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Abstract: Modern pharmaceutical science is undergoing signi-
ficant changes due to the active integration of computer techno-
logies into the drug development process. Prior to the conven-
tional stages of synthesis and experimental testing, researchers
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o optimizing subsequent experimental studies. In parallel, there
prediction of target genes and target ) . )
metabolic pathways for small mole- is an active development of epigenome-targeted therapy, a new
cules, using chelidonic acid as an ex- approach that allows for the modulation of gene expression in-
ample. Advanced targets in Biomedicine. volved in pathological processes without directly altering the

2025;1(1):06—19.
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we present a pipeline for computer-based assessment of small
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Background and the Theory

Pharmaceutical research and development are expensive, time-consuming, and
risky processes [1]. The process of targeted drug synthesis is challenging due to
limited knowledge of many molecular targets, as well as the high cost of researching
their structures and ligands [2]. In silico technologies have become essential in the
modern pharmaceutical industry, as they can significantly reduce the time and
resources required for drug development [3]. These technologies include predictive
data analysis, building models with specified properties, and virtual screening of
large chemical libraries in order to find effective drug candidates, making it possible
to solve many problems of modern pharmacy [4]. Thus, more and more scholarly
attention is now focused on the strategy of computer-aided drug design (CADD),
which includes computational identification of potential drug targets [5], virtual
screening of large chemical libraries to identify effective drug candidates [6], and
further optimization of candidate compounds and computational assessment of their
potential toxicity [7]. Following these computational processes, candidate compounds
undergo in vitro/vivo experiments for confirmation [8]. Therefore, in contrast to the
traditional approach, which involves the expensive synthesis of numerous compounds
followed by their experimental testing for biological activity, selectivity, and toxicity
[9], CADD methods can significantly reduce the number of compounds tested and
increase the chances of success by eliminating ineffective and toxic substances first.
Virtual screening, for instance, has been shown to increase efficiency (defined as the
number of compounds that bind at a given concentration divided by the number
of compounds tested experimentally) by approximately 100—1000 times when
compared to random screening [10].

In the modern pharmaceutical industry, there is a growing interest in developing
drugs targeting genes involved in pathological metabolic pathways [11]. This ap-
proach, known as epigenome-directed or epigenetic therapy [12; 13], aims to modu-
late gene expression without altering the DNA sequence. Epigenetic therapies involve
the use of drugs that selectively affect the activity of specific genes, leading to changes
in their expression [14]. These drugs can be used to treat a variety of diseases, includ-
ing cancer and metabolic disorders. Currently, predicting changes in gene expression
under the influence of a particular compound without the use of computer technolo-
gy is impossible [15; 16]. An important tool in the creation of new drugs has become
the assessment of structural similarity based on the principle that similar molecules
have similar biological activity [17]. The first tool to predict the biological activity
of compounds based on their structure is the PASS (Prediction of Activity Spectra
for Substances) computer program [18]. The training set for this program consists of
information on the structures and biological activities of compounds obtained from
large experimental databases such as ChEMBL, PubChem and PASS, which together
contain more than 300 million records. The prediction accuracy of PASS exceeds 0.96
for over 5,000 different types of biological activities [19]. In order to predict gene
expression profiles, the DIGEP-Pred (Prediction of drug-induced changes in gene ex-
pression profile) program was developed [20].

The DIGEP-Pred 2.0 web service allows the users to model in silico the effect of
substances on gene expression profiles based on their molecular structure [21]. To
make predictions, the service uses literary data from the Comparative Toxicogenomics
Database (CTD) as well as experimental data obtained from microarray analysis of
the MCF7, PC3, and HL60 cell lines. The accuracy of the predictions reaches 86.5 %
for models trained on the CTD and over 87 % for those based on experimental data
[21]. The prediction results are presented as three key parameters for each gene: the
probability of being active (Pa), reflecting the similarity of the molecule to known active
compounds in the PASS training set; the probability of being inactive (Pi), showing
the structure resemblance to inactive compounds in the same set; and the invariant
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prediction accuracy (IAP), obtained through the leave-one-out cross-validation (LOO
CV) procedure and numerically equal to the AUC value of the ROC curve. LOO CV is
used to assess the robustness of the model on the full PASS training set.

Technical requirements

The DIGEP-Pred 2.0 web service does not require local installation and is availa-
ble online (https://www.way2drug.com/digep-pred/). The R programming language
(version 4.5.0), distributed under the GNU GPL v2 license (https://www.gnu.org/
licenses/old-licenses/gpl-2.0.en.html), was used for data processing. The minimum
system requirements and installation instructions for working with R can be found
on the official product page (https://www.r-project.org/). To ensure proper operation
of the used packages, it is recommended to use the 64-bit version of R. Bioinformatics
analysis was performed using the following R packages: “clusterProfiler” [22—25)],
“DOSE” [26], “AnnotationDbi” [27], “org.Hs.eg.db” [28], “KEGGREST” [29], “GO.
db” [30], “rWikiPathways” [31]. All packages were installed via Bioconductor version
3.21.0. Basic R “graphics” and “ggplot2” were used for general data visualization, as
well as the specialized “RCy3” package [32] for more advanced graphics.

Description of the Pipeline

The first step is to obtain a small molecule structure file. There are several
restrictions to consider for the molecule, including electrical neutrality, consisting of
a single component, the presence of covalent bonds only, and a maximum molecular
weight of 1,250 atomic mass units; for a complete list of requirements, please see
publication [19]. If there is a priori information about the compound under study, it
is recommended to search in the open chemical databases such as PubChem (https://
pubchem.ncbi.nlm.nih.gov/) and CheMBL (https://www.ebi.ac.uk/chembl/). From
these databases, you can download the 2D structure in SDF format or a SMILES
(simplified molecular input line entry system) line. If the substance is new or the
information is not available from the previously mentioned databases, researchers
need to depict the structure themselves using the DIGEP-Pred 2.0 web service. Since
chelidonic acid (ChA) has a known chemical structure, a search in PubChem revealed
the SMILES string C1 = C(OC(= CC1 =0O)C(= O)O)C(=O)O.

The next step is to use DIGEP-Pred 2.0, allowing the researcher to obtain a list of
genes that may change their expression under the effect of the studied compound.
However, it is important to remember that DIGEP-Pred 2.0 does not provide
information about the causes of these changes. In addition to the compound being
studied, DIGEP-Pred 2.0 requires other input parameters such as (1) the dataset used
to train the model, (2) the threshold of Pa values, and (3) the direction of expression
changes (Up/Down). The choice of the first parameter (dataset) is crucial and depends
on the study design and the intended methods for verifying the results in vitro/vivo. The
model creators provide the option to use both long-term literature data from the CTD
or experimental data from three cell lines: MCF7, PC3, and HL60. When studying the
general effects of a test substance, the CTD_mRNA or CTD_protein training sets from
the literature are recommended, as they offer extensive gene output data. However,
experimental validation may be challenging given the data’s generalization across
diverse cell lines. At the same time, using experimental training data can solve this
problem, but the resulting list of genes will be significantly smaller compared to the
literature sets. It is also worth noting that experimental sets are divided by logarithmic
(base 2) fold change in gene expression (LFC). To identify all genes with modulated
expression, run the simulation for each LFC value (0.5, 0.7, 1, 1.5, and 2). For clarity,
Table 1 provides an example.
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Table 1
Comparison of simulation results using different training data sets
Dataset name Number of genes obtained

by modeling the effects of ChA
CTD_mRNA 9,151
CTD_protein 2,133
cMAP_HL60 (LFC0.5+0.7+1+1.5+2) 3,871 (1,809 +1,194 + 589 + 193 + 86)
cMAP_MCF7 (LFC0.5+0.7+1+1.5+2) 1,603 (762 +497 +237 +72 + 35)
cMAP_PC3 (LFC0.5+0.7+1+1.5+2) 895 (396 +275 + 133 + 54 + 37)

Note: The remaining input parameters were kept constant for all simulations: the lower limit of
the values was Pa>DPi, and the direction of regulation was Up.

The choice of the lower limit for the Pa value directly affects the number of results
obtained. A higher threshold increases the likelihood of detecting the test substance’s
activity in relation to the identified genes, but it also reduces the number of genes
selected. The authors of the model propose two approaches for choosing the lower
limit value [18]. For initial modeling, it is reasonable to use the value Pa>Pi. For
further analysis, either of the two proposed approaches can be applied. The direction
of expression changes determines which genes are included in the list: the expression
of those increases or decreases u

nder the influence of the substance. For a complete analysis, both lists are
needed. In this study, the input parameters as follows were used: training dataset
CTD_mRNA, thresholds Pa>Pi and Pa> 0.4 [18], and both directions of expression
change — Up and Down. As a result of the in silico prediction of the gene expression
assessment under the influence of ChA, a list of genes with corresponding expression
directions (over- or under-expression), activity values (Pa), inactivity values (Pi),
and the prediction accuracy score (IAP value) was obtained. This resulted in 9,151
over-expressed genes and 9,207 under-expressed genes, with approximately 5,000
genes present in both lists. The authors of the model do not describe the process for
dealing with the bidirectional influence of a substance on the expression of the same
gene, so we introduced a weighted coefficient (CA) calculated using the formula:
CA =Pa *IAP. The CAs for the same genes in each list were compared, and the gene
with the lowest CA value was removed from the corresponding list. This resulted in
the reduced up-list of 6,309 genes and the down-list of 7,023 genes. Due to the large
number of genes involved in the analysis and the difficulty in assessing the effects
of over- or under-expression of a single gene in isolation from others, we did not
perform a detailed analysis of each individual gene. However, a detailed analysis of
individual genes can be carried out if required by the specific objectives of the study.

Gene set enrichment analysis (GSEA) and over-representation analysis (ORA) are
two commonly used methods for grouping genes into metabolic pathways. GSEA
uses a priori sets of genes that are grouped based on their involvement in the same
biological process. It then determines whether genes from this functional set are clus-
tered at the top (over-expression) or bottom (under-expression) of a ranked gene list.
Meanwhile, ORA tests whether genes from a certain set (such as a biological path-
way) are represented in this list more often than expected by chance.

Owing to the lack of information on the degree of gene expression change, we opt-
ed for ORA. In ORA, genes were grouped according to a metabolic pathway or com-
mon gene ontology in which their products are involved. The statistical significance
of their association of a particular group of genes was then assessed using Fisher’s
exact test. The list of possible metabolic pathways was obtained from the Kyoto
Encyclopedia of Genes and Genomes (KEGG) and WikiPathways databases. The gene
ontology was obtained from the Gene Ontology database (GO). A simple and easy-
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to-use ORA is presented in the “clusterProfiler” package [22—25], which contains
several functions for performing ORA in each database (“enrichKEGG()”, “enrich-
WP()”, “enrichGO()”). The researchers can find a full description of these functions
in the documentation at https://www.bioconductor.org/packages/release/bioc/man-
uals/enrichplot/man/enrichplot.pdf. As a result, a table was generated for each data-
base containing the following information: the metabolic pathway identifier, its short
name, a list of gene products involved in the pathway, their number, and significance
estimates — p.adjust and g-value. The p.adjust represents a p-value adjusted using
the Benjamini—Hochberg procedure, which determines the expected proportion of
talse positive results (FDR) among all positive (significant) ones. In turn, the g-va-
lue determines the minimum FDR when a result is considered significant. While the
choice of the significance estimation ultimately rests with the researcher, we would
like to note that p.adjust is a more rigorous estimate, and g-value has higher statistical
power. Our study was a pilot one, and therefore, it was preferable to obtain as many
candidate pathways with the best metrics as possible for further investigation. With
this in mind, we chose to use the g-value. The number of significant (q-value <0.05)
pathways and ontologies are given in Table 2.

Table 2

The number of significant (q-value < 0.05) metabolic pathways / ontologies
identified during ORA in different databases

Gene expression Database
directions GO KEGG WikiPathways
Up 1,016 53 2
Down 1,258 86 48

One can notice a large variability in the number of pathways / ontologies obtained.
For researchers without relevant experience, the gold standard is KEGG, as it is re-
gularly updated and has strict data moderation. We recommend using GO when
functional annotation of genes is required, and WikiPathways when more detailed or
new information not present in KEGG is needed. Thus, manual assessment of path-
ways from KEGG and WikiPathways seems quite feasible under conditions of limited
human and time resources, without considering gene ontologies.

The next step could be to explore possible metabolic pathways associated with
the a priori target effects, if such effects are present. In our case, such an effect may
be the stimulation of osteogenesis. This possibility was previously demonstrated by
our team in [33; 34]. As a result of ORA, the up-regulated genes were combined into
eight significant (q-value <0.05) metabolic pathways related to osteogenesis, while
the down-regulated genes were combined into four metabolic pathways (Table 3).

Table 3

Metabolic pathways obtained by ORA for ChA target genes

Pa values of genes
included in the pathway

(Me (Q,;Q,)

Pathway / Genes
Ontology ID Name count

The overexpressed genes (Up-regulation)

) Ca?" ion transmembrane import into
GO0097553 | o501 66 0.72 (0.65; 0.82)
GO:0030282 Bone mineralization 47 0.72 (0.65; 0.79)
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The end of Table 3

Pathway / Genes Pa values of genes

Name included in the pathway
ntol 1D nt
Ontology cou (Me (Q,Q,)

GO:0045667  |Regulation of osteoblast

differentiation 55 0.75 (0.67; 0.82)
GO:0009612 Response to mechanical stimulus 77 0.70 (0.63; 0.75)
GO:0030198 Extracellular matrix organization 116 0.70 (0.62; 0.78)
hsa04064 NF-kappa B signaling pathway 42 0.71 (0.64; 0.81)
hsa04310 Wnt signaling pathway 63 0.77 (0.70; 0.82)
WP4141 Vitamin D3 signaling 16 0.75 (0.62; 0.83)

The underexpressed genes (Down-regulation)
GO:0030178  |Negative regulation of Wnt signaling

pathway 75 0.78 (0.68; 0.83)
hsa04010 MAPK signaling pathway 132 0.75 (0.66; 0.84)
hsa04668 TNF signaling pathway 61 0.74 (0.64; 0.83)
WP4787 Osteoblast differentiation and related

diseases 59 0.80 (0.68; 0.86)

Therefore, a number of metabolic pathways and ontologies containing candidate
genes were obtained for further experimental verification in vitro / vivo. The presented
algorithm is effective in the targeted search for metabolic pathways associated with
specific biological processes.

In cases when the researcher does not know in advance what processes the sub-
stance under study may affect, we propose to first assess the overall direction of the
effects by clustering all the identified metabolic pathways into larger modules. This
procedure is particularly relevant when dealing with a large number of identified
pathways and ontologies. The set of tools necessary to solve problems like this is
included in the “clusterProfiler” package [22—25] for the R programming language.
To illustrate this approach, we used the previously obtained gene ontology sets. The
ontologies in each list were grouped using the “pairwise_termsim()” function (a de-
tailed description of the parameters can be found at https://www.bioconductor.org/
packages/release/bioc/manuals/enrichplot/man/enrichplot.pdf), based on the deter-
mination of pairwise semantic similarity to find the most informative common ances-
tor in the ontology hierarchy for each pair of terms.

Clustering was performed using the Partitioning Around Medoids (PAM) algo-
rithm, based on the definition of k-medoids. This classical clustering method parti-
tions a dataset into k clusters, where k is assumed to be known a priori. The cluster
median is the object in the cluster with the smallest sum of distances to all other
objects in the same cluster, making it the most central point within the cluster [35].
Unlike the k-means, the k-medoids only selects existing data points as centers, pro-
viding a clearer interpretation of cluster centers compared to k-means, where the
cluster center may not be one of the original data points, but rather the average of the
points within the cluster. Additionally, the k-medoids algorithm can be used with
arbitrary dissimilarity measures, whereas the k-means algorithm typically requires
Euclidean distance [36]. The k-medoids approach minimizes the sum of pairwise dif-
ferences between data points instead of the sum of squared distances, making it more
robust to noise and outliers than the k-means approach [37].

Clustering and visualization of the results is implemented in the “emapplot()”
function (detailed description can be found at https://www.bioconductor.org/pack-
ages/release/bioc/manuals/enrichplot/man/enrichplot.pdf), which also creates a net-
work enrichment map. This graph combines ontologies, represented as nodes, into a
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network with edges connecting overlapping sets of genes. Thus, intersecting sets of
genes tend to be grouped together, making it easier to identify functional modules.
The color of a node reflects the statistical significance of the enrichment, and the size
of the node represents the number of genes associated with each term. This allows us
to quickly identify important or highly enriched terms. Figure 1 presents the cluster-
ing results for the 45 most significant (q-value <0.05) gene ontologies of the up-list
(Fig. 1, a) and all 1,016 significant (g-value <0.05) ontologies (Fig, 1, b) from this list.
A closer examination of the first 45 ontologies (Fig, 1, a) reveals that the “ossifica-
tion” ontology, which means bone tissue formation, bone matrix mineralization and
etc. in GO terms, is included in the cluster of the canonical NF-kB metabolic pathway
(blue oval, Figure 1, a). This indirectly confirms our selection in Table 3. The study of
all significant (q-value <0.05) ontologies (Fig. 1, b) is primarily necessary for identi-
tying the general directions of the molecule’s action. Therefore, listing all ontologies
in this case is unnecessary.
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Fig. 1. The example of clustering of significant (q-value <0.05)
up-list gene ontologies: the first 45 (2) and all 1,016 (b)

Similarly, Figure 2 shows the clusters for the 45 most significant (q-value <0.05)
ontologies of the down-list (Fig. 2, a) and all 1,258 significant (q-value <0.05) ontolo-
gies of the corresponding list (Fig. 2, b).

At the same time, it should be noted that as the number of ontologies considered
for the two lists increases, the patterns of cluster arrangement in the space of semantic
similarity coefficient values are preserved. This could indicate the appropriate use of
the “emapplot()” function’s parameters.

In addition to clustering, the “clusterProfiler” package allows you to explore the
possible hierarchy of the obtained ontologies. For this purpose, the “treeplot()” func-
tion is provided, which enables the creation of a tree-like graph of semantic similarity
(Fig. 3). Researchers can find a detailed description of this function at (https://www.
bioconductor.org/packages/release/bioc/manuals/enrichplot/man/enrichplot.pdf).
As aresult, “treeplot()” creates a graph where each path is represented by a node, and
parent-child relationships between terms are indicated by connecting lines. Similar
to a network map, the size of each node depends on the number of genes included
in the ontology, while the color indicates the statistical significance of gene enrich-
ment within the ontology. In our example, the output of “treeplot()” for the 45 most
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significant (q-value <0.05) ontologies of the up-list (Fig. 3, 2) and down-list (Fig. 3, b)
identifies 5 groups, whose ontologies are related to each other through a common
parent term.

;I geese

Fig. 2. The example of clustering of significant (q-value <0.05) down-list gene ontologies:
the first 45 (a) and all 1,258 (b)
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Fig. 3. The example of the possible hierarchy of gene ontologies
of the up-list (2) and down-list (b)

Conclusions

The developed pipeline demonstrates complex capabilities. On the one hand,
it allows analyzing the effect of chemical compounds on a priori known genes
and metabolic pathways; on the other hand, it helps to identify potentially new
pharmacological effects of the compounds under study. This toolkit is of particular
value for preclinical studies, where rapid data processing and cost-effective methods
are essential. As modern studies show, the use of in silico approaches significantly
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optimizes the screening of biologically active compounds [38]. In particular, similar
methods can save 30—40 % of the time compared to traditional approaches [39] and
significantly reduce financial costs during the initial stages of new drug development
[3; 40]. In addition, the application of this approach in personalized medicine, where
rapid analysis of individual genetic and metabolic profiles of patients is crucial, is of
particular practical interest. These results open up prospects for further development
of this area of research. The authors hope that the proposed methodology will become
a useful tool for the scientific community, combining three key advantages: (1) high
analytical efficiency, (2) simplicity of use, and (3) cost-effectiveness. The presented
approach can be widely applied in both fundamental studies of the mechanisms of
medicinal substance effects and in practical applications across molecular biology,
pharmacology, and bioinformatics.
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Abstract: The development of novel approaches to induce ap-
optosis in tumour cells remains a key challenge in contempo-
rary biomedicine. Given the exceptional thermal conductivity
of graphene, we employed one of its derivatives — graphene
oxide (GO) — to achieve localised heating of cells under near-in-
frared (NIR) irradiation in vitro. In this study, graphene oxide
nanoparticles coated with either linear (LP-GOs, 3184 +73 nm)
or branched (BP-GOb, J1376+48 nm) polyethylene glycol
were used. The MCF-7 breast adenocarcinoma cell line served
as the cancer model. Cells were cultured for 24 hours to allow
monolayer formation, after which LP-GOs and BP-GOb nan-
oparticles were added at final concentrations of 5 and 25 ug/
mL. The cells were then irradiated with NIR light using a Hy-
drosun-750 lamp for 1 hour. Cell viability, nanoparticle sorp-
tion / uptake and the rates of early and late apoptosis / necrosis

were assessed at 1 and 24 hours post-irradiation.

MCE-7 cells exhibited the capacity for sorption of PEGylated
graphene oxide nanoparticles, including under conditions of
NIR irradiation. After 24 hours of incubation, the proportion of
PC7+ (GO-positive) cells reached approximately 10 % at a con-
centration of 5 ug/mL and 50 % at 25 ug/mL. NIR-irradiated
nanoparticles did not produce statistically significant changes
in cell viability or apoptosis/necrosis rates. However, a trend
towards increased cell death and apoptosis was observed

24 hours post-irradiation.

Keywords: graphene oxide nanoparticles, MCF-7, NIR irradia-

tion, hyperthermia, apoptosis

Cospementivle nanpasrerus ¢ ouomeduture 2025, https://doi.org/10.3390/ATB-2025-1-1-2

www.ATB-2025-1-1-1


mailto:mantissa7@mail.ru
https://journals.kantiana.ru/upload/medialibrary/062/z045f76m57n6l8t1gsrex8jniu1jf7k1/долгих_СТАТЬЯ.png

% COBPEMEHHBLIE HAITPABAEHW S B BUOMEAUIIVHE
y‘ ADVANCED TARGETS IN BIOMEDICINE

OPMZMHLU\DHLZ}I UCcAedoBameAbcKas cmanosl

OLEHKA BANSHNS HAHOYACTUL]
OKCNAA T PADPEHA HA KAETKU AMHNN M CF-7
1104 AEMCTBUEM BUK-OBAVUYEHISI

M. A. Aoarux’?, M. C. boukosa'?,
B.II. Tumranosa? C. A. 3amopuna® **

A ast TP OBaHIAS:

Aoarnx M. A., boukosa M. C.,
Tumranosa B. 1., 3amopuna C. A.
OrreHka BAMSHI HaHOYACTUI] OKCUAA
rpadena Ha kaetku avHuu MCF-7
o, Aevictsuem BIK-o6aydyenns.
Cospemenvie HANPABACHUS 6
ouomeduyure. 2025;1(1):20—30.
https://doi.org/10.5922/ATB-2025-1-1-2

IMocryrmaa

22.04.2025 1.

[Tpomraa penensuposanue
03.06.2025 r.

IMpunsTa K IeyaT
05.06.2025 .
Ony6ankopana

15.07.2025 1.

© Aoarux M. A., boukosa M. C.,
Tumranosa B. 1., 3amopuna C. A,
2025

! [TepMcKmIt rocyapCTBEHHBIN HaIlOHAABHBII
11CCA€A0BaTeAbCKUI YHUBEPCUTET,
614068, Poccus1, Ilepmb

2 VIHCTUTYT DKOAOTUM U TEHETHUKY MUKPOOPTaHU3MOB,
Ypaanckoe orgeaenue Poccuiickoit akageMun Hayk,
620049, Poccus, Ilepmb

* ABTOp-KOppecIIOHAeHT: mantissa7@mail.ru

Pesrome: [Tonck HOBBIX CTTOCOOOB MHAYKIIMI aIIONTO3a OIYXO-
A€BBIX KAETOK fABAseTCsA aKTyaAbHOM 3ajadeil OMOMeAUIIMHEL
YunTteBas yHMKaABHYIO TEILIOIIPOBOAHOCTDL TpadpeHa, MBI 1C-
II0Ab30BaAM AAHHBIN HaHOMaTepuaal AAs HarpeBa KAEeTOK I10J
BO3JeiicTBreM OAVKHero nHppakpacHoro nsaydenus (bVIK) B
yca0BusX in vitro. B paboTe mpuMeHsAMCh HAHOYACTUI] OKCH-
Aa rpadena, okpsIThie AnHeNHBIM (AI1-OI'm, D184 +73 M) u
8-passetBaenHbM (pII-OI'6, K1376 48 MKM) TOAUDTUAEHTAN-
KoaeM. OODBeKTOM MccAeAO0BaHM SIBASAACh KA€TOYHAs AVHISL
adeHOKapUMHOMBI MOA04HOM >Keae3bl MCF-7. KaeTkn Kyab-
TUBMpOBaAN 24 9aca 445 obpasosaHmUs MOHOCA0s. ITocae sTo-
ro gob6asasan HaHodactunsl AII-OI'm n pII-OI'6 B KOHeuHOTI
KOHIIeHTparuu 5 u 25 MKr/mMA u 3ateM odaydaan BIIK-ayaamu
(aamma Hydrosun 750) B Teuenne 1 gaca. OnjenmBaan >KusHe-
CIIOCODHOCTH KAETOK, IIOIA0IIeHIe/aAre3 /0 HAHOYACTIL] KAeT-
KaMIl, a TakKe IlapaMeTpbl paHHero M I034Hero arornrosa /
HeKpo3a yepes 1 uyac u 24 gaca 1mocae 00AydeHLsI.

Ycranosaeno, uro kaerku MCF-7 crocobubr copOuposath
HAaHOUYACTUIIBI OKcuJa rpadpeHa, B TOM uucle MO/ AeNCTBU-
em DBVK-o6aydenms. Yepes 24 uvaca mHKyOaumm YpOBEHb
PC7 +- kaerok cocraBasia 10 % (5 mxr/ma) u 50 % (25 Mkr/ma).
IlokasaHO, 4TO HaHOYACTUIIBI 110/ BosJeiicTsueM BIMK-004ay-
YeHNs He OKa3blBalOT CTAaTUCTUYECKU 3HAaYMMOTIO BAMSHUSA Ha
JKM3HECITOCOOHOCTD 1 ITOKa3aTeAy paHHeTO M ITO34Hero arroll-
To3a/HeKkpo3a kAeTok AuHun MCF-7. Oanako uyepes 24 yaca 110-
cze 061ydeHNsT HaDAI0AAeTCs TEHASHINA K YBeANIEHUIO DTUX

TToKa3aTeAenn.

Kaiouesbre caosa: HaHouactmiiel okcrga rpadpena, MCF-7,
BlMK-006ay4yenne, runepTepmis, alloToO3
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Introduction

According to the World Health Organisation, breast cancer ranks first among all
cancers in terms of new incidence. In 2020, it affected over 2,3 million people globally,
with 685.000 recorded deaths [1]. One of the most prevalent forms of breast cancer
is the luminal A subtype, which is most commonly diagnosed in older women [2].
The MCE-7 cell line — an epithelial tumour line representative of this subtype — is
employed as a model system in the present study. MCEF-7 cells serve as a suitable
model for investigating various parameters, including cytotoxicity and functional,
proliferative and secretory activities during interactions with different types of
nanoparticles [3].

In recent years, devices emitting light in the near-infrared (NIR) range have gained
increasing popularity. Typically represented by high-intensity lasers or specialised
lamps, they are used across various fields of medicine, including the treatment of
osteoarthritis [4]. Their therapeutic effect is attributed to the deep penetration of
infrared radiation into bodily tissues and its action at the cellular level.

Interest in the application of NIR radiation in oncology is driven, in part, by the
unique properties of graphene oxide (GO). Owing to its high thermal conductivity, GO
is highly efficient at absorbing infrared light and converting it into thermal energy [5].
However, its direct use is constrained by inherent toxicity. To enhance biocompatibility
and minimise toxic effects, GO was modified with linear and branched polyethylene
glycol (PEG). The low cytotoxicity of such PEGylated nanoparticles has previously
been demonstrated in T-lymphocytes (up to 25 ug/mL) [6], macrophages (up to
31,25 pg/mL) [7] and human peripheral blood mononuclear cells (up to 20 pg/mL)
[8]. Thus, the minimal cytotoxicity of graphene oxide nanoparticles towards healthy
tissues, combined with the accessibility of breast cancer sites to NIR therapy, renders
this approach a promising strategy for tumour treatment.

The aim of this study was to investigate the effect of graphene oxide nanoparticles
under NIR irradiation on MCF-7 cells. Specifically, the impact of GO nanoparticles
on cell viability and apoptosis was assessed following NIR exposure in the presence
of the nanoparticles.

Materials and Methods

Materials

Cell culture. MCEF-7 cell line (PrimeBioMed, Russia).

Reagents. DMEM cell culture medium without phenol red (Biolnn Labs, Russia);
FBS (Capricorn Scientific, Germany), antibiotic-antimycotic solution (Himedia,
India), L-glutamine (Biological Industries, Israel); Accutase (Capricorn Scientific,
Germany); DPBS without Ca** and Mg?* (PanEco, Russia); Zombie Aqua (BioLegend,
USA), FITC Annexin V (BioLegend, USA); BSA (Life technologies Corporation, USA),
NaN, (Dia-M, Russia).

Equipment. Hydrosun 750 NIR lamp (Hydrosun Medizintechnik, Germany,
Table 1); CytoFLEX S flow cytometer (Beckman Coulter; USA); PST-60 HL shaker-
thermostat (BioSan, Latvia).
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Table 1
Hydrosun-750 lamp specifications
Nominal | Power Infrared Average Radiation intensity
voltage | consump- source lifetime (distance 32 cm = distance rod)
50/60 Hz tion USHIO of the source | BTE31 color filter | No color filter
HPL 225 mW/cm?
230VAC| 775W | 750/230X+ | 1500 hours |200 mW/cm?2+10 % +10 %

Graphene oxide nanoparticles. Graphene oxide (Ossila Ltd, UK) was coated with
linear polyethylene glycol (LP-GOs) and 8-branched polyethylene glycol (BP-GODb).
Nanoparticles were applied to cells at concentrations of 5 and 25 pug/mL. The charac-
teristics of the nanoparticles are summarised in Table 2, with more detailed informa-
tion available in a previously published study by our colleagues [9].

Table 2
Characteristics of graphene oxide nanoparticles coated with linear
and 8-branched polyethylene glycol
Particle name Size Zeta potential
LP-GOs @184 +73 nm -31.70+1.70, mV
BP-GOb #1376 +48 um —-53.56+1.23, mV

Cultivation of MCEF-7 cells. MCF-7 cells were cultured in DMEM growth medium
supplemented with 10 % FBS, 2mM L-glutamine and 1 % antibiotic-antimycotic
solution. Re-seeding was carried out when the cells reached 80—90 % confluency.
Cell cultures were maintained in a CO, incubator at 37°C with 5% CO,. For the
experiments, 125 uL of cell culture medium containing 45,000 cells was added to each
well of a 96-well plate. Following the addition of the nanoparticles, the total volume
per well was 150 pL. The overall experimental design is illustrated in Figure 1.

1S0EE0005a| Eon0aeinons
;iﬁ‘ o0 8 ’%é ok i%é%% Day 1: Addition of MCF-7 cells to a 96-well plate
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GOs and BP-GOb) at concentrations of 5 and 25

pg/mL
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Day 2 and 3: Analysis using Zombie Aqua and
Annexin-V. Evaluation of viability, apoptosis,
sorption, cell count on a flow cytometer

flow cytometer

Fig. 1. The experimental design for investigating the effect of graphene oxide nanoparticles
on MCF-7 cells under NIR irradiation
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NIR irradiation. After 24 hours of cultivation of MCF-7 cells with PEGylated
graphene oxide, two identical 96-well plates containing the cells were placed on a
shaker thermostat until a temperature of 37°C was reached. One plate was then ex-
posed to NIR irradiation for 1 hour, while the other was kept in the shaker thermostat
for the same duration as a negative control. The effects were assessed 1 hour and
24 hours post-treatment.

Detachment of cells from the cell plate surface. Culture medium was transferred
from the wells into test tubes. After resuspension, the wells were washed with DPBS.
Accutase solution was then added to the wells, and the plates were placed on a ther-
mo shaker at 340 rpm and 37°C for 10 minutes. Detached cells were collected into the
test tubes. Cold DPBS was added to each well; the remaining cells were resuspended
and transferred to the same tubes.

Sorption of NPs. A flow cytometry method detecting graphene oxide autofluo-
rescence in the red spectral channel (PC-7) was employed to assess this interaction.
Since this method cannot distinguish between nanoparticle adhesion to the cell sur-
face and internalisation, the term «sorption» is used to describe the interaction be-
tween MCF-7 cells and the nanoparticles. A group not treated with GO served as the
negative control.

Cell count determination. After detaching the cells from the culture plate surface,
the volume of liquid in each tube was measured using a pipette. The samples were
then diluted 40- and 70-fold. The absolute cell number was calculated by multiplying
the event count per millilitre by the sample volume.

Assessment of viability and apoptosis. Zombie Aqua (ZA) dye was used to assess
cell viability, while Annexin V was employed to detect apoptosis. DPBS was added
to the tubes, and the cells were centrifuged for 10 minutes at 350g. Supernatants were
removed, after which Zombie Aqua was added to the stained tubes and DPBS to
the unstained ones. The tubes were incubated in the dark at room temperature for
30 minutes. Cold staining buffer (DPBS with 0.5 % BSA and 0.1 % NaN3) was then
added, and the cells were centrifuged at 4°C for 10 minutes at 350g. The cells were re-
suspended in Annexin V solution and incubated in the dark at room temperature for
15 minutes. Annexin V-binding buffer was subsequently added, and the cells were
kept on ice. The percentage of viable cells and apoptosis level were evaluated for sin-
glet cells using gating (FSC-A vs. FSC-H).

Statistical analysis. Statistical processing was performed using GraphPad Prism
8 software with a parametric one-way ANOVA test and correction for multiple com-
parisons (Tukey’s test). Four independent experiments were conducted. Significant
differences compared to the control are indicated separately for the «thermostat» and
«NIR-lamp» groups.

Results and discussion

Nanoparticle sorption. The study examined the ability of PEGylated graphene
oxide to interact with MCF-7 cells. The results presented in Figure 2 show a clear
positive correlation between the degree of GO nanoparticle sorption and their con-
centration in the medium. For instance, at a concentration of 5 ug/mL, the proportion
of PC7 + cells reaches approximately 10 %, regardless of nanoparticle type, whereas
at 25 pug/mlL, the percentage exceeds 30 %.

Additionally, an increase in the sorption of LP-GOs by the cells 24 hours after treat-
ment was observed, suggesting that the interaction is time-dependent and requires a
certain period to reach saturation.

A review article on the uptake of GO by mammalian cells notes that nano-
particles ranging from 500 to 4000 nm are not internalised by MCF-7 cells but in-
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stead adhere to their surface [10]. However, the authors emphasise that this
effect is size-dependent. Therefore, it is likely that the BP-GOb nanoparti-

cles (1—5um) used in this study primarily adhere to the cell surface, whereas
LP-GOs are more likely to penetrate the cells.
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Fig. 2. Sorption of PEGylated graphene oxide by MCE-7 cells
1 hour after irradiation (A)
and 24 hours after irradiation (B).
N =4. Median and interquartile ranges (IQR) are presented. *** —p <0.0001

Cell counting. Cell counting was performed immediately after detachment from
the culture plate surface. As shown in Figure 3, there were no statistically significant
differences in the number of MCF-7 cells between the control group and the groups
treated with PEGylated GO or exposed to NIR irradiation. Thus, PEGylated graphene

oxide nanoparticles and NIR irradiation had no measurable effect on MCF-7 cell
numbers.
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Viability. Cell viability was assessed using Zombie Aqua dye, which penetrates
cells with damaged membranes. The study showed that PEGylated graphene oxide
and NIR irradiation had no statistically significant effect on MCEF-7 cell viability
(Fig. 4). However, a tendency towards decreased viability was observed 24 hours
after irradiation.
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Fig. 4. MCEF-7 cell viability 1 hour after irradiation (A) and 24 hours
after irradiation (B). N =4, median and IQR are presented

Apoptosis. The experimental results showed that PEGylated GO and NIR irradia-
tion had no significant effect on early apoptosis (ZA~ Annexin V*) or late apoptosis /
necrosis (ZA* Annexin V*) in MCF-7 cells (Fig. 5). However, 24 hours after irradia-
tion, a trend towards an increase in these indicators was observed. In similar studies,
graphene oxide coated with 8-hydroxyquinoline induced apoptosis in MCF-7 cells at
a concentration of 0,5 mg/mL after 48 hours of cultivation [11]. This suggests that the
apoptotic response in the present study may reflect a delayed effect.

Since 2010, graphene-induced hyperthermia of tumour cells has been studied both
in vitro and in vivo. Experiments in mice have shown that PEGylated graphene oxide
nanoparticles exhibit highly efficient passive accumulation in transplanted tumours,
with relatively low retention in the reticuloendothelial system. NIR irradiation
using an 808 nm diode laser resulted in highly effective tumour ablation following
intravenous nanoparticle injection. Moreover, no apparent side effects were observed
in the treated mice, as confirmed by histological, haematological and biochemical
analyses [12].

Over the past 15 years, notable progress has been made in the study of graphene
as an agent for local tumour hyperthermia [13]. In 2023, ultra-small graphene oxide
nanoparticles (average size 30 nm) modified with polydopamine were synthesised.
These nanoparticles demonstrated good biocompatibility, excellent photothermal
performance and a high drug-loading capacity for doxorubicin [14]. Overall, conju-
gated nanoparticles have been regarded as a promising approach to combine chemo-
therapy and phototherapy in tumour treatment.

Yet no clinical studies have been performed. In addition, the cytotoxic mechanisms
of nanoparticles against tumour cells remain poorly understood. Besides apoptosis
induced by the temperature rise during hyperthermia [15], increased intracellular



Advanced targets in Biomedicine 2025 27 of 91

production of reactive oxygen species (ROS) following nanoparticle treatment has
been reported [16]. Elevated ROS levels cause damage to proteins, nucleic acids,
lipids, membranes and organelles, ultimately leading to cell death.
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Fig. 5. Early apoptosis of MCF-7 cells 1 hour
after irradiation (A) and 24 hours after irradiation (B).
Late apoptosis/necrosis of MCF-7 cells
1 hour after irradiation (C) and 24 hours after irradiation (D).
N =4, median and interquartile ranges (IQR) are presented

Thus, our study demonstrated that PEGylated graphene oxide, irrespective of the
type of modification (linear or branched PEG) and the exposure method (thermo-
stat storage or NIR irradiation), had no effect on cell count, viability or apoptosis.
Consequently, these exposure conditions are not toxic to MCF-7 tumour cells (Fig. 6).

PEG-coated graphene oxide can be sorbed by MCE-7 cells, indicating its potential
for further investigation. Future experiments will focus on optimising the extracel-
lular environment to induce apoptosis following nanoparticle application. Overall,
it is crucial to develop a technique that selectively eliminates cancer cells while pre-
serving healthy tissue. Achieving this requires careful optimisation of parameters
such as nanoparticle concentration, exposure time and other factors influencing the
efficacy and safety of the treatment.
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Fig. 6. Summary of the findings. Effects were evaluated 1 hour (A and B)
and 24 hours (C and D) after irradiation
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Annmoranus. llepunporesnas wmndexuns (I1IIM) sasaser-
Cs1 CepLe3HBIM OCJAOXKHEeHHeM IIocAe DHAOIPOTe3MpPOBaHILI
KPYIIHBIX CyCTaBOB, TpeOyIOIIMM IIOBTOPHOTO XMpypriude-
CKOTO BMeIllaTeAbCTBa U AAUTEeABHONM aHTUMMMKPOOHOI Tepa-
oun. Vicmoas3osanue IILIP B »THoaormueckon AmarHOCTUKE
IITT nmeeT 3HaAUUTEABHOE IIPEUMYIIIECTBO, 3aKAIO4YaloIeecs
B 9KCIIpecc-BapMaHTe II0AydeHIsl pe3yabTaTa M BBICOKOI 4yB-
crBuTeAbHOCTU M crenuduuHoctu. Lleap mccaejosanms — c
ucroab3osanueM Meroga IILIP B pexxume peaapbHOro Bpe-
MeHI YCTaHOBUTB poAab Staphylococcus spp., Streptococcus spp.
u Enterobacteriacene Kak MMKPOOHOIO DTHOAOTMYECKOTO
¢akropa IIIINM; wusyunts mpucyrctsue Staphylococcus spp.,
Streptococcus spp. m Enterobacteriaceae B OmOlLIeHO3aX BEpPXHIIX
ABIXaTeAbHBIX ITyTell, ypOreHUTaAbHOTO M JKeAyAO4YHO-KMIIIed-
HOro TpakToB y nauuentos c I aas onpeaeaenns ycaos-
HO-TIaTOTEHHBIX OaKTepuil KaK DHAOTEeHHOro ¢axkropa pucKa
pasBUTIT MHQEKIIUN TI0CAe DHAOIIPOTe3NPOBaHMs KPYITHBIX
cycraBos. Ha ocHoBaHUM IpOBeAeHHBIX MCCAeA0BaHUI ycTa-
HOB/EHO, YTO BBIIBAEHME B CHIHOBMAABHON XMAKOCTH U Ppar-
MeHTaX cmHoBnaabpHOl oboaoukn AHK Staphylococcus spp.,
Streptococcus spp. u Enterobacteriaceae y maljieHTOB ¢ KAMHIYe-
CKUMM IIpU3HaKaM¥ MHQPEKIUN SIBASeTCI MUKPOOMOAormde-
ckuM dTroaormdeckum ¢paxropom IIIN. Vzyuyen MukpoOHbI
cocTas OMOIIEHO30B BEPXHUX AbIXaTeALHBIX ITyTell, YpOTeHM-
TaABHOTIO M JKeAyA0YHO-KUIIIeYHOTO TPAKTOB: AMarHOCTIUYECKI
3HAUYMMBIM KpUTEPUEM AAsI OTHECEHVIS ITaljieHTa K IpyIIIle pu-
cka no TN asasercs onpegeaenne konuentpanun AHK yc-
A0BHO-ITIaTOT€HHOTO MUKPOOPTaHNU3Ma B JICCAeAyeMOoM O1oTo-
e — 1,0 x 10* kormsi/Ma py HaAMYNY KAVUHUIECKON KapTIHbI
BOCIIaAMTEABHOTO IIpoIlecca B 9TOM O1oTOIIe.

Karouesble ca0Ba: mepumpoTe3Has MHPEKLILS, DHAOIPOTE3N-
poBaHMe, KpyIIHbIe CyCTaBbl, [IOAMMepa3Hasl LellHasl peakIiys,
YCAOBHO-IIaTOT€HHBIE MUKPOOPTaHU3MBI

Advanced targets in Biomedicine 2025, https://doi.org/10.3390/ATB-2025-1-1-3

www.ATB-2025-1-1-1


https://journals.kantiana.ru/upload/medialibrary/810/07a85r4cvto4xwaw77alyku1emflsuuu/ЛЯМЦЕВА_СТАТЬЯ.png

(\'% COBPEMEHHBLIE HAITPABAEHW S B BUOMEAUIIVHE
y ADVANCED TARGETS IN BIOMEDICINE

Original research article

DETERMINATION OF THE ROLE

OF OPPORTUNISTIC MICROORGANISMS
STAPHYLOCOCCUS SPP., STREPTOCOCCUS SPP.
AND ENTEROBACTERIACEAE

IN THE ETIOLOGY OF PERIPROSTHETIC INFECTION
AFTER ENDOPROSTHETICS OF LARGE JOINTS

A. K. Lyamtseva*, S. A. Kostiuk, O. S. Poluyan

To cite this article:

Lyamtseva A. K., Kostiuk S. A.,
Poluyan O. S. Determination of the
role of opportunistic microorganisms
Staphylococcus spp., Streptococcus spp.
and Enterobacteriaceae in the etiology
of periprosthetic infection after endo-
prosthetics of large joints. Advanced
targets in Biomedicine. 2025;1(1):31—50.
https://doi.org/10.5922/ATB-2025-1-1-3

Received
21.04.2025
Revised
04.06.2025
Accepted
05.06.2025
Published
15.07.2025

© Lyamtseva A. K., Kostiuk S. A.,
Poluyan O. S., 2025

Research Laboratory of the Research Institute of Experimental
and Clinical Medicine, Belarusian State Medical University,
220083, Minsk, Belarus

* Correspondence: annaliamtsava@gmail.com.

Abstract. Periprosthetic joint infection (PJI) is a serious com-
plication of large joint arthoplasty, often necessitating repeated
surgical interventions and prolonged antimicrobial therapy.
Polymerase chain reaction (PCR) offers significant advantages
in the aetiological diagnosis of PJI, namely rapid result acquisi-
tion and high sensitivity and specificity. This study aims to use
real-time PCR to determine the role of Staphylococcus spp., Strep-
tococcus spp., and Enterobacteriaceae as microbial aetiological
agents of PJI, and to examine their presence in the biocenoses of
the upper respiratory, urogenital, and gastrointestinal tracts in
patients with PJI, in order to assess the potential role of oppor-
tunistic bacteria as endogenous risk factors for infection follo-

wing large joint arthroplasty.

The findings confirm that the detection of Staphylococcus spp.,
Streptococcus spp. and Enterobacteriacene DNA in synovial
fluid and synovial membrane fragments in patients with clini-
cal signs of infection serves as a microbiological indicator of PJI.
Furthermore, the microbial composition of the upper respira-
tory, urogenital and gastrointestinal biocenoses is analysed.
A diagnostically significant criterion for identifying patients
at risk of PJI is the detection of opportunistic microorganism
DNA at concentrations of 21.0 x 10* copies/ml in the study bio-

tope, accompanied by clinical evidence of local inflammation.

Keywords: periprosthetic infection, endoprosthetics, large
joints, polymerase chain reaction, opportunistic microorga-

nisms
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BBeaenue

[Tepunpotesnas napexuns (I1IV1V) cycraBos sABAsIeTCS Cepbe3HBIM OCAOXKHEHIEM,
BCTpedaromumcs B 1—9 % caydyaes IepBIYHOIO DHAOIPOTE3UPOBAHIS, UYTO CBSA3aHO
C TSKECTBIO KAMHIYeCKOTO IIPOsIBACHNS 11 HEOOXOAVMMOCTBIO IIPUMEHEHN ST CA0KHBIX
MEXAVCITUTIAVHAPHBIX cTpaTernii Aedenus [1]. Xotsa puck mHPUIIMpPOBaHNUS DHAO-
IIpoTe3a y NaliieHTOB, IIepeHeCIINX 3aMeHy CyCTaBOB, MOYKHO CYMTaTh HU3KIUM, BbI-
COKasl 4acTOTa IIpOBeAeHIsI HTUX IIpoliedyp IpeoOpasyeT coueTaHe HUSKIX PUCKOB
B cymectseHHOe Opems1 nugeknumn. [TV mpeacrasasieT coboit ocaoKHeHMe, CBI3aH-
HOe TaK>Ke C BLICOKMMU MeAUIIMHCKMMIU U COIMaAbHBIMU 3aTpaTaMM.

KonnentyaabHbIM AMarHOCTMYECKUM IIpueMoM Aast nmoatsepxxaenus [T, ac-
COLIMMPOBAHHBIM C MH(UIUPOBAHMEM, sBASETCS BblAeleHNe MUKPOOpTaHM3Ma B
acrmpare 13 I0AOCTU CycTaBa AV IIOAYYeHHOTO XV PYyPIMUeCcKIM IIyTeM OKOAO0IIpO-
Te3HOTo OMoA0rmIeckoro Matepmuada. Apyrumu ¢gakropaMu, IOATBEP>KAAIOIIIMIA
[IITV cycraBa, BHICTYIIAIOT HaAu4lie CBUIIIEBOTO XO4a, COOOIAIOIIerocs C CyCTaBHO
IIeAbI0, pacXoXKAeHlUe paHbl, THOI BOKPYT CycTaBa Oe3 aAbTepHATUBHOIO OObsCHe-
HII, pacllaTbiBaHMe IIpOTe3a, IIOBBIIIeHHOe KOAMYEeCTBO AeMKOIIMTOB B CMHOBMAAb-
HOII JKIAKOCTH C IIpeo0AadaHyieM HeITpo(1A0B I IOBBIIIIEHHbIe ITI0Ka3zaTean Aabo-
paTOPHBIX MapKepoB BocIiaaeHns, Takux kak C-peakrusnbiii 0eaok (CPB), ckopocts
oceganus sputponutos (COD), mpoBocraanTeAbHBIX HUTOKUHOB. IIpy 5TOM BaskHO
YUUTBIBATD, YTO HEBO3MOXKHOCTD UAeHTUPUKAIIUI BO30OYAUTEAST KAacCUIecKuM Oak-
TEePMOAOTMYECKMM MeTOAOM He MCKAIoYaeT IIPUCYTCTBYe MUKPOOPIaHM3MOB B TKa-
HIX IIOpa>keHHOTO cycTasa [2; 3].

Moxno npeanoaoxunts, uro IV mocae sHAOIPOTE3MPOBAHMS KPYIHBIX Cy-
CTaBOB MO>KeT OBITh BbI3BaHa DK30T€HHBIM AU DHAOTEHHBIM MHPUIIMPOBaHUEM, ac-
COLIMMPOBAHHBIM C OMOAOTMYECKOI TpaHCAOKalyell U3 30H UX PU3N0AOTUIECKO
AoKaausauuu. B saBucumMocTt oT MUKpOOHOM BUpyAeHTHOCTH Bo30OyanTeaen ITTTV
MO>KeT IIPOSIBUTBCA PaHO B BUAE OCTPON MH(EKIUM C MOsIBAeHIeM XapaKTepHBIX
>Kaa00 1 CUMIITOMOB B TedeHle IIepBLIX YeThIpex Hejeab IIOCJe MMILAaHTallu!, B
BUJe XPOHMYECKO MHQEeKIU — OT 4eThlpeX HedeAb 40 roja, AMOO OTCPOYEHO B
BIIA€e 3aTsKHOM MHQeKIN (ocTpasl reMaToreHHas MHQeKIA) — Jyepes roa u 6oaee.
Panns1s1 ocTpast n XpoHmdecKast MHQEeKIUY IPOsIBASIOTCS YeTKIMIY MECTHBIMU U CU-
CTeMHBIMI IIPM3HAaKaMI BOCHAA€HN U BBI3BIBAIOTCA IIPEMMYIIeCTBeHHO BhICOKOBU-
PYAEHTHBIMU BO30yAuTeAssMu (Haripumep, Staphylococcus aureus, Streptococcus spp.,
Enterococcus spp.). OTcpoueHHbIe 3aTs>KHbIe MHQPEKIINI IPOSBASIOTCS TaKUMU CUM-
IITOMaMM, Kak 004b B CycTaBax I paHHee paclllaThlBaHle, I BBI3bIBAIOTCs HU3KOBUPY-
AEHTHBIMIV MUKpPOOpTaHM3MaMI (HallpuMep, Koaryaa3oHeraTusHeiMu Staphylococcus
vav sBugamu Cutibacterium) [4].

Aasa TouHon stmoaormdeckon avarHoctuky ITIV cycraBos HeoOXoAuMO oOIIpe-
AeAnTh Hanboaee MHPOPMATIBHBIE METOABI MICCAeA0BaHNIII C BBICOKMMIU ITOKa3aTe-
ASIMM AMIaTHOCTMYECKOV ¥ aHaAUTUYeCKON UyBCTBUTEABHOCTU ¥ CHelM(PUIHOCTIA.
Vcnmoab3oBaHme MOAeKy ASIPHO-TeHeT4ecKol TexHoAoruu Ha ocHose I ILIP B 9Tnoao-
rimgeckoin anarHoctuke IV nMmeer 3HaunTEeAbHOE IPEUMYIIIECTBO, 3aKAIOYalOIee-
Cs1 B DKCIIpecc-BapMaHTe I0Ay4eHNs pedyAbTaTa 1 004ee BLICOKO UyBCTBUTEABHOCTY
1 crienpUYHOCTY, YeM TpaAMIIMOHHble DaKTep1roAOTdecKe MeToAbl, YTO OCOOeH-
HO Ba’kKHO 4451 00cAe0BaHNs I1aljIeHTOB, paHee 10Ay4aBIINX IIPOTUBOMUKPOOHBIE
Iperaparsl.

Llear mccaegosanmsa — c ucrnoan3opanmem mertoga IILIP B pexxume peaabHOro
BpeMeHM yCTaHOBUTb poab Staphylococcus spp., Streptococcus spp. m Enterobacteriaceae
KaK MMKpoOHOro »tmoaormyeckoro ¢akropa IIIIV; wmsyunts mnpucyrcrsue
Staphylococcus spp., Streptococcus spp. n Enterobacteriaceae 8 611011eHO3aX BEPXHUX ABI-
XaTeABbHBIX ITyTell, YPOTeHUTaABHOTO U >KeAyAOYHO-KUIIIeYHOIO TPaKTOB y HallyieH-
ToB c III11] a5 onipeaeaeHItst yCAOBHO-IIaATOTEHHBIX OaKTepuii KaK ®HAOTEeHHOTO (ak-
TOpa pUCKa pa3BUTIA MHQEKIN 10CAe DHAOIIPOTe3MPOBaHsI KPYITHBIX CyCTaBOB.
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Martepuaabl 1 METOABI

Vccaeaosanme nposoanaoch Ha Oaze HayuHo-mccaegoBareanckoit 2abopatopun
Hayuno-nccaea0BaTeabCKOTO MHCTUTYTa HKCIIEPUMEHTAaABHON U KAMHIYECKOM Me-
AUITVHBL yYpeXXKAeHns oOpasoBaHus «beaopycckmii rocyapcTBeHHBINT MeAMIIVH-
ckuil yausepcuteT» (MuHck, Pecriybanka beaapycs).

IIposesenne mccaeaosanns u gpopMa MHPOPMUPOBAHHOIO COrAacus OT Ialu-
€HTOB, BKAIOUEHHBIX B MccaeAoBaHNe, o400peHa KomureroMm 1o 6momMeAuUIIHCKON
9TUKe yupeKAeHns oOpasoBaHMsl «beaopycckuil rocysapCTBeHHBIN MeAUIIMHCKIINA
yHuBepcurer» ot 28.03.2025 No 7.

B ocHOBHYy1O rpynny mnccaeioBaHns ObiAM BKAIOYeHB! 108 manmeHTOB ¢ IIpu3HaKa-
mu IV oboero nmoaa B Bospacte ot 40 40 60 aeT, KOTOPBIM B Y3 «MmuHcKast 004acT-
Hasl KAMHMYecKass 00AbHUIIa» OBLAO IIPOBEAEHO IepBMYHOe DHAOIPOTE3UpPOBaHIe
Ta300e4peHHOIo 1AM KOAeHHOTO cycTasa. HamnbGoaplyio rpymnmny coctaBuAm Iaiy-
enTsl ¢ IIT1V Tazobeapennoro cycrasa — 71 (65,7 %, AV: 56,0—74,6 %) Haba104eHUe;
nanuenTsl ¢ [TV xoaennoro cycrasa — B 37 (34,3 %, A: 25,4—44,0 %) HaGa104€-
Hysix. Koutpoasnyio rpynmy cocrasuan 50 nanmeHntos 6e3 npusHaxkos IV mocae
DHAOIIPOTE3MPOBaHIs Ta300e4PeHHOIO 1AM KOA€HHOIO CyCTaBa.

AundPepenIinaibHEIMU KPUTEPUSMI BKAIOUEHI:I allVIeHTOB I10CAe SHAOIIPOTe-
3UpOBaHIsI Ta300e4PeHHOTO 1AM KOAE€HHOIO CycTaBa B OCHOBHYIO I'PYIIITy ObLAN CAe-
AyIoiue:

1. /lokaabpHBIN OTeK TKaHel, 00/1e3HeHHOCTb IIPU IaAblalliy, MeCTHO€e ITOBBIIIIe-
HIle TeMIlepaTyphl, IUIlepeMIsl KOKHBIX IIOKPOBOB, HapyIlleHne (PpyHKIUM TazoOe-
APEHHOIO AU KOA€HHOI'O CyCTaBOB.

2. ’)Kaa00bI Ha HOBBIIIIEHNe TeMIlepaTyphl TeAa, OCTpoe HosIBAeHne O0AY AU AIO-
Oast xpoHHn4eckas: 004b B 001acTU DHAOIIPOTE3a Ha AI000OM CpOKe I10C/Ae MMIIAaHTa-
LM B IIepBble HECKOABKO €T I10CA€e YCTaHOBKI DHAOIIPOTEe3a, OCOOEHHO IIPY [I0AHOM
OTCyTCTBIM 0e3004€eBOT0 Ilepuoja Iocae orepanuy, Ipo0AeMbl € 3a’KMBAeHIeM I10-
c/AeollepalliOHHO paHbl, IOBePXHOCTHAs UAY TAyOOKas MHQEeKII:L.

3. Haamuue cBUIIIEBOTO X044, CBSI3aHHOTO C KOCTBIO MAY MIMIIAAHTATOM:

® [1aTOAOTMYECKMII KaHaA B MATKMX TKaHIX MeXAY KOCTBIO MAU DHAOHIPOTE30M
CycTaBa U BHEIIIHeV Cpesolt;

® [IOATBEep>KAeHNe HaAW4uMs CBUILEBOTO XO4a COOOIeHMeM C BHeIHell cpeso
IyTeM IIPSIMOJ BU3yaAu3aly KOCTU MAM IIPOTe3a IocpeacTsoM ¢uctyaorpadum,
Y3U, KT nau MPT.

4. Haamane Kaaccm4ecKnx KAMHMYECKNX CMMIITOMOB BOCITIaAeH!s (OrpaH4YeHHas
IIPUITyXAOCTh, A0KaAbHasl 00/1e3HeHHOCTb, MECTHOe IIOBBbIIIIeHIe TeMIlepaTyphl TKa-
Hell, TUIepeMusI KOXXH, HapyleHne (pyHKIIUN) B COBOKYITHOCTH C IIpM3HaKaMMU CUH-
ApOMa CHCTEMHOI1 BOCIIaAUTEeABHON peaKIM, XapaKTepU3yIOIIMCs HaAdeM Kak
MMHUMYM ABYX U3 4eThIpeX KAMHIYECKUX IIpU3HaKoB: 1) Temmneparypa soie 38 °C
nan Hreke 36 °C; 2) yactora cepAedHBIX cokpaleHuit 0oaee 90 ya/mun; 3) yacrora
AbIxaHust 0oaee 20 ApIXxaHUIT B MUH; 4) KOAMYIECTBO AeMKOIUTOB Bbine 12 x 10° nan
MeHbIte 4 x 10° man koandectso Hedpeaslx popM HelTpodpuaos mpessiraeT 10 %.

5. Haamumne cenTmyeckoro apTpura CMe>XXHBIX CyCTaBOB, OCOOEHHO B cAydasX He-
IIOCpeACTBeHHOTO KOHTaKTa MMILAaHTaTa ¥ aHaTOMMYECKUX CTPYKTYp CycTaBa, BCAea-
CTBME MH(PUIIMPOBAHNS CUHTE3UPYIOIIETO YCTPOIICTBa.

6. CoueTaHHOe IIpeBHIIIeHNe [IOPOTOBBIX YPOBHEN B CHIBOPOTKe KpoBU 10 M/ Aas
CPb n 30 mm/g aas1 COD y naumeHTos ¢ KAnHmdeckumn npusHakamu IV (anxo-
padka, HeoObsACHMMas 00Ab B MeCTe apTPOILAacTUKIY, pacllaTbhiBaHle DHAOIIPOTe3a
UT.A.).

7. IlpesslllieHne cogep>KaHUsI B CMHOBMAABHONM >KMAKOCTU A€IKOLUTOB Ooaee
3000 xkaeTOK/MKA 1 A0A€ii TaA09KOsIAePHBIX HeliTpoduaos 6oaee 70 %.

8. Pentrenoormyecky NoATBep>KAeHHOe paclllaThiBaHVie KOMIIOHEeHTOB ®HAOIIPO-
Te3a. PeHTTeHOA0IMuecKyIO OLIeHKY IIPOYHOCTU (PUKCAllUM DHAOIPOTe3a OCyIecT-
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BASAM Ha OCHOBAaHMM CAeAYIOIIMX KpUTepMeB: MUTpaliisl MMILAaHTaTa, CTeIleHb
OCTeOMHTerpali ¥ peakuy KOCTHOM TKaHM Ha ®HAOIIPOTe3. PeHTreHOA0IMYecKuM
NPU3HAKOM Pa3BUTUs pacIlaThiBaHUSI KOMIIOHEHTOB DHAOMNpOTe3a OBLA0 HaAM4dMe
y4acTKOB pe3opOumm KocTHol TkaHu. Ha pucynke 1 mpeacrasaena obmias cxema
DKCIIepYMEHTA.

HaI_I]-‘IEI-ITBI T10oCae SHAOIIPOTESMPOBaHILA
KOAeHHO rofrasoﬁe,a,pem{oro CyCTaea

v v
C npusHakaMM IEPUITPOTE3HON MHPEKITIN bes npusnakor nepunpoTtesHoi NHGeEKIMN
cycraBop (ocHOBHas rpymnma, n=108) CyCTaBOB (KOHTpOAbHasA rpymma, n=>0)
N ObpasLsl 13 SHACIPOTE3MPOBAHHEIX OGpasibl 13 SHAOIPOTE3NPOEAHHBIX <
CYCTaBOB CyCTaeoE
CockoBBI SIIMTeANaABHEIX KASTOK CO
CAM3MCTON HOCOTAOTKY M1 POTOTA0TKH
N CockoBH BIIMTeANAABHEIX KAETOK 13
LIePBMKAABHOTO KaHala 1 YPeTphHl
) CockoGHoe 0T4eas1eMoe CAM3MCTEIX
050.10UeK IPAMOH KHIITKI
\ 4 Y
MoaexyaapHo-TeHeTHHecKniI MeToJ, nccaeiosanns — [P B pesxiime peaabHOro BpeMeHH

v

BrrsBaenne u koandecTpeHHOe onpejeaenne AHK
Staphylococcus spp., Streptococcus spp., Enterobacteriaceae

v

Brrasaenne AHK apTputorennsix posdyanteaeti: Chlamydia
trachomatis, Mycoplasma hominis, Mycoplasma genitalium,
Chlamydia pneumoniae, Mycoplasma pneumoniae

v

Onpe,a,eAeHMe IVBECTEMTEABHOCTH MMKPOOPTaAHI3MOE K
aHT]-‘I6aKTePPIaABI—I];IM JAeKapCTBEHHEBIM ITpeliapaTaM

v

I’IS\_«"-IEHI{[E 6HOH€H0303 BEPXHMX ABIXaTeABHEBIX ny"rer?l,
yPOFEHHTa_AI:HOI'O M KeAVAOIYHO-KHMIIIeYHOTO ".[‘PaKTOB Kak
BHAOTeHHEBIX MCTOYHMEKOE paSBI{TI-'I}I ]-'IH(})EKL[I-’II{

Puc. 1. Ansaiin sKcriepuMeHTa

Fig. 1. Experiment design

Aas moaydeHns: oOpa3lioB U3 IIOAOCTU CYCTaBOB JMCIIOAb30BaAM pa3dpabOTaHHYIO
MEeTOAVKY apTPOCKOIIIYEeCKOI CMHOBMAABHO OMOIICKMY, TPeIlaH-OMoICu KOAeHHO-
ro / Ta3zo0eApeHHOIO CyCcTaBa 13 MUHIMAABHO-MHBA3UBHBIX 4OCTYIIOB 1104 KOHTPO-
AeM 9AeKTpOHHO-onTudeckoro mnpeodpasosareas (DOII) nHasurarym. CocKOOHBIN
MaTepuasl CO CAU3UCTON HOCOTAOTKU UM POTOIAOTKM ITOAy4YaAM C UCIOAb30BaHUEM
CTePMABHBIX BaTHBIX TaMIIOHOB Ha I1AaCTMKOBOI OCHOBe. /s IMoAydeHNUs COCKOO-
HOTO MaTrepuaja U3 IIepBMKAJAbHOIO KaHajla MCI0Ab30BaAul IiepBUKaAbHBIE LIUTO-
IIeTKN, U3 ypeTphl — OAHOpas3oBble A0XKM Poapkmana. COcKOOHOe OTAeasemoe
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CAMBUCTBIX 000A04YeK MPSMON KUIIKM 10Ayd9aAll C UCIIOAb30BaHMEM CIleIMaAbHBIX
30HAOB Ha I11aCTMKOBOI OcHOBe. I1oaydeHHBINI MaTepraa IOMeIaan B IIPOOUPKY
Tuna snmneHaopd oovemom 1,5 ma, cogepxaniyro 200 MKA TpaHCIIOPTHON CpeAbl
(«AptbuoTex», PbB). IlpoOupkn 3aMopaknBaau UM OCTaBASAM AAsl XpaHEHUs IPpU
temneparype — 20 °C.

B kauecTBe O10A0TMYECKOTO MaTepuada 13 I1I0AOCTU CyCcTaBa B MICCAeAOBaHNN VIC-
I10Ab30BaANCh PparMeHThl CMHOBMAABHOI 0DO0A0YKM ¥ acIMpaThl U3 MOAOCTU II0-
Pa’keHHOTO CycTaBa (CMHOBMaAbHas KUAKOCTD). Beigeaenne AHK u3 cunosnaapHOM
JKMAKOCTU IIPOBOAMAM C MCIOAb30BaHMeM HabOopa pearentoB «AptJAHK erkuii»
(«AptbuoTex», PB). Aas seigeaenus AHK u3 pparmeHTOB CMHOBMAABHON 000A0YKA
IIPUMEHAAN IIpeABapuUTeAbHYIO TOMOTeHN3alnIo B TedeHne 3 MuH (dacrora 10/c) ¢
yudactuem romorenusartopa «TissueLyser II» (Qiagen), c mocaeayromnieit sKcTpakuyen
HYKAEMHOBBIX K11CcA0T HaOopoM peareHTOB «ApTAHK Aerknit» («<AptbnoTex», Pb).

Aas onpegeaenns creneHn 4ncToTsl moaydenson AHK mposoanan criekrpodo-
ToMeTpudecknit aHaan3 («NanoDrop 1000», «Thermo Fisher Scientific»), npu sTom
yCTaHaBAMBaAV OTHOIIIEHE IIOIA0LeHNsl Ha AanHax BoAH 260 1 280 HM (A, .. )-

Aasa kourpoas soideaenns AHK m orcyrcrsmsa murmouropa IILP ren [(3-rao-
OmHa 4YeaoBeKa aMNIAMPUUUPOBAAU AAs KakKAOro oOpaslia ¢ IIpaliMepaMu
BGloF (mpsmornr, 5-GAAGAGCCAAGGACAGGTAC-3') n PGloR (obpaTHsii,
5-GGAAAATAGACCAATAGGCAG-3'). Cocras aMnangpukamoHHON CMeCH BKAIO-
gaa 12,5 mxa «2X npemuxc aas IILP-PB» («ITpaiitex», Pb); 1,1 Mxa cMecu »kBuBa-
AEHTHBIX KOHIIeHTpaluil IpaliiMeposB (IpssMoro um oOpatHoro); 1,0 MkA MHTepKa-
aupymoiero kpacureast ZUBR Green-1; 7,5 mka Boasl n 3 MKa BbhigeaenHon /AHK.
[Tporpamma amnandgukanuy BKaodada caedyiomue craavm: 1 uka: 94 °C — 5 mus;
35 nukaos: 94°C — 30 ¢, 55°C — 30 ¢, 72°C — 30 ¢, ¢puHaAbHAS DAOHTAUS TIPU
72 °C B reuenue 10 mun. Aas nposegenus ILIP npumenaan amnandguxartop «Rotor-
Gene-3000» («Corbett research», ABcTpaanst).

IIIIP mccaeaoBanus 11O BBIABACHUIO U KOoAndecTseHHOMY onpegeaenuio AHK yc-
AOBHO-TIaTOTeHHOI1 PpAOpsI poda Staphylococcus spp., poaa Streptococcus spp. 1 ceMei-
crBa Enterobacteriaceae mpoBoAmAY C IpUMeHeHMeM Habopa peareHTa «Amiiaul Ipaiim
®aopockpuH-Aspodsl» («Ammanllpariv», PO). das BeIsABA€HUS M KOAMIECTBEHHO-
ro onpegeaennsa AHK MeTunmAAnH-9yBCTBUTEABHOTO U METULIMAAVH-PE3UCTEHT-
HOrO Staphylococcus aureus M MeTULIMAAVH-PE3UICTEHTHBIX KOary/a3OHeraTVBHBIX
Staphylococcus spp. ucnoavzopaan Habop «AmnanCenc MRSA-ckpun-tuTp-FL»
(«AmnianCenc», P®). AuddepennnaabHyio AMarHOCTUKY B Ka4eCTBEHHOM (popMa-
Te BBISIB/AEHHOI yCAOBHO-IIaTOreHHOM (aopsl cemelicTBa Enterobacteriaceae (BblsBae-
Hne AHK Escherichia coli, Enterobacter spp., Klebsiella spp., Proteus spp., Serratia spp.,
Pseudomonas aeruginosa, Enterococcus faecalis/faecium) mpoBoAMAM € UCIIOAB30BaHMU-
eM HaOopa peareHTOB «CenTOCKpuUH» («/Autex», PO). Aas naydyeHns 4acTOThl TeHOB
pesucTteHTHOCTH K aHTHMOMoTukam merogom IILIP nmpumensam HaOop peareHTOB
«Pesucrom komnaekc ESKAPE-V» («/Autex», PP). AMnandukanumnio npoBoAnAn Ha
tepmonukiaepe «Rotor-Gene-3000» («Corbett research», Acrpaanst).

AAas mM3ydeHUs ClieKTpa OOAMUTaTHO-IIaTOTEHHBIX MMUKPOOPIaHU3MOB OBIAM BbI-
opannr Chlamydia trachomatis, Mycoplasma hominis, Mycoplasma genitalium, Chlamydia
pneumoniae, Mycoplasma pneumonide Kak OAHM U3 HamuOOJAee 4YacTO BBIABASEMBIX
apTPUTOTEHHBIX BO30yAuUTeAell IpU BOCHAAUTEABHOI apTpomnaTUM CycTaBoB [5].
IToayuennyio AHK wucnoansosaan aas mocranoskmu IILIP B pexume peaabHOTO
spemenn (IILIP-PB) ¢ npumenennem nHaGopos peareHToB «AptTect Xaammans»,
«AprTect Mukonaasma H», «AprTect Mukonaasma G» («AprbuoTex», Pb) n
«AmnanCenc Mycoplasma pneumoniae /| Chlamydophila pneumoniae» («AmnanCeHc»,
P®). AMnandukanmio nmposoauan Ha tepmorukaepe «Rotor-Gene-3000» («Corbett
research», ABcTpaamnst).

A5 KauecTBeHHBIX 11CCAeA0BaHUI pe3yAbTaThl UHTepIIpeTPOBaAy Ha OCHOBaHUN
HaAn4uys (MAM OTCYTCTBUSI) IlepecedeHN s KpyBO (pAyopeclieHIINN C IOPOTOBO AM-
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HIIell, yCTaHOBAEHHOI Ha yPOBHE HKCIIOHEHIIMaAbHOTO ITI0gbeMa KPUBOIL, UTO OIpe-
AeAs110 Haamdue (may oTcyTcTsue) aas nckomon AHK-muienn snageHns ropo-
rosoro 1nkaa Ct B cooTBeTcTBYIOIIel rpadpe TabAUIILI pe3yAbTaTOB IIPOrPaMMHOIO
obecrieyenust mpudopa. Ilpu nposeseHnn KOAMIeCTBEHHBIX ICCA€A0BaHNI OIIpeje-
as.an xoHteHtpaunn AHK mckoMbix Bo3OyauTeaeit OTHOCUTEABHO BXOASIINX B CO-
CTaB TeCT-CIICTeM CTaHAApPTOB.

Crarucrnyueckas oOpabOTKa ITOAy4YeHHBIX pe3yAbTaToB IIPOBOANAACh IIPU IIOMO-
iy iporpaMmel «STATISTICA 8.0» («StatSoft», CIIIA). Aast TecTupoBaHMs KOANIe-
CTBEHHBIX AaHHBIX Ha MHOAYMHEHMe 3aKOHY HOPMaAbHOIO paclipeleAeHMs MCIIOAb-
soBaacs kpurepuit Koamoroposa — CmupHoBa. /JaHHble He ITOAYMHAANCH 3aKOHY
HOPMaAbHOTO paclipeeAeHlis], YTO O3BOANAO IPUMEHNUTD A4 CTaTUCTIYeCKOi 00-
paboTKM HemlapamMeTpuyeckre MeToAsl. ITapHble cpaBHEHIST He3aBUCUMBIX BHIDOPOK
I10 KOAMYeCTBeHHBIM XapaKTepUCTUKaM HPOBOANAN C UCIOAb30BaHMeM U-KpuTtepust
Manna — YuTtHH, 445 IIpeACTaBAeHM ITI0AYYeHHBIX aHHBIX MCII0Ab30BaAM IT0Ka3a-
Tean Meauansl (Me) n mpouentuaeit (Q,./Q..). AHaAU3 KaTeropuaabHBIX IPU3HAKOB
IIPOBOAVIAM C IIOMOIIIBIO TOYHOTO KpuTepus Puittepa (4AByCTOPOHHMUIT) B TabAMIIE CO-
npsokeHHoctn 2 x 2. Ilpu yposne sHaunmoctn p <0,05 pazanums cunTaauch CTaTu-
CTUYECKU 4OCTOBEPHBIMIL.

Aast onmcaHmsl 4acTOT BBIABAEHNS IPU3HaKa IMPUBOAMANM aDCOAIOTHBIE (N) 3Ha-
yeHns. JoBepurteabHble MHTepBaAbl onpedeasian merogoM Kaonmepa — Ilupcona
(95 % AN) B onaaitu-cucreme https://epitools.ausvet.com.au/ciproportion.

PesyabTaTh

BospacT manmeHTOB OCHOBHON TPYIIIIBI HA MOMEHT oOcaeAO0BaHMs cocTaBuA 59
(49/68) aet. B obcaeayemoii rpyIiiie MaleHTOB yAeAbHBIN BeC My>KulH 05614 62,04 %
(AN:52,19—71,20 %, n=67), xenmux — 37,96 % (AV: 28,80 —47,81 %, n =41). Bospacr
00cAe0BaHHBIX IAIIMEHTOB KOHTPOABHOM Ipynnsl — 47 (42/57) AeT, yAeAbHBIN Bec
My>xanH — 64 % (AV: 49,19—77,08 %, n=32), sxenmusa — 36 % (AV1: 22,92—50,81 %,
n=18).

Ha ocnoBanum usyyenns saHHpIx anaMmHe3a nanyenTos ¢ IV ycranoBaeno, 4to
IepBUYHOE DHAOIPOTE3NpOBaHe OBLAO IIPOBEAEHO IO CAeAYIOIIUM ITOKa3aHUIM:
KOKcapTpo3 (n=62, 57,41 %, AWN: 47,53 —66,87 %); ronaptpos (n=36, 33,33 %, AU:
24,55—43,05 %); mocTTpaBMaTiuecKuit aptpos (n==6, 5,56 %, AV: 2,07—11,70 %); an-
kna03 (n=4, 3,70 %, AN: 1,02—9,21 %).

B KOHTpOABHOIN IpymlIle ITallMeHTOB IIOCAe DHAOIPOTE3MPOBAHMUS KOAEHHOIO,
TazobegpeHHoro cycrasos Oe3 III1V1 nepsmnyHoe »HAOIIpOTE3MpPOBaHME OBIAO HPO-
BeJeHO BcaeACTBUe KoKcapTposa y 31 maumenta (62,00 %, AV: 47,17—75,35 %), ae-
dopmupyiomiero ronaprposa — y 13 (26,00 %, AV: 14,63 —40,34 %), Ha ¢one 10CT-
TpaBMaTU4YeCKOIO apTpo3a 1 aHkuao3za — y 4 (8,00 %, AN: 2,22—19,23 %) u 2 (4,00 %,
AW 0,49 —13,71 %) marineHTOB COOTBETCTBEHHO.

Mcxoas 3 gaHHBIX aHaMHe3a [allIeHTOB OCHOBHOI U KOHTPOABHOM TPYIIIT ObLAY
BBlA€/€HBI ITIOTeHIINaAbHble (paKTOphI prcka passutys I B oOaactu onepatnBHO-
IO BMelIllaTeAbCTBa:

— IIpeAbIAyIyie ollepaTUBHbIE BMeIllaTeAbCTBa B aHaMHe3e;

— XpOHMYeCK!e COIYTCTBYIOIIe 3a001eBaHILs;

— IOAMBaJAeHTHas aAAepriis;

— BblgedeHNs B 004acTy XUPYPIUYecKoro paspesa, IpodoaKaoliyecs Ooaee
72 4;

— OCTpasi AU XpoHUYeckas 004b B 004acTy YHAOIIPOTE3a;

— COIYTCTBYIOIIVE 3a00A€BaHNsL.

Aast orieHKU KoAmdecTBa 1 KadecTBa BbhigeaeHHou /JAHK 13 cuHOBUMaAbHOM XK1A-
KocTu Habopom peareHToB «ApTAHK erkmit» n 13 ¢pparmMeHTOB CUMHOBMAABHOI
00010uky Habopom peareHTOB «ApTCHIH» IIPOBOANAN CpaBHEHIe 3HAa4eHUII I10-
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Kazareast A, .., @ TAKKe 3Ha4eHMil OoporoBbix 1ukaos (Ct) npu amnandukanumu
house-keeping-rena [3-ra00mHa yeso0BeKa c nucroabzosanueM U-kpurtepus MaHHa —
Yurau (taba. 1).

Tabauua 1
3Ha4YeHMsI COOTHOMEeHMs A, . ¥ IOPOTOBBIX IIMKAOB,
noay4dennble mpu soigeaennu AHK
Table 1
A, s Tatios and threshold cycle values from DNA extraction
ITokaszaTtean «AptAHK Aerkuit», Me (Q,./Q,.) «AprCnmn», Me (Q,,/Q,,)
A, e 1,75 (1,64/1,85) 1,78 (1,71/1,88)
Suauenne Ct 21,54 (19,42/23,06) 23,61 (21,51/26,01)

TakuM 00pa3oM, IO HOKasaTeAs M AOCTOBEPHBIX OTAMYMII C MCIIOAb30BaHVEM
MeTOA0B CTaTUCTIYeCKOIO aHaAM3a BbIABAeHO He Oblao (p>0,05). 3HaueHMe ITOKa-
sateast A, .. a1 AHK, BeigesenHon Habopom peareHtos «AptJAHK aerkumit» n
«AprCnmnn», 6amsko K 1,8, 4To yKaspiBaeT Ha OTCYTCTBMe IIpuMecell Oeaka U Apy-
TUX MHIMOUTOPOB. AMIanguKanus rea (3-rao01Ha yeaoseka HabA104a4ach BO BCex
oOpas1jax O110A0IMYecKOro MaTepuasa, 4To TakXKe FOBOPUT 00 OTCYTCTBUM MHIMOMU-
topos [ILIP. Iloaydyennsle gaHHBIe ITIO3BOAAIOT CAeAaTh BbIBOA, uTO Kak /AHK, Bp1ge-
A€HHYIO 3 CHOBMAaABHON X1AKocTu Habopom peareHToB «ApTAHK Jerxmii», Tak
n AHK, BpigeeHHYIO 113 (PparMeHTOB CHOBIAABHOI 000109K) HAOOPOM peareHTOB
«AptCrnnn», MOXKHO MCIIOAB30BaTh 445 AaAbHEMIINX 1ccAeAoBaHnii (Tada. 1).

Pesyarvmamot morexyasipno-ouorozuveckoti udenmudpuxayuu JHK
YCAOBHO-NAMOZEHHBIX MUKPOOPZAHUSMOG 6 CUHOBUAALHOT KUIKOCHU
u Pppaimenmax cuHO6UAAbLHOLL 000AOUKY

ITpu n3yuyeHnu BAOBOTO COCTaBa yCAOBHO-IIaTOIeHHBIX OaKTepuii Oblla yCTaHOB-
AeHa YacToTa MX BBIIBAGHMS B CMHOBMAABHOM >KUAKOCTU 1M (pparMeHTaX CHHOBU-
aAbHOI 000A0YKI Yy MallIeHTOB OCHOBHOI U KOHTPOABHOI Tpyminel MeTom I1LIP-PB
(taba. 2). Aas cpaBuenus yactothl BeisiBaeHns:a AHK Bo3Oyaurteaen I B nccaeay-
eMBIX TPYIIIaX UCII0Ab30Baay Kputepuit Puiepa B TabanIie CONpsKeHHOCTH 2 X 2.

Tabauua 2

Pe3yabTaThl BBISIBACHNSA YCAOBHO-TIATOTeHHBIX BO30y aureaen IITIN
1ocae 9HAOMPOTEe3UPOBaHI Ta300eApeHHOTO / KOAEHHOTO CyCTaBOB
y HalyeHTOB UCCAeAyeMBbIX IPYIIIT

Table 2

Results of the identification of opportunistic pathogens involved in PJI following hip or
knee arthroplasty in treatment group patients

OcHoBHas rpy1ima Konrpoabnas rpynmna
Bosdyaurear (n=108), n (95% AN) (n=50), n (95 % A1)
'paMIoA0KNUTeAbHBIE DaKTEePUU 76 (70,4, 60,8—78,8)* 2(4,0,0,5—13,7)
Staphylococcus spp. 47 (61,8, 50,0—72,8) 2 (100,0; 15,8 —100,0)
MeTnnmaAnHIyBCTBUTE ABHBIN
Staphylococcus aureus (MSSA) 6 (12,8;4,8—25,7) 0(0,0)
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OxoHuarue maba. 2

Bosbyaurean

OcHoBHas rpy1ia
(n=108), n (95 % AN)

KOHTpO/leaH rpyrma
(n=50), n (95 % AW)

MeTunmaanHpesucTeHTHBIN
Staphylococcus aureus (MRSA)

11 (23,4;12,3—38,0)

0(0,0)

MeTnnuaanHpesnCTeHTHBIN
Koary/AasoHeraTusHbIi Staphylococcus
spp. (MRCoNS)

16 (34,0; 20,9—49,3)

2 (100,0; 15,8—100,0)

Streptococcus spp. 21 (27,6;18,0—39,1) 0(0,0)
Enterococcus faecalis / faecium 8 (10,5;4,7—19,7) 0 (0,0
I'pamoTpuIiaTeabHbIE DAKTEPUU 10 (9,3;4,5—16,4)* 0(0,0)
Enterobacteriaceae 10 (100,0; 69,2—100,0) 0(0,0)
Escherichia coli 2(20,0; 2,5—55,6) 0(0,0)
Enterobacter spp., Klebsiella spp. 4 (40,0; 12—2—73,8) 0(0,0)
Proteus spp. 0(0,0) 0(0,0)
Serratia spp. 0 (0,0 0 (0,0
Pseudomonas aeruginosa 0 (0,0 0(0,0)
I[ToanmuxkpoOHbe** 16 (14,8; 8,7—22,9)* 0(0,0)
Ipumeuarius:

* pazamuus cratucTudecky 3HadnumMbl npu p <0,05;
** OTHOCUTCA K 4mcay caydaeB noanMukpoOHoit III1V: konKpeTHbIe BOBAeYeHHBIe MUKPO-
OpPraHM3MBbI OTPa>KeHbI B COOTBETCTBYIOIIIX KATETOPIASIX.

AuddepeninaabHas A1arHOCTIIKa BLISIBA€HHBIX BO30yAuTeAeit poda Staphylococcus
spp. IIpeAcTaBAeHa B Tabautie 3.

Tabauua 3

MeTummaanHopesucreHTHOCTD Staphylococcus spp. ipm IIIIN cycTaBos

Table 3

Methicillin resistance of Staphylococcus spp. in P]I

Ocnosnas rpymnma

y y Konrpoasnas rpynma

Staphylococcus spp. Tazobeapennbiit Koaennniit cycras (n =50)
cycras (n="71) (n=237)
n 95 % AN n 95 % AN n 95 % AN

MSSA 3 14208=-119) | 2 | 54(0,6—18,19) 0 0,0
MRSA 6 | 8532-175) | 5 |135(0,5=2877) | O 0,0
MRCoNS 9 [12,7(60—-227)| 7 | 189(8,0—35,2) 2 4,0 (0,5—13,7)

C mpumeHeHMe CTaTHCTUYECKOTO aHaAmu3a (TOUHBIN Kputepuii ®uinepa) 65110
YCTaHOBAEHO, YTO BbIsIBAEHNE I'paMIIoA0XuUTeApHBIX (p<0,05) 1 rpaMoTpuIjaTtean-
HBIX (p <0,05) bakTepnit B 611010TMUYECKOM MaTepuase MaIieHTOB 40CTOBePHO acco-
nyuposaHo ¢ Haanuyewm IV xpynHbIX cycTaBoB. Y cTaHOBAEHBI CTaTUCTUYECKH A0-
crosepuble oTanuns (p <0,05) 110 yactoTe BBHIABAHUS NOAMMUKPOOHON MH(EKIN
Me>K/y OCHOBHO ¥ KOHTPOABHOI rpyniiamu (tada. 2).

B 16 obpasijax 6110a0TMYECKOTO MaTepuasda OCHOBHOJN I'PYIIIBI ITal[MIeHTOB BBIsIB-
AeHHBIe BO30yAuTeAl IPUCYTCTBOBAAM B COCTaBe IOAMMMKpoOHOI nudeknun: AHK
Staphylococcus spp. + Streptococcus spp. — B 11 obpasuax (68,8 %, AV: 41,3—89,0 %),
AHK Staphylococcus spp. + Enterobacteriaceae Ob1au BbIsABAeHBI B 5 oOpasuax (31,3 %,
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AV:11,0—58,7), uTo gaeT ocHOBaHIe IIpeAlloAaraTh, YTO OHM POPMUPYIOT OMOAOTH-
yecKue cooOIIIecTsa B BliAe OMOIIAeHOK, a 3Ha4UT, 004a4al0T YHIKAABHOM CIIOCOOHO-
CTBIO MMHMMM3VMPOBATh BAVSHIIE 3aIIUTHBIX (PAKTOPOB OpraHM3Ma Je0BeKa.

Ha caeayromieM stare Hamy OBLAY IIPOBEeAEHBI MOAEKY ASIPHO-TeHeTUIeCKIe VC-
cAeA0BaHMs II0 OIpeAeAeHUI0 KOAMYeCTBeHHBIX ypoBHel (koHuenTtpaumui) AHK
poaa Streptococcus spp., poaa Staphylococcus spp. n cemeiictsa Enterobacteriaceae Bo
Bcex oOpasIilax 011010TMYecKoro MaTepuada, B KOTOPBIX IIPpU OCYIIeCTBACHUM Ka-
JeCTBEeHHBIX MccaeloBaHnil Aerektuposasack AHK ykazaHHBIX BO3OyanTeeit
(Taba. 4).

Tabauua 4
KoaudecTBeHHbIe gaHHDBIE OnIpegeaeHns KoHeHTpanwin AHK
Staphylococcus spp., Streptococcus spp. u Enterobacteriaceae
B 011010IrM4YeCcKOM MaTepuajle OCHOBHOV I'PYIIIIbI MICCA€ AOBaHMSI
Table 4

Quantitative data for determination of Staphylococcus spp., Streptococcus spp.
and Enterobacteriaceae DNA concentrations in biological material
from the treatment group

Konuentpanus AHK Staphylococcus spp., Kounenrpauns | Konuenrpargs
M 2
buoaornueckni e (Q/Qyy) KoMt/ AHK AHK .
varepuaa Streptococcus spp., | Enterobacteriaceae,
MSSA MRSA MRCoNS Me (Q/Qz) | Me(Qy/Qy)
KOITNIT/MA KOIINII/MA
Pparmentrr 6,12 (5,40/8,71) x 10
CIHOBIAAbHOM 8,37 7,12 9,43 6,20 7,16
000109KI (6,98/9,72) x10° | (6,26/8,23) x10° | (8,13/10,59) x10° | (5,19/7,62) x 10° (6,01/8,34) x 10°
CunHoB1aAbHas 480 (3,27/5,91) x 10°
>KMAKOCTD 7,20 7,51 8,18 5,49 6,82
(6,24/8,09) x10* | (6,34/8,32) x10*> | (7,64/9,28) x10°> | (4,43/7,09)x10*> | (5,08/7,35) x 10°
Vcnmoap3oBaHme HelrapaMeTpu4eckoro Kkpurepus Manna — YUTHU IIO3BOANAO

cAeAaTb BBIBOJ OO OTCYTCTBUM CTaTUCTUIECKV AOCTOBEPHBIX PasAN4IUIl 11O KOHIIEH-
tpanun AHK ycaoBHO-TIaTOreHHBIX BO30OyAuUTeAeN AAs MCCAeAyeMOro Omoaormde-
ckoro matepunaaa (p > 0,05).

IIpn wmsydenun wyactorel BbriBaeHnsa /JHK ob6anraTtHo-miatoreHHON (PAOpPEI
(Chlamydia trachomatis, Mycoplasma hominis, Mycoplasma genitalium, Chlamydia pneu-
moniae, Mycoplasma pneumoniae) B CMHOBMAABHOM >XMAKOCTU U (pparMeHTax CUHO-
BI1a/AbHOV 000A0YKM OCHOBHOI U KOHTPOABHON I'PYIIILI ObLAM ITOAY4YeHBbI OTpUIla-
TeAbHBIE Pe3yAbTaThl BO BCeX JccAeAyeMbIX oOpasIiax.

Pe3yavmamot 6b116AeHUA MOACKYAAPHO-2EHEMUHECKUX MAPKEPOE
ycmouuueocmu k aHmubaxmepuarvHoim
AeKAPCMEEHHbIM npenapamam

ITposesena naeHTHQUKALISI TeHOB aHTUOMOTUKOPE3VICTEHTHOCTY B KAMHIYECKIX
oOpasljax AA4sl OLIeHKM BUPYAEHTHOCTM YCAOBHO-TIATOT€HHBIX OaKTepuii, AaHHbIE
IpeJcTaBAeHbl B TabAmIle 5.
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Tabauua 5

PesyabTaTbl BBISIBAEHNSI T€HOB aHTUOMOTHKOPE3UCTEHTHOCTI
YCAOBHO-TIaTOT€HHBIX OaKTepuii, yJ4acTBYyOmmx B 9troaorvm TN

Table 5
Results of the identification of antibiotic resistance genes
in opportunistic bacteria involved in the aetiology of PJI
Mukpoopraansm / AHTUOMOTUK VreH Hpucyrersue rexa,
YCTOMYMBOCTI n (95 % AN)
Staphylococcus aureus n Staphylococcus species (n=47)
bera-aakTaMbl | mecA | 28 (59,6; 44,3—73,6)
Escherichia coli (n=2)
ITedaaocrmopunsl blaCTX-M 0(0,0, 0,0—84,2)
blaOXA10 1(50,0;1,3—98,7)
Klebsiella pneumoniae, Enterobacter species (n=4)
Kap6anenemsr blaKPC 0(0,0,0,0—60,2)
blaOXA48-like 0(0,0;0,0—60,2)
Ilenunuaamyst blaGES 1(25,0; 0,6—80,6)
LledaaocriopmHbt blaDHA 0(0,0,0,0—60,2)
Streptococcus species (n=21)
Makpoanapl, AMHKO3aMIABL, CTpenTorpamMuH B Mef 6 (28,6; 11,3—52,2)
ErmB 2(9,5,1,2-30,4)
Enterococcus faecalis/Enterococcus faecium (n=_§)
[ AMKOIIenTHABL | VanA/VanB | 0(0,0;0,0—36,9)

I'eneTnyeckoe HalleaMBaHye Ha ODaKTepuaAbHbIe I'eHbl, BRI3bIBAIOIIIE AeKapCTBeH-
HYIO yCTOMUYMBOCTD, MIMeeT BaskKHOe 3HadeHue 445 CBOeBPeMeHHON KOPPeKIUI aHTH-
MMKPOOHOI Tepanumn.

Pesyarvmamot moAexyAApHO-OuoAOzuHecKOol udeHmuPuxayuu
MuKpo6H0z0 cocmasa no cneKkmpy YcA06HO-NAMOZEHHBIX MUKPOOPZAHUSMOE
6 uccaedyemorx ouoyenosax

Buouernos sepxrux dvLxamervHblx nymet

ITpu nccaeaosanum merogoM I1LIP B pexxnmMe peaabHOro BpeMeHI B O11OIIeHO3e
BEePXHIX AbIXaTeABbHBIX ITyTell, a Tak’Ke B 0Opasllax 13 M0AO0CTHU CCAeAyeMBbIX CyCTa-
BoB y manneHTtos c 1[I/ nocae sHAOTpOTE3MpPOBaHISI KOAEHHOTO / Ta3o0eApeHHO-
ro cycrasa B 44 (40,7 %, AV: 31,4—50,6 %, n=108) oOpasiiax OBLA0 ITOATBEPKAEHO
npucyrcrsue AHK caeayromux Mmukpooprannamos: Staphylococcus spp. B 63,6 %, AV:
47,8—77,6 % (n=28) caydaes, B ToM uncae MSSA — 14,3 %, AV: 4,0—32,7 % (n=4)
caydaes, MRSA — 17,9 %, AV: 6,1—36,9 % (n=>5) cayuaes 1 MRCoNS — 39,3 %, AI:
21,5—59,4 % (n=11) cayuaes; Streptococcus spp. B 36,4 %, AVL: 22,4—52,2 % (n=16)

cAydJaes.
B nccaeayemom omonenose JAHK AaHHBIX MUKPOOPTaHM3MOB BBISBAAANCDH B AU-
arHOCTUYECKM 3HAYMMBIX KOHULeHTparvsix (Me (Q, ) Staphylococcus spp. — 4,86

(2,59/6,37) x 10* xortmit/ma, B ToM uncae MSSA — 4,95 (3,74/8,57) x 10* xoruit/ma,
MRSA — 5,34 (3,91/8,44) x 10* xortnit/ma 1 MRCoNS — 5,58 (3,81/8,72) x 10* kormit/
Mm4; Streptococcus spp. B KoHLeHTpaunu 5,52 (3,87/8,10) x 10* xormit/MA.
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BMOHIEHO3 YPOCEHUMAALHOZ0 MpaKma

ITpn unccaeaosanum merogom 1P nmoarsepxaeno npucyrcrsue AHK ycaos-
HO-TIaTOTeHHBIX MUKpoopranusmos 8 17 (15,7 %, AVL: 9,4—24,0 %, n=108) obpas-
I1ax KakK B COCKOOaX SNUTeAMaAbHBIX KAE€TOK I3 IIepBUKAABHOTO KaHala U YPeTpHl,
TakK 1 B O11010T9eCKOM MaTepua/le 1CcCAelyeMBIX CYCTaBOB Y IaI[lIeHTOB OCHOBHOII
rpynsl: Staphylococcus spp. 8 47,1 %, AVL: 23,0—72,2 % (n=_8) cay4aes, B TOM 4ucae
MRSA — 62,5 %, AVL: 24,5—91,5 % (n=>5) cayuaes; Streptococcus spp. B 23,5 %, AV:
6,8 —49,9 % (n=4) cayuaes; Enterococcus faecalis/faecium — 29,4 %, AV: 10,3—56,0 %
(n=>5) cayuaes.

B Guonenose yporennraarHoro tpakra AHK gaHHBIX MUKpOOpraHmsMos oIpe-
AeAANCHh B caeayiomnx KoHueHntpanysix (Me (Q,...)) Staphylococcus spp. — 6,95
(4,27/9,06) x 10* xommit/ma, B Ttom umcae MRSA — 4,62 (2,31/6,57) x10% Strep-
tococcus spp. — 7,05 (5,38/9,23) x 10* xormii/MA.

Buouernos xerydouro-kuuLeuHozo mpaxma

Y manmenros ¢ IV mocae »HAOIpOTE3MpOBaHUS KOAEHHOTIO/TazoOeApeHHO-
TO CycTaBa KaK B OMOIIeHO3e >KeAyA0UYHO-KUIIIeYHOIO TpakTa, Tak U B oOpasliax 13
II0AOCTU MCCAeAyeMBbIX CyCTaBOB HoATBepXAeHo npucyrcrsue AHK aspobHBIX yc-
AOBHO-TIaTOTeHHBIX MUKpoopranusmos B 10 (9,3 %, AV:4,5—16,4 %, n=108) ob-
pasuax: Enterobacteriaceae — 60,0 %, AVI: 26,2—87,8 % (n=6) caydaes, B TOM YIC-
ae Escherichia coli — 33,3 %, AVL: 4,3—77,7 % (n=2) cay4aes u Enterobacter spp. /
Klebsiella spp. — 66,7 %, AV1:22,3—95,7 % (n = 4) cayaaes; Staphylococcus spp. — 40,0 %,
AN:12,2—73,8 % (n=4) cay4aes, B Tom uncae MRCoNS — 75,0 %, AM: 19,4—99,4 %
(n=3) cayuaes.

B nccaeayemom omonenose AHK gaHHBIX MUKPOOPTaHM3MOB BBIABASIAVCH B AU-
arHOCTUYECK!M 3HAYMMBIX KOHLeHTpamsix (Me (Q,,..)) Enterobacteriacene — 6,57
(5,08/8,71) x 10* xomtmir/ma; Staphylococcus spp. — 5,47 (3,61/7,28) x 10* xonmit/ma, B
toMm uncae MRCoNS — 4,95 (3,69/7,18) x 10%.

O0cyxaenne

B namem nccaegosanuy MuUKpoOHbI gakTop OakTepuaabHON H9TUOAOTUH Y OC-
HOBHOII TPYIIIIBI ITAIIMIEeHTOB ObLA AeTeKTpoBaH B 86 oOpasnax (79,63 % (AV1: 70,80 —
86,77 %) CMHOBMAABHOM >XMAKOCTM U (pparMeHTax CMHOBMAAbHON oboaouku. ITpn
9TOM BO30yAUTEAN BBIABASANCH KaK B COCTOSIHIUM MOHOMH(EKIINH, TaK U BIAe acCo-
LIVIALINIA.

I'pammnioao>knTeabpHble OakTepun AOMMHMPYIOT B KadecTBe STUOAOIMYECKOIo
¢daxTopa I/ TazobeapeHHOrO 1 KOAEHHOTO CyCTaBOB. DTO MOATBEp>KAaeTcs IIpe-
uMyiiecTBeHHbIM BhLsiBaeHueM AHK Staphylococcus spp., aaaee caeayioT MUKpOOp-
raHNM3MBI poja Streptococcus u npeAcTaBuTeAn cemericrsa Enterobacteriaceae. YacTtoTsr
BBIABAEHUs Staphylococcus aureus m Koaryaa3oHeTaTUBHBIX BUAOB Staphylococcus spp.
ripu I1T1)1 Tazo0eapeHHOr0/KOA€HHOTO CyCTaBOB SIBASIOTCSI OTHOCUTEABHO PaBHBIMIA,
KOI4a ®TU UCCAeA0BaHNs OLIeHMBAIOTCSI B COBOKYITHOCTY, HO BO3MOXKHO pa3Andaror-
Cs1 B OIIpeAeAeHHBIX YaCTHBIX CUTyalMsAX B 3aBUCYMOCTH OT IIyTH 3apa’keHus U Bpe-
MEeHM MHMIIMalM/ BOCIIaAeHs I10CAe S9HAOIPOTe3VpOBaHNsL.

Bce sHAOMpOTE3bI CyCTaBOB OCTAIOTCs BOCHPUMMYMBBLIMU K 'eéMaTOT€HHOMY 00-
CEMEeHEeHIIO U3 OTAAaA€HHOIO IePBIYHOIO O4ara B TeYeHIe BCErO BPeMEeHMU KX IIpe-
ObIBaHIA. BpIcOKas BacKyasipuaaliys NepUIIPOTe3HON TKaHM IOJABepraeT HAOIPO-
Te3 HanmbOAbIIIeMy PUCKY IeMaTOTeHHOTO MH(PUIIMPOBaHU: B IepBble TOABI II0CAe
nMmiAaHTanuu. Kak mpasnao, y naimeHTOB OCTpoe Hadald0 KAMHIYECKNX CUMIITO-
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MOB IIPOUCXOAMUT MHocAae 0e3004e3HeHHOTO IOoCJeolepalliIOHHOIO Ilepuoga [6].
Coob1raercst, yTo puck OakTepueMuy, BeI3BaHHON Staphylococcus aureus, A0cTUTaeT
34 % [7].

ITonck m AMkBMAaIMsl MePBUYHOTO O4yara HeOOXOAVIMBI AAsl IIPeAOTBpaIleHIs
peunausa uHpeknun. Ilo auteparypHbIM AgaHHBIM, HanbOoJee YaCTLIMM IIepBUY-
HBIMI O4araMm sBASIOTCS MHQPEKIIUM KOXM M MSATKMX TKaHel (C AOMMHIpPOBaHU-
eM Staphylococcus aureus), MHQpEKIIUM AbIXaTeABHBIX ITIyTell (C AOMUHMpPOBaHVEM
Streptococcus pneumoniae), >KeAyA0UHO-KUIIIeYHble MHPeKINn (C IpenMyIecTBeH-
HbIM y4dactueMm Salmonella, Bacteroides, Streptococcus gallolyticus) nam mH@pekum Mo-
YeBBIBOAAIIMX ITyTeil (C IpeuMyIecTBeHHBIM yudactueM Escherichia coli, Klebsiella,
Enterobacter spp.). I'emaTorenHoe pacnpocTtpaHeHnue MHQEKIIUM MOXKeT TakXKe IIpo-
M3O0TH BO BpeMs CTOMaTOAOTMYeCKIX IIpoliedyp — IpyIIia Oakrepuit Streptococcus
viridans. B cayyae muguimpoBaHns BHYTPUCOCY AVCTBIX YCTPOJCTB Aa’Ke HU3KOBUPY-
AeHTHBIe DaKTepun, Takue Kak Staphylococcus epidermidis, MOTYT BBI3BIBATh TeMaTOTEeH-
Hble MHpeKuuu [6].

IIpsimoe pacirpocTpaHeHne MHQEKIINH ITPOMUCXOANUT ANOO MPY IPAMOM KOHTaKTe
MEeXAY DHAOIPOTE30M U BHEIITHelI Cpe0ii (CBUILIEBON X0 VAV OTKPBITHIN IIePUITPO-
Te3HBII ITlepeAoM), AMOO0 IpK pacIpoCTpaHeHNN U3 O0AM3AexKaniero MHQeKIMoHHO-
ro ovara (MHQeKIs MATKIX TKaHel1).

Ha ocHoBaHUM IOAY4YeHHBIX pe3yAbTaTOB MOXHO cCJAeAaTh BBIBOJ, YTO BepXHIIe
AbIXaTeAbHble IIyTU U YPOIeHUTAaAbHBIN TPAKT — DHAOT€HHBIN MCTOYHUK PasBUTNS
[T nocae ®HAOIPOTE3NPOBAaHMS KPYIHBIX CYCTaBOB B cAydae MH(PUITMPOBaHIS
Staphylococcus spp. n Streptococcus spp., KeAyAOYHO-KUIIIEUHBINI TPakKT — B cAydae
MHPUIIMPOBaHUs BO30OyauTeAsIMU U3 cemeiictBa Enterobacteriaceae mipm ompege-
A€HUI AAHHBIX MMKPOOPTaHM3MOB B AMArHOCTMYECK! 3HAa4MMOI KOHIIeHTpPaLlVIA.
Koanyecrsennast onenka koHuentpaumii JAHK Mukpoopranmsmos moarsepanaa
VX IIPeMMYIIeCTBeHHBINI BKAa4 B (pOpMUpOBaHIE COODIecTsa MIUKPOOPTaHIU3MOB.
Vcxoas u3 BUAa MUKpOOpraHmu3Ma, HeoOXOAMMO IPOBOAUTH TIlaTeAbHOe AMarHo-
CTIIecKoe 00CAe0BaHe AAs BBIABAEHNS MCTOYHMKA MHQPEKINN 1 Ha3HauYeH!sI aH-
TUMUKPOOHOTO AedeHns [8].

ITo auTepaTypHbIN AaHHBIM, Staphylococcus aureus sIBASETCA CePbe3HBIM IIaTOTEHOM
B CIAY CBOel BUPYAEHTHOCTM M 4acCTOTHI BCTpedyaeMocTu. B Hayunoil nyOankanym
H. Wisplinghoff 1 coasr. [9] ykazano, uto ocHosHas npuunsa IV — Staphylococcus
aureus, KOTOPBIV CTAaHOBUTCS OAHOM M3 YaCTBIX IIPUUMH Cepbe3HbIX MHBa3MBHBIX MH-
exumii, BKAIOYasi HO30KOMMaAbHbBIE U BHYTPpUOOABHIYHBIE MH(PEKIIUM KPOBOTOKa,
qTO BriocaeActsun Mmoxxet npusecty K [TV, TTo muennio G. Jacobsson u coasr. [10],
IoAy4yeHue reMoJuaAansa, peBMaTONUAHBIN apTpUT, AnabeT M KOJAOHM3allys HOca
Staphylococcus aureus CBsA3aHBI C ITOBBIIIIEHHBIM PMCKOM MHBa3MBHOM MHQpEKIIUINL.
CoortsercrsenHo, nanuenTsl ¢ [TV, Berssanno Staphylococcus aureus, 4acTo UMeIOT
MHO>KeCTBeHHBIe COIYTCTBYIOIIMe 3aD0AeBaHusl, IPU DTOM AnabdeT perucTpupyercs
y 30—40 % [11], a peBmaTomanbi aptput — y 10—20 % [12]. Ilepsuunas cumrroma-
TUKa Y AaHHO IPYIIIBI AllIeHTOB olpejeAseTcs: OcTpoii MH(peKIuel, 0AHaKO psj
aBTOPOB COOOIIAIOT O CMIITOMAaX, COXPaHAIOIINXC 40 HECKOABKIX AeT, YTO, BepOosT-
HO, SIBAsIeTCS CAeACTBYeM IpeABbIAYIIIX HONbITOK AedeHns [9; 13]. P. Sendi u coasr.
[14] BBICKa3aaM TpeATIOAOKeHe O TOM, u4To Staphylococcus aureus — BapuabeAbHBIN
MMKPOOPTaHI3M, CKAOHHBIN K 00pa30BaHNIO OMOIIA€HOK, IIO9TOMY MOKeT BhI3bIBaTh
Do4ee BAAOTeKYyIIyIO (POpMY I10CA€e TIPeABIAYIINX ITOIBITOK A€4eHN.

B rpynmy MuKpoOpraHM3MOB, Ha3blBaeMyIO KoaryJa3OHeraTuBHbIMU Staphy-
lococcus spp., BXOAUT 11eABIN psi4 BUAOB DTUX OakTepuit. MHOIMe M3 HUX SBASIOTCA
IIOBCEMECTHBIMI IIpeACTaBUTeAsIMI MUKpOOMOMa yeloBeKa U OOHapy>KMBaIOTCS
IperMyIIleCTBeHHO Ha Koxke. V3-3a mcropudecknx TpyaHocTell ¢ naeHTuduKamen
KOHKPETHBIX BIUAOB 9TON IPYIIIbl KAacCUYecKUM OaKTepMOAOIMYeCcKM MeTOA0M B
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auteparype 1o 11V He ynommHaoTcs nccae40BaHNs 110 MACHTU(PUKALIUN U OIIpe-
ACACHMIO OTAEABHBIX BUAOB MUKPOOPTaHM3MOB, IIO9TOMY MX OTHOCUTEeAbHAs I1aTO-
reaHocTs 1pu IV TpebyeT nnposeAeHins 40110AHNTeABHBIX HayYHBIX MICCAeA0BaHMIA
C CII0Ab30BaHMeM Ooee cOBpeMeHHOTo HayuyHoro metoga — ITIP-PB.

Staphylococcus epidermidis — HamboO/ee 4acTO BBISIBASIEMBIN IIpeACTaBUTeADb DTOM
rpynnsl [15]. Adannsiii Bug moxet Boi3biBaTh IIIV mpexxae Bcero Oaarogapst cBO-
ell CIIoCOOHOCTU aAre3MpoBaThCA K MaTepuadaM DHAOIPOTE30B M OOpa3OBBIBATh
ouonaenky [16]. K gpyrum Buaam, seispisaomumM 1IN, otHOCsTCs Staphylococcus
simulans, Staphylococcus caprae n Staphylococcus lugdunensis. Dta rpyniia MUKpoopra-
HI3MOB TakKe ctaHosuTcs puanHoi IV cycraBos, mpu KOTOpOIt 0OBIYHO HaOAIO-
AQIOTCSI APEeHaXk paHbl, A0KaAbHbIe M3MeHeHsI KOXXM 1 604p, mpu 3ToM y TN mo-
KeT OBITh MO3AHee 1AM OTCpOYeHHOe Hadalo, Korga 00Ab sIBASeTCs e AMHCTBeHHBIM
npossaenyeM [1]. Bormpoc o Tom, MMeIOT an pa3Hble BUABL B 9TO IPYIIIIe pa3ANYHbIe
KAMHIYeCKUe IposiBAeHNs nAu (paKTOphl PUCKa, elrje MPeACTOUT BBISICHUTD B Aalb-
HeJINNMX HayYHBIX MCCAeAOBaHILIX.

Streptococcus spp. — pa3HOOOpa3HbIl PO/, OaKTepUii, UTPAIOIINIL BaXKHYIO POADb B
3a004eBaHNsIX YeA0BeKa, HO BeI3piBaiommii MeHee 10 % muHgpekuii mpyu sHAOIpOTe-
3auposaHnu cycrasos. I1o ganupiM A. M. Meehan u coasr. [17], Streptococcus rpymi B
1 G MoryT ObITh HaubOAee pacIpocTpaHeHHbIMMU Streptococcus spp., BHI3BIBAIOIIMUA
[TV, Dt nadexnuy 0OBIYHO IPOTEKaIOT B OCTpoll popMe, IIpuUyeM I10 KpaiiHein
Mepe y NOJAOBMHBI IAIJMIeHTOB OTMEYalOTCsA AMXOPajkKa M CUCTeMHBIe CUMIITOMBI.
IToaobHas KapTuHa MOXeT HabAIOAAThCA HpU MHPUIIMPOBAaHUN MalllieHTOB OeTa-
reMoauTndeckumm Streptococcus spp. [18].

Streptococcus rpynnel B game cero Bui3biBaioT IV ¢ 3agepsxkoit nan 1o3aHmum
Hava/A0M, 1 OOABIIMHCTBO HalMIeHTOB MMEIOT O4HO AN HECKOABKO COITyTCTBYIOIIVX
coMaTHyYecKuX 3a004eBaHMIl, BKAIOYas OXKMpeHMe, 310KaueCTBeHHbIe OIIyX0AU UAU
caxapHblil agnabet [19]. IIpeanoaaraercs, YTO y MHOIMX IaIlMieHTOB MHQEKIN I1e-
pesaeTcs reMaTOTEHHBIM IIyTeM, NpudeM HanOoJee YacTBIMM MCTOYHMKAMU SIBAS-
IOTCSI MOYEII0A0BOM TPAKT, XKeAYA0UYHO-KUIIEUHbIN TPaKT M KOXKHbIe ITOKPOBHI [20].
CootBercTBeHHO, 40 50 % MaleHTOB K MOMEeHTY IosiBaeHs cumntomos TV moryT
Op1TH OakTepronocuteasmu [18]. ITamuenTsr ¢ IITIV, Bei3sannoI Streptococcus rpym-
bl G, yacTo MMeIOT odaru MHGpeKIuy KoXNn. boabmmHcTBo nanmeHTos ¢ bakTepue-
MI€ei, BBI3BAHHOM DTUM MUKPOOPTaHM3MOM, — ITOXKIAble MY>KUMHBI ¢ MH(peKITen
KO [21], 94TO Tax>Ke OTMeuaa0ch IIpU HAOAIOAEHNI 3a OAHON HeDOABIIION cepuert
ntaryenTos c IIT1V, seisBannoM Streptococcus rpynist G [18].

Enterococcus spp. — poa OakTepuii u3 ceMeiicrsa Enterococcaceae, peaxas npudn-
Ha ITIIV. Onu obnapy>xkusaiorcs y 12—15 % nanuenTos ¢ panunum Havaaom III1N,
4acTo B COCTaBe IMOAMMMKPOOHBIX MHpeknuii [22]. Enterococcus — rpaMmoA0Xu-
TeAbHBIN, PaKyAbTaTUBHO aHA®POOHBIN MUKpoopraHu3M. OH BLI3BIBAeT pa3And-
Hble BUABI MHPEKINIT, B TOM 4lcAe BHyTpuOOAbHMYHBIe NHPEKINY, D9HAOKAPAUT,
HQEeKIMY MOYeBBIBOASIINX ITyTell, a TaK>Ke BHYTPpUOPIOITHbIE U Ta30Bble MH(peK-
uu [23].

Kak u Enterococcus spp., aspoOHble TpaMOTpuUIjaTeAbHble DaKTepuy yallle BbIAB-
Aa10TCcs Ha paHHuX cragusax IV, rae B HeKOTOPBIX MccAeA0BaHUAX OHM OOHapy-
JKMBAIOTCS 40 45 % caydaes [22; 24]. OHu Tak>Ke UTpaioT BasKHYIO pOAb B pa3BUTUN
MOAVMMKPOOHBIX MHpeKui1 [25] 1 MOryT ObITh HPUYNMHON IeMaTOTeHHO MH}eK-
L1, KOTOpasl, KaK IIPaBUAO, SIBASIeTCSI MOHOMUKPOOHOI! [26]. B 6oabmmHCTBe 1CCae-
AOBaHMII HanbOoJee 4acTo BblgeAseMOl ad9pOOHOIN IpaMOTpUIlaTeAbHON I1aA0YKO
sisasietcst Escherichia coli [27 —29], Taxke B 04HOM KPYITHOM MCCAeA0BAaHUM HTO Obl1a
Pseudomonas aeruginosa [30]. BoapImmHCTBO OCTaAbHBIX BO30yAUTeA€T COCTaBASIOT He-
Kuieunsle Enterococcus spp. BcaeacTsue BUpPYA€HTHOCTI MHOTUX a®POOHBIX IpaMo-
TpULlaTeABHBIX OaKTepuii pu MHPUUMPOBAHNI UMM HabAl0AaeTcs ocTpas popma
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3aboaesaHms. [To muennio C. A. Aboltins 1 coasr. [27], apoOHbIe rpaMOTpULIaTeAb-
Hble OaKTepuy 4Yallle IPOHUKAIOT B YHAONPOTE3 Ta300eApeHHOro, a He KO/AEeHHOTO
CyCTaBa, 4TO, BO3MO>KHO, CBSI3aHO C aHATOMMUYECKOI OAM30CTHIO Ta300e APEHHOTO Cy-
CTaBa K >KeAyA04HO-KIIIIeYHOMY TPaKTYy.

Cr1ocoOHOCTL pacTy U COXPaHATBHCS Ha ITOBEPXHOCTM MMIIAaHTaTa M OKOAOIIPO-
Te3HOI TKaHU B BUAe OMOIIAeHKU IIpeAcTaBAseT cOOOI OCHOBHOI MeXaHM3M BBIKI-
BaHI:, C IOMOIIIBIO KOTOPOTO MUKPOOPTaHM3MBbl OKa3blBaIOTCsl HEUYBCTBUTEABHBI K
dakTOopam OKpyKaloleil 4451 Hux cpeasl. [locae mepsoro KoHTakTa ¢ MMIIAaHTaTOM
BO30yAUTeAN aATe3VPYIOTCs Ha ero IOBepPXHOCTU. B mepsble yachl 11ocle KOHTaKTa
MHOTOCAOJIHAs KAeTOYHas Ipoanudepaniis, a Tak’Ke Me>KKAeTOUHasl aare3s IpuBo-
AAT K 00pa3oBaHNIO MUKPOKOAOHMUI MUKPO(PAOPEI U HauaAbHOMY POCTY OMOIIA€eH-
KI1. 3peable OMOILAeHKI (POPMUPYIOTCS B TedeHIe YeThIpex HeAeAb U IPeACTaBAAIOT
coboi1 caokHble 3D-cooOIlecTBa, B KOTOPBIX MUKPOOPTaHM3MBI OAHOIO MAV He-
CKOABKIUX BUAOB XXMBYT, CIPYIIIPOBaHHBIE BMeCTe B BLICOKOTMAPaTUPOBaHHOM, Ca-
MOBOCITPOM3BOAAIIEMCSI BHEKAETOYHOM MaTpukce (camsn). Vlcromenne meraboan-
YeCcKIX BeIecTB U HaKOILAeHle IIPOAYKTOB KI3HeAeATeAbHOCTY IIPUBOAST K TOMY,
YTO MUKPOOPTaHU3MBI IIEPEeXOAAT B AaTeHTHOe, BereTaTMBHOe 1A HepacTylllee (cTa-
11oHapHoe) coctosiHue. [1aankToHHBIe OaKTepuy MOIYT OTAEAUTLCSI B AI00OI MO-
MEHT, aKTUBMPYsI UMMYHHYIO CICTeMY Ye/0BeKa, BBI3bIBasl BOCIIaleHle, OTeK, 00Ab I
paHHee paciiaTbiBaHue uMmIaanrara [1].

Taxmm o6pasom, accoriumposanHoe ¢ [TV BocriaaeHne mocae sHAONPOTE3UPOBA-
HILS1 KPYIIHBIX CYCTaBOB IIpeAcTaBAsieT coOO0I IIpeKAe Bcero MH(PEeKIMOHHO 00yCA0B-
A€HHBII IIPOIIecC, B BOSHMKHOBEHNI KOTOPOIO UTPalOT pOAb IIpeACcTaBUTeAN Pa3HBIX
TaKCOHOMMYECKMX TPyII MUKPOOPTaHU3MOB, CAeA0BaTeAbHO, MMeIolNe pa3And-
HYIO BUPYA€HTHOCTDb I ITaTOTeHHOCTh. OHM MOIYT OBITh IIpeACTaBA€HbI KaK MHOIO-
YIIC/€HHON YCAOBHO-TIAaTOTeHHOM (PAO0pOIl, TaK M IaTOTeHHBIMU BO30YAUTEAIMIU.
Ocoboe 3HaueHne B I1O0CAeAHNE TOABI IPUAAETCSI HAAMINIO accolalnii BO30yAuTe-
Aell pa3AMYIHBIX KAaCCOB M XapaKTepUCTHK. B OoapmmHCTBe caydaeB MUKpodaopa,
HNPUCYTCTBYIOIIAsl B CMHOBMAABHOMN XXIUAKOCTH, ITOAyJaeT [IaTOTeHHBIN IIOTeHIaA, a
yCAOBHO-TIaTOTeHHas1 (paopa CTaHOBUTCS OOAee BUPYAeHTHO IPU aKTUBalluU B AaH-
HOM BINTOIIe [IaTOTeHHBIX BO30yANUTeAeln.

Crennduyecknii cuMO103 4e10Be4eCKOTO OpraHM3Ma C OIlpeAeAeHHBIMU IPyII-
ITaMII MUKPOOPTaHNM3MOB, CPOPMUPOBABIINIICA B IIPOIecce DBOAIOLNI, B XoJe Ppu-
AOreHe3a IIpeo0pa3oBaAcs B €AMHYIO MUKPODKOAOIMYECKYIO CUCTEMY, FapMOHNY-
HO (PYHKIVOHMPYIOIIYIO B II0Ab3y O0eMx cocTaBAsAiommx cumonosa. Hopmaabnyio
ayTo(p10py Yea0BeKa MOXKHO IIPeACTaBUTh KaK CennpIIecKnii >KM3HEHHO BasKHBIN
OpraH, BBIITOAHSIONIINII YpPe3BhlYallHO INMPOKMUII CIEKTpP 3alllUTHBIX, MeTaboAm4de-
CKUX, PeTryAsITOPHBIX U APYTUX (PYHKIIMIL. fIBAeHMe OaKTepuaAbHO TpaHCAOKAIUM
3aKAI04aeTcsl B TOM, 4TO IleAbHble DaKTepraAbHble KAeTKU IIpe0A0AeBaioT DIUTeAN-
aAbHBIN Oapbep 1 MONajaloT B peroHapHble AuM@aTndecKlie y3Abl, a 3aTeM 3aceas-
IOT HeCBOJICTBEHHbIe IM paHee MecTa 00MTaHus B opraHuame. CaeayeT II044epKHYTb,
YTO SIUTEAVOIINTH B HACTOsIIlee BpeMsl pacCMaTpUBAIOTCSI He TOABKO KaK Oapbep-
Hble, HO I KaK UIMMYHOKOMIIeTeHTHbIe KAeTKI.

[TpopbIB B TIOHMMaHUM POAN YCAOBHO-TIATOTEHHBIX MUKPOOPTaHN3MOB B (POPMIU-
posanum I1IT1V cycraBos nmponsoliiea npu MpuMeHeHN! Hanbo.ee AMarHOCTYeCKN
TOYHBIX MeTOAMK, Takux Kak [ILIP, ITLIP-PB, cexsennpyomui I1LIP-anaans.

ITo HamemMy MHeHMIO, HapsIAy C IPUYMHHBIM (PAKTOPOM B Pa3BUTUN BOCIIaA€HI
3HAUNTEABHYIO POAb UTPaeT COCTOsIHNE MaKpOOpTaHIU3Ma, a TaK’Ke KOMILAeKC BHelII-
HIX YCAOBUI, KOTOpbIe OKa3blBalOT BAMSAHIE Ha OPraHN3M OJHOBPEMEHHO C HTHO0AO-
rmyeckKuM PakTopoM (CTpecchl, ICUXODMOIMIOHAABHBIEe HAaIPY3K!, BO34elICTBIE TOK-
CUYeCKUX BeIllecTB, epeoxAakAeHne U Apyrue).
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BocnaanTteapHslit Iipoliecc He ABAseTCs TOAbKO MeCTHBIM ITporieccoM. ITockoabky
OpraHI3M 4ea0BeKa — DTO eAMHas U 11eA0CTHas BRICOKOOpraHM30BaHHas 01040TH-
gyeckas CTPYKTypa, TO BAMSHME pasdpa’kalolllero U IoBpeXaalomero ¢gpakropa He
ObIBaeT MECTHBIM, a Jallle BCero HOCUT CHCTeMHBIN XapaKTep 1 OKa3blBaeT BAMSHIe
Ha BCIO €0 CTPYKTYPHYIO OpraHU3alUIo.

[IpoHukHOBeHMe, pa3MHOXKeHIe U paclpocTpaHeHne NHQPeKIN B O0AbIIIHCTBe
ompeaeAseTcs ee ITaTOTeHHBIMU 1 BUPYAEHTHBIMI CBOJICTBAMM, a TakK’Ke 3aIllMTHBI-
MI MeXaHI3MaMM MaKpoOopraHusma.

Boapiioe snauenne B TOHMMaHUM ITaTOTeHETNYECKMX MeXaHM3MOB Pa3BUTHU I1a-
TOAOTMYECKOTO IIpoliecca U IPaBUABHBIX IIOAXOA0B K €r0 Tepaluy HpUHaAAeKNAT
BBISIBACHMIO BO3MOXKHBIX MEXKITOIyASIMOHHBIX B3alMOAENCTBUII BO30yauTeAelt,
IIpMHajAeXalluxX K pa3AMdHBIM TaKCOHOMUYECKUM TPyIIIaM, MX CTPOeHHUs. DTu
CBeAeHMsI ITOMOTalOT Bpady BRIOpaTh IIpaBM/AbHOE HallpaBAeHMe AMarHOCTIYecKOo-
IO IOMCKa U OO03HAYUTDL MYyTU DAMMUHALIMU BBIABACHHBIX BO30yANUTeAl C yIeTOM
MOpPoPyHKIIMOHAABHBIX OCOOEHHOCTEN BCeX I1aTOTeHOB, ITPeACTaBASIOIINX AaHHBII
SIIUTOII.

3aKkal04dyeHme

Ha ocHoBaHUM IpOBeAeHHBIX MCCAeAOBaHUII HaMM yCTaHOBAEHBI ®THOAOTMYe-
ckre Mukpoouoaorndeckue ¢gaxrops! IV kpymHBIX cycTaBos. Beaymiyio poas B
passutuy nHQpekum urpaet Staphylococcus spp. (n=47), 40451 KOTOPOTO COCTABASIET
43,5 %, AWN: 34,0—53,4 %, ocraabHas paopa Oblaa mpeacTaBaeHa Streptococcus spp.
(n=21) — 19,4 %, AN: 12,5—28,2 % caydaes u Enterobacteriaceae (n=10) — 9,3 %,
AN: 4,5—16,4 % caydaes. B 14,81 % (n=16) cayyaeB y mMccaej0BaHHBIX I1aI[I€HTOB
BBIAB/AEHHbIE BO30yAUTeAM IIPUCYTCTBOBAAM B COCTaBe IOAMMUKPOOHON MHQpeK-
uyn: AHK Staphylococcus spp. + Streptococcus spp. — B 11 obpasuax (10,2 %, AN: 5,2 —
17,5 %), AHK Staphylococcus spp. + Enterobacteriaceae Ob141 BBIABAEHHI B 5 oOpasiiax
(4,6 %, AV: 1,5—10,5), uTo AaeT OCHOBaHMe IpeAroAaraTh, YTO OHM (POPMUPYIOT
O1oaormyeckue cooOIecTsa B Blie OMOIAeHOK, a 3HauuT, 0041a4al0T YHIMKAABHONI
CIIOCOOHOCTBIO MUHUMU3NPOBATh BAUSIHIE 3alllUTHBIX (PAKTOPOB OpraHM3Ma 4elo0-
BEKa.

C 11e4apl0 IIOTEHIMAABHOIO CHIDKEHMUs YPOBHS MHQPUIIMPOBAHNUs MallIeHTOB B
IpeAOllepalliIOHHOM Ilepuoje caeayeT o0cAeAoBaTh Ha HaAudue IIPU3HAKOB IIPO-
AoaxKaronieiicss MH(peKIMN, B 4aCTHOCTU Ha HaAu4le CUMIITOMOB MH(pEKIINU Bepx-
HIX AbIXaTe€ABHBIX IyTel, yPOT€HUTAABHOIO UAN KeAyAOYHO-KUIIIEYHOTO TPaKTOB,
IIOCKOABKY 9TO MHQEKIINY, KOTOpble HeCyT pUCK YHAOTEHHOTO PacIpOCTpaHeHUs I
nocaeayiomero passutust IV cycraBos. AuarHocTiyeckt 3Ha4MMBIM KpUTepyieM
AAsl OTHeCeHMs nanyeHra K rpynne pucka o IV asaserca konnentpanus AHK
YCAOBHO-IIATOTEHHOTO MUKpPOOpraHmsMa B uccaeayemom oOmotore — 1,0 x10* xo-
NNI/MA IPU HAAMIUY KAMHNYECKOV KapTUHBI BOCIIaANTEABHOTO IIpoIjecca B 9TOM
ouoTorIIe.

ITo Hammemy MHeEHMIO, yCIIeX Ae4eHIsI 4aHHOM I1aTOAOTUM HapPsAMYIO 3aBUCUT OT
csoespemenHom guarnoctuku IV, mpasnabHOro onpeaeaeHns ee Tuna U MUACHTU-
dpuKkanuy Bo30yauTeAS, UTO SABASIETCA ONpeAeAsIONINM AAs BRIOOpa TaKTUKI Aede-
HI MTallJieHTa 1 HasHadeHus >PPeKTUBHON aHTHOaKTepraAbHON Tepanmu. Takum
obOpasom, aedenne [TV — »T0 caoXHas 3agayda, peleHne KOTOpoil TpedyeT My Ab-
TUAVCIIUIIAMHAPHOTO 0AX04a U AOIIOAHUTEABHOM IIOAIOTOBKM Bpadell, 3aHMMalo-
IIVIXCST AVMAaTHOCTUKOM U A€4eHNeM AaHHOM I1aTOAOTUN.
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3HaHIe MUKPOOMOA0OTMYEeCKOIo ClIeKTpa OCHOBHBIX Bo3OyAnTeaeit [TV kpymHbIx
CyCTaBOB ITO3BOAUT IIPABUABHO IIPEAII0AOXKUTL HauboAee BepOsATHbIe U3 HUX, paliy-
OHaABHO IOAONTH K aHTHOAKTepraAbHOM Tepaluy U Cy3UTh CIIEKTP MCII0Ab3yeMBbIX
aHTUOMOTHUKOB, UTO MMeeT pellalollee 3HadeHye B ICX0Ae XUPYPIUIecKoro AedeHms
IIIIV 1 B CHY>KeHUM YPOBHS CTPEMUTEABHO Pa3BUBAIOIIENICS Pe3MCTeHTHOCTU K aH-
TUMUKPOOHBIM A€KapCTBEHHBIM CpeACTBaM.

®duHaHCHpOBaHMe. DTO UCCAeA0BaHIIe He 1101y4al0 BHEIIHero (prHaHCHPOBaHIL.
KoH}auKT mHTEepecoB. ABTOPEI 3asIBASIOT 00 OTCYTCTBUY KOH(AVKTA HTEPECOB.
Funding. This study received no external funding.

Conflict of Interest. The authors declare no conflict of interest.

Cnmcox anreparypbl

1. Tsikopoulos K., Meroni G. Periprosthetic Joint Infection Diagnosis: A Narrative Re-
view. Antibiotics (Basel). 2023, 12, 1485, DOI: 10.3390/antibiotics12101485.

2. Nelson S. B., Pinkney J. A., Chen A.F., Tande A.]. Periprosthetic Joint Infection: Cur-
rent Clinical Challenges. Clin. Infect. Dis. 2023, 77, 34—45, DOI: 10.1093/cid/ciad360.

3. Gazendam A., Wood T.]., Tushinski D., Bali K. Diagnosing Periprosthetic Joint Infec-
tion: a Scoping Review. Curr. Rev. Musculoskelet. Med. 2022, 15, 219—229, DOI: 10.1007/
$12178-022-09751-w.

4. Pellegrini A., Suardi V., Legnani C. Classification and management options for pros-
thetic joint infection. Ann. Jt. 2022, 7, 3, DOI: 10.21037/a0j-20-86.

5. TToaysn O. C., Kocriok C. A., bensko A. H., l'epacumenxo M. A. OcobeHHOCTI MUKPO-
61moaormyeckoro mpopuas CMHOBMAABHOM XXUAKOCTH MMAllMIEHTOB C apTPOIaTUsAMU KOAeH-
Horo cycrasa. CoopHuk TpyA0s X IO0OmaeiiHoOi MeXAyHapOAHON Hay4HO-IIPpaKTU4YecKo
KoHpepenunn «MoaekyaspHas gnarHoctuka», Mocksa. 2021, 2, 281 — 282.

6. Rakow A., Perka C., Trampuz A., Renz N. Origin and characteristics of haematoge-
nous periprosthetic joint infection. Clin. Microbiol. Infect. 2019, 25, 845—850, DOI: 10.1016/j.
c¢mi.2018.10.010.

7.Li Y., Quan X., Zhou C., Duan X., Nie M., Si H. Risk factors for metachronous peri-
prosthetic joint infection in patients with multiple prosthetic joints: a systematic review and
meta-analysis. J. Orthop. Surg. Res. 2025, 20, 293, DOI: 10.1186/513018-025-05694-3.

8. Koctiok C. A., IToaysan O.C., Aamuesa A.K., benrko A.H. OcobeHHOCTM MUKpPOO-
HOTO COCTaBa pa3AMYHBIX OMOIIEHO30B Y MAI[MeHTOB C IIePUIIPOTe3HON MH( EKIINel mocae
DHAOIIPOTE3MPOBaHMsI KPYIIHBIX CyCTaBoB. bruoxumus u MoaexkyaspHas Onoaorus. 2024, 3,
49—56.

9. Wisplinghoff H., Bischoff T., Tallent S. M., Seifert H., Wenzel R. P., Edmond M. B. Nos-
ocomial bloodstream infections in US hospitals: analysis of 24,179 cases from a prospective
nationwide surveillance study. Clin. Infect. Dis. 2004, 39, 309—317, DOI: 10.1086/421946.

10. Jacobsson G., Dashti S., Wahlberg T., Andersson R. The epidemiology of and risk fac-
tors for invasive Staphylococcus aureus infections in western Sweden. Scand. ]. Infect. Dis.
2007, 39, 6—13, DOI: 10.1080/00365540600810026.

11. Egerci O.F., Yapar A., Dogruoz F., Selcuk H., Kose O. Preventive strategies to reduce
the rate of periprosthetic infections in total joint arthroplasty; a comprehensive review. Arch.
Orthop. Trauma Surg. 2024, 144, 5131 —5146, DOI: 10.1007/s00402-024-05301-w.



Cospementivie Hanpasaerus 6 Ouomeduijuite 2025 48 of 91

12. Raval P., Coolican M. Preoperative, intraoperative, and postoperative concepts
to prevent infection for unicompartmental knee arthroplasty. J. ISAKOS. 2024, 9, 100345,
DOI: 10.1016/j.jisako.2024.100345.

13. de Buys M., Moodley K., Cakic J. N., Pietrzak J. R.T. Staphylococcus aureus coloniza-
tion and periprosthetic joint infection in patients undergoing elective total joint arthroplas-
ty: a narrative review. EFORT Open Rev. 2023, 8, 680—689, DOI: 10.1530/EOR-23-0031.

14. Sendi P., Rohrbach M., Graber P., Frei R., Ochsner P. E., Zimmerli W. Staphylococ-
cus aureus small colony variants in prosthetic joint infection. Clin. Infect. Dis. 2006, 43,
961—967, DOI: 10.1086/507633.

15. Widerstrom M., Stegger M., Johansson A., Gurram B. K., Larsen A.R., Wallinder L.,
Edebro H., Monsen T. Heterogeneity of Staphylococcus epidermidis in prosthetic joint in-

fections: time to reevaluate microbiological criteria? Eur. J. Clin. Microbiol. Infect. Dis. 2022,
41, 87—97, DOI: 10.1007/s10096-021-04352-w.

16. Gatti M., Barnini S., Guarracino F., Parisio E. M., Spinicci M., Viaggi B., D’Arienzo S.,
Forni S., Galano A., Gemmi F. Orthopaedic Implant-Associated Staphylococcal Infections:
A Critical Reappraisal of Unmet Clinical Needs Associated with the Implementation of the
Best Antibiotic Choice. Antibiotics (Basel). 2022, 11, 406, DOI: 10.3390/antibiotics11030406.

17. Meehan A. M., Osmon D. R., Duffy M. C., Hanssen A. D., Keating M. R. Outcome of
penicillin-susceptible streptococcal prosthetic joint infection treated with debridement and
retention of the prosthesis. Clin. Infect. Dis. 2003, 36, 845—849, DOI: 10.1086/368182.

18. Lowbeer N., Stegger M., Soderquist B. Genomic characterization of beta-haemo-
lytic streptococci isolated from prosthetic joint infections. APMIS. 2023, 131, 189—196,
DOI: 10.1111/apm.13299.

19. Sendi P., Christensson B., Uckay I., Trampuz A., Achermann Y., Boggian K., et al.
Group B streptococcus in prosthetic hip and knee joint-associated infections. Journal of Hos-
pital Infection. 2011, 79, 64— 69, DOI: 10.1016/.jhin.2011.04.022.

20. Kherabi Y., Zeller V., Kerroumi Y., Meyssonnier V., Heym B., Lidove O., et al. Strepto-
coccal and Staphylococcus aureus prosthetic joint infections: are they really different? BMC
Infect. Dis. 2022, 22, 555, DOI: 10.1186/s12879-022-07532-x.

21. Lucenti L., Testa G., Caldaci A., Sammartino F., Cicio C., Ilardo M., et al. Preoperative
Risk Factors for Periprosthetic Joint Infection: A Narrative Review of the Literature. Health-
care (Basel). 2024, 12, 666, DOI: 10.3390/healthcare12060666.

22. Cobo J.,Miguel L. G.S., Euba G., Rodriguez D., Garcia-Lechuz J. M., Riera M. etal. Ear-
ly prosthetic joint infection: outcomes with debridement and implant retention followed by
antibiotic therapy. Clinical Microbiology and Infection. 2011, 17, 1632—1637, DOI: 10.1016/
S0002-9343(02)01117-8.

23. Yoshino Y. Enterococcus casseliflavus Infection: A Review of Clinical Features and
Treatment. Infect. Drug Resist. 2023, 16, 363 —368, DOI: 10.2147/IDR.S398739.

24. da Silva R. B., Salles M. J. Outcomes and Risk Factors in Prosthetic Joint Infections by
multidrug-resistant Gram-negative Bacteria: A Retrospective Cohort Study. Antibiotics (Ba-
sel). 2021, 10, 340, DOI: 10.3390/antibiotics10030340.

25. Valenzuela M. M., Averkamp B.]., Odum S. M., Rowe T. M., Fehring T. K. Polymicro-
bial Colonization of Prosthetic Joint Infections Treated with Open Wound Management.
J. Arthroplasty. 2022, 37, 653 —656, DOI: 10.1016/j.arth.2022.03.016.

26. Migliorini F., Weber C.D., Bell A., Betsch M., Maffulli N., Poth V., et al. Bacterial
pathogens and in-hospital mortality in revision surgery for periprosthetic joint infection
of the hip and knee: analysis of 346 patients. Eur. J. Med. Res. 2023, 28, 177, DOI: 10.1186/
s40001-023-01138-y.



Advanced targets in Biomedicine 2025 49 of 91

27. Aboltins C. A., Dowsey M. M., Buising K. L., Peel T. N., Daffy J. R., Choong P. F., et al.
Gram-negative prosthetic joint infection treated with debridement, prosthesis retention and
antibiotic regimens including a fluoroquinolone. Clin. Microbiol. Infect. 2011, 17, 862 —867,
DOI: 10.1111/.1469-0691.2010.03361.x.

28. Fantoni M., Borre S., Rostagno R., Riccio G., Carrega G., Giovannenze F., et al. Epide-
miological and clinical features of prosthetic joint infections caused by gram-negative bacte-
ria. Eur. Rev. Med. Pharmacol. Sci. 2019, 23, 187 —194, DOI: 10.26355/eurrev_201904_17490.

29.Tai D. B.G., Patel R., Abdel M. P., Berbari E. F., Tande A.]J. Microbiology of hip and
knee periprosthetic joint infections: a database study. Clin. Microbiol. Infect. 2022, 28, 255—
259, DOI: 10.1016/j.cmi.2021.06.006.

30. Fernandez-Torres J., Zamudio-Cuevas Y., Martinez-Flores K., Franco-Cendejas R.
Relationship between biofilm-forming microorganisms (BFM: Staphylococcus aureus and
Pseudomonas aeruginosa) and DEFB1 gene variants on (3-defensin levels in periprosthetic
joint infection (PJI). Mol. Biol. Rep. 2024, 51, 237, DOI: 10.1007/s11033-023-09126-5.

OO0 aBTOpax

Anna KoncranTnnosHa /lssMIleBa, MAaAIINi Hay4YHBIN cOTpyAHUK Hayuno-nc-
caeaoBateabckoil aaboparopum HIN skcriepuMeHTaAbHONM M KAMHUYECKOM Meau-
uyHb beaopycckoro rocysapcrseHHOTO MeAMIIMHCKOIO YHMBepcuTeTa, Pecrybanka
beaapycs.

ORCID: 0000-0002-1394-433X

CBetaana Angpeesna KocTiok, mpodeccop, 40KTOp MeAULIMHCKIX HayK, IAaB-
HBIN Hay4HBINI COTPYAHMK HaydHO-UCCAeAoBaTeAbckoi dabopaTopun HIUN skcre-
PMMEHTaAbHOM ¥ KAVHUYECKON MeAUIMHBI beaopycckoro rocyapcTBeHHOIO Meau-
LIMHCKOTO yHuBepcuTeTa, Pecrrybanka beaapycs.

ORCID: 0000-0002-3252-2626

Ouabra Cepreesna IloaysH, 4011eHT, KaHAMAAT OMOAOTMYECKUX HayK, BeAYIIINIA
Hay4HBIVl COTPYAHMK Hay4dHO-MCCAeg0BaTeabcKol aabopaTopun HIVI skcriepumen-
TaAbHO U KAMHIYECKO MeAUIHbI Beaopycckoro rocygapcrseHHOTO MeAMIIHCKO-
ro yHusepcureta, Peciydanka beaapycs.

ORCID: 0000-0001-7130-2776

The authors

Anna K. Lyamtseva, junior researcher of Research Laboratory of the Research In-
stitute of Experimental and Clinical Medicine, Belarusian State Medical University,
Republic of Belarus.

ORCID: 0000-0002-1394-433X

Svetlana A. Kostiuk, professor, Doctor of Medical Sciences, chief researcher of
Research Laboratory of the Research Institute of Experimental and Clinical Medicine,
Belarusian State Medical University, Republic of Belarus.

ORCID: 0000-0002-3252-2626


https://orcid.org/0000-0002-1394-433X
https://orcid.org/0000-0002-3252-2626
https://orcid.org/0000-0001-7130-2776
https://orcid.org/0000-0002-1394-433X
https://orcid.org/0000-0002-3252-2626

Cospementivie Hanpasaerus 6 Ouomeduijuite 2025 50 of 91

Olga S. Poluyan, Associate Professor, PhD in Biology, Leading Researcher of Re-
search Laboratory of the Research Institute of Experimental and Clinical Medicine,
Belarusian State Medical University, Republic of Belarus.

ORCID: 0000-0001-7130-2776


https://orcid.org/0000-0001-7130-2776

(\m% COBPEMEHHBLIE HAITPABAEHW S B BUOMEAUIIVHE
j‘ ADVANCED TARGETS IN BIOMEDICINE

Methodology article

MAKING DATA FINDABLE, ACCESSIBLE,INTEROPERABLE,
REUSABLE,AND EMERGEABLE (FAIRE):

PROPOSING A SILICON ORGANISM MODEL-ENGROSSED
DATA INTEGRATION (SOMEDAI) APPROACH

IN SYSTEMS BIOLOGICAL PREPARATIONS

FOR THE NEXT EPIDEMICS

A.N. Kolodkin"?*

! Competence Center for Methodology and Statistics,
Luxembourg Institute of Health,

Translational Medicine Operations Hub,

L-1445, Strassen, Luxembourg

2LCSB — Luxembourg Centre for Systems Biomedicine,
University of Luxembourg,

L-4367, Belvaux, Luxembourg

* Correspondence: alexeykolodkin@gmail.com

Abstract: This manuscript is dedicated to the concept of emer-
gence in modern systems biology and discusses the essence of

this concept, its role, and its implementation using the example
of epidemic modeling for COVID-19, where three dimensions
of emergence should be integrated: (i) the emergence of the epi-
demic and the spread of the virus in a population from interac-
tions between susceptible, infected, and recovered individuals;
(ii) the emergence of health-related properties of one individual
from interactions between biomolecules; (iii) the emergence of
the research project from interactions between various institu-
tions collecting different pieces of clinical data.
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Pesiome: Hacrosmas paGoTa mocssmeHa oOCy>KA€HUIO KOH-
LEIIUY YMEePAXKEHTHOCTH B COBPEMEHHON CUCTEMHON ou1oao-
IMM U 3aTparuBaeT IIpUMeHeHe 9TOV KOHIeIIIUH B ST eMIO-
aormaeckoM moaeauposanuy COVID-19, rae MOXKHO BEIA€AUTD
TpU HallpaBAeHMsA DMepAKeHTHOCTH: (i) 9MepA’KeHTHOCTh
SOUAEMUN B IIOIYASIINM, BO3HUKAIOIIAsl U3 B3aIMOAEIICTBUI
MeXXAy HeMHQPUIIVPOBAaHHBIMM, MHDUIIMPOBAHHBIMY, 1 IIEpe-
OoaeBmMuy MHAMBUAYYMaMy; (ii) 9MepAKeHTHOCTh PU3N0A0-
TMYeCKOro OTBeTa Ha MH(PEKIINIO Ha ypOBHe MHPUITPOBAHHOTO
OpraHM3sMa, BO3HUKAIOIIas 13 B3aMOAeMCTBUIT MeXAy O1oMo-
Aekyaamu, u (iii) ®MepAKeHTHOCTh CaMOIO Hay4HO-JCCAe]0Ba-
TeABCKOTO ITpOeKTa BO3HMKAIOIIAsl U3 B3aMOAEMCTBUI MeXAY
Pa3AMYHBIMY UHCTUTYTaMM M YaCTHMKaMU ITpOeKTa.

CucreMHO-010A0TIYECKOE [HOHUMAaHNIe 0110A0rM4eCcKOt
®MepPAKEHTHOCTH BBI3BIBA€T HEOOXOAVIMOCTh HEKOTOPBIX U3-
MEeHeHUII B IogxoJax Mo JaTa MeHeAxmeHTy. C gobasae-
HIUe KOHIIEIIINI DMEPAKEHTOCTY, KAaCCUYECKUII II04X0J, TaK
HaspiBaeMoro FAIR aaTta MeHegxMeHTa (aOOpeBmanus OT
Findable, Accessible, Interoperable, Reusable), Tpancdpopmnu-
pyercs B FAIRE (Findable, Accessible, Interoperable, Reusable,
Emergeable), To ecTs JaHHBIE CTAaHOBATCS He TOABKO A€TKO Ha-
XOAVIMBIMMY, AOCTYIIHBIMH, B3aMIMHO COBMECTUMBIMIL, HO TaKXKe
sMepAxxeHTHBIMU. Aas peaansanun FAIRE aata meHe xMeH-
Ta IIpeAJaraeTcs 0AX04 MOJeAbHO-OPMEHTHPOBaHHOM MHTe-
rpanyn ganHbX (SOMEDALI), mpu KOTOpoM AaHHBIE He ITPOCTO
COXpaH:AIOTC B 6azax AaHHBIX, HO Cpasy >Ke MHTeTpUpPYIOTC B
MaTeMaTU4ecKyl0 MOJeAb, UTO MO3BOAsEeT OAHOBPEMEHHO Be-
pupUIMPOBATh KaueCTBO AaHHBIX M PEKOHCTPYUpPOBaTh O11010-
TMYECKYIO SMePAKEHTHOCTb.

Kaiouesble caoBa: cucreMHas OMOAOIMS, DMEPAKEHTHOCTD,
CBOIICTBA KOMIIOHEHTOB, 3aBUCSIIINE OT COCTOSIHUS BCEM CUCTE-
MBI. KOMILAeKCHbIe aganTuBHble cructeMbl, FAIR asannbie, mo-
AeABHO-OpUEHTUPOBaHHasI MHTerpans JaHHbIX, SIER Mmogean,
KapTsl 00ae3neir, COVID-19
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Introduction: Emergence, Design and State Dependency
of Component Properties in Computer Models

Systems Biology aims to understand how biological function, which is absent from
molecules in isolation, emerges when they become components of a system [1; 2]. The
philosophical concept of “emergence” is central here. An emergent property can be
defined as a property of a system that satisfies three theses about emergence: (i) the
thesis of physical monism, (ii) the thesis of synchronous determinism, and (iii) the
thesis or notion of being a systemic (organizational) property [3]. If all three theses
are satisfied simultaneously, the property may be called an emergent property. The
thesis of physical monism restricts the nature of the system’s elements, stating that
the system consists only of physical entities. The thesis of synchronous determin-
ism restricts the way systemic properties and the system’s microstructure are related,
stating that there can be no difference in systemic properties without changes in the
structure of the system or in the properties of the components: properties of interest
(e. g., metabolite concentrations) are underpinned by changes in the system (e.g.,
changes in component concentrations, reaction rates). The thesis or notion of being
a systemic (organizational) property means that a property is not exhibited by ele-
ments in isolation.

It has become traditional to distinguish between weak emergence and strong
emergence, depending on whether the specific behaviour of the system’s components
derives from, or does not derive from, the components’ behaviour in simpler con-
tigurations [3]. This distinction has a deep intuitive background. Let us consider the
classic example: a piece of diamond is hard, and a piece of graphite is soft, because
atoms of carbon are arranged differently in these two systems; the emergent property
(hardness or softness) depends on the interactions between the system’s components.
If we assume a simpler configuration of the system, e. g., a small piece of diamond,
we can deduce how the atoms of carbon should be arranged to give rise to hardness.
In other words, systemic properties of a large piece of diamond can be deduced from
the components” behaviour in simpler configurations. Consequently, the emergence
would be classified as weak emergence. Now let us consider a living cell. Obviously,
if we cut this cell into a hundred small pieces, each piece would be dead in isolation.
From here, we can intuitively conclude that the property of being alive is a strongly
emergent property.

However, we may also take a look at the issue from a different angle. The prop-
erties of carbon atoms in a diamond are the same in both larger and smaller pieces;
component properties do not depend on the state of the system (e. g., the size and
geometrical shape of the diamond). By contrast, the properties of macromolecules
in the cell — e. g., how they interact with each other — do depend on the state of the
cell. For instance, assume we alter the concentration of just one component in the cell,
such as an enzyme. This will change the concentrations of that enzyme’s substrates
and products. It is very likely that one of these substrates or products will serve as
an activator, inhibitor, or substrate for another protein. This second protein may, in
turn, be a transcription factor for a different enzyme or an activator of a third pro-
tein, and the effect of the initial change will propagate until, eventually, the proper-
ties (behaviour, concentrations, activity) of all components in the cell are altered [4;
5]. Components are fit to the system as a whole; their properties depend on the pres-
ence of other components, on boundary conditions, and on the initial conditions of
the cell [6]. The component properties of pieces of diamond are not state-dependent.
On the other hand, the component properties of parts of a cell are, to a large extent,
state-dependent. If we imagine a small piece of a cell with the same composition
of amino acids, lipids, ribonucleotides, and other molecules as the intact cell, some
state-dependent information about molecular interactions — e. g., the purposeful ar-
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rangement of these molecules as it existed in the whole cell — would be missing. The
reconstruction of the emergent property of the whole cell would require information
about these state-dependent properties of molecules. The emergence in the diamond
differs from that occurring in the cell in the degree to which component properties in
these two systems are state-dependent.

There is no emergence that is purely weak or purely strong; rather, emergence can
be stronger or weaker, depending on how much we need to know about the state-
dependency of the component properties — e. g., hysteresis, boundary conditions,
flux of mass and energy through the system, and the number of other components
affecting a given component property. The stronger the emergence, the more infor-
mation about state-dependency is required. This also implies that, even if some pro-
perties might seem very strongly emergent, their emergence can still be reconstructed
from the knowledge of component properties — we simply need to consider more
information about their state-dependency [4; 6].

This state-dependency of system component properties can be described in terms
of mathematical equations. It is, in fact, a central feature of systems biological mo-
dels (Fig. 1). It makes the systems biology approach both reductionist and holistic at
the same time. It is reductionist because the emergent behaviour is explained in the
model in terms of system components, and it is holistic because the reconstruction of
emergent behaviour requires information about the system as a whole [4; 6].
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Fig. 1. Reconstruction of emergent behavior in a systems biological model.
Systemic functioning emerges from interactions between biomolecules.

There are three approaches to link the layer of interacting biomolecules to systemic
functioning: the bottom-up approach begins with experimentally characterized interactions
between biomolecules; the top-down approach starts with systemic functioning;
and the middle-out approach begins with an entity of intermediate complexity,
such as a cell, and extends both up to organismal functioning and down
to interacting biomolecules

The reconstruction of emergent behaviour in a computer model from the know-
ledge of state-dependent component properties is closely linked to the concept of sys-
tems design. By definition, design is “the constellation of system components, their
specific properties, and their pattern of interactions that together determine the inte-
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grated behaviour of the system” [7]. This understanding — that the arrangement of
system components is responsible for a generic set of functions — can be formalized
as a more general concept of a design principle.

A design explanation builds a bridge between the underlying mechanism of inte-
racting components and a specific emergent property associated with the design. In
this respect, the design explanation resembles a causal explanation, but it also adds a
new dimension by requiring the emergent property to be functional — i. e., to serve a
specific role for the organism — and by addressing the question: “Why does the sys-
tem consist of the parts it does, and why are those parts organized in this particular
way?” [8]. Design implies a purposeful arrangement of parts [9]. In a design study,
we assume that the system is structured to give rise to the emergence of a useful bio-
logical function.

Going further, according to Anokhin’s theory of functional systems (TFES), “a sys-
tem can be called a complex of selectively involved components where all interac-
tions are presented by mutual cooperation of components focused on obtaining a use-
tul result” [10]. The idea that a goal precedes its realization by the organism was also
recognized in Kant’s doctrine on the end of all things, illustrated in his example of the
flute: “If Peter carves a flute, then his will (or his movement of his hands in a certain
way) causes the flute (O), but his will (his movement of his hands) is determined by
Peter’s idea of the flute (S)” [11]. Interestingly, this topic has also found its way into
design studies of artificial systems, and is discussed by various authors — some-
times in direct analogy with the ancient “noema” concept of Plato (428/427 BC) [12].
According to this concept, a future noema (not yet realised) becomes a current noema
in the process of noesis (realisation through interaction with the environment). Since
the current noema will differ from the originally planned future noema, the future
noema must be readjusted, and the loop continues. The theory of functional systems
does not use the term noema, but it effectively implies noesis when discussing reverse
afferentation.

To summarize, when building a systems biological model, we imply design of
the system, and reconstruct emergent behavior in silico by incorporating information
about the state-dependency of component properties into mathematical equations.
The stronger the emergence, the more information about the state-dependency of sys-
tem component properties we need to include in our model. Let us explore this in the
context of COVID-19 studies, where, in order to learn from the pandemic and prepare
for potential future epidemics, we must consider three dimensions of emergence.

Three Dimensions of Emergence in COVID-19 Research

First Dimension of Emergence: Dynamic Model of Virus Spread
at the Population Level

With the outbreak of the COVID-19 pandemic, the initial focus of research was to
build a predictive model of how SARS-CoV-2 spreads within the human population.
This was modeled using the SIR (Susceptible, Infectious, and Recovered) framework,
where the spread of the virus emerged from interactions between susceptible, infec-
ted, and recovered individuals. One of the earliest COVID-19 SIR models, developed
by Westerhoff & Kolodkin [13], considered 14 components, with transitions between
them described by a mass-action law (Fig. 2). The model, available at FAIRDOMHub
(https://fairdomhub.org/models/693), enabled predictions of various measures’ ef-
fects on the epidemic and allowed for comparisons of different lockdown-release
strategies across countries. Although the model proved useful, its predictive power
was limited by the simplistic mass-action reactions used to describe transitions be-
tween system components. This limitation was partially addressed in a delay-diffe-


https://fairdomhub.org/models/693

Cospementivie Hanpasrerus 6 Ouomeduijute 2025 56 of 91

rential SEIR model for improved infection dynamics, developed by Kiselev, Akberdin,
and Kolpakov [14]. In this model, Susceptible, Exposed, Infected, and Recovered
(SEIR) individuals were treated as model components, with transitions modeled
using more sophisticated mathematical equations that incorporated time delays and
instantaneous transitions. Furthermore, the model accounted for different population
groups, symptom progression from mild to critical, vaccination, the duration of pro-
tective immunity, and new virus strains.

" {ecovered-nontested>
Corona-dead-nontested !
P orona ea nonteste: >\D\ » »

<na|ve-nontested >\g_< mfected-nontested Mympmnn?nonteste@

‘[ infected-tested é\/‘( symptoms-tested
< nfection_cosfficent > e

Fig. 2. Systems biology model of the COVID-19 epidemic.
Species are represented in boxes, and reactions
(irreversible, mass-action) are shown as arrows.

The infection coefficient is modeled as a linear function of the numbers
of infected-nontested, infected-tested, symptoms-nontested,
and symptoms-tested individuals.

It is also state-dependent on the level of social interactions.

The full model, including all parameter values, is available at
https://doi.org/10.15490/fairdomhub.1.model.693.1
(Adapted from Westerhoff & Kolodkin [13])

Still, even more sophisticated mathematical equations describing transitions, such
as between Exposed and Infected, or Infected and Recovered, remain too simplified
and tend to underestimate the strength of emergence. For instance, the transition
from Exposed to Infected emerges from multiple interactions between the human or-
ganism and the virus, underpinned by numerous physiological processes within the
organism that are highly state-dependent on individual genetic and environmental
factors. This represents another dimension of emergence.

Second Dimension of Emergence: Virus-induced Physiological Behaviour

The response of the organism to the virus and the progression of COVID-19 at
the individual level emerges from interactions between the virus and a range of
physiological processes. For instance, SARS-CoV-2 affects multiple molecular
networksand triggers several pathophysiological mechanisms. Viral RNA and proteins
have been found in tyrosine hydroxylase-immunoreactive neurons in the substantia
nigra of deceased COVID-19 patients. The presence of the virus was associated with
microgliosis and CNS platelet-enriched microthrombi in small parenchymal vessels
[15]. There are multiple interconnected mechanisms through which the virus may
induce both microgliosis and thrombosis, such as via NF-kB signaling, which could, in
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turn, be linked to oxidative stress and mitochondrial dysfunction [16]. In attempting to
reconstruct, in silico, the influence of SARS-CoV-2 on the organism, we must account
for increasingly complex molecular mechanisms. Even more intracellular networks
will need to be considered when developing COVID-19 precision medicine, such as
delivering specific drugs to infected cells [17]. Ultimately, we may need to extend the
model to encompass a whole-body silicon cell model.

The COVID-19 Disease Map initiative, organized by the University of
Luxembourg, aimed to integrate and continuously update all available information
on the mechanisms by which SARS-CoV-2 interacts with the human organism. The
initiative involved more than 230 scientists from diverse backgrounds, representing
120 institutions across 30 countries. As a result of the project, a knowledge repository
of the molecular mechanisms underlying COVID-19 was created — approaching the
complexity of the whole body (https://covid.pages.uni.lu/).

However, only several fragments of the knowledge integrated within the
COVID-19 Disease Map were ultimately transformed into mathematical models.
One successful example is the flux balance model by Renz, Widerspick, and Drager
[18]. The COVID-19 Disease Map proved useful [19] and helped, to some extent,
reconstruct the emergence of diseased behaviour at the level of the human organism.
Still, the emergence was represented as weaker than it actually is, and much of the
state-dependency of component properties was missing. It is crucial that both the
emergence of individual, patient-specific responses to the virus and the emergence at
the epidemiological level (e. g. modelling how various virus strains spread through
society) should be integrated into a single model.

Third Dimension of Emergence: Emergence of Research Projects

There is also a third, explicitly social, dimension of emergence, where interactions
between various participants and institutions — each collecting different pieces of in-
formation — should lead to the emergence of an integrated systems biological under-
standing. In principle, this would involve merging the modelling of epidemics with
the modelling of individual physiological responses to a virus. On this layer of emer-
gence, the system’s components are researchers, data managers, medical doctors,
nurses, research groups and institutions, hospitals, and others. They interact within
the framework of a project, and various project outputs — such as insights, scientific
concepts, and proposed medical treatments — emerge. Once again, the concept of
design is applicable: the goal serves as the system’s formative factor, and the system
is designed for useful emergence — e. g., new scientific understanding. However,
this useful output (the project goal) evolves continuously throughout the project (a
continuous adjustment of the future noema), making the project itself a Complex
Adaptive System.

An example of how the goal — as the system’s forming factor — may adapt during
a project is found in research on the long-term consequences of SARS-CoV-2 infection.
Initially, researchers would define “Long COVID”, a consequence of COVID-19, in
varying ways. In some cases, it was simply defined as the presence of any symptom
persisting 12 months after infection [20]. In others, more specific, model-driven
definitions were proposed. For instance, in one mathematical model of the immune
response to SARS-CoV-2, Long COVID corresponded to a stable stationary or periodic
solution that persisted in the system after the acute infection phase [21].

Subsequently, the World Health Organization (WHO) unified the understanding
of Long COVID by providing the following definition: “the continuation or develop-
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ment of new symptoms 3 months after the initial SARS-CoV-2 infection, with these
symptoms lasting for at least 2 months with no other explanation” (www.who.int/
europe/news-room/fact-sheets/item/post-covid-19-condition).

This WHO definition came into conflict with ongoing research projects in which
data collection schedules had already been established based on different time-
lines. For example, the Luxembourg-based CON-VINCE study (COVID-19 National
survey for assessing VIral spread by Non-affected CarriErs) [22], later followed by
ORCHESTRA project, an EU Horizon 2020 initiative (https://orchestra-cohort.eu/),
which aimed to standardize and harmonize COVID-19-related data collection me-
thodologies across multiple participating institutions to ensure consistency and inte-
roperability in data sharing among researchers and public health authorities through-
out Europe. Its scope encompassed epidemiological modeling, vaccine development,
therapeutic interventions, and the evaluation of public health strategies. The project
also served as a platform for rapid data analysis and dissemination of findings, sup-
porting informed decision-making and public health responses during the COVID-19
pandemic [22].

The CON-VINCE — ORCHESTRA data collection began as early as March 2020,
at the very start of the pandemic, with the observation of non-infected participants.
One fraction of participants remained non-infected and formed the control group.
Another fraction became infected at some point during the study, thus providing
samples both before and after infection. However, the project had been launched
before the WHO Long COVID definition was published. As more knowledge was
becoming available (e. g., the WHO definition of Long COVID), the project settings
— such as sampling intervals, test types (blood, stool, saliva, and SWAB tests), and
even the questionnaires — were adjusted accordingly. Initially, when asked about
their symptoms, the participants would answer questions, like: “Did you have any
symptoms until today?” Later, this question was modified to: “Did you have any
symptoms during the previous week?” or “Have you been having continuous symp-
toms since the last visit?” These changes, while small, imposed limitations on the
interpretation of Long COVID data [22—24]. In addition, some symptoms — such as
loss of smell — which were initially not monitored, later turned out to be central in
Long COVID studies [22—24].

Many challenges in project setup were unavoidable, given that both the spread of
infection in the population (the first dimension of emergence) and the exact mech-
anisms by which the virus affects the organism on an individual level (the second
dimension of emergence) were unknown at the outset. If a whole-body computer rep-
lica of the human organism (silicon / virtual / digital) had existed, the data collection
and analysis processes could have been organized differently. The COVID-19 disease
map could have been projected onto this whole-body model, which could then be
parameterized for each individual patient (digital twin).

Live Data: Findable, Accessible, Interoperable,
and Reusable (FAIR),
and also Emergeable (FAIRE) Data Management

We often think of data as something given to us. The very word ‘data” in all Indo-
European languages means ‘given,” originating from the Sanskrit Galfd [dadAti] and
[datte], which literally translate as ‘give” or ‘given.” This evolved into various
forms across languages: aatp [dat’] (Russian), ol [dena] (Hindi), dare (Latin and
Italian), dar (Spanish), donner (French), donate (English), and so on.
It can be argued, however, that data is something that we take in depending on the
way our perception is set up. We might see water as a liquid with particular physical
properties, as a molecular formula (H,O), or as a system of elementary particles. With
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systems biological modelling, we often treat the properties of system components
as given, fixed inputs and focus on quantifying data; on making data findable,
accessible, interoperable, and reusable (FAIR). However, these component properties
are actually state-dependent — and in many cases, emergeable, since they emerge
from interactions between other components in the system. Linking one component’s
property to others and reconstructing the system’s overall emergence would, in effect,
bring Emergence into the FAIR principles. In this sense, FAIR becomes FAIRE — to
borrow the French verb faire, meaning “to do” or “to make.” FAIRE is not just about
organizing data for access, but about integrating them into a model where one piece
of data can be derived from others. In the words of Ernest Rutherford, who once
said that “all science is either physics or stamp collecting,” we move from “stamp
collecting” to “physics” in biology — computing emergent properties from known
components, and linking them together in one equation. What sets biology apart,
however, is that we do not rely on a handful of universal equations. Instead, we
reconstruct emergence through a more complex mathematical model that accounts
for higher levels of state dependency.

The next question is how to organize this emergence-oriented FAIRE data
management. We propose an approach called Silicon Organism Model-Engrossed
DAta Integration, abbreviated as SOMEDAI (Fig. 3). We use the term “model-
engrossed data integration” to emphasize that a mathematical model, rather than
a traditional database, is used to store data — and not only to store it, but also to
integrate different data points by linking them within the model itself. The “Silicon
Organism Model” refers to a widely accepted concept of whole-body mathematical
models in which emergent behaviour is reconstructed in silico through the interactions
of system components (biomolecules).

The first step in the SOMEDALI approach is blueprint modelling of the organism.
Instead of modelling individual organisms or addressing isolated research questions,
we propose creating a single, generic blueprint model with various “version con-
trol” instantiations. In fact, all cells and organisms are remarkably similar: the basic
building blocks (e. g., amino acids) and metabolites (ATP, glucose, pyruvate, etc.) are
largely the same, and the biochemical reactions between them follow similar pat-
terns. All living cells have very much the same processes coded by the same genes,
with differences arising mainly from which genes are switched on or off during cell
differentiation. Therefore, we can conceptualize a blueprint organism model as a
kind of master copy that encompasses all potential instantiations. We may build such
a blueprint model where small changes in gene expression bring organism-specific,
or tissue-specific, or condition-specific, or disease-specific, or other specialized ver-
sions of the model.

There are two main strategies for building a blueprint model. One is a bottom-up
approach: starting with knowledge-based, mechanistic interactions between compo-
nents — e. g. biomolecules such as genes, RNA, proteins, and metabolites — and then
generating organism-, cell-, tissue-, or other context-specific instantiations. Measured
parameters are inserted into these instantiations to observe emergent behaviour,
which can then be compared with experimental observations from specific cells or
organisms. The other strategy is a top-down approach, where the network of interac-
tions between components is inferred by observing the behaviour of the entire system
in response to perturbations. A third option is a middle-out strategy, which integrates
fragmentary knowledge to model the behaviour of a single organ or functional sys-
tem. This is done by focusing on interactions between entities at lower, but not neces-
sarily molecular, levels of organization (Fig. 1).

Promisingly, the outputs of all three approaches can be compared — with each
other and with experimental observations (Fig. 3). Step by step, both top-down
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and bottom-up models should converge with experimentally measured behaviour.
Estimating this convergence will form a kind of controller for data integration —
namely, the model itself — enabling the reconstruction of all three dimensions of
emergence discussed earlier.
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Fig. 3. Silicon Organism Model-Engrossed Data Integration (SOMEDALI).
Some data consist of specific experimentally measured parameters, such as physical
properties of certain enzymes (e. g., Vmax, Km). Other data capture experimentally

observed emergent behaviour in response to perturbations. These parameters
and emergent behaviours can be integrated into a mathematical model.
The model, based on state-dependent component properties, aims to reconstruct
the emergent behaviour in silico. The simulated behaviour can then
be compared with the corresponding experimental data. Parameters that have
not yet been measured, or those measured with low confidence,
can be estimated (fitted). This creates a feedback loop, improving the model
with each new data input

After model-driven integration of separate data pieces into the “right places,” data
will become not only FAIR (Findable, Accessible, Interoperable, and Reusable), but
also emergeable and “intelligent,” at least in some aspects of intelligence [25]. For ex-
ample, the integrated system will show robust adaptation, such that all data together
form a homeostatic system, and each new “small piece” of data will be adjusted or
rejected based on the integrity of the larger model encompassing all datasets as a
whole. Thus, the system will become capable of proposing the next set of experiments
and guiding researchers — in a way that humans may eventually lose their grasp on
the research process and delegate the “understanding” to more advanced integrated
systems, such as a robot scientist (https://en.wikipedia.org/wiki/Robot_Scientist).

This integrated “intelligent” model will make data live — in the sense that the
knowledge embedded in the data in the data about component properties of the sys-
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tem and about the behaviour of the system will continuously adjust in response to
the system’s evolution. In the study of epidemics, this will enable the integration of
all three dimensions of emergence: the emergence of an epidemic from interactions
between individuals in a population; the emergence of individual physiological re-
sponses to the virus from intracellular mechanisms; and the emergence of the project
aimed at understanding and controlling the epidemic.

Concluding Remarks

We have discussed how addressing unknown epidemics depends on successful-
ly integrating three dimensions of emergence: emergence at the population level,
emergence at the level of organism-specific response to the virus, and emergence of
project organization. We have proposed the Silicon Organism Model-Engrossed Data
Integration (SOMEDALI) system as a way to embrace the high state dependency of
component properties and, thereby, to integrate all three dimensions of emergence —
making data collection and analysis both live and intelligent.

A system like SOMEDAI cannot be implemented at the level of a single researcher,
research group, or even several “self-organizing” groups. Instead, it requires a de-
signed infrastructure that enables the consolidation of professional efforts, and the
unification and standardization of various research components (e. g., modeling and
data collection) for better integration into a unique system.

In reality, the first steps toward SOMEDALI data integration have already been
taken at the level of research infrastructures. One example is the pioneering work
of Make Me My Model (M4) by Infrastructure Systems Biology Europe [26; 27],
within the EU Horizon 2020 project, Coordinated Research Infrastructures Building
Enduring Life-science Services (CORBEL) (www.corbel-project.eu), which was fur-
ther developed into the European Open Science Cloud for Life Sciences (EOSC-Life)
(www.eosc-life.eu).

The starting point was the JWS Online model repository (https://jjj.bio.vu.nl/),
where pre-built models — essentially small blueprint models — could be run online
using either default parameters curated and approved by the JWS team or param-
eters chosen by the user based on their own experimental data. Users would often
manually select parameters from curated databases, such as SABIO-RK (www.sa-
bio.h-its.org), so the first step was to automate parameter selection. Now, users can
access the database, choose the appropriate organism and conditions, click a button,
and all selected data are automatically retrieved for simulations on JWS Online. This
is just the first small building block of the SOMEDALI system. The next step would be
to create a universal blueprint model linked with organism- or cell-specific instantia-
tions. After fitting a cell-specific model to data and comparing the emergent behavior
between the model and experiment, the feedback should be used to adjust the blue-
print whole-body model.

At the same time, it should be acknowledged that relatively small projects like
CORBEL or EOSC-Life are not equipped to fully implement the SOMEDAI approach.
The strength of emergence that needs to be reconstructed in a blueprint model is sub-
stantial and requires the emergence of an infrastructure with the appropriate com-
plexity — potentially comparable to the scale of Space programs.
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Annoranus. ITocTKOBMAHEBIN CMHAPOM, 3aTparuBaiomINil 40
48 % manuentos nocae COVID-19, xapakrepmsyeTcst CTOM-
K/MM MMMYHHBIMU HapyIIeHUAMY, BKAIOYass AUCHYHKIINIO
BPOKAEHHOTO MMMYHMTETa ¥ IIOBBIIIEHHYIO YSA3BMMOCTH K
peaxTMBauMM XpoHudecknx uH$exnuit. Iluromerasosupyc
(IMB), nepcucrupyiomuit y 60—90 % HaceaeHus, mpu mum-
MYHOCYIIPECCUM BBI3BIBAET TsKeAble OCAOXKHEHUs, TaK/e Kak
reraTuT, sHIeQaANT U MOAMOPTaHHas HEA0CTaTOYHOCTh. AK-
TyaAbHOCTD UCCAEAO0BaHNS 00yCA0BA€HA HEOOXOAMMOCTBIO 13-
yueHIs B3auMocBa3u Mexay 1IMB-peaxTusaneir 1 mMMyHO-
I1aTOreHe30M ITIOCTKOBUAHOIO CMHAPOMa, OCODEHHO B KOHTeKCTe
AUCPYHKIIUM HEeUTPOPUAOB U CUCTeMBI KoMILaeMeHTa. Llean
paboTBl — OLIeHNTh OCOOEHHOCTN (PATOIUTAPHON aKTUBHOCTU
HeTPOPMAOB UM aKTUBHOCTM KOMILAeMEHTa y IaIleHTOB C
ITIOCTKOBUAHBIM CMHApOMOM Ha ¢pore LIMB-undexium.

MeToapl BKAIOYAaAM OIEHKY (paronmrapHOil (PyHKIIUU Heil-
TPOPUAOB C UCIIOAb30BaHMEM AaTEeKCHBIX YaCTUI] JM1aMeTPOM
1,7 mxm: mogcuet paronuTupyommux kaetok Ha 100 meirpo-
¢uaos, pacuer nugekca PparonnTosa, GarolUTapHOIO YKcAa U
MHTEHCUBHOCTY (HaroljUTapHON aKTMBHOCTUM METOAOM CBETO-
BOJ MUKpOCKOINMMU. bakrepunmaHas akKTMBHOCTb HeMTpOpuU-
A0B aHaAM3MpOBajach ¢ moMoipio crangaprtaoro HCT-recra.
YposeHb (pparMeHTOB CHCTeMBI KOMILAEMEHTa OIpeAeAsacs
MeTO40M MMMYyHO(pepMeHTHOTO aHaan3a (JIDA).

[ToayueHHble JaHHBIE TTO3BOAAT BBIABUTH CIlel[uduyecKye Ha-
pyueHns (GparoljuTapHOIo 38eHa 1 KOMILAeMeHT-OII0CpeAOBaH-
HOIO MMMYHMTeTa, acconuuposanHble ¢ IIMB-peakTusariyeit
IIpU MOCTKOBUAHOM cuHApoMme. PesyabTaThl 1Mccae0BaHUs
MOTYT CTaTh OCHOBO A5 pa3pabOTKu IIepCOHaAM3UPOBaHHbBIX
II0AX0A0B K MIMMYHOKOPPeKIIMH Y 4QHHON KaTerop1u IanyeH-
TOB.

KaiogeBrie ca10Ba: IOCTKOBUAHBIN CUHAPOM, IINTOMETaA0BMU-
pycHas MHQpEeKOUs, UMMYHHBII CTaTyC, (paronuTo3 HEeNTpo-
¢uaos
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Abstract: Post-COVID syndrome, affecting up to 48 % of pa-
tients after COVID-19, is characterized by persistent immune
dysregulation, including innate immunity dysfunction and
increased susceptibility to reactivation of chronic infections.
Cytomegalovirus (CMV), which persists in 60—90 % of the
population, can cause severe complications under immunosup-
pressive conditions, such as hepatitis, encephalitis, and multio-
rgan failure. The relevance of this study lies in investigating the
relationship between CMV reactivation and the immunopatho-
genesis of post-COVID syndrome, particularly in the context of
neutrophil dysfunction and complement system impairment.
The aim of this study was to evaluate the features of neutrophil
phagocytic activity and complement system activity in patients
with post-COVID syndrome and concurrent CMV infection.

Methods included assessment of neutrophil phagocytic func-
tion using 1.7 um latex particles: counting phagocytic cells per
100 neutrophils, calculating the phagocytic index, phagocytic
number, and phagocytic intensity via light microscopy. Neu-
trophil bactericidal activity was analyzed using the standard
nitroblue tetrazolium (NBT) test. Complement system compo-
nent levels were measured by enzyme-linked immunosorbent
assay (ELISA).

The findings will help identify specificimpairments in phagocy-
tic function and complement-mediated immunity associated
with CMV reactivation in post-COVID syndrome. The results
of this study may provide a basis for developing personalized
immunomodulatory approaches for this patient population.

Keywords: post-COVID syndrome, cytomegalovirus infection,
immune status, neutrophil phagocytosis.
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BBeaenue

IToctxoBuaneni cunapom (IIKC), perncrpupyemsiit y 30—48 % mnanmeHTos Io-
cae nepenecenHoro COVID-19, xapakrepusyercs AAUTeABHBIM MMMYHHBIM AMcOa-
AaHCOM, coXpaHsIonumcs 6oaee 6—12 Mecsries mocae ocrpoit ¢pasnl nHpexiym [1].
Oanum n3 karouespix npossaennit [IKC sapasercs Hapyenue QpyHKINI BPOXJAeH-
HOTO MMYHHTETAa, YTO CO34aeT IIPeAIlOChIAKI A4Sl peaKTUBalluM AaTeHTHBIX BUPYC-
HBIX MHQEeKIUI, BKAIodas nuroMeraaosupyc (LIMB) [2]. LIMB, nepcuctupyiomniuii y
60—90 % B3poCcaOro HaceAeHMs, IIPY MMMYHOCYIIPeCCUM CIIOCOOeH MHAYIIMPOBaTh
TsKe/ble OpraHHBIe ITOpa’keHIs], TaKle Kak reraTuT, SHIedaanT U MOAMOPraHHas
HegocTaTOuHOCTD [3]. OgHako MexaHM3MBI, CBsA3bIBalOlINe nepcucreHnuio IIMB c
AucyHKIMeNn HeMTpopNAOB U CUCTeMbl KoMIlleMeHTa y nanueHTos ¢ [IKC, ocra-
IOTCSI HeAOCTaTOYHO M3Y4YeHHBIMI, UYTO OIlpeJeAsieT aKTyaAbHOCTb HACTOSIIEro JcC-
cAeJO0BaHISL.

CoBpemeHHbBIe JaHHBIE YKa3bIBAIOT Ha CTOMKIE M3MeHeHNs (paroliuTapHON aKTUB-
HOCTU HeliTpodpuaos y nannenTos c [TIKC, Bkatouas cHukeHne 6akTepuIAHOIO I0-
TeHI[ala 1 HapylleHue IIpoleccos xeMoTakcuca [4]. Heitrpoduanl kak Kaiodepbie
9 PeKTOpHI BpOKAEHHOTO UMMYHHUTETa He TOABKO YJ9acTBYIOT B DAMMMHALINU IIa-
TOTEHOB, HO VI MOAYAMPYIOT aJalITUBHBIN IMMYHHBIN OTBET Yepe3 B3aliMOAelICTBIIe
¢ cucreMon komIiaemenrta [5]. IIpu stom ganteapnas nupkyaaumsa SARS-CoV-2-
acCOLMMPOBAaHHBIX MMMYHHBIX KOMILA€KCOB MOXKeT HapyIllaTh peryAAiiiio KOMILle-
MeHTa, yCUAMBas IIPOBOCIIaANTeAbHBIN Kackag 1 CIIOCOOCTBY I ITOBPeKAeHMIO TKaHell
[6]. Ha sTOoM ¢one peaxTusanus LIIMB, 06.1aaaro11ero TpomnHOCTHIO K MI1€A0VAHBIM
KAeTKaM, MOXKeT YyCyry0AsaTb AMCPYHKIIUIO HeNTpopuaoB, GOpMUPYsl HOPOUHBIN
KPYT MIMMYHOIIaTOAOTMYECKIX PeaKIuii [7].

ITeap mccaeaoBaHUsT — U3YYUTh OCOOEHHOCTH (ParoIjUTapHOl aKTUMBHOCTH Hell-
TpOo(]UA0B 1 aKTUBHOCTU CUCTeMBI KoMIL1eMeHTa y nauneHTos ¢ IIKC Ha ¢pone peax-
tuBaryuu LIMB-ungekiun. 3agaun:

1. Ouennts nokasarean paronurosa (MHAEKC paronTosa, paronuTapHoOe 4rncao,
MHTEHCHBHOCTH (aronnTosa) U O0aKTepuUIIMAHYIO aKTUBHOCTL HelTpoduaos (HCT-
Tect) y nanueHTos ¢ IIKC nmpu Haanmaun n orcyrersun aktusHoi LIMB-undexunmn.

2. ITpoanaan3nposaTh YPOBHU KAIOYEBBIX KOMIIOHEHTOB CMCTeMBI KOMILAeMeHTa
(C1 ¢pparment nnrnduropa, C3, C4) B nccaesyeMbIX TpyIIax.

Hacrosimas padora gpoxycupyercs Ha pyHAaMeHTaAbHBIX acIIeKTaX AVICPeTY AN
BpoxaenHoro nmmynurera npu I[1IKC, sniepsrie paccmarpusast LIMB-peaktuBaniiio
KaK IOTeHIaAbHBIV TPUITep HapyIleH!sI aHTMMUKPOOHOI 3amnThl. [ToayuyenHsie
pe3yabTaThl MOTYT paclIMPUTh IIpeACTaBAeHNs O MOAEKYASPHBIX MeXaHU3MaXx AAU-
TeAbHOI MMMYyHOCyTIpeccuy rocae COVID-19 n obocHoBaTh HEOOXOAMMOCTH TapreT-
HOI KoppeKun (paroumtapHoi PyHKIIUN Y HallIeHTOB C repIeCBUPYCHBIMI KOVH-
Ppexumamu.

MaTepI/IailbI " MeTOAbI

AwvzaitH nccaeA0BaHUS.

B nccaesoBanme BKAIOUEHB! 45 MMallVIeHTOB, IIepeHeCIINX 1a00paTOPHO ITOATBEPK-
AeHHy10 SARS-CoV-2-mndpexunio (merogom IIIIP), ¢ pasBuTemM ITOCTKOBUAHOTO
cunapoma (ITKC), coorsercrBytomum kpurepusm BO3 (kog U09.9).



Cospementivie Hanpasaerus 6 Ouomeduijuite 2025 68 of 91

Kpurepun skarouennsi:

1. Haanane xannmyecknx nposasaenuit IIKC (ycraaocrs, penmausupyroniye nH-
pex1m KoxXxn, AbIXaTeABHBIX ITyTell U ITI0YeK), COXPaHIOMIXCs B TedeHne 6 —12 me-
csues rocae ocrpoit ¢paszsr COVID-19.

2. Iloaoxureannsiin pesyaprar [ILIP-uccaegosanms caronsl Ha AHK LIMB ¢ nc-
noabzosanneM amnanduxkaropa DTprime (cucrema DNA-technology).

3. BrrsiBaenne cepoaornyecknx Mapkepos aktusHol LIMB-ungexun (IgM/IgG x
antureHam LIMB) npu anaanse tecr-cucremamu «Bekrop-becr».

Kpurepnun nckarouenms:

1. Octpsrle BocnaanTeabHbIe IIPOLIECCH HA MOMEHT MCCAeA0BaHS.

2. Haamune xponnueckux supycusix napexunit (BIIY, renatutst B/C, apyrue rep-
IIeCBUPYCHI).

I'pynine! nccaeaoBaHmA:

1.Tpynma 1 (n=19): nanuents! ¢ [IKC 6e3 aabopaTopHBIX IIPpU3HAKOB aKTUBHOI
LIMB-undexunn (orputiateapsie pesyabTaTsl I1LIP B ca10He 1 cepoaorndeckux Te-
cros Ha IgM/IgG).

2. I'pynma 2 (n=19): mauments ¢ IIKC n axrmsroi LIMB-undekmuen (moao-
>kuteabHble pe3yabTaTel IILIP B catoHe 1 cepoaormyeckux Tectos Ha IgM/IgG).

3. I'pynia 3 (n=7): ycaosHo 3aopossle antia 6e3 ITKC n LIMB-uadexunn (orpu-
1aTeapHble peayabTatsl IILIP 1 cepoaormueckmx TecTos).

DTnueckoe og00peHNe.

Nccaeaosanne oz00peHo HeszaBUCHMBIM A0KaAbHBIM STUYECKMM KOMUTETOM
npu OPHNVIVIBI «Bupom» Pociorpednaasopa r. EkatepnunOypra (mporokoa No1 or
22.03.2024). Bce yyacTHUKM IIpeAOCTaBUAN MMCbMeHHOe MH(POPMUPOBaHHOe COraa-
cue.

VIMMyHOA0TIUECKIIe METOABI ICCAeAOBAHM.

1. ParonmrapHas akTMBHOCTh HEMTPOPUAOB:

* JInkyOanuio HerTpopnA0B ¢ AaTeKcHbIMM yacTuiamu (1,7 Mxm, Sigma-Aldrich)
nposoauay npu 37 °C B teuenne 30 MUH.

* KoanugecTBo paronuTUpyIOMNX KA€TOK OlleHNBaAl MeTOA0M CBeTOBOII MUKPO-
ckonnu (Olympus CX43, x 1000) ¢ moacuerom Ha 100 HeITpoPp1A0B.

* AHaAM3MpOBaAM CAeAyIOlie HapaMeTphL:

— Vnaexc ¢paronnrosa (%) — 40151 KAETOK C IIOIA0IIIEHHBIMY YacTUIIaMI;

— QaronuTapHOe 4Y1CA0 — CpejHee KOAMYeCTBO YacTUll Ha KAeTKY;

— JInTencnBHOCTS parorurosa — odIIlee Y1CA0 MOTA0IeHHbIX yacTu1] Ha 100 kae-
TOK.

2. HCT-tecr:

* Onpeeasan CIOHTaHHYIO U MHAYLIIMIPOBAHHYIO PeAyKIIMIO HUTPOCUHETO TeT-
pasoaus B HelTpoduaax.

* PesyabTaThl BRIpakeHHI B IIPOIIeHTaX KAeTOK C BOCCTaHOBAeHreM (popMasaHa.

3. Cucrema KOMII1€MeHTa:

* Yposau komnoHeHTOB C3 1 C4 B cChIBOpOTKe KpOBU M3MepsAan Metogom VIDA
C ICII0Ab30BaHueM TecT-cucteM «BexTop-becr» (P®) na anaansarope StatFax 4700.

CraTucrmyeckunin aHaA3.

a5 00pabOTKM AaHHBIX IPUMeEHAH HellapaMeTpudecKrie MeTOoAbI (BBIAY MaA0ToO
pasMepa BBIOOPOK). PesyabTaThl mpeacTraBaeHbl Kak M+ m, rae M — cpeanee apud-
MeTH4JecKkoe, m — CTaHAapTHas olnbKa cpeaHero. Pazanuns MexxAy rpymnmnaMu olle-
HMBaAM C IOMOIBIO Kputepusa Manna — Yurau (U), cTaTMCTUYeCKyIO 3HaYMMOCTD
ycranapausaau npu p <0,05 [8].
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Pe3syabTaTbl

IIpoBeaeHHBIN aHAAM3 UMMYHOAOTMYECKMX ITOKa3aTeAell HeMTpOo(pUAbHOIO 3Be-
Ha y nanuentos ¢ IIKC n mepcucrupyomen 1uToMerai0BUpycHON MHQpEKIMen
(LIMB+) BbLABIA Ps14 3HAUMMBIX PasANdmMii U TeHAeHIInii (Tada. 1).

Tabauua 1
VimMmyHOAOTMYeCKe TI0OKa3aTean
HelNTpO(PNAbHOIO 3B€Ha MIMMYHNTeTa IIOCTKOBMAHBIX ITaIlIeHTOB
€ IepCUCTUPYIONIel IIMTOMeraaoBUpyCHOM MH}eKIen
Table 1
Immunological parameters of the neutrophilic arm of immunity
in post-COVID patients with persistent cytomegalovirus infection
I'pynma 1 I'pynma 2 I'pynma 3
IToctxkoBua+ | IToctkoBua+ | IlocrkoBua —
[Tokasareas IIMB+ TIMB — TIMB — p<0,05
n=19 n=19 n=7
AKTHMBHOCTB (parouTo3a HeMTpo- B
$naos 36,94+2,95 | 33,19+2,81 36,17 +3,55
Muaekc ¢parounrosa HENTPOPU- _
A0B 0,96 +0,62 0,94+0,16 0,87+0,11
daroruTapHOe Y1CcA0 HeUTpoPpu- B
A0B 2,65+0,94 2,84 +0,40 2,27+0,13
HCT-crronTanHast akTMBHOCTD p<0,05, ,
20,81+547 | 1565+3,01 | 9,17+1,30 |P<005,,
HCT-crionTanHbIT MHAEKC p<0,05,,
0,26 £0,07 0,20+0,04 0,11+0,07 | p<005,,
HCT-unaynmposaHHas aKTUB- p<0,05,,
HOCTh 56,25+2,63 | 5463+6,39 | 6533+2,70 |P<005,,
HCT-unaynmpoBaHHBIN MHAEKC p<0.05,
0,64+0,03 | 061+007 | 087+0,02 |P<005,,

ITpumeuarue: AAsl OLIEHKM AOCTOBEPHOCTU Pa3AMYMII MCIOAb30BaACa KpuTepuii Manna —
Yuran (U), msmeHeHMs caUTaANCh CTaTUCTIYecK) 3HauMMbIMu I1pu p < 0,05.

HCT-cionTtanHas axtusHOCTh M HCT-crioHTaHHBINT MHAEKC OBLAM AOCTOBEPHO
spimie B rpynmne [IKC+IIMB+ no cpasaenuio ¢ rpynmnoin [TKC+LIMB — 1 koHTpOAb-
Ho rpynnon (ITKC -LIMB -), uTo cBuaeTeabCcTByeT O ITOBBIIIIEHHON CIIOHTaHHOM aK-
TUBHOCTY HEMTPO(UAOB y IaleHTOB ¢ Iepcucreniuenn IIMB.

HCT-unaynuposannas akrusHOCTh 1 HCT-mHAYIIMpOBaHHLIN MHAEKC OKa3aAlCh
sHaunmo Hioke B rpynnax IIKC (kak ¢ LIMB+, tak u ¢ LIMB —) no cpasHeHMIO ¢ KOH-
TPOABHOI TPYIIIION, YTO yKa3bIBaeT Ha CHUKEHHYIO (PYHKIIMOHAABHYIO Pe3epBHYIO
CIIOCOOHOCTDH HEMTPOPUAOB Y HOCTKOBUAHBIX ALII€HTOB.

AKTUBHOCTb (paroljuro3a HeMTpo(PpuA0B Oblla HECKOABKO BBbIIIe B TIpyIlHax
[TKC+LIMB+ 1 xoutpoasHoii rpymiie 110 cpapHeHnio ¢ [IKC+LIMB —, uto moxxet oT-
pa>kaTb KOMIIeHcaTOpHbIe MexaHu3Mbl npy LIMB-niepccucreniim.

daronmTapHOe 4MCcA0 HENTPOPUAOB AeMOHCTPUPOBAAO TEHAEHIIUIO K yBeAunde-
Huio B rpynite IIKC+IIMB — 1o cpaBHeHMIO ¢ KOHTPOABHOI ITPYIION, YTO, OAHAKO,
He AOCTUTAO CTaTUCTUYECKOV 3HAYNMMOCTH.
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Camxenne maaynuposaHHo HCT-akTMBHOCTM y HOCTKOBUAHBIX IHaIVIEHTOB,
0coOeHHO B coueTaHuu c nepcucrennuent LIMB, MmoxxeT ykaspiBaTh Ha MCTOLIEHNe
(PYHKIIMOHAABHOIO pe3epBa HeMTPO(IAOB, UTO IIOBBIIIAET PUCK BTOPUIHBIX NH]EK-
LM ¥ 3aTSKHOTO TeYeHMs BOCIIaAMTeAbHBIX IpoLieccoB. IIoBpIennas crionTaHHasm
HCT-axTusHOCTS Y ntaniuenTtos ¢ [IIMB+ Mmo>keT oTpa’kaTh XpOHMYECKYIO aKTUBAIINIO
VIMMYHHOJ CCTEMBI, YTO CIIOCOOCTBYeT IepCUCTeHIIN BOCIIaAeHIsl U IIOTeHIaAb-
HO yCyTy0AseT IOCTKOBMAHbIE OCAOXKHEeHIs.

AHaan3 TyMOpaAbHBIX TIOKa3aTeAell MMMYHMTeTa y TalMeHTOB C ITIOCTKOBUAHBIM
cuagpomoM (ITKC) u nepcucrupyroeit imromeraaosupycHoit nageknner (LIMB+)
BBIABIA CAeAYIOIINe KAIOUeBble 3aKOHOMepHOCTH (Tad4. 2).

Tabauua 2
VimMmyHOAOTMUecKMe II0Ka3aTeay T'YyMOpaabHOTO 3B€Ha
VIMMYHITETA IIOCTKOBMAHBIX MaIIIEeHTOB
€ IepCUCTUPYIONIel IIMTOMeraaoBIpyCHOM MH}eKIen
Table 2
Immunological parameters of the humoral immunity
in post-COVID patients with persistent cytomegalovirus infection
I'pymnma 1 I'pynma 2 I'pynma 3
ITocTtkoBUA + IToctkoBuUA + TTocTxkoBUA —
ITokaszarean IIMB+ ITMB — TIMB — p<0,05
n=19 n=19 n=7

IgA 2,17+1,74 2,82+2,24 1,90+0,41 —
IeM p<0,05,
3,12:0,45 3,14+0,41 1,06+0,18 p<005,,
IgG p<0,05,,
13,26 +2,32 24,49+2,12 24,01+1,55 p<0,05,,
C1 p<0,05,,
271,71+27,28 | 239,12+20,72 | 336,05+ 36,66 p<0,05,,

C3a 111,81+5,31 105,57 +3,37 114,92 +4,62 —

Cba 33,36 +9,06 28,16 +6,53 30,15+8,82 —

Ipumeuarue: Aast OLIEHKU AOCTOBEPHOCTM Pa3AMdmMil UCIIOAb30BaACa Kpurepuit Manna —
Yurau (U), msmeHeHMs1 cdUTaANCh CTaTUCTYeCKM 3HauMMbIMU Tpy 3HadeHuu p < 0,05.

Yposenn IgM Obla g4O0CTOBEepHO BbIlIe B OOEMX TPyHIlaX ITOCTKOBUAHBIX IIaIiy-
entoB (IIKC+LIMB+ n IIKC+IIMB-) mo cpaBHeHMIO C KOHTPOABHOW TIPYIIION
(IIKC -LIMB -), yTo MOXeT OoTpa’kaTb aKTMBHBIN I'YMOPAaAbHBIII MIMMYHHBII OTBET,
XapaKTepHBI 4451 ITOCTKOBUAHOTO COCTOSIHMA.

Konnenrpanus IgG okazaaace sHaunmo Hioke B rpynie IIKC+I1IMB+ o cpashe-
HuIO ¢ rpynnon IIKC+I1IMB — 11 KOHTpOABHOI I'PYIIION, YTO CBUAETEABCTBYET O BO3-
MO>KHOM HapyIIeHN! 40ATOBPeMeHHOIO ITYMOpPaAbHOIO MMMYHHUTETA Y IaljJieHTOB C
nepcucrennyen IIMB.

Yposens komrioneHTa komnaeMeHnTta C1 6614 gocTosepHO cHIKeH B rpyrmax ITKC
(ocobenno B IIKC+IIMB —) 1o cpasHeHMIO ¢ KOHTPOABHON I'PYIIIION, YTO yKa3blBa-
€T Ha BO3MO>KHYIO AVICPETYASALMIO CMCTEeMBI KOMILAeMeHTa P IOCTKOBUAHOM CUH-
Apowme.

ITokasatear IgA aeMoHCTpMpOBaa TEHAEHIMIO K MOBBIIICHNIO B TIpyIIe
INTKC+IIMB - 110 cpaBHeHHIO ¢ APYyTMMM TPYIIIIaMy, YTO MOKeT TOBOPUTH 00 ycuae-
HIJ MECTHOTO MMMYHHOTIO OTBeTa Y AaHHOV KaTeropuy NaryieHTOB.
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Yposuu C3a n Cba 6b1a1 Heck0abKO cHypKeHE!I B rpymiie [IKC+LIMB - o cpashe-
HIIO C KOHTPOABHOI TPYIIIION, 9YTO, OAHAKO, He AOCTUTAO CTaTUCTIYeCKOI 3HaYMMO-
cTU.

Crroxenne yposu: IgG y nanmenTtos ¢ I1IKC+LIMB+ MoxeT yka3biBaTh Ha Hapy-
1eHyie GOPMUPOBAHNS 40ATOBPEMEHHOIO IMMYHIUTETA, YTO IOBBIIIAeT PUCK PEUH-
dexumit 1 XpoHM3alMI BOCIIAANTEABHBIX IpoIjeccos. I1oBrIenHbIil yposeHs IgM
y IIOCTKOBUAHBIX alIIeHTOB OTpa’kaeT aKTUBHYIO (pa3y MMMYHHOIO OTBeTa, O4HaKO
ero coxpaHeHle MOXeT CBIAeTeAbCTBOBATh O MePCUCTeHIIMY aHTUTeHHON CTUMYAsI-
uyn. Camxenne C1 B rpynmax IIKC npeanoaaraer Bo3MOXKHYIO AMCPYHKIIUIO CH-
CTeMBbl KOMIIZ1eMeHTa, UYTO MOXKeT CIIOCOOCTBOBATh HapyIIeHNIO DAMMMHAIIUN I1aTO-
TeHOB I OAAeP>KaHUIO XPOHNYECKOTO BOCIIaAeHNSL.

O0cyxaenne

IIpoBeseHHDIN aHaAM3 MMMYHOAOTMYECKIX ITOKa3aTeAell y MallieHTOB C IIOCTKO-
BUAHBIM CMHAPOMOM, OCAOKHEHHBIM IIepCUCTUPYIOIIeN [IUTOMeral0BUpPYCHO MH-
(ex1imeri, BHIABIA KOMILAEKCHbIE HapyIIeHNs KaK B KA€TOYHOM (HeMTPOQPIUABHOM),
TaK ¥ B TYMOPaAbHOM 3BeHBbSIX MMMYHUTeTa. DTU M3MeHeH!s (POPMUPYIOT Xapak-
TePHYIO MIMMYHOAOTMYECKYIO KapTUHY, KOTOpasl MOXeT OObACHATh MHOTHE KAVHU-
JyecKye IIpOosIBAEeHNs ITIOCTKOBUMAHOTO CMHAPOMA M CAY>KUTh OCHOBOM 4451 pa3pabOTKu
IIepCOHAAN3VPOBaHHBIX IIOAXOA0B K Teparnm.

Hapymennsa neiiTpodnabHOIO 35eHa MMMYHHUTETa A@eMOHCTPUPYIOT ABa KAIOUe-
BbIX ITaTTepHa. C 0AHON CTOPOHBI, OTMEYaeTCs ITOBBIIIIeHNe CIIOHTaHHOM aKTUBHOCTY
HelniTpodpuaos (HCT-cmoHTaHHAs aKTMBHOCTh M MHAEKC), OCOOEHHO BhIPa’KeHHOe y
nanenTos ¢ [LIMB-niepccucrenmeir. 9tot peHOMEH MOXKeT OTpaskaTh XPOHMUYECKYIO
aKTMBalMIO BPOXKAEHHOTO MMMYHUTETa B OTBET Ha IIePCUCTEHIINIO BUPYCHBIX aHTH-
reHoB. C Apyroii cTOpOoHBI, HabA104aeTcsl 3Ha4MTeAbHOe CHIU>KeHIe MHAYIIVPOBaHHOM
HCT-aktuBHOCTM BO BCeX IpymIlax IIOCTKOBUAHBIX AllIEHTOB, 4YTO CBUAETEAbCTBYeT
0 (PYHKIIMOHAaALHOM MCTOIIeHUM HelTpodnaos. Takas ABOVICTBEHHOCTh — cOYeTa-
HIIe TUIIePPeaKTUBHOCTY B IIOKOE CO CHVKEHHBIM pe3epBHBIM ITOTEeHIIaAOM — CO3-
AaeT IPeAIIOChIAKN A4Sl pa3BUTNS KaK XPOHMYECKOTO BOCIIaAeHMsl, TaK U ITOBBIIIeH-
HOJ BOCHPUMMUYMBOCTY KO BTOPMYHBIM MHQEKIIVIM.

VM3menenns ryMopaabHOTO MMMYHHUTeTa HOCAT He MeHee 3HauMMBIN XapakTep.
Ocoboro BHMMaHMA 3acAy>KMBaeT AMCCOLMAIMA B YPOBHSAX MMMYHOTA00YAMHOB:
IIpU MOBBIIIEHHBIX MOKasaTeAsx IgM (Mapkepa ocTpoit (pa3bl UMMYHHOIO OTBeTa)
y BCeX IOCTKOBMAHBIX HalueHToB rpynmna ¢ [IMB-nepccucrennuen agemoncrpupy-
eT 3HaunMo Ooaee HU3KMe yposHHU IgG 110 cpaBHEHUIO C APYyIMMU IpylnaMu. DTo
MO>KeT yKa3blBaTh Ha HapyllleHNe IIepeKAIOYeHsI M30TUIIOB IMMYHOIA00yAHOB 1
dpopmupoBaHUe 40ATOBPeMEeHHOV MMMYHHOM MaMsATH, YTO OOBACHAET YacThle CAYy-
yan perH(peKIN y Takux 00abpHbIX. OgHOBpeMeHHOe CHIKeHJe KOMIIOHeHTa KOM-
naemenTa Cl cosgaer 40IOAHUTeAbHbIe IPEAIIOCBIAKM AAsl HapyILIeHUs HAMMIHa-
LM [1aTOTEHOB.

Kannnueckne xoppeasanny 5TUX UMMYHOAOTMYECKMX HAPYIIeHNII ITPOSBASIOTCS
B HECKOADBKMX acIIeKTax:

1. CkA0OHHOCTD K XpOHM3aIMI BOCHAANUTEABHBIX IIPOIIeCCOB OOBICHSAETCS cove-
TaHMeM XPOHMYECKO aKTuBaluuy HenTpoduaos (mosbiieHHas crioHtaHHas HCT-
aKTMBHOCTD) ¥ HapylLIeHNeM pPeryAsluy CUCTeMbl KOMILAeMeHTa. DTO co3JaeT yc-
AOBUS AASl TIOAAeP>KaHMsA CyOKAMHIYECKOIO BoClladeHus daske I10cAe DAMMUHALIU
BUpYCa.

2. IlospilieHHass yacToTa BTOPUYHBIX MH(pEKIUI cBsA3aHa € (PYHKIIMOHAAbHBIM
ucTolleHreM HeilTpoduaos (cHuKeHne naaynuposanHoit HCT-aktusHocTn) n Je-
dpexTamMy rymMopaabHOTO MMMyHMTeTa (Huskuit IgG, HapyieHns KoMIL1eMeHTa).
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3. JanuTteAbHOe IIepCUCTUPOBaHNE CUMIITOMOB MOXeT OBITh CA€ACTBIEeM IOCTOSH-
HOI aHTUTEHHOI CTUMYASIIUY (O YeM CBUAeTeAbCTBYeT IOoBbIIeHHbIN IgM) Ha ¢pone
HeIT0/HOIIeHHOTO MMMYHHOIO OTBeTa.

Oco0y10 KAMHIYeCKYIO 3HaYMMOCThb ITprooOpeTaeT BansHue LIMB-niepccucreniium
Ha MMMYHHBII cTaTycC. ¥ TaKMX ITal[lIeHTOB OTMedaeTcsl 00aee BhIpa’keHHas aKT/Ba-
L1 HeMTpOo(UAOB IIPU OAHOBpPEeMEHHOM Oo/ee 3HaunTeabHOM cHICKeHun IgG, uro
CO3/aeT YHUKaABHbII MMMYHOAOTMYECKII ITpO]p1Ab, TPeOYIOIIIT OCOOBIX Tepalles-
TUYeCKUX 10Ax040B. Bepostno, LIMB-nudexuus ve npocro comnyrcrsyet I11IKC, Ho 1
MoaupuUupyeT ero TedeHne, ycyryoass MMMYHHbIE HapyILIeHNs.

IlepcriekTMBBI TepalleBTIMY€CKOIO BMelllaTeAbCTBa, BhITeKaloLIye 13 9TUX AaHHBIX,
MOTIYT BKAIOYaTh:

1) aas1 Koppek1uM HeMTPOPUABHBIX HapyIIIeH!II — IIperapaTrhl, MOAYAUPYIOIe
(PYHKIIMOHAABHYIO aKTMBHOCTDb (ParolnTOB;

2) npn BeraBaenun LIMB-nepccncrennum — ONImoHaAbHyIO IIPOTUBOBUPYCHYIO
Tepanunio;

3) 445 KOppeKIUM I'yMOpaAbHBIX HapyIlIeH!UII — MMMYHOIA100yAMHOTepannio B
OTAEABHBIX CAydasX;

4) 00s13aTeAbHBII MOHUTOPUHT U TPOPUAAKTUKY BTOPUYHBIX MH(EKIIUIA.

IIpeacTaBaeHHbIe gaHHBIE CO34AI0T CAOXKHYIO KapTUHY MMMYHHON AMCPYHKIIUNI
npu IIKC, xoropasa ycyryOasercs npu comyrtcrBytomeit IIMB-nepccucrenmmm.
BrlsiBAeHHbIe M3MeHeHNsI HOCAT CCTeMHBIN XapaKTep, 3aTparusasi Kak BPOSKAeHHBbIIA,
TaK U aJallTUBHBIN MMMYHUTET, U TpeOyIOT KOMIIA€KCHOIO 1104X04a K AMarHOCTHKe
u AedeHNIO. JaabHeiInme 1uccaeA0BaHmnsA A40AXKHBI OBITh HallpaBAeHbl Ha YTOUHEeHNe
IIPUYMHHO-CAeACTBEHHBIX CBA3ell MeXKAy STUMU HapyLUIeHUsAMU U pa3paboTKy Aud-
(dpepeHITPOBaHHBIX aATOPUTMOB IMMYHOKOPPEKIINHU C y4€TOM HaANYIIS AU OTCYT-
CTBU:I TePIIECBIPYCHBIX KOMH(EKIINII.
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AxkrtyaabHocTb. IlaTorenes wmieMmyeckoil KapAMOMUOIATUN
(VIKMIT) 20 KOHIIa He M3y4eH.

ITean. BrisaBaeHne KAIOUEBBIX ITaTOTeHETHIECKNX (PaKTOPOB Pa3BUTI
VKMIT ¢ momMormsio MHOTO(paKTOPHOTO aHaAM3a 1 oIlpejeaeHne cTe-
IIeHN VX BAUAHUA Ha 3a00eBaHue.

Martepuaa 1 metoanl. B niccaesosanne BkA0ueHO 60 OOABHBIX UIIIE-
Mrrgeckoir 60ae3npI0 ceparia (MIBC) ¢ MIKMIT, 44 6oapabx VIBC Ges
KapanoMponaTtuu. MaTtepuaioM CAYKIAN KPOBb M KOCTHBIN MO3T, B
KOTOPBIX OIpejeasian coep>KaHUe AeCKBaMUPOBAHHBIX DHAOTEAU-
aabHBIX KAeToK (ADK), Kaaccmueckux, IMpOMeKyTOUHBIX, HeKAaccuye-
CKUX, TTe€PeXOAHBIX MOHOIIUTOB, paHHMX VI TIO3JHUX DHAOTEANaAbHBIX
rporennTopHbIX KAeTok (DIIK) meTogoM mpoTouno nuTodayopu-
MeTpun. B maasme KpoBu u HagocagKe KOCTHOTO MO3ra OLleHUBAaAN
koHneHTpanuio VEGF-A, SDF-1, MCP-1, M-CSF, GM-CSF, TNF-a,
HIF-1a, IL-6, IL-10, IL-13, IFN-y MeTO40M MMMYHO(pAYOPECIIEHTHO-
IO ¥ MMMYHO(]EPMeHTHOTO aHaAu3a. BHIIoAHeH KOppeAsAITMOHHBIN U
MHOTOMepPHBIN (PaKTOpHBII aHaAn3 mpu p <0,05.

PesyabraTbl. Ha yposHe KpOBM IIepBBHIN IIO CTeIIEHU BAMSIHMS Ha
MKMIT ¢akrop coueraa B cebe cogepxkanme SDF-1, HIF-1a, M-CSF,
A9K (obycaosausaa 41,8% aucnepcun), sropoit — IL-10 m MCP-1
(31,1%), Tpetuit — mo3aumx DOIIK (26,3%), uersepthiit — IL-6 1 IL-13
(21,6%). B xocTHOM MO3re IIepBBIil 10 3HAYMMOCTH (PaKTOp 00be -
Hsa cogepxkanne IL-10, IFN-y, IL-13, M-CSF/IL-13 u xaaccuaeckmx
MOHOIINTOB (47,1%), BTOpoil — HeKAaccudecknx MoHoIuTos 1 TNF-a
(35,2%), Tpetmit — VEGF-A, MCP-1, GM-CSF, HIF-1a (32,7%), 4et-
sepThiit — panHux OIIK u IL-6 (25,5%). B xocTHOM MO3Te y 60ABHBIX
MBC 6e3 kapanoMuoIIaTUM yCTaHOBAEHA CBs3b MEXKAY KOHIIeHTpallu-
eit IL-6 u SDF-1 (r=-0,781, p=0,013); y naunenros ¢ IKMII — IL-6 u
MCP-1 (r=0,899, p=0,014).

3akaiodenne. Beaymumu narorenetrndeckumn gpakropamu VIKMIT
SABASIIOTCA: B KpOBM — aHeprus MeanaropHoro orsera HIF-1a, SDF-1
Ha TUIIOKCUIO ¢ runeprpoaykuueir IL-10; B koctHoM Mo3sre — Hego-
CTaTOYHOCTH KAAaCCUMYECKIX MOHOLIMTOB 1 cooTHoIeHnss M-CSF/IL-13
B yca0BysIX n30bITKa IFN-y.

KaroueBble caoBa: IIMTOKUHEI, CyOIIONMyAAIIMM MOHOIINTOB, DHAO-
TeAnaAbHble IIPOTEHUTOPHBIE KAETKM, aHTMOIeHe3, MOHOLNTOIIOD3,
nIeMmnJecKast 004e3Hb ceparia
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Background. The pathogenesis of ischemic cardiomyopathy (ICM) is
not fully understood.

Aim. This study aims to identify key pathogenetic factors involved in
the development of ICMP through multifactorial analysis and to deter-
mine the extent of their contribution to disease progression.

Material and methods. The study included 60 patients with coronary
heart disease (CHD) and ICMP, and 44 patients with CHD without
evidence of cardiomyopathy.Blood and bone marrow samples were
analysed by flow cytometry to assess the content of desquamated en-
dothelial cells (DEC); classical, intermediate, non-classical, transitional
monocytes; and early and late endothelial progenitor cells (EPC). In
plasma and bone marrow supernatant, the concentrations of VEGF-A,
SDF-1, MCP-1, M-CSF, GM-CSF, TNF-a, HIF-1¢, IL-6, IL-10, IL-13, and
IFN-y were assessed using immunofluorescence and enzyme-linked
immunosorbent assay. Correlation and multivariate factor analysis

To cite this article: were performed at p <0.05.
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BBeaenue

NMimemnueckas xkapanomuonatys (VIKMII) sasasercs oagHoI 13 HanbOoAee 4acThIX
IIPUYVH CMEPTHOCTU OT XPOHIUYECKOI cepAedHO HeA0CTaTOUHOCT 1 IIpeACTaBAsIeT
co0Ooi1 3abo0aeBaHIe, XapaKTepusyloleecs: AuAaTalyeil KaMep cepAlia U CUCTOAU-
4ecKol AMCPYHKIIe AeBOTO KeAyAodKka Ha poHe MIIleMIJecKoil 004e3Hn cepalia
(MBC) [1—3]. AanHOe 3a00.4eBaHMe 10 HeIIOHATHBIM IIpuU4YMHaM passusaetcs y 30 %
00/BbHBIX, ITepeHecIINX NHPAPKT MUOKapAa, U IaTOTeHe3 ero 40 KOHIIa He M3y4YeH.
ITokazano, yto B ocHoBe VIKMII aexxut andPysupiin pudpos ¢ npeodiasaHmeM KOa-
aarena tuna IIl nag koaaarenom Tuna I, o0cy>kAar0Tcss MeXaHU3MBI alIOIITO3a KapAu-
OMMOIINTOB, Ba30MOTOpPHas DHAOTeAMaAbHAsI AMCPYHKIS ¥ COKpaTUTEABHAS AVIC-
dyHKIIMA MUOKapaa [4—6]. B TeueHne HeCKOABKMX A€T aBTOPBI HACTOSIIEN CTaThU
3aHIMaIOTCs M3ydeHeM poA HeA0CTaTOYHOCTY aHIIOTeHe3a (OTHOCUTEABHO CTelle-
HU AecKBaMalluy sHAoTeans) B natoreHese VIKMII, aucbaaancom ero ryMopaabHBIX
¢akropos, HapymeHueM AnPpQPepeHINPOBKNM DHAOTEANAABHBIX TPOT€HUTOPHBIX
kaeTok (DI1K) n cybronyasa1imit MOHOIIUTOB B KPOBM M KOCTHOM MO3Te. 3a 9T TOAbI
ObLAM M3ydeHBI TaKMe ITapaMeTphl, Kak codep>kanne HIF-1a, SDF- 1, VEGF-A, MCP-1,
M-CSF, G-CSF, GM-CSF, IL-1p3, IL-6, IL-10, IL-13, TNF-a, IFN-y, aeckBaMm1poBaHHBIX
9HAOTeAnaAbHBIX KAeToK (ADK), panHnx un nozaumx JI1K, gyeTsipex cyOnomyAsmii
MOHOLIMITOB B KPOBI 1 KOCTHOM Moare [7-12], a Takke KoH1leHTparnust PDGF, VEGF-A,
TGF-3, HIF-2a, anrnonosTtnHa-2, MaTpUKCHOM MeTaAAOIIpOTeHa3bl, raleKT1Ha-3 B
KPOBU 13 KyOMTaAbHON BeHbI I KOPOHapHOTro cuHyca [8; 13].

Obuane aHaAM3MPyeMBIX IIyTeM CPaBHUTEABHOIO U KOPPeAsSMIOHHOIO aHaAl3a
IIapaMeTpOB BBIABASET VX B3aMMOCBA3b U pasanuns Mexay rpynnamu [14], To ects
Mexay 6oasasiMu VIBC, cTpagatomumMu n He crpagaiomymu VIKMIT, Ho He 1103BO-
AsIeT BBIACAUTD BeAylnue MexaHnu3Mbl B ratoreHese VIKMII. boaee Toro, Heckoabko
IIapaMeTpOB MOTYT OIMCLIBaTh OAVIH U TOT >Ke IaToreHeTnyecknit pakrop, cyMmap-
HOe KOAMYeCTBO KOTOPBIX He TaK BeAMKO, KaK 4MCAO BCeBO3MOKHBIX ITOKasaTeenn
roMeocTasa 4eaoBeka. CKOHLIEHTPHUpPOBaTh, CKaTh MCXOAHYIO MHPOPMaUNIO, 00be-
AVIHUTD allpMOpU perucTpupyemMble IlapaMeTpsl B (pakKTOPHI U Aake YCTaHOBUTD X
CTeIleHb BAVISIHIS Ha IIPU3HAK I103B0AseT (paKTOPHBIN aHaAM3 MHOTOIIapaMeTpiJe-
CKUX cucTeM (MHOTOMepHBIN paKTOPHBIN aHaAM3, MHOTO(AaKTOPHBIN aHaAU3), KOTO-
pbIil He TpeOyeT BLIABVKEHIS TUIIOTe3, a CAMOCTOATEABHO BBISBASIET MX B IIpoliecce
(pakTOpHOrO perreHns1 MaccuBa AaHHBIX, [IOCA€ Yero ucclejoBaTeab 4aeT UM HalMe-
HOBaHIe, NCXOAs U3 CYyTU ITapaMeTpos, cocTtaBasomux ¢paxrop [15]. [Tpumenenne
MHOTO()aKTOPHOTO aHaAl3a B HACTOSIIEeM MCCAeA0BaHUI IIOMOXKeT BBIIBUTH KAIO-
yepple ratoreHeTndeckue gpaxropsl VIKMII 1 ycraHOBUTD BKAaJ Ka’kKAOTO U3 HUX B
pasBuTHe 00Ae3HM.

B cBs1311 ¢ 9TUM 11€4bI0 CCA€AOBAHIIS CTAAO0 BBIITOAHEHIIE MHOTOMEPHOTO (paKkTop-
HOTO aHaAM3a MaccuBa AaHHBIX HECKOABKMX ITOKa3aTeAel, OIMCBHIBAIOIIVIX pa3BUTHe
VIKMIT, a451 BbIsSIBA€HNS KAIOUEBBIX IaTOTeHeTUYeCKNX (paKTOPOB ee pasBUTHS ITyTeM
TPYHIIMPOBaHMNA Psija TTapaMeTpoB B OOLINIA ITO CBOel CyTu (paKTOp M OIpeeAeHNs
cTerieHH ero BAVsIHNA Ha popmuposanue VIKMIT

MaTepI/IailI)I " MeTOAbI

ITposeaeHO 0AHOMOMEHTHOE, OAHOLIEHTPOBOe, HabAI0JaTeAbHOe 1ccAe0BaHIe C
yuactueMm 104 6oapHbIx VIBC, nmesmnx [I—1V ¢pyHKIIMOHAABHBIN KAacC CTEHOKap-
aun, I—III pyHKIIMOHAABHBIN KAacC HeAOCTaTOYHOCTY KPOBOOOpallleHns I10 CICTe-
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Me Hmo—]7[op1<c1<0171 Kapanoaorndeckoir accoumanum (New York heart association,
NYHA) u nndapxr mmuokapaa B anamHese. boasnsle VIBC Bkaouyaan 60 yeaosek ¢
MKMIT (54 my>xunn n 6 xxenmunsl, 61,0 [56,0; 64,0] roa) 1 44 yeaoseka, He cTpajaio-
myx VIKMIT (36 my>xunn n 8 >xeniunsl, 64,0 [59,5; 68,0] roga, p =0,110). Auarnoctuka
MKMII spimoansiaace coraacHo Kputepusim G. M. Felker u coast. (2002) [16]. Bcem
00ABHBIM OBLAO BBIIIOAHEHO KOpPOHApHOe LIYHTUPOBaHME CO CXOAHBIM aHaCTe3U-
oaorndeckuM ooOecrieueHreM. boapnple VIBC moaydaam Tepammio Ha OCHOBaHUN
OOIIeIIPUHATHIX CTAHAAPTOB A€UeHINs: aHTHarperaHThl, CTaTUHbI, HUTPAThI IIPOAOH-
TMPOBAHHOTO AEVICTBISL 1, TIO TpeOOBaHUIO, 010KaTOPHI KaAblIMEeBBIX KaHAA0B, [31-a-
ApeHobOa0kaTopsl. 1o kamHmyeckoi xapakrepucruke 0oapHble VIBC, crpagaromniue
u He crpagamorniye VIKMII, 65141 cOntoCTaBUMBIMY, KPOMe pa3ANINil B 3HAYEHUSIX
¢pakiym seIOpoca aesoro xxeayaouka (PB /LK) — 30,00 [22,00; 36,00] 1 59,50 [50,25;
67,00] % (p <0,001) 1 macce! ero Muokapga — 233,5 [222,3; 265,3] n 187,5 [142,8; 215,0]
(p=0,001) cooTBeTcTBEHHO.

M3 nccaeaoBaHms UCKAIOUAANCH AuTia ctapiie 70 AeT, ¢ aaaeprueii B ctaauu 0060-
CTpeHNs], ayTOMMMYHHBIMI 3a00J€BaHMSIMY, MMMYHOCYIIPECCOPHOI TepaInuel,
ABIXaTeAbHOV HEeAOCTaTOYHOCTHIO, a TaKXKe OTKa3aBIIMecs OT MCCAeA0BaHms. Y Bcex
Y4aCTHUKOB 1CCAeJ0BaHIsI [I0Ay4eHO NMHPOPMIUPOBaHHOe coraacue. Vccaeagosanne
BBIIIO/IHEHO B COOTBETCTBUM C IIPpUHIMIIaMM XeAbCUHKCKO AeKAapauy 1 0400peHo
Ha 3aceJaHMAX A0KaabHOTO 9TM4eckoro kommrera CudbI'MY (mporokoa Ne 9475 or
29 mas 2023 1.).

Matepnaaom nccaeaoBaHUsl CAY>KIA KPaCHBI KOCTHBI MO3T (2 M), B3ATBIN y
IaIjIeHTOB I3 pa3pe3a IPYAMHBI BO BpeM: ollepaliy KOpOHapHOTO HIYHTUPOBaHMS
A0 IIOAKAIOUeHN s allllapaTa MCKyCCTBEHHOTO KpoBooOpaleHus, 1 Kposb (5 Ma), 3a-
OpaHHas1 13 KyOUTaAbHO BEeHBI 40 OIlepaliiy, CTabMAM3MPOBaHHbIE rellapMHOM B
aose 25 Ea/ma. VI3 4 ma xposu 1 1,5 MA KOCTHOTO MO3Ta I1OAy4aAy COOTBETCTBEH-
HO I14a3My U HaJ0Cajo0K KOCTHOTO MoO3ra (Mueaoriasmy) IyTeM LeHTpu@yrupo-
BaHMs COOTBETCTBYIOIero 6momarepuasa B tedenne 15 mun npu 200 g u xpanu-
an npu —-80°C aas nocaeayiomero usMmepennsa konuenrtpanuym HIF-1a, SDF-1,
VEGF-A, MCP-1, M-CSF, GM-CSF, IL-6, IL-10, IL-13, TNF-a, IFN-y. C 57011 1eabio
JCIIOAB30BAANl TECT-CUCTEMY AAsS UMMYHO(PAYOPEeCIIeHTHOTO MYABTUILAEKCHOTO
aHaausa «Magnetic Luminex Assay Kit for SDF-1, VEGF-A, MCP-1, M-CSF, GM-
CSF, TNF-a, PDGF, SCF» («Cloud-Clone-Corp», CIIIA) 1 HaGopsl 4451 MMMYHO-
PpepmenTHOro anaansa «Human HIF-1a ELISA Kit» («Cloud-Clone-Corp», CIIIA),
«Human IL-13 Platinum ELISA» («eBioscience», Ascrpus), «VIHTepaelikuH-6-
NOA-BECT», «/uTtepaeitknn-10-MI®A-BECT», «ramma-VInTepdepon-MIPA-BECT»
(OO0 «Bextop-BECT», 1. HoBocuOupck). PesyapraT BhIpakaam B 1OI/Ma, AAs
HIF-1a — B Hr/MA.

B 1neapHON KpOBM 1 KOCTHOM MO3Ie OIlpeJeAsAl codep>KaHue AeCKBaMIPOBaH-
HBIX ®HAOTeAnaabpHbIX KAeTOK (ADK, CD45-CD146"); kaaccuuecknx (CD147CD167),
npomexytouHsix (CD147CD16%), nekaaccuyeckux (CD14*CD16™) u nepexoAHbIX
(CD14*CD167) monoumntos; panHux SIIK (CD34*VEGFR2*CD14*), nosaunx SI1IK
(CD34*VEGFR2*CD14"), CD34-VEGFR2*CD14*u CD34-VEGFR2*CD14-kaeToK Me-
TOAOM IIPOTOYHON ITUTOPAYOPUMETPHUH C ITOMOIIBIO TuTopayopumerpa Accuri C6
(BD Biosciens, CIIIA), nckaio4yas He>XXM3HEeCIIOCOOHBIe KATKM ITyTeM OKpaIllVBaHIs
7AAD «ReadiDrop™ 7-AAD» («Bio-Rad Laboratories, Inc.», CIITA). Koanuectso ae-
CKBaMMPOBaHHBIX DHAOTEAMAAbBHBIX KA€TOK PacCUMTBIBAAM IIyTeM COOTHECeHMs MX
qycaa ¢ OOIIMM KOAMYECTBOM AeMKOUNTOB, sKcrpeccupyomux CD45* (obiee ko-
AVYECTBO AeVIKOLIUTOB 1 abCOAIOTHOe codep>KaHyie MOHOLIMTOB B KPOBU OlLleHMBaAl
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MeTOZO0M HPOTOYHON LIMTOMETPUM C IOMOIILIO I'eMaTOAOIMYeCKOTO aHaAM3aTopa
XS-1000i «Sysmix Corporation», SImonns); pesyabraT Belpaxkaan B x 10°/a. Ilpu ana-
An3e cyononyasnuii MoHonuTos 3a 100 % npuHMMaAu Bce KAETKH, IOA0XKUTeAbHbIe
1o CD14 (To ecTb 40451 KaXKA0M CyOIIOIyAsAIIUM OT ODIIero uyucia MOHOLIUTOB); IIPU
anaause cyononyasnuii VEGFR2*-kaeTok 40410 Ka>KA0T0 13 1X 4 cyOTUIIOB yMHOXKa-
AV Ha OTHOCUTeABHOe cogeprKaHue cymMapHoro koandectsa VEGFR2*-kaeTok (BHe
3aBMCHMOCTHU OT CyOTHUIIa) B KPOBU/KOCTHOM MO3Te (TO eCThb 4051 KaXKA0I CyOIIoIy-
ASIIMU OT ODIIIero ymcaa Bcex KAeTOK B OMoMaTepuase); pe3yAbTaThl BeIpakaau B %.
Aas naeHTNPUKAINU VICCAEAYEMBIX CyOITOIyASILINII KAETOK VMCIIOAb30BAaAN MOHO-
kaoHaapHble anTutesa CD45-FITC nu CD146-Alexa Fluor 647; CD14-FITC u CD16-PE;
CD34-PE n VEGFR2(KDR; CD309)-Alexa Fluor 647 («BD Biosciens», CIIIA), a Takxe
avupyromuit pactsop («BD Biosciens», CIIIA) coraacHoO MeTOAMKe, N3A0KE€HHON B
VHCTPYKLIMM IPOU3BOAUTEAS.

CraTncrnyecknii aHaAU3 pe3yAbTaTOB BBIIIOAHAAN C MICIIOAb30BaHNeM IIporpaM-
Ml Statistica for Windows 10.0, ocyiiectsasst MHOTOMepHBIN (paKTOPHBIN aHAAN3.
ITockoabKy 00s13aTeAbHBIM €TI0 yCAOBUEM sIBAsIeTCsl OObeAVHeHe ABYX albTepHaTIB-
HBIX I10 ICXOAY BBLIOOPOK B O4HY, TO aHAaAU3 IIPOBOAUACA B OObeAVHEHHOM BHIOOPKe
6oabubIX VIBC, 1 crpagarommnx, n He crpasaomniux VIKMIL. ITpeasaputeabHbIM 5Ta-
IIOM IIPOBeJAeHIsI MHOTO(aKTOPHOIO aHaAM3a ABASIACS KOPPEeASIIMOHHBIN aHAAUS C
BpIYMCAeHNeM KodpduumenTa koppeasuuy CrnupMeHa MeXAy aHaAU3UPYeMBIMU
IlapaMeTpaMM AAsl BBISIBA@HUS TECHO KOPPeAUPYIOIIUX MeXKAy cODOM MPU3HAKOB,
OAVIH 13 KOTOPBIX (MMEIOIINII MeHbIIlee YlMCAO ITapHBIX COYeTaHUI C APYTMMU I1a-
paMeTpaMn) IoaAexkal MCKAIOUeHNIO 13 pakKTOpHOro aHaamsa. Kpome Toro, kop-
PeAALVIOHHBIN aHAAU3 TPOBOAMACS B KaXKA0M 13 AByX rpyni 6oabHbix VIBC o ot-
A€ABHOCTU AAs1 YCTAaHOBACHM:S pa3AM4II B XapaKTepe B3aIMOCBSI3el I MeXaHU3Max
passutis VIBC, ocaoxnenno u He ocaoxxHeHHoV VIKMII. Pesyabratsl cunraan 40-
croBepHbMy 11pu p <0,05.

Omicanne pe3yabTaTOB McCcAeAOBaHUIA

B Xo4e moaroTosky BEIOOPOK K MHOTOMEPHOMY (PAaKTOPHOMY aHaAM3y U3 MCCAe-
AOBaHMs ObLAM yAaAeHbl AaHHbIe 0 KoHIeHTpalyy IFN-y B KpoBu Kak MMeBIIIVe HI3-
KYIO AVCIIEpCUIO BBIAY OOHapy>KeHIs HyAeBBbIX 3Ha4eHII Y 00ABIIIMHCTBA OOABHBIX
MBC. Takxe ycTpaHsAAUCh TapaMeTphl, TECHO KOppeAnpyIole MexXAy coOoIi, Io-
CKOABKY COTAaCHO TpeOOBaHMAM MHOTO(AaKTOPHOTO aHaAM3a B HeM He AOAKHEHI yJa-
CTBOBATh ITOKa3aTeAl, KOppeAupyIollne ¢ AI00bIM APYTUM aHaAU3MPYeMBIM Iapa-
MeTpoM ¢ KodpPuimenTom koppeasanun r>0,70. JanHoe TpeboBaHme 00yCA0BIAO
yAaZeHne 13 MHOrO(paKTOPHOTO aHaAM3a HeCKOAbKMX IlapaMeTpOB: cpeAu IOKa3a-
TeAeli KpoBy — 9TO oO1as uncaeHHocts VEGFR2*-kaeTok (Koppeanposada ¢ 404ein
CD34 VEGFR2*CD14*kaetokcr=0,77,p <0,05u c goaein CD34"VEGFR2*CD14 -kae-
ToK ¢ r=0,93, p<0,05), K0OAMIECTBO KAACCMYECKMX MOHOLIUTOB (KOppeAnpoBalo C
A04eVl MPOMe>XXyTOUYHBIX MOHOIIUTOB ¢ 1=- 0,96, p<0,05); cpean nmokasareaei KOCT-
HOTo Mo3ra — »To obmias uncaeHHOcTh VEGFR2*-kaeTok (koppeanposada ¢ g0aein
CD34 VEGFR2*CD14 -kaetok c r=0,94, p <0,05), koAn4ecTBO I1IepexoAHbIX MOHOLIV-
TOB (KOppeAnpoBasi0 ¢ 404ei Kaaccudeckx MoHonuTos ¢ r=— 0,96, p <0,05; npome-
>KyTO4YHBIX MOHOIIUTOB € r=—0,78, p <0,05; konuenrpanuen IL-13 B kposu c r=0,73,
p <0,05;) 1 mpOMe>KyTOUHBIX MOHOLIMTOB (KOppeanpoBaao ¢ yposHeM IL-6 B Kposu ¢
r=0,70, p<0,05).

B x0ge anaam3a COBOKYITHOCTY 3y4YeHHBIX ITapaMeTPOB, BBUAY X MHOTOUIICAEH-
HOCTI ¥ Pa3HOPOAHOCTHU HPOIYCKOB BapMaHT B BBIOOpKe IIO Ka’KAOMY IIOKasaTe-
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A10, MaTpUlla MCCAeA0BaHMs OOIlero MaccuBa Bcex IlapaMeTpoB OKa3aslach I110X0
00yCA0BA€HHOI U He I103BOAMAA OCYIeCTBUTh MHOTO(AKTOPHBIN aHAAM3 BO BCEM
KOMILJeKce M3y4JaeMbIX ITI0Ka3aTeaeil ogHOoBpeMeHHO. ITosToMy oH Obla pasjeseH
Ha 2 TpyIIIbl HapaMeTpPOB KaK B KpOBM, TaK 1 B KOCTHOM Mo3re: 1) cyOIIonyAs1ioH-
HBIVI COCTaB MOHOILIMTOB U COAep>KaHe IIPO- U IIPOTUBOBOCIIAAUTEABHBIX IIMTOKI-
HOB; 2) cyononyasnuoHHbli coctap VEGFR2*-kaeTok 1 cogep>kaHMe LIUTOKVHOB,
HIF-1a. D10 00ecrieuna10 BO3MOXKHOCTD BBIIIOAHEHVISI MHOTOMEPHOTO (PpaKTOPHOTO
aHaAmM3a.

MmuoromepHslit paKTOpHBINI aHaAM3 YCTAaHOBIA Ha YPOBHe KaXKAOTO TUIIa TKaHU
BBICOKIe (PAaKTOPHBIE HATPY3KU 4451 HECKOABKIX ITOKa3aTeAell (3HaYMMBIMU ITPUHU-
MaloTcs MapaMeTpsl ¢ paKTOpHOI Harpyskoir 0oaee 0,7), 00beAHEHHBIX B YeThIpe
daxTopa, Bansomux Ha passutue VIKMIT npu MBC.

Ha yposne nepugepnuyeckoro KpoBoToKa epBblil 1 Hauboaee 3HaYMMBbI (paKTop
codetaeT B cebe cogep:kanue SDF-1, HIF-1a, M-CSF, ADK (oOycaosausaet 41,8 %
AVICIIEpCUY MaTPUIIBI ITapaMeTPOB, IIOABEPIHYTHIX aHaAu3y, Taba. 1), sTopon — IL-
10 m MCP-1 (obycaosansaet 31,1 % amucrnepcum MaTpuiibl, Tabauiia 2), TpeTuin —
nozaunx OIIK (26,3 %, Taba. 2), yeTBepThli, HaMMeHee 3HaunMbni — IL-6 u IL-13
(21,6 %, Taba. 1).

Tabauya 1

MuoromMmepHbIii (paKTOPHBIN aHAAN3 TOKa3aTeAei
cyononyasaimoHHOro cocrtaBa VEGFR2*-K4eTOK 1 IIMTOKMHOB,
HIF-1a B KpoBH B BLIOOpKe OOAbHBIX MIIIeMIYeCKOVi 001e3HbIO cepalia,
CTpajalonyx 1 He CTPajalonyX MileMn4eckon KapAuoMnonaTmen

Table 1

Multivariate factor analysis of indicators of the subpopulation composition
of VEGFR2*-cells and cytokines, HIF-1« in the blood of patients
with coronary heart disease, suffering and not suffering
from ischemic cardiomyopathy

IIpusnak ®akrop 1 ®akrop 2
M-CSF -0,789757 0,516562
GM-CSF 0,402668 0,337866
SDEF-1 -0,985492 0,086641
VEGF -0,689751 0,601910
IL-6 0,622175 0,191338
IMosanne DIIK -0,129752 0,871686
Pannme SIIK 0,141731 0,439718
CD34"VEGFR2*CD14*-kaeTkn -0,689013 -0,643896
CD34"VEGFR2*CD14-kaeTkn -0,653661 -0,654823
MCP-1 - 0,339659 0,480583
ASK -0,769226 -0,434508
HIF-1a -0,863162 0,392148
Obras aycriepcys 5,010971 3,157526
Aoas aucniepcun,00ycaoBaeHHas pakTopoMm, % 41,76 26,31
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Tabauua 2

Muoromepubii ¢paKTOPHBIN aHAaANU3 IIOKa3aTeael CyOnony AsIiOHHOTO COCTaBa

MOHOLIIMTOB "N HpO/HpOTI/IBOBOCHaZH/ITeAbeIX IOUTOKVMHOB

B KPOBM B BBLIOOPKe OOABHBIX UIIIeMI4YeCKOV 004e3HbIO cepAlla, CTpajalomiix

¥ He CTpajalomyx MieMn4ecKoyi KapAoMuoIaTmen

Table 2

Multivariate factor analysis of indicators of the subpopulation composition
of monocytes and pro/anti-inflammatory cytokines in the blood of patients with coronary
heart disease, suffering and not suffering from ischemic cardiomyopathy

ITpnsnaxk PakTop 1 DaxTop 2
IL-6 0,017653 0,723678
TNF-a -0,584528 -0,580064
[IpomesxkyTOuHBIE MOHOLIUTEI -0,587769 -0,016171
Hexkaaccnueckiie MOHOITUTEI -0,625067 0,496243
HepeonHHe MOHOIIUTHI 0,543148 0,287806
IL-10 0,886865 —0,090849
IL-13 -0,245036 -0,753710
M-CSF/ IL-13 0,009635 0,153114
MCP-1 0,762555 -0,410554
OOmmas aucriepcnst 2,801330 1,957866
Aoas aucnepcun,obycaosaennas Gpaxropom, % 31,13 21,75

B kocTHOM MoO3re nepsslil 1 Hanboaee 3HaUMMBIN (PaKTOp coueTaeT B cebe codep-
>kanme IFN-y, kaaccuaeckne mononutsl, IL-10, IL-13, M-CSF/IL-13 (oOycaosansa-
et 47,1 % Aucrnepcuy MaTpUIIbl HapaMeTpOB, IIOABEPTHYTHIX aHaAU3y, Tabauma 3),
BTOpOI1 — HeKaaccuuecknx MOHOIIUTOB 1 TNF-a (oOycaosansaet 35,2 % aAucniepcun
Matpunsl, Tadbanua 3), tpetunt — VEGF-A, MCP-1, GM-CSF, HIF-1a (32,7 %, Tabau-
11a 4), yeTBepThIll, HauMeHee 3HaUMMBbIN — paHHux DIIK u IL-6 (25,5 %, Tabanma 4).

TabAuya 3

MnuoromepHbIii paKTOPHDIV aHaAM3 ITOKa3aTeAel CyOnonyasiiimoOHHOIO cocTaBa

MOHOLIIMTOB "N HpO/HpOTI/IBOBOCHaIH/ITeAbHI)IX IOIUTOKVMHOB

B KOCTHOM MO3re B BBIOOpKe 0OAbHbBIX MIIeMIYeCcKOi 004e3HbIO cepalia,
CTpajalonyx 1 He CTPajaloniyxX MieMn4eckon KapAuoMnonaTmen

Table 3

Multivariate factor analysis of indicators of the subpopulation composition
of monocytes and pro/anti-inflammatory cytokines in the bone marrow

of patients with coronary heart disease, suffering
and not suffering from ischemic cardiomyopathy

IIpusnak ®axkrop 1 ®akrop 2
IL-6 0,618113 0,529533
TNF-a 0,123090 0,950058
IFN-y -0,884876 0,309996
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OxoHuarue mabaa. 3

ITpnsnax @akrop 1 @akTop 2
Kaaccnueckie MOHOITUTHI 0,859993 -0,214114
Hekaaccryeckrie MOHOITUTHI -0,026364 -0,961542
IL-10 -0,810337 0,223212
IL-13 -0,795016 0,367226
M-CSF/ IL-13 0,746244 0,618657
OOmmas aucriepcnst 3,766080 2,816936
Aoas aucniepcun, obycaosaeHHast paKTOpoM, % 47,08 35,21

Tabauua 4

MnuoromMepHbIii (pakKTOPHDIN aHaAM3 ITOKa3aTeAel CyOnonyasiimoHHOIO coOCcTaBa

VEGFR*-kaetok u riutokmaos, HIF-1a

B KOCTHOM MO3re B BBIOOpKe 0OAbHBIX NIIeMNYeCcKOl 001e3HbIO ceparia,
cTpajamomyx ¥ He CTpajalolyiX NIeMI4eCcKo KapAroOMuonaTmen

Table 4

Multivariate factor analysis of indicators of the subpopulation composition
of VEGFR2*-cells and cytokines, HIF-1a in the bone marrow of patients with coronary
heart disease, suffering and not suffering from ischemic cardiomyopathy

[Tpnsnax @akTop 1 ®akTop 2
M-CSF 0,466560 0,092418
GM-CSF 0,717839 0,305336
SDEF-1 0,197031 -0,473935
VEGF-A 0,912086 0,020773
MCP-1 0,762011 0,354644
IL-6 0,465386 0,786140
[Tosanne DITK -0,488160 0,683731
Pannne SIIK -0,398161 0,812886
CD34 VEGFR2*CD14*-kaeTku 0,141943 0,282651
CD34 VEGFR2'CD14 -kaeTku -0,520427 0,692852
HIF-1a 0,710851 0,216528
OOmmas aucriepcust 3,594072 2,805698
Aoas aucniepcun, o0ycaoBaeHHast paKTOpoM, % 32,67 25,51

B pamkax paboTsl Obla IIpOBeAeH KOPPeAsALVOHHBIN aHaAU3 MeXAy 4MCAeHHO-

CTBIO MOHOLITOB Pa3ANYIHBIX CyOIIOIy ASIINI U KOHLIeHTpalinel iutoknHos, HIF-1a
B KPOBU y IaneHToB o0enx rpyni. Jas 6oasHeix VMIBC 6e3 kapAromMuonaTm BbLAB-
A€eHa TOABKO OAHa OTpUIlaTeAbHasl KOppeAsAIMOHHAs 3aBYICIMOCTh MeXAy KoAude-
CTBOM HPOME>KYTOUYHBIX MOHOIIUTOB 1 KOHLeHTpanuen HIF-1a (r=-0,787, p=0,012),
TorAa Kak A4s nanuentos ¢ VIKMIT noao0HbIx cBsiselr He oOHapy>keHO. B kocTHOM
MO3re aHaAM3 aHaAOTMYHBIX IapaMeTpoB y 0oabpHbIX VIBC 0Ges xapamommonatum
YCTaHOBIA ABe KOppeAsAlMOHHbIe 3aBUCcUMOCTI A4 TNF-a: 1020XK1TeApHYIO € KOAU-
4eCcTBOM KJAacCCHYeCKMX MOHOLIMTOB U OTpULIaTeABHYIO C COAep KaHNeM IepeXOAHbIX
MoHOINTOB (cooTBercTBeHHO T = 0,900, p=0,037 1 r=-0,900, p=0,036). Y namnueHTos
¢ MIKMIT B xocTHOM MO3re cogep>kKaHue KAacCUIeCKMX MOHOIIUTOB ITOA0KNUTEAbHO
Koppeanposaao ¢ KoHneHtpaumenn HIF-la m orpunjareabHO — ¢ KOHIIeHTpalyein
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IL-13 (cootBercTBenHo r =1,000, p=0,010 n r=-0,983, p=0,010); 421 4041 HeKaac-
CYEeCKNX MOHOITUTOB OTMedeHa oOpaTHas 3aBUCHUMOCTh ¢ Koddppuiimentom M-CSF/
IL-13 (r=-0,972, p=0,011).

BrirtoaHeHNe KOppeAsIMOHHOIO aHaAl3a MeXKAy KOHIleHTpaliuell pa3ANYHBIX
LIIMTOKMHOB YCTaHOBMAO, 4TO 0oabHbIe VIBC Oe3 xkapanomuonaTtum XxapakrepusoBa-
AVICh HAAM4YMEeM HOPAMOM 3aBUCHMOCTI MeXAY YPOBHEM CAeAYyIOIINX MeAaTOpOB B
kposy: M-CSF n VEGEF-A (r=0,906; p <0,001); M-CSF u HIF-1a (r=0,650; p =0,022).
Y nmaunenros ¢ VIKMII B kposu koHnieHTpansa M-CSF 1moaoxureapHO KOppeAnpo-
Baaa ¢ konuenTtpanuen SDF-1, GM-CSF, MCP-1, TNF-«a (r=0,718, p=0,006; r=0,592,
p=0,043; r=0,476, p=0,034; r=0,755, p=0,007 cooTBeTCTBEHHO) 1 OTPUIIATEABHO —
¢ konuenrpanuen IL-6 (r=-0,561, p=0,008). Konuenrtpannsa SDF-1 npsamMo koppe-
auposaaa c¢ cogepxanneM VEGF-A (r=0,795, p=0,002), Toraa kak yposenp HIF-1ax
OKa3aAcs ITOAOXKNUTeABHO B3alIMOCBsA3aHHBIM C KoHneHTpanmen IL-10 (r=0,501,
p=0,048). Konuenrparnns GM-CSF 6p1aa oTpuiiaTeAbHO B3alIMOCBsI3aHa C KOHIIEH-
Tpanueit MCP-1 (r=-0,661, p=0,038). B koctHom Mo3re a44:1 60apHBIX VIBC Ge3 kap-
AVIOMIOIIaTUM yCTaHOB/AEHa I10A0XUTeAbHas CBA3b MeXXAy cogep-kanueMm M-CSF u
MCP-1 (r=0,782, p=0,013); SDF-1 u VEGF-A (r=0,622, p=0,041); HIF-1ac u VEGF-A
(r=0,639, p=0,034); IL-6 n IL-10 (r=0,729, p=0,040); HIF- 1a n IL-10 (r=0,639,
p =0,034). OrpuiiateapHass KOppeAsALVIOHHas CBSI3b Y 4AaHHOI KOTOPTBI OOABHBIX BbI-
saBaeHa Me>xay KoHnenTpanuent M-CSF n HIF- 1a (r=- 0,461, p=0,027), M-CSF u IL-
10 (r=-0,461, p=0,027), SDF-1 n IL-6 (r=-0,781, p=0,013) B MHueaouAHON TKaHMU.
IManmentsr ¢ VIKMII xapakrepnsoBaauch HaandyeM IIPSMOI CBA3U MEXAY COoAep-
JKaHIeM cAeAylommx MeAnaTtopos B KoctHoM Mosre: GM-CSF u HIF-1a (r=0,897,
p=0,015); SDF-1 u VEGF-A (r=0,857, p=0,002); IL-6 1 MCP-1 (r=0,899, p=0,014);
TNF-o n IFN-y (r=0,699, p=0,017). YcranosaeHno taxxe, 4to Ko3puunent M-CSF/
IL-13 moaoxureapHo xoppeanposaa ¢ yposaem HIF-1la (r=0,684, p=0,042) u IL-6
(r=0,829, p=0,042).

B o6beannennoin seioopke 60abHbIX VIBC (BHe 3aBucumMoctyt ot Haanams VIKMIT)
ObLAM yCTaHOB/AEHBI 445 KPOBJ OTpUIjaTeAbHbIe CBA3M MeXAY A0Aeil KAaCCUIeCcKIX 1
IIPOMe>XXyTOYHBIX MOHOIINTOB (1 =-0,956; p <0,001); HeKaaccMIeCKX MOHOLIUTOB U
koHneHrpanyen IL-10 (r=-0,655; p =0,003); noao>xuTeabHble 3aBUCUMOCTI — MeXK-
ay coaep>xkanueM panHnux DIIK n nmosanux OIIK (r=0,488; p=0,016), a Takxe Mex-
Ay cogepxxanmueM 1nocaegunx u MCP-1 (r=0,440; p=0,046). BmecTe c TeM BbIsIBAECHBI
II0AOKUTeAbHBIE CBA3M MeXAy KoHlleHTpauueit M-CSF u caeayiomux MeAnaTopos:
SDEFE-1 (r=0,589, p=0,001); VEGF-A (r=0,596, p=0,001); HIF-1a (r=0,531, p=0,009);
TNF-a (r=0,597, p=0,003). ITomumo »Toro oOHapy>keHa HpsiMasi CBA3b MeXAY ypPOB-
HeM SDF-1 u VEGF-A (r=0,669, p=0,010); HIF-1aa u VEGF-A (r=0,523, p=0,006).
B xoctHOM Mo3re Aas1 00bearHeHHON BbIOOpKU 00abHBIX VIBC OBlaa ycTaHOBAEHA
IpsiMasl B3alIMOCBSI3b MeXAY YMCAOM KAaCCMUeCKMX ¥ IIPOMEeXKYTOUHBIX MOHOIIM-
ToB (r=0,663; p=0,037); 245 IepexoAHBIX MOHOLIMTOB Obl1a yCTaHOBAEHa I10AOXKM-
TeAbHasl CBA3b X OTHOCUTEABHOIO codep>KaHus ¢ KoHneHTpaumein IL-13 (r=0,735;
p=0,038) 1 orpuniateapHas — ¢ 404€M KAaCCMYECKUX ¥ ITPOMEXKYTOUYHBIX MOHOIIV-
ToB (r=-0,964; p<0,001; r=-0,784; p=0,007 coorBercTBeHHO). TakXke B KOCTHOM
MO3Ie BBLISIBAEHBI ITOAOXKNTeAbHBIe KOPPeAsSIIMOHHbIe CBI3M MeXKAy codep KaHUeM
nosguux DIIK n HIF-1a (r=0,801; p<0,001); SDE-1 u VEGF-A (r=0,670; p=0,01);
IFN-y u TNF-a (r=0,593; p=0,010) u mexxay koHueHtpauueit IL-6 n xospPpurinen-
tom M-CSF/IL-13 (r=0,572; p=0,020).
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OO0cyxaeHne pe3yabTaTOB

B pamkax mccaeaosaHms OblA IIpOBeAeH MHOTOMEPHBIN (PaKTOPHBIN aHAaAU3, KO-
TOPBIN ITO3BOAMA UHTETPUPOBaTh HOAy4eHHbIe (paKThl U IIOATBEPANUTDH ITIpeariolara-
eMble 3aKOHOMEPHOCTH, ITI0Ay4eHHbIe paHee C IIOMOIIbIO CPaBHUTEAbHOIO aHaAM3a.
Tax, Hamu ObL10 MOKasaHo, uto y nanyenTos ¢ VIKMII B nepudepnueckoit KpoBu
IIOHIIKeHO cogep>KaHle HeKAacCUYecKMX MOHOIIUTOB B ycAoBuaAX n3dpitka IL-10 n
ADK. ITTpm »TOoM oTcyTcTByeT XapakrepHoe A44: VIBC Ge3 kapanoMuonaTum yseande-
HIe coAeprKaHIs IPpOMeXKyTOYHbIX MOHOIINTOB, paHHux OIIK, HIF-1a, SDF-1, GM-
CSF, G-CSF, MCP-1. Yposens nnosaunx DI1K, ADK, kaaccnmueckux 1 mepexoAHbIX MO-
HouMTOB, a Takxke IL-6, IL-10, IL-13, TNF-a, IFN-y, VEGF-A B xposu y 6oapnp1x VIBC
00erx TPYIIII OKa3aACs COIIOCTaBUMBIM, a y MallIeHTOB Oe3 KapAuoMuonaTuy oOHa-
py>xusaacs gaxe gepuriur M-CSF [7; 9—11]. B nepudepunueckoit KpoBy Ha OCHOBa-
HIUM pe3yAbTaTOB MHOTOMEepPHOTo (paKTOPHOTO aHaAm3a Oblau BelgeaeHsl 4 gpakTopa,
AetepmuHupyomux 41,76; 31,13; 26,31 u 21,75 % aucniepcun MsMepeHMIT aHaAN3U-
pyembix nokasateaen nipu VIbC, ocaoxxuenHo u He ocaoxxHeHHo1 VIKMIT (taba. 1,
2). CoraacHo KoMmIioHeHTaM IatoreHetndeckux gpaxropos VIKMII MoxHO aath um
cAeAyIolyie HaMMeHOBaHNs B ITOPsAKe 3HaYMMOCTIA.

1. Hanboaee sHaunmbiil paxtop (aucnepcust 41,76 %, tabauma 1) Bkaiouaa B ceOs
cogep:kanue B Kposu M-CSF, SDF-1, HIF-1a, 49K u 6514 HasBaH «AncbasaHC Meaua-
TOPHOTIO OTBeTa Ha IMITIOKCUIO BCAeACTBIe IIOBPEeXXAeHIS DHAOTeAN ». A pyruMu cao-
BaMI, IIOBpeXAeHle HHAOTeANs], KOTOpOoe XapaKTepu3yeTcsl HaKOILAeHVeM B KpOBU
ADK (npucyrcrsyet B 06omx rpynnax VBC), orpaskaeT aTepockaepos, IPpUBOAIIIA
K IMIIOKCUM U, KaK CAeACTBre, K nopbpimennio Konuenrpanumu HIF-1a [17]. Ho sTo
passuBaetcsi TOAbKO Yy 60apHBIX VIBC Oe3 kapanomuonarun [10; 12; 13]. Ilocaeanmit
akTuBupyet BpicBoOOXAeHne SDF-1 n Mmoayanpyet koHuenrpaunio M-CSF kak Me-
anaropa auddepeniyposku MoHouuTos [18; 19]. Ognako Takoit otseT He popmu-
pyercsa y nanuenrtos ¢ VIKMII [7; 9; 10; 12; 13].

2. Bropoit ¢gakrop (aucniepeust 31,13 %, Tabauria 2), BKAOJalonuii B ceds coaep-
>kanue B Kposu IL-10 1 MCP-1, BeposATHO, yKa3bIBaeT Ha «HapylIlleHne XeMOTaKcuca
MOHOLMTapHBIX KAeTOK (MoHounToB, panHux OIIK), obycaoBaeHHOe MMMyHOCY-
npeccueii», ouesnaHo, y nanuenTos ¢ VIKMII Dto noarsep>kaaeTcs 4aHHBIMU CpaB-
HUTeAbHOTO aHaamnsa: y nanuentos ¢ VIKMII sadukcnpoBan nM30BITOK MMMYHOCY-
npeccopHoro IL-10 mpu nopmaasnom yposne MCP-1 B kposn, a y 60abubix VIBC Ge3s
KapAMOMMOIIATN — HOpMaAbHBIN yposeHsb IL-10 Ha oHe 0TUeTAMBOI TeHAEHITUN
k Hakoraennio MCP-1 B kposu [10; 12].

3. Tpetnit ¢paxrop (aucnepcus 26,31 %, Tabanma 1) 6p1a IpeAcTaBAeH HO3AHU-
mu OIIK. BepositHo, sTOT pakTOop TOKe 00ycaosansaa popmuposanne VIKMII n
MO>XeT OBITh Ha3BaH «HejOCTaToyHoe yuyactue rnosanux DIIK B pemapanum cocy-
40B». HecMmoTpst Ha comocrasumele ypoBHM no3aHnx DIIK 1 B KpoBH, 1 B KOCTHOM
Mo3re MexAay rpynnaMmu 6oapHbix VIBC 1 nx HOpMaabHOe codep>KaHue B KPOBU Y
MaleHTOB 00eux IpyI, ToAbKo y 60apHbIX VIBC Oe3 kapauommonarnu Oblaa 3a-
perucTpupoBaHa OT4eTANBas TeHACHIS K YBeAMYeHUIO MX 41cAa, KoTopas A0 BBe-
AeHns nnonpasku benaskammnam — XoxOepra perncrpuposasdach Kak CTaTUCTUIeCKU
3HaUMMBIN U30BITOK No3aHNX DIIK B KpoBU, Uero He OTMeYaA0Ch Yy MAIIMEHTOB C
MKMIT [11].

4. Hammenee BamATeapHbIN (pakTop B Kposu (gucnepcust 21,75 %, tabauna 2)
BKAIO4aAa cogep>kanue B Kposu IL-6 n IL-13 1, ckopee Bcero, ykaspiBaa Ha «HaANYNe
XpOHMYecKoro Bocriasenns 1o Th2-mytu», popmupyiomerocs y 6oasHbix VIBC 1 60-
2ee xapakrepHoro Aas VIKMII. HanmeHnosaHne ¢pakropa cKaaablBaeTcs U3 TOTO, UTO,
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xoTs 110 KoHneHTpauuu IL-6 n IL-13 B kpoBu He OBIA0 paszANINIl MeXAY IpyIIIaMu
nanyeHTos [7; 9; 10], onn oba otHocsaTesa K nuroknHaMm Th2-nytu (IL-6 6oabie xa-
PaKTepeH A4s1 XpPOHMYECKOTO MAU 3aBepIIeHns ocTporo socrnaaenus) [20; 21], a ns-
onrTOK IL-10 Kak ermfe oanoro Th2-accorumposaHHOro NUTOKMHA [22; 23] oTMedaAacs
nMeHHO y nanueHTos ¢ VIKMIT [10].

B xoctHOM MoO3re Hamu ObLAO paHee yCTaHOBAeHO, 4To y nanueHtos ¢ VIKMII
rospinieHo codepkanne MCP-1 1 nepexoAHBIX MOHOIIMTOB B COYETaHMUM C HU3KUM
cootHomeHrieM M-CSF/IL-13, uncaoM KAacCMYecKMX ¥ IPOMEXKYTOUYHBIX MOHOIIN-
ToB [7; 10; 12]. Ilpn sTOM Kakmx-ambo pasamuuit no cogep>kannio HIF-1a, SDF-1,
VEGF-A, M-CSF, GM-CSF, G-CSF, IL-13, IL-6, IL-10, IL-13, TNF-«, IFN-y, Hekaaccu-
4eCcKIX MOHOLIMTOB, paHHUX I 11034HMX DI 1K B KOCTHOM MO3re 0OHapy>KeHO He ObL10
[7; 9—11]. Ha ocHOBaHMI pe3yAbTaTOB MHOTOMEPHOTO (PaKTOPHOIO aHaAM3a Ilapa-
MeTpOB KOCTHOTO MO3ra TakKe ObLAM BblAdedeHBI 4 (pakTopa (Taba. 3, 4). CoraacHo
KOMIIOHeHTaM (IapameTpaM, nMelomnM (pakropHbele Harpysku 6oaee 0,70) maTore-
HeTuueckux ¢pakropos paszsutus VIKMIT MoxHO 4aTh UM caeAyloliyie HaMeHOBa-
HIA B IIOPsIAKe 3HAYMMOCTIA.

1. Hanboaee 3naunmslit pakTop B KOcTHOM Mosre (aucnepcnst 47,08 %, Tabanma 3)
BKAIO4Yaa B cedst cogep>kanne [IFN-y, kaaccuaeckux mononntos, IL-10, IL-13, M-CSF/
IL-13. D1oT paKTOp MOKHO Ha3BaTh «HEAOCTAaTOUHOE CO3peBaHle KAacCMIeCKIX MO-
HOLIMTOB B pe3yAbTaTe UMMYyHOCyIIpeccun» y nnanueHnTos ¢ VIKMIT. Do coraacyercs
C ZAQHHBIMI CPaBHUTEABHOIO M KOPPEAsSIIVMIOHHOIO aHaamu3a: y nanuentos ¢ VIKMIT
oOHapy>kK1BaA0Ch MeHblIllee, yeM y 00abHbBIX VIBC Ge3 kapamnoMuonaTtuu, cogep>ka-
HIe KAaccudeckux MoHouuTos, a IL-13 yrmeraa mx oOpasosaHme (oTpuiiaTeabHas
KoppeaAunsa MexXay cogepkaHmeM IL-13 m kaaccumyecknx MOHOLIMTOB B KOCTHOM
MO3Te), TaK KaKk OOHapy>KmBaaoch MeHbIllee 3HaueHrne M-CSF/IL-13, Ho Goasmmas
koHeHTpanus IFN-y B koctnom mosre npu MIKMII [7; 10].

2. Bropoit ¢axrop (aucniepcust 35,21 %, tabanna 3) oObeAUHAA coaep>KaHUEe B
KOCTHOM Mo3re Hekaaccumyecknux MoHounuTtos 1 TNF-a 1, BeposATHO, oTpakaa «Ha-
pymenne AnddepeHIPpOBKI HeKAacCUIeCKIX MOHOIUTOB 1104 AevictBueM TNF-a»,
KOTOPBII 3a cyeT B3auMoaeicTBus co ceouM perjeritopom tuna TNFR1 ciocoben yr-
HeTaTh AP PepeHIPOBKY IeMOIIOITUYECKMX KAETOK, B TOM YlCAe MOHOLIMTOB [24].

3. Tpetnit ¢pakrop (aucnepcus 32,67 %, Tabauna 4) Bkaiodaa B cebs1 cogeprKaHue
B KoctHOM Mo3re HIF-1a, GM-CSF, VEGEF-A, MCP-1 u moeT ObITh Ha3BaH «AycOa-
AaHC MeAMaTOPOB B OTBET Ha TMIIOKCUIO C HapyIlleHreM XeMOTaKClca MOHOLIMTap-
HBIX KAeTOK (MoHoumnTos, paHHux DIIK)». CoraacHo KOppeAsSlMIOHHOMY aHaANU3y
npu VIKMIT B xoctHom mosre HIF-1a ciocobcrByer cunresy GM-CSF, no Tepser
cB:3b ¢ VEGF-A (xapakrepna aas VIBC Oe3 kapanoMuonaTim), 4YTo coyeTaeTcs ¢ Tu-
neprpoaykuueit MCP-1 B Mueaouanoi tkaunm [9; 10; 12].

4. Hanmmenee sHaunmbiil Qakrop (aucnepcus 25,51 %, tabamia 4) cocrosa us
cogep>kaHus B KOCTHOM mosre 1L-6 u pannux OIIK 1 moayuna nauMmeHoBaHue «3a-
Aep>kka Moomansanyuy panHux DI1K 13 kocTHOro Mosra BBuAy u3BpaieHns spgek-
TOB IL-6». HecMoTpsl Ha COIOCTaBUMYIO MeXAY TPyIIIIaMy IalJieHTOB KOHIIeHTpa-
unio IL-6 B koctHOM Mo3re, y 60abpHbIX VIBC 0Oe3 kapauoMuonaTuy oH HeraTMBHO
BAUSA Ha ypoBeHb SDF-1 B MumeaonaHon TKaHM, O4€BUAHO, CHIKas KOCTHOMO3IO-
ByIO ¢puKkcaumio 1 odaerdas moomansanuio D11K, a y naumentos ¢ VIKMIT — 1n1oBbI-
maa KoHueHTpanuio MCP-1, koTopsiit Kak criennduaecKnii 4151 MOHOLIITOB XeMO-
aTTpakTaHT [25; 26] akkymyauposaa pannue DIIK, Apasgiomecs MOHOIIMTapHBIMU
KaeTkamu [27; 28].

Cogpy>kxecTBeHHas UHTepIIpeTalls AaHHBIX MHOTOMepPHOTO (paKTOPHOTO aHaAU-
3a, KOPpeAsIIMOHHOTO I paHee BBIIIOAHeHHOTO CPaBHUTEAbHOTO aHaAM3a I103BOAsIeT
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YTOYHNUTH HauMeHoBaHMe natoreHerndecknx pakropos VIKMII. Tak, caHoreHes us-
¢dapkra Mmmokapaa (sBasiercss rpurrepom passutusa VIKMII), Bosnukiiero Ha ¢gone
aTepoCKAepo3a KOPOHapHBLIX apTepuii, 3aKOHOMEPHO COIIPOBOXKAAeTCsl KOMIIeHca-
TOPHOII IruIepTpoduert KI3HeCIIOCOOHO YacT! CepAeUHOI MBIIIIIIBI, YTO TpedyeT
AOCTaTOYHOM TPOPUKU A oDecliedyeHUs I1AacTUYeCKMX IPOIIecCOB U A0CTaTO4-
HOII OKCUTeHalluM AAsl COKpallleHNs1 MuoKapaa [29]. ¥V Goablieit yacty OOABHBIX B
rnocTuH(papKTHOM Iepuoje aTeporeHe3 JeTepMMUHUPYeT HaKOILAeHIe IIPOBOCIIa-
AUTEABHBIX IIPOMEXYTOYHBIX MOHOIIUTOB B KPOBM IIPM HOPMaAbHOM KOANYECTBe
IIPOTEKTUBHBIX HeKAaCCMIeCKIX KAeTOK [8], uTo criocoOcTByeT yBeAnyeHnIo oobeMa
OAs111€K, HO OTpaHNYMBaeT pacIIpOCTpaHeHe aTepoCcKAepo3a, i IopaykaloTcs TOAb-
KO KpYIIHbIe apTepuu. Y CliAeHle aHTIOTeHe3a y 9TUX [allIeHTOB BbI3BaHO ajeKBaT-
HOJI peakllyell OpTaHM3Ma Ha TMIIOKCUIO B BiAe TUIePHpPOAYKIMM IIPOaHTMOTeH-
HpIx HIF-1a u SDF-1 Ha ¢one nospimenHoi Moonansanyu panHux J11K B kposs,
yTo oOecrieunBaeT nepdysuio Muokapaa n gpopmupyer VbC Ge3 kapamnomuorna-
tunm [12].

Y gactu 60apHbIX VIBC B mocTuHQapKTHOM IIeproje 3aIyCcKaloTcs ITaToreHeTy-
geckne ¢gakropsl passutus VIKMII kak Ha ypoBHe KOCTHOTO MO3Ta, TaK M B KPOBI.
Ha ypoBHe KOCTHOTO MO3ra MMM SBASIOTCA (COrAacHO MHOTOMepHOMY (paKTOpPHO-
My aHaAM3y) He4O0CTaTOYHOE CO3PeBaHMe KAaCCMYEeCKUIX MOHOLIUTOB 10/, ACVICTBU-
eM IL-13 B ycaosmsx ms6srtka IFN-y n ¢ Huskum cootHommennem M-CSF/IL-13;
HIF-la-3aBucnmast AMCKOOpAMHAIMs IIPOBOCIIAAMTEABHOIO U IIPOAHIMOI€HHOTO
OoTBeTa Ha IMITIOKcMIO ¢ HapyileHneM MCP-1-3aBucuMOro xemoTakcuca; 3ajepsK-
Ka mobmansanum panHux DITK ns koctHOro Mosra BBuAy msppaiieHns dp@eKTos
IL-6, crumyanpyiomero cunres MCP-1 (taba. 3, 4). Ha yposne kposu naroreHeTu-
yeckumy pakropamu VIKMIT craHOBATCA (cOraacHO MHOrOMepHOMY (PaKTOPHOMY
aHaamu3sy) aHeprus meguatopHoro orseta HIF-1a, SDF-1 na runokcuio BcaeacTsue
aTepoCKaepo3a, uHAyuupyiomas rumneprnpoaykuuio IL-10 B TkaHsaX; HapylleHue
MCP-1-3aBucuMOro xeMoTakcyca MOHOLIMTaPHBIX KAeTOK (HeKAaCCUYeCKIX) BCAeA-
CTBMe MMMYHOCyIIpeccun u3-3a n3oniTka IL-10 (oTpunateasHas Koppeasanmus MeX-
ay cogepxanuem IL-10 1 Hekaaccmyeckux MOHOLIMTOB B KPOBU); HeAOCTaTOYHOE
yuactue nosanux DIIK B penrapanum cocya0s (tada. 1, 2). [TosTomy nipu HopMaab-
HOJ1 YMCA€HHOCTU ITPOME>KYTOYHBIX MOHOIIUTOB B KPOBU Ae(PUITUT IIPOTEKTUBHBIX
HeK/Jaccuecknx KAeTok y nanuentos ¢ VIKMII [8], BeposTHO, criocoOcTByeT pac-
IIPOCTpaHeHUIO aTepocKaepo3a Ha O0aee MeAKle KOpOHapHbIe apTepui. Y CIAeHUs
aHIVOTeHe3a y 9TUX O0AbHBIX, OUeBMAHO, He IIPOVMCXOANUT BCAEACTBIIE HealeKBaTHOTO
OTBeTa OpraHM3Ma Ha IMIIOKCUIO, XapaKTepU3yIoIerocs GpuanoA0rnyeckuM ypos-
HeM nipoaHruorenHelx HIF-1a, SDF-1, pannnx OIIK B kposn [12], yTo IpuBOANT K
runonepysum runepTpoPpupoBaHHOTO MIOKapAa, eT0 COKpaTUTeAbHOM AMCPYHK-
uun u passutuio VIKMIL

3akaouyeHne

Takum oOpasoMm, ntarorenernueckne ¢gpaxkropst passutust VIKMIT B kposu u xoc-
THOM MO3Te pa3AndaloTcs: B KpOBU Hambo/1ee 3HaYMMa aHepriusl MeAaTOpHOIO OT-
seTa npu ydactuy HIF-1a, SDF-1 Ha rMIokcuio 1 aTeporeHes ¢ TUIepHpoAyKIjyenn
IL-10 B TKaHsaX, MEHBIINMI BKAa4 BHOCAT Hapymenue MCP-1-3asucumoro xemorax-
cuca KAeTok Bcaeactsue n3ObiTka IL-10 1 Hegocrarounoe yyactue nosanmux OIIK B
penapanum COCy0B; B KOCTHOM MO3Te HanboJee 3HaulIMO He40CTaTOYHOe CO3pe-
BaHIe KJAacCYecKIX MOHOLUTOB 1o/ AerictsueM IL-13 B ycaosmsx nsdeitka IFN-y
n Huskoro coorHorrenust M-CSF/IL-13, menpimii Bkaag sHocsat HIF-1a-3aBncnmast
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AVICKOOpAVHALVS ITPOBOCIIAAUTEeABHOTO M IPOAaHIMOIeHHOTO OTBeTa Ha TMIIOKCUIO
npu HapymeHnn MCP-1-3aBucumoro xemoTakcuca 1 3agep>kka MOOMAM3aI N paH-
Hux DITK n3 xocrHOro Mmo3ara 1o, aevicrsueM IL-6. BeisiBaeHne Hanbo.aee 3Ha4MMBIX
¢daxTopos naroreHeza VIKMII, To ecTh KAIOUeBLIX 3B€HBbEB B MMMYHOIIaTOTeHe3e U
Ae3ajanTaliiy OpraHM3Ma 4eAoBeKa K IMIIOKCUM B YCAOBMSX aTepocCKAeposa Ipu
VMKMII, ycranasamBaeT NPUOPUTET MUIIEHeN A4S pa3pabOTKM HaTOTeHeTH4eCcKU
00yCA0BAEHHOI Tepaluy JaHHOTO 3a00.4eBaHMNs.
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