenus u uckiovenus

Ot6op pabor ans  MeTa-aHalmu3a
MIPOBOJIUJICSI B COOTBETCTBHUHU CO CIEAYIOLTUMU
Kputepusimu: (1) MCCIeIOBaHUS C JU3aHOM
«CIy4al-KOHTpoNbY»; (il) HCclenoBaHus, B
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KOTOpPBIX OILIEHMBAJach accolMalUsg JIOKyca
rs4880 (Alal6Val unmu C47T) rena SOD2 ¢
CIIKS; (iii)) opurHHaIbHBIC WCCICIOBAHHS C
TEeHOTUIMYECKUMH JaHHBIMU [UIsl pacyera
orHomeHuss mancoB  (OLD) wu  95%
noseputesnbHoro unrepsaia ([AU1). Kpurepuu
HCKITFOUeHUs: (1) UCCIIeIOBAaHHUS, B KOTOPBIX HE
paccmarpuBaiach accouuamnus rs4880 ¢
CIIKS; (i1) moBTopstomumecs myOonukaum; (iii)
pedeparbl, MeTa-aHaIU3bl WM 0030pHBIE
CTaThH,

Omobop uccnedosanuii

W3BreueHre JaHHBIX U3 OPUTHHAIBHBIX
myOMUKaIMiA ¥ UX METOIOJIOTHYECKask OLEHKa
ObUTH TPOBENCHBI TPEMs HCCIEIOBATEISIMU
HE3aBUCUMO JApyr oT gapyra. s Kakaoro
WCCIIeIOBaHMS OBLUTN OTIPE/ICIICHBI CIICAYIOIHNE
OCHOBHBIC XapaKTEPUCTUKU: (1) UMS TEPBOTO
aBropa; (ii) rom myOmukaruw; (iii) MecTo
MPOBEACHUS HCccaeaoBaHus; (1v) KOJUYECTBO
YYaCTHUKOB B OKCIIEPUMEHTAIBbHOU U
KOHTPOJIBHOM  IpyIIax; (v)  meromsl
TeHOTUMHUPOBaHUs; (Vi) TEeHOTUINHYECKHE U
annenbHble pactpenenenus (Taom. 1).

Cmamucmuyeckuii ananu3z

Jis  KaXAOro  UCCIENOBaHUS B
KOHTPOJIbHBIX rpymnmnax coOIoanoch
ypaBHeHue Xapau—Baiin6epra (HWE). s
MPOBEJCHUSI METa-aHaliu3a HCIOJb30BaIN
nporpaMMHoe obecrnieueHue Review Manager
Bepcun 5.4 [37]. Bennumna accoumanuu
Mexay noaumopduzmom rs4880 rena SOD2 n
PUCKOM CIIKJ OIl€HUBAJIACh c
WCMONB30BAaHUEM  KPUTEpUsS  OTHOIICHHS
mancoB (OI) c¢ 95% noBepuTenbHBIM
uatepBagom  ([AM). Uzyuamace  oOmrast
accolyanusi B paMKkax JOMHUHAHTHOW MOJEIH

(CC + CT mporus TT), perieccuBHON MojeH
(TT nmpotus TC + CC), annenbroi moxenu (C
npotuB  T), romosurotHoit moxenn (CC
npotuB TT) u rereposurornoii moxenu (CT
npotuB TT). BaxHOCTP KOMOMHHUPOBAHHOTO
Ol  oueHuBajmachb €  HUCHOJIb30BaHUEM
Z-3HayeHuii, a p-3Hauenne <0,05 ObUIO
YCTaHOBJICHO CTaTUCTUYCCKU 3HAYUMBIM.
Craructuueckas HEOJTHOPOJHOCTD
MEXJIy HCCICIOBAaHUSMHU OILEHUBANIACh C
OMOIIbI0 Q-KpHUTEpHs HA OCHOBE XU-KBaIpaT
u craructuku 12, Ecim 12 npesbnman 50%,
HEOJHOPOTHOCTh CUHMTANIACh BBICOKOM, M IS
o0benuHenuss Ol wucnonbp3oBanach MoJenb
ciy4vaitHoro 3¢ dekra. B mporuBHOM ciyuae,
ecmu 1> cocraBmsm menee  50%,
WCIIOJB30BANIACh MOJENb C (PUKCHPOBAHHBIM
ahdexTom.
Pe3yabTarnl
Xapaxmepucmuxka
uccnedosanull
B pesynbrare noricka 1uteparypsl ObLIO
orobpaHo B  oOmeil  ciokHocTH 95
pENEeBaHTHBIX nyOIMKanui. ITocne
HCKITIOUCHHUS TTOBTOPSFOIIIAXCS "
HEpeNeBaHTHBIX MyOIHKaIWii, B MeTa-aHAIU3
ObUIM BKJIIOYEHBI 6 OpPUTHMHAIBHBIX padoT,
uccneaymux accouuanuto  rs4880 rena
SOD2 ¢ CIIKA (Puc. 1). BompmmuCcTBO
0TOOpaHHBIX HCCIIEIOBaHUI ObLIO MPOBEIEHO
Ha TOMyNALMUAX, MpOoKUBaoImMX B Typiuwy,
Upane, Caynosckoit ApaBuu [32-35]. JIBe
paboThl ObUIM MPOBEAEHBI HAa KHUTAMCKON U
CJIOBEHCKOMU MOIYJISIUAX [13, 24].
OTtoOpaHHbIe HCCNEI0BaHUS U UX OCHOBHBIE
XapaKTEePUCTUKH MPEJICTABICHBI B TabwIe 1.

BKJ/IIOYEHHbIX
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Hnentuduuuposano 95 nydaukanuii nyrem
noucKa B 0a3ax JaHHbIX
f HUcknroueno 47 noropsomuxcest
| o
- ~ 'L MyOIMKamid
Otobpano 48 myoukanui
N J
N Hckarodeno 42 HepesieBaHTHBIE
A 4
- ~ nyoIMKanuu
OueHeHo HA COOTBETCTBHE H BKJIKYEHO B
MeTa-aHaau3 6 myomKanui
N J
Puc. 1. binok-cxema orOopa nmyOnukauuii A1 MeTa-aHaau3a
Fig. 1. Block diagram of the selection of publications for meta-analysis
Tabnuya 1
XapakTepucTHKa 0Ny0JIMKOBAHHBIX UCCJIEI0BAHUI, BKJIIOYEHHBIX B META-aHAJIN3
Table 1
Characteristics of published studies included in the meta-analysis
Mepbbiii Pa3smep BbIOOpKH (n) MeTton I'enoTun
aBTOp, 1O Crpana CIKST | Konrpoan TeHOTHIIUPO- CIIKA KoHntpoanb
’ BaHUsl TT |CT |CC | TIT | CT | CC
Alkhuriji, CaynoBckas 99 98 I1I1P-PB 7 60 | 32 | 10 | 42 | 46
2021 ApaBus TaqMan
Arslan, 2019 Typuus 100 100 [AP® 36 | 45 | 19 | 44 | 39 | 17
Herman, 2020 CnoBeHnus 168 82 [T1P-PB 42 | 91 | 35 18 | 37 | 27
TagMan
Liu, 2019 Kuraii 932 745 IIAP® 687 | 22 | 22 | 589 | 14 9
3 7
Polat, 2020 Typuus 132 133 1IAP® 63 | 51 18 | 44 | 74 15
Salahshoor, Upan 175 175 IIAP® 36 | 80 | 59 | 30 | 75 70
2018

Pe3yabrar MeTa-anaausza

JlaHHBII MeTa-aHaau3 ObLI OCHOBAH Ha 6
UCCIIEIOBAHUSIX,  TOCBSILEHHBIX  TOUCKY
accoranuit  momuMopdHoro sokyca rs4880
rena SOD2 c¢ CIIKS, koropele OblIH
ornyOnukoBansl B iepuos ¢ 2018 mo 2021 rox.
B o6mei#t cnoxuocTH 1606 cmywas u 1333
KOHTPOJIbHBIX MCCJIEJOBaHUI OBIIM OLIEHEHBI
TUISE noucka accoluanuu MEXIY
nonumopduzmom rs4880 rena SOD2 u CIIKSL.
Annens T paccMarpuBaicst Kak ajljieib pUcKa.
Mera-aHanu3  OPOAEMOHCTPUPOBAN,  4YTO
OTCYTCTBYeT  CTaTHUCTUYECKH  3HAYMMas
accolualus, Kak oKa3aHo Ha pUCYHKax 2, 3,
4,5, 6 u Tabnmuie 2. OgHaKo, 3a HCKIIIOYEHUEM

rccnenoBanus [24], KOTopoe MpOBOAUIOCH HA
KHUTAMCKON MOMYISAIUHU, PE3YIBTAThl TOKA3aIH
3Haunmyto accoumanuio ¢ CIIKSA npu Tpex
TEeHETUYECKUX  MOJEJSIX:  JOMHUHAHTHOM,
ajutensHOM u TereposurotHot (p = 0,03,
oI = 1,34, 95% A1 0,85 — 2,03; p = 0,03,
oI = 1,19, 95% U 1,01 — 1,40; p = 0,04,
omr = 1,33, 95% A1 0,79 — 1,75),
cootBerctBeHHO (Puc. 2, 3, 4; Tab6n. 2). He
OBLIIO BBISIBJICHO 3HAYMMOW CBSA3M MEXIY
rs4880 u puckom CIIKS ¢ ucnonp3zoBaHuem
pELECCUBHOM M  TOMO3UIOTHOM  MOJENEN
(p = 0,24, OR = 1,17, 95% AN 0,90-1,53;
p = 0,22, OlI = 1,23, 95% AU 0,88-1,73),
cootBeTrcTBeHHO (Puc. 5, 6; Tabm. 2).
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PCOS Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

A Alkhuriji, 2021 67 99 52 98 18.0% 1.85(1.04, 3.30] [
Arslan, 2019 81 100 83 100 14.6% 0.87[0.42,1.80] o
Herman, 2020 133 168 55 82 17.7% 1.87[1.03,3.37) [~
Liu, 2019 910 932 736 745 13.3% 0.51[0.23,1.11) — T
Polat, 2020 114 132 118 133 14.4% 0.81[0.39,1.67) —r—
Salahshoor, 2018 116 175 105 175 221% 1.31[0.85, 2.03) ™
Total (95% Cl) 1606 1333 100.0% 1.15[0.79, 1.68] -3
Total events 1421 1148
Heterogeneity: Tau*=0.12; Chi*=11.03, df= 5 (P = 0.05), F= 55% I y + :
Test for overall effect Z=0.72 (P=0.47) 00 A L 140

PCOS Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

B Alkhuriji, 2021 67 99 52 98 17.0% 1.85[1.04, 3.30] [
Arslan, 2019 81 100 83 100 159% 0.87[0.42,1.80] ——
Herman, 2020 133 168 55 82 155% 1.87[1.03,3.37] T
Liu, 2019 910 932 736 745 0.0% 0.51[0.23,1.11]
Polat, 2020 114 132 118 133 161% 0.81 [0.39, 1.67] ——
Salahshoor, 2018 116 175 106 175 356% 1.31[0.85, 2.03] L
Total (95% ClI) 674 588 100.0% 1.34[1.03,1.73] €
Total events 511 413

. 2 s - - } t t {

Heterogeneity: Chi*= 562, df=4 (P=0.23); F=29% 0.01 01 10 100

Test for overall effect: Z=2.21 (P=0.03)

Puc. 2. ®opect-rpaduk: accorumarus nomumopdusma rs4880 ¢ puckom CIIKS mist moMruHAHTHOM
mognenu (CC + CT npotus TT). A, B: ¢ uccnenoBanuem Liu u 6e3 Hero, COOTBETCTBEHHO
Fig. 2. Forest plot: the association of rs4880 polymorphism with PCOS risk for the dominant model
(CC+CTvs. TT). A, B: with and without Liu's study, respectively

PCOS Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
A Alkhuriji, 2021 74 198 62 196 14.4% 1.28[0.85, 1.96) T™
Arslan, 2019 117 200 127 200 14.8% 0.81 [0.54,1.21] -
Herman, 2020 175 336 73 164 156% 1.35[0.93,1.97) ™
Liu, 2018 1597 1864 1325 1480 209% 0.74[0.61,092) -
Polat, 2020 177 264 162 266 16.2% 1.31 [0.92, 1.86) ™
Salahshoor, 2018 152 350 135 350 179% 1.22[0.90,1.85] ™
Total (95% CI) 3212 2666 100.0% 1.07 [0.84, 1.37] ’
Total events 2292 1884
Heterageneity: Tau®= 0.06; Chi*= 16.63, df= 5 (P = 0.005); = 70% I t t {
Test for overall effect: Z=0.56 (P = 0.57) oo 01 o 100
PCOS Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
B Alkhuriji, 2021 74 198 62 196 145% 1.29[0.85, 1.96] T™
Arslan, 2019 117 200 127 200 19.6% 0.81[0.54,1.21) —r
Herman, 2020 175 336 73 164 175% 1.35[0.93,1.97) ™
Liu, 2019 1597 1864 1325 1490 0.0% 0.74[0.61,0.92]
Polat, 2020 177 264 162 266 19.8% 1.31[0.92,1.86] ™
Salahshoor, 2018 152 350 135 350 285% 1.22[0.90, 1.65] ‘E‘
Total (95% CI) 1348 1176 100.0%  1.19[1.01,1.40]
Total events 695 559
Heterogeneity: Chi*= 4.40, df= 4 (P = 0.35); F= 9% :|] 0 051 150 1005

Testfor overall effect: Z=2.12 (P = 0.03)

Puc. 3. ®opect-rpaduk: acconuarus nomumopdusma rs4880 ¢ puckom CIIKS mis annensHOM
mozenu (C mpotus T). A, B: ¢ uccrienoBanuem Liu u 6e3 HEro, COOTBETCTBEHHO
Fig. 3. Forest plot: the association of rs4880 polymorphism with PCOS risk for the allelic model
(Cvs. T). A, B: with and without Liu's study, respectively
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PCOS Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

A Alkhuriji, 2021 60 92 42 88 18.3% 205[1.13,3.74) ——
Arslan, 2019 45 64 39 56 14.3% 1.03[0.47,2.26) .
Herman, 2020 91 126 37 64 17.5% 1.80[1.01,3.57] -
Liu, 2019 223 245 147 156 13.9% 0.62(0.28,1.39) — T
Polat, 2020 51 69 74 89 14.4% 0.57[0.27,1.24] —
Salahshoor, 2018 80 139 75 145 21.6% 1.27[0.79, 2.02] ™
Total (95% CI) 735 598 100.0% 1.17 [0.78,1.75]) »
Total events 550 414
Heterogeneity: Tau?= 0.14; Chi*= 11.36, df= 5 (P = 0.04); F= 56% I t t |
Test for overall effect: Z=0.74 (P = 0.46) oo o1 10 100

PCOS Control Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alkhuriji, 2021 60 92 42 88 16.8% 205113, 3.74) ——

B Arslan, 2018 45 64 39 56 13.9% 1.03[0.47, 2.26) S
Herman, 2020 91 126 37 64 15.3% 1.90[1.01, 3.57) —
Liu, 2019 223 245 147 156  0.0% 0.62[0.28,1.39)
Polat, 2020 51 69 74 89 19.0% 0.57[0.27,1.24) —_—
Salahshoor, 2018 80 139 75 145 35.0% 1.27[0.79, 2.02) L
Total (95% Cl) 490 442 100.0% 1.33[1.01,1.75) &
Total events 327 267
Heterogeneity: Chi*=8.22, df= 4 (P=0.08), F=51% oo o 10 100

Testfor overall effect: Z= 2.05 (P = 0.04)

Puc. 4. ®opect-rpaduk: acconuarus noamumopdusma rs4880 ¢ puckom CIIKS mist rerepo3uroTHoit
mogenu (CT npotus TT). A, B: ¢ uccnenoBanuem Liu u 6e3 HEro, COOTBETCTBEHHO
Fig. 4. Forest plot: the association of rs4880 polymorphism with PCOS risk for the heterozygous
model (CT vs.TT). A, B: with and without Liu's study, respectively

PCOS Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

A Alkhurili, 2021 7 99 10 98  8.4% 0.67 [0.24, 1.84) —

Arslan, 2019 36 100 44 100 16.2% 0.72[0.41,1.26) e

Herman, 2020 42 168 18 82 1438% 1.19[0.63,2.22) -1

Liu, 2019 687 932 589 745 254% 0.74[0.59,0.93) -

Polat, 2020 63 132 44 133 18.1% 1.85(1.12,3.04) —

Salahshoor, 2018 38 175 30 175 17.0% 1.25[0.73,2.14)] B

Total (95% Cl) 1606 1333 100.0% 1.01 [0.71, 1.43] <&

Total events 871 735

Heterogeneity: Tau?= 0.11; Chi*=13.87, df = 5 (P = 0.02); *= 64% I t t |

Test for overall effect: Z= 0.06 (P = 0.95) 0.01 01 10 foo
PCOS Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

B Alkhuriji, 2021 7 99 10 98 91% 0.67[0.24,1.84] —

Arslan, 2019 36 100 44 100 275% 0.72[0.41,1.26) —

Herman, 2020 42 168 18 82 17.7% 1.19[0.63, 2.22] I

Liu, 2019 687 932 589 745 0.0% 0.74[0.59, 0.93]

Polat, 2020 B3 132 44 133 224% 1.85[1.12,3.04] —

Salahshoor, 2018 36 175 30 175 233% 1.25[0.73,2.14] -

Total (95% CI) 674 588 100.0%  1.17[0.90,1.53] *>

Total events 184 146

e AT = _ _ B ' , L |
Heterogeneity: Chi*=7.35, df= 4 (P=0.12); F= 46% 001 01 10 100

Testfor overall effect Z=1.18 (P=0.24)

Puc. 5. ®opect-rpaduk: acconunanus nomumopdusma rs4880 ¢ puckom CIIKS mist perieccuBHOM
mozenu (CC mporus TC + TT). A, B: ¢ ucciienoBanuem Liu u 6e3 HEro, COOTBETCTBEHHO
Fig. 5. Forest plot: the association of rs4880 polymorphism with PCOS risk for the recessive model
(CCvs. TC+TT). A, B: with and without Liu's study, respectively
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PCOS Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alkhuriji, 2021 7 39 10 56  8.3% 1.01[0.35,2.92) B Sa—
A Arslan, 2018 36 55 44 61 17.8% 0.73[0.33,1.61] —T
Herman, 2020 42 7 18 45 12.8% 1.80[0.85, 3.80] T
Liu, 2018 687 709 589 598 245% 0.48[0.22,1.04] —a
Polat, 2020 63 81 44 59 14.0% 1.19[0.54, 262) R
Salahshoor, 2018 36 95 30 100 225% 1.42[0.78, 2.59] T
Total (95% Cl) 1056 919 100.0% 1.05[0.77,1.42] ‘
Total events 871 735
Heterogeneity: Chi*=7.81, df=5 (P = 0.17); F= 36% b t t ]
Test for overall effect: Z=0.31 (P=0.76) .0 o1 1o 100
PCOS Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
B Alkhuriji, 2021 7 39 10 56 11.1% 1.01[0.35,2.92) I E—
Arslan, 2019 36 55 44 61 23.6% 0.73[0.33,1.61] — =
Herman, 2020 42 7 18 45 16.9% 1.80[0.85, 3.80] T
Liu, 2019 687 709 589 598 0.0% 0.481[0.22,1.04)
Polat, 2020 63 81 44 59 18.6% 1.19[0.54, 262) R
Salahshoor, 2018 36 95 30 100 29.8% 1.42[0.78, 2.58] T
Total (95% Cl) 347 321 100.0% 1.23[0.88,1.73]
Total events 184 146
ity: Chi*= = = VE= I t } {
Heterogeneity. Chi*= 3.04, df= 4 (P = 0.55), F=0% 001 01 10 100

Testfor overall effect Z=1.23 (P=0.22)

Puc. 6. ®opect-rpaduk: acconunanus nomumopdusma rs4880 ¢ puckom CITKS 11t romo3uroTHoi
mozenu (CC mpotus TT). A, B: ¢ uccnenoBanuem Liu u 6e3 Hero, COOTBETCTBEHHO
Fig. 6. Forest plot: the association of rs4880 polymorphism with PCOS risk for the homozygous
model (CC vs. TT), A, B: with and without Liu's study, respectively

Tabnuya 2
Pe3y.]'ll)TaTl)I MeE€Ta-aHaJIu3a AJd Pa3jIHYHbIX TCHETUYICCKHUX M0)1e.11e17'1
Table 2
Meta-analysis results for various genetic models
Monenn YuutbiBas aanuble Liu, 2019 be3 yuéra nannsbix Liu, 2019
o 95% AN p [0)11] 95% AN p
JloMuHaHTHasI 1,15 [0,79, 1,68] 0,47 1,34 [0,85, 2,03] 0,03
PeneccuBHas 1,01 [0,71, 1,43] 0,95 1,17 [0,90, 1,53] 0,24
AntenbHas 1,07 [0,84, 1,37] 0,57 1,19 [1,01, 1,40] 0,03
T'ereposuroTHast 1,17 [0,78, 1,75] 0,46 1,33 [0,79, 1,75] 0,04
T'omo3urorHas 1,05 [0,77, 1,42] 0,76 1,23 [0,88, 1,73] 0,22
IIpeoszamocms nyoauxayuti MOoKa3aJii  SIBHOM aCHUMMETPUU, M  3TO
Cucremarnueckas ommnoKa YKa3blBaCT HaA OTCYTCTBUC TMPCAB3ATOCTH
MyOMUKallMM ~ OIEHWBAJIaCh C  MTOMOIIBIO MyOIUKaIMii, OTOOPaHHBIX I JAHHOTO METa-

BOpOHKOOOpa3HbIx auarpamm (Puc. 7). Ouu He

aHajin3a.
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Puc. 7. Cxema BOpOHKOOOPa3HBIX IPa(HUKOB i MOUCKA OMIMOKH MyOTHKAIINH.
A) JlomuHaHTHast Mofielb, B) AnnenbHas MOJEb.
Fig. 7. Funnel plot for finding a publication bias. A) Dominant model, B) Allelic model.

Oocyxnenune. [lomumopdHbIi JOKyC
Ala9Val (47C>T) rena SOD2 wu3MeHsET
MOCJIEI0BATEIILHOCTb, KOAMPYIOLIYIO
curHanbHbIA ~ N-koHneBoM mentuny MTS
(Matrix ~ Targeting  Signal),  koTopbIit
HampasJseT bepMeHT B MaTpHKC
MUTOXOHJIpUH. YcraHoBieHO, uto SOD2,
comepkamuii Ala B CHTHaJIbHOM TIENITUIE, HA
30-40% »sddexTuBHEE TpPaHCIOPTUPYETCS B
MUTOXOHJIPUHU, 4YTO CHOCOOCTBYET OousblIeit
akTMBHOCTH (epmeHTa. Val-Bapuant SOD2
oOnagaeT MeEHbIIEW AaKTHMBHOCTBIO, YTO
OOyCIIOBIMBAET TMOBBIIICHHYIO MPOXYKIIHIO
cynepokcuaa u apyrux AOK [38].

PacnipoctpanenHocTs JAHHOTO
noauMopdu3Ma 3HAYUTENBHO BapbUpYyeT B
pasHbIX 3THHYECKHX rpymnmnax. PedepeHcHbiM
ajulesieM sBIIAETCS ajuiedb A €O CpenHeu
gacToTol BcTpewaemoctd 59% Bo  Beex
nonynauuax mupa [39]. OaHako, y KUTaHCKUX
KEHIIMH OH peructpupoBaicsi B 89% B
KOHTpOJIbHOW rpymnmne, U B 85,7% B rpymnmne
nauueHtok ¢ CIIKA [24]. Mbl uckimounian
HCCIICTOBAaHNE, MPOBEJIEHHOE Liu Ha
KUTalCKOU MOMYJISILUA [24], n3-3a
TeHEeTUYEeCKOW BapHalluy, KoTopasi BHecaa Obl
MOBBIIIEHHYIO TETEPOr€HHOCTh B JAHHBIN
Mmera-agann3. CommacHo  gagaeiM 1000
Genome Browser, uactora noauMopduszMa
rs4880 rena SOD2 3HaYUTENBHO BaPbUPYET
Mexay nonynsauusimu Boctounoit Azuu (12%)
U JApYrMMH MONYJISALMAMU, B TOM YHUCIIE
HOxHoi# n 3anagnoit Asun, EBponsl, Appuku

u AMepuku, rjae oHa cocranisier or 41% 10
58%. Takoe pasznuuue B 4YacTOTE asuiesen
HaOJII0IAI0Ch B HCCAEA0BAHUAX, BKIFOUEHHBIX
B JAaHHBIA  MeTa-aHalus. Bxirouenue
WCCIIEIOBAHUM W3 Pa3IMYHBIX MOMYISIUN CcO
3HAYUTENIPHO OTIWYAIOIIMMUCS YacTOTaMH
ajienied MOMKET TPHUBECTU K IOSBICHUIO

JOTIOTHUTEIPHOM ~ BapualeNbHOCTH,  YTO
MOTSHIIAIBLHO MOKET MIPUBECTU K
HGO6’I>GKTI/IBHI>IM NnJin HpOTI/IBOpe‘-II/IBI)IM
pe3yibTaram. Mmu1 HE BKJTFOUHJTH
ucciaenoBanre Liu B JaHHBIN MeTa-aHaAIN3 JUIS
COXpaHEeHUs COIOCTaBUMOCTH H
MHUHUMMA3AIINN HGOI[HOpO)IHOCTI/I JAaHHBIX.
[IpoBenennslit MeTa—aHaanu3 ITOKa3al
CHHUIXCHUC FGTGpOFGHHOCTI/I nu BBISIBAJI

3HAYUTEIBHYIO accouuanuioo Mexnay rs4880
rera SOD2 wu passutuem CIIKA B
JOMWHAHTHOM, aITUTUBHON U T€TEPO3UTOTHOMN
MOJIEIISAX. DTH pe3yJIbTaThl YKa3bIBAKOT Ha TO,
YTO HaJIMYMe, 110 KpaiHel Mepe, OHON KOIIUU
amenst T Moxer ObITh (AaKTOPOM pHCKa
pazsurtus CIIKA.
CIIKA

pacnpoCTpaHEHHON
MHOTO(aKTOPHOCTh

SIBIISIETCS Haubosee
SHJIOKPUHOTIATHEN,
KOTOpOil  00ycioBieHa
TeHEeTHYECKUMU, SMUTeHETUYECKUMHU
¢dakropamu U (akTopaMu  OKpYyXKarouieu
CpeZbl. Pesynprarsl COBPEMEHHBIX
UCCIIEIOBAaHUH TPOSICHUIN KJIFOYEBYIO DPOJIb
THIIEPaHIPOTeHUH u
MHCYJIMHOPE3UCTEHTHOCTH B BO3HUKHOBEHHMHU
u IIPOrpECCUPOBAHUH CIIKA [40].
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l'unepangporenus u MUTOXOHJIpUK  SIBIAIOTCA  Ba)KHOU
WHCYJIUHOPE3UCTEHTHOCTh 3aIyCcKaroT CTPYKTYpPOU, KOTOpasi MpOyIUPyEeT aKTUBHBIC
pa3inyHbIe CUTHAJIbHBIE yTH u dbopMBI  KHCIIOpOJA, UYTO  CIOCOOCTBYET

[IATOJIOTMYECKHE IPOLIECCHl B  OpraHU3ME,
CHOCOOCTBYS TOSIBIICHUIO CJIOXHOTO CIEKTpa
CUMIITOMOB U IIPU3HAKOB, CBsi3aHHBIX ¢ CIIKA
[11, 41]. Ilpu >TOM BaXXHO OTMETHUTH, YTO
TUIIEPAHIPOT€HUS u
UHCYJIMHOPE3UCTEHTHOCTh  JI€EMOHCTPUPYIOT
CUHEPIU3M M LHKJIMYECKOE B3aUMOJCHCTBHUE.
B TO e Bpems Bce Oosbliiee BHUMaHHE
YAEJSIETCS BIUSHUIO OKUCIUTEIBHOTO CTpecca
U MOCJIEAYIOIEro XpOHUYECKOro BOCIAJICHUS
B simyHukax nmauueHTtok ¢ CIIKA [15, 16, 42].
OKHCIAUTENBHBIM CTpecc OIpenensercs Kak
HapylIEHUEe  paBHOBECHS B  CHCTEME
IIPOOKCU/IAHThI«>aHTUOKCU/IAHTHI,

CONPOBOXK/IAIOIIEECS MOBBIILIEHHON
MHTCHCUBHOCTBIO  CBOOOJIHO-PaIUKAIbHBIX
MIPOLIECCOB, YTO MPHUBOIUT K MOBPEKICHUIO
OMOJIOTUYECKHX  MOJIEKYl M  KJIETOYHBIX
CTPYKTYp. MHOIOYMCIIEHHbIE HCCIEI0BAHUSA
MOKa3ajl, YTO HWHTEHCUBHOCTb CBOOOJHO-

paauKaJbHBIX  MPOLECCOB  3HAUYUTEIBHO
noBeIieHa y sxkeHmun ¢ CIIKS [43, 44, 45].
buoMapkepsl ~ OKMCIHMTENBHOTO  cTpecca

SHAYUTCIIbHO UBMCHCHBI B CIBOPOTKE KPOBU U
bomukyasipHON kuaAKoCcTH xeHIuH ¢ CITKA
[0 CPaBHEHHIO C KOHTPOJBHOM TIPYIIION.
OKHCIAUTENBHBIM CTPECC BCTYNAeT B ILIHKII

CUHEPTeTUYECKOTO abdexra c
TUIIEPAHAPOTEHU3MOM U PE3UCTEHTHOCTBIO K
HWHCYJIVHY. [TockonbKy ~ OKMCIUTENbHBIN

CTpecC MOXKET YXy/IIaTh OCHOBHbIE MPU3HAKU
CHHJpPOMAa, OH CHOCOOEH BIHATH  HaA
MOTJIOLICHNUE TIIIOKO3bl B TaKUX TKAaHAX, Kak
MBIIIIIBI ¥ )KAPOBAsi TKAHb, CHIDKAs CEKPEITUIO
uHCcynuHa. OH TaKXke MOXXET CTUMYJIHNPOBAaTh
nponrpepanuio TeKa-KIETOK SUYHUKOB U
BbIpaboTKy aHaporeHoB [42]. Ha ctpykrypy u
GbyHKIIMIO ~ OENKOB, 3a/ICCTBOBAHHBIX B
PEryJsiliud OKHCIUTEIBHOTO CTpecca, MOXKET
OKa3bIBaTh 3HAYMMOE BIIMSHUE T€HETHUYECKHUI
noauMopduzM. DyHKIIMOHATBHBIE MHCCEHC-
MOTUMOP(GHU3MBI ~ MOTYT  TPUBOAWTH K
M3MEHEHHIO 3apsaaa OEIKOBOW MOJEKyJbl, a
TaKK€  MOTYyT  M3MEHATb  aKTUBHOCTb
AHTUOKCHJIAHTHBIX (DepPMEHTOB, U (HepPMEHTOB,
YYacTBYIOIIMX B CTEPOMJIOTEHE3E, TAaKUX Kak
CYPI17A u np.

Pa3BUTHIO OKHMCJIUTEIIEHOTO cTpecca,
MOCKOJIBKY ~TUC(YHKIIMS MUTOXOHIPHH |
CHIDKCHHUE MX CIHOCOOHOCTH JITUMHUHUPOBATH
ADK cCBs3aHbl C TaKMMH TPOSBICHUIMU
CIIKA, KakK OKUpPEHUE,
HMHCYJIMHOPE3UCTEHTHOCTD, TUTIEPAHAPOTreHHUS,
TUTICPUHCYTHHEMUS, [aTOJIOTHYECKOE
pazBuTHEe  (QOJUIMKYIOB W  XPOHUYECKOE
BOCIIAJIEHHE HU3KOH CTENEeHH aKTUBHOCTH
[46]. OxucnuTenbHBIA CTpeCC B ITOM

COCTOSIHUH MOKET UHAYLUPOBATh
BOCHAJIUTEIbHYIO cpeny, KOTOpas
CTUMYJIHUPYET BBIPAOOTKY aHJPOTEHOB
SIMYHUKAMU myTeM CTUMYJISIIIAN

npoiaudepanud TEKa-KIETOK U yCHUJICHUS
OKCTIPECCHH  CTEPOHMJIOTCHHBIX  (DEepPMEHTOB,
takux kak CYP11Al, CYP17A1 u 3BHSD.
Kpome TOro, OKHCIMTENBHBI CTpecC |
MIPOBOCIAJUTENbHBIE ITUTOKUHBI TOBBIIIAIOT
PE3UCTEHTHOCTh K HMHCYJIMHY M BIHUSIOT Ha
CUTHAJIbHBINA MyTh MHCYJIMHA, YTO IPUBOIAUT K
TUIEPUHCYINHEMUH, CTUMYIHPYS
CTEpPOUJIOTEHE3 TeKa-KieToKk [6]. Takum
obpasom, Hakorienne ADK, crnemoBarensHoO,
CIOCOOCTBYeT  HapyLIEHHIO  PETYIALUU
SIMYHUKOBBIX TEKa-KJIETOK W TPUBOIUT K
TUIEPaHAPOTEeHUH, aHOBYJISALIUH,
METa0O0IMUYECKUM U CEpJIeYHO-COCYAUCTHIM
MIOCJIEJICTBUSM.

SOD2 sBnsieTcsi OCHOBHBIM (PEPMEHTOM
B CHCTEMax aHTUOKCHJIAHTHOW  3alIUTBHI,
KJI0YeBasi poOJb KOTOPOTO 3aKJIIOYaeTcsl B
JNETOKCUKALUU MHUTOXOHAPHAIBHBIX
CYIEPOKCUIHBIX aHMOH-pagukanoB (0O2) 1o
nepexucu Bogopona (H>02) u nanee no H>O ¢
nomonipto katanassl (CAT) u  miroTatuoH
nepokcunassl (GPx). IMomumopdusli nokyc
rs4880 (Alal6Val unmu C47T) B rene SOD2
NpEACTaBIsieT COOOW  OAHOHYKIICOTHIHBIN
noMMop(du3M, KOTOPBI y4acTByeT B 3aMEHE
LUTO3MHA Ha TUMUH (aJaHWHA Ha BaJuH) B N-
KOHIIEBOU MHTOXOHIPUAIIEHOU
IIOCJIE0BATENBHOCTU-MUILIEHN Matrix
Targeting Signal (MTS) [31].
[Ipeanonaraercs, yto »1oT SNP CcHuxaer
s dexTuBHOCTH Tpancmopra SOD2 B MaTpukc
MUTOXOHJPUI U3-32 00pa30BaHUs BTOPHUYHOU
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B-CTPYKTYpBI BMECTO aMmpuPUIBLHBIX
MAaKpPOMOJIEKYJ C O-CIIUPATIBHON CTPYKTYpPOid,
YTO NMPUBOAUT K CHH>)KEHHUIO aKTUBHOCTH SOD
Ha 30-40%. B nocneanee Bpemsi B HECKOJIBKUX
myOnuKanusX  MCCIEAOBAIM  aCCOLMAIIUIO
mexay 154880 u puckom CIIKA [13, 24, 32-
35]. OnHako UX pe3ynbTaThl MIPOTUBOPEUYUBHI.
AHaJI0rH4HO HaIIUM pe3yabraram,
HCCIIEOBAHMUS, IIPOBE/ICHHBIE cpeau
nonyJsituii CaynoBckoit ApaBuu 1 CJIOBEHUH
[13, 32], noka3zaiu, 4TO TOMO3HMIOTA 10 AJUICIIFO
Ala variie Bctpeyaercst y 3710pOBbIX KEHIIUH, B
To Bpems Kak y xkeHuuH ¢ CIIKS 3naunmo
Yalle perucTpupyeTcs B TeHOTUIIE OJIUH aJlIeb
Val. Cpemn typenkux sxennmu ¢ CITKS
Hocutenu renoturna TT UMEIOT MOBBIICHHBIN
PUCK pa3BUTHUS CHHIpoMa B 2 pasza. ITOT
OJIMMOPPHBIN JIOKYC reHa SOD2
OTPULIATENIBHO AaCCOLMUPOBAaH C 0a3albHbIM
YPOBHEM TJIFOKO3bl Y HOCHUTEJIEH MO KpanHeil
Mepe oxaHoW komwmu amwiens Val cpemm
TYpPEeLIKUX U CIOBEHCKUX HanueHTok. OpHako
3TOT pe3yJbTaT MPOTUBOPEUUT UCCIIETOBAHUIO
Liu, xoTopoe MOKa3ano, YTO BBICOKHU PHCK
CIIKA y kuTaiicKuX yKEHILMH CBSI3aH C aJuleeM
Ala. Drtor ¢akr Takke HaOmonaeTcs B
uccneoBaHuy Murri U Jip., KOTOpbIE TOKa3aly,
yro y nanuenTok ¢ CITKS cpeaHsis akTHBHOCTb
SOD2 yBenuuuBaercsi B CbIBOpOTKE Ha 34%, a
aktuBHOCTH (GPx-1 cHmxkaercs Ha 32% mo
CpaBHEHUIO ¢ KOHTposieM [22]. Takum oOpazom,
6onee BoIcOKU ypoBeHb ADK U akTMBHOCTH
SOD2 mpm  CHIKEHHOW  CHOCOOHOCTH
BBIBOJIUTh 3TH BBICOKOTOKCHUYHbIE ADK ¢
nomonpio GPx-1 mmu CAT mpuBommma
HaKOIUICHHIO H202 u YCUJIEHHIO
OKHCIIUTENBHOIO  cTpecca. B nmpyrux
HCCIIeJOBAHUSX, TIPOBEJCHHBIX HA KYPJCKUX U
TypelKuX MOMYJISAIUIX, acCOLMalUsi MEeXIy
nonumopdHbM Jokycom 1s4880(Ala/Val) u
CIIKA  orcyrctByer. B cOBOKymHOCTH
HaKOIUIEHHE BBICOKOTOKCHYHBIX A®DK kak
BHYTPH, TaK W CHapy)Xd MHTOXOHIPHHA, CO
CHWKEHHON CIIOCOOHOCTBIO BBIBOJUTH HUX C
nomompio SOD2 u apyrux aHTHOKCHIAHTHBIX
(epMEHTOB TMPUBOIUT K OKUCIUTEIHHOMY
ctpeccy y mnanueHtok ¢ CIIKA. Takum
00pa3oM, JIOTHYHO MPEIIOJIOKUTD, 4To 154880
MOTEHIIMAIbHO OTBETCTBEHEH 3a pPa3BUTHE
CIIKA.

OTO HCCIIe0OBAaHUE HMEET HEKOTOphIe
OTpaHUYEHUS, KOTOpPBIC CIIEAYeT YYHUTHIBATE.
Bo-nepBbIX, OTHOCHUTEJIIBHO OrPAaHUYEHHBIN
pasMep BBIOOPKH CHIDKAJI CTAaTHCTUYECKYIO
MOIIHOCTb.  BOJIBIIMHCTBO  HCClI€AOBaHMIH,
BKJIFOYEHHBIX B JIAHHBIM MeTa-aHalu3, ObUIM
IIPOBEICHBI Ha 3aa/IH0a3uaTCKUX
nonyJsusx. Bo-BTOpBIX, reTeporeHHOCTh B
o0meM  aHamu3e W aHajJu3e  MEXAy
UCCIICIOBAaHUSMHY,  UCIOJIB30BAaHHOM  JUIs
pa3IMYHBIX T€HETHYECKUX Mojelnel, He Obuia
CTaTUCTUYECKH 3HAYUMOM, YTO, BO3MOXKHO,
noBnusio Ha pesynbrarsl. Haxonen, CITKA
SBJISICTCS. MHOTO(aKTOPHBIM 3a00JIeBaHUEM, U
Ha acconmanuio nomuMopduszma rs4880 u
CIIKSl MokeT BIHATH B3aUMOIEHCTBHE C
(dakTOopaMn  OKpYXammeid  cpeasl  HiIu
JPYyTUMH F€HaMU.

3akaouenne.  Hamm  pesynbrarsl
MIOKa3bIBAIOT, YTO HAJIMYME B TCHOTHIIE aJljIelis
Val momumopdnoro nokyca rs4880 rena SOD?2
B TETEPO3UTOTHOM  MJIM  TOMO3UTOTHOM
COCTOSIHUM MOXET OBbITh (DaKTOpOM pHCKa
pazsutus CIIKA.
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I'eHeTHYeCKNE BAPUAHTHI IVIO0YJIMHA,
CBSAI3LIBAIOIIEI0 MOJIOBbIC TOPMOHBI,
U TOPMOHAJILHBIA NPOPUIIb
00JIbHBIX TEHUTAJIBHBIM 3HJIOMETPUO30M

T.A. Ilonomapena'?

! ®enepanpHOE TOCYHAPCTBEHHOE AaBTOHOMHOE 00Pa30BATENLHOE YUPEKICHUE
BhIcIIero oOpa3oBanus «bearopockuii rocy1apcTBEeHHBINA HAIIMOHATBHBIN
HCCIIE0BATEIbCKUN YHUBEPCUTETY,
yi. [To6enst, a. 85, r. bearopon, 308015, Poccuiickas @enepans
2 06macTHOE TOCYIaPCTBEHHOE OI0KETHOE YUPEXKICHHE 31PaBOOXPAHEHHS
«benroposckas obnactHas knuHu4yeckas OonpHUIA Csatutens Moacaday,
yi. Hekpacosa, a. 8/9, . bearopoa, 308007, Poccuiickas ®enepanus
Aemop ons nepenucku: T.A. [Tonomapesa (rybaarbusova@icloud.com)

Pe3rome

AKTYaJIbHOCTB: DHJOMETPHO3 OTHOCUTCS K XPOHHMUECKUM BOCHAIUTENBHBIM, JUCTOPMOHAIBHBIM
3a00JIeBaHMSAM, BAXKHYIO pOJIb B Pa3BUTHH KOTOPOTO HWIpAIOT TreHeThdeckue QaxTopsl. s
BO3HUKHOBEHHUS, POCTa M PACHPOCTPAHEHUS SHAOMETPHOMIHBIX TE€TEPOTONUN BaXKHOE 3HAYCHHE
UrpaeT TOPMOHAJBHBIM nucOanaHc 1onoBbiX TopMoHOB. Ileab wucciaegoBanus: H3yueHue
accolMaluy MOJUMOp(HU3Ma I'€HOB, CBI3aHHBIX C YPOBHEM IJIOOYJIHHA, CBSA3BIBAIOILEIO MOJIOBBIE
ropmonbl (I'CII), ¢ ropMoHanbHbIM TpO(QUIEM NAUEHTOK C T€HUTAJIbHBIM 3HJIOMETPHUO30M.
Matepuannl u MeToabl: [IpoBeneHo uccnenoBanue Ha BeIOOpKe U3 103 JKEHIIMH C T€HUTATBHBIM
SHIOMETpHO30M. Kaknol TmamueHTKe BBINOJHEH AaHalW3 ypPOBHA TIOJIOBBIX TOPMOHOB
(merupposnuanapoctepor ([AI'DA), sctpaamon, ¢ommukynoctumynupywomuii ropmon (OCI),
motenHn3upyonmii  ropmon  (JII'), mporecrepoH, TpoJakTMH W TecTocTepoH). [IpoBemaeHo
TCHOTUIIMPOBAHHUE JIEBATH OJHOHYKJICOTHIHBIX noiaumopdu3moB (SNP), 3HaUMMBIX IS YPOBHS
['CIII' mo naHHBIM TOJIHOTEHOMHBIX HcclenoBanuii (genome-wide association study, GWAS):
rs12150660 rena SHBG, rs10454142 rena PPP1R21, rs780093 rena GCKR, rs17496332 rena
PRMT®6, rs3779195 rena BAIAP2L1, rs440837 rena ZBTB10, rs7910927 rena JMJID1C, rs4149056
rena SLCO1B1, rs8023580 rena NR2F2. Mcnone3ys nporpammy gPLINK, ¢ momomisio meTona
JTMHEWHOW PEerpeccuy MPOor3BeIeHa OIIEHKA aCCOIHMAIINH BBIIICTIEPEYHCICHHBIX JJOKYCOB C YPOBHEM
MIOJIOBBIX TOPMOHOB Yy JKEHIIMH C TEHHUTAJIbHBIM HHIOMETpHO30M. Pe3yiabTaThl: BbIsBIEHBI
reHeTUYeCKre BapuaHThl, cBa3aHHble ¢ ypoBHeM ['CIII', onpenensiomye ropMOHanbHbINA TPOGUIb
OonbHBIX 3HIOMeTpuo3oM. C  coaepkaHHMEM JAETHAPOIIMHAHJIPOCTEPOHA M TECTOCTEpPOHA
aCCOIMUPOBaHbI ToauMOpdHBIe JoKychl 15440837 ZBTB10 (ammens G, p=-0,266 - -0,334,
Pperm<0,050 u f=-0,322 - -0,215, pperm<0,050, cooTBEeTCTBEHHO), dcTpaauona — rs3779195 BAIAP2L1
(amtens A, p=-0,282 - -0,318, pperm<0,050) u rs440837 ZBTB10 (ayutens G, f=-0,264, pperm=0,048),
nporectepona — s780093 GCKR (amnens T, f=-0,380 - -0,269, pperm<0,050), rs10454142 PPP1R21
(ammtene C, B=0,568, pPperm=0,049), rs8023580 NR2F2 (amurens C, =-0,289, pPperm=0,050) u
rs12150660 SHBG (ammens T, B=-1,071, pperm=0,028). 3aka0uenne: YCcTaHOBICHBI acCOLUAINN
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nonumopdu3ma reHoB, cBs3aHHBIX ¢ ypoBHeM ['CIII" mo manaeiM GWAS, ¢ ypoBHEM IOJIOBBIX
TOPMOHOB Yy MAIMEHTOK ¢ TCHUTAIBHBIM SHIOMETPHO30M.
KiroueBble ¢ji0Ba: reHUTAIbHBIN SHIOMETPHO3; MTOJIOBBIE TOPMOHBL; TOTUMOP(U3M; acCOUAIN

Jasi nutupoBanmsi: IloHomapeBa TA. I'eHeTmueckue BapuaHTHl TJIOOYJIMHA, CBS3BIBAIOIICTO
MIOJIOBBIC TOPMOHBI, U TOPMOHATBHBIN MTPO(UITE OOTBHBIX TEHUTATBHBIM dHAOMETpHO30M. HayuHbie
pe3yabTaThl OMoMeIuIMHCKHX uccienoBanunii. 2025;11(1):75-90. DOI:10.18413/2658-6533-2025-
11-1-0-4

Genetic variants of sex hormone-binding
globulin and hormonal profile in patients with
genital endometriosis

Tatyana A. Ponomareval?

! Belgorod State National Research University,
85 Pobedy St., Belgorod, 308015, Russia
2 St. loasaph Belgorod Regional Clinical Hospital,
8/9 Nekrasov St., Belgorod, 308007, Russia
Corresponding author: Tatyana A. Ponomareva (rybaarbusova@icloud.com)

Abstract

Background: Endometriosis is a chronic inflammatory, dyshormonal disease. Genetic factors play
an important role in its development. Sex hormone imbalance is important for the occurrence, growth
and spread of endometrioid heterotopias. The aim of the study: To investigate the association of
gene polymorphism associated with the level of sex hormone-binding globulin (SHBG) with the
hormonal profile of patients with genital endometriosis. Materials and methods: A study was
conducted on a sample of 103 women with genital endometriosis. Each patient underwent an analysis
of sex hormone levels (dehydroepiandrosterone (DHEA), estradiol, follicle-stimulating hormone
(FSH), luteinizing hormone (LH), progesterone, prolactin and testosterone). Genotyping of nine
single-nucleotide polymorphisms (SNPs) significant for SHBG levels according to genome-wide
association study (GWAS) data was performed: rs12150660 of the SHBG gene, rs10454142 of the
PPP1R21 gene, rs780093 of the GCKR gene, rs17496332 of the PRMT6 gene, rs3779195 of the
BAIAP2L1 gene, rs440837 of the ZBTB10 gene, rs7910927 of the IMJID1C gene, rs4149056 of the
SLCO1BL1 gene, rs8023580 of the NR2F2 gene. Using the gPLINK program, the association of the
above loci with the level of sex hormones in women with genital endometriosis was assessed using
the linear regression method. Results: Genetic variants associated with SHBG levels that determine
the hormonal profile of patients with endometriosis have been identified. The polymorphic loci
associated with the content of dehydroepiandrosterone and testosterone are rs440837 ZBTB10 (allele
G, B:-0266 - -0334, ppermS0.0SO and B:-0322 - -0215, Pperm SOOSO, respectively), estradiol —
rs3779195 BAIAP2L1 (allele A, p=-0.282 - -0.318, pperm<0.050) and rs440837 ZBTB10 (allele G,
[=-0.264, pperm=0.048), progesterone — rs780093 GCKR (allele T, f=-0.380 - -0.269, pperm<0.050),
rs10454142 PPP1R21 (allele C, B=0.568, pperm=0.049), rs8023580 NR2F2 (allele C, p=-0.289,
Pperm=0.050) and rs12150660 SHBG (allele T, f=-1.071, pperm=0.028). Conclusion: Associations of
gene polymorphism associated with SHBG levels according to GWAS data with the level of sex
hormones in patients with genital endometriosis have been established.

Keywords: genital endometriosis; sex hormones; polymorphism; associations
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BBenenue. OHaoMeTpHO3 —  3TO
XPOHUYECKOE JTMCTOPMOHAIBHOE,
HMMMYHO33aBHUCUMOE, TEHETUYECKHU
oOycioBiieHHOe  3abojeBaHue,  KOTOPOE
onpeJenseTcs HaJIn4Ke
SHJAOMETPHONOIOOHON TKaHU 3a MpeaeIamMu
MOJIOCTH MaTKHu [1]. DHAOMETPHUO3
BcTpeyaercss y 190 MiIH JKEHIIMH BO BCEM
MHUpe, OJIHAKO ero WCTUHHAS

pacnpoCTpaHEHHOCTh OCTAETCS HEU3BECTHOM,
MOCKONIbKY  TPEThb  MHAIlMEHTOK  HMEIOT
0ECCUMIITOMHYO bopmy JTAHHOTO
3a00JeBaHNs W OKOHYATENbHBIA JHMAarHo3
TpeOyeT  XHpPYypru4eckod  BHU3yalU3alluu
SHAOMETPUOUIHBIX OYAroB C MOCIEAYIOUINM
WX THCTOJIOTHYECKUM HcclienoBanueM [2, 3].
JlutepaTypHble NaHHBIE TOBOPAT O BBICOKOI
pacipoOCTPaHEHHOCTH HHAOMETPUO3a Cpelu
nagueHTok ¢ oOecrogueM (o 50%) wu
xpoHuueckor TazoBoil Oonpto (XTB) (mo
49%), a TakKe CpeiM JKEHIUUH, Y KOTOPBIX
XTb ue mogmaercs neuenuto (mo 75%) [4].
DHJIOMETPHO3 — KMHOTOJIMKOE» 3a00JIeBaHHE,
KOTOpOE€  OTJIMYAETCs  IETEPOTr€HHOCTHIO
CUMITOMOB: OT Ta30BOM OONM, HapyUICHHA
MEHCTPYaJIbHOTO LUKJIA, JTUCMEHOPEH,
IUCTapeyHuH,  OecruioAust 0  HWHBIX
MIPOSIBIICHUH, XapaKTePHBIX TUTST
SHJOMETPUO3a HETHIHYHBIX JIOKAJTU3AIHi
(PHIOMETPHO3  JIETKHX, MOYEBOTO  H
KEITyT0YHO-KUIIIEYHOTO TPAKTOB U T.1.) [2, 5].
[Tpu 5TOM KOHEYHBIC MTPHYNHBI U MEXaHU3MBI
BO3HHUKHOBEHHUS 3HJOMETPHO3a OCTAIOTCA JI0
KOHIIa Hen3y4eHHbIMHU [3]. CornacHo JaHHBIM
JTUTEPATyphl, B Pa3BUTHUU U PACIIPOCTPAHECHUHU
SHJOMETPHUO3a YYacTBYIOT TOPMOHAJbHbIE,
MMMYHOJIOTHYECKHE, AHATOMUYECKHUE
¢daktopsl  [6]. Taxke Benuka  poJb
TEHETHYECKUX  (DAKTOPOB B ITHOJIOTHH

SHJIOMETPHO3a [7-11]. Pesynbrath
MPOBEJICHHBIX  OMU3HEIOBBIX, CEMEHHBIX,
ACCOMMATUBHBIX u ITOJITHOTCHOMHBIX
HUCCIEA0BaHUN MMOKa3bIBAIOT, 4TO
T€HCTUYECCKUEC BIIMSAHUA Ha Pa3sBUTHC

SHJIOMETPUO3a 3HAUUTEIbHBI U COCTABIISIIOT J10
47% [7, 12]. IlTonHOTr€HOMHBIE HCCIIEI0BaHUS
MIO3BOJIMJIN ~ YCTAHOBUTH OKOJIO 200

HOJUMOP(HBIX JIOKYCOB, aCCOLIMUPOBAHHBIX C
BO3HUKHOBEHHEM SHAOMETPHO3a [12].
OxHako, 10  CEromHsIIHEro JHSA  HE
orpeziesieHa poJib KOHKPETHBIX T€HETUYECKUX
BapHaHTOB, CIIOCOOCTBYIOIIUX  Pa3BUTHUIO
JTaHHOTO 3a00JIEBAHHUS.

B narorenese snpomMeTpuo3a OOJIBIIYIO
poJIb WrparoT IOJOBbIE TOpMOHBI [13].
YpoBeHb OMOJIOTUYECKU AKTUBHBIX
TOHAJIOCTEPOUJIOB B OPraHU3ME pEryJIupyer
I'CII" [14]. Oka3biBasg BIMSHHE HA YPOBHHU
TecTocTepoHa u sctporenos, I'CIII ciocoben
U3MEHUTh (YHKIIMOHUPOBAHUE BCel
TUNoTanaMo-Tunodu3apHo-TOHAAHONH OCH, H,
CJIEIOBATENBHO, BHIPAOOTKY JPYTHX MOJOBBIX
ropMoHOB [ 15]. [Tockonsky I'CIII" oTBEeuaer 3a
TPAHCIIOPTUPOBKY u CBSI3bIBAHUE
TOHAJOCTEPOUJIOB  JIOTUYHBIM  SIBIISIETCS
npeamnonoxxenue o ToMm, uro GWAS-
3HauYMMBbIE noJUMOp(HBIE JIOKYCBI,
accouuupoBansble ¢ ypoHeM ['CIII', moryt
OBITh BOBJICUEHBI B Pa3BUTHE dHJOMETPHO3a U
CBSI3aHbI C YPOBHSIMU IOJIOBBIX TOpMOHOB. Ha

CETOIHSITHUI JACHDb IMPOBCACHHBIC
aCCOIIMAaTUBHBIC n IOJIHOI'CHOMHBEIC
HUCCICI0OBaHUA IIO3BOJIHIIN BBISIBUTH

B3aUMOCBS3b MEXIY MOJIMMOP(U3MOM T'€HOB
IIOJIOBBIX TOPMOHOB, a TaKXe YPOBHEM
PENpPOAYKTUBHBIX TOPMOHOB U pa3BUTHEM
supometpuosza [16-19]. Opnako, paboTHI,
TIOCBSIIIIEHHBIE U3Y4YECHHUIO BKJIaZa
reHeTudyeckux aerepMuHaHT ypoBHsa ['CIII' B
TOPMOHAJIBHBIA ~ MPOQMIb  MAalUEHTOK C
TeHUTAIBHBIM  JHJAOMETPHO30M, HE ObuIH
MIPOBEJIEHBI, YTO ONPENENAET aKTyaJIbHOCTh
JTAHHOTO HCCIIEIOBaHMUSI.

Henn HCC/IeI0BAHNS. N3yuuts
accounuanuu HOJIMMOP(HBIX JIOKYCOB,
cBa3aHHbIXx ¢ ypoBHeM I'CIII' Ha
ITOJTHOTEHOMHOM YpPOBHE 3HAYMMOCTH

(rs12150660 SHBG, rs10454142 PPP1R21,
rs780093 GCKR, 1517496332 PRMTHS,
rs3779195 BAIAP2L1, rs440837 ZBTB10,
rs7910927 JMJDI1C, rs4149056 SLCO1B1,
rs8023580 NR2F2), ¢ ropMOHaJIbHBIM
npoduiaeM TAlUeHTOK C  T[CHUTAIbHBIM
IHJIOMETPHO30M.
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MarepuaJbl " METOIbI
HccaenoBanusi. B ucciaegoBaHue  ObLIN
BKiIo4yeHbpl 103 mamuMeHTKH ¢ TeHUTaldbHBIM
SHJIOMETPHUO30M. Bce JKCHIIWHEI,
BKJIIOYEHHBIE B MCCIIEIOBAaHUE, — PYCCKHE,
xurenbHulbl LlenrpansHoro Yepnoszemsbs PO.
Cpennuii Bo3pacT »KeHIIUH cocTtaBui 33,01

JeT, uHIEeKC Macchl Tena — 24,91 kr/mA.
Bri6opka ObLTa chopMupoBaHa B
THHEKOJIOTHYSCKOM OT/CIICHUU

nepuHatanbHoro uenrpa OI'bY3 «BbOKbB
Cearurenss Uoacada» (benropon). Jnarnos
ObUT  YCTAaHOBJIGH IIOCIIE  IPOBEICHHOTO
ONEepaTHUBHOTO JiedeHHUsI (MIOATBEPKICH B
pe3yabTare MOP(OJIOrHIECKOTO
uccienoanus). Kaxmoil mamueHTKold ObLIO
MOANUCAaHO UH(OPMHUPOBAHHOE COTJIacue Ha
y4acTHE B HAYYHOM HCCIICJOBAHHH.

Kaxxnoil mammeHTKe BBIIOJNHEH aHAIIN3

YPOBHS MTOJIOBBIX TOPMOHOB
(meruaposnuaHIpoOCTePOH (AI'BA),
ACTPaaMO, (b OJITHKYIOCTUMY TP Y FOIITAN
ropmoH (DCI'), THOTEUHU3UPYIOMIUNA TOPMOH
(JID), MPOTECTEPOH, MPOJIAKTUH u
TECTOCTEPOH ). Jns MIPOBEICHUS

MOJICKYJISIPHO-TEHETHYECKOTO  MCCIICTIOBAHUS
OblTM  wWcronb3oBaHbl  obpasmel  JIHK,
BbIJIETICHHBIE U3 JIEHKOIIUTOB BEHO3HON KPOBH
(heHoTBHO/XITOPOHOPMHBIM METOJ0M
dKCTpakiuu. JIJIs TEHOTHIHPOBAHUS OBLIH
O0TOOpaHBI 9 GWAS-3HaunMBIX
MOJIMMOQPHBIX ~ JIOKYCOB,  CBSI3aHHBIX  C
ypoeaem ['CIII:  rs12150660  SHBG,
rs10454142 PPP1R21, rs780093 GCKR,
rs17496332 PRMT6, rs3779195 BAIAP2L1,
rs440837 ZBTB10, rs7910927 JMJDI1C,
rs4149056 SLCO1B1, rs8023580 NR2F2.
MeTogoM MoONMMEpa3HOW IEMHOW peaKIuu
(TexHOMOTHS real-time [1LIP) Ha
amruidukaTope BioRad CFX9% ¢
HCIOJIb30BaHUEM JIOKYC-CIEeU(PUISCKIX
HabopoB peareHTtoB (mpousBoactBa OOO
Tectl'en, 1. VYIbSHOBCK)  BBIIIOJHEHO
TeHOTUIIUPOBaHUE BbIIeonucanHbix  SNPS.
OT60p noTUMOP(HHBIX TOKYCOB IMTPOU3BOTUIICS
HCXOJS U3 WX BBIPAKCHHOTO PETYJISATOPHOTO
MOTEHIINAaJa U BIUSHUS HA YKCIIPECCHUIO TEHOB
(oteHka MpoBeIeHa c TTOMOIIIBIO
ononndopmaruueckoro pecypca HaploReg).
JIns  OLEHKH  acCOIMaIHi SNPs ¢
TOPMOHAJBHBIM ~TPOGUIEM TAIMEHTOK C

TEHUTAIBHBIM SHIOMETPUO30M HCIOJIb30BaHa
nporpamma gPLINK wu wmerox snumHeEHON
perpeccuu (st pacyeToB ObLIN
HCIIOJIb30BaHbI TpaHChHOPMHUPOBAHHBIC
3HAUYEHMS T.€. MPUBEJACHHBIE K HOPMAJIHLHOMY
pacIpeleNeHUI0 TOKa3aTeNel  CoaepkKaHus
TOPMOHOB) C TIPOBEJICHHEM pPaCcUeTOB B 4-X
F€HETUKO-CTaTUCTUYECKHUX MOJIEIIAX:
aJUIeJIbHOM, JOMHWHAHTHOW, PELECCUBHOW U
aJIUTUBHOMN. B KauecTBe KOBapUaT B pacyEThI
ObLTM  BBEJEHBI CJICAYIOIIME IapaMeTpPhl:
Bo3pact, HWMT, Haimuuue CoOYETaHHBIX
npoiudepaTuBHBIX  3a00JICBaHUN  MaTKH
(rumepriazus HAOMETPHUSA, MHOMa MAaTKH).
[TepMyTaIluOHHBIN TECT OBLI KCIIOIB30BaH IS
KOPPEKIIMU HAa MHOKECTBEHHBIE CPABHECHHSI.
PesynabTarhl W HMX 00Cy:XKIeHHe.
YcTaHoBJIEHO, UTO pacipe/eiieHe TeHOTUIIOB
M3y4aeMbIX JEBATU MOJIEKYJIIPHO-
reHeTndeckux mapkepos (rs12150660 SHBG,
rs10454142 PPP1R21, rs780093 GCKR,
rs17496332 PRMT6, rs3779195 BAIAP2L1,
rs440837 ZBTB10, rs7910927 JMJD1C,
rs4149056 SLCO1B1, rs8023580 NR2F2)

COOTBETCTBYET PaBHOBECHIO Xapau-
Baitn6epra (p>0,05).

Baxnoii XapaKTEPUCTUKON
SHJOMETPUO3a  SIBISAETCS  TOPMOHAJIBHBIN

cTaryc nanueHTku. Hamu mpoananmsupoBaHa
BOBJIEUEHHOCTb noarmMop¢usma reHos I'CIIT B

(hopmupoBaHHe 0ocoOeHHOoCTEH
TOPMOHAIBHOTO  CTaTyca  JKEHIIWH ¢
3HJIOMETPHUO30M. B Ta0IuIax 1-7
OTOOpaKeHBl  MOJIyYCHHBIE  PE3YJIbTATHI

YcraHoBlieHa acconuanus moauMopduszMa
rs440837 (A>G) ZBTB10 c¢ ypoBHeMm
JETUIPOIMTUAHAPOCTEPOHA (DHEAS)
cornacHo ajutuBHOK (B=-0,266; p=0,046;
Pperm=0,049) w momumuanTHOUN (B=-0,334;
p=0,048; Pperm=0,050) reneTHYECKUX MOIETEH
(Tabm. 1).

C xonrnentpanueit sctpanuona (ESTR)
CBSI3aHBI 2 TOTMMOPQHBIX JIoKyca — 53779195
(T>A) BAIAP2L1 u rs440837 (A>G) ZBTB10
(Tabm. 2). OMHOHYKICOTHIHBIN TOTUMOPGHU3M
rs3779195 (T>A) BAIAP2L1 acconuupoBas ¢

YpOBHEM  JAaHHOTO TOPMOHA  COTJIACHO
ammutuBHO# (B=-0,282; p=0,043; Pperm=0,045)
u  gomuHantHOM  (B=-0,318; p=0,031;
Pperm=0,032) TCHETUYECKUX MOJIETICH.

[Momumopduerii  nokyc rs440837 (A>G)
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ZBTB10 B pamKax JIOMHUHAHTHOMI
reHerudeckoit moxenu (P=-0,264; p=0,047,
Pperm=0,048) cBsizan ¢ comepkanuemM ESTR B
CBIBOPOTKE KPOBH OOJIBHBIX YHIOMETPUO30M.

UYeTbIpe MOJIEKYISIPHO-TEHETUYECKUX MapKepa
— 15780093 (C>T) GCKR, rs10454142 (T>C)
PPP1R21, rs8023580 (T>C) NR2F2 wu
rs12150660 (G>T) SHBG BoBicueHbl B
¢dbopmupoBanue ypoBHs nporecrepona (PG) y
O6onbHBIX dHIOMeTpro3oM (Tabm. 3). Jlokyc
rs780093 (C>T) GCKR cBs#3an ¢
KOHIIEHTpAallMel JTaHHOTO TOpPMOHAa B paMKax
JIOMUHAHTHOMN (B=-0,380; p=0,037;
Pperm=0,038) u a;tensHo# (B=-0,269; p=0,049;
Pperm=0,050) TCHETHYCCKUX MOJIETICH.
[Momumopdusmer rs10454142 (T>C) PPP1R21
u rs12150660 (G>T) SHBG ompenensior
cogepxkanne PG B CBIBOPOTKM  KpOBH
MAlMEeHTOK C  3HJOMETPHO30M  COIJIACHO
peneccuBHori momemn  (B=0,568; p=0,049;
pperm:0,049 u B:‘1,071, p:0,027, pperm:0,028
COOTBETCTBEHHO) M JIoKyc 58023580 (T>C)
NR2F2 accomuupoBan ¢ ypoBHem PG B
paMKax ajuIeJIbHOH T'eHETHYEeCKOH MOJenn
(B=-0,289; p=0,049; pPperm=0,050). Cnenyer
OTMETUTh, 9YTO MUHOPHBIA amiens C
nojumopdusma rs10454142 (T>C) PPP1R21
cBsi3aH ¢ Oosiee BbICOKOW KOHIeHTparueit PG
B CBHIBOPOTKE  KPOBH  TAI[MCHTOK  C
snpomerpro3oM ($>0), Torna Kak MHUHOpPHBIE
aIJeNnu Jpyrux Tpex Bhlmieyka3zaHHbIX SNPS
(amrens T rs780093 (C>T) GCKR, amrens C
rs8023580 (T>C) NR2F2 wu amnens T
rs12150660 (G>T) SHBG) MapkupyroT
HU3KHUH YPOBEHB JIAHHOTO TOPMOHA.

Konnenrpanus tecroctepona (TEST) y
MAIMEHTOK c SHIOMETPHUO30M
JIeTepMUHUpPYeETCs monumopduzmom rs440837
(A>G) ZBTB10 cornacHo IBYX IeHETHUECKHX
Moieneit — qomuHanTHOH ($=-0,322; p=0,028;
Pperm=0,030) u a;utensHo# (B=-0,215; p=0,050;
Pperm=0,050) (Tao6m. 4).

Takum o0pa3omM, HamMu BBISBICHBI
TCHETUYCCKUE  BapUAHTBI, CBS3aHHBIC C
YPOBHEM I'CIIT, ONPEACIISIIOIINE
TOPMOHAJIbHBIN npoduins OO0JIBbHBIX
saaomerpuozoM. C conepkanuem DHEAS u
TEST accoumupoBad MOMUMOPQHBIA JIOKYC
rs440837 (A>G) ZBTB10, ¢ koHIeHTpaIuei
ESTR - rs3779195 (T>A) BAIAP2L1 u
rs440837 (A>G) ZBTB10, c¢ coaepxanuem

PG — rs780093 (C>T) GCKR, rs10454142
(T>C) PPP1R21, rs8023580 (T>C) NR2F2 u
rs12150660 (G>T) SHBG.

CornacHo  JUTEpaTYpPHBIM  JIaHHBIM
nosmmMopHbie Jokychl 5440837 ZBTB10 u
rs3779195 BAIAP2L1 oka3bIBalOT pa3inyHbIC
ieioTporHbie 3P EeKThI, KOTOPBIE CBSI3aHbI C

(YHKIIMOHMPOBAHUEM KEHCKOU
PETPOAYKTHBHOW CHCTEMBI KaK B HOPME, TaK
npu Pa3IUYHbIX TMHEKOJIOTUYECKIX

3a0oneBanusax. Tak, mnonuMopdusM reHa
ZBTB10 acCOLMMPOBaH c TOPMOH-
3aBUCHMBIMU OMYXOJIIMU KaK PaK MOJIOYHOMN
xkene3bl [20] m pak smunukoB [21]. ['en
BAIAP2L1 accouuupoBaH ¢ TAKUMH TOPMOH-
3aBUCHUMBIMU  3a00JIEBaHUSAMH, KaK pak
MOJIOUHOM  Kene3bl  (YCTaHOBIEHO,  UTO
BAIAP2L1 ciocoGcTBYET pOTrpeccCHpoOBaHUIO
PMX) [22], pak muToBUAHOM kKemne3bl [23] u
paK SIMYHUKOB [24].

Ilo JTAHHBIM JIBYX GWAS,
nonumopduelii  mokyc rs440837 ZBTB10
(amnens G Mo JaHHBIM HAIIETO UCCIIEOBAHUS
CBA3aH C  HHU3KMMHU  KOHILIEHTpalUSIMHU
JNETUJO2NNAHAPOCTEPOHA,  ACTpaguoia |
TECTOCTEPOHA) ACCOLMHPOBAH C YPOBHIMHU
I'CIIT" [25, 26]. B uccnemoBanuu Coviello
A.D. et al. amtenbHbBIN BapraHT A MapKUpOBaT
muskue yposuu I'CIIT (B=-0,030, p=3x107)
[25], B TOo Bpems kak B ananuze Harrison S. et
al. amnenpHBIi BapumanT G Obul CBsI3aH C
Bbicokumu ypoBHsmu ['CIII (B=1,43) [26].
Brieonucanusii nonuMopuzm
(YHKIIMOHATIBHO aKTUBEH B MEYEHH, KOTOPAs
SIBJISIETCS OCHOBHBIM MecToM cuHte3a ['CIIT
[14]. TCII' — 5TO TJIMKOMPOTEWH IIJIA3MBbI
KpPOBH, KOTOPBII CIEenU(pUUECKH CBSI3bIBAET
aH/POTEHBI U 3CTPOTEHBI, TPAHCIIOPTUPYET UX
B MeTa0OJIMYECKH HEAaKTUBHOW ¢opme u
OlpesieNiieT COOTHOIIEHHE CBOOOAHON H
0eNoK-CBsA3aHHON (hpaKIMii STUX TOPMOHOB B
miazme [15]. T'CIII' ocraBnseT CBOOOMHBIM
ToJIbKO 1-2% TecTocTrepoHa u 2% 3cTpannoia,
B TO Bpems Kak 65% tectoctepona u 38%
sctpaauona cesasbiBaercs ¢ ['CIID, ocranpHoe-
¢ ampoymmaoMm [14, 15]. Takum obpazom
ypoBau ['CIII' oOpaTHO KOppemupyoT ¢
KOHILEHTPALUSAMU TIOJOBBIX TOPMOHOB B
kpoBu: Bbicokui I'CIII" mpuBOAUT K HU3KUM
YPOBHSAM TECTOCTEPOHA M ICTPOTE€HOB [27].
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Tabnuya 1
I[MoaunmopdHbIe T0KYChI, acconuupoBanHbie ¢ ypoBHem I'CIIT, u conep:xkanune DHEAS y 60J1bHBIX 3HA0METPHO30M
Table 1
Polymorphic loci associated with SHBG levels and DHEAS content in patients with endometriosis
I'eHeTM4yeckue MOJCIN
o O0Bem
HO.]II/IMOI)(DH])II/I BapuaHT aJlJIeJIbHasA ajJuTuUBHasA JOMHUHAHTHAsA peueccuBHast
Boibopru g SE P B SE P B SE P B SE P
rs17496332 (A>G) PRMT6 (1xp.) 62 -0,037 | 0,127 0,770 |-0,057 | 0,134 0,671 | 0,040 | 0,174 0,820 |-0,404| 0,295 | 0,176
rs780093 (C>T) GCKR (2xp.) 62 0,046 | 0,141 | 0,746 | 0,044 | 0,144 | 0,762 | 0,007 | 0,184 | 0968 | 0,188 | 0,314 | 0,552
rs10454142 (T>C) PPP1R21 (2xp.) 62 -0,035 | 0,123 0,777 |-0,020| 0,128 0,874 |-0,096 | 0,173 0,579 10,148 | 0,273 | 0,590
rs3779195 (T>A) BAIAP2L1 (7xp.) 58 -0,132 | 0,174 0,451 |-0,070 | 0,189 0,711 | 0,003 | 0,210 0,988 |-0,998| 0,685 | 0,152
rs440837 (A>G) ZBTB10 (8xp.) 62 -0,235 | 0,127 0,068 |-0,266 | 0,130 0,046 |-0,334| 0,165 0,048 |-0,380| 0,340 | 0,268
rs7910927 (G>T) JIMJD1C (10xp.) 61 -0,037 | 0,123 0,765 |-0,033| 0,126 0,792 | 0,097 | 0,198 0,625 |-0,197| 0,206 | 0,343
rs4149056 (T>C) SLCO1B1 (12xp.) 61 0,258 | 0,138 0,065 | 0,263 | 0,149 0,084 | 0,315 | 0,178 0,083 | 0,285 | 0,397 | 0,475
rs8023580 (T>C) NR2F2 (15xp.) 59 0,044 | 0,136 0,747 | 0,054 | 0,139 0,699 | 0,091 | 0,174 0,602 |-0,025| 0,344 | 0,942
rs12150660 (G>T) SHBG (17xp.) 61 0,020 | 0,143 0,891 |-0,030| 0,152 0,844 |-0,039| 0,188 0,838 |-0,082| 0,399 | 0,937
[Mpumeuanue: [TokazaTenu NoMyyeHbl IPU KOPPEKLIUKM HA KOBApHaThI; B — KO PUIMEeHT nuHeiHo perpeccun; SE — ommbka f3; p — ypoBeHb 3HAYUMOCTH.
Note: The indicators were obtained by correcting for covariates; B — the linear regression coefficient; SE — the B error; p — the significance level.
Tabnuya 2
IMoanmopdHbIe T0KYChI, acconuupoBanHbie ¢ ypoBHeMm I'CIIT, u conep:xkanne ESTR y 60JbHBIX 3HI0METPHO30M
Table 2
Polymorphic loci associated with SHBG levels and ESTR content in patients with endometriosis
I'eneTHYecKue MOJECIH
o O0Bbem
HOJ’IHMOp(l)H]:[I/l BapuaHT BBIGOpKH aJlJIeJIbHas1 AAJAUTHBHAA JOMHUHAHTHAasA peueccuBHas
B SE P B SE P B SE P B SE P
rs17496332 (A>G) PRMT6 (1xp.) 99 0,021 | 0,099 0,828 |-0,002 | 0,097 0,982 | 0,042 | 0,136 0,759 |-0,000| 0,189 | 0,637
rs780093 (C>T) GCKR (2xp.) 99 -0,128 | 0,107 0,235 |-0,136 | 0,104 0,194 |-0,252 | 0,135 0,064 | 0,051 | 0,221 | 0,816
rs10454142 (T>C) PPP1R21 (2xp.) 96 -0,038 | 0,107 0,725 |-0,016 | 0,106 0,884 |-0,012| 0,138 0,933 |-0,046| 0,245 | 0,851
rs3779195 (T>A) BAIAP2L1 (7xp.) 95 -0,249 | 0,138 0,074 |-0,282| 0,138 0,043 |-0,318 | 0,146 0,031 | 0,023 | 0,678 | 0,973
rs440837 (A>G) ZBTB10 (8xp.) 100 -0,195 | 0,103 | 0,061 |-0,191| 0,101 | 0,062 |-0,264 | 0,131 | 0,047 |-0,198| 0,247 | 0,426
rs7910927 (G>T) JIMJD1C (10xp.) 99 -0,136 | 0,093 0,147 |-0,223 | 0,091 0,180 |-0,250 | 0,145 0,087 |-0,073| 0,156 | 0,642
rs4149056 (T>C) SLCO1B1 (12xp.) 99 0,059 | 0,115 0,611 | 0,230 | 0,115 0,262 | 0,129 | 0,141 0,360 | 0,297 | 0,303 | 0,330
rs8023580 (T>C) NR2F2 (15xp.) 96 -0,063 | 0,118 0,598 |-0,075| 0,116 0,520 |-0,115| 0,134 0,395 | 0,086 | 0,337 | 0,798
rs12150660 (G>T) SHBG (17xp.) 99 0,061 | 0,118 0,603 | 0,040 | 0,118 0,731 | 0,058 | 0,137 0,674 |-0,016| 0,339 | 0,963

[Mpumeuanue: [TokazaTenu NoMyyeHbl IPU KOPPEKLIUK HA KOBApHaTHI; B — KO PUIMEeHT nuHeiHo perpeccun; SE — ommbka f3; p — ypoBeHb 3HAYUMOCTH.

Note: The indicators were obtained by correcting for covariates; § — the linear regression coefficient; SE — the B error; p — the significance level.
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Tabnuya 3
IMoaumopdHbIe T0KYyCHI, acconuupoBannbie ¢ ypoBHem I'CIIT, u conep:xxanune PG y 060J1bHBIX JHA0METPHO30M
Table 3
Polymorphic loci associated with SHBG levels and PG content in patients with endometriosis
I'eHeTM4yeckue MOJCIN
. O0Bem
HOJIHMOp(l)HBIH BapuaHT BblﬁOpKH aJlJIeJIbHasA ajJuTuUBHasA JOMMUHAHTHAaA peueccuBHast
B SE P B SE P B SE P B SE P
rs17496332 (A>G) PRMT6 (1xp.) 63 -0,067 | 0,119 0,577 |-0,068 | 0,123 0,584 |-0,134| 0,173 0,441 |-0,001| 0,242 0,996
rs780093 (C>T) GCKR (2xp.) 63 -0,269 | 0,134 0,049 |-0,267 | 0,138 0,058 |-0,380| 0,178 0,037 |-0,180| 0,291 0,538
rs10454142 (T>C) PPP1R21 (2xp.) 61 0,054 | 0,125 0,665 | 0,071 | 0,137 0,605 |-0,101| 0,188 0,593 | 0,568 | 0,283 0,049
rs3779195 (T>A) BAIAP2L1 (7xp.) 62 0,060 | 0,161 0,711 | 0,090 | 0,170 0,600 | 0,109 | 0,184 0,559 |-0,046 | 0,689 0,947
rs440837 (A>G) ZBTB10 (8xp.) 63 0,052 | 0,149 0,727 | 0,065 | 0,156 0,678 | 0,141 | 0,177 0,429 |-0,447 | 0,496 0,372
rs7910927 (G>T) JMJDIC (10xp.) 62 -0,056 | 0,110 0,612 |-0,056 | 0,115 0,627 | 0,006 | 0,190 0,973 |-0,170| 0,195 0,388
rs4149056 (T>C) SLCO1B1 (12xp.) 62 0,000 | 0,153 1,000 |-0,009 | 0,166 0,958 |-0,011| 0,192 0,956 | -0,007 | 0,493 0,988
rs8023580 (T>C) NR2F2 (15xp.) 61 -0,289 | 0,144 0,049 |-0,273| 0,150 0,074 |-0,284| 0,172 0,105 |-0,554| 0,478 0,252
rs12150660 (G>T) SHBG (17xp.) 62 -0,051 | 0,149 0,732 |-0,062 | 0,157 0,695 | 0,060 | 0,176 0,736 |-1071| 0,471 0,027
[Ipumeuanue: [TokazaTenu MorydeHsI IPH KOPPEKITHMH HA KOBApHATHL; B — K03 UIMEHT TnHEeHoH perpeccun; SE — ommoOka ; p — ypOBEHb 3HAUUMOCTH.
Note: The indicators were obtained by correcting for covariates;  — the linear regression coefficient; SE — the B error; p — the significance level.
Tabnuya 4
IMoaumopdHubie JI0Kychl, accouunpoBanubie ¢ yposHeM I'CIIT, u conep:xkanue TEST y 60/1bHBIX 3H10METPHO30M
Table 4
Polymorphic loci associated with SHBG levels and TEST content in patients with endometriosis
T'eHeTHyecKkue Moaean
. Oo6bem
HOJIHMOp(l)HbII/l BapMaHT BL]GOPKH aJlJIeJIbHasA AAAUTHBHAA JOMHUHAHTHASA peuecCuBHass
B SE P B SE P B SE P B SE P
rs17496332 (A>G) PRMT6 (1xp.) 92 -0,031 | 0,105 0,765 |-0,039 | 0,107 0,718 | 0,036 | 0,147 0,809 |-0,244| 0,218 0,267
rs780093 (C>T) GCKR (2xp.) 92 -0,036 | 0,114 0,756 |-0,020 | 0,115 0,863 | -0,014 | 0,150 0,926 |-0,051| 0,241 0,833
rs10454142 (T>C) PPP1R21 (2xp.) 89 -0,086 | 0,108 0,428 |-0,093 | 0,109 0,395 |-0,099 | 0,148 0,504 |-0,195| 0,243 0,425
rs3779195 (T>A) BAIAP2L1 (7xp.) 88 -0,106 | 0,142 0,459 |-0,125| 0,147 0,397 | -0,088 | 0,156 0,575 |-1,027 | 0,680 0,135
rs440837 (A>G) ZBTB10 (8xp.) 93 -0,215| 0,109 0,050 |-0,215| 0,112 0,059 |-0,322 | 0,144 0,028 |-0,131| 0,273 0,634
rs7910927 (G>T) JMJDIC (10xp.) 92 -0,042 | 0,099 0,672 |-0,064 | 0,101 0,525 |-0,159 | 0,160 0,325 |-0,005| 0,172 0,975
rs4149056 (T>C) SLCO1B1 (12xp.) 92 -0,092 | 0,120 0,441 |-0,058 | 0,123 0,636 |-0,093| 0,152 0,542 | 0,017 | 0,319 0,959
rs8023580 (T>C) NR2F2 (15xp.) 89 -0,066 | 0,126 0,601 |-0,073| 0,128 0,572 |-0,111| 0,149 0,460 | 0,071 | 0,360 0,845
rs12150660 (G>T) SHBG (17xp.) 92 0,000 | 0,128 1,000 |-0,033 | 0,130 0,799 |-0,094 | 0,148 0,527 | 0,379 | 0,403 0,350

[Mpumeuanue: [TokazaTeny NoydeHbl IPH KOPPEKIUK Ha KOBapHaThl; B — KO3 PUIMEHT auHeiHoN perpeccun; SE — ommobka f3; p — ypoBeHb 3HAYUMOCTH.
Note: The indicators were obtained by correcting for covariates; [ — the linear regression coefficient; SE — the B error; p — the significance level.
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Tabnuya 5
I[MoaunmopdHbIe T0KYyCHI, acconuupoBanHbie ¢ ypoBHem I'CIIT, u conep:xxanne FSH y 601bHBIX JHI0METPHO30M
Table 5
Polymorphic loci associated with SHBG levels and FSH content in patients with endometriosis
I'eHeTM4yeckue MOJCIN
. O0Bem
HOJII/IMOI)(I)H])II/[ BapuaHT BblﬁOpKH aJlJIeJIbHasA ajJuTuUBHasA JOMMUHAHTHAaA peueccuBHast
B SE P B SE P B SE P B SE P
rs17496332 (A>G) PRMT6 (1xp.) 102 0,124 | 0,095 0,192 | 0,222 | 0,095 0,204 | 0,071 | 0,134 0,597 0,339 | 0,188 0,075
rs780093 (C>T) GCKR (2xp.) 102 0,051 | 0,106 0,632 | 0,063 | 0,106 0,553 | 0,096 | 0,137 0,485 | 0,026 | 0,223 0,907
rs10454142 (T>C) PPP1R21 (2xp.) 99 0,047 | 0,103 0,650 | 0,041 | 0,105 0,696 | 0,025 | 0,140 0,860 | 0,140 | 0,238 0,560
rs3779195 (T>A) BAIAP2L1 (7xp.) 98 0,040 | 0,136 0,767 | 0,046 | 0,141 0,744 | 0,057 | 0,149 0,705 |-0,203 | 0,684 0,881
rs440837 (A>G) ZBTB10 (8xp.) 103 0,048 | 0,102 0,640 | 0,081 | 0,103 0,436 | 0,023 | 0,133 0,865 | 0,390 | 0,246 0,117
rs7910927 (G>T) JMJDIC (10xp.) 102 0,076 | 0,091 0,406 | 0,083 | 0,092 0,369 | 0,158 | 0,146 0,279 | 0,059 | 0,157 0,709
rs4149056 (T>C) SLCO1B1 (12xp.) 102 0,029 | 0,113 0,799 | 0,072 | 0,115 0,535 | 0,098 | 0,140 0,487 | 0,040 | 0,307 0,898
rs8023580 (T>C) NR2F2 (15xp.) 99 -0,046 | 0,116 0,695 |-0,026 | 0,118 0,827 |-0,041| 0,136 0,763 | 0,043 | 0,346 0,902
rs12150660 (G>T) SHBG (17xp.) 102 0,060 | 0,115 0,602 | 0,035 | 0,117 0,767 | 0,039 | 0,136 0,778 | 0,055 | 0,342 0,873
[Ipumeuanue: [TokazaTenu MorydeHsI IPH KOPPEKITHMH HA KOBApHATHL; B — K03 UIMEHT TnHEeHoH perpeccun; SE — ommoOka ; p — ypOBEHb 3HAUUMOCTH.
Note: The indicators were obtained by correcting for covariates;  — the linear regression coefficient; SE — the B error; p — the significance level.
Tabruya 6
IMoaumopdHubie JIoKychl, accouunpoBannbie ¢ yposHeM I'CIIT, u conep:kanue LH y 601bHBIX 3HI0METPHO30M
Table 6
Polymorphic loci associated with SHBG levels and LH content in patients with endometriosis
T'eHeTHyecKkue Moaean
. Oo6bem
HOJIHMOp(l)HbII/l BapMaHT BLIGOPKH aJlJIeJIbHasA AAAUTHBHAA JOMHUHAHTHASA peuecCuBHass
B SE P B SE P B SE P B SE P
rs17496332 (A>G) PRMT6 (1xp.) 100 0,127 | 0,097 0,192 | 0,120 | 0,095 0,213 | 0,059 | 0,135 0,663 | 0,355 | 0,188 0,062
rs780093 (C>T) GCKR (2xp.) 100 -0,080 | 0,109 0,467 | -0,065| 0,107 0,548 |-0,028 | 0,137 0,837 |-0,222 | 0,231 0,340
rs10454142 (T>C) PPP1R21 (2xp.) 97 0,108 | 0,103 0,299 | 0,070 | 0,102 0,494 | 0,193 | 0,135 0,156 | -0,201 | 0,232 0,388
rs3779195 (T>A) BAIAP2L1 (7xp.) 96 0,082 | 0,138 0,556 | 0,076 | 0,141 0,590 | 0,073 | 0,149 0,624 | 0,248 | 0,682 0,717
rs440837 (A>G) ZBTB10 (8xp.) 101 -0,024 | 0,104 0,816 | 0,004 | 0,103 0,972 |-0,031| 0,134 0,819 | 0,127 | 0,249 0,611
rs7910927 (G>T) JMJDIC (10xp.) 100 0,057 | 0,092 0,537 | 0,040 | 0,091 0,661 | 0,072 | 0,146 0,621 | 0,035 | 0,158 0,825
rs4149056 (T>C) SLCO1B1 (12xp.) 100 0,029 | 0,114 0,800 | 0,003 | 0,114 0,977 | 0,083 | 0,139 0,553 |-0,393| 0,310 0,208
rs8023580 (T>C) NR2F2 (15xp.) 97 0,124 | 0,119 0,301 | 0,084 | 0,119 0,484 | 0,035 | 0,139 0,799 | 0,485 | 0,343 0,161
rs12150660 (G>T) SHBG (17xp.) 100 0,152 | 0,116 0,192 | 0,150 | 0,118 0,207 | 0,243 | 0,136 0,078 | -0,247 | 0,340 0,470

[Mpumeuanue: [TokazaTeny NoydeHbl IPH KOPPEKIUK Ha KOBapHaThl; B — KO3 PUIMEHT auHeiHoN perpeccun; SE — ommobka f3; p — ypoBeHb 3HAYUMOCTH.
Note: The indicators were obtained by correcting for covariates; [ — the linear regression coefficient; SE — the B error; p — the significance level.
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Tabauya 7
IHosmumopdHnble JoKychl, acconnupoBanubie ¢ ypoBHeM I'CIII', u conep:xanue PROL y 60J1bHBIX JHI0METPHO30M
Table 7
Polymorphic loci associated with SHBG levels and PROL content in patients with endometriosis
T'eHeTHYeCcKHE MOJeIH
. O6bem
HOJIHMOp(l)H];II/l BapuaHT BLIﬁOpKH aJlJIeJIbHasA AAAUTHBHAA JOMHUHAHTHAsA peuecCuBHast
B SE P B SE P B SE P B SE p
rs17496332 (A>G) PRMT6 (1xp.) 102 0,086 | 0,097 0,376 | 0,058 | 0,095 0,545 | 0,031 | 0,130 0,813 | 0,166 | 0,190 | 0,384
rs780093 (C>T) GCKR (2xp.) 100 0,189 | 0,105 0,075 | 0,174 | 0,101 0,089 | 0,163 | 0,133 0,223 10,338 | 0,210 | 0,112
rs10454142 (T>C) PPP1R21 (2xp.) 97 -0,002 | 0,103 0,983 |-0,019| 0,100 0,853 |-0,081| 0,132 0,538 | 0,144 | 0,225 0,525
rs3779195 (T>A) BAIAP2L1 (7xp.) 96 0,138 | 0,133 0,302 | 0,107 | 0,135 0,428 | 0,122 | 0,143 0,396 |-0,022| 0,640 | 0,973
rs440837 (A>G) ZBTB10 (8xp.) 99 -0,013 | 0,107 0,907 | 0,021 | 0,102 0,834 | 0,009 | 0,131 0,947 | 0,097 | 0,251 0,699
rs7910927 (G>T) JMJDIC (10xp.) 100 0,058 | 0,091 0,523 | 0,069 | 0,087 0,432 |-0,051| 0,139 0,712 | 0,262 | 0,148 0,079
rs4149056 (T>C) SLCO1B1 (12xp.) 100 0,076 | 0,113 0,501 | 0,157 | 0,110 0,157 | 0,124 | 0,135 0,362 | 0,516 | 0,288 0,076
rs8023580 (T>C) NR2F2 (15xp.) 96 -0,095 | 0,118 0,421 |-0,114| 0,113 0,315 |-0,112| 0,131 0,394 |-0,257 | 0,328 0,436
rs12150660 (G>T) SHBG (17xp.) 100 -0,044 | 0,116 0,701 |-0,085| 0,111 0,446 |-0,066 | 0,130 0,610 |-0,314| 0,328 0,341

IMpumeuanue: [TokazaTeu MONTydYEHBI IPU KOPPEKIIUKM HA KOBAPHUATHI; 5 — KO QHIIMEHT IuHEHOM perpeccun; SE — ommbKa f3; p — ypoBEHb 3HAYUMOCTH.
Note: The indicators were obtained by correcting for covariates; B — the linear regression coefficient; SE — the B error; p — the significance level.
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[TonydyeHubie HaMu NaHHBIE
COTJIaCyIOTCSI C JAHHBIMU  MPOBEJEHHBIX
HOJIHOT€HOMHBIX HUCCIENOBaHUN. Taxk,

reaernyeckuii Bapuant G rs440837 ZBTB10,
ACCOLMUPOBAHHBIN MO HAaIIMM JaHHBIM C
HU3KUMH KOHIICHTPalUsAMHU JAI'DA,
ACTpajuojia W TECTOCTEPOHA, CBs3aH 11O
naHHbiIM  GWAS ¢ BBICOKUMH  ypOBHSIMH
I'CIII', u, cnenoBaTenbHO, C HU3KUM YPOBHEM
TECTOCTEpOHa U AcTpaguona [26]. U3
JIUTEpaTypPHBIX MaTEPUaIOB U3BECTHO, UTO JISI
TOPMOHAJIBHOTO  TPOGUIs  MAUEHTOK C
SHJOMETPUO30M  XapaKTEPHBl  MU3MEHECHHS
YpOBHEH TIOJOBBIX TOPMOHOB: CHIKEHUE
yposns JII', yBenuuenue konrentpaunu OCI,
CHIDKEHUE COOTHOLICHHUS JI'/OCT,
yBenudyenue ypoBus ['CII, cHmxeHue
TECTOCTEPOHA,  BBICOKME  KOHIIEHTpPALUU
ACTpaanoja B HHIAOMETPUOMIHBIX Oyarax Hu
HOpMaJbHbIE WIH HU3KHE YpOBHU
CBIBOPOTOYHOTO  3CTPAMOJIA, TOBBIIMICHUE
COOTHOIIEHUS 3CTPAINOII/TECTOCTEPOH U T.1.
[28, 29]. JlanHBIE TOPMOHATLHBIE U3MEHEHUS
CIOCOOCTBYIOT POCTYy M PACIPOCTPAHEHHIO
SHJOMETPUOUIHBIX TeTepoTonuii [30, 31].
Onucannple KoNeOaHHUs YpPOBHS TOPMOHOB
npu SHIIOMETPUO3€ TO>X1I€CTBECHHBI
MOJIy4YeHHBIM HaMH JaHHBIM O HH3KUX
YPOBHSIX 3CTPAJUOJIAa Y KEHIIUH C HATUIHEM
aens A nomumopdusma  rs3779195
BAIAP2L1.

Pe3ynbTarhl HACTOALLETO UCCIEAOBAHUS
coryacyrorcsi ¢ paboroit Dinsdale N. et al., B
KOTOpPO# OBUIO BBIABHHYTO MPEANOJIOKEHUE,
9TO SHJIOMETPUO3 BO3HHMKAaeT  H3-3a
ATUITHYHOTO (GYHKIIMOHUPOBAHHS
rUNoTanaMo-Tunopu3apHon ocH B
MpeHaTaIbHBIN EPUOJI, U TIPU TOM KIIFOUEBOE
3HAQYECHHE B Pa3BUTHU 3a00JICBAHHS HMMEET

HU3KHHA YpOBEHb MPEeHaTaIbHOTO
TECTOCTEPOHA [28]. Cooit B
(GYHKITMOHUPOBAHHUH TUIIOTAIaMO-
runoduzapHoi CUCTEMBI 00yCITOBJICH
M3MEHEHUEM qyBCTBUTEIHLHOCTH

rurnorajgamyca K CTepOUA-UHIYLHPOBAHHON
00paTHOW OTPHULIATEILHONW CBSA3M U MPUBOJIUT

K dbopMupoBaHUIO OIIPEIETICHHOTO
TOPMOHAJILHOTO npodus,
IpeApacoararonero K Pa3BHUTHIO

9HAOMETpUO3a (CHMKEHHBIN ypoBeHb JII' 1o

cpaBHeHU0 ¢ OCI', MOBBIIEHHBIH YPOBEHb
I'CIII', cHUKEHHBIA CHCTEMHBIN/IMYHUKOBBIN
TECTOCTEPOH W JIpyrue u3MeHeHus) [28, 32].
BBuny toro uro I'CIII" Ttpancnmoptupyer
AHJPOTreHbl B KPOBH, a TAKKE PETYIUPYET UX
JOCTYIl K TKaHSM-MHUIIEHSM, TO MOXKHO
MPEJIOJI0XKUTh, 4TO BbiCOKME ypoBHU ['CIIT
BJIMSIOT Ha CHIKEHUE YPOBHSI CBOOOJHOTO
TectocTepoHa. B mocnexyromem HHU3KHE
YPOBHHM MPEHATAIBHOIO U IOCTHATAJIbHOI'O

TECTOCTEPOHA  CIIOCOOCTBYIOT ~ pPaHHEMY
BO3pacTy HACTYIIJICHUS MEHapxe,
YKOPOUEHHIO  MEHCTPY&JIbHBIX  IMKJIOB,

Pa3BUTHUIO  MEHOpparuu, KOTOpbIe, Kak
W3BECTHO, SIBIISIOTCS OJHUMH U3 (HaKTOPOB
pUCKa  pa3BUTUS  SHJAOMETpuo3a  [28].
Brleykazanubie (bakTopsI pHucKa
CHOCOOCTBYIOT ~ YBEJIMYEHUIO BEPOSATHOCTH
3a0poca MEHCTpYyaJIbHON KpPOBH u
MOCIEAYIOMIEr0  Pa3BUTHUSL  DHAOMETPHUO3a,
COTJIACHO TUIIOTE3E peTporpagHoi
MeHcTpyaruu [33]. Kpome Toro, HeKOoTopble
aBTOPBI YKA3bIBAIOT HA aKTUBALIMIO CTBOJIOBBIX
KJIETOK TIOCPEICTBOM BO3ICHCTBUS HHU3KHUX
YpOBHEH TECTOCTEpPOHA C MOCIEAYIOLUIUM
pa3BUTHEM HHAOMETPHO3a B COOTBETCTBUU C
Teopuel  CTBOJIOBBIX kietok [14]. B
nocnenyromeii cratbe Crespi et al. BbIsiBIEHA
MIOJIOKUTEIIbHAS] KOPPEISALUS MEXKTy HU3KUMU
YPOBHSIMU  TECTOCTEPOHA U  OCHOBHBIMHU
CUMITOMaMHU »JHJOMETPHO03a, TaKUMHU Kak
Ta30Bas 60J1b " MOBBILLIEHHAS
YyBCTBUTEIBHOCTH K 00 [29].
IIpoBenennenii B 2024 romy aHanwus,
MOCBSIEHHBIN U3yueHuto acconuanuu ['CIIT -
CBSI3aHHBIX T€HOB C PAKOM MOJIOUHOM >KEJIE3bI
(PMXK), MOKa3al BOBJICYEHHOCTh
nonumopdHoro Jokyca rs10454142 PPP1R21
B Bo3HMKHOBeHHMe PMJXK y xeHuH 0e3
OTATOIIEHHOW  HACJIEICTBEHHOCTH U Yy
KEHIIMH, HE MMEIIIMX MYTaluid B TeHax
BRCAL/CHEK2 [34]. B nanHO#t paboTte
nokasano, u4ro amrenb C rs10454142
PPP1R21  sBnsercs  ¢akTopoM  pHCKa
pazButuss PMXX y JKeHIMH, HE HMEIOIINUX
OTSITOLIEHHOTO ceMeitHoro anamue3a no PMK
(OR=1,32, pperm=0,027), u y >KCHIIHMH Yy
KOTOpBIX OTCYTCTBOBAJM MYTallUM B TE€HAX
BRCA1/CHEK2 (OR=1,34-1,74, pperm<0,050)
[34]. B cootBercTBHM C JHTEpaTypHBIMH
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JTaHHBIMH,  TPOreCTEPOH  y4YyacTBYeT B MapKUPYIOTCS  MOJUMOPGHBIM  JIOKYCOM
peryJsiuuu npoaudepanuu u rs440837 ZBTB10, KOHIIEHTpaLlUU
mudepeHIPOBKE MAPEHXUMATO3HBIX KIETOK actpagnona — rs3779195 BAIAP2L1 wu
MOJIOYHOM Kene3sl [35]. Pak MomouHOM rs440837 ZBTB10, coJIepXKaHue

&Kelle3bl — TOPMOH-3aBHCHMAas  OIyXOJb,
BAYKHYIO pOJIb B IIATOI'€HE3E KOTOPON UTParoT
I0JIOBBIE TOPMOHBI (3CTPOTEeHbI, IPOTEeCTEPOH,
nposaktTuH u 1p.) [34, 35]. HccnenoBanue,
MIOCBSIIIIEHHOE H3YYEHHMIO YPOBHS TOPMOHOB
nepudeprudecKor KpoBu y narueHTok ¢ PMXK
[I0Ka3ajJl0, 4YTO YPOBEHb IIPOreCTEpOHa Yy
MaMeHTOK B MEHOMay3e  IMpeBbIMIal
HOpMaJIbHbIE 3HaueHus [36]. DT ngaHHBIE
COIJIACYIOTCS C  pe3yibTaTaMd  HAIIETo
HCCIIEIOBaHMsI, B KOTOPOM YCTAHOBJIEHO, YTO
MUHOpHBIM  amtens C  nmonuMopdusma
rs10454142 PPP1R21 cBszan c Oomee
BBICOKOW KOHIIEHTpaIMeil mporectepoHa B
CBIBOPOTKE KpOBH HAUEHTOK C
SHJAOMETPUO30M.

B wuccrnenoBannu Golovchenko 1.0. et
al.,  TOCBAMIEHHOM  HM3YYEHHIO  CBS3U
MoMMOp()U3MOB, BIUAIOIIMX Ha YPOBHHU
MOJIOBBIX TOPMOHOB (TIaHeNnb U3 9 JOKYCOB,
B3sitas w3 GWAS Ruth et al. [37]), c
SHJIOMETPHO30M (paboTa BBHIIOJIHEHA Ha TON
e BBIOOPKE NAIMEHTOB), ObUIN BBISIBICHbI
CleyIolIue pe3ynbTarhl. Bo-mepBeix, ObLia
yYCTaHOBJIEHa TNMPOTEKTHBHAas poiib amens C
rs11031005 FSHB, accouuupoBaHHOTO C
MOBBILIEHUEM YPOBHSI  00IIEro/cBOOOIHOTO
TecTocTepoHa. Bo-BTopbix, Obula ToOKa3aHa
BOBJIEUEHHOCTb B IPEIPaclONOKEHHOCTh K
SHAOMETPHO3y (B  paMKax  MEXIE€HHBIX
B3aumo/eiicTeuil) SNPs, acconnnpoBaHHBIX €
YPOBHEM LUPKYJIUPYIOIIETO I'CIIr
(rs1641549  TP53, rs727428 SHBG),
cBOOOHOTrO (OMOIOCTYITHOTO) TECTOCTEPOHA
(rs112295236 SLC22A10, rs727428 SHBG) u
JAI'9A [38]. B mocneayromiemM uccien0BaHUN
['onoBuenko n.o. ObL1a
MPOJIEMOHCTPUPOBAHA KOPPESALUs YpPOBHEHN
TECTOCTEPOHA y MAI[UEHTOB C SHIOMETPHO30M
¢ nonumopdmmamu 15148982377 ZNF789 u
rs34670419 ZKSCANS [39].

3axiouenne. Takum  obOpazoMm, B
pe3ynbTare MPOBEAECHHOIO  HCCIeIOBAaHUS
YCTaHOBJEHO, YTO CpEAM MALUEHTOK C
TEeHUTAJbHBIM  JHIOMETPUO30M  YPOBHH
JNETUAPOAINAHIPOCTEPOHA U TECTOCTEPOHA

nporectepona — s780093 GCKR, rs10454142
PPP1R21, rs8023580 NR2F2 u rs12150660
SHBG.
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AKTyaqbHOCTb: HOBBIN Kjacc JIEKapCTBEHHBIX COEJWHEHUN — MPOU3BOJHBIE XWHA30JIMHA U
XWHA30JIMHOHA aKTUBHO M3Y4YarOTCs B MOCJIEAHUE TOJbI, HA UX OCHOBE CO3JAKOTCS JIEKAPCTBEHHbIC
mpemnapaTsl ¢ MOJUBAICHTHBIM BIUsSHUEM. KOHIENIHs MHOTO(QYHKIIMOHATHHBIX areHTOB aKTHBHO
pa3BUBAETCA U Ta€T 0OHAICKUBAIOIITNE PE3YIbTaThl. B KIIMHINYECKOM MPaKTUKE MPUMEHSIETCS MHOTO
BBICOKOAKTUBHBIX IPOM3BOAHBIX XWHA30JIMHA W XWHA30JIMHOHA, W3BJECYEHHBIE W3 PACTEHUM,
OakTepuil, rpuOOB. XWHA30JIMHOBBIM U XMHA30JIWHOHOBBIN ITUKIIBI — YHUKAIbHEIE (hapMako(pOpHBIE
TPYNIbI, BHOCSAIINE BKJIaJ B CTPYKTYpPY M AKTUBHOCTh IIMPOKO HCHOJB3YEMBIX B MEIUIMHCKOU
MPaKTUKE JIEKapCTBEHHBIX mpemnapaToB. Llesb uccienoBaHusi: AHAJIN3 COBPEMEHHBIX JaHHBIX
JIATEPATYPBI 00 HCCIICIOBAHUAX MIPOTUBOBOCTIIAIIUTEIBHOM, MPOTUBOMH(EKIINOHHOMH,
MPOTUBOOITYXO0JIEBOM AaKTUBHOCTU IPOW3BOJAHBIX XWHA30JMHA W XWHA30JIMHOHA. MaTepuajbl U
Metroabl: [IpoBen€H TeopeTHMUeCKHM aHaau3  OMYOJMKOBAHHBIX  pPE3yJbTaTOB  HM3yYCHHS
dapmakonorndeckux 3¢G(HEKTOB MPOU3BOJHBIX XWHA30JIMHA M XWHA30JMHOHA C Pa3sTUYHBIMU
3amecTuTeNsiMe. [1oncK ocyIIecTBsuicS o padoTaM, HaXOIMIIMMCS B OTKPBITOM JOCTYTIe, B 6a3ax
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nanubix PubMed, Elibrary, Scopus. Ilpu aHanu3e auTepaTypHBIX TaHHBIX 0CO00€ BHHUMAaHHUE
YIeIAJIOCh CHCTEMAaTHYeCKHMM 0030paM M MeTaaHalIM3aM pPe3yJIbTaTOB HAYYHBIX HCCIIEIOBAHUU.
PesyabTaThl: Haubonee pacnpoctpanensl npousBoanbie 4(3H)-xunazomuHona. Jlns nepuBaToB
XMHA30JIMHA W XWHA30JIMHOHA MOKAa3aHO NIPOTHUBOBOCHAIMTEIHHOE ACWCTBHE NPU OTEKE JIallbl,
UIIEMHUYECKOM TOBPEXKIECHUH TOJOBHOTO MO3ra, HEHpOBOCHAIICHUH, DPEBMATOUIHOM apTPHUTE,
ocreoapTpure, ocTeoapTpo3e. OmnucaHo NPOTHBOMH(EKIIMOHHOE BIUSHUE COCIUHEHUN Ha
BO30yuTeNel 3a00IeBaHUI: BUPYCHBIX (BUPYCOB BETPSHOM OCIbI, ITuTOMeraioBupyca, BUY, SARS-
CoV-2, MERS-CoV, uukyHryHbs), 6akTepuaibHbIX (IPaMOTPHUIIATEIBHBIX W TPAMITOIOKUTEIbHBIX
KJIMHUYECKU TMaTOreHHbIX ITamMoB), npoto3oitabix (N. fowleri, B. mandrillaris, Acanthamoeba
castellanii, P. falciparum, Trypanosoma brucei, Leishmania infantum), rpubkoBsIx. Y cTaHOBIIEHBI
MIPOTUBOOITYXOJIEBbIE MTPOU3BOHBIC, MTOKA3aHHBIE MPH PaKe Pa3IUYHBIX OpraHoB W cucteM. s
MHOTHX  TPOW3BOAHBIX  HWCCIEAOBAaHBl ~ MEXaHWU3Mbl  BUPYJUIHUIHOTO, AaHTUMHKPOOHOTO,
MPOTHBOIPOTO30HHOT0, ()YHTHUIIMTHOTO, TPOTHBOOIACTOMHOTO JIeicTBHs. 3akiaoyenue: VuTepec,
MPOSBISEMBbI K MPOU3BOJHBIM XWHA30JMHA U XWHA30JIMHOHA C TMPOTUBOMH(EKIIMOHHBIM,
MPOTHBOBOCIIAJIUTEIBHBIM, ITUTOCTATUYECKUM JCWCTBHEM, KOJIOCCAJICH W TPOJOIHKAET PACTH.
HccnenoBanre HOBBIX IMPOM3BOIHBIX JAHHOTO psijia KaK COSAMHEHUH C MOIM(apMaKoIOrHIeCKOn
aKTUBHOCTBIO aKTyaJbHO, MOXKET CIOCOOCTBOBATH MOBBIMICHUIO 3((EKTUBHOCTH JIEKAPCTBEHHOTO
nedeHus OONBHBIX C BOCHAIUTENbHBIMU, WH(GEKIMOHHBIMA M OIyXOJEBBIMU 3a00JI€BaHUSIMH,
MO3BOJIUT YMEHBIIUTH KOJIMYECTBO HA3HAYAEMBIX IPENapaToB, YacCTOTY W BBIPAKEHHOCTh HX
1o0OYHBIX AP (HEKTOB.

KiioueBbie cjaoBa: XUHA30JIMHBI, XUHA30JIMHOHBL; MIPOTUBOBOCTIANIUTENIbHAS,
MPOTHBOMH(EKIIMOHHAS U TIPOTUBOOITYXO0JIEBasi aKTUBHOCTh
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Abstract
Background: A new class of medicinal compounds — derivatives of quinazoline and quinazolinone
have been actively studied in recent years, on their basis drugs with polyvalent influence are created.
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The concept of multifunctional agents is being actively developed and has yielded encouraging
results. In clinical practice, many highly active quinazoline and quinazolinone derivatives extracted
from plants, bacteria, fungi are used. Quinazoline and quinazolinone cycles are unique
pharmacophore groups contributing to the structure and activity of drugs widely used in medical
practice. The aim of the study: Analysis of current literature data on studies of anti-inflammatory,
anti-infectious, anti-tumor activity of quinazoline and quinazolinone derivatives. Materials and
methods: A theoretical analysis of the published results of studying the pharmacological effects of
quinazoline and quinazolinone derivatives with various substituents was carried out, the search was
carried out according to works in the public domain in the PubMed, Elibrary, Scopus databases. When
analyzing the literature data, special attention was paid to systematic reviews and meta-analyses of
the results of scientific research. Results: The most common derivatives are 4 (3H) -quinazolinone.
For quinazoline and quinazolinone derivatives, anti-inflammatory effects in paw edema, ischemic
brain damage, neuroinflammation, rheumatoid arthritis, osteoarthritis, osteoarthrosis are indicated.
The anti-infectious effect of the compounds on the causative agents of diseases is described: viral
(Varicella Zoster Viruses, Cytomegalovirus, HIV, SARS-CoV-2, MERS-CoV, Chikungunya), bacterial
(gram-negative and gram-positive clinically pathogenic strains), protozoal (N. fowleri, B.
mandrillaris, Acanthamoeba castellanii, P. falciparum, Trypanosoma brucei, Leishmania infantum),
fungal. Antitumor derivatives shown in cancer of various organs and systems have been established.
For many derivatives, the mechanisms of virucidal, antimicrobial, antiprotozoal, fungicidal,
antiblastoma actions have been investigated. Conclusion: The interest shown in quinazoline and
quinazolinone derivatives with anti-infectious, anti-inflammatory, cytostatic effects is colossal and
continues to grow. The study of new derivatives of this series as compounds with
polypharmacological activity is relevant, can contribute to increasing the effectiveness of drug
treatment in patients with inflammatory, infectious and tumor diseases, will reduce the number of
prescribed drugs, the frequency and severity of their side effects.

Keywords: quinazolines; quinazolinones; anti-inflammatory, anti-infective and antitumor activity
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Beenenue. ITouck, pa3paboTka (U3UKO-XMMHUYECKHE CBOMCTBA. [Ipn

OpUTHHAJIbHBIX OTEUECTBEHHBIX
3¢ PeKTUBHBIX U 0€30MACHBIX JIEKAPCTBEHHBIX
MpernapaToB, OOJAJAIONINX TOJUTAPTETHBIM
JEUCTBUEM, JIJISl TPOBEJCHUS PALIMOHATIBHON 1
SKOHOMHYHON (hapMaKOTEpanuu — aKTyaabHas
3a/1a4a, PENIuTh KOTOPYK0 BO3MOXKHO TIPH
W3BICKAHUH W HCCICAOBAHUN HOBBIX
OMOJIOTMYECKN AaKTHBHBIX BelecTB. HoOBEIN
KJIacC  JIGKapCTBEHHBIX  COECIMHEHHH  —
MMPOM3BOHBIC XWHA30JIMHA U XWHA30JMHOHA,
AKTUBHO U3Yy4alOTCsl B MOCIEAHUE TObI, HA UX
OCHOBE CO3Jaf0TCs JIEKapCTBEHHBIE
npenaparsl ¢ NOJUBAJIEHTHBIM BIUSHUEM.
XWHA30JIMHOHBI — TETEePOIMKINYESCKUE
COCIMHEHUS TPOU3BOJHBIE KETOXMHA30JIMHA.
Bnepseie B 1903 romy [I'aGpudnem w
KoamanoM ObLTH CHHTE3MPOBAHBI HECKOJIBKO
MPOU3BOAHBIX XHHA30JMHA M H3YYEHBl X

KIaccU(pUKaluu XMHA30JIMHOHOB
YYUTHIBACTCS  PACIIONIONKEHUE KETOTPYIIITHI:
2(1H)xuna3onuHoHbl, 4(3H)XUHA30IMHOHBI,

2,4(1H,3H)x1Ha301MHIMOHBI. Hawnbonee
pacnpoctpaHeHbl  mpou3BomgHbie  4(3H)-
XMHa30JIMHOHA MPUPOTHOTO u

CUHTETUYECKOTO IPOUCXOK/ICHHUS, TAK:KE OHU
W3BECTHBI B  KaueCTBE IMPOMEKYTOUYHBIX
MPOJIYKTOB B OMOCHHTETHYECKHUX MPOIECcCcax
MEIUITMHCKON XUMHH. Konnenmnus
MHOTO(QYHKITMOHATIBHBIX areHTOB aKTHUBHO
pa3BuBaeTcs M JaeT OOHaJAEKHBAIOIINE
pe3yabTaTHI. XHWHA30JIMHOBBIN 51
XUHA30JTMHOHOBBIN ITAKJTBI SIBJISTFOTCS
YHUKQJIbHBIMU (hapMaKO(QOPHBIMH TPYIIIaMH,
KOTOpbIE BHOCAT BKJIAJX B CTPYKTYpy H
3aMETHO BJIMSIOT HAa AKTUBHOCTH OOJBIIOTO
YuClia JIEKapCTBEHHBIX CPEACTB, IIUPOKO
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UCIOJIb3YEMBIX B  MEAMIMHCKOW XUMHUHU.
Muoro COEIMHEHUI c BBICOKOM
OHMOJIOrMYeCKON aKTUBHOCTBIO, MMPOU3BOJIHBIC
XUHA30JIMHA U XUHA30JIMHOHA, M3BJICYEHHBIE
n3  Oakrtepmii, TpuOOB W  PACTCHHIA,
NPUMEHSIIOTCS B KIIMHUYECKO# npakTuke [ 1-5].

Hean uccaenopanus. [ Iposectu ananus

COBPEMEHHBIX  JIaHHBIX JIMTEPaTypbl 00
HCCIICAOBAHUAX AKTHUBHOCTHU HpOI/I3BOI[HBIX
XHMHA30JIMHA n XHMHA30JIMHOHA.
MIPOTUBOBOCHAIUTEIBHOTO,
MPOTHBOMH(EKITMOHHOTO "
IIPOTUBOOITYXO0JIEBOTO JEHUCTBHS.
MarepuaJbi ) | MeTOAbI
HCCIeI0BaHUS. [Ipoananu3upoBaHbl
OMyOJIMKOBAaHHBIE  pPE3yJbTaThl  U3YYCHUS

CHEKTPOB (papMaKOJIOTHUECKOW AKTUBHOCTH
MIPOM3BOIHBIX XMHA30JMHA U XUHA30JIMHOHA C
Pa3IMYHBIMU 3aMECTHTEIISIMH. [Mowuck
OCYIIECTBIISUICS MO paboTaM, HAXOAAILIUMCS B
OTKPBITOM JOCTYIIE, B 6a3ax naHHbsIx PubMed,
Elibrary, Scopus. [Ipu ananuze autepaTypHBIX
JaHHBIX ~ 0co00€ BHUMaHHE  yIEJSIIOCH
CHUCTEeMaTUYEeCKUM 0030paM U MeTaaHallu3aMm
Pe3yIbTaTOB HAYYHBIX HCCIIEOBAHUH.

Pe3yabTaTsl U MX 00Cy:KIeHUE

Ilpupoonvie coeounenus

Debpughyzun — ankaioua XuHa30JIMHOHA
U3 JIUCThEB U KopHeii TpaBbl Dichroa febrifuga
cemeincTBa (cem.) TOPTEH3UEBBIX
(nmpouspacraer B Kurae, Tubere, Henaine),
OOHapyXeHHBIH W B CaJOBOH TOPTEH3UHU.
®eOpupyrud —  UHIPEAMEHT  JPEBHETO
pPacTUTENILHOTO JIEKaPCTBEHHOI'O  CPEJCTBA,
WCTIOJIB30BAaBIIETOCS O0Jiee IBYX THICSY JIET B
TPAAMLMOHHOW KUTAaHCKOM MEIMIUHE IS
JICUSHUsI JIMXOPAJIKH W MaJIipUH, OKa3bIBaeT
MIPOTUBOMAIIIPUIHOE JACHCTBHE, MHOTOKPATHO
aKTHBHEE, YeM XHWHWH, OJTHAKO M TOKCHUYHEE.
CuHTeTHYeCKHEe TPOU3BOAHBIE ATKAIOUIA
WCTIOIB30BATIUCH MPU MAJSIpUH, pake, Gudpose
Y BOCHIAJIUTEINILHBIX 3a00eBanusIx [2, 3].

l'anogpycunon — OIWH U3 M3BECTHBIX
CIJIBHOACHCTBYIOIUX TPOTUBOMAIISIPHUIHBIX
CPEICTB, SABJISIETCS  MEHEE  TOKCHYHBIM
raJIOTeHUPOBAHHBIM CUHTETUYECKUM

MPOU3BOIHBIM (eOpudyruHa, MCIOIB3yeTCs
Kak 3ameHuTenb 3kcrpakra Dichroa febrifuga
B BETCpUHApUU TpH  HHOUIIUPOBAHHU
MPOCTEULITNMH, KOKIIHTUSIMU,

MIPOTUBONAPA3UTAPHOE JIEHCTBUE OKA3bIBACT
IpM  KPUNTOCIIOPUIUO3E, TOKCOILIa3MO3e,
nerimManno3e [6]. HeMaloBa)XKHO OTMETHUTB,
yro ans mnpenapata «BerramopyruHon» c
AQHTUIIPOTO30MHOMN AKTUBHOCTBHIO,
PEKOMEHJOBAaHHOTO B KayecTBe JeueOHO-
poUIAKTUYECKOTO CpeacTBa npu
KpUIITOCTIOPUINO3€,  YCTAHOBJEH  KJIacc
TOKCHYHOCTH «MaJsoormacHblie BemiecTa» [7].
lanodyrunon Bo3neicTByeT Ha (QepMeHT
LUTOILIA3MAaTUYECKYIO nposnn-TPHK-
cunrterazy Plasmodium falciparum, usyqancs
Kak  TMPOTHBOBHPYCHBIH  mpemapar  [8],
OKa3bIBACT MIPOTUBOBOCTIAIUTEIBHOE
BJIMSIHUE, TIOJIOKUTEIbHO JEHCTBYET HpH
CKJIEpOJIEPMUU y 4YEJIOBEKa, B TOM 4HCIE, y
NeTeH; n30upaTeabHo OJI0KHpyeT
mubdepernuupoBky  aumdouuroB B T-
xenmeps! 17, BOBI€UEHHbIE B Ay TOUMMYHHbIE
peakuuu  (Ipd  PEBMATOMJHOM  apTPHTE,
paccessHHOM CKJIepo3e, caxapHoMm auadere 1-
ro THIA, JK3eMe, MCOpHa3e), HCCISAOBAJICT
JUIsL  JIEYEHUS  MBIIIEUYHOM  JucTpopuu
JlromieHHa, TpPOsBIsIET aHTU(UOpOTHYECKHE
coictBa (B uactHoctu, npu CIIN/-
aCCOLMNPOBAHHON capkoMe Kamnomm),
MHTUOUpPYET aHTMOT€HE3 U MeTacTa3upOBaHUE
[9]. TTokazaHo, YTO rajJOpyrHHOH YCHIMBACT
MIPOTUBOOITYXOJIEBBIN ekt
(doTonuHAMHYECKON Tepanuu 5-
AMHHOJIEBYJIMHOBOM KHCJIOTOW IN VItro u in
VIVO MpH IUIOCKOKIETOYHOM pake KOXH
MOCPEACTBOM  HMHTUOMPOBAHUS  Ieperadyu
curraigoB NRF2 [10].

Pymexapnun — iHI0IbHOE TPOU3BOAHOE
NUPUIOXUHA30JIMHA,  AIKAJIOWJ  PacTEHHS
Tetradium  ruticarpum (cem. Rutaceae),
pexomenaoBaHHoro Kuraiickoii papmakoneeit
IE MCIOJIb30BaHUs B dhopmymnax
TPAAULIMOHHOW KHUTAMCKOW MEIUUMHBI U
MpUMEeHsIBIIErocs B MenuuuHe BocTtoka npu
paccrpoiicTBax KEITyJOYHO-KUILIEYHOT O
TpakTa, Npu auzeHtepuu. llpeamnornaraercs
IIPOTUBOBOCTIAJIUTENBHOE "
MPOTUBOOJIACTOMHOE ~ BJIMSHHE  ajiKajJouja
[11].

Ilecanun c sApOM XUHA30JIMHA B
CTPYKTyp€, aJKaJOWJ CEeMSH PYThl CTEHHOU
(Peganum harmala, cem. Zygophyllaceae) u
JAPYTUX PACTEHMM, IPUMEHIEMBIX B HAPOJHOMN
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Menuuune Kuras, psga crpan Bocroka mpu

JIMXOpaJKe, KOJIUKAX, HKEITyXE.
IIpoTHBOBOCTIANUTENBHOE,
MIPOTHBOMHUKPOOHOE, LUTOTOKCHYECKOE

JICUCTBHE SKCTPaKTa TapMaibl MOKa3aHO IN
Vitro u in vivo. Tak, npu SKCriepUMEHTaILHOM
apTpure, UHAYUHUPOBAHHOM MIOJIHBIM
agblOBaHTOM  @Dpetinoa, TIOCIIE JICUCHUS
BBITSDKKOM CeMsH rapMaibl OOBIKHOBEHHOH
O0TMEYaJIOCh 3aMeTHOe yYMEHbIIICHHE
BOCMAJICHUSI W apPTPUTUUYECKUX HU3MEHEHHIA,
KOTOpBbIE MOTYT OBITh CBSI3aHBI C yCHJICHUEM
BHYTPHUKJIETOYHON aHTUOKCUAAHTHOM 3alIUThI
[12]. [ns wuHKancyiaupoBaHHOW OoraToit
ANKAJIONJaMU bpakuu P. harmala
HaOmoanach 3HAYUTENBHO  yBEJIMYEHHAs
AQHTUOKCUJIaHTHAS u UTOTOKCHUYECKAs
aKTUBHOCTH MPOTUB KJIETOK paka SUYHUKOB U
KJIETOK aICHOKapIIMHOMBI MOJIOUYHOM KEJIe3bI.
[Ipu 3TOM mMoONy4YeHHbIE HAHOKAIMCYJbl OBLIN
OMOCOBMECTHMBI TIpU  TECTHPOBAHUU  HA
(dhubpobnacrax koxu yenobeka [13].
Deoduamun, aIKAJIOMI Evodia
rutaecarpa (cunonum Tetradium ruticarpum),
WHJIOJIBHOE€ XMHA30JIMHOHOBOE IMPOU3BOJIHOE,
OKa3bIBAET MPOTUBOBOCTIAJIUTEIBHOE,
aHTUNposM(epaTUBHOE U AHTHOAKTEPHATIEHOE
neictue. llpumeHsieTcss mpu  OMyXOJIEBBIX
3a00eBaHuAX (JICHKEeMHH, MeEJTaHOME, paKe
IEHKH MaTKH, IPOCTATHI, MOJIOYHOM JKEJE3Hbl,
¢ubpocapkome). Bo3MOXKHBIE MEXaHU3MBI

np OTHBOOHYXOHCBOﬁ AKTUBHOCTHU
9BOJHaMHHa CBA3BIBAIOTCA C HGﬁCTBHCM B
Ka4ueCTBC MOAYJIATOPA CHeHI/I(I)I/I"IeCKI/IX

penentopos (Tormonzomepasa |, NF-kamnma B u
B-knerounas mumdoma 2 (Bcel2)) [11, 14].

B psany nmepwBaroB XWHA30MHA U
XMHA30JMHOHA UICHTH(PUIIMPOBAHBI
MaJIOTOKCHYHBIE, HHTEPECHBIE (hapMaKoJIoraMm
BEIIECTBA C  BBICOKOM  OHOJOrMYECKOH
aKTUBHOCTHIO [2, 3, 15, 16].

IIpomueosocnanumenvhoe oeticmsue

[Ipon3BogHblE  XMHA30IMHOHA-4 ¢
Pa3IMYHBIMU  3aMECTUTENIIMU  TPOSIBIISLIN
BBIpA)KEHHOE IPOTHBOBOCIIATUTEITBHOE
JeiicTBUEe, KOTOpOe OBLIO COMOCTaBHUMO C
addexrom nukIodeHaka; MOAABISIN POCT
MaTOr€HHBIX MUKPOOPTaHU3MOB IN Vitro [4].

CoenMHeHHs € THOXMHA30JIMHOHOBBIM
KapKacoM UHTHOMPOBAIN aKTUBHOCTH

bepmenTta  1ukiIookcurenaseli-2  (LIOI-2).
Hekotopble U3 MCCIeIOBaHHBIX COETUHEHHUN
MOKa3aJIn JIBOWHOE CEIIEKTUBHOE
unarubuposanue L{OI'-2, npu 3ToM > dexTs
OBUIM CPaBHHMBI C JICHCTBUEM pedepeHCHBIX
IpernapaToB  LEJNEeKOKcuOa,  nukiodeHaka
HaTpusi © wuWHAOMeTannHa. OHHM  TaKXKe
TTOKa3aJIH WHTUOMpPOBaHNE 15-LOX
(TUmOKCUTeHas3bl), KOTOPOE OBLIO CPABHUMO C
BIMSSHAEM 3WJICyTOHA U MekiodeHamara
HaTpHSI. Bemectna UHTUOMPOBAIIH
b hepeHIIMPOBKY MOHOIIMTOB B Makpodaru
in Vitro, mpu 3TOM psii COCAMHEHHU ObUIN
6osee 3ppeKkTHBHBI, YeM AUKIOPEHAK HATPHS.
[IpoTrBOBOCTIATMTEIbHAS AKTUBHOCTE IN VIVO
ObLIa YCTaHOBJICHA B T€CTE C (DOPMAIMHOBBIM
orekoM Janbl. Takke, Oblla MoOKazaHa
npuemsieMasi 0€30MacHOCTh B OTHOIICHHU

KEJTyJOYHO-KUILIEYHOT O TpakTa Ha
SKCIEPUMEHTAIbHBIX )KUBOTHBIX [5].
WNurubupyromas AKTUBHOCTb B

ornomenun 1{OI'-2 / 5-JIOKC nokasana st
CepUM TPOU3BOJHBIX MHPA30JIOXUHA3OINHA,
CONIepKalllX pa3lUyHble XalKoHbL. Jlns
HEKOTOPBIX BEIIECTB ObljIa yCTaHOBIIEHA OoJiee
BBIpaKCHHASI MIPOTUBOBOCTIATTUTENbHAS
AKTUBHOCTH N VIVO 10 OTHOUIEHUIO K
WCIIONIb30BaHHBIM B KauecTBE IpermapaToB
CpaBHEHUS IEJIEKOKCHOOM U 3miieyToHoMm [17].

3-3aMelleHHbIe IIPOU3BOJIHBIE
XMHa30JIMHOHA-4 c pa3INYHBIMU
3aMECTUTENSIMU (apoMaTHUYECKUMU,
reTepOLUKINYECKUMU aMUHaMH,
UMHUHOKHCIIOTaMH), IPOSIBIISIN
MIPOTHUBOBOCHIAIUTENIHHOE neicTBHe.
Hccnenosanue IIPOTUBOBOCIIAJIUTEIILHOM
AKTUBHOCTH reTepHIITPOU3BOIHBIX

XMHA30JIMHOHA-4 METOJIOM MOJIEKYJISIPHOTO
JOKWHTa TIOKAa3aJio, YTO COCNWHEHHS B
Oonbieit crenenn uHruOupyror LHOI-2 u B
menbieir mepe 1{OI'-1, oka3biBas mpu 3TOM
Oojee wu30MpaTeNnbHOE JCHCTBHE, HEXKEIH
HEKOTOpbIE TMPEICTABUTENN HECTEPOUTHBIX
npotuBoBocTanuTeNnbHbIX cpenacts (HIIBC),
MIPEBOCX OIS B IKCTIEPUMEHTAX o
crenupuIeckol aKTUBHOCTH JUKJIO(EeHaK
Hatpus [18].

[IpoTuBOBOCTIaNHUTENbHAS ~ AKTUBHOCTD
MOKa3aHa JUisi TPUA30JI0XWHA30JIMHOB, B Psay
KOTOPBIX aKTUBHOCTH 5-XJIOpP-2-3aMEIIEHHOT0
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MIPOU3BOIHOTO Kosiebanach OT 0oJjiee MOIIHOM
70 SKBUBAJIECHTHON AKTUBHOCTHU 3TaJOHHOIO
npermapata  keronpodeH. [ns  apyrux
3aMELICHHBIX TPHA30JI0XNHA30JIMHOBBIX
MPOU3BOJIHBIX B  TECTe OTeKa  Jarbl,
WHAYIHPOBAHHOTO  KappareHUHOM,  OBLIO
MIOKa3aHO MPOTUBOBOCHAIUTEIBHOE IEUCTBUE,
CpaBHMMOE C BIHMSHHEM peQepeHCHOro
JIEKapCTBEHHOT'0 CpeICTBA MHAOMeTaluH [19].

[IpemapaT mnpoOKBa30H, HECTEPOUTHOE
IIPOTUBOBOCIIAJIUTENILHOE CPEICTBO HA OCHOBE
XMHA30JIMHA, IPOU3BOHOE apui-
QIKWIXUHA30JIMHOHA,  WCIOJIb3YeTCs  IpHU
Tepanuu PEBMATOUTHOTO apTpuTa,
OCTE0apTpPUTa, OCTE0ApTPO3a,  IPOSABISAET
3¢ (HEeKTUBHOCTH, COITOCTABUMYIO C IEHCTBUEM
acrupuHa u JukiIodeHaka HaTpusl.
Bripakennoe MIPOTUBOBOCTIAIUTEIBHOE
NEeCTBUE T[OKa3aHO JJsi HECTEPOUHOTrO
npemnapata (IynpokKBa3oHa, IPOU3BOIHOTO

MPOKBa30Ha c bTopcoaepKaIumM
3aMmectuTeneM. Mwmeromieecss B mpojaxe
MPOM3BOHOE TETPA30JIOXMHA30JINHA

cpeactBo NSC127213 pekoMeHIOBaHO [UIs
JeUeHHs] U TMPOPIIAKTHKH BOCHATUTEIBHBIX,
ayTOMMMYHHBIX u AIJIEPTrUYEeCKUX
3a00JIeBaHUH, SABJISIETCS WHTUOUTOPOM
peLenTopoB rucTaMuHa- 1 u rucramuna-4 [2].

AHTaroHUCT XEMOKHHOBOTO peLenTopa
THTA 4 (CXCR4) XUHA30JIMHOBOE
npousBojiHOe CX549 noaaBisio SKCIPECCUIO
BOCMAJMTEIBHBIX ~ MapKepoB,  OKa3bIBaJO
MPOTHBOBOCIIAJIUTEIIFHOE ~ JCWCTBUE  TIPU
UIIEMHUYECKOM  TMOBPEXJEHUH  TOJIOBHOTO
MO3Ta, YMEHBIIIAIO aKTHBAIUIO MUKPOTIUH U
CIOCOOCTBOBAJIO GYHKITMOHATTEHOMY
BOCCTAaHOBJICHHIO Y >KMBOTHBIX, TEPEHECIINX
uHCYNbT [20].

[TpousBoanbie xuHa3zonuHOHA-4 (3a-t)
UHTHOUpOBAIN pPacTBOPUMYIO
AMOKCUATUAPOTIA3Y, MeTaboIU3UPYIOLLYIO
AMOKCHUIIKO3aTPHUEHOBBIE KHUCIOTHI, KOTOPHIE
YMEHBIIAIOT BOCITQJICHHE. TlogaBnenue
aKTUBHOCTH AMOKCUATHIPOIA3hI ISt
MOJIICPIKaHUS BBICOKHX ypOBHEH
AMOKCHUIIKO3aTPHEHOBBIX KHCTIOT
paccMmaTpuBaeTcs Kak HOBBII
TEPaNeBTHYECKUI TMOAX0J JUIsl YMEHbIICHHUS
BOCHAJICHUs, B TOM 4YHCIe oOciabIeHus
HelipoBocniasienus [21].

CenexTuBHO HHTHOMPOBAIU
BMOKCUATUAPOIIA3Y XUHA30JIMHOH- /-
KapOokcamuIibl,  Hauboyiee  BBIPAXKEHHO

IIPOU3BOJIHbIE XMHA30JIMHOHA C AMUJIHBIMU U
THOOCH3MIIbHBIMU 3aMEeCTUTENISIMU
(coenunenus 34, 35, 37, 43). Coenunenue 34
TaKXe MHruOMpOoBajo OJIOK, aKTUBUPYIOLIUN
S-nunokcurenasy [22].

Hns IIPOU3BOIHBIX
(EeHWIXMHA30JIMHOHA-4 U UX AlUKIMYECKHX
(¢opM TMPOTUBOBOCHATUTENbHAST AKTUBHOCTH
OLIEHEHA C MCII0JIb30BAaHMEM MeTOoJa BaTHOMN
IpPaHyJeMbl.  YCTaHOBJIEHO,  4YTO  BCE
CHUHTE3MPOBaHHbBIE BELECTBA 110 NMPOSBIAEMOMN
AQHTUAKCCYJaTUBHOW aKTUBHOCTH IPEBBILLIAIN
Ipenapar CpaBHEHHUs] KETOHAJ, a HEKOTOphIe
coeanHeHus1 ObuH OoJiee 3(PPEKTHBHBI, YeM
Ipernapar CpaBHEHMs HHAOMETaluH. Taxke
ObLIO TOKa3aHO, YTO ALMKINYECKUE (OPMBI
NPOSBISUIM  MEHBIIYK0  aKTMBHOCTH  IIO
CPaBHEHHUIO C IUKINYECKHUMH ITPOU3BOIHBIMU
[23].

[IpoTBOBOCTIANIUTENIEHOE NENCTBHE
MOKa3aHo s psjJa  XUHA30JMHOHOB,
CHUHTE3UPOBAHHBIX Ha OCHOBE XWHOJIMHA H
MIPOU3BO/IHBIX KapOaMHUHOBOTO aHTUApHUIA
[24].

IIpomusosupycnas akmusHocmo

Cpenn  MPOM3BOMHBIX  3aMEMICHHBIX
OpOMXHMHA30JIMHOHOB ~ DsiZi  KOHBIOraTOB
OpPOSIBIISUIA  AHTHBHPYCHYIO  aKTHBHOCTH
MIPOTHB Bupyca  Varizella-Zoster u
AHTHIIUTOMETATIOBUPYCHOE neiicTBue,
UHTHOMPOBAIM  PEIUIMKAIMIO  IITAMMOB

BHpyCa BETPSHOW OCIBI JUKOTO THUMA M C
neUIUTOM TUMHUIUHKHAHA3BI, a  TaKkKe
LIUTOMETaloBUpyca yenoBeka [25].
Hekortopsie nepuBaThl XWHA30JIMHOHA
AKTUBHBI KaK MOIIHBIE HEHYKJICO3UIHBIC
UHTHOUTOPHI ~ OOpaTHON  TPaHCKPHUIITA3HI
BHpyca MMMyHOJe(HIIMTa YeIOBEKa THUTIA —
1 (BUY-1) w MyTaHTHBIX IITaMMOB,
PE3UCTEHTHBIX K BIHSHHUIO HYKJICO3UIHBIX
WHTHOUTOPOB  OOpaTHOW  TPAHCKPUIITA3HI
BUY-1. CoenuHeHus aKTHUBHEE, HMEIOT
ONmaronpusTHOE CBS3bIBAHUE C OelKaMu
CBIBOPOTKH IUTa3Mbl [0 CPAaBHEHHIO C
a¢aBupeHIieM (HEHyKJICO3UIHbBIM aHTu-BUY-
1 rnexkapCTBEHHBIM CPEACTBOM), TIOKa3ajlu
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XOpOILIYI0 MEepOopalibHyl0 OHOAOCTYIHOCTb
[26].

CuHTe3upoBaHHbBIE Ha OCHOBE
dapmakopopoB  HMHTHOUTOPOB  UHTETPA3BI
BNY MPOU3BOAHBIE XHUHA30/IMHA u
XMHA30JIMHOHA ObUIM 3(PQEKTHUBHBI TPOTUB

BHUY, He  mOposBIAIM  3HAYUTEIBHOU
HUTOTOKCUYHOCTH [27].

Pan aMUHO- u OCeH3UIIaMUHO-
MPOM3BOJHBIX  XUHA30JIMHOHA-4  WHTHOU-
poBamu  SARS-CoV-2 u  MERS-CoV,
MOKa3aIu npuemIeMbie pe3yNbTaThl
METa00INIECKOM CTaOUIILHOCTH,

unrubupoBanuss CYP, mnpenBaputenbHbIX
(apMaKOKMHETUYECKHX  WCCICAOBAHUA |
abdunnoctu  cBs3piBanus hERG  (ren
cienn(UYeCKuX KalMeBBIX KaHAJOB ceplua
(human Ether-a-go-go Related Gene). hERG
KOAHUPYET 0eoK, CTIOCOOCTBYIOIIHMIA
ANEKTPUUYECKOM aKTUBHOCTH cepaua,
UTPAIOIINN poIb B KOOpAMHAINH
cepaueouenus [28]. [ onTUMHU3UPOBAHHOTO
N-areTuiImpon3BoJHOTO MTOKa3aHbI
yJIy4IIeHHbIE (bapMaKOKMHETUYECKHE
XapaKTepUCTHKH, HHU3KOE CBS3BIBAHUE C
kaHanamu hERG, xopomas MukpocomMasibHas
CTaOMIILHOCTh, HEBBICOKAsI TOKCUYHOCTH [29].
6, 7-IMMETOKCUIIPOU3BOHbIE XMHA30JIMHOHA-
4 in vitro waruOupoBanu mporeazsl SARS-
CoV-2 [30]. Mo maHHBIM MOJIEKYJISIPHOTO
JIOKMHT-aHaM3a 00a  M30Mepa  HOBOTO
MIPOU3BOIHOTO TeTparuJpoXruHa30JuHa
OKa3aJIuCh AaKTHBHBIMH B OTHOIIEHUH BCEX
npuMeHsiembix  6enkoB  SARS-CoV-2 ¢
Hawitydiied a@@UHHOCTBIO CBS3BIBAHUS C
MananHoNnoA00HOM npoTea3on u
HECTPYKTYpHBIM Oenkom 3 [31].

XWHA30UHOBBIE JIepUBaThI
WHTHOMPOBAITN BUPYC UYUKYHTYHBS, KOTOPBINA
pacrpocTpaHsics yepes YKYCBI
WHOUIMPOBAHHBIX KOMAapOB W HEOJHOKPATHO
nopasui 6osee 100 ctpan [32].

AnmumukpooHas,
NPOMUBONPOMO30UHAS, @yHeuyuonas
AKMUBHOCMb

[TpousBoaHbIE TPHA30JI0XUHA30IMHA

MPOSIBJSTA  BRIPAKEHHYIO aHTHUMHUKPOOHYIO
aKTUBHOCTH IN VIO B OTHOIIEHHUH
IPaMOTPHUIIATEIILHBIX U PAaMIIOI0XKHUTEIbHBIX
KJIMHUYECKH TATOTCHHBIX OaKTepUalbHbBIX

mrrammoB (Escherichia coli, Proteus mirabilis,
Klebsiella oxytoca, Pseudomonas aeruginosa,
Enterobacter cloacae, Bacillus subtilis,
Enterococcus faecalis, Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus
pyogenes) u mrammoB rpuboB (Aspergillus
fumigatus,  Syncephalastrum  racemosum,
Geotricum candidum, Candida albicans,
Aspergillus niger, Cryptococcus neoformans,
Candida tropicalis, Penicillium expansum,

Microsporum canis, Trichophyton
mentagrophytes). B kadecTBe 3TalOHHBIX
aHTHOAKTEPUATTBHBIX IperapaToB

UCIIOJIb30BAIMCh aMITHIIWJLINH U TeHTAMHIIMH,
IPOTUBOTPUOKOBBIN TIperapar aM(pOTEePHUIINH
B [33].

Cpenu TPOM3BOJTHBIX XWHA30JIMHOHA,
UHTUOUTOPOB TUruapodoaTpeyKTaspl,
BBISIBJICHBI ~ COCIMHCHHMSI  C  BBICOKOM
aHTHOAKTepUATLHOU AKTUBHOCTBIO B
ornomenun Staphylococcus aureus u Gosee
3G (GEeKTUBHBIC, YEM TPUMETOIIPHM, IPOTUB
Escherichia coli [34].

XWHA30TMHOH-TIENITUIHBIE KOHBIOTATHI
MIPOSIBIISTM  @aHTUMUKPOOHYIO aKTUBHOCTH I10
OTHONIICHUIO K TPaMIOJOXKUTEIbHBIM |
IPaMOTPHUIIATEIIEHBIM OaKTepHSIM.
[Ipenmnonaraercs, 4To0 TUOPUIHBIE CTPYKTYPHI
MOTYT OBITh IEPCIICKTUBHBIMH TSI TIOJTyYSHUS
3¢ (HEeKTHUBHBIX MPOTUBOMUKPOOHBIX areHTOB
[35]. AnTuMukpoOHOE [AEWCTBHE TPOTHB
nonupesncTenTHoix Staphylococcus aureus u
Mycobacterium  tuberculosis  oxa3siBasH
rubpuasl xuHazonuHa [36]. TuonpousBogHbIE
XMHA30JIMHOHA TIPOSIBIISUTH
aHTHOAKTepUaNIbHOE JCWCTBUE B OTHOILICHUH
Bo30yauresei E. coli, S. aureus, B. subtilis, C.
cerevisiae. Tpuazonbnbie aepuBathl 4(3H)-
XMHA30JIMHOHA OBUIM  aKTHUBHBI  TPOTHB
nosupesuctenTHoro Staphylococcus aureus, a
3-(heHMITbHBIC MIPOU3BOJHBIE ObUTH
3¢ ()EeKTHBHB TPOTUB  METHIWUIHH- U
BaHKOMMIIMH-pe3ucTeHTHoro Staphylococcus
aureus (MRSA u VRSA) [37].

CHUpOXUHA30JIMHINOHEI  TIPOSBIISUIH
MIPOTUBOMUKPOOHYIO AKTUBHOCTH B
OTHOIICHUU TPaMITOJIOKHUTEITBHBIX u
IpaMOTPULIATENIBHBIX OakTepwii, ObuH
aKTHUBHBl TPOTHUB TPHOOB, COMOCTaBUMO,
COOTBETCTBEHHO, C JCHCTBHEM IIpemapaToB
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CpaBHEHHUs xJopam@eHukona u (iaykoHazona
[38]. dTOpUpOBaHHBIC MIPOU3BOHBIC
(GyMHXHMHA30IMHA W WHJOJCOJEpKallue
MUPA3UHOBBIC XWUHA30JMHIUOHBI TPOSIBIISIN
AHTUOMOIICHOYHOE u WHTUOMpYIOIee
3¢ (IOKCHBIN HACOC NIEHCTBUE B OTHOIICHUH
pEeNpe3eHTaTUBHBIX  BUAOB  OakTepuil U
COOTBETCTBYIOIIMX KIMHUYECKU YCTONYMBBIX
mramMmoB [39].

AHTUMHUKpPOOHOE JCHCTBUE APYTHMH
UCCIIEIOBATENS MU~ ONIPENeNICHO Ui psijia
COCIMHEHUI XWHA30JIMHOHA B OTHOIICHUH
Staphylococcus aureus, Streptococcus
pneumoniae, Escherichia coli, Klebsiella [40].
[Tokazano, 4T0 MOMUGUKANHS CTPYKTYpPbI
BEIIECTBA, MPOU3BOIHOTO XMHA30JIMHOHA, IPH
BBEJICHUM pAa3HBIX 3aMECTUTENEH CII0COOHO
W3MEHUTH CTEINeHb TUAPOPHIBHOCTH, YTO, B
KOHEYHOM HTOT€, CKa3bIBACTCS HA CTEIICHU
MIPOHUKHOBEHUS JIEKAPCTBEHHOT'O COCTUHEHUS
CKBO3b MEMOpaHy KJICTKH; MOXKET IOBJIHSITH
Ha CIIOCOOHOCTh o0Opa3oBaHUs
MTPOMEKYTOYHBIX KOMIIJICKCOB,
CTaOUIM3UPOBAHHBIX BOJIOPOAHBIMU, BaH-Aep-
BaaJbCOBBIMU, CTIKUHT-B3aHMMOICHCTBHUSIME C
MUIICHSIMH  ()EPMEHTOB,  PETYJIATOPHBIMU
OenkaMu peLenTopos, CUTHAJIbHBIMU
CUCTeMaMH KJIETOK Bo30yauTens [41].

JIyis psima MPOW3BOAHBIX XUHA30JIMHOHA
uzydeHo Biussane Ha N. fowleri u B.

mandrillaris, BBI3BIBAIOIIMX aMeOHBII
MEHHHTOSHIICaTUT W  TPaHyJeMaTO3HBIN
aMeOHBII sHIIe(aNHUT. Hexoropsie

coequHeHusT ObutM d(dexTuBHBI N Vitro.
[TpukperuieHHBIE K CTPYKTYPaM HAaHOYACTHUIIBI
cepebpa B psAge Clyd4aeB  yCHUJIMBAIU
AKTUBHOCTb. Haub6onee s dexTrBHBIE
COEAMHEHUS OBLIIM MAJIOTOKCUYHBI [T KJIETOK
9eoBeKa [42]. ApunbHbIe
JTMMETOKCUIIPOU3BOHBIE XMHA30JIMHOHA
TIPOSIBIISLTA aKTHBHOCTb MIPOTHB
Acanthamoeba castellanii, npuBomsmyro
Pa3BUTHIO  OCIEIUIIIONIETO  KepaTuTa M|
rpaHyJeMaTo3HOro ameOHOro »Huedanmura
[43].

C wucHoap30BaHHEM psaaa COGHHHCHHﬁ,

MPOM3BOJHBIX  aleTamMuJa Ha  OCHOBE
XHWHAa30JIMHOHA, YCTaHOBJICHO
MPOTUBOINPOTO30MHOE JICCTBUE npu
OKCIICPUMCHTAJIIbHOM BUCLICPpAJIBHOM

JEUIIMAHNO03€ [44].
TPUXJIOPMETHIIXUHA30JIMHA MIPOSIBIISUIH
AHTHUIIa3MOAUATIEHYIO aKTUBHOCTD 1o
OTHOILIEHUIO K MOJIUPE3UCTCHTHOMY IITaMMy
K1 P. falciparum ¢ wucnons3oBaHHEM
JOKCOPYOUIIMHA, XJIOPOXHHA U JOKCHIIUKIINHA
B KQUECTBE 3TAJIOHHBIX IIpenaparoB [45].

[IpousBoaHbIE

[IpoTuBonapazuTapHbIii [MOTEHLIAT
NMUPA3SUHOBLIX XHWHAa30JIMHIUOHOB,
COACpxKAIINX UHAOJIbHBIC AJIKaJIOUJIbI,
IIOKa3aH B  OTHOIICHHH Plasmodium
falciparum, Trypanosoma  brucei u
Leishmania infantum. ITo JTAHHBIM

uccaenoBanust in SilicCO coeauHeHHss MOTYT
OBITh MHTUOUTOpaMu npoauin-TPHK-
cunrerassl Plasmodium u Leishmania [46].
IIpomusoonyxonegoe oelicmeue
MHorouuciaeHHbIE U3BECTHBIC
MIPOTHBOOITYXOJICBBIC IPOU3BOIHBIC
XMHA30JIMHA ¥ XMHA30JMHOHA — HOBBIM KJIacc
XUMHOTEPAIEBTHUECKUX areHToB,
MHTHOUPYIOIIUX pPa3IMYHbIE MPOTEUHKUHA3HI
U JIpyrue MoJieKyJsipHble Mmuiienu [1, 47].
[Ipenmnonaraembie MEXaHU3MBI
MIPOTHUBOOITYXOJICBOTO JCHCTBHS Pa3TMUHBIX
MPOU3BOJIHBIX XHMHA30JMHA: MHTUOMpPOBaHUE
dbepmentHoit cuctembl penaparuu  JIHK,

EGFR, bepmenTa TUMUUIIATa u
nojuMepu3sauu Tyoynuna [48].
Panmumpexcuo - OJINH n3
MIPOTHUBOOITYXOJIEBBIX MIPOU3BOIHBIX
XWHA30JIMHOHA-4. AHTHMETA00IHT,
crenupuIecKuii HEKOHKYPEHTHBIN

WHTUOMTOP TUMMJIMIATCUHTA3bI, KIIFOYEBOTI'O
¢depmenta cuHTe3a TUMHAMHTpHUOCaTa,
HeoOxoaumoro it odpazoBanus uenu JJHK.
Nurnbuposanue TUMUWIIATCUHTETA3bl
NpUBOAMT K PpparmMeHTanuu monekynsl JTHK u
rubenyu KieTku. PantuTpekcuna mokasaH npu
pake, Ipexae BCero KoJopekTanbHoM [49].
Peuentop snuaepmansHOro (haxkropa
pocta (EGFR) wurpaer BaxHyIO pOIb B
OHKOT€HE3€ pa3IMYHbIX (OPM OITyXOJIEBBIX
3aboneBanuid. HamenuBanue Ha MyTaHTHBIE
dopmer EGFR oka3zanochk mpuBiieKaTeTbHBIM
TEPANEBTUYECKUM MOJXOJOM M TO3BOJIHIO
pa3paboTath TpHU TOKOJEHUS HHTHOUTOPOB.
Snpo XuHA30JIMHA TPENCTaBIsSeT COOOU
MNOIXOASIIUN Kapkac s CO3JaHHUsS HOBBIX
uaru6ouropoB EGFR B cBsi3u ¢ moBBIIIEHHON
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ah(HUHHOCTBIO K aKTUBHOMY LEHTPY KHHAa3bI
EGFR. K HacTos111IEMY BpEMEHHU CO3/1aHBI IITh
XUHA30JIMHOBBIX HHTHOuTOpoB EGFR mepporo
MOKOJICHUS (repuTHHUO, SPIOTUHUO,
JanaTHHUO, BaHACTAaHWO W MKOTMHHMO) M J1Ba
mpemapaTta BTOpOro nokoyieHus (ahatuHud u
JaKOMUTHHUO), MCIONb3YEeMbIX ISl Tepanuu
Pa3IMYHBIX BUJIOB onyXxoJien [50].
Oo6patumsrii CEJICKTUBHBIN MHTHUOUTOp
tupo3unkuHazel EGFR cegpumunu6 moxazan
JUIS MOHO- M KOMOWHUPOBAHHOW Tepanmuu
MECTHOPACHPOCTPAHEHHOTO WIH
METaCTaTUYECKOTO HEMEJIKOKJIETOYHOIO paka
JIETKOTO0 'y TAIlMeHTOB C MOJIOKUTEIbHBIM
TECTOM Ha  MYyTalUl0  TUPO3WHKHHA3bI
perienTopa snuiepMaibHOro (akropa pocra
(EGFR-TK) [51].

[IpousBonubie  4-aHUIMHOXMHA30JIMHA
MPOJIEMOHCTPUPOBAIIA BBICOKYIO AKTHMBHOCTD
B OTHOIICHWH MYTAlMHd PE3UCTEHTHOCTH
EGFR-C797S. Cpenn Hux coemunenue 14d
MOKAa3aJ0 BBICOKUI aHTUIIPOIU(EpaTUBHBII
addexT, 10303aBUCUMO  TPUBOAWIO K
CYIIIECTBEHHOW MHTHOUPYIOIIEH aKTUBHOCTH B
orHomenurn EGFR wu ero HmwxecToammx
CUTHAJIbHBIX nyTew, Ha MOJEeNH
KCEHOTpaHCIUIaHTaTa 3HAYUTEIIHO
MOAABISVIO  POCT  OMYXOJIM, OXBAaTHIBAJIO
kapMaH cBs3biBaHus AT® u aymtoctepuyeckuit
cailT, oka3anoch 3P PeKTHBHO Kak in Vitro, Tak
u in vivo [52]. B kadecTBe MOTEHIMATBHBIX
MHTHOUTOPOB CHHTA3BI AlleTOTHAPOKCUKUCIOT
1 KMHA3 PelenTopa MUIepMaIbHOro GakTopa
pocta  MPEANIOKEHbl  OCH3WIOKCH- U
(heHmTXMHA30IMHOHBI [53].

AHanoru MepKanTo-XWHA30JIMH-4-0Ha

JEMOHCTPHPOBAITH IPOTHBOPAKOBYIO
aKTUBHOCTH in vitro, WHTHOUPOBAIN
auruapodoaTpeykTasy M THPO3HHKHHA3Y
AMUICPMATBHOTO ¢dakrTopa pocra.
Coenunenune 24 MPOSIBIISLIIO

MIPOTHUBOOITYXOJIEBYI0O aKTUBHOCTH IIHPOKOTO
CHEKTpa C BBICOKHM TpodrieM 6€301macHOCTH
U WHICGKCOM CENEKTUBHOCTH, BBI3BIBAJIO
OCTaHOBKY KIIETOYHOTO IMKJIa U aroITo3
KJIETOK paka TOJICTOM KHUIIKU. B kadecTBe
MpernapaToB CpaBHEHUS OBUIM MCIIOJB30BaHbBI
S-¢propypauni, reputuHnod, merorpekcar. [1o
JaHHBIM ~ MOJICKYJISIPHOTO — MOJICJIMPOBAHUS
coequHeHHEe 24 moKa3alo  CXOAHOE C

reUTUHUOOM CBSA3bIBAHME C AaMUHOKHUCIOTON
Lys745 IyTEM T—T-B3aUMOJCUCTBHSI.
Coenunenue 37, aHAJIOTUYHO METOTPEKCaTy,
B3auMozieiictBoBaio ¢ Lys68, Asn64 u Phe31
[54].

[Toka3ana MIPOTUBOOITYXOJIEBas
aKTUBHOCTb AHUJIMHOIIPOM3BOIHBIX
COEJMHEHUI  3aMEIEHHOI0  XHMHA30JMHa,
MHTUOMPYIOIUX MPOTEUHKUHAZY [55].

[Ipou3BosHbIE HA OCHOBE XUHA30JIMHA
MIPOSIBUIA BBICOKYIO aHTHIPOIU(EPATHBHYIO
aKTUBHOCTb HPOTUB JIMHUHM  OIyXOJEBBIX
KJIETOK TIPH JIEUKEMHH, PAKE TOJICTON KHUILKH,
MeJIaHOME, pake MOJIOUHOW »xene3bl. Kpome
TOTO, CcoeAuHeHHe 16¢ eMOHCTPUPOBAIIO
LIUTOTOKCUYECKYIO aKTUBHOCTb,
npeBplatonyro B 10 pa3  neiictBue
aZpyaMuluHa / JIOKCOPYOMLIMHA IPOTHUB
JECSITH  ONYXOJIEBBIX KJIETOYHBIX JIMHUH,
IPEeaNoaokKUTeNbHO, cBs3biBasich ¢ JIHK u
JNEUCTBYS CXOJHO c JIOMYCTHUHOM.
CoenuHeHus l4g, 16¢ u 16a
JEMOHCTPUPOBAIN  CHJIbHYIO  a(pPUHHOCTH
cesas3biBaHus ¢ peuentopamu JIHK, EGFR u
VEGFR-2 [56].

JlepuBaT  XMHA30JMHA  aHacpenuo,
MHrHOUTOp cHuHTE3a (oconuscTepasbl, MpU
MOJINIUTEMUN  IPEMSATCTBYET  CO3PEBAHUIO
MErakapHuoIUTOB B TPOMOOIIUTHI, TOKa3aH MpU
UCTUHHOW TOJMLIETEMUH, DCCEHIHUAIBHOM
TPOMOOLIUTO3€, XPOHUYECKOM MHEIOUIHOM
Jelkose, I Tepamuu TPOMOOLUTEMHUU MpPU
MHUETONPOIU(EPATUBHBIX HOBOOOPA30BAHUSIX
[57].

[IponsBoaHbIE 3-TUAPOKCUXUHA3OJIHMH-
4(3H)-oHoB, UMEIOoIIIe B cocraBe
THIPOKCaMOBYIO KHCIIOTY, MOTYT
MPUMEHSTHCST AJIS JICYEHUS OHKOJIOIMUYECKHUX
3a0o0sieBaHU myTeM WHTHOWPOBaHUSA
TMCTOHOBBIX JlealeThIas.
l'ucronpeanerunassl — 3TO  (hEPMEHTHI,
KaTaJu3upyoIue yJIaJleHUEe  aleTHIbHON
TpyHIbI e-N-anerunsuHa THCTOHOB,
MOIUGUIMPYST ~ THCTOHBI M H3MEHsA
KOH(OpMaIIHI0 XpOMaTHHA, UTPAIOT BaXKHYIO
poiib B  PEryJslMM 3KCIPECCUU TEHOB.
['ucTonneanernnassl  MPEACTABISIOT  COOOM
BAKHYIO DJIUICHETUYECKYI0 MHILIEHb IPU
JEYCHUH  OIyXOJIeBBIX  3aboieBaHuM, a
WHTUOUTOPBI JaHHBIX (PEPMEHTOB SBIIAIOTCS
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YCICUIHBIMU I[IHTOTOKCUYECKUMHU  areHTaMu
[58].

[TpousBoaHbIC XHHA30JIMHOHA
PEKOMEHJOBaHbl B KadyeCTBE MOJIYJSTOPOB
FGFR  (peuentopoB  ¢akTopa  pocTa
¢ubpoOiacToB) KMHA3 WM MX MyTalMd IS

jJeyenusi paka onocpegoBanHoro FGFR
KMHA301 (MHOXXECTBEHHOII MHUEIOMBI, B TOM
qyucie c TpaHCJIOKalMen t(4;14);

MHUeNoNpoarudepaTUBHBIX HapyIICHUH; paka
SHJIOMETPUSI, MPOCTaThl, MOYEBOTO ITy3bIpS,
JICTKUX, SIMYHUKOB, MOJIOYHOH  JKEIIE3bl,
JKEITyKa, TOJCTOM U NMPSMOW KHILKH, [IEYCHH,
MOYEK, IPY/IU; IIIOCKOKIETOYHOU KapLIMHOMBI,
B TOM 4HCIIe TI0J0CTH pTa) [59].
[Ipon3BogHbIE XMHA30JIMHOHA MOTYT

MPUMCHSTHCSI B KAueCTBE HWHTHOUTOPOB
TaHKMpa3 I  Tepanmud  u /w00
npoQHUIAKTUKH ~ Pa3BUTHSA OITYXOJIEBBIX
o0pa3oBaHMi, pPa3HBIX  BOCHAIUTEIBHBIX

3a00JIeBaHUH, OMTOCPEIOBAHHBIX AKTUBHOCTHIO
Ta"kupas [60].

HOJ'IyLICHI)I IMPON3BOAHBIC
XMHA30JIMHOHA, PETYJHPYIOIIUE  YPOBEHb
daktopa Hekpoza omyxonu-o  (TNF-a).
dakTop  HEKpo3a  OMyXOJH-0. —  3TO

MPOTUBOCHAIUTENBHBINA [TUTOKHH, UTPAFOIINI
BAXHYIO pPOJIb B HMMMYHHOM TOMEOCTa3e,
BOCIIAJICHUW ¥ UIMMYHHOH 3aIllMTe OpraHu3ma.
TNF-o. — oauH W3 OCHOBHBIX MEIUATOPOB
BOCIIAJICHUS, MOXKET TaK)Ke MPOyIIUPOBATHCS
onyxossiMu. TNF-a crioco0eH cTuMynupoBaTh
o0pa3oBaHHE OIyXOJeH, a TakKe BHI3BIBATH
3aMporpaMMHPOBAHHYIO THOENb OIYyXOJIEBBIX
KJIETOK, BJIMSITH Ha TIPOIECCH amlomTo3a,
HEKpO3a, aHTMOTEHE3, aKTUBALMI0 UMMYHHBIX
KJIETOK, JU(GEepeHIUPOBKY U MHUTPAIUI0
KJIETOK,  BOBJIEYEHHBIX B  TI€HE3 U
MIPOrPEeCCUPOBAHUE OITYXOJIH.
Hekontponupyemass akTUBHOCTb WJIU

MOBBIIIEHHASA MPOTYKIAS TNF-a
acCOLUUPYETCs c pa3IMYHBIMU
3a00JICBaHUSIMH, B TOM 4YHCIE, CO
3JI0KQUECTBEHHBIMU  OMYyXOJsMH  (TOJICTOM

KUIIKH, TPSIMON KHUIIIKHA, MOJIOYHOM >KEJe3bl,
TOJIOBHOTO  MO3ra ¥  KHIICUHUKA) U
BOCHAJIUTEIbHBIMU 3a00JICBaHUSMH,
aCCOLIMMPYEMBIMHU  CO  3JIOKAQY€CTBEHHOM
onyxonbpto. Jucperymsamus TNF-o moxer
MIPUBOJIUTH K AyTOUMMYHHBIM 3200JIEBAaHUSIM,

CUHIPOMY TOKCHYECKOTO III0Ka, KaXeKCHUH,
aptputy, mncopuasy, BUY-undexuun u
CIINdy, CEIICUCY, OTTOPKEHUIO
TPaHCIUIAaHTaTa M BHUPYCHBIM HH(DEKIHAM.
CHmwxkenue ypoBHA JHOO peryiupoBaHHe

aktuBHoctn  TNF-o —  mepcriekTuBHOE
HarpaBJICHHE TSt JIeYCHHS psina
BOCITAIUTEIIbHBIX, 3JI0Ka4eCTBEHHBIX,
MMMYHOJIOTHYECKMX  3aboneBanuii  [61].

Nurubupyromas akTUBHOCTh B OTHOILLIEHUU
MPOAYKLMH (haKTOpa HEKpO3a OIMyXOJH alb(ha
u nponudepanuu T-kIeTOK MoOKazaHa s
MIPOU3BOJHBIX (TOP- U HUTPOXUHA3OJIUHOB.

Konsbrorarst 3aMEILEHHBIX
OpOMXMHA30JIMHOHOB MPOSIBIISUIN YMEPEHHYIO
LIATOCTATUYECKYIO aKTUBHOCTb o
OTHOILEHUIO K KJIETOYHOU JIMHUU

auMpornuroB uyenoBeka CEM, ognako Gonee
BBIDOKEHHYIO, 4YeM y S-dropypamua,
UCIOJb3yEMOr0 B  KayecTBe IIpernapara
cpaBHeHwus [25].

Jns  psna  apuIaMHHONPOU3BOJHBIX
(GTOpXHMHA30JMHA TIPOJCMOHCTPUpPOBaHa N
vitro u in  Vivo  TIPOTHBOOILyXOJ€Bast
aKTUBHOCTb, BO3MO>KHO BKJIIOYAIOIast
Kacna303aBUCUMBbII MUTOXOHIpHAJIbHBIN My Th
[62].

AHTaroHucTel  ol-agpeHopenenTopoB
XMHA30JIMHOBBIE TIPOU3BOJIHBIE OOKCA303UH,
npazo3un v mepazo3ur in Vitro HHAyIUpOBain
amomnTo3, CHIDKAIM  pOCT  KIETOK H
nponudepanunio Kak B
ropmoHouyBcTBUTENbHBIX (LNCaP), Tak u B
ropmoHopesuctentabix  (PC-3,  DU-145)
KJIETOYHBIX JIMHUAX paka IMpeicTaTeIbHON
’&Kenes3bl. IN VIVO o-aHTaroHMCTHI Ha OCHOBE
XMHA30JIMHA TPEIOTBpallaii aHTHOTeHe3 U
YMEHbIIAIM MacCy OIYXOJIHM Y MBbIIIEH C
MOJIETUPOBAHHBIM PAaKOM IpeICTaTeIbHON
xeine3bl. 1Ipa3o3uH ¥ 10KCa303MH OKa3bIBaIU
LUTOTOKCUYECKOE  JIeCTBME  KaKk  Ha
KAacTpallMOHHO-PE3UCTEHTHBIE, TaK U Ha
aH/JpPOTE€HYYBCTBUTEIbHBIE  KJIETKH  paka
MIPECTATENIBHON  KEJIe3bl, W3MEHAA Pl
OENKOB-PETYyIATOPOB  Mponudepanun U
arornTo3a. beun HCCIIEI0OBaHbI
aHTUIIpOIH(epaTUBHBIE CBOMCTBA  JIPYIHX
HOBBIX XMHa30JIMHOBBIX COEIMHEHU,
POICTBEHHBIX MPA303UHY U JIOKCA303UHY [63].
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IlokazaHnl IMIPOTHUBOOITYXOJICBEIC
CBOICTBa IMPONU3BOJAHBIX JUTHUAPOXUHA30JJIMHA
IIPOTHUB KJIETOYHBIX JIMHUAHN KOJIOPEKTAJIbHOI'O

paka [64].
B pany CHUHTE3UPOBAHHBIX
IIPOU3BOJHBIX IPOTCOMUMCTUYCCKUX

QIKaJOUJIOB XMHA30JMHOHA U3 MOPCKHUX
MPUPOAHBIX MPOIYKTOB, (pymuxunazomun G
IIPOJEMOHCTPUPOBAI BBIPAKEHHYO
MIPOTUBOOITYXOJIEBYI0O AaKTUBHOCTh Ha BCEX
TECTUPYEMBIX  OIYXOJEBBIX  KJIETOYHBIX
JIMHUAX, CYIIECTBEHHO HE BIUAS Ha POCT
UCHBITYEMBIX HE3JIOKAYECTBEHHBIX  KJIETOK
[65].

CuHTe3upOBaHHbIE CEPUU COETUHEHUM —
MPOM3BOJIHBIX  XWMHA30JIMHOHAa  5a-¢ |
nuruapoxuaasonuHona 10a-f B kauecTtBe
[IUTOCTATHYECKUX areHTOB MOKa3zaiu in Vitro
MOTEHLMAJIbHYI0 AKTUBHOCTH B OTHOLUEHHUU
JBYX JIMHUI OIIyXOJIEBBIX KIIETOK YEJIOBEKa
(MCF-7 wu  HCT-116). B  kauectBe
CTaHJAAPTHOIO  JICKAPCTBEHHOI'O  CPEJCTBA
HCIIOTB30BAJICS JOKCOPYOHITHH [66].

WHTEepKaIALIMOHHYI0  aKTHUBHOCTh B
JHK B KadecTBE INPOTHUBOOITYXOJIEBBIX
areHTOB IIPOSIBUIIN IIPOU3BOJIHBIE
TPHA30JI0XUHA30JIMHA, OILICHEHHbIE B
OTHOIIEHHH KieTouHblx JuHuUM HepG2 u
HCT-116. [ns psga jgepuBatoB  ObLia
yCTaHOBJICHa Oojiee BBICOKAs AKTUBHOCTb,
HeXenu A [Ipernapara  CpaBHEHHS
JOKCOPYOUITHH. Haubonee AKTHUBHBIE
aHTUnposrdepaTUBHbIE MPOU3BOJHBIE ObUIM
JIOTIOJTHUTEBHO OIIEHEHb! Ha UX ah(PUHHOCTH
ces3biBanus ¢ JIHK, xkortopas BeisiBHIIA
CIOCOOHOCTh JAHHBIX COEIMHEHUI
natepkanpoBats JIHK. Jlna wmcnbeityemsix
COeMHEHUI OBbLIO YCTaHOBIEHO CPOJCTBO K
JIHK-cBs3bIBaHUIO OT YMEPEHHOI'O 0 OYE€Hb
CHJIBHOTO, a TaKXke s OOJIbIIMHCTBA
MIPOU3BOJIHBIX MTPOJEMOHCTPUPOBAH XOPOLINI
npopuins ADMET [67].

[{uToTOKCHYECKast aKTUBHOCTH IN Vitro B
OTHOLIEHUU TpeX JHMHUHA PAKOBBIX KIETOK
yesioBeKa Obljla yCTaHOBJIEHA JIJIsl HOBOW CEpUH
CUHTE3UPOBAHHBIX HAa OCHOBE XWHA30JMHA
coenuHeHW 8a-1, comepkammMx TpHA30JI-
aleTaMuIbl. IluToTOKCHYECKHUIM aHaJms3
MOKa3aJl, 4YTO HAWIy4lIyl0 aKTHUBHOCTb
nposiBisin - coequHenus  8f, 8k wu  8a,

W3BECTHBIE Kak Haubosnee d3(QdeKTUBHbBIC
LUTOCTATUKH uepe3 72 yaca. [IpumeuarensHo,
YTO BCE MPOU3BOJHBIC JIEMOHCTPUPOBAIU
OTPAaHUYEHHYI) TOKCHYHOCTH B OTHOIICHHUH
HOPMaJIbHOM KJIETOYHOM JIUHUU [68].

pyaue 6uovr akmusrnocmu

CeneKTUBHBIN a1-aJipeHoOJI0KATOP
00KCa303uH CHUKAET TOHYC LIEHKH MOYEBOTO
y3bIPsl, TJIAKOMBIIIEYHBIX KIETOK CTPOMEI U
Kafcynbl — MPOCTaThl, HAa3HAYaeTcs  IpHU
rUMepIuia3uu npocTarbl. Taxke, JOKCazo3uH
ocnabmsm  (GuOpo3  medeHW, HHTUOUPYS
ayrodaruio B 3BE3QYATHIX KIETKaX IEYCHH

IyTeM AKTHUBallun CUT'HAJIBHOI'O nyTH
PI3K/AKUmTOR [69].

XHWHA30JIMHOHOBOE MPOU3BOAHOE
npenapar Kemaucepum YMEHbIIAI
BOCHIAJICHUE,  IUIOWIAJb  COEAMHUTEIBHOU
TKaHHUu n IMOBPECIKACHU A B IICYCHU,
croco6cTBOBa HOpMaJIU3aluu

OMOXMMHUYECKUX TIOKa3aresiedl  ChIBOPOTKHU
KpPOBH, CHH’KaJ MOJSIPHOCTH IUIa3MaTUYECKON
u MUTOXOHIPHAIIHOU MeMOpaHbI
rernaToluTOB B palioHEe OeNOK-IHUIMUAHBIX
KOHTAKTOB IIPU JICUEHWH LHAPPO3a IECYECHU
[70].

3akmarouenue. HTepec, MposBIIsEMBIi
K IPOU3BOJHBIM XMHA30JIMHA U XUHA30JIMHOHA
Kak K COCIMHEHUAM c
MPOTUBOMH(EKIIMNOHHBIM,
[IPOTUBOBOCIIAIUTEIILHBIM,
LATOCTaTUTUYECKUM  JICUCTBUEM  SIBIIIETCS
KOJIOCCAJIBHBIM M TIPOJOJDKAET  PacTH.
HccnenoBanue HOBBIX MPOU3BOAHBIX JAHHOTO
psia KaK BEILECTB C MOIM(papMaKoIOrHuecKon

AKTHBHOCTBIO aKTyaJbHO, MOKET
CIOCOOCTBOBATh MOBBIIICHUIO
3O PEKTUBHOCTH JIEKAPCTBEHHOTO JICUCHHS
00JIBHBIX c BOCTIAJTUTEIIbHBIMU,
WH(EKIIMOHHBIMU u OIYXOJIEBBIMU
3a00JIeBaHUSMH,  TO3BOJUT  YMEHBIIUTH

KOJIMYECTBO HA3HAYaeMbIX MpenapaToB, a
TaKXKe€ 4YacTOTy M  BBIP@KEHHOCTh  HX
00OYHBIX 3 (HEKTOB.
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Abstract

Background: Cathelicidin is an antimicrobial peptide that plays an important function in the innate
immune system as the first line of defense against infections. There is still not a lot of information on
the compounds that keep the body's cathelicidin production going. The aim of the study: To observe
the effect of vitamin D and Tinospora cordifolia Extract (TCE) for 28 days on the production of
cathelicidin and (Tumor necrosis Factor) TNF alpha in CD66a cells shortly after the mice were
infected with E. coli. Materials and methods: We conducted a study with five treatment groups
using BALB/c mice. Normal Group (NG): standard diet without treatment, Infected Group (IG):
standard diet and infected on day 29, Vitamin D Group (VDGQG): standard diet + Vitamin D 100
micrograms/kg body weight and infected on day 29, Tinospora cordifolia Group (TCG): standard diet
+ TCE 100 mg/kg body weight and infected on day 29, and Combination group (CG): standard diet+
Vitamin D 100 micrograms/kg body weight + TCE 100 mg/kg body weight and infected on day 29.
On day 29, the spleen was isolated at the end of treatment, and the production of cathelicidin and
TNF alpha in CD66a cells was evaluated using flow cytometry and analyzed using one-way ANOVA
(p < 0.05). Results: Our findings show that vitamin D significantly increases cathelicidin synthesis,
suggesting that it can potentially improve innate immunity. While Vitamin D and TC combined
increased cathelicidin production slightly, the effect was not statistically significant. Interestingly,
neither vitamin D nor TC substantially affected TNF alpha production. The combination of vitamin
D and TC, on the other hand, resulted in a considerable drop in TNF alpha levels, indicating a
synergistic anti-inflammatory action. Conclusion: These findings suggest a possible avenue for
exploiting vitamin D and TC's combined effects in enhancing immunological responses, particularly
in cathelicidin production.
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Introduction. The innate immune
system 1is the first component of the body's
defense system that responds to an infection by
a microorganism. One of the innate immune
responses to infection is an increase in the
production of CAP [1]. Research on
cathelicidin (CAP) is essential, especially
considering the recent rise in the incidence of
infectious diseases and the rising concern over
antibiotic resistance in microorganisms. CAP
is a part of the innate immune system,
especially humoral immunity, which plays a
vital role in the homeostasis of immune
systems [2]. Cathelicidins directly kill Gram-
positive and Gram-negative bacteria and other
pathogens. It can also increase phagocytosis by
opsonizing bacteria and upregulating bacterial
recognition receptors, degranulating
neutrophils and mast cells, and upregulating
inflammatory  cytokines and  cytokine
receptors, which in turn increases intracellular
toll-like receptor (TLR) signaling [3].

CAP synthesis can be stimulated
naturally by the presence of an infection. On
the other hand, the signaling mechanism of
vitamin D through the vitamin D receptor
(VDR) increases cathelicidin production, and
therefore vitamin D induction increases
cathelicidin synthesis [4]. It will be possible to
design novel therapeutic strategies against a
range  of  infectious  disorders by
comprehending how the vitamin D-
cathelicidin axis functions in the human
response to infection [5].

Proinflammatory cytokines such as TNF
alpha are often expressed simultaneously at
higher levels in granulocyte cells after
increasing the level of CAP [6]. The body
typically produces more proinflammatory
cytokines in response to infection to bring
various immune-competent cells to the
infection site. However, there are situations
where an overabundance of proinflammatory
cytokines might worsen infections and
inflammation.

On the other hand, plant extracts contain
plenty of bioactive substances that may
modulate the immunological response in the
body. Many plants have been investigated for

the content of anti-inflammatory substances
such as polyphenols, flavonoids, and
terpenoids [7]. Tinospora cordifolia (TC) is a
plant widely used for traditional remedies in
South and Southeast Asia. This plant has also
been found to possess bioactive chemicals with
anti-inflammatory properties. In silico analysis
reveals that TC can potentially inhibit
inflammatory activities by targeting and
inhibiting the enzymatic activity of COX-2,
suggesting a potential anti-inflammatory
mechanism for TC [8]. TC has been shown to
suppress TNF alpha and IL-1beta production
in dendritic cells treated with LPS [9]. TC also
inhibits inflammation in LPS-induced THP-1
cells by inactivating the NF-«kB pathway,
underscoring its potential as an anti-
inflammatory agent targeting this essential
signaling pathway [10].

CD66a, also known as
Carcinoembryonic-antigen-related cell-
adhesion molecule 1 (CEACAMI), is a marker
that is expressed on the membrane of myeloid
hematopoietic cells such as neutrophils,
eosinophils, and basophils, which are
collectively known as granulocyte cells [11].
Although neutrophils are the most dominant
cells expressing CEACAMI [12], this marker
is also expressed by macrophages, B cells, T
cells, NK cells, and platelets in mice [13].

The aim of the study. There has been
limited research on combining vitamin D and
plant extracts, particularly TC, in boosting
CAP and regulating proinflammatory
cytokines in granulocyte cells. Since CD66a
subset  cells, including  neutrophils,
express/produce CAP, this study focuses on
monitoring the production of CAP and TNF
alpha in CD66a subset cells after 28 days of
administration of vitamin D, TC, and a
combination of both and following treatment
E. coli infection on day 29. The findings of this
study are expected to determine the effect of
combining vitamin D and TC treatment in
increasing CAP production and controlling
TNF alpha production after acute infection
(6 hours after E. coli infection) as an effort to
support the function of the innate immune
system.
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Materials and Methods

Ethical clearance

The Health Research Ethics Committee
of the University of Muhammadiyah Malang
granted ethical approval for the experimental
animal treatment process with the number
E.5a/254/KEPK-UMM/XI11/2022.

Material preparations

Vitamin D (cholecalciferol) is a product
of Blackmores VItamin D3 1000 IU in a liquid
dosage form. Tinospora cordifolia (TC) herbal
Simplicia was obtained and determined at the
UPT Balai Materia Medika, Batu City, East
Java, Indonesia. The simplicia was ground into
powder and macerated for three days with 96%
ethanol 1:3 (w/v). The macerate was filtered,
and the filtrate was concentrated using a rotary
evaporator until a stable weight. TC was then
stored in the refrigerator at 4°C until it was
utilized.

Animal and Treatment

The animals used in the present study
were female BALB/c mice purchased from the
Malang Wistar Farm in the Indonesian
province of East Java's Dau District of Malang.
A total of 25 normal female BALB/c mice
weighing about 20-25 g and aged 6-8 weeks
were kept in cages under regulated conditions.
During the experiment, they were given free
access to a standard pellet diet and water every
day. Experimental mice were divided into five
treatment groups:

a. Normal Group: healthy mice were
given a standard diet and daily administration
of distilled water for 28 days without infection
on the day 29th;

b. Infected Group: healthy mice were
given a standard diet and distilled water orally
every day for 28 days and infected with E. coli
on the 29th day;

c. Vitamin D Group: mice were given an
oral vitamin D dose of 100 micrograms/kg
body weight every day for 28 days and infected
with E. coli on the 29th day;

d. Tinospora cordifolia Group: mice
were administered orally with Tinospora
cordifolia (TC) extract at a dose of 100 mg/kg
body weight every day for 28 days and infected
with E. coli on the 29th day;

e. Combination group of vit D + TC +
infected: mice were given oral vitamin D 100
micrograms’kg bw + TC extract 100
milligrams/kg bw daily for 28 days and were
infected with E. coli on the 29th.

Sacrificing BALB/c mice model and cell
isolation

The mice were dissected by neck
dislocation on the 29th day of treatment, six
hours after E. coli infection. The spleen was
isolated. After that, Phosphate Buffer Solution
(PBS) is used to cleanse the organs. Then, 1
mL of PBS was added to a Petri dish, and each
organ was crushed clockwise. Then, the
splenic suspension was centrifuged at 4°C for
5 minutes at 2500 rpm. 1 mL of PBS was added
to the homogenate before centrifuging for 5
minutes at 2500 rpm and 4°C. The pellet was
stained with the specific antibody once the
supernatant was discarded.

Immunostaining and flow cytometry
analysis

Pellets taken from the spleen were
stained with FITC-conjugated anti-mouse
CD66a for extracellular staining, and they
were then incubated at 4 °C for 20 minutes in
a darkened chamber. Samples were fixed with
Cytofix/Cytoperm for intracellular staining,
and they were then incubated at 4 °C for 20
minutes in a darkened chamber. Subsequently,
the sample was mixed with 500 ml of
intracellular staining and permeabilization
wash solution and centrifuged at 2500 rpm for
5 minutes at 4°C. Anti-mouse TNF alpha
conjugated with PE and anti-mouse CAP
conjugated with Pe-Cy7 were used to stain
spleen pellets. Every sample was incubated for
20 minutes at 4°C in a darkened chamber.
Following incubation, flow cytometry (BD
Biosciences FACS Cantoll) was used to
examine the samples. BD CellQuest ProTM
was used to analyze the data and determine the
relative sum of each parameter.

Statistical analysis

The data were presented as mean = SE.
The significant differences in the group were
determined using one-way ANOVA, followed
by an LSD post hoc test with p 0.05. The
experiment was replicated three times.
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Results and Discussion. This is an in
vivo intervention study to assess the
production of CAP and TNF alpha in the
CD66a subset cells after treatment of vitamin
D, Tinospora cordifolia extract (TC), or a
combination of both. The main objective of
this study was to determine the effectiveness of
combining vitamin D and TC in increasing
CAP production and controlling TNF alpha as
proinflammatory cytokines, thus helping to
increase the efficacy of CAP in reducing the
risk of infection and  preventing
hyperinflammation.

The data shown in Fig 1 clearly illustrate
how vitamin D supplementation affects CAP
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administration for 28 days seems to have a
higher level of CAP production. Induction of
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standard group appeared to elevate CAP
production in CD66a cells, though not to the
same level as the infection + vitamin D
treatment. Interestingly, the infection + TC
treatment showed that CAP production was
identical to the healthy (non-infected) control.
According to data analysis on the TC
treatment, CAP production was lower than in
the infection, vitamin D, and combination
groups.

(B)
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Fig. 1. (A) detection of Cathelicidin (CAP) production in CD66a+ cell subset by dot plot flow
cytometry analysis; (B) histogram of comparison of results between treatment groups. Based on the
statistical analysis results, the Vitamin D treatment showed higher CAP production than all existing

treatments. The combination of Vitamin D and TC group seems to increase CAP production,
although not statistically significant. TC did not affect CAP production, as seen from the similarity
level of TC production between the standard and TC-treated groups. Different letters on each bar
chart indicate significant differences between treatment groups (p <0.05) using the ANOVA
and post hoc tests using LSD.

The administration of vitamin D
demonstrates higher cathelicidin production
compared to other treatments. Vitamin D [4] is
one of the chemicals that effectively stimulates
cathelicidin production. Vitamin D in the form
of 1,25(0OH)2D3, is a ligand of the vitamin D
receptor protein (VDR) and activates a set of
genes that control the innate and adaptive
immune  systems, including  boosting
cathelicidin production [14]. It is known that
cathelicidin production is indeed derived from
the activation of the vitamin D receptor (VDR)

[15, 16] in various cell types, including
macrophages and granulocytes in the blood
[17]. Vitamin D influences the expression of
cathelicidin by regulating the gene expression
of cathelicidin hCAP/LL-37 and also impacts
cytokine production while simultaneously
regulating several vital physiological functions
such as calcium and phosphate regulation,
bone metabolism, including keratinocyte
growth and differentiation, and bone formation
[18].
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Multiple pathways, including the MEK-
ERK signaling pathway, regulate cathelicidin
synthesis [19]. The MEK-ERK signaling
pathway is involved in butyrate-mediated
cathelicidin induction in colon epithelial cells.
In addition, a recent study suggests that
butyrate-induced expression of CRAMP
depends on both ERK and p38 MAPK
activities [20]. However, cathelicidin synthesis
can vary depending on the type of cell. It is also
synthesized under varying conditions. For
instance, human cathelicidin antimicrobial
peptide (CAMP)/LL-37 is regulated by
vitamin D  receptor (VDR)-dependent
processes in various cell types. However,
VDR-independent = pathways involving
endoplasmic reticulum (ER) stress signaling
can also induce CAMP expression. Infections,
wounds, UV radiation, and disruptions to the
permeability barrier can all produce this stress
signal [21].

TC did not affect CAP production, as
seen from the similarity level of TC production
between the standard and TC-treated groups.
Nevertheless, some research results indicate
that TC significantly enhances the innate
immune system's function, albeit indirectly, by
not increasing CAP production. TC contains

TNFa*

the polysaccharide G1-4A, which can boost the
innate immune system response by activating
the TLR4 receptor pathway in macrophage
cells [22]. In macrophage cells in vitro, water
and methanol-extracted TC applications
increase the immune response, characterized
by elevated levels of proinflammatory
cytokines such as TNF alpha, IFN gamma, and
IL-1b [23]. Furthermore, in vivo studies have
shown that TC extract administration can
enhance the innate immune profile,
particularly in infection prevention in
experimental animals exposed to infections
[24].

Fig. 2 shows that CAP production
appears to be connected to TNF alpha
production. In mice models, infection factors
and vitamin D administration enhanced CAP
and TNF alpha production, but TC
administration decreased TNF alpha and CAP
production. In this investigation, vitamin D
and TC extract were administered to
experimental mice to see if they may improve
the immune system. Many vitamin D
deficiencies are related to an increase in the
severity of infectious diseases, and
supplementing vitamin D in the diet can
decrease the severity of infections [25].

(A) (B)

CD66a+ TNF a+

CDé66a*

o PR A
€. e 1 ‘

ab
ab
1.50
1.00 a ?
0.50 .
0.00 -
nomal infected vitD + infected extract + Vit D + extract +
infected infected

Treatment

Fig. 2. (A) detection of TNF alpha production in CD66a+ cell subset by Flow Cytometry dot plot
analysis; (B) histogram of comparison of results between treatment groups. Based on this analysis,
TNF alpha production was reduced by vitamin D therapy in a single form, although this effect was
not statistically significant in the same way with TC. An interesting finding is that treating subjects
with both vitamin D and TC can considerably decrease TNF alpha production. Different letters on

each bar chart indicate significant differences between treatment groups (p <0.05) using the
ANOVA and post hoc tests using LSD.
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Due to its ability to modulate the
immune system, TC is categorized as an
immunomodulatory plant [26], which means it
can assist in regulating the immune system.
However, there is some indication that TC may
stimulate the immune system, which may be
seen as immunosuppressive under certain
situations. In RAW 264.7 cells, TC extract was
observed to decrease TNF-alpha gene
expression [27]. TC has been demonstrated to
lower important immunological mediators of
inflammation, such as TNF-alpha, in an
autoimmune arthritis investigation [28]. TC
chloroform extract was discovered to be
supportive in reducing TNF-alpha production
in THP-1 macrophages [10]. TC contains an
extensive quantity of phenolic and flavonoid
substances and has been shown to decrease the
elevated production of TNF alpha in monocyte
cells (THP-1) via the NF-kB pathway [7]. As a
result, the combination of Vitamin D and TC is
expected to increase CAP production while
limiting inflammation.

A marker known as CD66a, referred to
as CEACAML, is expressed on the membrane
of neutrophils, eosinophils, and basophils,
which are all recognized as granulocyte cells in
the myeloid pathway of the hematopoietic
origin [11]. In addition to serving as a marker,
CEACAMI regulates leukocyte functions such
as angiogenesis, tumor growth, cell migration,
and proliferation [29]. Although this marker is
known to be expressed by a variety of
leukocyte cells, including macrophages, B
cells, T cells, NK cells, and platelets in mice,
neutrophils are known to be the most dominant
cells expressing CEACAMI [12]. Granulocyte
Monocyte colony-stimulating factor (GM-
CSF) treatment can intensify CAECAMI1
production in granulocyte cells [29].

In this study, E. coli was induced to
observe the innate immune response,
specifically in the CD66a leukocyte cell
subset. E. coli's cell wall contains
Lipopolysaccharide (LPS). LPS stimulates the
immune system in intestinal epithelial cells by
initially recognizing Toll-Like Receptor-4
(TLR4). TLR4 activation causes nuclear factor
kappa B (NF-kB) and other transcription
factors to be triggered, resulting in CAP

production [30]. In addition to infection,
administering certain natural chemicals, such
as vitamin D and several plant bioactive
components, can boost CAP production [31,
32]. On the other hand, giving several plant
bioactive chemicals can also suppress pro-
inflammatory cytokines like TNF alpha [33].

Conclusion. In conclusion, the findings
from this study shed light on the responses of
CD66a cells to different treatments. Vitamin D
became a potent stimulator, significantly
elevating cathelicidin (CAP) production.
Tinospora cordifolia (TC) demonstrated the
ability to suppress the synthesis of TNF alpha
in these cells. Notably, vitamin D exhibited a
more pronounced influence on the increased
levels of CAP compared to other treatments. At
the same time, TC showed potential in
moderating TNF alpha production in CD66a
cells. The combination of vitamin D and TC,
on the other hand, resulted in a considerable
drop in TNF alpha levels, indicating a
synergistic anti-inflammatory action. In short,
the findings of this study demonstrate the
beneficial impacts of vitamin D on CAP
formation as well as Tinospora cordifolia's
ability to suppress TNF alpha synthesis in
CD66a cells. Furthermore, it appears that the
combination of vitamin D and TC has a
synergistic anti-inflammatory impact,
indicating a potential therapeutic strategy for
modifying immune responses in the relevant
conditions.
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Pesrome

AKTyajabHOCTh: CTapeHue — HBOJIOLMOHHO JE€TEPMUHUPOBAHHBIN JJIUTENbHbBIN OMOIOTMYECKU
nporecc, NPUBOIAIINN K CHUKEHUIO (YHKIIMOHAJIBHBIX BO3MOXKHOCTEH opranusma. C yBeanueHrueM
KOJIMYeCTBAa JIIOJEH cTaporo Bo3pacTa B  MONYJALUUA TNPUOPUTETHBIM  HaIlpaBJIEHUEM
3/IpaBOOXPAHEHMsI CTAHOBUTCS M3yUeHHE MEXaHH3MOB BO3PACT-aCCOLMUPOBAHHBIX 3a00J€BaHUN U
MTOMCK JIEKAPCTBEHHBIX CPEJCTB I UX KOPPEKIMHU C LIETBI0 YIyUlleHHs] KauecTBa KU3HU. B psne
IKCIIEPUMEHTOB OBLIO MOKa3aHo, 4To y pbO 3eOpamanuo (Danio rerio, Zebrafish) passuBarorcs
JIEBSITh U3BECTHBIX MPU3HAKOB €CTECTBEHHOI'O CTAPEHUSI OPraHn3Ma, CBOMCTBEHHBIX YETIOBEKY. X 0TS
reHoM 3TUX pbi0 Bcero Ha 70% roMoiOrHyYeH deJIoBeuecKkoMy, oH oOHapyxkuBaeT Oosee 80%
OpTOJIOTOB IeHOB ero OoJie3Hel. PrIObI HE TpeOyIOoT BBICOKHMX 3aTpaT B COJIEP)KaHUU, UX H3yUEHHUE
BO3MOYKHO C paHHEro SMOpHOreHe3a /10 IIyOOKO#i CTapoCTH, U )KUBYT B J1a0OpaTOpUU OHH TOpPa3o
JIOJIbIIIe, YeM, HanpumMep, Mbln. 1 HecmoTps Ha orpanuuenus, Bkimoyatonue 10-15% paznuumii c
YeJIOBEKOM B Taprerax, AyIUIMKaLuio 25% TreHOB, OTIMYHYIO OT TeIJIOKPOBHBIX (DapMaKOKUHETHKY,
aKTyaJIbHbIM SIBJIIETCSl MCIIOJb30BaHHE 3e0pallaHno B KayecTBE OOBEKTa i MOJEIMPOBAHUS
BO3PACT-aCCOLMHUPOBAHHBIX 3a00JI€BaHUI U NCCIIEIOBAaHM HAa HUX (DapMaKoJIOrHUeCKOi aKTUBHOCTH
psida BelIeCcTB, CIIOCOOHBIX KOPPEKTHpPOBaTh BO3HUKawmue oTkioHeHus. Lleab uccienoBanus:
[IpoBecTr aHaNU3 JUTEPATYPHBIX JAHHBIX O BO3MOXKHOCTSX HCIIOJIb30BAaHUS MOJAEIBHOIO 00BEKTa
3e0paaHuo sl U3YUYSHHS BO3PACT-aCCOIMUPOBAHBIX 3a00neBanuii. MaTepuaJibl 4 MeToAbI: brutn
[IpOaHaIU3UPOBaHbI HAYYHBIC PaOOTHI, HAXOISAIIMECS B OTKPBHITOM JOCTYIIE B Oa3ax maHHbx PubMed,
Web of Science, Elibrary u Google Scholar. IlpeumymectBeHHO H3y4anuch NyOJUKalUU Ha
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AHTJIMICKOM S3BIKE U pa3MEIEHHbIE B TEUEHHUE IMOCIETHUX 5 JeT, 0c000e BHUMAaHHE YyIEIsUIOCh
OPUTMHAIBHBIM cTaThsiM. Pe3yiabTaThl: B 0030pe mpencraBieHbl JaHHbIE 00 H3Y4YeHUH Ha
3e0paiaHno Takux 3a00JIeBaHUH KaK caxapHbIil 1uabeT 2 Tuna, KaTapakTa, BO3pacTHasi MaKyJIsspHas
JieTeHepalnus, aTepockiepo3, (udpo3 KIAmaHOB Cepilla, HApYIICHHUE CEpIEYHON IesITeIbHOCTH,
0CTEO0NOpo3, capKoneHnus, 6oie3Hs Alnblreiimepa, 0one3nb [lapkuHcoHa, paccMOTPEHbI BO3MOXKHBIE
(apMakoIOTHYECKUE M TEHETHMYECKHE MOJIENH, a TAKKE OIHMCAHBl PE3yNbTaThl IKCIEPUMEHTOB
M3Y4YEeHHsI psifia BEIECTB, MCIOJIb3yeMbIX ISl KOPPEKIUU YKa3aHHBIX MATOJIOTHid. 3aK/IloueHHe:
3e0paaHuO HAXOAWT IIUPOKOE MPUMEHEHHE B KaueCTBE MOJEIBHOrO OOBEKTa IS M3yYeHUs
3a00JeBaHUN OpraHa 3peHusi, OOMEHa BEIECTB, CEPIEYHO-COCYAHMCTOW, HEPBHOH W OIOpPHO-
JIBUTATEIbHOM CUCTEM, aCCOLIMUPOBAHHBIX ¢ BO3pacToM. ONKCaHHBIE MOEIIH SBIISIOTCS BAJIUTHBIMU,
TaK Kak 00Hapy>KUBAIOT CXOJICTBO C MPOSIBICHUSIMH OOJIE3HH Y YEJIOBEKA M YCIEUIHO MOBEPratoTCs
(hapMaKoIOTH4eCcKOi KOPPEKIIHH.

KuroueBbie cioBa: JlaHno pepuo; caxapHblii 1ua0er; KaTapakTa; aTepOCKIEpO3; OCTEONOpO3;
HelpojereHepaTuBHbIE 3a00IeBaHM

Jas uurupoBanusi: Jlamenona JIU, Ileppunosa BH, Cuuryp I'JI, u ap. Mcnons3zoBanue poid
3eOpananuo (Zebrafish) B kauecTBe MOEIBHBIX 00BEKTOB ISl U3yUSHHS BO3PACT-aCCOLIMUPOBAHHBIX
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Abstract

Background: Ageing is an evolutionary long-term biological process that leads to a decline in the
functional capacity of the human body. As the number of elderly people in the population increases,
the priority direction in health care is to study the mechanisms of age-related diseases and to search
for drugs to correct these pathologies in order to improve the quality of life. Experiments have shown
that zebrafish (Danio rerio) develop nine known signs of ageing that are characteristic of humans.
Although the genome of these fish is only 70% homologous to the human genome, they have more
than 80% of the orthologs of the genes involved in the diseases. These fish do not require high
maintenance costs, can be studied from early embryogenesis to old age, and live much longer in the
laboratory than mice, for example. Despite the limitations, including 10-15% differences from
humans in target genes, duplication of 25% of genes, and different pharmacokinetics from warm-
blooded animals, it is relevant to use zebrafish as an object for modelling age-related diseases and


mailto:mih-li@mail.ru
https://orcid.org/0009-0003-1052-9418
https://orcid.org/0000-0002-2457-8486
https://orcid.org/0000-0002-8612-6186
https://orcid.org/0000-0002-7525-1950

O630p Jlawerosa JIH, u dp. Hcnosnw3oeaHue puib 3e6padaruo (Zebrafish) e ... 122
Review Lashhenova L1, et al. The use of Zebrafish (Danio rerio) as a model ...

studying the pharmacological activity of a number of substances capable of correcting emerging
deviations in them. The aim of the study: To analyze the literature data on the possibilities of using
the zebrafish model object for the study of age-related pathologies. Materials and methods: The
scientific works that are publicly available in the databases PubMed, Web of Science, eLibrary and
Google Scholar were analyzed. Publications in English and published within the last 5 years were
mainly examined, with particular attention paid to original articles. Results: This review presents
data on the study of pathologies such as type 2 diabetes mellitus, cataracts, age-related macular
degeneration, atherosclerosis, fibrosis of the heart valves, cardiac dysfunction, osteoporosis,
sarcopenia, Alzheimer's disease, Parkinson's disease on zebrafish, discusses possible
pharmacological and genetic models, and describes the results of experiments studying a number of
substances used to correct these pathologies. Conclusion: The zebrafish is widely used as a model
organism to study age-related diseases of the visual, metabolic, cardiovascular, nervous and
musculoskeletal systems. The models described are valid because they show similarities to the
manifestations of the disease in humans and can be successfully corrected pharmacologically.
Keywords: Zebrafish; diabetes mellitus; cataract; atherosclerosis; osteoporosis; neurodegenerative
diseases

For citation: Lashhenova LI, Perfilova VN, Snigur GL, et al. The use of Zebrafish (Danio rerio) as
model subjects for the study of age-associated diseases (review). Research Results in Biomedicine.
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BBenenue. CrapeHue — 3BOJIIOLIMOHHO
JIETEPMUHUPOBAHHbBIN JUTUTETbHBIN
OMOJIOTMYECKUH TPOILEeCC, MPUBOMSIIIUN K
CHIDKEHUIO (DYHKIIMOHAJIBHBIX BO3MO>KHOCTEN
Opranu3ma [1]. CymecTByet JIBE
MPUHLMIIUATIBHO OTJIMYHBIX KOHLEMIMU JUIsS
O00OCHOBaHHS BCETO MHOXECTBA TEOpUH
cTapeHusi: 1) HaKOIIEHHWE CTOXACTUYECKUX
MOBPEXKICHUN KU3HEHHO-BAXHBIX MOJIEKYJ
JHK, PHK, nporennoB u  oOmiee
W3HAIIMBAaHUE OpraHu3Ma, JHU0o 2) Haluuue
TFeHETUYECKU JE€TEPMUHUPOBAHHOMN
IpOrpaMMbl, HEH30€KHO TNPUBOIALICH K
BO3pPacCTHBIM M3MEHEHHsM u cMmeptu [2]. C
YBEJIMUEHUEM TNPOJOJKUTENBHOCTH JKU3HU B
oOuiecTse MOBBIIIAETCS KOJIMYECTBO
XpoHHYeckux  3aboneBanuii.  HaumbGonee
pacnpoCTpaHEHHBIMU  SIBIISIFOTCSL  OOJIE3HU
CHCTEMBl KpPOBOOOpaIleHusi, 00yCIIOBICHHbIE
M3MEHEHHUEM apXUTEKTOHUKU CTEHOK apTepuit
u  (QopMHpPOBaHHEM aTEPOCKICPOTHUYECKHX

Oysmiek;  opraHoB  3peHHs  (pa3BHUTHE
KaTapakKThl, [JIayKOMBI, HapyIlIeHU
pedpakmum), HEPBHOM CHUCTEMBI u
MICUXWYECKUE  PACCTPOMCTBA,  OCOOEHHO
BO3HUKAIOIIINE B pesynbrare

HEWpOJEreHepauu; OIOPHO-ABUIaTEIbHOTO
anmapara, CBA3aHHbIE C  YMEHBIIEHHUEM
IJIOTHOCTA KOCTHOM TKAHM W CHHXKCHHEM

MBIILIEYHON MAacChl; OPraHoB MHUILNEBAPEHUS;
HOBOOOpa30OBaHHA, a TaKXe HapylIeHHUs
oOMeHa BEIIECTB, B YACTHOCTH CaxapHBIHA
nuaber [3].

B psine skciepuMeHTOB OBLIO MOKA3aHo,
4TO y HeOObIIoN IIPECHOBOTHOM
TPOMUYECKOH prIOBI 3e0paaanuo (Danio rerio,
Zebrafish) pa3BuBaroTCsl [€BATH HM3BECTHBIX
JUISL 4eloBeKa MPU3HAKOB (PU3HUOIOTUYECKOTO
CTapeHHs  OpraHM3Ma:  HECTaOWIbHOCTh
reHoMa, YKOpOYEeHHE TEJIOMED,
SMHUTEHETUYECKHE HapyIIeHUs, HW3MEHEHHE
POTEOCTa3a, CHIKEHNUE UyBCTBUTEIBHOCTH K
MTATATEIEHBIM BEIIIECTBaM,
MUTOXOHIpHANIbHAA JUCHYHKIUS, KIETOYHOE
CTapeHHe, HWCTOIICHHE CTBOJIOBBIX KIETOK M
HapylIeHHEe MEXKJICTOYHONH KOMMYHHUKAIIUU
[4]. B mocneanee Bpems 3e0pagaHro Bee yarie
WCIIONIb3YeTCSl KaK OOBEKT IJIsl MPOBEICHUS
NOKJIMHUYECKUX UCOBITAaHUN [5].
ITonoBozpenocts ocobeil HacTymaer B 5-8
MeCSLIeB, CpPOK JKHU3HU OTHX pbIO B
71a00paTOPHBIX YCIOBUAX MO Pa3HBIM JaHHBIM
cocTaBisieT OoT 3 1o S5 ner. JXusoTHBIE
HEMPHUXOTIUBBI, NS WX  COACPNKAHHSI
TpeOYIOTCS MUHUMAaJIbHBIE 3aTpaThl. O0IacTH
HCCIIEIOBAaHMsI JAHHOTO MOJIEIBHOTO 00BEKTa
Ype3BhIYAIIHO Pa3HOOOpa3HbI, B TOM YHUCIE
OTIpeNieIeHue  OCTPOM  TOKCHMYHOCTH  Ha
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SMOpHOHAX M B3pPOCIBIX 0co0sx [6, 7],
CKPUHHUHT HEUpOCTIeU(PUISCKUX XUMUUECKUX
Bemect [8, 9, 10], mogenmu mnsa co3maHus
TPAHCIOPTHBIX JIGKAPCTBEHHBIX cucTem [11],
reHeTH4ecKue wuccienoBanus [12], a takxke
M3Yy4YCHHE BO3pACTHBIX 3a0oneBanuii [13, 14,
15]. Cornmacno xonneniuu «3R» wmHOTHE
CTpaHBbI CHIKAIOT MHTEHCUBHOCTh
TECTHUPOBAHUS XMUMHUYECKUX CYOCTaHIIMU Ha
nmpuMmarax u rpeidyHax. [lpumenenue B
JOKJIIMHUYECKUX WCCJICTOBAHMSIX
JIEKapCTBEHHBIX CPEACTB pPbIO TMO3BOJISAET
3aMEHUTh BBICKOOPTaHU30BAaHHBIX JKUBOTHBIX
0ojee HU3KOOPraHM3O0BAaHHBIMU TPU STOM
CYILLIECTBEHHO CHU3MTH 3aTpaThl. 3a pyOexom
3e0pailaHno B Ka4eCTBE MOJIETIbHBIX OOBHEKTOB
HCIOJIL3YIOT JIOCTATOYHO JIaBHO, B IMOCJICTHUE
roJpl OTMEYAeTCs WHTEHCUBHOE BHEAPEHUE
JTaHHOW OMOMOJIETH C IENBI0 ONTHMH3AIIH
JNOKJIIMHUYECKUX HccaenoBanuii u B Poccun
[16-19] OrpaHuueHUSIMH B HCIIOJIb30BAHHH
3eOpamanno  MoryT  sBusAThes  10-15%
paznuuuii B Tapretax u Toibko 70%
TeHETUYECKOM TOMOJIOTHH C  4YeIIOBEKOM,
nyruakaius 25% TeHOB, WHas, B OTJIMYKE OT
TETUIOKPOBHBIX, (bapMaKOKUHETHKA,
OTHOCUTENIbHO HEOOJIBIION  MCTOPHUYECKUM
OTIBIT MPUMEHEHUS PbIO B OMOMETUITIHE.
Leas nccaenopanus. IIposectn ananus
JTUTEPATypHBIX JaHHBIX O BO3MOXHOCTH U
BATMIHOCTH  WCIOJB30BAaHUS  MOJIEIHLHOTO
o0BbeKkTa 3e0pasaHno Uid U3y4eHHUs BO3pacT-
ACCOIIMMPOBAHHBIX 3a00JICBAHMIA.
MarepuaJbl " MeTOAbI
HccJeaoBaHusl. bBbUTM  TTpOaHaTM3UPOBAHBI
Hay4dHbIe pabOThI, HAXOJSAIIUECS B OTKPHITOM
noctyme B 0aszax manusix PubMed, Web of
Science, Elibrary wu Google Scholar.
[TpenMyIecTBeHHO HW3YYalUCh ITyOIHMKAITIN
Ha aHTJIMKWCKOM SI3bIKE W pa3MElICHHBIE B
TEUYCHHE TIOCIICHUX 5 JIeT, 0c000e BHUMaHUE
YAETSIIOCH OPUTHHATIBHBIM CTAThSIM.
Pe3yabTaTsl U MX 00Cy:KIeHUE
Crapenne u caxapHblii 1uader
C BO3pacToM y JIOJIEd TMOBBIIIAETCSA
PUCK pa3BUTHsI caxapHOro jauadeTa BTOPOTO
tuma (C2). Kak ocnoxxnenne CJ/I2, gacto
oOHapyXKuBaeTcid  HapylleHue  (QyHKLIUHU
MOYEK, MHUKPOLMPKYJIATOPHbIE MAaTOJOTHUH,
NpUBOIAIINE K HH(APKTAaM U HHCYIbTaM,
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HW3MEHEHUE KOTHUTUBHBIX byHKIUH,
BO3MOXHO BO3HUKHOBEHHE
TUTIOTJIMKEMUYECKUX CcOoCTOsAHUN [OQmmodka!l
Hcrounuk CCBUIKHU He HaiijleH. |.
Hcnons3zoBanue 3e0pagaHuo JUISL
MO/JICIIUPOBAHUS CaxapHOTO nuabera
00yCIIOBJIEHO CXOJICTBOM C MJIEKOITUTAIOIIMHU
CTPOEHUS MOKEITy J0YHOMN JKEJe3bl,

MEXaHU3MOM PETYJISIUN YPOBHS TIIOKO3BI B
kpoBu [21]. IIpu 3TOM y BCeX KOCTUCTBIX PHIO
oOHapy>KeHbI -KIIETKH, KOTOPBhIE CXOIATCS B
HEHTPAJIbHOW  00JAaCTHM  MOJDKENTyIOYHOM
KEIEe3bl, COOTBETCTBYIOIIEH OCTPOBKY
Jlanrepranca d4enoBeKa, a TaKXKe WHCYJIUH,
KOTOPBI TOMOJIOTUYEH 4YEIIOBEUYECKOMY U
BBIpa0aThIBacTCS B KOJIMYECTBAX,
9KBUBAJICHTHBIX TAKOBBIM Y JIt0JIeH [22].
HemoporumMu ®  MIMPOKOJOCTYIHBIMU
SBIISIIOTCS. ~ METOJBl  SKCIIEPHUMEHTAILHOTO
MOJICTIMPOBAaHMsI ~ caxapHOro nuabera vy
3e0pagaHno,  HAmpuUMep, C  ITOMOIIBIO
N00aBJICHUS  MOHOTHJApaTa  TJIIOKO3Bl B
akBapuyM ¢ peldbamu. B pesynbrare
HKCHEPUMEHTOB y  pbIO, 00paboTaHHBIX
TJTIFOKO30H, 00HapyXEHO MTOBBIIICHUE
KOHILICHTPALlMK caxapa B KPOBM HATOLIAK U
PE3UCTEHTHOCTH K WHCYJIHMHY, TOBBIIIAICS
MHJICKC MacChl Teja, YBEJINYHBAICS YPOBEHBb
acrapTaTaMHHOTpaHC(epa3bl W IIEITOYHOM
¢docdaraspl, yMEHbIIANCS JHAMETP BOPCHHOK
kumeynuka. Koppekuust merdpopmuHoM u
CHJIMIMapUHOM TIOKa3bIBaja TOJIOKUTEIbHBIN
addext [23]. B psaae npyrux uccieaoBaHHii ¢
Moau(UKae KOHLUEHTPALUH TIIOKO3bl U
JUTMTEIILHOCTH TIOTPYKEHUsI pbI0 B pe3epByap
C YIJIEBOJOM TakXke ObUIM OOHapy>KeHbI
NMPU3HAKK  TUTEPTIIMKEMHUH,  HapyIICHHE
(GYHKIMM ~ 3pUTENBHOrO  aHalu3aropa |
KOTHUTHBHBIE paccTpoiicTsa [24-27].

IIppu  BBemeHHMH  CTPENTO30TOLMHA
B3POCIIBIM pbi6am BHYTPUOPIOIINHHO
HabII01a710Ch YCTOHYMBOE
TUIEPrIINKEMHYECKOe COCTOSIHUE

(TOBBILIIEHWE YPOBHS TJIIOKO3bl HATOLIAK,
YBEJIMYECHUE COJIEpPKAHUSA TIUKHUPOBAHHBIX
0eJKoB CBIBOPOTKH KpPOBH).
MUKpPOCKOIIHYECKOE UCCIICJOBAHNE
MIOKEITy JIOYHOM JKeJIe3bl II0KA3aJI0 CHUKCHUE
CUTH&JIAa HMHCyJIMHa Yy 3e0pajaHuo C
TUIIEPTIIUKEMUEN npu
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MMMYHOTUCTOXMMHYECKOM  OKpPALIMBaHUU.
Taxoke OBUIM OTMEYEHBI paHHHE TNPUIHAKU
peTHHONAaTUU (UCTOHYEHUE CEeTYaTKH) U
Hepponatuu  (yTONIIECHHE TJIOMEPYIISPHOU
OazanpbHONl MeMOpanswl). [lpum ammyranun
XBOCTOBOTO IIJIaBHUKA HaOII0 AN Ch
Cepbe3HbIE HApYIIEHUS pereHepaluy B rpyImie
KMBOTHBIX C TUIIEPIIIMKEMHUEH MO0 CPABHEHUIO
¢ koHtpoieM [280mmobka! MHcTouHUK
CCBHIJIKM He Haii/IeH.].

N3BectHO, 4TO HUHCYJIMH u
UHCYNIUHONOAO0HBINH (akTop pocta (UDP)
paboTaroT B €IMHON CUCTEME, PETYINPYIOIEeH
MeTa00IIH3M, IPOLIECCHI pocta u
mQepeHITMPOBKH KJIETOK. Huskas
koHueHTpanus OP B KpOBU MOKET SIBJISTHCS
OMHOW W3 TPUYMH  POTPECCHPOBAHUS
nabeTUYecKol KapAMOMMONATHUH, Pa3BUTHUS
apTepUaNbHOM  THIEPTEH3WH, HaPYIICHUS
npoueccoB perenepanuu [29]. V crapbix pbio
BO BCEX TpEX TIeHax, CBS3aHHBIX C IyTSAMHU
nepefayd CUrHajga OT HHCYJIMHONOJOOHOTO
daktopa pocra (IGF); IGF1, IGF2BP3 u
IGFBP2A, HCCIIEI0BATEIN HaOII0 1IN
3HAYUTEIHHOE CHIDKCHHE AKCIIPECCUH,
IpUyeM Yy caMIoB OHa Oblta Haubosee
BeipaxkeHa y rena IGF1 [30].

ITo cpaBHeHMIO C (hapMaKOIOTHYECKUMHU
MO/IEIISIMH, TCHETHYECKUE METOIBI
MOJICIUPOBAaHUsT  3a00J€BaHUA  SIBIAIOTCA
Ooiee  TOYHBIMH U CHEHUPUIHBIMH.
Hanpumep, ren, koaupyroumii ¢dakrop
TPAHCKPHIIINN, YYaCTBYIOIIUH B pa3BUTHU
noJpKkenyJouHo xenessl (PDX1, mo-gpyromy
- (akrop-npomotrop wuHcynuHa 1, IPF1)
UrpaeT BaXHYIO pOJb Kak B Ipolecce ee
(dbopMupoBaHus, TaK u npu
(YHKIIMOHMPOBAHUHU  3pEJbIX OeTa-KIEeTOK.
MyTtauuu ¢ YacTUYHOW moTeped (GyHKIUU
yBEJIMUUBAOT puck passutus CJH2. VY
3eOpananno PDX1 »skcmpeccupyercs B
KJIETKaX-TpeAIIeCTBEHHUKAX
MOJIKETY0YHON JKene3bl U B 3penbix Oera-
KJIETKaX MOJJIEPKUBACTCS €ro JKCIPECCHUS.
I'omo3urotel ¢ HysneBoi myrtauueir B PDX1
JOXHUBAIOT O  3peJIor0  BO3pacra, HO
MOKa3bIBAIOT CHUKEHHYIO JKH3HECIIOCOOHOCTh
Y MaJICHBKUH pa3Mep MO0 CPABHEHUIO C PbIOaMuU
aukoro Tuma. Ilpm ananuze Qenorumna
MOJKETYJOYHOMN HKeJe3bl OTMEYaeTCst

CHIDKEHHE KOJIMUECTBa OETa-KIETOK U YPOBHS
WHCYNWMHA, TUuddEepeHIMPOBKAa  AIMHYCOB
Hapymaerca. OTmedaeTcs, 4YTO  CTOMKO
MOBBIIICHHBIA YPOBEHD TITFOKO3bI Y MYTaHTOB
PDX1 pearupyer Ha JIeYCHUE
MIPOTUBOANA0ETHICCKIUMHU npernapaTamMmu
[3131].

Bo3pactHble 3a00/1eBaHud 17123

Cpenun 0(pTaTbMONIOTUYECKIX
3a00JIeBaHUH Y JIFOJICH TIPECTapesioro Bo3pacra
Haunboee HIUPOKO pacrpocTpaHeHbI
aHOMAJIUU pedpakiumy, BO3pacTHast
MaKyJsipHast JieTeHeparus, KaTapakTa,
riiaykoMa, nuabeTHdecKass pPEeTHHOIATHs, B
OCHOBE  KOTOPBIX  JIGKUT  MHOXKECTBO
MOJICKYJIIPHBIX W KJIETOYHBIX MEXaHH3MOB
[32]. Pasmep r1a3 phIOBI JAOCTATOYHO BEIIUK
OTHOCUTEIIFHO €€ HEOOJBIIOro Teja, YTO
MO3BOJISICT MAHMITYJIMPOBATh WX 3a4aTKaMH
YK€ Ha PaHHUX CTaJuAX dMOpHoreHe3a. Xots
ceThb TpaOeKyal © JWHAMHKA W3MCHCHHUS
BOJISHUCTON BJard y 3eOpalaHhO CHIIBHO
OTIIMYAIOTCSI OT  4YEJIOBEUECKOH, oOIee
CXOACTBO B  CpEIHEM  BHYTPHUIJIA3HOM
JTaBJICHUH " CTPYKType TKaHEH,
o0ecrevnBarOIUX OTTOK BOJASHHUCTOM BIary,
JenaeT WUX  OTIMYHOH  MOJENBI0 IS
WCCIIeTIOBaHMS TeHETUKHU TTIAyKOMBI YeJIOBEKa.
Octpoty 3peHus pei0 OOBIYHO OIEHHUBAIOT B

MOBEICHYECKUX TecTax, uccieayercs
OINITOKMHETHYCCKAA pCaKud 1 OHTOMOTOpHBIﬁ
addexr [33].

C  KJIMHUYECKOM  TOYKH  3pEHHS,
pa3nuyaroT BO3PACTHYIO M BPOXKIECHHYIO
KarapakTty. Mcrmonp30BaHHe MOJCTH JTaHHOTO
3a0oneBaHus y 3e0pajlaHMO B OCHOBHOM
¢dbokycupyercs Ha BpOXIEHHOW  Qopme,
OJTHAKO WX MOXHO HCIIOJIb30BaTh  Kak
WHCTPYMEHT JUIS MCCJICIOBAHUS MEXaHH3MOB
BO3PACT-aCCOLMUPOBAHHOMN KaTapakThl,
CBSI3aHHOW C HApyImICHHEM COJACpKaHUs
KPUCTAJUIMHOB ~ —  OCHOBHBIX  OEJKOB,
BXOJISIIIMX B COCTaB XpycCTaluKa. BeIsBIIEHO,
YTO K IOMYTHEHHUIO XPYCTaJINKa, BEI3BAHHOMY
aKTUBAIHEH nepeaavun CHTHAJIOB
TJIIOKOKOPTUKOUTHBIMHU pelenTopamu,
TIPUBOIUT MyTaIus reqga CRYAB,
KOIUPYIOLIETO oB-kpucramims. B
9KCHEPUMEHTAaX HCHOJIb30BAIM MYTAHTHBIE
JMHUYU 3e0pajjaHuo ¢ oTepeit (yHKIMK reHa,
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MOJIyYeHHbIE  MPU  TMOMOLIUM  CHCTEMBI
CRISPR/Cas9 [34]. [Toka3zaHo, 4TO MyTaI¥s B
reie CRYGC (komupyer yC-KpUCTaJUIHMH),
BbI3BaHHAs 3aMEHOW TJHUIMHA IUCTEHHOM B
kojmoHe 129 y pwi®O 3e0pamaHuo, CHUXKACT
TepMocTabUIbHOCTh  YC-KpUCTAUIMHA U
MOBBIIIACT PUCK TIOMYTHEHUS XPYyCTaINKa IPU
BO3JICMCTBUU BBICOKUX TeMmreparyp u Yo-
W3ITyYeHUs, YTO B KOHEYHOM UTOTE MIPUBOIUT
K karapakre [35].

BospactHas MakyunsipHas JAereHepanus
(BM[I) — 3aboneBanue, BBI3BIBAIOIICE TOTEPIO
3penust y noaer crapme 50 ner 3a cyer
JIETeHEPATUBHBIX U3MEHEHUHN LEHTPAIBLHOTO
oraena cerdyatku. Omna w3 Qopm - cyxas
MaKyJIoguCTpodus, isl KOTOPOI XapaKTepHO
HAKOIUICHHE TNPOIYKTOB OoOMeHa B oOjactu
Makyjidbl W MEUIGHHOE pa3BUTHE aTpopuu
MUTMEHTHOTO SITUTENHS 0e3 MPU3HAKOB OTEKA.
Hpyras ¢opma BO3HHMKAaeT, KOT/Ia Hapsay C
atpopueli B cloe  XOPHOKAMMLISPOB
MPOJOJIKACTCS ~ AHTUOTEHE3, OHa  HOCHUT
Ha3BaHUE «BIAXKHAS» WM HEOBACKYJISpHAs
BM/JI [36]. TpancreHHas CBEpXdIKCIIPECCHS
yenoBeyeckoro HTRAL - rena cepuHOBOI
poTeassl, oTpeIeNoeit CTETEHb
BACKYJISIPU3ALINU TKaHeu npu
B3aUMOJICHCTBUM €  TPaHCHOPMUPYIOIIUM
dakTopom pocra Oera, y 3e0pamaHuo
J€MOHCTPHPYET OTpeieIeHHbIe
MOP(OJIOTHYECKUE HM3MEHEHHS] MUTMEHTHOTO
AIUTENUS CETUaTKH, rubenb
(GOTOpENenTOPHBIX KIETOK H HaKOIUICHUE
munodycuuHa, KOTOpBIE SBIISIOTCS
NpU3HAKaMU paHHe# Makynoxuctpodun [37].
B psine uccnenoBanuii mpeacTaBieHa MOJETb
peTHHOMaTUN y 3e0paaHno, BBI3BaHHAS
TUIIOKCUEH (cofepikaHue B pe3epByape ¢
HU3KHM YpOBHEM KHcJopozaa B TedeHue 3-10
JHEH), KOTOPYI0 MOXKHO HCIIOJIb30BaTh IS
u3ydeHus «BiaaxHoi» Gopmer BMJI [38, 39].
MyrantHas guHusg RPI1L1, nomyuennas
pelakTUpPOBAaHMEM TEHOMa pBIO CHCTEMOMU

CRISPR/Cas9, UCIIONB3YETCS TUTSL
MOJICITUPOBAHUS JIeTeHEePaIIH
¢doroperenTopos c OTJIOKEHUAMU

cyOpeTHHAIbHBIX TPOIYKTOB MeTaboau3Ma
KJIETOK TUTMEHTHOTO SIUTENHS, YTO SBISETCS
OTJIMYUTEIBHBIM TPU3HAKOM CYXOH (OpPMBI
Mmakyioauctpoduu [14].

Mytantet PDX1 y pwiO 3e06pamanno
MPECTABISIOT coboit €IMHCTBEHHYIO
W3BECTHYIO MO/IEITh TUIst U3yYCHUS
AQHTUOTeHE3a CeTYaTKH, WHIYLUUPOBAHHOTO
9KCIEPUMEHTAIbHON rumeprimkemucii [13].
Mytantet PDX1 wumeoT He  TOJBKO
COCYIUCTBIE, HO H HEHPOpEeTUHAIBHBIC
HapYIIEHUS, POSBIISIONIHECS TUCHYHKITUEH 1
noreped  (QOTOPEUEenTOpOB,  CXOAHBIE C
nuabeTHYecKol peTHHonaTuei yenoseka [40].

CepaeuyHo-cocyaucTbie 3a00J1eBaHUs

OCHOBHBIMHU TPUYUHAMH CMEPTHOCTH U
UHBaIMAM3aUMKU JroAed mocine 60 et
SIBIISTFOTCSI 0oJie3HH CHCTEMBI
KpOBOOOpaInieHus (arepockiiepos,
UIIeMuYeckass OoJie3Hb cepiia, HH(ApPKT
MHOKapjaa, aputvmuu, u jap.) [41]. PaGora
JIBYXKaMEpHOTO Cepjilla pbIO aHAJIOTUYHAsS
TAaKOBOH Yy MJICKOIUTAIOIINX, CTPYKTypa
MOXET  OBITh  JITKO  BH3yaJH3HPOBAHA,
MaHMITYJIAIUH ~ BO3MOXHBI  IN Vivo  (y
pa3BUBAIOIIKUXCS 3MOpPHOHOB) U in Situ (B
M30JIMPOBAHHBIX CepAIax) [42].
HccnenoBanne MHMKPOCTPYKTYpPBHI cepAla y
3e0pajaHuo TMPOBOJAUTCS C HCIOJIB30BAaHHEM
CTaH/IAPTHBIX METOJUK THUCTOIOTUYECKOTO
OKpammBaHus npenaparoB. OyHKIIMOHATBEHAS
JTUArHOCTHKA CEPACYHO-COCYTUCTON CHCTEMBI
ocymiecTBisiercss ¢ nomompo  DXO-
kapauorpaduueckoro uccrnenosanus [43] u
perucTpanuu OKT y oco0ei,
aHEeCTe3UPOBAHHBIX METaHCYJIb(POHAT
TpukauHoM [44].

VY noxunbix 3e0pagaHuo ObUTH OTIMCAHBI
runepTpodus KapJUOMHUOLIUTOB, YBEITHUCHHE
IUIOTHOCTH ~ MHOKapjAa  JKeIyJO4YKOB  C
OJTHOBPEMEHHBIM YBEITMYCHUEM COJICPIKaHUS
KoJitareHa, puopo3Hoe MopakeHue KJIarnaHoB,
OTEK TIepuKapja W COKpaIleHHe KOPOHAPHOMH
cocymuctoii cetn [45]. B skcmepumeHTax
MOKa3aHO, YTO y CTapbIX pPBIO OTMEYaeTcs

YBEJIMUEHUE  TOJNIIMHBI W IUIOTHOCTH
MHOKap/a KeITy10uKa, coJiepKaHus
KoJtareHa 1 puOpoO3HOM TKaHU; YMEHbIICHHUE
IaMeTpa MpocBeTa ANUKapAUATBHBIX

cocyioB (UTO SIBISIETCS  CBUACTEIHCTBOM
CHWKEHUsA mep]y3un TKaHWM MHOKapia);
YBCIIUYCHUC KOHCYHBIX AUACTOJIMYCCKUX
pa3MepoB KEIMyJ0UYKa; YAJIUHCHHUE BpPEMCHU
M30BOTFOMUYECKOTO PaCCIIa0IeHUsI MUOKap/Ia;
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yBEJIMYEHUE BpPEMEHU JeTIONSIpU3aLU
NpeACepanuid U aTPUOBEHTPUKYJIIPHOIO y3ia
(Ha 4TO yKa3bIBaeT yBeanueHue nateppaia PR
Ha OKI'); cHuXeHHe CKOpOCTH KpOBOTOKA

qepe3 KEITyT0UYECK. ['uniepakcnpeccust
CepJCYHBIX (beTanbHBIX T'CHOB
Harpuiiypetuueckoro ¢akropa — NPPA u

NPPB, oOHapyXEHHBIX C MTOMOIIBIO aHAJIN3a
nonumepasHoit uennou peakiuu  (ITLP),
HaOmroAanachk y pel0 cTapliero Bo3pacra Io
CPaBHEHUIO ¢ MiIanIeH rpymmoii [15].

DKCIEepUMEHTAIBHO YCTaHOBIIEHO, YTO Y
3e0pagaHnno MpH (PU3HOIOTUIECKOM CTAPCHUN
4acTOTa CepACYHBIX COKpAIEHUH, peakiys Ha
CTUMYJISILIUIO OJTy’KJAIOIIEr0 HEpBa CHUKEHBI
[I0 CPaBHEHMIO C TPYIIOW KOHTPOJIA, YTO
CBUJETEIBCTBYET O BO3PACTHBIX M3MEHEHUSIX
GYHKIMH ~ CHHOQTPUAIBHOIO  y371a. OTH
M3MEHEHHUS COIIPOBOXKIAIOTCA Pa3InYUsIMU BO
BHYTPHCEP/ICUHOI MHHEpBaIHH,
00yCJIOBJICHHBIE BO3PACTOM, IIPU 3TOM 00IIIee
KOJIMYECTBO M JOJNS  XOJMHEPrMYECKUX
HEMPOHOB BBIIIE Y TIOXKUIIBIX )KUBOTHBIX [46].

AHanu3 JJIMHBI TEJIOMEpP B CEpACUHOM
TKaHM CTapblX pbI0 TMOCIE CTPECCOBOTO
BO3EHUCTBUS c UCTOJIb30BaHUEM
konmyectBeHHOHN I[P B peasbHOM BpeMeHH
MoKa3aJl CHW)KEHHE JUIMHBI TeloMep Y
KUBOTHBIX C BBICOKOI CTpecC-peakTUBHOCTHIO
BHE 3aBUCHUMOCTH OT mona. K Bo3MoOXHOMY
MEXaHU3MY, OOBSCHSIOIIEMY JTO SBIICHUE,
MO’KHO OTHECTH MOBBIIIEHHYIO PEaKTUBHOCTh
TUTIOTAJIaMO-TUIIO(PHU3apHO-
Ha/IMOYEYHUKOBOM OCH y CTapbIX 3e0pajaHuo
[47].

[ToBbIIEHHBIE ypOBEHb XOJECTEPHHA
JUNoNnpoTenHoB Hu3kou miuotHoctu (JIITHIT)
B IJIa3M€ KPOBH SIBJISIETCS] OJTHUM U3 TJIaBHBIX
(akTOpoB pHCKa Pa3BUTHS aTepoCKIIepo3a,
MPUBOASIINX K MATOJIOTUSAM Cep/Iia U COCYI0B
[48]. Hoxayr rena penentopa JIITHIT y
3e0pagaHuo MPUBOIUT K
TUIEePX0JIeCTEPUHEMHUH, HaKOIUICHHIO
OTJIOKEHUH JIMIUJOB B COCYyJaX, MOKa3aTeIn
TTOBBIIIAOTCS TIPU JJOOABIICHUH B PAIIMOH PHIO
KopMa C BBICOKUM coJiepKaHueM
xonecrepuHa. Vcrnonp3oBaHue JoMuTanuaa —
MHTUOMTOpa  MHKpOCOMajbHOro  Oenka-
TpaHCHOpTepa TPUTIHMLIEPUIOB — MIPUBOAUT K
CHIDKCHHIO  KOJMYECTBA  XOJECTEPHHOBBIX

OJIlIeK Ha CTEHKaX COCYJOB Y HOKayTHBIX
ppi0 [490mmbéka! HMCTOYHHMK CCHUIKH He
Haiien.].

HN3MeHeHHsT ONMOPHO-ABUTaTEIHLHOIO
annapara, CBsi3aHHbI€ C BO3pacToOM

Haubonee pacrpocTpaHeHHBIM
3a0o0JieBaHUEM OTOPHO-ABUTaTEIHHON
CUCTEMBbl Yy TMOXWIbIX JIIOJEH SBISETCS
0CTEOTIOPO3, MPUBOISIINN K BBICOKOMY PUCKY
nepenoMoB U JieopManuu KOocTel B CBS3U C
YMCHBIIICHHEM KOJIMYECTBA KOCTHOW TKaHU
[50].

B3spocnas peiba 3e0paanno
MPEICTABIISIET coboin HOBBI u
JCTKOJOCTYHBIA ~ pecypc Ul HU3Y4YCHHS
PETYISITOPHBIX  MEXaHM3MOB MeTabonu3ma
KOCTEH B3pOCIIOro YelIoBEeKa Ha KICTOYHOM U
MOJIEKYJISIPHOM YpPOBHSIX, a TaKXkKe IaToreHesa
3a00JIeBaHUN ~ KOCTEH WM KOCTHBIX
OCIIOKHEHUH OoJie3Hel yenoBeka. [Ipu obmei
MOp(OJIOTHYECKOH  OLEHKE  pbBIO  TpHU
(U3HONIOTMYECKOM  CTapeHUH  OTMEUYEHO
MPOTPECCUPYIONIEe YBEIMUYECHUE YacCTOThI M
TSOKECTH ~ HCKPHUBICHUH  TMO3BOHOYHUKA.
Pentrenorpaguueckoe  WCClIeAOBaHHWE B
MeCTax CMEIIEHUs TO03BOHOYHOrO cTos0a
BBISIBUJIO YAaCTHYHBIA WIIUM TIOJHBIA BBIBUX
MO3BOHKA M 0YaroBO€ YTOJIIEHHE KOCTH IO
nepudepun cycraBa. MUKpPOCKONMHYECKOE
WCCIIEIOBaHNE CKeJeTa TPEXJETHUX pPBIO
TTOKa3aJIo OIKPOKO  PacIpOCTpaHEHHBIC
Moponoruueckre TpU3HAKU 3PO3UH KOCTH,
o0pa3oBaHMS CKJIAJIOK W PEMOJICIUPOBAHUS
TKaHU BHYTPH TO3BOHKOB; OJIHAKO MPH OIICHKE
MUHEPAJLHOM  TUIOTHOCTH  KOCTH  HE
HaOJTI0IAI0Ch MPOSIBIICHUN ocTeornopo3a [51].
®deHoTHn, MOAOOHBIN OCTEONMOPO3Y, CBA3AH C
MeTabO0IMYeCKUMHU WU3MEHEHUSIMU, 4TO
MO3BOJISIET  MPEATOIOKUTh, YTO KOCTHBIE
OCIIO’)KHEHUSI UMEIOT OJTHU U T€ K€ MEXaHU3MBI
y mrozieit u peib [52].

Yemys w© T1IaBHUKH  3eOpagaHuo
SBIISTFOTCS.  YacCThIO KOXKHOTO CKeJleTa, OHHU
CoJlep’)KaT MHUHEpPaTN30BaHHBIA MATPUKC H
MOTYT OBITh HCIOJIb30BaHBI IS OBICTPOI
OILICHKH (hOpPMHUPOBAHHS KOCTEH U OTIOKECHHIA
MHHEpaJIbHBIX BemecTs [53]. Kpome Toro, 3T
JJIEMEHTHl  00JaJal0T  CHOCOOHOCTBIO K
pereHepanyy, uYTO TIO3BOJISIET OMNPENEIIUTh
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MOJICKYJISIPHBIA TPOQHIL 0CTe001acTOB TpU
BOCCTaHOBJIICHUU CTPYKTYpbI [54].

WwmeroTcss nmaHHBIE, YTO H30BITOYHOE
HAKOIUICHHE JKeJIe3a MOKET HapyIIUTh OanaHnc
KOCTHOTO METa00JIM3Ma U BhI3BaTh JEPEKTHI B
npouecce  ¢opmupoBanus  Koctu  [55].
Paspaborana Takke MOJENb OCTEONOpo3a Ha
SMOpPHOHAaX M B3pPOCIBIX  pbl0ax ¢
NPUMEHEHHEM LUTpaTa aMMHUAYHOTO KeJe3a
(ferric  ammonium citrate, FAC) mnyrtem
N00aBIICHHS €T0 B aKBApUYM B KOHIICHTPAIUU
500 wmkr/mu. Bt WCcIemOBaHBI TakUe
nmapaMeTpel, Kak KaJbIU(pHUKAIMS KOCTEH
(OKpamMBaHWe AJIW3APHUHOBBIM  KPACHBIM),
pa3BuTHE Xpsmed (OKpacka TpenapaToB
AIlMJIAHOBBIM CHHHUM) M YPOBHHU 3KCIIPECCHH
FCHOB, CBS3aHHBIX C  OCTeoOJIacTaMH.
OOHapyXeHO, YTO YCKOPEHHOE CTapeHue,
Bbi3BaHHOe FAC, wuHayuupyer QeHoTun
OCTEOIopo3a, O YeM  CBHJICTCILCTBYET

CHIDKEHHE  MMHEpaIM3allud, a  TaKxKe
IUDIOTHOCTH  KOCTHOW  TKaHH, DPa3BUTHE
nedeKToB XPSALIEH. [Taronmornueckue
U3MEHEHHUS HOJIJAKOTCS KOPPEKIIMH
anneHaponaroM. Takke ObLIIO OOHapy>KEHO
CHIDKEHHE YPOBHA MPHK IEHOB,
crenupuIecKu AKCIPECCUPYEMBIX B

ocTeobiacTax u xpsiax [56].

Y roged  peleccuBHbIE  MYTallWH,
npuBozsie kK norepe ¢pynkuuu resa LRPS,
TpaHCMEMOPAHHOTO JUTIONPOTEUHOBOTO
pelenTopa, KOpeuenTopa CUrHaJIbHOTO MyTH
Wnt, BBI3BIBAIOT CHUHIPOM OCTEONOpO3a-
TMICEB/IOTIIOMBI, 00y CJIOBJICHHBIH
HapylIeHHEM g depeHIMPOBKU
ocreobmactoB  [57]. Kpome Toro, B
WCCIIE/IOBAaHUH acCOIMAIMil Ha YPOBHE BCETO
renoma LRPS 0Obu1 uaeHtuduumpoBan kak
OCHOBHOHM  JIOKyC  pucka  (EHOTHUIIOB,
CBSI3aHHBIX ¢ ocTeonopo3oM [58]. JInuuHku
3ebpaganno ¢ Hokayrom LRP5 B pannem
SMOpHOTreHe3e  NPOSIBJISIOT  CHIDKEHHYIO
MUHEPAIN3ANUI0 XOPJIbl U TIOPOKU Pa3BUTHUS
TOJIOBHOTO XpsAlia. Y B3pOCIBIX 0cobOei
MYTaHTHOW JIMHUW HAaOIIOJAeTCs CHUKCHHE
CUTHAJILHOU aKTUBHOCTHU Wnt npu
pereHeparu miaBHUKoB [59].

Hedpopmarsi KocTeii B KOHIIEBBIX
IUTACTUHAX II03BOHOYHMKA 3€0pallaHuo BO
BpeMs  €CTECTBEHHOTO CTapeHHUs] MOXKET

IPUBECTM K  JIOKHOMY  IOBBILICHHIO
MHHEPaJIbHOMN INIOTHOCTH KOCTHOW TKaHU, YTO
HaOJIoAaeTcsl y JIIOJeH C JereHepaTuBHBIMU
U3MEHEHUSAMHU MTOSICHUYHOT O orzaena
II0O3BOHOYHUKA. beun IIPOBEJCHBI
HKCHEPUMEHThl O H3Y4YCHHIO 3a00JeBaHUs
MEXII03BOHOYHBIX JMCKOB Ha 3e0palaHHo,
KOTOpBIE MOJCINPOBAIUCH IIyTEM MyTallMu B

renax ~ SP7  (ocrepukc, CBA3aH  C
octeoaudPpepeHITPOBKOIA) u CTSK
(xonupyer LIUCTEHHOBYIO poreasy,

Y4acTBYIOIIYIO B PEMOACIMPOBAHUN KOCTEH U
WX Jerpajaliiu), 4TO MPUBOJUIO K HUZKOU H
BBICOKOM MHUHEPAJIbHOM IUIOTHOCTH KOCTHOU
TKaHU COOTBETCTBEHHO. B pesyinbrare Obuio
BBISIBJICHO, UTO 3JIEMEHTHI IUCKOB MOBTOPSUIIH
CUMIITOMBI ~ OOJIE3HM  MEKITO3BOHOYHBIX
JUCKOB, OOHapy>KMBaeMble Yy IIOJeH: B
MEXI03BOHOYHON CBSI3KE (’KBHUBAJICHT
(hubpPO3HOTO KOJbIAa YeNIOBEKa) OOHAPYKEHBI
JI€30praHU30BaHHbIE KOJUIAr€HOBBIE BOJIOKHA
U TpbDKa, TOrJa Kak B LEHTpe MAHCKa
(3KBUBAJEHT ITyJIBIIO3HOTO a1pa)
HaOmoanach JAETUApATAllUs U KJICTOYHbBIE
AHOMAJINH. B JKCIIEpPUMEHTaX
UCHOJIb30BaTI0Ch 3D-1300pakeHue ¢ BHICOKUM
paspemienueM (<0,1 MKM, CHHXpPOTPOHHOE
W3IydeHue), mpu 3ToM Obliia oripesiesieHa pojib
TpaHCKpUNUUOHHOTO  (akTtopa SP7 B
yIpaBIeHUU 3D-mpodunem JaKyH
octeormTos [60].

VY prI0 npu GU3HOIOTHIECKOM CTAPEHUH
Haluro1aercs MOBBILIEHHOE YHCIIO
CIIOHTaHHBIX MEPEIOMOB MJIABHUKOB, KOTOPHIE
JIETKO OOHAPYXXHUTHh MO HAJTMYHIO MO30jei. B
WCCIIEIOBAaHUSIX OOIIEr€HOMHBIX acCOIUAIUI
yeJIoBeKa ITOKa3aHo, 4To 0eok Wntl6 cBa3an
C XPYIKOCTBIO KOCTE M OCTEONOPO30M.
[IpoBoaunuce IKCIIEPUMEHTHI 1o
JTUHAMHYECKOMY HW3YYEHHIO €ro BIMSHHUS Ha
KOCTH MYTaHTHBIX o0cobeil 3ebpamanuo,
aumeHHbIx  Wntl6  (wntl6 -/-), koropsie
JNEMOHCTPUPYIOT NEPEMEHHYI0 MUHEPATIHHYIO
IUIOTHOCTh TKaHEH W OBUIM TOJBEP>KEHBI
CIIOHTAaHHBIM TI€pEIOMaM B JICTHUAOTPUXUSIX
XBOCTOBBIX IIJIJABHUKOB W  HAKOIUICHHIO
KOCTHBIX MO30JIeH B pPaHHEM BO3pacTe.
MuHnepanu3anusi KOCTH U PEKPyTUPOBAHHUE
0cTe00JaCTOB  BO  BpeMsl  3a)HUBJICHUSA
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MEPEIOMOB TaKXKE€ 3HAYUTEIHHO 3aMEIJICHBI Y
myTtantoB Wntl6 [61].

vy HOXKWIBIX  JIIOAEH CHUIKEHUE
¢usnueckoii  pabOTOCIIOCOOHOCTH  MOKHO
OOBSICHUTD pa3BUTHEM CapKOIEHUHU.
VMEHBIIGHHE  MBIIICUHONH MAacChl, CHIJIBI
MPUBOJIUT K CHIKECHUIO (DYHKIIMOHAIBHBIX
BO3MOXKHOCTEH, YaCThIM MaJICHUSM,
uHBanMIM3anuu [62]. B kadectBe cmocoba
KOPPEKIIMA JTaHHOW TIaTOJIOTMH BO3MOYKHO
NpPUMEHEHHE  (PU3MYECKUX  YIPKHEHUH.
DOKCHepUMEHTHl [0 U3YYCHUIO  BIHUSHUA
JIBUTATEIILHOW  HArpy3Kd Ha  CKEJICTHO-
MBIIIEYHYIO CUCTEMY 3€0paJaHUO C TTOMOIIBIO
TeCTa  WHTCHCHBHOIO  IMPUHYIUTEIBHOTO
JIaBaHusl — 0O 6 YacoB B O€Hb 5 OHEH B
HEJIEII0 B TE€UeHHE 2 HeJEeb, 3aTeM 1o 2-3
yaca B JICHb 5 JHEH B HEACIIO B TCUCHHUE 2
HEJCNb TIOKa3alld, 4YTO TPUHYIUTECIBHBIE
¢busnueckue Harpy3kd y pbI0 YBETHYHMBAIOT
MacCy CKEJICTHBIX MBI B 3aBUCUMOCTH OT
KoJuuecTBa  ympakHeHud. HaGmromanach
TUIEePTPO(US COMATUYECKOW MYCKYJIATyPhI
0e3 MOBBIIIEHUSI MacChl Tela, MPHYEeM Macca
KpPacHBIX MBIIICYHBIX BOJIOKOH pOCIIa TPHU
MaJioM KOJTMYeCTBE YIIPaKHEHUH, a OeIbIX - 10
Mepe pocTa MHTCHCHBHOCTH Harpysku. [lpum
yBEIUYEHUU KOJIMYECTBA yIpaxHEeHHA
OTMEYAJIOCh TIOBBIIIICHUE YPOBHS JKCIPECCHH
renoB PGCla, NRF1 u CS, sto sBusercs
CBUJICTEITLCTBOM BO3MOXKHOCTH CTHMYJISIIIHH
(GU3MUYECKUMU Harpy3KamMH 3allUTHBIX CHII
MPOTHUB CTapeHUs Ha CyOOpraHu3MEHHOM
ypoBHe [63]. IlpuMeHeHHe MOBBIIIEHHBIX
(GU3MYECKUX  HArpy30K TpH  TUIABAHHWH
3e0palaHio B TOHHENE CTHUMYJIHPYET pPOCT
KOCTEOOpa3ymIMX 0cTe00sacToB, o00beMa
KOCTH U MUHepaiu3aiuu [64].

[Ipy  mPOTEOMHOM  HCCIICIOBAHHH
XPOHOJIOTUYECKOTO  CTapeHUs MBI Y
KCHIIUH B TIOCTMEHOIIAay3¢ BBISBICHO TPH
middepeHManbHO  PEeryIpyeMbIX — Oenka:
kapOoanrunpaza 2 (CA2), peryasTopHas
merkas 1enb wmuosmHa 2 (MYL2) wu
cenencBsasbiBaromuii 6enok 1 (SELENBP1). B
IKCIIEPUMEHTAX H3YYallUCh XapaKTEPUCTHKH,
MPOCTPAHCTBEHHO-BPEMEHHBIC M BO3PACTHBIE
MpO(UITN IKCIPECCHU ITHX TEHOB Ha Pa3HBIX
cTaausax >ku3HU 3eOpamanno. ['easr CA2 B
OCHOBHOM  DJKCIIpECCHpyeTcs B Tjasy,

TOJIOBHOM MO3re, KHUIIEYHUKE M >Kabpax,
MYL2A u MYL2B, rnaBHeiM oOpa3om, B
MBIIIIAX, >Kabpax, Trjazy M cepaue, Hu
SELENBP1 Hauoomee WHTEHCUBHO
JKcIpeccupyroTest B nedyeHu. [lokazano, 4ro
npousib MX IKCIOPECCUU U3MEHSETCS C
BO3pacTOM U MOKET OBITh HCIIOJIb30BaH B
KauecTBe OMOMapKepoB crapeHus [65].

HeiiponerenepatuBHsbie 3200/1eBaHUSA

[Tonasnstomee OO0JIBIIUHCTBO
HEUpPOIereHepaTUBHBIX 3a00JieBaHU y
yenoBeka OOycloBIEeHb Bo3pacToM. OHuU
BO3HUKAIOT B PE3yJIbTaTe MPOTPECCUPYIOMICH
JereHepaluy U rudend HeHpoHOB, BXOISIINX
B ONPEICIICHHBIE CTPYKTYPHI TOJIOBHOTO
MO3ra, npu 3TOM HapyIIaercs
B3aumojeiicteue wmexay otaenamu [[HC,
CBSA3aHHOE C JuCcOalaHCOM KOHKPETHBIX
HEHpOMEIMAaTOpOB  H, Kak  CIICJCTBHE,
HAOMIOIAIOTCS  KOTHUTUBHBIE  OTKJIOHEHUS,
nedexTsl peun u T.1. [66]

3ebpaganuo TpaAUIIMIOHHO
HCTIONB3YIOTCA TUTSL M3yUYCHUS
HEeWpoieTeHepaTUBHBIX 3a00JIEBaHUIT u

MPOIECCOB cTapeHust Mo3ra. [Ipu npoBeneHnn
MMMYHOOJIOTTHHI A 9KCTPAKTOB TKAaHU MO3ra y
3e0paganno pasHoro BO3pacTa c
oTpeJieJIeHueM coJiepKaHus 0emKoB,
YUYaCTBYIOIIMX B CHHANTHUYECKOW Iepenade u
SBIISIOIIMXCSL  MapKepaMu  LEJIOCTHOCTH
BO30YXIAIONIMX H TOPMO3HBIX CHHAIICOB!
cuHantopusuna (SYP), Genka PSD-95 wu
repupuna (GEP), Obuio oOHapykeHO, 4TO
PSD-95 3HaunTEeNBFHO MOBBIIIAJICS Y TTOXKUIIBIX
caMOK TIpH (U3HOJIOTUYECKOM cTapeHuu, SYP
CYUIECTBEHHO CHIDKaJCs Yy CcamIoB, a
conepxkanne GEP He u3mensuiocs [67]. 'eHbr
ACHE (anermnxonunacrepasa), PPARGC1B
(xoakTHBaTOp la pemenTopa, aKTUBUPYEMOTO
nponudeparopaMu  MEPOKCHCOM TUMIAa b)
JIEMOHCTPUPYIOT 3HAYUTEIHHOE CHIDKCHHE
npu (bU3HUOTOTHUECKOM CTapeHUU.
[Ipennonaraercs, 4To BO BpeMs CTapeHUs
CHIDKAeTCS AaKTUBHOCTb XOJHMHEPTUYECKOH
CHCTEMBI, TO3TOMY CHHKACTCS HSKCIPECCHs
rerka ACHE, wmnabmomaercs HapymeHue
KOrHUTUBHBIX (yHKIwi [30].

bonesur  Ambureiimepa  (BA) -
XPOHHYECKOE HEpoIereHepaTHBHOE
3aboJeBaHue, XapaKTepu3yloIieecs
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JIEMEHIMEH, JE30pUEHTAIMEH, NepenajaMu
HACTPOCHUS, CITyTaHHOM peubio "
HECIOCOOHOCTBIO K KOOPAWHALIMYU JIBUKEHUI;
OpU  3TOM OTMEYaeTcs BBICOKMH  PHUCK
Pa3BUTHS OCTEONOPO3a U MBIIIEUHOM aTpoduun
[6868]. OmauM wu3 BakHBIX (HAKTOPOB
pa3BUTUS JAEMEHIIUH, SIBISIETCS HEYMEPEHHOE
cHmkeHue ypoBHs anerwixoinuHa (ACh),
THIIPOJIU3YEMOTO  allETHIIXOJIIMHACTEPa3oi B
roJIOBHOM Mo3Te mnainueHToB ¢ bA [69]. B
OompmMHCTBE ciydaeB  BA  oOycnoBiena
MyTallUsIMA B OelIKe-TpeIIECTBeHHUKE [3-
amwiouna (APP) u B mpecennnunax 1 u 2,
KOTOpblE  YyCHWJIMBAIOT  oOpa3oBanue  [-
aMHIonJa, OOBIYHO OTKJIAJBIBAIOIIETOCS B
BUJIC CEHWIbHBIX OJSIIKAX B MapeHXUME
TOJIOBHOTO MO3Ta M LEepeOpaIbHBIX COCYIOB.

Hpyrum Ba)KHBIM MOP(OJIOTHUECKUM
npu3HakoM  BA  sABIeTCS  OTJIOXKCHHS
HEUPOPUOPHILIAPHBIX KITyOKOB u3

runepochopuIMpPOBaHHOTO Tay-0eka,
KOTOpbIE NMPUBOJAT K MOTEPE CUHANTUYECKHX
" HEHpPOHHBIX  CBsI3EH [70, 71].
MonenupoBanue BA y ppI6 ocymiecTBiIsIOCH B
YCIIOBUSIX YCKOPEHHOI'O CTapeHUsl, BBIBAHHOTO
okanankoBoi kucioto (OKA). Ee Na-conb
pactBopsu B 95% crnupte u paz0aBisiid 10
KOHEYHOW  KOHLEHTpAlMM, HCIOJIb30BAIN
Heckosibko BapuanToB: 10 Hwm, 100 Hwm, 500
HM w1 mxM. PpIO momeranu B pacTBop
3aIaHHOU KOHLICHTpaLUU. bein
3a(huKCUPOBaHBI OCHOBHBIE
MOP(OJIOTHYECKUE TPU3HAKK HUCCIIeayeMOI
NaTOJIOTUK B MO3Te: CKOIJICHUs [-aMuiIonaa,
Tay-0enka u MHUKPOKPOBOTEUEHHS,
BO3HHUKAIOIIME Ha MO3AHUX cTagusx bBA.
N3menenus Takke ObUIM  CBSI3aHBI  C
nepuuuToM oOydyeHHs W TaMATH, KOTOpBIE
M3y4dalad B Pa3IUYHBIX TeCTax 4yepe3 9 aHeu
noce nomenieHus B pactBop ¢ OKA [72].
N3yuanoce BrnusHUS poidonuHa —
(1aBOHOBOTO TJIMKO3MJA, OTHOCSIIErocs K
CEeMEHCTBY AallMTEHWHOB, HAa KOTHUTHBHBIE
¢GbyHKIMK 3e0pagaHuo ¢ HKCIEPUMEHTAIBLHON
BA. MonenupoBanue OCYIIECTBISUIOCH C
UCIOJb30BAHUEM  CKOIOJIAMUHA, KOTOPBIN
MOJKET BBbI3bIBATh HapyllEeHHE MaMATH U
KOTHUTHBHBIX (DYHKIMI 3a cyeT OJI0Kaabl
MYCKapHHOBBIX alleTUIIXOJIMHOBBIX
peUenTopos. PactBop BEIIECTBA

koHieHtpanuer 100 uM roroBwim B 2 1
JUCTUUIMPOBAaHHOM Bojabl. 3a 30 MuH 10
MIPOBEICHHUS TIOBEJACHYECKUX TECTOB PBIOY
nomemnianu B crakan oowsemoM 0,5 1 ma 30
MUHYT. M3ydaim XapakTep IJIaBaHUS PbIO,
MOBEJCHHE B  Y-0Opa3HOM  JIAOMpPHHTE,
MPOU3BOJAUTEIIPHOCTh IMAaMSITH B TECTEe Ha
pacro3HaBaHue OO0BEKTOB. B romorenare

MO3ra OLICHUBAJIN KOHIIEHTPALUIO
ALETWIXOJIMHACTEPa3bl,
CyNEpPOKCHUIIUCMYTA3bI, KaTajasbl,

IJIyTaTUOHNEPOKCUA3bl, a TaKXe YPOBHS
KapOOHWIOB  OCJIKOB U MAaJOHOBOIO
auanpaeruia.  I[IpumeHeHue  ckomojamuHa
BBI3BIBAJIO YCTOMYMBBIM aHKCUOTE€HHBIN OTBET
y PbIO B MOBEICHUECKUX TECTaX U aMHE3HIO,
OMOXMMHUYECKHI aHaIN3 TOMOI'€HAaTOB
TOJOBHOTO ~ MO3ra  IOKa3aJl  BBICOKYIO
KOHIEHTPALMI0O MapKepOB OKHUCIUTEIbHOTO
cTpecca. B rpynmnax >KMBOTHBIX, ITOJIyYaBIIMX
npenapar, OTMedalcsi aHTUOKCHUIAHTHBIN,
AQHKCUOJIUTUYECKUH  3(PPEKTh, CHUXKEHUE
nedurura mamsitu [73].

VY 3ebpagaHno OOHAapyXKEHbl TI'eHbI
OpPTOJIOTH M KOOPTOJIOTH YE€JIOBEKa, KOTOpHIE
UIparoT BaXXHYIO poiib B natoreHese bA. Tak,
W3BECTHBI psenl, psen2 OpTOJIOTH
yenoseueckux PSEN1 u PSEN2; bacel u
bace2 -BACE1 u BACE2 (B-cekperasbi)
cooTBeTcTBeHHO. ['eHbI appa u appb sBistoTcs
“xooprosoramu” denoBeueckoro APP (ren
OenKa-npe/IecTBeHHIKa OeTa-aMIIon1a), a
mapta u mapth -Tay-0erka,
aCCOILIMMPOBAHHOTO C  MHKpPOTpyOOUKaMu
(MAPT). Takxe BBISIBICHBI OPTOJOTHYSCKHE

KOMIIOHEHTHI FaMMa-CEeKpeTa3HOr0 KOMILIEKCa
PSENEN, NCTN, APH1b [74].

bonesur  Ilapkunconma  (BII)  —
XPOHUYECKOE nporpeccupyromniee
3a0boyieBaHue TOJIOBHOTO MO3ra,
XapaKTepu3yIoIIeecs JereHeparmen u

rubenpio  10paMUHEPTHUECKUX  HEHPOHOB
HUTPOCTPHUAPHON  CHCTEMBI,  arperamuen
HepacTBopuMbIX ~ SNCA-¢ubpmin  resa
cuaykienHa (SNCA) u oOpa3oBaHueM Telel
JleBu B yepHO#l cyOcTaHIMM, MPUBOJISAIIEE K
HapymeHno (YHKIIMOHUPOBAHUS Oa3aJIbHBIX
ranriaueB. 3a0ojeBaHHE MOXKET OBITh, Kak
CIOpPaaUYecKuM, TaK W CEeMEWHBIM |
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KJIMHAYECKH TPOSBIIAET ce0s o-pasHoMy [ 75,
76].

ITaTorenes CIIOpaNYEeCKOU BII
CBSI3BIBAIOT C HEMPOTOKCUHAMU, TAKUMH KaK 1 -
Metui-4-penm-1,2,3,6-TeTparuaponupuiuH

(MPTP) wu mnectuuugamMu - POTEHOHOM,
MapaKBaTOM.

MPTP npeBpamaercs B 1-meTun-4-
beHnTMpUANHUT (MPP+)

MOHOaMMHOKCH/1a30i1 B B rojgoBHOM Mo3re, u
3TOT MeTabOMUT MTPUBOAUT K rubenu
nodamuHepruueckux HeipoHoB Substantia
nigra MmyTeM HWHTUOMPOBAaHUS KOMILIeKca 1
JBIXAaTEJIbHOM LEeNu MUTOXOHJAPHH, YTO B
KOHEYHOM HTOre IPUBOIUT K TMOEIH KIETKU
[77]. TlpoBoammuch  HCCAEIOBaHHA  Ha
3e0paJjaHno TI0 MOJICIMPOBAHUIO OOJIE3HU
[lapkuHCOHa ¢ NpPUMEHEHMEM YKa3aHHOI'O
toxcuHa. Ilepen BBenenuem MPTP B3pocbix
pei0  anectezupoBanu  0,1%  TpukaHom
BHYTpUOpIOIIMHHO, aAanee BBomwin MPTP
BHYTPUOPIOIIMHHO OJHY WM JIB€ JI03bl
paznensHo: 1 mo3a (50 1) u 2 mo3b1 (2%50 1)
MPTP B 5 11 crepuiibHON BoAbl. BpemeHHOM
MHTEpBaJl MEXIY ABYMsI 103aMH COCTaBIIsLI 24
gaca. KoHTposbHbIM  pblibaM  BBOIWIH
¢usnonoruueckuid pactBop. OOpaboTaHHBIE
MPTP 3ebpadu JEMOHCTPHUPOBAIIH
CHIDKEHHE TOJBWKHOCTH TNIpHU IJIaBaHUH,
YBEJIMUEHUE  OIU300B  3aMUPAHUSA, UTO
COOTBETCTBYET dbenortumy 00JIe3HHU.
IMonmxaromas perymsiuus OenkoB  NEFL
(ylerkme uenu HeHpopUIAMEHTOB) B MO3re
3e0pananuno, oopaboranusix MPTP, cBsizana ¢
curHaymzanuen  pernentopa ['AMK-B B
MPECUHANTUYECKUX HEPBHBIX OKOHYAHUSIX,
y4acTByeT B MHTUOMPOBAaHUHM  CEKpeLUu
Heiflpomenuaropa B NPECHHANTHYECKHX
rnyramatepruieckux u ['AMKepruueckux
HEpBHBIX  OKOHYaHUsAX. Ha  ocHoBaHuu
BECTEepH-OJIOT-aHAIM3a OBUIO  OOHAPYKEHO,
yro skcnpeccuss rena SNCGA/B  (oproror
YeJI0BEYEeCKOr0 CHUHYKJIeMHa ramMma | u 2)
HE3HAYUTEJIbHO TOBBINIANIACH TPH JIEYCHUU
nBoriHoi po3or MPTP. Amgamormu"o Ha
OCHOBE MMMYHO(IYOpPECIIEHTHOTO aHalIHu3a B
o0lacTM  TEKTyMa  3pUTEJIBHOTO  HEpBa,
BBICOKHI ypoBeHb Kcnpeccur reHa SNCGA/B
HaOmoancst 'y 3e0pamaHuo, oO0pabOTaHHBIX
MPTP [78].

IIpu Bo3geiictBun MPTP 'y poib

MPOUCXOMUT  HApyIICHHE  JIBUTATEIbHBIX
GyHKIUH, BbIpaxaromieecs B CHUXKCHHH
CKOpOCTM  IUIaBaHUs, U  abeppaHTHOE

MOBEJCHUE, YTO TIOXOXKE€ Ha CUMIOTOMBI
OpaJMKUHE3Un Yy dYenoBeKa. Takxke pbIObI
MpoBOASAT  OoOJbllle  BpEeMEHH Ha  JHE
aKBapuyma, M YBEJIMYMUBAETCA KOJIMYECTBO
SMHU30/I0B 3aMUPAHHUS, YTO CBUICTEILCTBYET O
3HAYUTEIBHOM  CHIDKEHUHU  JIBUTaTEJIbHOM
aktuBHOcTH. Kpome Toro, MPTP ocnabnser
CEHCOPHYIO YyBCTBHUTEILHOCTH [ 79].

Porenon (ROT) - wu3odmaBoHOUA
PACTUTEIBHOTO MPOUCXOXKICHUS  SIBISIETCS
QHTarOHUCTOM no(haMIHEPTUYECKIX

HEHpOHOB, CcHOCOOEH IPOHUKATh 4Yepe3
reMaTod’HIepalndecKuil Oapbep "
HaKaIUIMBaThCs B OpraHoujax,
NpEeUMYIICCTBECHHO B MHUTOXOHAPUAX. On
ymenbuaer npoxykuuio AT® u nosbimaer
oOpa3oBaHue aKTHBHBIX (JOpM KHCIOpoIa 3a
cueT  MHruOupoBaHus  Komiuiekca |

MHTOXOHIPHAIbHON Lenu [epeHoca
anekTpoHoB [80]. ROT BbI3bIBaET aKTHBAIIHIO
MUKPOTJIHH, OTpaKaoIyIOCs

HEHPOBOCHAJIEHUEM, M  arperaui  o-
CHUHYKJIEWHA, MPHUBOJALIYI0O K OTJIOXKEHMIO
tenery Jleen [81]. B skcmepumenTax
3e0paflaHno  MOJBEprajil  XpPOHUYECKOMY
Bo3aeiicteuio ROT B Teuenme 32 [HEN.
OueHuBany ypoBeHb arpeccuu U COLMAIBLHOE
MOBEICHUE TP BpALLEHUU IPOTHUB YacOBOH
ctpenku, B T-o0pa3Hom nabupunte. PoTeHOH
B SMIUPUYECKU MOA0OpaHHOM 7103€ 2,5 MKI/I
pacTBOpsUIM B JAMCTUJUIMPOBAHHOW BOJAE U
BBOJWIA BHYTPh II€pell KOPMIICHHEM C
WCIOJIb30BAHUEM  TepPMETUYHOro  OajuioHa
oobemom 100 mi1. B pesynbraTe BBISBHIN, YTO
POTEHOH MPUBOJIUT K HapyLIEHUIO
COLIMAJIBHOTO IIOBEACHHUS U AaHOMAJIbHOMY
BPAIICHUIO POTHB YacoBOil cTpeniku [82].
Eme onpna nonyisapHas wMozens bII
o0ycIioBJIeHa MIPUMEHEHUEM 6-
ruapokcupopamuna (6-OHDA), kotopsrit
BBI3bIBAET YCKOPEHHOE CTapeHHE, UHUIIMHPYS
MacCOBYIO  aHTEPOTPaJHYK JET€HEPALHIO
KJICTOK HUTPOCTPUATAIBHOM CHUCTEMBI MO3Ta.
HelipoHsl HauMHAIOT OTMUpATh B TEYCHUE
NMepBbIX 12 4 mociae MHBEKINHU, BBIPAKEHHOE
MOpa)keHUE MOJIOCATHIX T0(haMUHEPTUUECKUX
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OKOanHHfI, COIIPOBOXIAOIICCCA boiee BBICOKOOPraHM30BaHHBIX
HUCTOIICHUECM I[O(baMI/IHa, YCTaHAaBJIMBACTCA B MIJICKOIIUTAIOIIUX. I/ICCHGHOBaTeHI/I

teueHnue 2-3 nuewi [83]. B skcnepumenTax mo
M3YYEHUIO BIMSHHUS METAaHOJIBHOTO HKCTPAKTa
poxkoBoro jgepea (Ceratonia siliqua) na
YXYAIICHUE TaMSITH U OKUCITUTEIBHBINA CTPEcC
y 3e0pagaHuo MO/JICTTUPOBAHUE BIT
OCYIIECTBIISUIOCH MPHU MOMENIeHUH pbid Ha 60
MUHYT B akBapuyM, coaepxamuii 160 pM 6-

OHDA. OTMmeuanoch MpeA0TBpaIIEHNE
nepumUTa KpPaTKOBPEMEHHOW IMaMsiTH B
AKCIIEPUMEHTAIbHOU rpyrie 5

anTHOKcuAaHTHBIN d¢pdext [84]. Taxxke B
UCCIIEIOBAaHUSIX HCIOJb3YETCs aHAJIOTMYHas
MoOJIeNIb ¢ Moau(UKanuell KOHIEHTpauuu 6-
OHDA 250 uM [85].

Hpyroi croco6 BBEJICHUS 6-
IUJIpOKCcUA0(paMUHA -
MHTpAIepeOPOBEHTPUKYIIPHAS
MHUKpOUHBEKIUA 99,96 mM HelipoToKcHHA
priOam yepes BEHTPAJIbHYIO 4acThb
IIPOMEXYTOUHOr0 Mo3ra. B pesynbrare
MMMYHO(DITyOpPECLIEHTHOTO ~ aHaiu3a  ObLIO
BBISIBIIEHO, 4TO 85% JMo(aMUHIPrUUecKuX
HEHpPOHOB MOru0II0, TOJTHOE BOCCTAHOBJIEHUE
npoucxogwno Ha  30-i  geHb  mocie
BMemarenscTBa.  Ilocne  wHBEKIMHM Yy
3e0pagaHuo OTMEYAJIOCh HapylLIeHHE
JIOKOMOIIMY, BBIpa)KaIOLEeCs] B CHMKEHUU
CKOpPOCTM M NPONIEHHOIO PpAacCTOSIHUS B
akBapuyme [86].

3akirouenue. Crapenue -
3aKOHOMEpPHBIN (PU3MOIOTMUECKUN TpolIecc,
CO3AMOIIMN MPEANOCBUIKA I Pa3BUTHSA
3a00JIeBaHUH, aCCOLIMUPOBAHHBIX C
Bo3pacToM. PbIObI 3e0pasaHuo  SBIAIOTCA
YHUBEPCAJIBHBIM MOJEIBHBIM OOBEKTOM IS
M3yYeHUs] TakuxX 3a00JieBaHMN YelloBeKa U
TECTUPOBAHUS MOTEHLIUATbHBIX
TepaneBTHYeCKuXx  cpeactB.  CopaepkaHue
Majo3aTpaTHO, MOJIOBOM 3pEI0CTH TOCTUTAIOT
ObICTPO, a B 1a0OPATOPUU MOTYT MPOXKHUTH OT
3 1o 5 ner. IlocTeneHHO y4YeHBbIE MEPECTAOT
IIPOBOAMUTH OKCIEPUMEHTHl Ha TIpbI3yHaXx,
cnenyst konuenuuu «3R». [Ipumenenue poio B
KayecTBE MOJICIbHBIX OOBEKTOB 3aMEHSIET

! Pemenne Komneruu EBpasuiickoii 9KOHOMHYECKOM
komuccnn oT 26.11.2019 Ne 202 «O06 yTBepkIeHUH
PykoBoicTBa 1O IOKIMHHYECKUM HCCIIEAOBAHUSM

UCIONB3YIOT Kak (papmMakoyiornyeckue, Tak U
TCHCTUYCCKHUEC MOACIIU, IMOJTYYCHHBIC IIYyTCM
HOKayTa KOHKPETHOI'O reHa, ero
CBEPXIKCIIPECCUU WA MYTaLlHH. B
JKCIIEPUMEHTAX Ha phI0ax UCCIEAYIOTCS TaKUue

3a0oJieBaHus, acCOLMUPOBAHHBIC c
BO3pAaCTOM, KakK caxapHbli guaber 2 THMa,
BO3pacTHas ~ MakyJjsipHas  JeTeHeparus,
KaTapakTa, aTepockiiepo3, (Gpubpo3 kiamaHoB
cepaua, HapylIeHUEe Cep/IeHUHOM
JEATEIbHOCTH, ~ OCTEOIOpO3,  HapyIIeHue
KOCTHOT'O MeTabonu3ma, CapKOIICHHS,

O0onesnn Aunpureiimepa u  Ilapkuncona.
CX0/CTBO CTPOCHUS OpraHoB,
(hM3HOIOTHYECKHUX TIPOIECCOB, METaOOJIUTOB,
TOPMOHOB, HEHPOMEIUATOPOB y pbIdO C
MJICKOITUTAIONUMHU  TIO3BOJIIET  MTPOBOJMTH
[IOBEJICHYECKHE, (GYHKIIMOHAIbHBIE,
MUKPOCKOITNYECCKUE, OMOXUMUYECKUE,
reHeTuueckne wucciaemoanus. OpgHako B
HACTOSIIEE BpEeMsI OTCYTCTBYIOT CTaHIAPTHI
HCIIOJIb30BaHHUS 3e0paaHuo B
JIOKJIMHUYECKHUX HCCIIEIOBAHUSIX
JIEKapCTBEHHBIX  CPEJICTB. [Tpumenenue
JTaHHOU onomoaenu JUIST OIICHKH
3¢ (HEeKTUBHOCTH 1 OE30MACHOCTH XUMHYECKHUX
cyOcTaHIMit BO3MOKHO T npu
Ha/NeXKaleld BaluAU3allMk W TOJYYEHHH

0J100peHust oT COOTBETCTBYIOIINX
opranuzanuiil, Hecmorps Ha pan
OrpaHUYEHUN MIpeICTaBIsIeTCs
NEPCIIEKTUBHBIM M CTPAaTErMYECKU BaKHBIM
HCIIOJIb30BATh 3e0pagaHuo Ha

JTOKJIMHUYECKOM JTame u3ydeHus 3PQPeKToB
JIEKapCTBEHHBIX MpPEnapaToB sl KOPPEKIIHHU
BO3paCT-aCCOIMUPOBAHHBIX 3a00JIeBaHUN C
LEJbI0  YJIyYIIeHUus  KadecTBa  JKU3HHU
TOYKUJIOTO YEJIOBEKa W, B CIy4yae MOJIyYEHUsS
YCIEUIHbIX PE3YyJIbTAaTOB, JAHHBIA MOJIEIbHBIN
O00BEKT MOXKET OBITh BKIIOYEH B KadecTBe
JIOTIOJTHUTEILHOTO B HallMOHAJIbHBIE
CTaHJ1apThl.

Nudpopmanus o pUHAHCHPOBAHUU

0C30MacHOCTH B IENAX TPOBCACHUS KIMHUYECKUX
WCCIICIOBAHUA W  PETUCTpPAlMd  JICKAPCTBEHHBIX
MIPErapaToB»
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Abstract

Background: Interaction between trophoblast and natural Killer cells is determined by
microenvironment. Cytotoxicity of NK against targets, including trophoblasts, is associated with
production of perforin, granzymes. Trophoblasts are not destroyed by NK but trophoblast-cell
resistance is understudied. The aim of the study: To evaluate the interaction between NK and
trophoblasts in the presence of cytokines typical of the uteroplacental contact microenvironment
during pregnancy. We evaluated changes in the expression of proteins responsible for the
implementation of cytotoxic function in NK and trophoblast cells under short-term and long-term co-
culture. Materials and methods: In this study we used cell cultures — NK-92 and JEG-3 as a model
of interaction between fetus and mother’s immune system. To analyze changes in phenotype,
cytokines secretion and amount of cytotoxicity proteins we used flow cytometry. Results: We
observed that intensity of GrA expression by NK-92 was lower than GrB. There was no transfer of
GrA to trophoblast within 24 hours of co-culturing. The appearance of GrA in trophoblast with a
simultaneous decrease in expression by NK-92 was noted after 96 hours. NK-92 and JEG-3 cells
constitutively expressed serpin B9. Cytokines did not affect the content of GrA, GrB, perforin, and
serpin B9 in the NK-92 monoculture. 1L-15, IL-18, IL-10 caused a decrease in serpin B9 expression
by trophoblasts, but co-culturing with NK-92 diminished this effect. When co-cultured with
trophoblasts for 96 hours, intensity of expression of GrA, GrB, perforin and serpin B9 by NK-92
decreased. TNFa and IL-15 decreased the inhibitory effect of trophoblasts on GrA expression by NK.
IL-15 and TGFp caused an increase in the number of JEG-3 containing GrA. Conclusion: The
interaction between NK and trophoblasts is a dynamic process accompanied by the transfer of
cytotoxic proteins and changes in the expression of serpin B9. The used cytokines affected the transfer
of proapoptotic proteins in co-culture.

Keywords: granzyme; perforin; serpin B9; trophoblast; NK-cells; HLA-G; IL-10; IL-15; IL-18;
TNFa; IFNy; TGFp1
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Introduction. The main function of cytotoxicity against malignant or virus-
natural killer cells (NK cells) is to realize infected cells [1]. The role of NK cells in
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regulating the interaction between immune
cells and the microenvironments, including
during pregnancy, has been actively studied [2,
3, 4]. Decidual NK (dNK) cells differ in their
phenotype and function from peripheral blood
NK cells [2]. dNK cells interact with
trophoblast cells, which invade the decidua. It
is assumed that trophoblast cells and dNK cells
influence each other's characteristics due to
contact and distant interactions [2, 5].
Trophoblast and NK cells secrete a wide range
of cytokines in the uterus to regulate the
functions of each other as well as the
microenvironment. Both trophoblast and NK
cells have been proven to secrete TGFp [6, 7].
It has been observed that TGFf suppresses the
ability of NK cells to proliferate, inhibiting
their cytotoxicity [8]. TGFp also stimulates
trophoblast-cell invasion [9]. The functions of
the microenvironment in the uteroplacental
contact zone can be controlled by TGFp as
well as TNFa, IFNy, IL-10, IL-18, and IL-15;
these are secreted by trophoblast cells, NK
cells, and other microenvironment cells [10-
13]. IL-15 and IL-10 are produced by
trophoblast, stromal, and dendritic cells; 1L-18
is produced both by macrophages and
endometrial cells [14, 15].

NK cells realize cytotoxicity against
target cells, including trophoblast cells, in
several ways. One is the secretion of
granzymes, granulysin, and perforin [16]. dNK
cells have reduced cytotoxicity [17]. This may
be caused by several factors, including a
decrease in the activity of cytotoxic protein
synthesis  under  the influence  of
microenvironmental factors (trophoblast cells
and cytokines) or the transfer of a part of
cytotoxic proteins to nearby cells [18]. It has
been demonstrated that the cytotoxic function
of NK cells changes under the action of
cytokines with an increase in exposure time.
Co-culturing in the presence of TNFa for 24
hours increased the cytotoxicity of NK cells
toward trophoblasts; a prolongation of the co-
culture time diminished this effect. Different
results were obtained for TGFp [19]. Despite
their reduced cytotoxicity, dNK cells should
retain a baseline level; a decrease may cause
obstetric pathologies.

It is believed that one method to restore
the dNK cell pool is the migration of NK cells
from peripheral blood. It has been observed
that in patients with recurrent implantation
failures, peripheral blood NK cells have
reduced cytotoxicity as well as a low
expression of activating receptors and
granzyme B (GrB) compared with fertile
women [20].

Serpins are inhibitors of serine
proteinases. They regulate the activity of
granzymes and protect target cells from their
action. The interaction between serpin B9 and
GrB is the most studied [7]. Another protective
mechanism of trophoblast cells is their
expression of a nonclassical MHC class |
molecule, HLA-G [21]. HLA-G binds to the
receptor on the NK cell surface, causing a
decrease in the synthesis of IFNy by NK cells
[22] as well as their cytotoxic activity [23]. The
reduced cytotoxicity of uterine dNK cells may
be caused by their differentiation from
regulatory phenotypes under the effect of
trophoblast cells. Populations of NK cells with
reduced levels of CD56 tend to have a greater
cytotoxic activity [23], whereas NK cells of the
decidua have increased CD56 levels and a low
cytotoxic activity [24]. An increase in CD56
expression was considered to be a marker of
NK cell differentiation in a decidual
population [25]. Trophoblast cells may be
regulators of this transformation; the intensity
of CD56 expression levels by NK cells
increased when they were co-cultured [26].

During pregnancy, a unique balanced
system develops in the uterus between NK,
trophoblast, and other cells of the
microenvironment. This is necessary for the
maintenance and development of
physiological pregnancy [27]. Despite the
importance of these processes that occur in the
uterus during pregnancy, the molecular
mechanisms of the interaction between NK
cells and trophoblast cells have not been fully
studied. This may be due to both the
complexity of dNK cell isolation and the
difficulties associated with the modeling of
cell interactions.

The aim of the study. To evaluate the
interaction between NK and trophoblasts in the
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presence of cytokines typical of the
uteroplacental  contact microenvironment
during pregnancy. We considered changes in
the expression of the proteins to be responsible
for the realization of the cytotoxic function by
NK cells. We also evaluated the content of
these proteins in trophoblast cells after their

short-term and long-term co-culture in the
presence of cytokines. Information regarding
the content of cytokines and proteins in the
natural Killer or trophoblast cells used in this
work and their functions are described in
Table.

Table

Content and functions of some proteins in NK cells and in trophoblast cells

Protein NK cells NK-92 Trophoblast | JEG-3 Function
TNFa Found [28, 29] | Found [30-32] No data No data | Regulation of the NK cell cytotoxicity
Or can be less [28], stimulation of trophoblast cells
than  detection invasion [34]
limit
[33]
IFNy Found [28, 29] | Found [31, 32] No data No data | Enhancement of cytotoxic properties of
NK cells [28], reduction of invasion and
viability of trophoblast cells [35]
TGFp Found [36, 37] | No data Found [38, | Found Regulation of cytotoxic activity of NK
39] [40,41] | cells [42, 43]
IL-15 No data No data Found [44, | Found Maturation, differentiation,
45] [45] proliferation of NK cells [46],
regulation of cell resistance to apoptosis
[47]
IL-18 No data No data No data No data | Enhancement of IFNy synthesis by NK
cells, regulation of their cytotoxic
activity [48]
IL-10 Found [49] Found [33] Found [50, | Found Regulation  of  cytotoxicity and
51] [52] stimulation of NK cell proliferation
. [53], induction of HLA-G expression by
trophoblast cells [54], reduction of
invasive ability of trophoblast cells [55],
decrease in the rate of apoptosis [56],
and increased resistance to apoptosis
[57]
RANTES | Found [58, 59] | Found [60, 61] Found [51, | Found Stimulation  of trophoblast cells
58] [62] invasion [58], increased migration
activity of NK cells, proliferation and
activation [63-65]
VEGF Found [66, 67] | Found [68] Found [69, | Found Regulation of trophoblast cells invasion
70] [71] [72, 73]
CD56 Found [74, 75] | Found [76, 77] No data No data | Adhesion [78], marker of NK cells,
decidualization [79]
HLA-G No data No data Found [80, | Found Ensuring immune tolerance, avoiding
81] [82,83] | cytotoxicity reactions [84], regulation
of invasion [82]
Perforin | Found [85, 86] | Found [87, 88] No data No data | Participation in the realization of the
GrA Found [90, 91] | Found [92] No data No data | cytotoxic function of NK cells [89]
GrB Found [30, 93] No data No data
Serpin Found [94] Found [95] No data No data | Protection from the action of GrB [96]
B9
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Materials and Methods. We performed
this study using JEG-3 and NK-92 cell lines
(ATCC, USA), which reflect the main
characteristics of extravillous trophoblasts and
natural Killer cells, respectively [97, 98, 99].
The cells were cultured according to the
manufacturer's recommendations in a humid
environment at 37 °C with 5% CO2. The
viability of the cells was controlled by trypan
blue exclusion; this was 95+3.4%.

The following inductors were used:
TNFo (50 U/mL), IFNy (1000 U/mL), TGFp1
(5 ng/mL), IL-15 (10 ng/mL), IL-18 (10
ng/mL), and IL-10 (10 ng/mL) (RnD, USA).
These concentrations were chosen according to
the concentrations of human biological fluids,
including in the area of uteroplacental contact
[100, 101, 102].

Cultivation of NK-92 cells in a
monoculture or co-culture with JEG-3 cells.
The cells were cultivated as previously
described in [103]. Briefly, 2x10* cells of the
JEG-3 line were cultured in the wells of a 96-
well plate (Sarstedt, Germany) in 100 pL of a
complete growth medium (DMEM) (Biolot,
Russia). After 24 hours, NK-92 cells were
added to parts of the wells, with a formed
monolayer of trophoblast cells in 100 uL of a
medium of 20,000 cells (the co-culture). NK-
92 cells were also placed in empty wells to
receive a monoculture. IL-2 (500 U/mL) was
added to all wells (Biotech, Russia). Cytokines
were added to a few of the wells, then the cells
were cultured for 24 hours in the presence of
TGFB1 or 96 hours in the presence of TNFa,
IFNy, TGFp1, IL-15, IL-18, or IL-10.
Subsequently, analyses of the cell expressions
of the surface receptors and intracellular
proteins were conducted. Four experiments
were conducted, with two technical repetitions
for each experiment.

Analysis of the surface and intracellular
protein levels in NK-92 and JEG-3 cells under
mono- and co-culture conditions. After the co-
cultivation of JEG-3 and NK-92 cells, fixation
and permeabilization were performed for 24
and 96 hours using a Cytofix/Cytoperm Kit

(BD, USA). GrA, GrB, perforin (BD, USA),
and serpin B9 (NOVUS, USA) monoclonal
antibodies were used for intracellular staining
according to the manufacturers’ instructions.
To separate the NK cells and trophoblast cells,
we used CD45, CD56, cytokeratin 7 (BD,
USA), and HLA-G antibodies (Biolegend,
USA). The level of expression of HLA-G by
the JEG-3 cells was also analyzed. The control
of nonspecific binding was identified using
isotypic antibodies. We studied two
parameters: the relative number of cells that
expressed/contained proteins and the mean
fluorescence  intensity ~ (MFI).  These
parameters were assessed using a FacsCantoll
flow cytometer (BD, USA). We did not
observe any data to confirm that JEG-3 cells
could spontaneously express cytotoxic-related
proteins. We used “expression” to describe
changes in the content of GrA, GrB, and
perforin in JEG-3 cells. The gating strategy is
presented in  Supplementary  Materials,
Figure 1.

Statistical analysis. Statistical analysis
of the data obtained was performed using a
non-parametric analogue of the Mann-
Whitney test with Bonferroni correction. For
multiple comparisons, we used the Kruskal-
Wallis one-way analysis of variance. All tests
were performed using GraphPad Prism,
version 8.0.0 (GraphPad Software, San Diego,
California, USA).

The study was conducted in accordance
with the Declaration of Helsinki, and approved
by the Institutional Ethics Committee of the
Federal State Budgetary Scientific Institution
“D.0O. Ott Research Institute of Obstetrics,
Gynecology, and Reproductology” (Protocol
No0.118, 9 June 2022).

Results and discussion

Evaluation of HLA-G expression by
JEG-3 cells after cultivation for 24 and 96
hours. Under mono- and co-culture conditions
for 24 hours, the JEG-3 cells did not change the
expression of HLA-G (both the relative
number of cells and the MFI) in the presence
or absence of TGFB1 (Fig. 1a, 1b).
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Fig. 1. Expression of HLA-G by JEG-3 cells in monoculture and in coculture with NK-92 cells in
the presence of TGFB1 for 24 hours (a, b) or for 96 hours (c, d): relative number of JEG-3 cells
expressing HLA-G (a, c); the intensity of expression of HLA-G JEG-3 cells (b, d). NI — JEG-3 cells
without inducers. Significance of differences: * - p <0.05, ** - p <0.01, *** - p <0.001.

In monoculture conditions (96 hours),
the relative number of JEG-3 trophoblast cells
expressing HLA-G and the intensity of the
HLA-G expression were higher in the presence
of TGFB1 compared with the trophoblast cells
cultivated without it (Fig. 1c, 1d). The other
cytokines in the monoculture (96 hours) did
not affect the expression of HLA-G by the
trophoblast cells. In the presence of TNFa (96
hours), the number of trophoblast cells
expressing HLA-G was higher in co-culture
conditions with NK-92 cells compared with
trophoblast cells in a co-culture without
cytokines as well as in a monoculture with

cytokines (Fig. 1c). In the presence of TNFa
(96 hours), the intensity of the expression of
HLA-G by JEG-3 cells in the co-culture was
higher than without cytokines, but did not
differ from the monoculture of the same cells
with cytokines (Fig. 1d).

Expression level of cytotoxicity-related
proteins in NK cells and trophoblast cells after
co-cultivation with or without TGFpI1 for 24
hours. The NK-92 cells contained the
cytotoxic proteins GrA, GrB, and perforin
(Fig. 2). Neither the number of NK-92 cells
containing GrA and perforin nor the intensity
of expression of these proteins changed under
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different culture conditions for 24 hours (Fig.
2). Under the same conditions, the number of
NK-92 cells containing GrB also did not
change (Fig. 2b). However, the intensity of the
GrB expression was reduced after the

incubation of NK cells with trophoblast cells
compared with the monoculture. This
difference was established both in cultivation

in an environment with TGFB1 and without it
(Fig. 2e).
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Fig. 2. Expression of cytotoxic proteins GrA, GrB and perforin by NK-92 cells in monoculture and
in coculture with JEG-3 cells in the presence of TGFB1 for 24 hours: relative number of cells
expressing GrA (a), GrB (b), perforin (c); intensity of expression of GrA (d), GrB (e), perforin (f).
Significance of differences: * - p <0.05.

JEG-3 cells did not express GrA, GrB, or
perforin (Fig. 3 and 7). In the conditions of a
co-culture with NK-92 cells, the number of
JEG-3 cells expressing GrB increased within
24 hours (Fig.3b). These results were
established both in the presence of TGFf1 and

without it in co-culture conditions. Under the
conditions of a co-culture with trophoblast
cells, the intensity of the expression of GrB and
perforin increased both in the medium with
TGFp1 and without it (Fig. 3e, 3f).
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Fig. 3. Expression of cytotoxic proteins in JEG-3 cells in monoculture and in coculture with NK-92
cells in the presence of TGFB1 for 24 hours: relative number of cells expressing GrA (a), GrB (b),
perforin (c); intensity of expression of GrA (d), GrB (e), perforin (f). Significance of differences: * -
p <0.05, ** - p <0.01.

The number of NK cells expressing
serpin B9 (Fig. 4a) and the intensity of its
expression by NK cells (Fig. 4b) were reduced
in co-culture conditions compared with a
monoculture of NK-92 cells. After 24 hours of
incubation with NK-92 cells, neither the
number of trophoblast cells expressing this
protein (Fig. 4c) nor the intensity of the serpin
B9 expression (Fig. 4d) changed.

Content of cytotoxicity-related proteins
in NK and trophoblast cells in conditions of
their mono- and co-culture for 96 hours in the
presence of cytokines. After 96 hours in the co-
culture, the relative number of NK-92 cells
containing GrA did not change in comparison
with the monoculture.

Cytokines did not affect the number of
NK-92 cells expressing GrA in the

monoculture or in the co-culture with
trophoblast cells (Fig. 5a). Cytokines did not
affect the intensity of the GrB expression by
the NK cells under monoculture conditions.
The intensity of the GrA expression in NK-92
cells was lower in the presence of JEG-3
trophoblast cells compared with nonactivated
cells (Fig. 5d). In the presence of the cytokines
IL-15, IL-18, IL-10, IFNy, and TGFpI, the
intensity of the GrA expression by the NK-92
cells was lower in the co-culture relative to the
NK cells in the presence of corresponding
cytokines in the monoculture (Fig. 6d). IL-15
and TNFa caused an increase in the intensity
of the GrA expression in the NK-92 cells in the
co-culture compared with the NK cells in the
co-culture without cytokines (Fig. 5d).
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Fig. 4. Expression of serpin B9 by NK-92 (a, b) or JEG-3 (c, d) cells in monoculture and in
coculture in the presence of TGFB1 for 24 hours: relative amount (a, ¢); intensity of expression (b,
d). Significance of differences: * - p<0.05, ** - p<0.01.

Cytokines did not affect the number of
NK-92 cells expressing GrB or the intensity of
protein in the monoculture. The relative
number of NK cells expressing GrB was lower
in the co-culture without cytokines and in the
presence of IFNy; other cytokines did not
affect this parameter. TNFa canceled the effect
of the trophoblast cells on the expression of
GrB by the NK cells in the co-culture (Fig. 5b).
The intensity of the GrB expression in the NK-
92 cells was lower in the co-culture without
cytokines. Cytokines did not affect the

intensity of the GrB expression in the NK cells
in the co-culture with trophoblasts (Fig. 5e).

The relative number of NK-92 cells
expressing perforin was reduced in co-culture
conditions compared with the NK cells in the
monoculture (Fig. 5c). This effect did not
change when cytokines were added to the
system (Fig. 5¢). The intensity of the perforin
expression in the NK-92 cells was reduced in
the co-culture conditions compared with its
expression in the NK-92 cells cultured in the
monoculture. This effect did not change in the
presence of cytokines (Fig. 5f).
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differences: * - p <0.05, ** - p <0.01, *** - p <0.001.

The relative number of JEG-3 cells
containing GrA increased in the presence of
the NK-92 cells. Of all the cytokines used in
the co-culture, only IL-15 and TGFB1 caused
an increase in the relative number of JEG-3
cells containing GrA compared with intact
cells (Fig. 6a).

The relative number of JEG-3 cells
containing GrB did not change under the
conditions of the co-culture. There was an
increase in the intensity of the GrB expression
by the trophoblast cells in the co-culture
conditions (Fig. 6b, 6e). Under co-culture
conditions, only IL-10 and IFNy increased the

relative number of JEG-3 cells expressing GrB
compared with intact cells in the co-culture.

The relative number of JEG-3 cells
containing perforin and its MFI did not change
under co-cultivation conditions with NK cells.
Cytokines did not affect the MFI of perforin,
either in the monoculture or the co-culture. The
relative number of JEG-3 cells containing
perforin was higher in the co-culture with NK
cells with the addition of IL-10 or IFNy
compared with the trophoblasts in the
monoculture with these cytokines, but did not
differ from the trophoblast cells in the intact
co-culture (Fig. 6c, 6f).
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The NK-92 and JEG-3 cells expressed
serpin B9 at a base level. Cytokines did not
affect the number of NK cells expressing
serpin B9 or the intensity of the serpin B9
expression in the monoculture. The relative
number of NK-92 cells containing serpin B9
and its MFI were reduced in the co-culture
compared with the intact NK-92 cells in the
monoculture. The cytokines did not change
this effect (Fig. 7a, 7b). In the monoculture, the
relative number of JEG-3 cells containing
serpin B9 and the MFI were reduced in the
presence of IL-15, IL-18, or IL-10 compared
with the intact cells (Fig. 7c).

In the co-culture, the relative number of
trophoblast cells and the intensity of the serpin
B9 expression did not change in comparison
with the monoculture. In the co-culture, the
NK-92 cells canceled the reducing effect of IL-
15 and IL-10 on the intensity of the serpin B9

expression the cells
(Fig. 7c, 7d).

NK cells can realize cytotoxicity against
trophoblast cells [104]. They also express
death receptors such as TRAIL-R and CD95
[101, 105]. Their ligands (TRAIL and CD95L)
are expressed by trophoblast cells [106, 107,
108], indicating the possibility of an induction
of apoptosis in natural Kkiller cells by
trophoblast cells. Despite this, there is no total
destruction of these cells in the area of
uteroplacental contact. This indicates the
existence of short-term and long-term
programs of interactions between these cells,
depending on the situation. These may include
[i] the existence of checks and balances in the
mode of tolerance in the mother-fetus system;
[ii] a restriction of trophoblast hyper-invasion
[35, 109]; and [iii] a restriction in the
cytotoxicity of NK cells against fetal cells
[110, 111].

by trophoblast
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Significance of differences: * - p <0.05, ** - p <0.01, *** - p <0.001.

We posited that the co-cultivation of NK also differed after the preincubation of cells
and trophoblast cells for 24 hours may not be with cytokines for 24 and 96 hours [42].
sufficient to demonstrate their mutual Incubation for 24 hours was not enough for the
influence on the level of cytotoxic proteins and mutual regulation of cells. We limited the
surface receptors [42]. In previous research, evaluation of the level of expression of certain
we have observed that long-term interaction receptors and proteins associated with
between NK cells and trophoblast cells leads to cytotoxicity. We focused on the assessment of
a change in NK cell phenotype and an increase the TGFPB effect under 24-hour co-culture
in CD56 expression [42]. The cytotoxic conditions because TGFp is one of the key

function of NK cells against trophoblast cells cytokines in the uteroplacental contact zone
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[112] and is capable of altering the functional
activity of both trophoblast cells [38, 113] and
NK cells [8, 43]. We conducted an extended
assessment of the effect of cytokines on the
expression of the receptors and proteins
associated with cytotoxicity using the cells in
the monoculture and co-culture for 96 hours.
According to our data, it was possible to detect
the long-term effect of cells on each other at
this point [42, 114-117].

In this study, we established the content
of GrA, GrB, and perforin in NK-92 cells. This
concurred with the data on the content of these
proteins in NK cells (Table 1). We did not
observe GrA, GrB, or perforin in the
trophoblast cells of the JEG-3 cell line without
preculturing with NK-92 cells.

The production of GrA, GrB, and
perforin by NK cells is one method to realize
cytotoxicity against target cells. A decrease in
the content of GrA and GrB in NK cells leads
to a decline in the cytotoxicity of NK cells and
an increase in tumor growth [89]. Perforin is
also involved in the realization of the cytotoxic
properties of NK cells; this protein is necessary
for the formation of pores in the membranes of
the target cells that are required for Gr
transport  10.1080/20013078.2019.1588538.
Approximately 40% of patients suffering from
malignant tumors of the blood and circulatory
system have a perforin deficiency [118].

Decidual NK cells are in close contact
with cells of fetal origin (including trophoblast
cells). They also contain cytotoxic proteins.
Despite this, dNK cells have reduced
cytotoxicity compared with peripheral NK
cells [17]. We noted that after co-cultivation
with NK cells, perforin and GrB were observed
inside JEG-3 cells within 24 hours and the
amount of GrB, but not perforin, decreased in
the NK-92 cells. The transfer of these proteins
from NK cells to trophoblast cells was not
accompanied by a decrease in cell viability.
This result agreed with data previously
obtained using a Western blot analysis [119].

We discovered that the intensity of the
GrA expression by the NK-92 cells was ten
times lower than that of GrB. There was no
transfer of GrA from the NK-92 cells to the
trophoblast cells within 24 hours. The

appearance of GrA in the trophoblast cells was
accompanied by a simultaneous decrease in its
expression by NK-92 cells only after 96 hours
of co-cultivation. The data obtained indicated
a predominantly early (24 hours) transport of
GrB. In the process of serial killing, NK cells
lose most of their perforin and GrB [16]. We
did not notice a significant decrease in the level
of perforin in the NK-92 cells in the co-culture
with trophoblast cells after 24 hours, but we
did observe a decrease after 96 hours. This
indicates the active synthesis of perforin by
NK cells to maintain cytotoxic capabilities on
the first day of contact with trophoblasts,
accompanied by a reduction in the activity of
perforin  synthesis after long-term co-
cultivation.

The activity of granzymes is blocked by
protease inhibitors or serpins. For example,
serpin B9 blocks GrB [95]. It has been
demonstrated that a high content of serpin B9
in CD8+ T lymphocytes correlates with the
increased cytotoxicity of these cells [120]. This
is attributed to the fact that cells expressing
serpin B9 specifically resist GrB-mediated
death whilst remaining sensitive to other
inducers of apoptosis [94]. Serpin B9 has been
observed to prevent NK cell death due to
autotoxicity during viral infections; an increase
in the GrB-mediated apoptosis of NK cells was
observed in mice knocked out by serpin B9
[94].

We discovered the presence of serpin B9
in the NK-92 cells. This concurred with the
data in the literature (Table 1). We also
observed that the trophoblast cells of the JEG-
3 line spontaneously expressed serpin B9.
According to literature data, we did not
observe any expression of serpin B9 by the
trophoblast cells, including the JEG-3 cells.
Despite the transfer of granzymes to the
trophoblast cells, there was no decrease in the
viability of the trophoblast cells in our model.
This supports the existence of a strategy
protecting the trophoblast from the excessive
cytotoxic effects of NK cells, including the
activity of serpin B9. It has previously been
established that trophoblasts can use the
mechanism of the limited activation of
caspase-8 and caspase-3 to initiate syncytium



OpueuHaJZbHaﬂ cmambus
Original article

Grebenkina PV, et al. Regulation of natural killer cells cytotoxicity ... 154

formation [121]. The assumption that
trophoblast cells apply a restriction to
granzyme activity using serpin B9 to initiate
their own syncytialization requires further
experimental confirmation. Considering the
predominantly early (24 hours) transport of
granules containing GrB and perforin to the
trophoblasts and the later (96 hours) transport
of granules containing GrA, it is plausible that
there is a different degree of participation of
these proteins in the activation of caspases in
trophoblast cells. The expression of serpin B9
by trophoblast cells indicates the presence of a
programmed resistance of these cells to the
cytotoxic action of NK cells and cytotoxic T-
lymphocytes.  This may trigger the
mechanisms of the induction of peripheral
tolerance in the maternal-fetal interface. We
observed that under co-culture conditions, the
content of serpin B9 in the NK-92 cells
decreased,; it did not change in the trophoblast
cells. This effect was detected after incubation
for both 24 and 96 hours. None of the cytokines
used canceled the inhibitory effect of
trophoblasts on the expression of serpin B9 by
the NK cells. Consequently, trophoblasts may
increase NK cell death caused by autotoxicity
after reducing the synthesis of serpin B9 [94].
This may be the basis for limiting the excessive
cytotoxicity of NK cells.

A large number of cytokines are
produced in the area of uteroplacental contact.
Currently, there are insufficient data on their
effect on trophoblast cells and NK cells under
the conditions of their long-term co-
cultivation. We observed that TGFf had no
effect on the expression of GrA, GrB, perforin,
and serpin B9 in trophoblast and NK cells after
their 24-hour incubation in mono- and co-
culture conditions. After 96 hours of co-
cultivation, the content of GrA in the
trophoblasts increased in the presence of
TGFP. There was no decrease in the GrA
content in the NK-92 cells co-cultured with
JEG-3 cells but without cytokines. Thus, TGFf
supported the production of GrA by the NK
cells under the conditions of long-term
interactions, contributing to its enhanced
transport to the trophoblasts. TGFp is an anti-
inflammatory cytokine that promotes the

differentiation of regulatory NK cells,
reducing their cytotoxicity [122] and changing
the ability of trophoblast cells to invade [123].
The stimulation of increased GrA transport by
TGFp from NK cells to trophoblasts may be a
mechanism for the activation of caspase-8 and
caspase-3, which is limited under the action of
serpin B9, to initiate syncytium formation by
trophoblasts [124]. This hypothesis also
requires experimental confirmation. The
source of TGFP for such a process in the
uteroplacental contact zone may be the
trophoblast cells themselves [38, 39] or the
main cells of the microenvironment:
macrophages [125, 126] and NK cells [36, 37].

We observed that in the monoculture of
the NK cells, cytokines TNFa, IFNy, IL-15,
IL-18, IL-10, and TGFB1 did not affect the
expression of GrA, GrB, perforin, or serpin B9.
We observed that I1L-10 reduced the content of
serpin B9 in trophoblast cells.

It has been demonstrated that
proinflammatory cytokines IL-15 [127], TNFa
[28], 1L-18 [48], and IFNy [28] stimulate the
cytotoxic activity of NK cells. IL-10 can also
indirectly stimulate the cytotoxicity of NK
cells through the stimulation of IFNy
production [128]. We observed that neither
TNFa nor IFNy in co-culture conditions
affected the expression of serpin B9 by
trophoblast cells, indicating that they do not
reduce the rate of protection of the trophoblasts
in inflammatory conditions from the cytotoxic
action of killer cells. TNFa canceled the
inhibitory effect of trophoblasts on the
expression by NK cells of proteins GrA and
GrB; IL-15 had the same effect on the
expression of GrA by NK cells. With long-
term co-cultivation (96 hours), IL-15 increased
the content of GrA in the trophoblasts; IL-10
and IFNy increased the content of GrB in the
trophoblast cells. Under the conditions of
trophoblast monocultivation in the presence of
IL-15 and IL-10, the serpin B9 expression
decreased; under the conditions of co-
culturing, the NK cells canceled the inhibitory
effect of cytokines on the serpin B9 expression
by the trophoblast cells. Thus, the data
obtained after co-cultivation indicated the
maintenance of the expression of serpin B9 by
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trophoblast cells with the increased transport
of granzymes from NK cells in the presence of
most of the pro- and anti-inflammatory
cytokines used. This could help trophoblasts to
maintain resistance to the cytotoxic action of
killer cells under the conditions of an
inflammatory process.

One of the mechanisms that trophoblast
cells use to avoid the cytotoxic effect of killer
cells is their expression of molecules of the
nonclassical main histocompatibility complex
HLA-G [80]. We observed that the cells of the
JEG-3 line expressed HLA-G; this coincided
with the literature data [129]. The binding of
HLA-G on the trophoblast surface by the NK
cell receptor KIR2DL4 [130] suppresses the
cytotoxic activity of killer cells [130]. We
observed that under short-term (24 hour) co-
culture conditions with NK cells, the
expression of HLA-G by the JEG-3 cells did
not change. Of all the used cytokines, only
TGFB and TNFa affected the expression of
HLA-G by trophoblast cells. TGFB did not
affect the expression of HLA-G by JEG-3 cells
under monocultivation or co-cultivation for 24
hours. TGFP increased its expression by
trophoblast cells in the monoculture but not in
the co-culture after 96 hours. These results
confirmed the participation of TGFP in the
creation of a microenvironment that protects
fetal cells. The obtained results also
demonstrated the ability of natural killer cells
to cancel the TGFp effect of the stimulation of
the HLA-G expression by trophoblasts under
the conditions of prolonged co-cultivation. The
expression of HLA-G by the trophoblast cells
increased in the presence of TNFa after long-
term cultivation (96 hours) in co-culture
conditions. This suggests the existence of
protective mechanisms of the trophoblast cells
in conditions of inflammation, which are
necessary to avoid an immune response of the
maternal organism.

The interaction between NK-92 cells and
JEG-3 cells was mainly accompanied by the
early (24 hours) transport of GrB and perforin
to trophoblast cells and the later (96 hours)
transport of GrA to trophoblast cells. Only the
expression of GrB decreased in the NK cells
after 24 hours of co-cultivation; the

expressions of perforin and GrA only
decreased after 96 hours. The transfer of
perforin and granzymes from the NK cells to
the trophoblast cells was not accompanied by a
decrease in their viability. This may have been
due to the spontaneous expression of serpin B9
by the trophoblast cells of the JEG-3 line that
we established. Trophoblasts reduced the
expression of serpin B9 by the NK cells,
indicating that they could increase the
probability of NK cell death due to autotoxicity
and trigger the restriction of the excessive
cytotoxicity of natural killers as well as
peripheral tolerance in the mother—fetus
system. Trophoblasts retained a serpin B9
expression under the conditions of granzyme
transport from the NK cells in the presence of
most of the pro- and anti-inflammatory
cytokines used. Under co-culture conditions,
the NK cells canceled the inhibitory effect of
IL-15 and IL-18 cytokines on the level of
serpin B9 in the trophoblast cells. This may
have contributed to the resistance of the
trophoblasts to the cytotoxic action of the NK
cells during the inflammatory process. Under
the conditions of a long-term interaction,
TGF supported the production of GrA by NK
cells, contributing to its enhanced transport to
the trophoblasts. In the presence of TGFp, the
NK cells also canceled the stimulating effect of
these cytokines on the expression of HLA-G
by trophoblasts, which increased the control of
the NK cells over the trophoblast invasion.
TNFa stimulated the expression of HLA-G by
the trophoblast cells under the conditions of a
long-term co-cultivation with NK cells,
increasing its protective properties against
excessive NK cell activity.

Conclusion. In summary, the interaction
between NK and trophoblast cells is a dialogue
in which the trophoblast receives cytotoxic
proteins from NK cells without reducing its
own viability and uses the effects of TGFp to
increase surveillance of NK cells. NK cells
reduce the effect of the pro-inflammatory
cytokines IL-15 and IL-18 and increase the
expression of serpin B9 by trophoblasts. This
leads to the inhibition of the activity of
granzymes transported to trophoblasts.
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Pe3rome

AKTyaJbHOCTB: Paznuynbie QyHKIIMOHATbHBIC AEQUIUTHI, B TOM YHCIE 3PUTENbHBIN NeUIUT, a
TaK)Xe€ CApKOIEHUYECKOE OXUPEHHUE, BHI3BIBAIOT CHIKEHUE JEATEILHOCTH B MOBCEIHEBHOM JKU3HU
TaKMX NaIlMeHTOB, KOTOPbIE MPEJICTABISIIOT CIOXKHOCTh AN WACHTU(UKAIMU CYIIECTBYIOIIMMHU
[IKaJIaMH, B TOM YHCJIE JIJIs Kbl bapTen, He oTpa)karonien Mpor30IIeIINX HApYIIEHU B OpraHe
3penus. Lleab wucciaeaoBanus: AmpoOarsi B KIMHUYECKOW TE€POHTOJIOTMYECKON MpaKTUKe
pa3paboTaHHOTIO U BaJIMIMPOBAHHOIO HAMH TECTa OLIEHKH 0a30BOI (yHKIIMOHAIBHON aKTUBHOCTU
MalUEHTOB C CApKONEHUYECKUM OXUPEHUEM W HApPYLIEHHUEM 3pEHHsI BCIEACTBUE Pa3IUYHOU
odpranpmonaronorud. Martepuajbl U MeToAabl: OOCIeTOBaHO B KIMHUYECKUX YCIOBUAX 125
MalUEeHTOB MOXKWJIOI0 BO3pacTa C CApPKOINEHUYECKUM OKMPEHHUEM W KarapakToi, 138 marueHToB
Takoro ’e BO3pacTa € CapKONEHUYECKUM OKHPEHUEM M IEpBHUYHOM TIIayKoMoW. M3ydenue
CapKOTICHUYECKOT0 0’KMPEHUS BBITIOJIHEHO 110 mikayie European working group on sarcopenia in older
people U METOIOM KHUCTEBOU JUHAMOMETpPHH. I/IsyquI/Ie NEITEILHOCTH B MOBCEIHEBHOMN KU3HU B
yKa3aHHBIX TPYIIax MalMeHTOB MPOBEICHO MO pa3paboTaHHOMY U BAJIMIUPOBAHHOMY HAMU paHee
TECTy OIEHKH 0a30BO¥ ()yHKIIMOHATHLHOW aKTMBHOCTH TMpPU 3pUTEIBHOM Aeduiure. Pe3yabTaThi:
HauGonpiryto 3aBUCHMOCTD OT OKPY)KAIOIIUX y MAIUEHTOB C CApPKOIIEHUYECKUM OXKHPEHUEM U
KaTapakToW BbI3bIBaeT NpoBeAeHre HUTKU B uriy (1,84+0,03 6amna) co cTaTUCTHYECKH 3HAYMMBIM
pazivyueM Kak IO OTHOIICHHMIO K MalMeHTaM C CapKONEHUYECKUM OXUPEHUEM U TJIayKOMOMU
(1,52+0,02 OGamma) (p<0,01), Tax m k apyrum Bugam gaestenpbHocTH (P<0,01). BrIpakeHHBIC
OTpaHUYECHUS AESATEIHHOCTU B MOBCEIHEBHOM JKMU3HU NAIMEHTOB C CAPKONEHUYECKUM 0KMPEHUEM U
KaTapakToOW BbI3bIBaeT cTpmkka Hortew (1,75+0,03 6amna) mpotus 1,43+0,04 Ganna mpu riaykome
(p<0,01). OHako HamMKMCaHUE TEKCTAa y MAIIMEHTOB C CAPKOTICHUYECKUM OXXHUPEHHUEM M KaTapaKTOu
BBI3BIBAET OOJIBITYIO 3aBUCUMOCTH (1,68+0,04 Garna) v 3aHUMAET TPEThE PAHTOBOE MECTO CPEIIN BCEX
COCTaBIAIONIMX 0a30BOM  (DYHKIMOHATLHOW AKTUBHOCTH, TOTJa Kak y TMalUeHTOB ¢
CapKONEHUYECKUM OXMUPEHHEM M TJIAYKOMOM Ha JTaHHOM MO3WLUN HAaXOJAUTCS MPOUYTEHUE TEKCTa
(1,38+0,03 Oamma) co CTAaTHCTUYECKH 3HAUMMBIM pazludveM. 3akjawueHue: lcmonb3oBaHue
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CO3JaHHOro HaMH TeECTa OLCHKH ACATCIBHOCTH B HOBCCI[HCBHOI‘/'I JKNU3HM MMalUCHTOB C
CapKOIICHUYCCKUM OKHUPCHHUCM U HApPYUICHUCM 3pCHHUA IMO3BOJMWJIIO YCTAHOBUTH BCAYIIHC
OIrpaHMYCHUA U UX 0COOEHHOCTH Yy NaUEeHTOB CO 3pUTCIIbHBIM I[e(l)I/II_[I/ITOM Pa3IMIHOro reueia.
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Abstract

Background: Various functional deficits, including visual deficits, as well as sarcopenic obesity,
cause a decrease in activity in the daily life of patients. These deficits are challenging to identify with
existing assessment tools, including the Barthel scale, which does not fully capture the extent of visual
impairment. The aim of the study: Approbation in clinical gerontological practice of a test developed
and validated by us to assess the basic functional activity of patients with sarcopenic obesity and
visual impairment due to various ophthalmopathology. Materials and methods: 125 elderly patients
with sarcopenic obesity and cataracts, 138 patients of the same age with sarcopenic obesity and
primary glaucoma were examined in clinical conditions. The study of sarcopenic obesity was
conducted in accordance with the criteria established by the European Working Group on Sarcopenia
in Older People and the method of carpal dynamometry. The investigation of activity in the everyday
lives of these patient groups was conducted in accordance with a test that had been previously
developed and validated by our research team for the assessment of basic functional activity in visual
impairments. Results: Threading a needle causes the greatest dependence on others in patients with
sarcopenic obesity and cataracts (1,8440,03 points) with a statistically significant difference both in
relation to patients with sarcopenic obesity and glaucoma (1,52+0,02 points) (p<<0,01) and to other
types of activity (p<0,01). Severe limitations of activity in the daily life of patients with sarcopenic
obesity and cataracts are caused by nail clipping (1,7540,03 points) versus 1,43+0,04 points in
glaucoma (p<0,01). However, text writing in patients with sarcopenic obesity and cataracts is highly
dependent (1,68+0,04 points) and occupies the third rank among all components of basic functional
activity, whereas in patients with sarcopenic obesity and glaucoma, text reading is in this position
(1,38+0,03 points) with a statistically significant difference. Conclusion: The use of the activity
assessment test created by us in the daily life of patients with sarcopenic obesity and visual
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impairment allowed us to establish the leading limitations and their features in patients with visual

deficits of various origins.

Keywords: daily life; sarcopenic obesity; basic functional activity; visual deficit; elderly; cataract;

glaucoma
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BBenenmne. 3putTenbHBId  eUINAT,
00yCIIOBJICHHBIN HapyIICHUEM 3peHUs
BCJIC/ICTBHE PA3IMYHON OPTATbMOJIOIHUECKOM
MaTOJIOTUU — JUa0eTUYECKOW PETHHOIATHH,

IJIayKOMBI, KaTapakThl, BO3PACTHOU
MaKyJISIpHOM  JIereHepaldi —  BBICTYIMAeT
pacnpoCTpaHEHHOM  NPUYMHOM  CHUKCHUS
0a3oBol  (YHKIIMOHATHHOW  AKTUBHOCTH

Pa3IMYHBIX BO3PACTHBIX T'PYII HAceleHUs U
O0COOCHHO MOXKHIIBIX JIIOJEH BO BCEM MHpE U
€ro pacrnpoCTpaHEHHOCTh YBEJIMYMBACTCS C
BO3PacToM [1-9]. Bo  Bcém  mupe
pacnpoCTpaHEHHOCTh  HApYIIEHUS  3pEHUs
cocraBusier 7,7%, w3 KoTophix 64,2%
MPUXOJUTCS Ha HaceleHue B Bo3pacte S50 et
u crapme, a y 419 MUUIMOHOB MOXHIJIBIX
3pUTEITbHBIN JTeUIUT BBI3BaH
HECKOpperupoBanHou mnpecouonueit [10].
VYuuteiBass ObICTpOE CTapeHHE HACEICHHS U
MPOIOHKAFOIINIICSA POCT YaCTOTHI HAPYIICHUS
3pEHUsI OXKUJAETCS YBEIUMYCHHE JIIOACH C
pa3nMYHON OPTAIEMONATOIOTHEH, HMEIOIINX
CHIDKCHHE AaKTHBHOCTU (IESITENbHOCTH) B
MOBCEIHEBHON  JKM3HM, OTHOCAIIEHCI K
(dbyHIaMEHTaTBHBIM HaBBIKaM, HEOOXOIUMBIM
JUIS TIOBCETHEBHOTO yX0/1a 332 COOOIA.
HaubGonee  wacto HCIOJIb3YEMBIM
WHCTPYMEHTOM ISl OIEHKH aKTHBHOCTH B
MOBCETHEBHOM JKM3HU TAIlMEHTOB, B TOM
yucjie ¢ HapylleHHWeM  3peHus |
CapKOTICHUYECKUM  OXKHPEHUEM,  SIBIIACTCS
mkana Actvities of Daily Living Scale (ADL)
wi mkana bapren. Onnako mikana bapren
JUIE  OUEHKH 0a30Boil  (pyHKIMOHAIBHOMN
aKTUBHOCTH  HE  BCErJa  OKa3bIBaeTCs
MPUTOJHON ISl TIAIMEHTOB C HapyUICHHEM
3peHus, MTOCKOJIBKY HE YYHUTHIBACT
cnenududeckue HW3MEHEHUS B HapYIICHUU
3pUTENBHBIX (QYHKIMH TaKuX TAIMEHTOB,
CBA3AaHHBIX CO CHI)KEHHEM LEHTpaJIbHOU
OCTPOTHI 3pEHUsT M ToJIed 3peHHsl MpH
0 TaTEMOJIOTHYECKUX 3a00JIeBaHUSX.

CHukeHue ke OCTpOThl  3peHus  0e3
KOPPEKLUH, MaKCUMaJIbHOMN
KOPPUTHPOBAHHOM OCTPOTHI 3pEHHUs], MOJIEH
3pEHHs] U KOHTPACTHOM 4YyBCTBHUTEIBHOCTH Yy
NAllMeHTOB ¢  O(TaJbMOMATONIOTHEH  HE
MO3BOJIIET UM CAMOCTOSATEIBHO U 3(PPEKTUBHO
BBIIIOJIHATh OTJEJBHBIE BHJBI JEATEIBHOCTH,
TpeOyIOIIMe TOYHBIX JCHCTBUN U CBSI3aHHBIE C
MEJIKMMH ¥ HEYETKO pa3iuyaroluMUcA
npeaMmeramMu uiu  oobektamu [10]. Takwme
BHJIbI JICATEIBHOCTH B IIOBCEIHEBHOW KU3HHU
HAI[MEHTOB CO 3PUTENbHBIM ACPHUIIUTOM HE
MO3BOJIAET  BBIIBUTh  IIKana  0a30BOi
(YHKIMOHATBLHOM aKTUBHOCTH bapren wu
TpeOyIOTCSl HOBBIE MOJXOBI.

[lootomy  nmns omeHku  0a30BOiA
(YyHKIMOHATIBHOW aKTUBHOCTH MAllMEHTOB CO
3pUTENBHBIM 1€(DUIIUTOM U CApPKOIIEHUYECKUM

OKUPCHUCM HCO6XO,Z[I/IMO HCIIOJb30BaTh
CHCLII/I(I)I/I‘ICCKI/IG KpUTCpHUH, IIOKa3aTCJiu,
ACCOLIMMPOBAHHBIC Cco 3PUTCIbHBIM

NneGUIUTOM, KOTOpbIE B HAUOOJIbILEH CTEeHN
BIUSIOT Ha 0a30Byl0 (YHKIMOHATIHHYIO
AKTUBHOCTb M 3HAYUTENBHO €€ CHUXAIOT
MMEHHO U3-3a HapylIeHUs 3PUTEIbHBIX
(GyHKIMH B BUJIE CHM)KEHUSI OCTPOTHI 3pEeHuS,
MIPEK/Ie BCETO.

Heap wucciaegoBanus. ArmnpoOanus B
KJIIMHUYECKOW TI'€pOHTOJIOIMYECKON IPAKTHKE
pa3pabOTaHHOTO M BaJUAMPOBAHHOTO HaMHU
TEeCTa OLEHKH 0a30BOM (PyHKIMOHAIBHOMI
AaKTUBHOCTHM NAIlMEHTOB C CAPKONEHUYECKUM
OKUPEHMEM W HapylIEHWEM  3PEHHUS
BCJIE/ICTBHE PA3IMYHON 0(TaNIbMONATOIOTHH.

MarepuaJbl U METOIbI
HCCJICJOBAHMS. B HCCIIEI0OBaHNH,
npoBeéHHOoM B TamOoBckoM  dumane
«MHTK «Muxkpoxupyprusi rina3a» HMEHH
akagemuka C.H. ®¢€nopoBay  mnpuHsm
ydactue 125 nannueHToB M0KHUIIOr0 BO3pacTa C
CapKOINEHUYECKUM OXKHPEHUEM M KaTapaKToH
1 138 manueHToB aHAJIOTMYHOI'O BO3PACTHOTO
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L[EH3a,  CTPAJalolIMX  CApKOIEHUYECKUM
O’KMPEHUEM U IIEPBUYHOM IIIayKOMOM.
Amnanus KIIMHUKO-aHAMHECTUYECKUX
JTaHHBIX, OOCJIENOBaHHBIX JABYX IpyII
MAIMEHTOB MOXKWJIOTO BO3pacTa, HE BBIBUII
CTaTUCTHYECKH 3HAUYUMBIX Pa3IU4YMid 110
paccmarpuBaeMbIiM Mokazatensm (Taom. 1).
[TarueHTHI ¢ CAPKONEHUYECKUM 0KUPEHUEM U
KaTapakToi ObLIN HE3HAYUTEIBHO CTapIle, HO
paznuuMe  HE  HMMEN0  CTaTUCTHUYECKOMH
3HAYUMOCTH. Cpenu MalUEHTOB c

CapKOTICHUYECKUM OKUPEHUEM W KaTapaKTOM
OKa3aJICA HCCYHNICCTBCHHO BbIIIC YILCJIBHBII;'I
BEC, CTpaJarolmnx apTepuaIbHON
TUTIEPTEH3UEH 0€3 JOCTOBEPHBIX pa3IudHil.
Ilo KOJIMYCCTBY JIMI[ ¢ HAJIMYUCM CaxapHOro
nrabera 2-ro THIIA, HUIIEMHAYECKON OOJIE3HHU
cepama CpaBHUBaEMbIC TPYIIIBI
CTATUCTUYECKA 3HAYUMO HE Ppa3InyajiuCh.
KonnyecTBo 0JMHOKOMPOKUBAIOIINX B 00EHX
TpyIIax ObLJIO MPAKTHYECKH OJIMHAKOBBIM.

Tabnuya 1

KianHuKo-aHAMHeCTHYECKHUE IaHHbIE 0 MAIHEHTAX ¢ CAPKONMEHUYECKHM 0:KHPEeHHEM
U KATapaKToi, CAPKONIEHHYECKUM OKHpeHneM H riaykomoii (P£SD)

Table 1

Clinical and anamnestic data on patients with sarcopenic obesity and cataracts, sarcopenic
obesity and glaucoma (P+SD)

ITanueHTsl € ITanueHTsl C
XapakTepuCTHKH 06c/1eT0BAHHBIX CapKONEeHNYeCKHM CapKONEeHHnYeCKUM
NalNMenToB OKHpeHUEM U OKHpeHNeM 1 P
KATapaKTOH TJIAYyKOMO#
CpenHuii BO3pacT, JeT 71,34+2,18 70,19+2,45 >0,05
MyX4HHBI, a0C.4. (ITPOLIEHT) 52 (41,60+1,97) 67 (48,55+2,89) >0,05
Kenmunel, adc¢.4. (IPOLEHT) 73 (58,40+3,09) 71 (51,45+2,46) >0,05
Craryc 3aHsTocTd: paboTtaromue, adc.d. 28 (22,44+1,78) 34 (24,64+2,18) >0,05
(mporeHT)
Caxapuslii quabeT, adc.4. (IPOIeHT) 36 (28,84+3,12) 37 (26,81+2,05) >0,05
AptepuanbHas TUTIEPTECH3HA, abc.y. 69 (55,21+2,87) 65 (47,10+3,12) >0,05
(mporeHT)
WNmemundeckass 0Oone3Hp cepama, abc.d. 49 (32,20+2,64) 53 (38,41+2,37) >0,05
(mporeHT)
OxnHOKOE MpOoXHMBaHKE, a0C.4. (IIPOLIEHT) 11 (8,80+1,14) 15 (10,87£2,1) >0,05

[Taupentsl ¢ TIAyKOMOM wuMenu 2
CTaJIMI0 Pa3BUTHUSL C OCTPOTON 3peHust 0Oe3
koppekuuu 0,5 M HUXKE M CHUXKECHME INOJEH
3penust 10 25-32°. TlanueHThl ¢ KaTapakToi
UMENIM KaTapakTy C OCTPOTOH 3peHus 0Oe3
koppekunn 0,5 M HUXKE U CHM)KEHHE IOJIeH
3peHus 10 18-24°. JlnarHocTvka KaTapakTbl U
MEPBUYHON  TJIAyKOMBl MPOBOAMJIACH Ha

OCHOBC PE3YyJIbTAaTOB KOMIIJICKCHOT'O
KIIMHUYECKOI'O n arnmnapaTHoro
O(bTaJ'IBMOJ]OFI/I‘-ICCKOFO OGCHGILOBaHI/IH

MalUeHTOB. BBISBIEHNE CApKOIIEHUYECKOTO
OKMPEHUS  OCYIIECTBISJIOCh IO  IIIKaye
European working group on sarcopenia in
older people, nomomHeHHOH  KUCTEBOM
nuHamometpuerd [11]. B uccrnenoBanue He
BKJIIIOYaJINCh ITalIUCHTHBI C CUHAPOMOM
CTap4ecKoi aCTeHUH, BBIPAKECHHBIMU
KOTHUTUBHBIMHU HApYUICHUSAMHU, TaK KaK 3TO

MOTJIO UCKa3UTh JOCTOBEPHOCTh MOJTYyUYE€HHBIX
pe3ynpTaToB. TecTUpoBaHHME B YyKa3aHHBIX
rpyImnmax MMaIlEHTOB OCYLIECTBIISIOCH
HETIOCPEJCTBEHHO  aBTOpaMU B TEPUO]]
OKa3aHWs TAaIMeHTaM aMOYJIaTOpHOW WM
CTallMOHAPHOU 0 TaATBMOJIOTHYECKOU
CHEeUaTU3UPOBAHHON MEAUIIMHCKON TOMOIIN
Mo pa3pabOTaHHOMY U BAJIUJIUPOBAHHOMY
paHee HaMH TeCTy OIEHKYy 0a30BOH
(byHKIIMOHATEHOM AKTHBHOCTH npu
3puTenbHOM aedunure [12].

[IpennaraemMplii HaMu TECT MO OLICHKE
0a3oBoli  (YHKIIMOHATHHOW  AKTUBHOCTH
MalMeHTOB CO 3PHUTEIBbHBIM  JIEPHUIIUTOM
BKJIIOYAJT CIEAYIOIINE BOIPOCHI:

1. Kak BbI BcTaBuUTE€ HUTKY B «YILIKO)»
HTJIBI?

2. Crmoxno a1 Bam untats TekcT?
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3. Cnoxxno ym i1t Bam otpesars Oymary
3a/IaHHBIX pa3MePOB?

4. Cnoxso i1 Bam noactpuub HOrTu?

5. CnoxHo nu Bam paznuuats nudpsl HA
tenedone?

6. CnoxxHo iu Bam nucars teker?

7. CnoxHo 14 BaMm nmocuutaTth I€HLIU?

8. CmoxHo nu Bam paszniuyarh LBET
MpeAMETOB (OACKIbI)?

Ha xaxnplii Bompoc mpezasiarajioch TpU
BapuaHTa O0TBETOB: Jierko (0 6aIoB); CIOXKHO
C/IenaTh, HO s C 3TUM cIipaBioch (1 6ain); He
cMory crenars (2 6amna).

MaxkcuManbHOE KOJIMYECTBO OalljioB,
KOTOpOE MOXXET HaOpaThb MALUEHT C
HapylLIeHHeM 3peHus, focrturaer 16 6amios. B
3aBUCHMOCTH OT HaOpaHHOTO KOJIMYECTBa
6amioB 0a3oBas PyHKIIMOHATIbHAS AKTUBHOCTD
KJ1accu(uIupoBasiach Ha:

- JNETKyK 3aBHCHUMOCTHb B IIOCTOPOHHEM
niomoriu (0-6 6a1oB);

- YMEPEHHYIO (CPEIHIOI0) 3aBUCUMOCTD
B ITocTOpoHHel nomoiu (7-10 6amios);

- BBIP@XXEHHYIO (TIOJTHYI0) 3aBUCUMOCTH
B noctoponHei oMot (11-16 6annos).

BamunnocTs Tecta mo koaduiimenty o-
Kponbaxa COCTaBUJIA 0,85 IIPOTHUB
kputndeckoro yposHs: 0,70.

[Tpu OILICHKE JIOCTOBEPHOCTH
HCIIOJIb30BAJICS HeTrapaMeTpUYEeCKH
kputepuit X2 u nporpamma «Statistica 10.0.
CratucTudecku 3HAYUMBIM CUHTAJIOCh
paznuuue mpu p<0,05.

PesyabTarhl W HMX 00Cy:XKIeHHe.
[IpoBenéHHOE TECTUPOBAHUE NESITEIBHOCTU B

[IOBCEIHEBHOU JKA3HH [aLMEHTOB
CpaBHUBACMBIX rpyIIII BBISIBHIIO
CTAaTUCTHYECKH 3HAYMMBIC Ppa3Iduds 110
MHOTHUM COCTAaBJISIOIIAM 6a3oBoit

(byHKIMOHATBHOW akTUBHOCTU. [Ipum 3TOM
HamOojee  CYIIECTBEHHO  MHAlUEHTBhl  C
CapKOIIEHUYECKUM OKMPEHHUEM U KaTapaKTOu
OTJINYAIUCh oT NAlMEHTOB c
CapKONEHUYECKUM OXXUPEHHEM M TIJIayKOMOU
[0 TakoOMy BMJYy J€ATEIbHOCTH  Kak
MIPOBEJICHUE HUTKU B UIJIy U UMEIH BBICOKHE
0aJuIbl, YTO CBHUJIETENILCTBYET O CIIOKHOCTH H
po0JIeMaTUYHOCTH ero BBITIOJTHEHUS
o0cieloBaHHBIMU NAIlUEHTaMHU U OCOOEHHO
MalHUEHTAMH C CAPKOIEHUYECKUM 0KUPEHUEM
U KaTapakToM.

JUia  manueHToB 00€MX TpyNI €O
3pUTENbHBIM JAEPUIUTOM TPYAHO BBIIIOJHUTH
CTPUXKKY HOTTeH W B OOJbIIEH CTENEeHH IS
MAIMEHTOB C CAPKONIEHUYECKUM OKUPEHUEM U
kartapakToi. [Io TpeTbeli paHroBOW MO3UIUH,
OTpaKalwlIlled Halu4yhue OrpPaHUYEHUl B
NEATEIBHOCTM B IIOBCEIHEBHOM  KHU3HH,
MaUEeHThI CpaBHHMBAaEMBbIX rpynn
paznuuarorcd.  Tak, y  NalMEHTOB C
CapKOIIEHUYECKUM OXXUPEHUEM M IJIayKOMOU
CHI)KEHa AaBTOHOMHOCTh [0 HPOYTEHMIO
TEKCTa, TOTJa KaK y MAallMeHTOB C HaJIUuueM
CapKOIIEHUYECKOT0 0’KMPEHUS U KaTapaKThbl —
o Hanucanuto Tekcta (Tadm. 2).

Tabnuya 2

JesiTeJIbHOCTH B MOBCEAHEBHOM KM3HM MANUEHTOB ¢ KATAPAKTOM M IJIayKOMOM
10 JAHHBIM TecTupoBaHusa (Mxm, 0asIbI)

Table 2

Activities of daily living of patients with cataract and glaucoma according to test data
(Mz£m, scores)

. IManueHTHI IManueHTHI
Kpurepuii qessTe IbHOCTH B
o € CAapKONEHUYEeCKHM ¢ CAapKONEHUYEeCKHM p
MOBCEIHEBHOM KU3HH . .
O’KHPEeHHEeM U KATapaKToi O0’KMPEHNEM U TJIayKOMOii
[IpouTeHue Tekcra 1,53+0,04 1,38+0,03 <0,05
[IpoBeneHne HUTKU B UTITY 1,84+0,03 1,52+0,02 <0,01
Otpe3anne Oymaru 3aJaHHBIX 1,18+0,01 0,95+0,02 <0,01
pa3MepoB
Crpmxka HOTrTel 1,75+0,03 1,43+0,04 <0,01
Pasmuenue mudp Ha Tenedone 1,52+0,03 1,26%0,02 <0,01
Hanwucanue Texcra 1,68+0,04 1,32+0,02 <0,01
IToncuér nener 1,47+0,02 1,28+0,01 <0,05
Omnpenenenue 1BeTa NMPEAMETOB 1,21+0,03 1,04+0,02 <0,05
(omeXIb1)
Bcero 12,18+0,4 10,18+0,5 <0,05
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Panrosele  Mecta  Apyrux — BUJOB
NESTEIbHOCTH B IOBCEJIHEBHOM JXU3HU IPU
CaMOCTOSITEJIbHOM  BBIIIOJHEHUH  Cpeau
MAIMEHTOB C CAPKOIIEHUUYECKUM OKUPEHUEM U
KaTapakToOi M CapKONECHUYECKUM O0XXUPEHHEM
U TJAyKOMOM TakXke pasauyarorcs. Y
MAIMEHTOB C CAPKOIIEHUYECKUM 0)KUPEHUEM U
IJIAyKOMOW Ha YeTBEPTON MO3ULUN HAXOIATCS
OTpaHUYEHUS] C IPOYTEHUEM TEKCTa, a Yy
NAIMEHTOB C CAPKOIIEHUUYECKUM 0)KUPEHUEM U
IJIAayKOMOW — OrpaHWYEHMs] C HallMCAaHUEM
TEeKCTa. Y TAalKEHTOB paccMaTpUBAEMBbIX
TPYIIl CYIIECTBEHHO CHMXXEHa CHOCOOHOCTH
CaMOCTOSITEJIbHO ~ pa3nuyaTh LUQpel Ha
TeneoHe W OoJee  CYIIECTBEHHO TIpH
KarapakTe. B MeHblIel cTeneHn NmanueHThl ¢
CapKOIIEHUYECKUM OKUPEHHEM U KaTapaKTOu
U CapKOINEHMYECKHMM  OXHUPEHHEM U
IJIAYKOMOM HUMEIOT OTpaHUYCHUA
CaMOCTOSITENIHO OTpe3aTh Oymary 3aJaHHBIX
pa3MepoB U ONpPEIENMUTh 1IBETa IPEIMETOB
(omexnpl).

ITo BEJIMYMHE MHTETPaIbHOTO
IIOKa3aTessl IEATENbHOCTH B IIOBCEIHEBHOM
KU3HU TALUEHThl C  CapKOIEHUYECKUM

14

OKUPEHUEM U KaTapaKTOH HMMEIOT, COIJIacHO
MPUHATON IpajJaliiu, BEIPAXKEHHYIO (IIOJIHYIO)
3aBUCUMOCTh B IIOCTOPOHHEH IIOMOLIH, a
NAlMeHThl ~ TOTO  JKe BO3pacTa C
CapKOINEHUYECKUM 0)KUPEHHUEM U TTIayKOMOMN —
YMEPEHHYI0 (CpPEIHIO) 3aBUCUMOCTH CO
CTATUCTHYECKH  3HAUYUMBIM  pa3iIuueM
(PucyHOK).

Takoe cyliecTBeHHOE pa3iuyue B
3aBUCUMOCTH OT IIOCTOPOHHEH IIOMOLIU Yy
MAIMEHTOB C CAPKOIIEHUYECKUM OKUPEHUEM U
KaTapakToi, Ha Hall B3IJILJA, CBA3aHO C
yTpaToil LEHTPAIBHOTO M THepuepudecKoro
3peHMsI BCJIEACTBUE JIaHHOTO 3a00JI€BaHUS U C
OTHOCHUTEIIEHBIM COXPAaHEHHUEM LIEHTPATBHOTO
3peHHusl IIpU noTepe nepudepuyecKoro 3peHus
OpU  CApKONIEHUYECKOM  OXHUPEHUH U
rj1layKoMe. [TosTomy HalMEeHTh c
CapKOTICHUYECKIM O’KHPEHHUEM M KaTapaKTOH,
HECMOTpST Ha OTCYTCTBUE Da3JIMuuii B
BO3pacte, B OOJbIIEH CTEIEHH HWMEIOT
OTpaHUYEHUS B JeSITebHOCTH B
MTOBCETHEBHOMN JKM3HM, HEKEIW IalUEHTHI C
CapKONEHUYECKUM OXXHUPEHHEM M MEepBUYHOMN
IJIAYKOMOM.

| p<0,001

12
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o N OB~ OO @

1
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72
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Puc. VurerpanpHas BennuuHa 0a30BOM (YHKIIMOHATBHON aKTUBHOCTH MAIlUEHTOB
C CapKONIEHUYECKUM OXHpPEHHEM U KaTapakToi (1) u capkoneHn4ecKUM OKUpEHUEM

u rnaykomoit (2) (M+m, 6as)
HpI/IMe‘IaHHCZ Ilo ocu a6CIII/ICC NpeACTaBJICHbI CPABHUBACMBIC I'PYIIIbI MMAMUCHTOB, IO OCH OPpJAWHAT — HMHTErpaJibHAA

BCIIMYKWHA NCATCIIBHOCTH B HOBCGHHCBHOﬁ JKHU3HU

Fig. The integral value of the basic functional activity of patients with sarcopenic obesity and

cataract (1) and sarcopenic obesity and glaucoma (2) (M+m, points)
Note: The compared groups of patients are represented along the abscissa axis, and the integral value of activity in daily

life is represented along the ordinate axis
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CrnenoBarenbHO, HapyLICHHs 3PECHHUS
IPUBOJAT K HECOOTBETCTBUIO YEJIOBEKA B
OKpYXKaloIlleld Cpele, BbI3bIBAs TPYAHOCTH B
pelIeHNH [OBCEIHEBHBIX 3ajad Jaxe B
3HAKOMOM CUTYyallK1 [10]. OnHako
J0Ka3aTeIbCTB  TAaKOW  CBSI3U  MEXAY
3pUTEIBHBIM JIeDULUTOM U JEATEIBHOCTBIO B
IIOBCEIHEBHOM XU3HU U HCIOJIB3YEMBIX JUIS
3TOM  LeNM  TECTOB, CHEHU(PUYHBIX U
aJIeKBaTHBIX U1 NALUEHTOB C HapyLICHHEM
3peHusl U CapKOIEHUYECKUM OKUPEHHUEM, B
HACTOALLEE BPEMsI HEJOCTaTOYHO U ITO3TOMY Y
MAIMEHTOB c o(rabMOIIOTHYeCKUMU
3a00J€BaHUAMU  NPUMEHSIOTCS Kb,
MIPEJIOKEHHBIE /JIl OLEHKU JEATEIbHOCTH B
[IOBCEIHEBHOM  JKM3HM  IALIUEHTOB  C
COMaTHYECKOW  martojoruei  0e3  yuéra
3pUTENBHOrO Je(uiuTa, HE IO3BOJISAIOLINE
UACHTU(GUIIMPOBATE  PACCMOTPEHHBIE U
BKJIIOYEHHBIE HaMU BHIbl JEATEIBHOCTH B
[IOBCE/IHEBHOM KM3HU B TECT OLIEHKU 0a30BOM
(YHKIIMOHATIBHON aKTUBHOCTH IALMEHTOB C
HapylLIeHUEM 3pEHUS.

[Ikana 1eATenbHOCTH B MOBCEIHEBHOU
xm3an  (ADL) omeHuBaer  crnocoOHOCTB
BBITNIOJHATh CaMOCTOSTENBHO 10 OCHOBHBIX
BU/JIOB JIEATEIBHOCTU B IOBCEIHEBHOM JKU3HU:
NIUTaHUE, IEPEMELICHHUE CO CTyJla Ha KpOBaTh
1 00paTHO, JTMYHAs TUTHEHA U yXOJ 3a COOO0H,
TUTHEHA TyajleTa, KyllaHue U MPUHATHE TyIa,
nepeMeleHme, moabEM U CIIyCK I10 JIECTHHULIE,
OJIcBaHWE M MONJEpKAHUE KOHTPOJISA 3a
KHUIIIEYHUKOM U ModencnyckanueMm [13]. Kak
BUJHO W3  BBIIIENPHUBEAEHHBIX  BHUJOB
JeSITeIbHOCTH B TOBCEITHEBHOM JKU3HHU IIKAJIbI
bapren, MHOrMe U3 HUX HE TPeOyIOT HATUYUS
BBICOKOW OCTPOTHI 3pEHUS KaK [IEHTPAIbHOTO,
Tak U nepudepuueckoro. B wactHOCTH, K
TaKUM BHJIaM JIESITEIbHOCTH B MOBCEIHEBHOMN
KU3HU CIIEYET, 0 HAIIEMY MHEHHIO, OTHECTH
MUTaHUe, IEpPEMEIIeHHE CO CTyJla Ha KpoBaTh
1 00paTHoO, JTUYHAsi TUTHEHA U YXOJ 3a COOOH,
TUTYMeHa TyajieTa, KyllaHue U MpUHITHE TyIa,
OJIcBaHUE M MOAJEPKAHUE KOHTPOJISA 3a
KHUILIEYHUKOM u MOYEHCITyCKaHHEM.
Hapymenue 3peHusl MOXKET BIUATH HA TaKUE
BH/IbI JEATCIBHOCTH B IIOBCEAHEBHON KU3HU,
OLICHUBAEMBbIE mkano  bapren, KakK
IEpPEMEIEHUE, TOABEM U CITyCK I10 JIECTHULE
B ClIy4ae KpaliHe HU3KOU OCTPOTBI 3pEHHUSL.

UccnenoBanue, mnpoBeneHHOE Cpeau
MOXKUJIBIX  JIIOJEH,  IpOXHUBAOIIMX B
YUPEXKJEHUSX  JIOJITOCPOYHOTO  yXoia B
yertbipex crpaHax (Kanaga, CoenuHeHHbIE
[rarel, Gunnsaaus, benbrus), mokasao, 4To
MOXKUJIBIE JIIOJU C HApYLIEHUSMHM 3PEHUS C
0oJbIIel BEPOSTHOCTHIO HUMENIU  CHIIBHO
CKOMIIPOMETHPOBAHHYIO HE3aBUCUMOCTH I10
ADL [14]. OGHapy>KeHO, YTO HOXHJIbIC JTIOAN
Cunranypa ¢ OAHMM WUIM  OOOUMH
HapyUIEHUsIMM 3pEHMsI CBsI3aHbl ¢ Oojee
JUINTEIIbHBIMUA OTPAaHUYEHUSIMU  (DU3HUECKUX
¢ynkuuii mo ADL [13]. Tloxkwunsle moam c
HapyUICHUSIMH 3PEHUS TaKXKe Yallle cooomanu
o TpynHoctsax npu ADL — nanpumep, npu
Xxoap0€, BBIXOJE HA YIUIy, BCTaBaHUH C
KpOBaTH WM CTyjla, I[pUeMe JEKapCcTB U
MIPUTOTOBJICHUH MHIIY - YEM TMOXKHIIbIE JIHOIU
0e3 HapylLIeHUH 3peHHUs BCIEACTBHE Pa3HbIX
0P TaTBMOJIOTHYECKUX 3a00JICBaHUMN.
BreisiBIeHO, UYTO  TOXWIBIE  JIIOOHM  C
HapyUIeHHsIMH ~ ClIyXa  4allle  Ha3bIBaJH
noao0HbIe TpyAHOCTH 110 ADL, yeM nmosxuiibie
aroan  0e3 3puTeNbHBIX HapymeHuid [15].
Cpenu NOXWIBIX JIOAEH M3 JBYX JIOMOB
colualbHOro obecrneyeHus B Manaiizuu
MOKa3aHO, 4YTO  MOXWIblE  JIIOOU  C
HapyUICHUSIMH 3PEHHS UCIBITHIBAINA OOJbIIE
TpyaHoctei o ADL [16].

Taxxe oTMedaeTcs B HCCIENOBaHUM,
OLICHMBABILIEM CBfA3b HApylIEHUH cilyXxa H
3pEHUs C HETaTUBHBIM CAMOYYBCTBUEM CPEIU
MOXKUJIBIX JIIOJEH, MPOXKHUBAIOUIMX IO MECTY
YKUTEJIbCTBA, YCTAHOBIICHA CBSI3b HAPYIICHHS
3peHusi €O CHIDKEHHEM (PyHKIMOHAJIBHOMN
aKTUBHOCTH y IMpeJCTaBUTENEH 0O0MX MOJIOB.
JlaHHbBIE CBUJETEIBCTBYIOT O TOM, YTO, XOTS
YKEHIUHBI UMEIOT Oonee BBICOKYIO
MPOJOJIKUTENBHOCTh KHU3HU, Y HHMX BBILIE
JI0J151 JIET HETPYJOCIIOCOOHOCTH MO CPABHEHUIO
¢ myxunHamu [17].

[Tonyuenst pe3yabTaThl MOJeINN
JIOTUCTUYECKON perpeccuu, KOTOpas
HUEpapXUUECKH ONMCHIBAET CBSI3U MEXIY
HapyIICHUSIMU 3PEHUS U OTPAHUYCHUSIMU T10
ADL [17]. ¥V pecnoHAEHTOB MY>KCKOTO IoJja
HECKOPPEKTUPOBaHHBIM  mokazatenp  OR
OTpaHMYEHUN M0 3pPEHUI0 WM IO IOBOIY
HapymeHnust 3penus u ADL cocraBun 7,35
(95% 11 4,25-12,72). Bkmrouenue
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CoLIMaIbHO-JeMorpaduuecKux KOBapHar
YMEHBILNIIO CTENEHb CBS3U MEXIY
HapyUICHUSIMH 3PEHUS U OTPaHUYCHUSIMH 10
ADL (OR 5,52; 95% JAU 3,05-9,99).
JloGaBieHue  KoBapuaT, CBSI3aHHBIX  CO
3I0pOBbEM,  JONOJIHUTEIBHO  YMEHBIIWIIO
BenuuuHy accormaruu 10 OR 4,96 (95%/11
2,72-6,38). JloGaBienne COLIMAJIBHBIX
KOBapuar JOMNOJHMUTENbHO cHu3uiao OR 1o
3,79 (95%UN 2,26-6,38). AmnanoruuHas
KapTHHA HAOIOAaIach Cpelu PECIOHICHTOB
KEHCKOro  moia. HeckoppeKkTupoBaHHBII
nokazarenb OR 1o moBogy HapyuieHHs
3peHusi u orpanndyenuii mo ADL cocTtaBui
4,13 (95% AN 2,22-7,67). B moaHOCTHIO
CKOPPEKTUPOBAHHOIN MOJIEIH CBSA3b CHU3UIIACH
10 OR 2,66 (95%JU 1,36-5,21) [17].

Bbonee CYIIIECTBEHHO MOKa3aTenu
0a30Bol (DYHKIMOHAILHOW AaKTHBHOCTH Y
MAIMEHTOB C 0 TaTEMOJIOTHYECKOI
[IATOJIOTUEH CHUXKAIOTCS MPU  COUYETAaHUU
3pUTENBHOTO AePUIUTA C JPYTUM CEHCOPHBIM
nepunuToM — HapymieHueM ciyxa [17].
[Toka3zaHo Ha OCHOBE MOJENIEN JIOTUCTUUECKON
perpeccuu, HUepapXxuyecKyd OIHCHIBAIOIINX
CBS3M MEXIy HapylIIEHUSIMU ClIyXa H
orpannuyeHussMu o ADL fis kaxjoro mnosna.
v PECTIOHJIEHTOB MY’KCKOT'O rosia
HECKOPPEKTUPOBaHHBIN mokazatens OR 1o
HapyLuleHMIO cilyXxa M orpaHudueHnii ADL
cocrasun 7,97  (95%AU  5,19-12,23).
BxiroueHne — commanmbHO-AeMorpaduueckux
KOBapHaT YMEHBILIWIO CTENEHb CBA3H MEX]Y
HapylUIeHUsIMH ~ CIyXa W CHIDKEHUEM
¢ynkmumonansHocT 1o ADL  (OR  6,43;
95%11 4,18-9,90). [loGaBneHue koBapuar,
CBA3aHHBIX  CO  3J0pPOBBEM,  HEMHOIO
YMEHBIINJIO BEIMUYMHY accouuanuu 1o 6,30
OR  (95%AN 4,01-9,90). HoOGaBnenue
COLIMATPHBIX  KOBapuaT  JIOTIOJHUTEIHHO
causmio BesmmunHy OR 1o 5,76 (95% /U 3,52-
9,40). Cpenu pecnoHAECHTOK >KEHCKOTO IoJia
Obl1a OOHapyXeHa aHaJOTWYHAs TCHJICHIIUS.
IToka3zaTenb orpaHu4YeHHON (HYHKIIMOHATIEHON
aKTUBHOCTH 0€3 ydeTa HapylIeHUH ciyXa 1o
ADL 6e3 xoppekuun OR coctaBun 4,57
(95%A1  1,67-12,50). B  moJHOCTBHIO
CKOPPEKTUPOBAHHON MOJENH CBSI3b ObLIa
camxena 10 OR 3,30 (95%/1U1 1,17-9,33) [17].

WUcnonw3oBaHHBIE HaMH TECT OICHKH
IESITEILHOCTH B IIOBCEJIHEBHOM  JKM3HU
MallMEHTOB C  HApyIICHUEM 3pCHUs |
CapKONEHUYECKUM OKUPEHUEM OPUEHTUPOBAH

Ha  aHalM3  COCTaBIAIONIMX  0a3oBoOM
(YHKIIMOHATLHONH aKTUBHOCTH, BBIIIOJHEHUE
KOTOPBIX B IIOBCEIHEBHOMN KU3HU

HEBO3MOXHO C CYLIECTBEHHBIM HapylICHHEM
3pEHHsI, TIOCKOJBKY HWACHTU(PHUIMPYET BHIBI
IIOBCETHEBHOM NesITeIbHOCTH,
aCCOLIMMPOBAHHBIE C MEJIKUMHU OOBEKTaMH,
OLIEHUTb KOTOpble HE I[03BOJIAET LIKaJa
bapren, Tak Kak HE COIEPXKHUT TaAKUX
KpUTEPHEB.

B wuccnenoBaHuM, BBINOJIHEHHOM B
Manaii3uu ¢ UCIoJIb30BaHUEM TPaJUIMOHHON
uikaisl bapren, ycraHoBi€HO, UYTO HapyllIEeHUE
3peHMs] B 3HAUUTEJIBHOM CTENEHM CBSI3aHO C
orpannueHusiMu 1o ADL nocrie nonpaBku Ha
KOBapuaThl y 00OMX IOJIOB U BO3pacT. ITO
COTJIACYETCsl C UCCIIEI0BAaHNUEM, IIPOBEIEHHBIM
Cpead MOXKWIBIX JIIOJEH W3 JBYX JOMOB
COIIMAIBHOTO OO0ECIEeYeHHSs, YCTaHOBUBIIIEM,
YTO MOXKUJIBIE JIOAU C HAPYLIEHUSIMU 3PEHUS
UCHBITBIBANIM OoJbiie TpyaHocted nmpu ADL
[18]. Coobmanoce 00  aHATOTHMYHBIX
pe3yabpTaTax, B KOTOPBIX ObUla OOHapyxeHa
3HAUUTENbHAs  CBSI3b  CO  CHHKEHUEM
(yHKIIMOHATIBHOM aKTUBHOCTH y
npeacTaBuTeneil 000UX MOJIOB ¢ HApYLICHUEM
3peHusi. AHaJIOTUYHBIM 00pa3oM, HapylLIeHHE
3peHus CBSI3aHO co CHU)KEHHUEM
(YHKIMOHATBHOCTH TOCJIE€ TOIMpaBKU Ha
COLMAJIbHO-JIeMOrpapuuecKue
XapaKTePUCTUKU U XPOHUUYECKHE 3a00IeBaHUS
y TOXWIbIX >KeHIMH. Iloxunele mrogu c
HapyUICHUSIMH 3PEHHUS TaKXkKe yallle coo0Iamn
O TPYAHOCTSIX IpHU X0b0e, BBIXO/E Ha YIIUILY,
BCTaBaHWU C KpOBaTH WM CTyja, NpUEME
JEKapCTB W INPUTOTOBJIEHWU [HIIU 10
CPaBHEHHUIO C TOXWIBIMH JIIOAbMHU  0€3
HapyuieHust 3peHus [15]. Iloatomy BaxkHO
o0ecnieunTh  aJeKBaTHOE  JIEUEHHUE  WIH
KOPPEKLMIO HApYIIEHUN 3pEHMS Y MOKUIIBIX
JIIOJIEH, 0COOEHHO cpenu JIUIT C
orpanudeHussMU 10 ADL, 4T00BI OrpaHUYUTH
HEe)KeJaTeNbHble IOCICACTBUS HapyLICHUH
3peHus AJis KU3HU MOXKWIbIX JTHOACH.

CrocoOHOCTh K€ BBINOJHATH  BH/[IbI
NESATEIbBHOCTM B IIOBCEJIHEBHOM  KHU3HH,
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npeaycMoTpeHHsie mkaigo ADL, 3aBucut ot
KOTHUTHBHBIX (paccyxaenus,
IJIAaHUPOBAHUE), JIBUTATeIbHBIX  (OamaHc,
JIOBKOCTb) M  TEPUEHTUBHBIX  (BKJIIOYAs
ceHcopHble) crocobHocter [18].  Takke
CYIIECTBYET Ba)XXHOE  pPAa3IMUUE  MEKIY
CTIIOCOOHOCTBIO YETIOBEKA BBITIOIHSITH 3a/1auy
(busmueckass W/ WIM  KOTHUTHBHAS
CIOCOOHOCTbH) M CIIOCOOHOCTHIO TPU3HATH, YTO
3ajaya JIOJDKHAa OBITh  BBHINOJIHEHA  0e€3
MOACKa3KW  (KOTHUTHUBHASL  CIOCOOHOCTH).
Onenka cmocoonoctu Kk ADL  gacrto
BBITIONTHSETCS HA CPEJHUX WU TO3JTHHUX
CTaUsIX JICMCHITUH, HO MOYXKET
OCYIIECTBIISATHCS u B nporecce
BBI3IOpOBJICHUs. HampaBieHue Ui OLEHKU
cnoco6HOocTH ADL MOXeT BKITIOYaTh BOPOCHI

KOIHUTHBHBIX, SMOLIMOHAJIBHBIX WIH
MOBEJICHUYECKUX  (PaKTOPOB,  MEIIAIOLINX
(YHKIIMOHMPOBAHUIO ITUX OCHOBHBIX
HaBbIKOB, M CIOCOOBI MPEOAOJEHUS ATHUX
OTrpaHUYEHUN JUIS MOBBILICHUS
HE3aBUCUMOCTH. [IpennoxenHbIin 51

HCIIOJIL30BAHHBIN K& HaMH TecT orneHkn ADL
MAalMEHTOB C HApyLIEHHEM 3peHus |
CapKOIIEHUYECKUM OXXUPEHUEM HCKIIHYaeT
BJIUSIHUE Ha €ro pe3yibTaTbl KOTHUTHUBHOM
TUCHYHKITHH KpoMme TaKoro BHJIA
NeSITEIbHOCTH B IOBCEIHEBHOM JKHM3HM Kak
MOACYET JCHET.

CHmwxeHne  orpaHudyeHuil  6a3oBoi
(GYHKIIMOHATBHOCTH ~ MOXET  JOCTUTAThCA
MTyTEM TOBBIICHHUS] THHOPMUPOBAHHOCTH WITH
MEIULUMUHCKOM  TPaMOTHOCTH  MAIlMEHTOB,
o0ciieIoBaHHBIX HAMHM U JPYTHX KaTeropuii
MalMeHTOB, TaK Kak I[I0Ka3aHo, 4TO
PECHIOHJEHTBI ¢ 0oJiee BBICOKUM YpOBHEM
o0Opa3oBaHMs CBsi3aHbl ¢ Oojiee HHU3KUMHU
HIaHCAaMHU TOJIy4UTh OrpaHuueHus mo ADL
[17].  DOrtor  BBIBOO  coryiacyerca  C
MPEABITY MU UCCIIEIOBaHUSIMU,
MPOBEACHHBIMU CPEIU TOXKWIIBIX KUTEIEH
CEeJIbCKOW MECTHOCTH M IOKa3aBIIMMH, YTO
HU3KUH YpOBEHb O0Opa3oOBaHUsl SBISETCS
OJTHUM M3 (aKTOPOB pUCKA OTPaHUYECHHH IO
ADL [19]. HaunoHnanbHbIN ONpOC MOXKHUIIBIX
Jmronen B Tanmaune ImoKasail, qT0
PECTIOHICHTHI oe3 o0pa3oBaHUs
MoJBEpraioTcsi  0ojee  BBHICOKOMY  PHUCKY
orpannueHuii. B Hcnanwm Oosnee HUBKHIA

o0pasoBareNbHbBIN cTaTyc ObLT CBSI3aH ¢ OoJiee
BBICOKMM pHUCKOM orpaHuueHuii mno ADL
cpeau NoXwibx Jirogaeh [20]. AHaTOrHYHBIM
o0pazom, OTCYTCTBUE ¢dbopmansHOTO
o0Opa3oBaHMs ObUIO CBSI3aHO C 00Jiee BHICOKUM
puckom orpanumueHuid no ADL cpenu
HOXKHJIBIX Jmonen Nuanun [21].
CnenoBarenbHO,  ypOBeHb  OOpa3oOBaHHS
JOJDKCH TMPUHUMATHCS BO BHHMAHHE IPHU
pa3paboTke peKIaMHBIX MpOrpamMMm WU
MOJINTUKH, CBS3aHHBIX C  HAPYIICHUSMHU
3penusi u orpannyeHusiMu no ADL cpeau
MOYKUJIBIX JIFOAEH.

Pa3paboranHblii HamMu TeCT OLEHKH
0a30BOl  (DYHKIIMOHAJIBHONM  AKTUBHOCTU
MalUMeHTOB ¢ JACQUIMTOM  3PUTEIBHBIX
(GYHKIMH UCKITIOYAET BIMSHHUE HE TOJIBKO, KaK
OTMEUYEHO paHee, KOTHUTUBHBIX HapyIICHUH,
HO 31 BO3/EHCTBUE JIPyroro
pacnpoCTpaHEHHOTO CpeIu MAalUeHTOB C
o(ranpMoNornYeCKUMHU 3200JIeBaHUSIMHU
repuaTpuueckoro CHUHIpoOMa — JCNpPecCUu
[12], mOCKONBKY Yy MOXWIbIX NallMEeHTOB
oOHapykeHa accouualus JeNpeccuu ¢
HAJIMYHEM OTJIbHBIX OTPAaHUYCHUH 110 [ITKaJIe
bapren [22]. JlesaTenbHOCTh B MOBCEAHEBHOM
KHU3HH CHW)KAETCSI C BO3PACTOM M MHOTHE
MOBCETHEBHBIE JIEHCTBUS TPYIHO BHITOIHATH
camocTrosTenbHo. Du3nueckoe yXyJlIeHHe
CUMTaeTcs  KIYeBOM  mpobiemolt  ams
CIIOCOOHOCTH MOKUJIIBIX Jroen K
caMo00CITyKUBaHUIO. OrpanuveHus B
MTOBCETHEBHON JEATENBHOCTH U (PU3HUYECKUX
GYHKIUSAX TPUBOASAT K TOMY, YTO TMOXKHIIbIE
JFO/TA TEPSIFOT HE3aBUCHUMOCTb, YTO TPUBOINAT
K CHMIITOMaM JE€NpecCUu. IJTO COCTOSTHUE
MOXKET TIPHBECTH K TICHXOCOIIHAIBHBIM |
¢uHaHCOBBIM TpyAHOCTSM. CyllecTBEHHBIE
JAHHBIE CBHJICTEIBCTBYIOT O TOM, YTO
orpanuueHusM o ADL noaBepxeHs! 1o ¢
0oJiee BRICOKHM PUCKOM Pa3BUTHS CHMIITOMOB
Jenpeccud, a  (Qu3MUecKas JIUCHYHKUHUS
acCOLMUPOBAJaCh ¢ CUMITOMAaMU JIETIPECCUU
y B3pOCIbIX KUTaWIEB B BO3pacte 55 ner.
[Toxkuipie JFOAM C TIOBBINICHHBIM YPOBHEM
(YHKIIMOHATLHBIX OTPAHUYEHUI MOTYT UMETh
CUMITOMBI JENPECCUu, orpanndeHus no ADL,
YTO MOXET CIIOCOOCTBOBATH, B CBOIO OYEPE/Ib,
Pa3BUTHUIO CHMITOMOB JENPECCHH. ABTOPBI
JNEMOHCTPHUPYIOT, KaK ¥  TPeIbIayIue
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UCCIIEIOBaHMs, CBs3b MEXIy (usnueckon
¢bynkuueii, ADL u cuMntToMamu AENpeccuu.
[Toxunple 0 € Jenpeccuer yame UMeNn
¢bu3nvecKyto TMCHYHKIUIO U OTPAHUYCHUS 10
ADL. BpeisiBieHa cwibHasg CBSI3b  MEXIY
orpanuueHussMu 1o ADL wu ¢usnueckoit
aucyHKIUEeH 1 pUCKOM pa3BUTHS CUMIITOMOB
nenpeccud. TakuM 00pa3oM, HEOOXOIUMO
yIeNATh BHUMaHUE (U3NUYECKOMY 3/10POBBIO
MOKWIBIX JIFOAEH, 0COOEHHO C HapyLIEHHEM
3peHus. [IpaBuTenbcTBO M O0IIECTBO JOKHBI
OKa3bIBaTh JIONIOJTHUTENBbHYIO IIOMOIIIb
MOXKWIBIM JIIOAAM ¢ HapymeHusmu ADL u
¢usnyeckoil nucyHKIMeH. Y NalnueHToB C
HapyIIeHHUEM 3PSHHS MaJIOTIO/IBIKHBINA 00pa3
KHU3HU TPUBOJUT K CHUDKEHHUIO CIIOCOOHOCTH
BBIIIOJIHATh  [TOBCEJHEBHYIO JIEATEIbHOCTb.
ITosToMy moXuibIM JOOIM  TpeOyercs
nocTarodHas (pu3myeckas aKTUBHOCTBH ISt
MIOBBIIIEHUS ux (GYHKIMOHAIIBHBIX
BO3MOXXHOCTEH M ICUXMUYECKOTO 370pPOBbs
[22].

B npocnextuBHOM uccinenoBanun 2713
MOKUJIBIX ~ KUTAWLIEB, KOTOpBIE  IMPOIIIN

oOciemoBanusi B paMkKax  YWKarckoro
UCCIIETOBAHUS KUTaNWCKON MOMYTISIIUN
MOXKWJIOTO BO3pacta, Obuia OOHapyKeHa
3HAYUTENbHAs B3aMMOCBS3b MEXIy

CUMIITOMaMH JENPECCUH U BO3HUKHOBEHHEM
(GYHKIMOHANBHBIX ~orpaHudeHuit [22]. B
HCCIIEIOBAHUU W3MEHEHUN YPOBHA
CUMIITOMOB JIENIPECCUU Y MOKHUIIBIX KUTANUIIEB
ObLII0 0OHAPYKEHO, UTO orpanndeHus mo ADL
SBJIAIOTCSI TPYIIION BBICOKOTO PUCKA Pa3BUTHUSA
CUMITOMOB Jenpeccud. B wuccienoBanum,
npoBesieHHOM B IlekuHe, ObIJIO yKa3zaHO, YTO
MOXWJIble JaM B Bo3pacte 60-74 ner c
OTPAaHMUYEHHBIMH  BO3MOJKHOCTSMM  Halle
WCIBITHIBAIOT CUMIITOMBI JENpecCuu.
AHaNOTUYHBIM 00pa3oM, YCTaHOBJIEHA CBS3b
orpanndyeHuid 1o ADL ¢ TOBBIIIEHHBIM
PUCKOM Ppa3BUTHS CHUMITOMOB JENPECCUH Y
JMIOJEN CcpeAHero W TOXKWIJIOro BO3pacTa.
JlaHHBIE OJJTHOTO HCCIIEI0BAaHMS MOKA3aJI1, YTO
¢busnueckas AUCPYHKIMS Y TMOXKUIBIX JHOIEH
JIOCTOBEPHO CBSI3aHA C PACIIPOCTPaHEHHOCTHIO
CUMITOMOB Jenpeccuu. Kpome toro, ananus
(GakTOpOB, BIMAIOIMX HAa MCHUXHUYECKOE
310pOBbE TOXKWIBIX Jroaet 60-74  ner,
nokaszai, 4to ¢usnyeckas ¢ynkuus u ADL

ObUIM TECHO CBSI3aHBI C  CHUMIITOMaMH
nenpeccuu [20].

Hapsiny ¢ 3TuM npoieMoHCTpUPOBAHHO,
YTO PECIIOHJIEHTHI C 00Jiee BBICOKMM YPOBHEM
o0Opa3oBaHMs, 3aHATOCTH U 0oJjiee BBICOKUM
YPOBHEM COLIMAIIbHOW TMOJICPKKH CBSA3AHBI C
O0ojee  HU3KMMHU  IAHCAMH  TOJXYYHTb
orpanndeHus no ADL. V 3amyXHUX KEHIIUH
0oJiee HU3KME MIAHCHI MOTYYUTh OTPaHUYCHHS
o ADL. C npyroit cTopoHsl, majieHusi ObLTH
CBs3aHBl C Ooyiee BBICOKMMH IIaHCAMH
orpannyeHuit no ADL cpeau mysxuuH [17].

Kpowme Toro, uccnenoBanue, uyyatromiee
CBS3b MEXKIY HapYyLICHUSMHU 3pEHHS U
CHI)KCHHEM (PYHKIIMOHAIBHONW aKTHBHOCTH,
HE BBISIBWJIO CYIIECTBEHHOW CBsI3UW TMOCIe
MOTPaBKM Ha COIUATBHO-AeMOrpaduIecKue
XapaKTePUCTHKU U METUIIMTHCKUE COCTOSHUSI.
HecootBeTcTBUS  pe3ynbTaToOB, BEPOSTHO,

BBI3BaHbI pa3IMYHbIMU METOJAMH,
HCIOJIb3YEMBIMU TIpU  cOOpe JaHHBIX O
HapyLIEHUX 3pEHHs. IIpensiaymue

HCCIIEIOBaHMS OLIEHUBAJIM HApYIICHUS 3pEHUS
C MHCIIOJIb30BaHHEM OOBEKTHMBHOIO METO/1a,
aMb0 B COOTBETCTBHUM CO CTaHJAPTHBIM
IIPOTOKOJIOM, KaK M B HAllleM HCCIEN0BaHUM,
HO MO HecnenupuYecKuM TecTaM, B OTJINYHE
OT JaHHOTO HCCIIEI0OBaHUS.

[IpakTueckoe 3Ha4YeHUe
pa3pabOTaHHOrO HaMM TecTa IO OLIEHKE
0a30BOl  (DYHKIIMOHATBFHONW  AKTUBHOCTH

OTIpeJIeNIAETCs TEM, YTO OH M03BOJISET BBISIBUTh
BUABI NE€ATCIBHOCTHU B HOBC@HHGBHOﬁ JKU3HU,
KOTOpble TpeOyIOT XOPOUIMX 3PUTENbHBIX
(GYHKIHK U, TIPEXIE BCETO, OCTPOTHI 3PCHHUS.
BreimonHenue ke  BHIOB  JEATEIbHOCTH,
MIPE/ICTAaBJICHHBIX B O00CYX/J1aeMOM TecCTe,
JULIaMH ~ CO  3PUTENBHBIM  AeuuuToM
BBI3BIBACT 3aBUCHUMOCTH B HOCTOpOHHeﬁ
MOMOIIIM, a BBIABJICHHE JIAaHHBIX BUJOB

JIEATENLHOCTH HEBO3MOXHO paHee
npennoxkeHHeiMu mkamamu — ADL, Katz u
JIPYTUMHU.

Hcnonp3oBaHue  CO31aHHOTO  TecTa
MOXKET OBITh pEaJM30BaHO O(PTATIBEMOJIOTOM,
0JI00HO TOMY, KaKk O TaIbMOJIOT ONpeieNsieT
OCTPOTY 3peHus WiH nojs 3peHus. [Ipumenss
Hall TeCcT O(TaNIbMOJIOT MOXET BBIIBUTH
OTpaHUYEHUS B JEeSITeIbHOCTH B
IIOBCEIHEBHOM  W3HU  NALUEHTOB  CO
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3pUTENBHBIM  JAE(PUUUTOM U  TPEATOKHUTH
pPeKOMCHAAIMU IOJid POACTBCHHUKOB WA
COTPYZHUKOB  COLIMAIBbHOM  3aIlUTBl IO
OKa3aHHWIO [TOMOIIU B UX pCain3aluu.

3akioueHue. JesTenbHOCTD B
HOBCGI[HCBHOI;'I KHU3HU NannucHTOB C
CapKOINEHNYECKUM OKUpPEHUEM u
HapylleHWeM  3peHHs,  OOYCIIOBJIEHHBIM
KaTapakTol M TIJIAayKOMOH,  COIVIaCHO
pe3yabTaTaMm UCIIOJIb30BAHHOTO HaMH
cneun(uYeckoro Tecta OLEHKA 0a30BOM
(YHKIIMOHATIBHON aKTUBHOCTH, CYILIECTBEHHO
paznuyaercs u XapaKkTepu3yeTcs
COOTBETCTBEHHO  BBIPDAKEHHOH  (IIOJHOM)
3aBUCUMOCTBIO YMepeHHOﬁ 3aBUCUMOCTBIO B
nocropoHHel nomouy. OaHako HauOoJbIIAs
3aBHUCHMOCTh OT OKpYXarommx B 00enx
IpyMIax yCcTaHOBJIEHA 10 BBIMOJIHEHUIO TAKUX
BHUI0OB ACATCIIBHOCTHU B HOBCCIIHGBHOﬁ KHU3HU
KaK IPOBEJEHUE HUTKH B WINIy U CTPUXKKA
Horreu. J[lamee cpeau paccMaTpUBaeMBbIX
OrpaHUYEHUN y HaIMEeHTOB C
CapKOIIEHUYECKUM OXXUPEHHEM U KAaTapaKTOU
HaXOJIUTCS 3aTPyAHEHUE B HAITMCAHUU TEKCTa
CaMOCTOSITENIbHO, A Yy  MalHUeHTOB C
CapKOIIEHNYECKUM OKUPEHUEM U TTIayKOMOH —
MIPOYTEHHE TEKCTa. Hcnons3oBanue
CO3/IaHHOTO HaMu TecTa OLICHKH
ACATCIIBHOCTHU B HOBCGI[HCBHOﬁ JKU3HU HE
3aBUCUT OT KOTHUTHBHBIX CIIOCOOHOCTEH, 3a
HUCKIIFOUCHHUEM BBITIOJIHCHU S HOI[C‘-IéTa JCHET,
U TI03BOJIAET BBIIBUTH OTPAaHUYEHUS BUOB
ACATCIIbHOCTH B HOBCC}IHGBHOﬁ KH3HU,
KOTOpble  OOYCJIOBJEHBI, TMpEXAE BCETo,
3PUTCIbHBIM He(i)I/IIII/ITOM.
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Acconuanus MoJuMop(puU3MOB reHOB
HEMPOMEIUATOPHBIX CUCTEM MO3Ira ¢ PUCKOM
PA3BUTHSA ICUXUYECKUX HAPYLICHUHA Y AeTeH,

OCTABIIHUXCHA 0€3 NmoneYeHuss poauTesaen

E.A. boaarosa o, H.B. I'oBopun ©©, B.A. Myapos

denepalibHOE TOCYAAPCTBEHHOE 0I0KETHOE 00pa30BaTEIbHOE YUPEIKICHUE BBICIIETO
oOpa3oBanus «YATHHCKAS TOCYIaPCTBCHHAS] METUITUHCKAS aKaEMUS,
yi. ['opekoro, 1. 39 «a», r. Yura, 672000, Poccuiickas ®enepanus
Aemop ons nepenucku: E.A. booazosa (hodagova.ea@yandex.ru)

Pesrome

AxtyanbHocTh:  ConuanbpHble  CUPOTBI  MMEIOT  pa3HOOoOpasHble  IOBEIEHYECKue U
MHTEJJIEKTyallbHbIE paccTpoicTBa. P onpeneneHHbIX NOIMMOPGU3MOB I'€HOB J10aMUHOBOU U
CEpOTOHMHOBOM HEMPOMEIMATOPHBIX CHUCTEM MO3ra HMMEET NaTOIC€HETHYECKOE 3HAa4YCHHE B
(GOopMUPOBAaHUM pa3IMYHBIX ICUXUYECKUX 3aboneBaHuil. B cBs3u Cc uyeM, H3yuyeHUE TE€HOB-
KaHJIUJATOB, CBS3aHHBIX C PUCKOM BO3HMKHOBEHMSI SMOLIMOHAIBHBIX U IIOBEICHYECKUX HApYIICHNH,
SBJIIETCS HA CErOJHSAIUHUN JiIeHb HaubOoyee akKTyaJbHbIM M TIEPCIEKTUBHBIM B IUIaHE
Qg QepeHIIMPOBaHHOTO MOAX0/1a K MOceyoIel NCUXonpopHIaKTHKE U JICYEHUIO TICHXUYECKON
MaTOJIOTUN y JAETel, ocTaBIIMXCs Oe3 momedeHus poxauteneid. Ileab uccaenoBanusi: V3yuenue
BKJIaga nmonuMmopdHsix BapuaHtoB renoB 1PH1, MAOA, HTR2A, DRD4, COMT, DBH, DRD?2 B
pa3BUTHE TICUXMYECKUX HAPYIICHUH y JIETeH, OCTaBIIMXCS 0€3 morneyeHus: poauresneii. MaTepuaibl
U MeToabI: bbulo npoBeeHo KIMHu4eckoe odcinenoBanue 516 conuanbHbIX cUpoT B iepuos ¢ 2018
r. o 2020 r., KOTOpO€ TaKke BKJIIOYAJIO MOJEKYJISIPHO-TEHETUYECKOE TUIUPOBAHUE CIIEAYIOLINX
reHoB: 1s1800532 TPH1(A218C), rs6323 MAOA (R297R), rs6313 HTR2A (T102C), rs1800955 DRD4
(C-521T), rs4680 COMT (G472A), rs1611115 DBH (C-1021T), rs1800497 DRD2 (TaqlA),
npoBeneHHoe nyTéM ananusza JHK, momyuenHoit u3 neiikonutoB nepudepudeckoil kposu. boun
oTpezieNieHbl 4YacTOThl TEHOTUIIOB U aljlesiel TaHHBIX FeHOB. Pacnpeenenre 4acToT TeHOTUIIOB 110
HCCIIEIOBAaHHBIM TMOJIMMOP(HBIM JIOKycaM TMpOBEPsUIM Ha COOTBETCTBHE PABHOBECHIO XapIu—
BaituGepra ¢ moMomipio KpuTepus Xu-kpaapara [Tupcona (y2). Pazmuumst cauTamuch 10CTOBEPHBIMU
npu ypoBHe 3HauumMmocTd p<0,05. Pesyabrarei: B rpynme aereii-cupoT ¢ NOBEAECHYECKHMH
HapyUICHUSIMHA TeHOTUN AA 1 aiens A momumopgdHoro mapkepa rs1800532 rena TPH1(A218C)
BCTpEUaINCh Yaile, 4eM B rpymnie koHTpos (p=0,000). l'enotun AA u anmens A rs4680 rena COMT
(G472A) wn renotun T/T u amrens T rs1800497 rena DRD2 (TaglA) taxke UMeIH 3HAYUMBIC
pasnuuusg B UCCIENYEMBIX TpyNNax: OHM Yalle BCTPEYAINCh Y COLMAIBHBIX CHPOT, MMEIOLINX
noBeneHYeckue ncuxudeckue paccrpoiictea (p=0,01 u p=0,003 cooTrBeTCTBEHHO). 3aK/AK0YeHHE:
Hannuue nonumopgusmos rexoB rs1800532 TPH1(A218C), rs4680 COMT (G472A) u rs1800497
DRD2 (TaglA) y comuaabHBIX CHPOT COIMPOBOXIACTCS IMOBBIIIEHHEM PHUCKA BO3SHUKHOBCHHS
NICUXWYECKUX HapyIieHuii B 1,65 u Oonee pas.

KiaroueBble cjoBa: 1eTw, ocraBmuecs Oe€3 IONEYEHUS PpOAUTENEH; COLMAIbHBIE CHUPOTHI;
nonumopdusm reros; TPH1; MAOA; HTR2A; DRD4; COMT; DBH; DRD2
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Association of polymorphisms of genes
In neurotransmitter systems of the brain with
the risk of developing mental disorders
In children left without parental care
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Abstract

Background: Social orphans have a variety of behavioural and intellectual disorders. A number of
specific polymorphisms in genes involved in the brain's dopamine and serotonin neurotransmitter
systems have been implicated in the pathogenesis of various mental disorders. In this context, the
study of candidate genes associated with the risk of emotional and behavioural disorders is by far the
most relevant and promising in terms of a differentiated approach to subsequent psychoprophylaxis
and treatment of mental pathology in children left without parental care. The aim of the study: To
study the contribution of polymorphic variants of the TPH1, MAOA, HTR2A, DRD4, COMT, DBH,
DRD2 genes to the development of mental disorders in children left without parental care. Materials
and methods: A clinical examination of 516 social orphans was conducted in the period from 2018
to 2020, which also included molecular genetic typing of the following genes: rs1800532
TPH1(A218C), rs6323 MAOA (R297R), rs6313 HTR2A (T102C), rs1800955 DRD4 (C-521T), rs4680
COMT (G472A), rs1611115 DBH (C-1021T), rs1800497 DRD2 (TaqlA). The examination was
conducted by analyzing DNA obtained from peripheral blood leukocytes. The frequencies of
genotypes and alleles of these genes were determined. The distribution of genotype frequencies across
the studied polymorphic loci was checked for compliance with the Hardy—Weinberg equilibrium
using the Pearson chi-square criterion (x?). The differences were considered significant at a
significance level of p<0.05. Results: In the group of orphans with behavioral disorders, genotype
AA and allele A of the polymorphic marker rs1800532 of the TPH1(A218C) gene were more common
than in the control group (p=0.006). Genotype AA and allele A rs4680 of the COMT gene (G472A)
and genotype T/T and allele T rs1800497 of the DRD2 gene (TaglA) also showed significant
differences between the study groups: they were more frequent in social orphans with conduct
disorder (p=0.01 and p=0.003, respectively). Conclusion: The presence of polymorphisms of the
rs1800532 TPH1(A218C), rs4680 COMT (G472A) and rs1800497 DRD2 (TaqlA) genes in social
orphans is accompanied by an increased risk of mental disorders by 1.65 times or more.
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Beeagenne. CocTosiHuE 310pOBbs JI€TEH,
ocTaBIIUXcs ©0€3 TMOMEYeHUs pPOIUTeNeH,
3HAYUTENIBHO OTJIMYACTCS OT 3/I0POBbS JIETEH,
MIPO’KUBAIOLITIX B MIOJTHBIX CeMbSX.
BocnuTaHHUKHM WHTEpHATHBIX YUpEKICHUI
UMEIOT KpallHE HeraTUBHBIE I1OKa3aTesu
NCUXMYECKOTO M (PU3MYECKOTO 310pOBbs [1,
2]. Tak, pe3ynbTaTthl 3apyOeKHBIX U
OTEUYECTBEHHBIX HCCIIEJIOBAaHUM TOKA3bIBAIOT,
9TO  CHPOTBI ~ UMEIOT  Pa3HOOOpa3HbIE
MIOBEJICHUECKHUE " WHTEIJUICKTyalIbHbIC
Hapymienuss  [3, 4], OHM  OTIMYAIOTCS
CKJIOHHOCTBIO K arpeccUBHOCTH,
JEJIMHKBEHTHOCTHU u yHOTpeOIeHUIO
MICUX0AKTHBHBIX BelecTs [5, 6].

I[Ipy »>TOM B  KauecTBE MPUYHH
(GbOopMHpOBaHUS TICHXMYECKHX PacCTPOMCTB
BBIICIIAIOT ~ HE  TOJNBKO  CpPEloOBBIE U
coluanbHble (HaKTOPbl, HO U TEHETUYECKYIO
MpepacoaokeHHocTs [7, 8, 9]. B HacTosiee
BpeMs HamOoJiee Ba)KHBIE MATOTCHETHYECKHE
MEXaHM3Mbl  TICUXMUYECKHUX  PACCTPOICTB
CBSI3aHBI C HAPYIIEHUSIMU HEHPOMENATOPHBIX
cucreM Mo3sra. MccnenoBanus mokasand, 4To
pSI OTIpENeNIEHHBIX TOIMMOP(HU3MOB TE€HOB

n0(haMHUHOBOM u CEPOTOHUHOBOM
HEUPOMENNATOPHBIX CHUCTEM MOXKET HMETh
MIaTOr€HETHYECKOE 3Ha4YCHHE B

(bOpMUPOBAHUHN PA3TUIHBIX IMOIHOHATBHBIX
¥ TIOBe/IeHYeCKUX Hapymienuit [8, 10, 11, 12].
Tak, aBTOpPBI OTHOCSAT K KATErOPUH BBHICOKOTO
pHcKa [0  pa3BUTHIO  CKJIOHHOCTH K
AQHTUCOIIMAJBHOMY TTOBEJICHHUIO, JCTIPECCHUH,
TPEBOKHOCTH U aJKOTOJIM3AlMH  HaJHYHe
CITEIYFOIITIX OJMMOP(PHU3MOB TEHOB:
rs1800532 TPH1(A218C), rs6323 MAOA
(R297R), rs6313 HTR2A (T102C), rs1800955
DRD4 (C-521T), rs4680 COMT (G472A), rs
1611115 DBH (C-1021T), rs1800497 DRD2
(TaqlA) [12, 13, 14].

[Tomumopduzm reHa
tpuntodanruapokcmiazsl 1 (TPH1) Ttecno
acCcOIMUPYeT co CKJIOHHOCTBIO K

CYHIIHJIATBHOMY TIOBEJICHUIO, C Pa3BUTHEM
JCTIPECCUBHBIX ~ TICHX030B M BBICOKOU
TPEBOXKHOCTHIO [13]. Myranuu B
n0(aMUHOBBIX  pelenTopax BTOPOTO U
yetBepToro turnoB DRD2 u DRD4 wmoryt

in Biomedicine. 2025;11(1):178-195. Russian.

SBIIATBCS ~ MapKepaMd  WMITYJIbCUBHOCTH,
JEJIMHKBEHTHOTO MOBEJCHUS U YIOTPEOICHUS
ITAB [15, 16]. Accomumanus rema COMT
(xatexon-O-metuntpancdepaspl) C
arpecCHUBHBIM  TIOBEJIEHUEM  YCTaHOBJICHA
MHOTMMH  y4YeHbIMH  [8, 11, 12].
[Momumopdusie  Bapuantsl rema  DBH
(mopamMuH-B-TUAPOKCHIIA3bI)  BIMSIOT — HA
pa3BUTHE 3aBUCHMOCTH OT ajikorons [17].
HccnenoBanus 3apyOeKHBIX aBTOPOB
BBUSIBUJIM  TAaKK€  CBS3b  CYHIIUAAILHOTO
noBeleHUs ¢ nonuMopdusMoM  reHa
peuenTopa 2A ceporonrna — HTR2A [18]. I'en
monoamuHOkcuaa3zsl A (MAOA) sBisiercs
HanOoJiee W3Y4YEHHBIM, €ro OCOOEHHOCTH
MPUBJIICKAIOT MOBBIIICHHOE BHUMaHUE
UCCleNoBaTeNed B BUAY HAJIW4YUA  €I0
NATOT€HETHYECKOW CBS3U C (OPMHPOBAHUEM
arpecCUBHOrO  IOBEICHHUS [19, 20].
[Monumopdusm rena MAOA  cuurtaeTrcs
BEPOSTHBIM TeHOM-KaH/IH1aTOM
AQHTHUCOIMATBHOTO TIOBEJICHUS Y CKIIOHHOCTH K
ankoronusanuu [7, 21, 22, 23].

B cBs3u ¢ BBIIIETIEPEUUCIICHHBIM T10-

MPEIKHEMY OCTacTCA AKTYaJIbHBIM
UCCIIeIOBaHUE  MONUMOP(GU3MOB  T'€HOB
HEWPOMEANATOPHBIX CUCTEM MO3Ta.

[ToTpebHOCT, B OoOJIee IIyOOKOM aHanM3e
TaKXke OObBsSCHAETCS TeM, 4To Hauboiee
TOYHOE,  HAay4YHOE  MpeJCTaBI€HHE O
MICUXOTEHETUYECKNX MeEXaHU3MaX, KOTOpBIE
HaXoJATCSI B  OCHOBE  BO3HMKHOBEHUS
NICUXUYECKUX paccTpoiicTs, Oynet
CIIOCOOCTBOBATh OKAa3aHUIO CBOEBPEMEHHOU
NpoQWIAKTUKA ¥ TOMOIIHA  COIUAIEHBIM
CHpOTaM.

Heasr  uccaepoBanus.  M3yuenue
BKJIaJIa TOJUMOP(HBIX BapHaHTOB TEHOB
TPH1, MAOA, HTR2A, DRD4, COMT, DBH,
DRD2 B pa3BuTHE ICUXUYECKUX HAPYILICHUH Y

JeTel, OCTAaBIIIHXCS oe3 MTOTIeYECHUS
pOAMTEIIEH.

MarepuaJbl " MeTOAbI
HCCJIef0BaHUS. Ha TepBOM Jramne

uccnenoanus B nepuop ¢ 2018 r. mo 2020 r.
OBLIIO TIPOBEJICHO KIIMHUYECKOE 00CIIeIOBaHHE
516 perert w3 15 lleHTpoB moMoOIIU AETSM,
OCTAaBIIMMCSl 0€3 TIONMEUeHUs POAUTEIICH
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(LIITAOITP). ITocne yero ObUIO MPOBEACHO
MOJICKYJISIPHO-TEHETUYECKOE  TUITUPOBAHHE
uccineayembix reHoB 400 BoCIMTaHHUKAM W3
HITJIOIIP (ocHoBHas rpymma). B rpymnmy
KOHTpoisl Obutm BKIIOYeHBI 100 gereil w
MOAPOCTKOB, o0yJaromuxcs B
001e00pa3oBaTeIbHON LIKOJIE u
MPOXKUBAIOIIUX B CBOMX OHOJOTMYECKUX
MOJIHBIX CeMbsX. [ pynmbl ObUIH COMTOCTaBUMBI
mo BospactHoit crpykrype (U=23870,5,
p=0,23). [ KIMHHYECKONW HHTEPIIPETAI[UH
TICUXHYECKUX U TIOBEICHYCCKUX PACCTPOMCTB
npumMensuicek kpurepun MKB-10.

MonekynsipHO-TEeHETHUECKOe
TUTIMPOBAHUE TUTST BEISIBJIICHUS
OJHOHYKJICOTUIHBIX nomumopduzmos (OHII)
renoB rs1800532 TPH1(A218C), rs6323
MAOA (R297R), rs6313 HTR2A (T102C),
rs1800955 DRD4 (C-521T), rs4680 COMT
(G472A), rs1611115 DBH  (C-1021T),
rs1800497 DRD2 (TaglA) mpoBencHo myTéM
ananusa JIHK, mosrydeHHON W3 JIEMKOUWTOB
nepudepudeckoir kpoBu («CuaTom», HIID
«JTutex», . Mocksa) ¢ ucnonb3oBanuem SNP-
HaOOpOB, COOTBETCTBYIOLIUX 3asBICHHOMY
nonumopdusmy («Cunrtonm», HIID «Jlutex»,
r. Mocksa). Meron uccrnenosanus: PCR-EPh,
PCR-Rt — monumepasHas 1enHas peakuus C
JNETeKIUe TMpoayKTa amiuimuKaiii B
arapo3HoM rene (PCR-EPh) nubo B pexume
peanbHOro BpEMEHU (PCR-RY)
(ammumdukaroper  «AT-96», HIID «JHK-
Texnonorus», r. Mockaa).

[Ipy mpoBeneHHWH  CTaTUCTUYECKOTO

aHanu3a aBTOPBI PYKOBOJCTBOBAJIHNCH
MPUHIUIIAMA ~ MEeXIyHapOJHOTO KOMHTETa
peaaKkTopoB MEIULUHCKUX KYpHAJIOB
(ICMIE) u PEKOMEHIalMSIMU
«CTaTUCTUYECKUA aHaIu3 W METOABl B
MyOJIMKYeMOM  JIUTepaType» (SAMPL).
HoMuHaneHble JaHHBIE ONMCHIBAIUCH C
yKa3zaHueM  aOCOJIOTHBIX  3HAYCHUH |
MPOLIEHTHBIX JIOJIEN. Hns OIICHKH

COOTBETCTBUSl  PacCHpElEeIeHU T'€HOTHUIIOB
OKUJAEMBIM 3HAUEHHUAM IIPU PaBHOBECHU
Xapau-BaiitnOepra u s CpaBHEHHS
pacnpeesieHnii 4acTOT T'€HOTUIIOB U aJljiesien
B MHCCIIELyeMOM M KOHTPOJBHOM TIpymIax
HCIIOJb30BATIN KpUTEpui XU-KBaJpaT
[Mupcona (). OeHKa 3HAYMMOCTH Pa3THIUi

mokasaresiell IMPOBOJMIIACH TaKXKe 3a CYeT
onpeneneHuss orHomeHuss maHcoB (OR).
Craructuueckass 3HAYUMOCTh  OTHOILICHUS
[IAHCOB OIICHUBAJIACh UCXOI U3 3HAUCHUU 95
% nosepurensHOro MHTEpBana (95 % CI) [24].
3nauenust ypoBHs p<0,05 paccMarpuBamuch
KaK CTaTHUCTUYECKU 3HAYUMBIE.
Cratuctuueckass 00paboTka  pe3yJbTaTOB
HCCIEAOBaHUSl OCYIIECTBIISIIACH C TOMOIIBIO
nakera nporpamm «IBM SPSS Statistics
Version 25.0»  (International  Business
Machines Corporation, CIIIA).

Omuyeckuii  acnexm. B pabore
coOroanu ATHUYECKHE MPUHILIUIIBI,
MpeNbABIISIEMbIE XEIIbCUHKCKOW JIeKIapanuen
BceMupHOW MEOUMUIMHCKONW accolMalUd |
[IpaBunamMu  KIMHUYECKON  MPakTUKU B
Poccuiickoii ®Oenepanuu. Ot BCEX
0o0CNeIOBaHHBIX  HECOBEPIICHHOJIETHUX B
Bozpacte 15-17 gjer ObUIO MOJYyYEHO
MUCHbMEHHOE I0OPOBOJIBHOE
WH(OPMUPOBAHHOE COTJIACHE HAa y4YacTHE B
uccienopannu. HGOpMHUpOBaHHOE coTIacHe
gered  muagme 15 5er  moAnMchIBaIoOCh

POJIUTETSAMH, JUISL JeTeN-CupoT —
TUPEKTOPaMH (3aKOHHBIMU
PEICTAaBUTENISIMHU ) I'yco HITIO0IIP

3abaiikansckoro kpas (I'ocymapcTBeHHOE
YUPEXKJEHUE COLMAIBHOTO OOCITYKUBaHUS
«llenTp momomu aeTaM, ocraBmIMMCS 0e3
[IOIIEYEHHUS poIUTEIEN» ). HanHoe
uccienoBaHie ObUIO 0JI00PEHO 3TUYECKUM
komutetoM DPI'BOY BO  «Yurtunckas
rOCyJapCTBEHHAss MEIUIIMHCKAs aKaJeMus»
MunsapaBa Poccun (mpotokon Ne 87 or
30.11.2017 r.).

Pesynbratel W HMX  o0cyxKaeHHe.
Pe3synbraThl MPOBEACHHOTO  HCCIEIOBAHUS
MOKa3aJii, YTO COIMAJIbHBIE CUPOTHI U JIETH U3
MOJIHBIX CeMeH OTIMYAIOTCA 10 BaKHBIM
KIMHUKO-3ITUIEMHOJIIOTHYECKUM TTapaMeTpaM.

Bocnuranauku HITIOIIP HMEIOT
OTATOIICHHYIO ~ QJIKOTOJIM3MOM  POJIUTENeH
HACJIEJICTBEHHOCTD, 0e3Haa30pHOE
BOCIIUTaHHE, HU3KYHO HIKOJIbHYO
yCIIEBAEMOCTh M TMOBEICHUYECKUE HAPYIICHUS
(p<0,001). CpaBHUTENBHBII aHaIm3
OCHOBHBIX  KIIMHUKO-3IHIEMHOJIOTHYSCKUX

TOKa3aTeNel mpeacTasieH B Taduuie 1.
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Tabnuya 1

CpaBHI/ITeJILHaﬂ XAPAKTEPUCTUKA KIMHUKO-3NTUACMHUOJTOTHICCKUX noxkasaresjen
COIMAJTBHBIX CUPOT U Z[eTeﬁ, MPOKUBAIOIIINX B MMOJHBIX CEMbAX

Table 1

Comparative characteristics of clinical and epidemiological indicators of social orphans

and children living in full families

Hccnenyemsble rpynnsi
ITapameTpbI Jern u3 JleTH U3 MOJIHBIX TecroBast
HCCIIe0OBAHUSA LIJIOIP cemeii CTATHCTHKA
(n=516) (n=100)

Bo3spacr, et 14,0 (13,4; 14,0) 13,0 (13,0; 13,4) U=pZ:308;g,5,

JKEHCKUH 39,3% (203/516) 46,0% (46/100) 2°=1,542
Ilon df=1

MYKCKO# 60,7% (313/516) 54,0% (54/100) p=0,21

HET 11,2% (58/516) 97,0% (97/100) x*=305,36
OTsromennas AJTKOTOJIA3M 87,6% (452/516) 3,0% (3/100) df=3
HACJIEJACTBEHHOCTD | MU30(ppeHUs 0,6% (3/516) 0,0% (0/100) p< 0,001

YMCTBEHHAsI OTCTAJIOCTh 0,6% (3/516) 0,0% (0/100)

HET 12,4% (64/516) 97,0% (97/100) 77=319,46
AJIKOT0JTH3M oTua 1,0% (5/516) 3,0% (3/100) df=3
poauTeneii MaTepu 37,4% (193/516) 0,0% (0/100) p< 0,001

06oHX 49,2% (254/516) 0,0% (0/100)

noHas 58,7% (303/516) 100,0% (100/100) x°=63,1
CocTaB ceMbH df=1

HETOJIHAS 41,3% (213/516) 0,0% (0/100) p< 0,001

0e3Ha[30pHOE 96,5% (498/516) 0,0% (0/100) _
Bocmramme rnoonexa 1,2% (6/516) 0,0% (0/100) x ‘di‘f%“z

JKECTKOE 2,3% (12/516) 0,0% (0/100) p< 0_001

aJIEKBATHOE 0,0% (0/516) 100,0% (100/100) ’
v HU3KasI 48,6% (251/516) 4,0% (4/100) 72=198,18
mi‘:;‘f"”"c“’ B [ cpennas 48,3% (249/516) 49,0% (49/100) df=2

BBICOKAS 3,1% (16/516) 47,0% (47/100) p< 0,001
Hapymenus HeT 38,4% (198/516) 98,0% (98/100) xz=d1f1:91,32
noBeAeHust €CThb 61,6% (318/516) 2,0% (2/100) p< 0,001

2—

enxueckoe Het 30,6% (158/516) 90,0% (90/100) x aizzfs
paccTpoiicTBo ecTh 69,4% (358/516) 10,0% (10/100) p< 0,001

[Mpumeyanue: N — KoaU4ecTBO 00CIe0BaHHbIX, df — crenenu cBoGo b, 2 — xu-kBajpar [Tupcona, U — kputepuii ManHa-
yI/ITHI/I, P — YPOBEHBb 3HAYMMOCTHU MECKAY UCCICAYCMBIMU I'PYIITIIaMH.
Note: n — the number of examined, df — the degrees of freedom, y? — the Pearson chi-square, U — the Mann-Whitney
criterion, p — the significance level between the studied groups.

Y 69,4% (358/516) BOCHHTaHHHUKOB
HITJOIIP ObLIN IAArHOCTUPOBAHBI
pa3M4HbIe  TCUXWYECKHUE  pacCTPOMCTBA,
CTPYKTypa BBISIBIICHHBIX MICUXUYCCKHUX

HapyIICHUI OblIa MPeICTaBICHa CIICIYOIIM
obopazom (mo MKB-10): Bemymee mecTo
3aHUMAIOT «OpraHuveckue JIETKHUE
KOTHUTHBHBIE paccTpoiicTBa» (F06.7) — 33,8%

(121/358)

cnenuduaeckue

u «CoumnannznpoBaHHOE
pacctpoiictBo moBeneHus» (F91.2) — 25,2%
(90/358). Takke dYacTo y BOCHHUTAaHHUKOB
JTUarHOCTHPOBAIIUCH

«CMelIagHbie
paccTpoicTBa

Pa3BUTHUA

(31IP) (F83) — 18,2% (65/358). Hebonbimas

JIOJISt

IIpUXOaAnJIaCh Ha

«TpeBoxkHOE

paccrpoiictBo mosenenus» (F92.8) — 6,2%
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(22/358), «OpraHuueckoe HEMCUXOTHYECKOE Ha BTOPOM JTare MPOBEJICHO
pacCTpOMCTBO B CBA3M CO CMEUIAHHBIMHU uccae0BaHue 00pa31oB JTHK 400

3aboneBanusamu» (F06.82) — 5,3% (19/358),
«'unepkunernueckoe paccrpoiictso» (F90.1)
- 47% (17/358) wu  «/emnpeccuBHoe
paccrpoiictBo moBeaenus» (F92.0) — 4,4%
(16/358). B meHbIeH cTenieHu y AeTeil ObLIO
BBISIBIICHO «HecouunanusupoBanHoe
paccrpoiictBo mosenenusn» (F91.1) — 2,2%
(8/358). Kpome Toro, y nmerei-cupoT
OTIpEJICJICHBl CIEAYIOINE HAPKOJIOTHUECKUE
paccTpoiicTBa: ymoTrpeOJeHHUE aJKorois ¢
BpPEIHBIMU MOCTEACTBUSAMHU (F10.1)
nuarnoctupoBaHo B 18,0% cnyuaes (93/516),
ynotpebiieHue KaHHAOWHOUJIOB C BPEIHBIMU
nocneacteusmu (F12.1) — B 1,9% (10/516)
CIIy4aes, ynotpebieHue JCTY9IHX
pacTBOpUTENICH C BPEAHBIMH TOCICICTBUIMU
(F18.1) — B 1,4% (7/516) cnyuaes.

[pu o0clieI0BaHUH yUaIuxcs
0011e00pa30BaTeIHbHON IIKOJIBI TIOIABIISIOIICE
6onpmmHCcTBO Aeteid — 90,0% (90/100) Obuto
OTHECEHO K rpymre 310poBbiX, 10,0% (10/100)

UMEIH CIIeTyIOIIHe HapyUICHUS:
«PaccrpotictBo amantamum» (F43.2) — 3,0%
(3/100), «I'unepkuneTnyeCcKoOE

paccrpoiictBo» (F90.1) — 2,0% (2/100),
«HeconmanuzupoBanHoe paccTporucTBO
noBenenus»  (F91.1) —  2,0% (2/100),
«I[IperMyI1IeCTBEHHO HaBSI3YMBBIC MBICITH HITH
pasmbinuieHus»  (F42.0) — 1,0% (1/100),
«Cnennguveckne paccTpoiicTBa  pedyeBOM
aprukymsmun»  (F80.0) — 1,0% (1/100) nu
«Crenuguveckoe pacCTPONCTBO  UTCHHS»
(F81.0) - 1,0% (1/100), T.e. TPYyOBIX
UHTCIUICKTYalIbHBIX | HMOIMOHATBHO-
MOBEICHUECKUX MCUXHUYCCKUX PACCTPOMCTB Y
JIeTel 13 MOJIHBIX CEMEeH 3aperuCTPUPOBAHO HE
obuto. Takke, KaKk W OTCYTCTBYIOT y HHX
HApKOJIOTMYECKHE paccTpoiictBa. Tak mpu
npoBeaeHnu Tecta « AUDIT» ot 0 go 7 6amios
(bezomacHoe  ymoTpeONeHHe — alKOToJs)
Habpamm 100,0% (100/100) ompoiieHHbIX.

COIMAIBHBIX CHPOT (OCHOBHas rpynmna) u 100
JNeTe W3 TMOJNHBIX ceMeil (KOHTpOJbHas
rpynna). [Tocne pacnpesenenus nucciaenyemMbix
Tpynn TIO0 KPUTEPHIO HAIUYUS/OTCYTCTBHUS
MICUXUYECKON MaTOoJOruH, OBLIO TMPOBEIEHO
CpPaBHEHHE YaCTOT I'€HOTHUIIOB B MOATPYIIaxX
JETEU-CUPOT c MICUXUYECKUMU
pacctpoiictBamu (n=295) u neTeit U3 MOJTHBIX
ceMeil, He  UMEIOMUX  INCUXHYECKUX
HapyUICHH (3m0pOBBIC) (n=90).
CraTHCTHYECKH 3HAYUMBIE PA3IUYHUS YaCTOT
TeHOTHUIIOB B UCCJIEIyEMbIX MOATPYIINAaxX ObLTU
BBISBJICHBl ~ TOJIBKO  JUISL  MOJUMOP(HOTO
BapuanTa 1s1800532 rema TPH1(A218C)
(p=0,03). [pu PUMCHEHHH
MYJIbTUIDIMKATUBHOM MOJENN HaCJIeI0BaHUS
MoKazaHo, YTO  dYacTtora  aieilns A
nonumopproro Mapkepa rs1800532 rena
TPH1(A218C) Obula 3Ha4MMO BBIIE B
ocHOBHOI1 Tpymre (0,42), yeM B KOHTPOJIBHOM
(0,33), uTO MOXKET yKa3bIBaTh HA ACCOIHAITUIO
JTAHHOTO aJuIesisl C YBETUYCHUEM BEPOSITHOCTH
pa3BUTHS  IICHXUYECKHX  HApYIICHHA
corrabHbIx cupoT (OR =1,42 [95 % CI: 1,00-
2,02], p=0,04). Amrenr C, HaIpOTHB,
BCTpeUaJics yalle y JeTel W3 MOJHBIX ceMei
(0,67), yem y ocnoBHOil rpymmsl (0,58), uro
yKa3bIBaeT Ha MPOTEKTUBHYIO POJIb JTaHHOTO
aJJIeNsl B OTHOIIICHUW PA3BUTHS TICUXHUSCKUX
pacctpoiicte (OR=0,70 [95 % CI: 0,50-1,00],
p=0,04). Pacnpenenenue 4acToT TE€HOTHIIOB
renoB 156323 MAOA (R297R) u rs1800497
DRD2 (TaqlA) He  COOTBETCTBOBAJIO
paBHOBecuio Xapau-BaiiHOepra B OCHOBHOM
rpynmne, B OTJIMYAHA OT KOHTPOJBHOM, TIe
ypOBeHb 3HAUMMOCTH Obln Oomee 0,05 s
TCHOTHIIOB  BCEX  HCCIIEAYEMBIX  T'EHOB.
[Tostromy nannble reHsl 156323 MAOA
(R297R) u rs1800497 DRD2 (TaqlA) Obuau
MpOaHATH3UPOBAHBl TOJIBKO C MPUMEHEHUEM
obmeit moaenu (Tab. 2).
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Tabauya 2
PacnpenesieHne 4acTOT reHOTHIIOB M aJljiesied MOJMMOP(GHBIX BADHAHTOB I'eHOB B Ipyniax
JeTeii-CHpoT ¢ MCuXuYeckumMu paccerpoiicreamu (N=295) u konrpos (N=90)
Table 2
Distribution of frequencies of genotypes and alleles of polymorphic gene variants in groups
of orphans with mental disorders (n=295) and control (n=90)

I'pynna AsTesn YacroTa 2 df, Fenotan ‘{acTOTao HWE, x4 df,
aJuieNnu, P p reHorumna, % p p
TPH1(A218C) rs1800532
A/A 14,6
Cor. A 0,42 :
’ C/A 53,9 p=0,17 x=721
2 )
CHUPOTHI C 0,58 1&3,187 C/C 315 df=2
N A/A 13,3 p=0,03
KoHTtpoib é 8’2; p=0,04 C/A 40,0 p=0,51
' C/C 46,7
MAOA (R297R) rs6323
A/A 45,8
Cor. A 0,64 : _
cHpoTH C 0.36 £=0,08 C/A 35,2 p=0,004 P=T57
- C/C 19,0 _
df=1 A 36.7 df=2
KoHTtpoib é 8’2; p=0.78 C/A 51,1 p=0,52 p=002
' C/C 12,2
HTR2A (T102C) rs6313
C/C 44,1
Cou, ¢ 0.63 C/T 38,6 p=0,05
CHPOTEHI T 0,37 x*=0,08 /T 173 ’ 12=4,57
df=1 rolle 36,7 df=2
KoHTpom < oo p=0.78 C/T 511 p=0,52 p=01
' T/T 12,2
DRD4 (C-521T) rs1800955
Cou, ¢ 051 %g Z;i =0,51
CHPOTBI T 0,49 27%=0,25 : p=5 7*=0,44
- T/T 25,4 _
df=1 ciC 26.7 df=2
= 2 2 =
Konrpois % 8"512 p=06 T/C 44,4 p=0,5 p=08
' T/T 28,9
COMT (GA472A) rs4680
Cou, G 0.54 o o p=0,74
CHPOTHI A 0,46 7?=4,36 ! ' =473
o A/A 22,3 _
df=1 GG A11 df=2
KoHTposts i 8’25 p=004 G/A 42,2 p=053 | P00
' AIA 16,7
DBH (C-1021T) rs1611115
Cou. C 0,66 (c:ﬁ(T; jg; p=0,71
CHPOTHI T 0,34 7?=0,01 . ' 72=2,11
. T/T 10,5 _
df=1 ciC 0.0 df=2
Kontponb % 8’2; p=0.99 C/T 53,3 p=0,16 p=0.35
' T/T 6,7
DRD2 (TaglA) rs1800497
Cou. C 0,56 (c:ﬁ(T: 43137(75 0=0,03
CHPOTHI T 0,44 7P=124 : ' 7%=6,56
7 T 23,7 o
df=1 ciC 6.7 df=2
Koutpoib % 8’2; p=0.007 C/T 411 p=0,68 p=0.04
' T/T 12,2

Ipumeyanne: HWE — unpexkc paBHoBecuss Xapau-BaiinGepra, n — konudectBo obcnenoBannbix, df — crenenn cBo6obl, y? — Xu-
kBazpar Ilupcona, P — ypoBeHb 3HAUMMOCTH MEX]Ly UCCIEAYEMBIMU TPYIIIAMHU.

Note: HWE — the Hardy-Weinberg equilibrium index, n — the number of examined, df — the degrees of freedom, y? — Pearson's chi-
square, p — the significance level between the studied groups.
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Jis  Oonee  TOYHOTO  BBISIBICHUSA
accoluanui moJMMop(HBIX BApHAHTOB T'€HOB
TPH1, MAOA, HTR2A, DRD4, COMT, DBH,
DRD2 ¢ nCHXMYECKUMH pPacCTpOHCTBAMH,
OCHOBHasi rpymnma Oblla paszjenaHa 1o
BEJIyIIeH CUMITOMATHKE Ha MOATrpynmnsl: 167
neTei-cupoT ¢ wuHTeIeKTyanbHeiME  (FO6,
F83) m 128 nereli ¢ mOBEIEHYCCKUMH
Hapymenusimu (F90, F91, F92), nocne uero

OBLIO IIPOBENICHO CPABHEHUE YaCTOT ajliesiel U
TCHOTUIIOB OJSTHUX IMOATpyIIl ¢ ACTbMU U3
MOJTHBIX CEMEW, HEe HMMEIOUINX ICUXHYSCKUX
pacctpoiictB  (n=90). CpaBHEHHE YaCTOT

TCHOTHUIIOB HeTeﬁ'CHPOT C
HUHTCJUICKTYaJIbHBIMU HapyUmCHUAMU n
KOHTPOJIsA HE BBISIBHUIIO CTaTUCTHYCCKHU

3HAYMMBIX oTinuuii (Tabm. 3).

Tabauya 3 (nauano)

Pacnpeesienne 4acToT reHOTHIIOB M ajLleliell moIMMOpPQHBIX BAPHAHTOB F€HOB B IPyIIax
JeTeii-CHPOT ¢ HHTEJIeKTYyaJbHbIMU HapymeHusimu (N=167) u kouTposs (N=90)

Beginning of Table 3

Distribution of frequencies of genotypes and alleles of polymorphic gene variants
in groups of orphans with intellectual disabilities (n=167) and control (n=90)

YacroTa 2, df, Yacrora HWE, 2, df,
I'pynna Anjeab LIeH, P b lenoTun renotuna, % 0 b
TPH1(A218C) rs1800532
A/A 11,4
Cou. A 0,37 .
' C/A 527 p=024 | =384
2— ,
CHPOTHI C 0,63 X &9,58 C/C 35,9 df=2
—n A/A 13,3 p=0,15
KonTposs é 8'23 p=0.32 C/A 40,0 p=0,51
' C/C 46,7
MAOA (R297R) rs6323
A/A 49,1
Con. A 0,64 : —
CHPOTHI C 0,36 7%=0,23 C/A 30,5 p=0,002 2*=10,79
T
Konrpois é 8'2; p=0.63 C/A 51,1 p=0,52 p=0,005
' C/C 12,2
HTR2A (T102C) rs6313
Cou. C 0,64 g(T: gg'g p=0.11
CHPOTHI T 0,36 7?=0,08 . ' 2£=4,05
df=1 22 a2 df=2
— C b} —
Kourpois E[: 8'25 p=0.78 C/T 51,1 p=0,52 p=0.13
' T/T 12,2
DRD4 (C-521T) rs1800955
Cou, ¢ 0.54 T a7 =0,78
CHPOTBHI T 0,46 r*=1,17 : p=5 x*=1,45
i 2
Kontpoins E[: 8;2 p=0.28 T/C 44,4 p=0,5 p=0,48
' T/T 28,9
COMT (G472A) rs4680
Cou. G 0,56 gii 4212’5 0=0,29
CHUPOTHI A 0,44 =187 ! ! 7%=1,68
' A/A 22,3 !
df=1 G/G A1 1 df=2
KouTpois i 82; p=0.17 G/A 42,2 p=0,53 p=0.43
' AlA 16,7
DBH (C-1021T) rs1611115
27— 7—
x*=0,06 C/C 41,3 ¥*=1,10
om < 823 df=1 CIT 185 0=046 |  di=2
P ' p=0,8 T/T 10,2 p=0,58
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Tabauya 3 (okoHuanue)
Pacnpelle.nelme YacTOT FreHOTHUIIOB U ajljiejiei HOJIHMOp(l)HLIX BapHUaHTOB I'€CHOB B rpymnmnax
JAeTeii-CHPOT ¢ HHTELIEKTYAJIbHbIMH HapyineHusiMu (N=167) u koutpoJsi (N=90)
End of Table 3
Distribution of frequencies of genotypes and alleles of polymorphic gene variants
in groups of orphans with intellectual disabilities (n=167) and control (n=90)

I'pynna ALTONE YacroTa X2, df, Femorn ‘lacTOTa0 HWE, 12, df,
ajLj1esu, P p reHoruna, % p p
C/C 40,0
KonTpons % 8’2; C/T 53,3 p=0,16
' T/T 6,7
DRD? (TaqlA) rs1800497
Cou. ¢ 0,58 g(T: g?i =0,03
CHPOTHI T 0,42 7?=4,12 : p=5, 7?=4,68
o T/T 23,4 _
df=1 CIC 167 df=2
Konrpons % 8'2; p=0.04 C/T 41,1 p=0,68 p=0.1
' T/T 12,2

IMpumeuanue: HWE — unnexc paBHoBecus Xapau-Baiinbepra, N — konndecTBo 00cienoBanHbIx, df — crenenu cBo6obI,
x> — xu-kBazpar [lupcoHa, p — ypOBEHb 3HAUMMOCTU MEX]y UCCIEAYEMBIMU I'PYIIIAMH.

Note: HWE — the Hardy-Weinberg equilibrium index, n — the number of examined, df — the degrees of freedom, »? —
Pearson's chi-square, p — the significance level between the studied groups.

OnHako MpH CPaBHUTEIHHOM aHAIIU3e 3HQUMMOE  OTJIMYHE YacTOT TI'CHOTHIIOB
9acTOT TEHOTUIIOB TI0  MOJUMOPGHBIM MOKA3JIM MOTUMOP(PHU3MBI CIIETYIONINX TCHOB!
BapuMaHTaM TIE€HOB MEXAYy TIpYyNNON JAeTei- rs1800532 TPH1(A218C), rs4680 COMT
CHpPOT C TOBEICHYECKHMH HAPYIICHUSMH | (G472A) wm 151800497 DRD2 (TaglA)
KOHTpOJIsl ObUT BBISIBIIEH psij pa3nuuuii. Tak (Tabm. 4).

Tabauya 4 (nauano)
Pacnpeaesienne 4acToT reHOTHIIOB U ajljIesieil MOJIMMOP(PHBIX BADHAHTOB I'€HOB B IPyNmax
feTeii-cHpoT ¢ noBeaeHYecKUMH HapymeHusiMu (N=128) u konTpoJs (N=90)
Beginning of Table 4
Distribution of frequencies of genotypes and alleles of polymorphic gene variants in groups
of orphans with behavioral disorders (n=128) and control (n=90)

2
I'pynma R Yacrora 2, df, LenoTa IIacTOTa0 HWE, 2, df,
ajlesu, p p reHoruna, % p p
TPH1(A218C) rs1800532
AJA 18,8
Co. A 0,46 :
’ ~ C/A 55,5 p=0,34 | 42=10,22
cHpoTH < 054 x d}l’f S CciC 257 df=2
o= AJA 13,3 p=0,006
Koutpors ’é 8’23 p=0,006 C/A 40,0 p=0,51
’ C/C 46,7
MAOA (R297R) rs6323
Co. A 0,62 /é;i ﬂ’j =0,32
CHPOTEI C 0,38 7?=0,01 : p=5, 7*=2,26
C/C 17,2
dr=1 AJA 36,7 dr=2
Kowrpors | o p=0.98 C/A 51,1 p=052 | P70
’ C/C 12,2
HTR2A (T102C) rs6313
2— 2
4°=0,05 C/C 438 =335
om < 82? df=1 CIT 39,0 0=0,2 df=2
P ' p=0,82 T/T 17,2 p=0,2
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Tabauya 4 (okonuanue)

Pacnpeesienne 4acToT reHOTHIIOB M ajLieliell moIMMOpPQHBIX BADHAHTOB FeHOB B IPyIIax
JeTeii-cupoT ¢ moBeAeHYecKuMu Hapymenusavu (N=128) u kouTpo.as (N=90)

End of Table 4

Distribution of frequencies of genotypes and alleles of polymorphic gene variants in groups
of orphans with behavioral disorders (n=128) and control (n=90)

Ipymma | Amrens Yacrora X2, df, Femorn ‘lacTOTa0 HWE, X2, df,
ajLj1esu, P p reHoruna, % p p
C/C 36,7
KonTpons % 8'25 C/T 51,1 p=0,52
' T/T 12,2
DRD4 (C-521T) rs1800955
Cor, ¢ 0.47 Tic 1 =0,57
CHPOTHI T 0,53 7¥=0,11 : =0, 2*=0,17
. T/T 29,7 _
dr=1 C/C 26,7 dr=2
Kowurpoinb g 8';2 p=074 T/C 44,4 p=0,5 p=0.92
' T/T 28,9
COMT (G472A) rs4680
G/G 22,7
Cou. G 0,50 ) G/A 546 0=0,45 .
CHPOTHI A 0,50 x%=6,38 x°=8,54
- AlA 22,7 _
dr=1 G/G 41,1 dr=2
Kowurpoinb i 8'2; p=001 G/A 42,2 p=0,53 p=001
' AlA 16,7
DBH (C-1021T) rs1611115
Con. ¢ 0.68 o 152 =0,77
CHPOTHI T 0,32 2%=0,08 : =0, 7*=3,02
T/T 10,9
df=1 CIC 200 df=2
Kownrpoins E[: 8'2; p=0.78 C/T 53,3 p=0,16 p=0.22
' T/T 6,7
DRD2 (TaglA) rs1800497
Con. ¢ 0.53 o 55 =0,45
CHPOTBI T 0,47 72=8,68 ’ =, x>=7,89
T/T 24,2
df=1 CIC 167 df=2
Kowurpoinb E[: 8'2; p=0003 C/T 41,1 p=0,68 p=0,02
' T/T 12,2

IMpumeuanue: HWE — unnexc paBHoBecus Xapau-Baiinbepra, N — konnuecTBo 06ciienoBanubix, df — crenenu cBo6o b1,
x> — xu-kBagpat [IupcoHa, p — ypoOBEHb 3HAUHMOCTH MEXAY UCCIEAYEMBIMU IPyIIIaMu.

Note: HWE — the Hardy-Weinberg equilibrium index, n — the number of examined, df — the degrees of freedom, »? —
Pearson's chi-square, p — the significance level between the studied groups.

IIpu  amammze  rs1800532  rena
TPH1(A218C) 0ObLIO BBISBICHO, YTO B IPYIIIE
CHPOT C TIOBEICHYECKMMU HapYLICHUIMHU
4yacToTa BCTpedaeMocTu renoruna A/A Obuia
BhIIIIEe HA 5,5%, YeM B KOHTpoJbHOM. YacToTa
renoruna C/C Oblia BhIIIE B TPy ACTeH U3
MOJTHBIX CeMel TMpakTHYecKH B JIBa pasa
(p=0,006). CTaTHCTHYECKH 3HAYHUMBIE
pa3nuyuus B 4acTOTE TCHOTHIIOB BBISBICHBI y
rs4680 rema COMT (G472A): Tak, B
KOHTPOJIbHOW ~ TpYyIIe 3J0pPOBBIX  JI€TEeH

renotun G/G Bcrpeuancs yaie Ha 18,4%, a'y
JIETeU-CUPOT c MOBEICHYECKUMU
HapyIIEHUsIMM  4acToTa  BCTPEYaeMOCTH
rerotuna A/A Obuia Beie Ha 6,0% (p=0,01).
B OCHOBHOW KIIMHMYECKOW TPYIIE T€HOTHI
T/T nomumopduoro mapkepa rs1800497 rena
DRD2 (TaqlA) Bcrpeuancs vare Ha 12,0%, a
gacrora regoruna C/C Obia Hke Ha 16,2%
0 cpaBHEHHIO ¢ Tpymmnoi kKouTposs (p=0,02).

Annenun u TCHOTHUIIBI I'€HOB,
COOTBETCTBYIOIIME  PAaBHOBECHIO  Xapiu-
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Ba171H6epra N UMCIOIIHME 3HAYHMMBIC OTJIMYNA,
Jajice ObLIN IMpoaHaJIn3upPOBaAHbL C

MPUMEHEHHEM MYJIbTUIUIMKATUBHOW MOJICIH
HacnegoBanus (Tabm. 5).
Tabnuya 5

Bcerpeuaemocts OHII B rpymnime aereii-cHpoT ¢ NoBeIeHYECKHMH HAPYLIEHUSIMH
U rpynime kourpoJs (df=1)

Table 5
Occurrence of SNP in the group of orphans with behavioral disorders
and the control group (df=1)
Hacrora annein Xu-KBagpart CraTucTHyeckas OR
AJltesb Cou. cupoTHI KonTpoas Tupcona SHAYHMOCTE 95% Cl
(n=128) (n=90)
TPH1(A218C) rs1800532
1,74
A 0,46 0,33 '
2%=17,55 p=0,006 [1’%;5'58]
C 0,54 0,67 [0,39 - 0,85]
COMT (G472A) rs4680
0,61
G 0,50 0,62 '
2°=6,38 p=0,01 [0’411;3‘2 .90]
A 0,50 0,38 (112 2.43]
DRD2 (TaglA) rs1800497
0,55
C 0,53 0,67 ’
7°=8,68 p=0,003 [0’371;5'82]
T 0,47 0,33 [1,22 —2,69]

IMpumeuanue: N — KonuuecTBO obcenoBanubix, df — crenenu cBoGobI, y? — xu-kBagpat Ilupcona, OR (oddsratio) —
OTHOIIEHHE MIaHCOB, 95 % CI — 95 % noBepUTEIHHBIN HHTEPBAI OTHOIICHHS IIAHCOB, 0 — YPOBEHb 3HAYMMOCTH MEXKIY

HCCIIElyEMBbIMU I'PYTIIIAMH.

Note: n —the number of examined, df — the degrees of freedom, y?— Pearson's chi-square, OR (oddsratio) — the oddsratio,
95% CI — the 95% confidence interval of the oddsratio, p — the significance level between the studied groups.

Yactora amtens A noauMopdHOro
mapkepa rs1800532 rena TPH1(A218C) Obuia
BBIIIE B TpYMNIE COLHUAIBHBIX CHUPOT C
MOBEJICHUECKUMH  HApyIICHUSIMHA, 4YeM B
KOHTpOJIbHOM rpymme. Amtens C BeTpevancs
yamie y aeTei u3 monubix cemeit (p=0,006).
PesynbraTh HayYHbIX UCCIIeI0BAaHHH
mokasbiBaloT, 4yto TreH [PH1 xomupyer
TpuntodaHruIpokcuiasy 1, koropas urpaer
KITIOYEBYIO POJb B PETYISIMH  CHHTE3a
CEepOTOHMHA, B TOXE BpeMsS MOTUMOPQHBIN
mapkep rs1800532 rena TPH1(A218C) moxer
MEHSTh 3Kcmpeccuto reHa TPH1  [13].
N3BecTHO, UTO y HOCUTENEH ajiens A UMeeTcst
MOBBIIIIEHUE CHHTE3a depmenTa
TpUNTO(aHTUAPOKCHIIA3kI [25, 26], 4TO MOXKET
ObITh  CBSI3aHO  CO  CKJIIOHHOCTBIO K
TMIIEPAKTUBHOCTH, MOBBIIIEHHON
TPEBOXKHOCTU U cyunuaaibHoctu [25, 27]. B
CBSI3M C OTUM, IIOJIy4YEHHBbIE JlaHHbIE
MOJTBEPKAAIOT, YTO MOJMMOP(HBIA Mapkep

rs1800532 rena TPH1(A218C) moxeT ObITh
CBS3aH C  pa3BUTHEM  DMOIMOHAIBHO-
MOBEICHYECKUX HAPYIIICHUH.

I'ew COMT otBeuaeT 3a aKTUBHOCTH
tdepmenta  katexon-O-meTHinTpancdepassbl,
KOTOPBI B CBOIO OYEPE]lb IPUHUMAET yIaCcTHE
B  mporecce  naerpaganuu  godamuHa.
YcTaHOBIIEHO, 4YTO auieldh A CHIDKaeT
(YHKIIMOHATIBHYIO aKTHUBHOCTH ()epMEHTa W,
TaKUM 00pa3oM, y HocuTenei ¢ myTtanueit A/A
ypoBeHb nodaMuHa BBIIIE, YeM Y IIOJEH C
«YCIIOBHO HOpMaJIbHbIM» TeHoTunom G/G
[28]. B cB3u ¢ ueMm, wHccieaoBaTeIU
ACCOIMUPYIOT HAJTMYNE MYTAaHTHOTO ayuTeis A
u reHotumna A/A rera COMT co CKIIOHHOCTBIO
K TeTepoarpeccui H  KPUMHHAIHLHOMY
MOBECHUIO [29, 30], c
MPEAPACTIONOKEHHOCTRIO K aTKOTOJIM3aI[i!
[31] u mnaHuueckuMm paccrporictBam [32].
CormacHoO MPOBEJCHHOMY  HCCIICIOBAHUIO,
gacToTa ajutenss A moauMop(dHOTO BapuUaHTa
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rs4680 reua COMT (G472A) Gbuta Bblle y
COITHAITbHBIX CHPOT, HUMEIOIIHX
MOBEJICHUECKUE TCUXHUYECKHE PAaCcCTPOMCTBA,
torna kak G-awienb yaie BCTpeYaics B
rpymrie 310poBeix aereit (p=0,01).

bbutn Taxke OOHApy)KEHbI OTIUYUS B
yactotax asieneil rena rs1800497 DRD2
(TaqlA). Amrtens T ropaszo darie BCTpedacs
y JETEU-CUPOT c MTOBEJICHYECKUMU
HapYyIICHUSIMH, YeM y KOHTPOJIBHOHN TPYIIIIHL,
rae pomuaupoBan amiens C (p=0,003). Psnx
WCCIICIOBAaHHH JIOKa3bIBAIOT CBSI3b
TCHETHYECKOTO nosuMopduzmMa
n0(haMUHOBOTO  pelENnTopa BTOPOTO THIIA
DRD2, a wmenno wnHamuuue T-amnens c
MATOJIOTMYECKHM arpecCUBHBIM TOBEICHHEM
[33], TmOBBIIEHHOW CYUIMAATBHOCTH U
ankoronu3anuu [34].

Jlanee OBUI MPOBEACH CPABHUTEIBHBIN
aHaJIM3 YaCTOT TEHOTHUIIOB IO MOJMMOPHHBIM
BapHaHTaM T'CHOB MEXIy  TpyHIoi
COIMAIHBIX CHPOT C HAPKOJIOTUYCCKUMHU
pacctpoiictBamu (ynoTpeOJIeHHe aJIKOTOJIsI C
BpeaHbiMu nocienacteusmu — F10.1) (n=81) u

rpynmnoil jered H3 TMOJHBIX CEeMEW, He
HMEIOIINX JaHHBIX paccTpoictB (n=100).
CraTucTH4eCcKd 3HAYMMbIE Pa3IUYMsl 4acTOT
TCHOTHUIIOB OBUIM OOHApYXXEHBI TOJBKO IS
rena TPH1(A218C) (p=0,03) (Tab6ux. 6). Ilpu
MPUMEHEHUH MYJIbTUIUIMKATUBHON MOJIEIN
HACJIeIOBaHUs BBIABICHO, YTO YaCTOTA ajlieis
A momumopdroro mapkepa rs1800532 rena
TPH1(A218C) Obuta BbIIIE y JETEH-CHPOT C
AIKOTOJILHBIMU paccTpoiictBamu (0,43), uem B
KoHTposibHOM rpymnme (0,32), oTHoleHHe
mrancoB cocraBmio 1,62 [95% CI: 1,05-2,49].
[Ipu sTom amtens C BeTpeyascs yamie y AeTei
u3 nonHeix cemeit (0,68), yem y coluambHBIX
cupor  (0,57), UTO  MOXKET  TaKxKe
CBUETENHCTBOBATH O €r0 MPOTEKTUBHOM POJIH
B Pa3BUTHM HApKOJOTMYECKOW IaTOJIOrHU
(OR=0,62 [95% CI: 0,40-0,95], p=0,03).
Hcxons w3 BBILIEU3I0KEHHOTO, MOXHO
MIPENIONIOKHUTh, YTO HAIMYME ajuiesiss A reHa
TPH1(A218C) wMmoxeT OBITh CBSI3aHO HE
TOJIBKO C SMOIMOHAIBHO-TIOBEICHYECKUMU
HapylmICHUSIMH, HO W  SBIATBCA  TaKKe
MPEANKTOPOM AJKOTOJIbHBIX PACCTPONCTB.
Tabauya 6 (nauano)

Pacnpenesnenne 4acToT reHOTHIOB M ajieliell MOIMMOPGHBIX BADHAHTOB FeHOB B IPyINMax
JeTeii-CHPOT ¢ HapKoJoruueckumu paccrpoiicreamu (N=81) u kourposs (n=100)

Beginning of Table 6

Distribution of frequencies of genotypes and alleles of polymorphic gene variants in groups
of orphans with narcological disorders (n=81) and control (n=100)

Fpynna | Amiean Hacrora 2 df, Tenorun qaCTOTao HWE, 2 df,
aJL1esu, P p resoruna, % p p
TPH1(A218C) rs1800532
A/A 14,8
CISOOL”[[-LI é 8"513 =482 C/A 56,8 p=0,33 7*=131
P ' o C/C 28,4 df=2
. A/A 12,0 p=0,03
Koutposb ’é 8'2§ p=0.03 C/A 40,0 p=0,52
' C/C 48,0
MAOA (R297R) rs6323
Con, A 0.62 gi 431(5),; =0,02
CHPOTEHI C 0,38 7?=0,07 ! P=5, x?=10,32
C/C 23,5
df=1 A 36.0 df=2
KoHTtpors lé 8.2? p=0,79 C/A 53.0 0=0,36 p=0,006
' C/C 11,0
HTR2A (T102C) rs6313
Cou. ¢ 0,63 gg 3(2)'(7) p=0,36
CHUPOTBI T 0,37 x?=0,02 : ' ¥*=1,88
T/T 17,3
d=1 Cc/C 38,0 df=2
Kontpoins $ 823 p=0.9 C/T 50,0 p=0,59 p=0.39
' T/T 12,0
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Beginning of Tabauya 6

PacnpeesieHne 4acToT reHOTHIIOB M ajliesiell moTMMOPHBIX BAPHAHTOB I'€HOB B IPyNIax
JAeTeii-CHpoT ¢ HApKoJoruYeckumMu paccrpoiicreamu (N=81) u kouTpo.s (N=100)

End of Table 6

Distribution of frequencies of genotypes and alleles of polymorphic gene variants in groups
of orphans with narcological disorders (n=81) and control (n=100)

2
I'pynna Adiens ;32;‘;”{) X ’pdf' T'enoTun re:::;:::a% HVF\)/E’ x 'pdf’
9 9
DRD4 (C-521T) rs1800955
C/C 27,1
Con, ¢ 0,52 T/C 29,4 p=1 )
CHPOTHI T 0,48 7?=0,01 T/T 235 x°=0,74
di=1 CiC 30,0 di=2
Kownrpoinb g 8'2; p=095 T/C 43,0 p=0,35 p=069
' T/T 27,0
COMT (G472A) rs4680
G/G 259
Cor. G 0,52 B G/A 51.9 0=0,75 L
CHPOTHI A 0,48 7°=4,16 A 292 x°=4,35
di=1 GIG 40,0 di=2
Kowurpoinb i 8'2; p=0,04 G/A 45,0 p=0,76 p=0.1
' AlA 15,0
DBH (C-1021T) rs1611115
C/C 49,4
Cou. ¢ 0,71 CIT 432 p=0,7 ,
CHPOTHI T 0,29 7?=1,03 /T 74 x°=2,18
di=1 CiC 390 di=2
Kowurpoinb E[: 8'22 p=031 C/T 54,0 p=0,12 p=0.34
' T/T 7,0
DRD2 (TaqlA) rs1800497
C/C 39,5
Con. ¢ 0.59 ot 38,3 p=019 |
CHPOTHI T 0,41 7?=4,19 /T 292 x*=4,45
di=1 CiC 29,0 di=2
Kowurpoinb E[: 8'22 p=0,04 C/T 40,0 p=0,69 p=0.11
' T/T 11,0

IMpumeuanue: HWE — unnexc paBHoBecus Xapau-Baiinbepra, N — konnuecTBo 00ciienoBanubix, df — crenenu cBo6obI,
x> — xu-kBajpar [lupcoHa, p — ypOBEHb 3HAUMMOCTH MEX]ly UCCIEAYEMBIMU IPYIIIAMH.

Note: HWE — the Hardy-Weinberg equilibrium index, n — the number of examined, df — the degrees of freedom, »? —
Pearson's chi-square, p — the significance level between the studied groups.

3aki0ueHue. Taxum o0pazom,
MIPOBEJCHHOE MCCIIE0BAaHUE TTOMUMOP(HU3MOB
TEHOB HEWPOMEIMAaTOPHBIX CHUCTEM Mo3ra
CBHUJICTEIILCTBYET 0 Ba)KHOM ponu
NOJUMOP(HBIX BapuaHTOB reHoB 51800532
TPH1(A218C), rs4680 COMT (G472A) wu
rs1800497 DRD2 (TaglA) B pa3Butuu
NICUXWYECKUX PACCTPOMCTB y COLMAIBHBIX
cupot. Hanmame ykazaHHBIX TTOTUMOP(HU3MOB
COITPOBOKIAETCS MOBBIIIEHUEM  pHCKa
BO3HMKHOBEHUS TIOBEICHUCCKUX IICUXUYECKUX
HapyeHuit B 1,65 u Gonee pas.

3HAYMMOCTh TOJIYUCHHBIX
PE3YIBTATOB UCCICIOBAHUSA ITPOAUKTOBAHA HE
TOJBKO YCTAHOBJICHUCM TCHETUYCCKUX

MOTUMOP(PHU3MOB B KadecTBE NPEIAUKTOPOB
pa3BUTHs TICUXMYECKUX 3a00JeBaHUU, HO WU
OLICHKOM  pHCKa  Pa3BUTHS  OTIEIBHBIX
HO30JIOTHYECKUX €JUHHIl B 3aBUCHMOCTH OT
KOHKPETHOTO TMOJUMOpP(GHOro Mapkepa TeHa,
9TO B JalibHEWImeM OyJeT MMETh MECTO B
pa3paboTke Qg epeHIIMpOBaHHON
MICUXONPO(PUITAKTUKI " JeYCHUS
SMOLMOHATBHO-TIOBEIEHYECKUX TTCUXUYECKIX
HAapyUIECHUM.
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