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YBakaemble KOAAery, YNTaTeAN U APYy3bs XypHaaa!

Ilepea BaMy —BBIITyCK, KOTOPBII MBI ITOCBSII]a-
eM ITaMsATU Halllero KOAAery, y4eHOTO I Ilegarora
Apréma Bukroposnua Ilynruna. Ero 6e3spemen-
HBIN YXO/, CTaA TsKeAOU IoTepen AAsl HaydYHOTO
cooO111ecTBa, 445 BCeX, KTO 3HaA ero Kak TalaHT-
AVIBOTO MCCAe0BaTeAs, BAYMYMBOIO IpeliojaBa-
TeAs U SIPKOIo 4eA0BeKa.

Aptém Bukroposmu Bomaomaa B cebe Te
IPUHIINIIEL, Ha KOTOPBIX CTPOUTCA Hallle U3ja-
HIUe: rayOMHa MeXAMCHUIIAMHAPHOTO II0OAXO-
Aa, CTpeMAeHMe K CUHTe3y (yHAaMeHTaAbHOIO
3HaHMSI U HPUKAAAHBIX PpeIIeHUI, VCKPeHH:s
YBAEYEHHOCTh HAYKOM Ha CTBHIKE MOAEKYASPHOU
Ouoaorny, dSuonHxeHepun u skoaorum. Ero pa-
©oTa — 4JacTb TOro oOIIero IouckKa, KOTOPHII Be-
AeT Hay4HOe COODIIeCTBO K CO3AaHMIO HOBBIX OMOTE@XHOAOIMYeCKIIX CTPaTernii, a Tak-
>Ke ITI0AX040B, CIIOCOOHBIX YAYUIIINUTDH KaueCTBO JKM3HI YeA0BeKa.

DTOT BBIYCK He TOABKO cOOpaHMe CTaTeil, OTpakalolINX aKTyaAbHble TPeHABI B
OuomeaunHe. DTO TaKXKe CMMBOAMYECKUII JKeCT YBaKeHIs U IPU3HaHU: BKAala
Apréma Bukroposnua B Hallle o01ee 4e40. Mbl BUAMM B HeM OTpaskeHle ero Hayd-
HBIX MHTEPeCcoB I TOTO IIMPOKOIo Ipo¢eccOHaAbHOTO AMaAora, KOTOPBI OH IOA-
ACP>KMBaA C KOAJAeTaMI.

IIyGankyemble 34ech mccaeaoBaHusi — OT (PyHAAMeHTaAbHBIX paboOT A0 Hpu-
KAaAHBIX pa3pabOTOK — IPOAOAXKAIOT AMHUIO, K KOTOpoil ApTéM Bukroposny Ob1a
IIpUYacTeH: AVHNIO ITOMCKa, KPUTUYECKOIo aHaau3a 1 nHHoBanuii. Kaxkaas crares,
IpoleAnas CTporuii oT0Op U pelieH3upoBaHue, IpeAcTaBAsgeT cCODOM 1Iar Brepes
B IIOHMMaHNM CAOKHBIX OMOMeAMIIMHCKIIX 3a4a4, ¥ MBI YBePeHBbI, 4TO TaKoO BKAaJ B
HayKy Ob1a OBl A4 ApTéMa BukToposnya HamAydImen aMsThio.

Mp1 GaarogapuM aBTOpPOB, PelIeH3€HTOB U PeAakTOpPOB, IIPUHABIINX yJdacTue B
II0ATOTOBKe ®TOTO BhIITycka. OcoOble cA0Ba MpU3HATEABHOCT — KoAJeraM AprTéma
BukToposnya, 4y pabOTEI IIOMOIalOT COXPaHUTh €TI0 HaydHOe HacAeaue.

IlycTb TOT BBIITyCK CTaHET He TOAbKO MICTOYHMKOM HOBBIX 3HaHMI A4 CIelaAu-
CTOB, HO M HallOMMHaHM)eM O TOM, YTO HayKa CO34aeTcs AI0AbMU — yB/AeYeHHBIMH,
IIpeJaHHBIMI CBOEMY JAeAy U HaBCerJa OCTaBAsIOIINMU CAe B cepAliax TeX, KTO IIpo-
AO/AXKaeT DTOT HeIIPOCTOM MyTh.

Aptém Buxroposuy [Tynrun

Pedaxuus xyprnara «Cospemetitivle HAnpasreHusl ¢ OuoMeouLure»



C% COBPEMEHHBLIE HAITPABAEHW S B BUOMEAUIIVHE BOY e
j ADVANCED TARGETS IN BIOMEDICINE IKBFU

Review, Communication
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Abstract: The evolutionary pathway of diagnostic testing
methods can be traced through the historical development
and refinement of analytical tools. These tools are designed to
identify sources, decipher mechanisms, and control processes
inseparable from functional and morphological organization
of living organisms under both normal and pathological
conditions. In essence, this pathway represents a shift
from subjective observation to objective formalization. The
importance of this transition has been long recognized and is
difficult to overestimate, as illustrated by the consequences of
reckless human interference with nature. Furthermore, analysis
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Pesome: DBOAIOLMOHHBIN MYyTh PasBUTHA MeTOAOB AMarHo-
CTUYECKOTO TeCTUPOBaHMs I10 CYIIIeCTBY CBOAUTCS K UCTOPUH,
CBsI3aHHOM C pa3pabOTKON I COBepPIIIeHCTBOBaHMEM MHCTPY-
MEHTOB, ITO3BOAAIOIINX BBLABUTL MCTOUYHMKY, paciindpoBaTth
MeXaHM3MBI, IPOKOHTPOAMUPOBaATh TeueHUe ITPOIleccoB, HeOT-
AeAVMBIX OT (PYHKIIMOHAaABHO-MOPQOAOTMIECKON OpTraHM3a-
LMY VI/VIAVL COCTOSIHUS SKMBBIX OPTaHI3MOB, IIpITIeM He TOABKO
B ITaTo10rmy, HO 1 B HopMe. ITo cyTu 9TO ImyTh OT CyOBeKTUBHO-
ro HabAI0AeHNs K 00beKTUBHOI popmaansanym. ITytu u 3Ha-
9IIMOCTDH COBEPIIIEHCTBOBAHIL IT0CAEAHEN A0ATO IepedncasITh
U TPYAHO IepeoleHnTs. JocTaToyHo oOpaTUTh BHUMaHMe Ha
II0CAeACTBMSI HeAaAbHOBMAHO pPeaAl30BaHHOIO BMelllaTeab-
CTBa 4e/l0BeKa B IIPMPOAY M Ha BCe, UTO C DTUM cBs3aHo. Kpome
TOTO, 0 MHOTOM TOBOPUT aHaAM3 pocTa MUPOBOTO PhIHKa AMa-
THOCTMYECKUX CHCTeM, KOTopbiit pukcupyer 14,51 mapa A044.
CHIA 5 2021 1. n ero mporHo3upyemsiii poct K 2029 r. —
25,88 mapg aoaa. CHIA (Data Bridge Market Research). B cuay
3HAYMTEeALHOTO KOAMYeCTBa MeTOA0B AMarHOCTIYeKOTO TeCTU-
pOBaHIL B IIpeACTaBA€HHOM 0030pe IIPH ONMCAHNY DBOAIOIIN-
OHHOTO ITyTU CITOCOOOB U MHCTPYMEHTOB MMMYHOaHaAM3a 00-
pamaloT Ha cebs BHUMaHNe AUIIL Te, KOTOpble 3a4e/ICTBOBaHbI
B peaAbHOII IpaKTKe AabopaTOPHOIO ¥ BHeAabOpPaTOPHOTO
TeCTUPOBaHMS.

KioueBble ca0Ba: aHTUTeAa, aHTUTEHBI, CEPOAVATHOCTIIKA, IM-
MYHOaHaAW3a, ITAIOTMHAIVANMMYHO-(pepMEeHTHBIN aHaAM3,
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Applications of analytical tools range from the diagnosis of plant and animal
diseases and the monitoring of human health (including both pathological processes
and somatic conditions), to the testing of biological specimens in field and in
laboratory settings, to the study of natural disasters and the consequences of active
human interference with the environment (wars, ecological disasters, etc.). These
tools underpin the methodologies used to objectively evaluate phenomena associated
with living organisms.

Immune-analytical systems currently dominate global diagnostic sales. At
the same time, growing attention is being paid to nucleic acid fragment detection
tests, flow cytometry (which enables simultaneous assessment of a broad range of
indicator factors), and various systems suitable for in situ analysis. As diagnostic
equipment develops and becomes increasingly complex, there is a need for more
research into improving the stability and shelf life of analysis reagents. This is
particularly important under diverse environmental conditions, including variations
in temperature and humidity. Equally important is minimizing reagent consumption
per test, a requirement that extends beyond instrumentally arranged systems [1].

Every story has its beginning

When, in 1890, von Behring and Kitasato obtained antiserum against diphtheria
and tetanus toxins and demonstrated its neutralizing properties, few could have
anticipated that this would mark the dawn of the serological research era. Their
work paved the way to systematic studies of antibody properties and their role in
bacterial infections. The diagnostic value of antibody detection was soon confirmed
for diseases such as typhoid fever [2] and syphilis [3]. Yet the use of antibodies—
originally identified as a key defense mechanism against infection —extended beyond
infectious disease diagnosis.

Specificity is a defining feature of antigen-antibody interaction. This became the
foundation not only for studying microorganism cell antigens but also for detecting a
wide range of molecules, including those with a molecular weight above 5000 Da. It
has been demonstrated that smaller molecules (haptens) cannot, on their own, induce
the production of specific antibodies. However, when conjugated to a larger carrier
(e. g., bovine serum albumin), they can elicit antibody production with the required
specificity [4].

In 1930, Karl Landsteiner received the Nobel Prize for his discovery of human
blood groups identification, work that began in 1900 when he first described the
agglutination of red blood cells in one person caused by the serum of another
individual. Immunoassay, as an empirical method for antigen study, rested on two
fundamental insights: the specificity of antibodies, and the quantitative character of
antibody-antigen interactions. It was demonstrated [5] that the ability of antiserum
to precipitate soluble antigens represents a quantitative reaction of antibody-antigen
interaction. This was demonstrated using Vibrio cholerae culture medium, described
in the late 19" century [6].

The basis of analysis is specificity! But what is the basis of specificity?

In his pioneering paper on the quantitative evaluation of diphtheria antiserum,
Paul Ehrlich formulated fundamental principles of antibody formation and
specificity [7]. His work laid the foundation for immunochemistry development, and
outlined approaches to studying quantitative antigen-antibody interactions. Later,
Heidelberger introduced methods for quantitively evaluating precipitation. He also
became the first to obtain a purified antibody product.
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The polyvalent specificity of antisera results in antigen precipitation, which became
the foundation for modern immunoassay methods. Antibodies in antiserum bind to
multiple antigenic determinants on complex antigens, forming a three-dimensional
precipitate lattice that sediments when optimal antigen-antibody concentration
ratios are reached. Although this principle was established in theory [8], it could not
be applied in practice even in simple immunoassay methods with single-antigen
systems. This limitation was overcome when researchers showed that diffusion of
antibodies and antigens in the liquid phase across the surface of adjoining agar gels
could be used to evaluate their relative concentrations by the location of precipitation
bands [9]. This breakthrough led to the development of the double-immunodiffusion
assay in gel, which, with minor modifications, remains widely used today [10; 11].
For the first time, this method enabled the characterization of antigenic interaction
between molecules and the assessment of antiserum specificity.

Subsequent innovations led to the development of immunoelectrophoresis
technology [12], followed by quantitative radial immunodiffusion assays [13]. The
discovery of antigen electrophoretic migration in gels in complex with antibody
precipitation formed the basis for the development of rocket immunoelectrophoresis
method [14], which allowed rapid quantification of individual antigens in mixtures
using monospecific antibodies incorporated into gels. A further modification, two-
dimensional (crossed) immunoelectrophoresis, made it possible to perform both
qualitative and quantitative analysis of complex antigen mixtures using polyspecific
antisera.

Gel precipitation methods played a significant role in antigen analysis and
quantification, and were widely used to assess antibody specificity and determine
precipitating antibody titers. However, their sensitivity rarely exceeded 5 pg/ml, and
they could not be applied to quantify low molecular weight antigens that formed
only soluble complexes. These limitations spurred the development of alternative
approaches to antigen quantification.

In 1945, Coombs and colleagues introduced an assay [15] first described by
C. Moreschi in 1908, in which antihuman immunoglobulin antiserum induced the
agglutination of erythrocytes (EA) coated with the corresponding immunoglobulins.
This reaction, later known as the Coombs antiglobulin test, became an important
clinical tool. Additionally, Coombs was the first to use erythrocytes as an indicator
system in immunoassays, paving the way for the creation of numerous erythrocyte-
based diagnostic methods [16; 17].

Erythrocytes can bind not only antibodies specific to their membrane antigens
(direct tests) but also antibodies targeting antigen-coated erythrocytes (indirect or
passive tests). This principle gave rise to additional methods, such as the antigen-
coated erythrocyte agglutination assay [18—23]. In both direct and indirect quan-
titative hemagglutination tests, an erythrocytes suspension is added to serial dilu-
tions of antiserum. If a given dilution contains enough agglutinating antibodies to
cross-link surface antigens on neighboring erythrocytes, the cells clump together,
or agglutinate; otherwise, they settle to the bottom of the wells in a microtiter
plate, forming a compact plaque. The titration endpoint, or serum titer, is defined
as the highest dilution that still causes erythrocyte agglutination. For their time,
hemagglutination tests represented a major breakthrough in immunodiagnostics,
offering high sensitivity, specificity, and technical simplicity.

Further progress came in the late 1970s and early 1980s with the development
of the erythroimmunoadsorption method (EIA) [24—26]. This approach relied on a
simple detection system where erythrocytes served as a visual indicator, functioning
as optically dense corpuscular labels. The key event in EIA was the affinity binding
of marker erythrocytes on the walls of U- or V-shaped wells in the immunosorbent
carrier, to specifically bound target ligands (antigens or antibodies). While the method
offered a convenient one-step detection scheme, assay’s simplicity, cost-effectiveness
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and accessibility of the corpuscular label, these strengths were offset by low sensitivity,
lack of responsiveness and the instability of erythrocyte markers. These shortcomings
were largely overcome by the works of Plaksin, who developed a technology for
producing stable erythrocyte-based diagnostics and designed an original ultramicro
EIA method with superior analytical and procedural performance. This method was
successfully applied in the diagnosis of a wide range of diseases.

Tools: replace or supplement?

The development of immune-analytical tests proceeded in two main directions.
The first involved the integration of detection instrumentation into immunoassays.
While this made diagnostic efficiency and outcomes dependent on advancements in
optics, physics, mechanics, electronics, and related fields, it also allowed results to be
quantitively formalized. The latter greatly improved accuracy, reproducibility and
sensitivity by reducing much of the subjectivity in result interpretation.

The second direction focused on enhancement methods based on the principles
and best practices of hemagglutination and erythroimmunoadsorption. Specifically,
it involved developing and optimizing instrument-free analytical systems with direct
visualization of stereospecific interactions.

The pioneering work of Berson and Yalow was the beginning of the widespread
use of radioisotopic labeling in immunoassays. They demonstrated the extraordinary
sensitivity of detecting trace amounts of radioiodine-labeled insulin through its
binding to specific antibodies. This achievement led to radioimmunoassay (RIA)
being used to measure very low concentrations of serum insulin, which quantitatively
competed with a radioactive hormone for corresponding antibody binding [27]. The
principle of competitive inhibition with standardized radioactive antigens soon
became a universal strategy for liquid-phase RIA, widely used to quantify hormones,
pharmaceutical drugs, and other low-molecular-weight ligands.

RIA methods evolved along two main lines. On the one hand, there were
improvements in labeling techniques and expansion of anti-ligand types that could
be modified with radioactive isotopes. On the other, significant effort was directed
towards the enhancement of the signal registration during detection processes, which
gave rise to two distinct approaches: instrumentally arranged immunoradiometric
assays (IRMA) and photodetection in radioautography [27 —31]. In recognition of her
work in developing RIA, Rosalyn Yalow was awarded the Nobel Prize in Physiology
and Medicine in 1977.

Another important milestone in immunoassay development was the introduction
of the non-competitive radioallergosorbent test (RAST), first described in 1967 [32].
A simple and visually interpretable heterogeneous assay was used, later adopted by
numerous researchers, where anti-IgE antibodies were immobilized on a solid phase.
The immune complex that formed after the contact with test samples containing IgE
was detected using iodine-131-labeled secondary antibodies.

At the same time, several factors limited the widespread diagnostic use of RIA: the
need for special work conditions with radioactive isotopes; the reliance on expensive
equipment and qualified personnel; the limited lifetime of radioactive labels; as well
as associated health risks.

«Veni, vidi, vici»

The inherent drawbacks of RIA, combined with advances in enzymology,
stimulated the development of novel immunochemical methods based on the use
of various enzymes as labels. In the early 1970s, three research groups (in Sweden
[33—36], Netherlands [37], and the United States [38]) independently proposed
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the enzyme-linked immunosorbent assay (ELISA) in nearly identical forms. This
development was foreshadowed by earlier studies demonstrating the possibility of
conjugating enzymes with antibodies and antigens [39; 40].

Engvall and Perlmann described an assay that used an alkaline phosphatase-
antibody conjugate. In this system, soluble IgG and the conjugate-bound IgG competed
for binding to antibodies immobilized on a solid phase. Quantification of the ligand
was achieved by measuring the enzymatic conversion of colorless p-nitrophenyl
phosphate into yellow p-nitrophenol, detected by absorbance at 400 nm. Shortly
thereafter, Van Weemen and Schuurs used horseradish peroxidase as the enzyme
label in a conjugate system for quantifying urinary chorionic gonadotropin [37].
These two enzymes — alkaline phosphatase and horseradish peroxidase — became
the primary tools for subsequent ELISA development.

The fact that specific reaction components interact on a solid-phase surface, and
that their sequential replacement is possible, became the basis for designating such
assays as solid-phase or heterogeneous. In contrast, homogeneous assays occur within
the reaction mixture volume and involve similar steps but without dependence on a
solid phase. Indeed, the advent of ELISA marked the beginning of an entire era of
immune-analytical methods, the development of which continues today [41—46].

Since the early 1970s, ELISA methods have become widely used in medical
diagnostics, biotechnology, and laboratory practice, largely replacing alternative
techniques due to their distinctive advantages. Enzyme-linked immunosorbent assay
is highly sensitive and allows simultaneous processing of multiple samples in fully
or partially automated systems, without requiring extensive sample purification and
preparation.

Nevertheless, ELISA has some drawbacks. It requires demanding storage
conditions, and both both substrates and enzymatic reaction products are unstable.
These issues reduce the reliability of the enzyme-linked immunoassay test systems.
ELISA efficacy is determined by the quality of the solid phase (its capacity to bind
and stably preserve anti-ligands), the quality of immunospecific reagents, enzyme
activity (as the main component of the reporter system), the properties of the substrate
system, and the accuracy of the recording equipment.

Much of what has been stated about ELISA equally applies to immunofluorescence,
another important immunoassay variant. In 1950, it was shown that fluorescent dyes
could covalently bind antibodies without compromising their specific binding ability
[47]. Subsequent development of fluorescence-based methods progressed along two
parallel paths. Methodologically, immunofluorescence closely resembles enzyme-
linked immunosorbent assay. The only difference is that the enzyme label requires
a substrate for visualization, where the conversion product serves as a quantitative
measure of the target ligand, whereas a fluorescent label 'shows’ it directly through
its own emission. In both assays, reliable result detection equipment is essential: an
ELISA reader for enzyme-based assays and a fluorimeter for fluorescence-based
assays. In each case, the results are formalized by a device that compares either
the colorimetric difference between reference and test samples or their relative
fluorescence intensities [48 —51].

Chemiluminescent immunoassay combines features of both ELISA and
immunofluorescence. Its defining feature is the detection of specific interactions
through the registration of luminescent energy released by a chemical reaction
[52]. This method has become widely used and is well established, primarily due
to advanced detection equipment, which provides excellent analytical performance
with particularly high sensitivity. The synthesis of affinity compound-luminophore
conjugates is generally similar to that of fluorescent reagents [53 —55].
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There is no limit to perfection!

The development and improvement of immunoanalytical researches equipment,
advances in the synthesis of fluorochrome conjugates and affinity compounds, and
most importantly, researchers’” desire to obtain quantitative data rather than solely
visualizing cells and tissues in microscopy, led to the emergence of flow cytometry.
First described in 1976 [56; 57], flow cytometry provided a means to detect the
distribution of cellular antigens that were difficult or impossible to observe with
conventional microscopy, while also offering faster and more accurate analysis.

Flow cytofluorimetry has developed more rapidly than any other quantitative
immunoassay technique. It allows the evaluation of antigen expression at the level
of cell population. Individual cells labeled with fluorescently tagged antibodies
exhibit varying luminous intensity depending on their antigen expression. The flow
cytometer automatically detects and records these fluorescence signals for each cell.
This method can reliably detect even small populations of cells expressing target
antigens at very low frequencies.

The high-speed analytical capacity of flow cytometry enables precise quantification
of fluorescent labels in individual cells. By using two or more antibody preparations
with different specificities, each labeled with a distinct fluorochrome, it is possible
to assess the expression of molecules reacting with these antibodies across the entire
investigated cell population. Experimental results, along with controls, can be stored
and used for comparison in subsequent experiments [58 —61].

Inessence, aflow cytometerintegrates the operational principles of both fluorescence
microscopy and hematology analyzers. It combines three core components to
implement the method: a light source with a flow system, an optical system, and an
electronic data processing module [62—69].

The evolutionary development of immunological diagnostics detailed in this paper
can be seen as a continuous path of technological improvement in detection systems.
It originated from researchers” desire to quantitatively formalize immune complexes
formation using instrumental techniques. This ongoing process of advancement, and
the increasing complexity of instrument-based methods, began with the simplest
photoelectric colorimeters, which measured changes in luminous flux intensity
passing through turbid solutions. These devices led to the the turbidimetric assay
(from Latin turbidus — murky) [70—74].

Although the development of immunoassay techniques has been closely associated
with advancements in instrumental result registration, they do not cover the full
range of possible methodological approaches. This article focuses only on analytical
methods that are widely used in global diagnostic and scientific research practice.
Literature describes numerous alternative techniques developed in specific research
laboratories [52; 75—85]. These methods illustrate the broader potential of analytical
approaches rather than representing a strategic focus in diagnostic science.

The great Darwin proved that simplification is also
a mechanism of evolutionary development

An analysis of the evolution of immunological research methods would be
incomplete without considering an alternative trajectory of analytical development:
namely, instrumental-independent techniques. Numerous agglutination tests
using erythrocytes as indicator systems form the foundation of a distinct branch of
analytical immunochemistry. These methods focus on the detection of stereospecific
interactions through diagnostics with indicator element either generated through
colorimetric reactions or inherently colored and visible to the human eye. This feature
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makes the tests suitable for “in situ” and “at-home” testing, now more commonly
referred to as “point-of-care” testing, which is currently a major development priority
in immune-analytical assays.

All these methods share a key feature: they are either entirely or almost entirely
instrumental-independent. They are applied across a range of disciplines, including
biology, medicine, agriculture, and criminology; and are suitable not only for
specialized medical facilities, but also for small clinical laboratories, doctors” offices,
for home and field use.

The evolution of these methods is influenced by two main factors. First, medical
staff require rapid diagnostic assessment during patient encounters. Second, there
is a growing public demand for personal health monitoring. Interest is especially
high for lifestyle-related conditions such as obesity, drug addiction, alcoholism and
atherosclerosis. The current economic climate also favors the development of self-
diagnosis analytical systems. For example, the increasing trend among working
women to delay childbearing has driven demand for ovulation prediction and early
pregnancy detection tools [86—88].

Finally, rapid, instrument-free diagnostic systems are particularly valuable in
clinical and emergency medical settings, where they can facilitate urgent blood
transfusions during acute emergencies or large-scale epidemic events.

Immunoanalytical testing methods have recently gained considerable importance
in veterinary medicine and food industry. They are applied not only in specialized
animal clinics and diagnostic laboratories, but also in field conditions and on
individual farms. Technological innovations originally developed for human disease
diagnostics have proven equally effective in this context [89; 90]. Three main areas of
immunodiagnostic application in veterinary medicine and the food industry are as
follows:

1) fertility assessment, including measurement of progesterone and estrone sulfate
levels in bovine milk [91—95]);

2) diagnostics and detection of infectious diseases, such as parvovirus infection,
leukemia and enteritis pathogens [96—98]);

3) food safety monitoring, including detection of toxins and harmful substances in
produce [99—102].

The development of simplified, instrument-free immunoassay methods essentially
follows the improvement patterns of instrument-based immunoanalytical techniques.
One direction focuses on modifying the solid-phase reagent (immunosorbent) to
increase the amount of sorbed anti-ligand or to incorporate anti-ligand compound
with superior binding characteristics. The other direction concerns improving the
detection method, which can be achieved either by optimizing the characteristics of
the affinity compound bound to the label, enhancing its reporter characteristics, or
increasing the amount of label bound during detection.

Enzyme-linked immunosorbent systems are increasingly used in non-laboratory
settings. Particular emphasis is placed on the substrate systems that generate insoluble
colored products. Horseradish peroxidase, alkaline phosphatase, and glucose oxidase
are the primary enzymes used as labels in such systems.

This approach yields clear visualization of varying colors and staining intensities,
as the enzymatic reaction product accumulates precisely at the sites of enzyme label
localization. Yet this method has significant limitations: enzyme conjugates retain
their analytical properties only for a short period, and the test kits require strict
storage and transportation conditions. Other disadvantages include the instability of
chromogenic substrates and their products, poor solubility of chromogens in water,
insufficient color intensity of certain reaction products, and most critically, toxic,
carcinogenic and mutagenic properties of most of the chromogenic compounds.
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What if it’s even simpler? One step and you're done!

A particularly attractive approach involves the use of non-enzymatic labels, which
enables detection through simple visual readout without the need for multi-step
addition of manifesting components. This method has two main advantages: first, it
ensures the safety of the analysis procedure; second, it reduces labor and processing
time. Fundamentally, the aim was to build upon and refine the original advances in
hemagglutination and erythroimmunoadsorption systems. This involves enhancing
the visualization capabilities of conjugate reporter groups and developing stable,
reproducible methods for diagnostics synthesis.

Researchers have now turned their attention to optically contrastive microparticles
ofbothnaturaland syntheticorigin thathave the potential to serve aslabelsin diagnostic
reagents. Earlier work focused on attempts to use of anti-ligands conjugated with
colloidal gold particles [103—111], likely building on prior experience of using these
particles as electron-dense markers in microscopy [112—115]. This method allowed
direct visual detection of stereospecific interactions without additional visualization
steps. By synthesizing particles ranging in size from 5 nm to 1 um, researchers
produced conjugates suitable for nearly all known assay configurations, as will be
discussed below.

Although technological methods used to obtain colloidal gold particles [116 —120]
will not be detailed here, it is important to note that almost all authors reported
instability of the resulting sols. Particle stabilization was accomplished through the
conjugate synthesis by mixing metastable colloidal sols with antibodies [121]. The
antibody binding capacity was controlled by monitoring red color retention; with
excess anti-ligand causing the colloid color to shift from red to blue. Further conjugate
particle stabilization was achieved through polyethylene glycol supplementation
[118], while more refined size-based fractionation was carried out via density gradient
centrifugation with glycerol or sucrose [121].

Researchers successfully developed a stable, optically contrastive label and a
detectionreagent that maintained stability for several months[122]. However, technical
challenges in producing stable reagents, combined with insufficient sensitivity due to
the label’s low chromophoricity, have limited their widespread use. The large-scale
introduction of colloidal gold particle-based detection systems into the diagnostic
market has not been realized. Presumably, these systems could not compete with
more contrast-rich and stable diagnostic reagents, although they did find application
where high sensitivity is not required [179].

Colored liposomes have been proposed as particle labels in approaches that enable
simple visual result interpretation. One illustrative liposome preparation method
involves first mixing a egg lecithin in a chloroform/methanol system with cholesterol
in chloroform, followed by replacing the organic solvent with water. Such particles can
carry detectable marker under defined conditions; for example, phosphatidylcholine-
based liposomes are saturated with sulforhodamine B, and antibodies specific to
human chorionic gonadotropin beta-subunit are covalently attached to their surface.
Antibodies targeting the hormone’s alpha-subunit are immobilized on a nitrocellulose
filter. After sample interaction with the membrane carrier and subsequent incubation
with liposome-conjugated antibodies, matrices with distinct spot patterns are formed.
A similar approach was successfully implemented in digoxin immunoassay, achieving
detection for substance concentrations of 1—2.5 ng/ml in serum [123—125]. In this
system, liposomes bound to immune complexes were lysed, and ligand concentration
was determined either from the quantity of enzymes released during liposome lysis
(horseradish peroxidase or alkaline phosphatase), or from the quantity of dyes
saturating the colloidal particles. Despite these successes, liposomal diagnostics
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methods have not been widely used in analytical practice, likely either due to the
instability of liposomes under changing conditions (pH, ionic strength) resulting in
colloid degradation, or to the insufficient label contrast for reliable results.

Latex particles offer substantially greater potential and can be manufactured in a
wide size range, similar to colloidal gold particles. Efforts in latex particle synthesis
have focused on obtaining functionally active particles with surface groups that are
capable of covalent binding to proteins. The glutaraldehyde method represents a
straightforward approach to crosslinking affinity compounds to particle surfaces.
It established covalent bonds between amino groups on latex particles and target
peptides [123]. The use of latex diagnostics in various arrangement formats enables
the development of a broad spectrum of analytical systems: agglutination tests (for
e. g., streptolysin antibody detection, leptospirosis diagnosis [126—129]), group A
streptococcus detection [130—132]; immunochromatographic (lateral flow) assays
that provide results within 3—5 minutes (for e.g., pregnancy testing via urinary
human chorionic gonadotropin detection) [133; 134]; group A streptococcus
detection [135; 136]; influenza diagnostic [137; 138]; and fertility monitoring [139;
140]. Limitations include insufficient sensitivity due to chromophore properties,
strict technological requirements for synthesis which increase the risk of non-specific
interactions, insufficient stability of latex microspheres during storage (anti-ligand
leakage), particularly under non-ideal conditions (e.g., temperature fluctuations),
and the hook-effect, which is discussed further below.

Magnetic particles, whose early development was linked to latex technology, are
noteworthy for immunoassays, although they require special equipment to realize
their potential. Norwegian researchers were among the first to study magnetic
particle applications [141; 142], using 4.5 pm magnetic particles to isolate T- and
B-lymphocytes from blood. For this purpose, latex particles were loaded with
magnetic compounds, and monoclonal antibodies were crosslinked to the polystyrene
surface. Following incubation with whole blood, the particles were separated with
cobalt-samarium magnets and subsequently analyzed for quantitative evaluation,
essentially establishing a magnetic separation technique for sample preparation.
Recent years have seen significant advances in applying magneticiron-carbon particles
to immunoassays based on nuclear magnetic resonance. In these constructions, the
reporter moment is the change in the fixed proton relaxation time (T2) in the system
containing an affinity compound initially adsorbed on a solid phase, the target
ligand, magnetic iron-carbon particles functionalized with ligand-specific molecules
like antibodies. The proton relaxation time in such a system is inversely proportional
to the quantity of magnetic particles bound by the immune complex, which in turn
is proportional to the quantity of bound ligand [143; 144]. This method illustrates
a hybrid immunodetection approach because it complements the spectrum of both
instrumental and non-instrumental immunoassay systems, as both principles are
present in the test procedure [145; 146].

Several attempts have been made to develop original detection systems based on
any optically dense particles, including spherical particles of silicon dioxide [147 —
149], polyacrylamide microspheres with a diameter of 3—10 um [150], iron (III) oxide
particles [151], colored polymers [152; 153], and elemental particles (sulfur, selenium,
tellurium, and phosphorus [154 —158]). While all these attempts produced functional
analytical systems, they were not adopted in global diagnostic practice. Based on our
experience in the field, this can be attributed to limitations in sensitivity, specificity,
and stability of reagents, which in turn affect overall reliability of such systems.

Of particular interest there are studies using dyes as labels. Unlike dyed latex
particles, where the loading of chromophores is constrained by the physicochemical
parameters of the heterogeneous organic phase / dye system, these approaches use
the dye particles themselves as immobilisation matrices for affinity compounds [159 —
163]. This configuration achieves complete chromophore saturation. Immunoreagents
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are produced from water-soluble dyes, which can be converted into fine suspensoid
particles in the aqueous phase. Under optimized conditions, the particle surface
sorbs well due to hydrophobic interactions and electrostatic forces of various
immunoreactive compounds, forming convenient reagents for immunodiagnostics.
However, commercial application is greatly limited by instability, particularly under
variable storage conditions, including temperature, pH, and ionic strength of the
solution.

The issues discussed above underscore major trends in the evolution of detection
methods used in immunoassay systems. It is evident that, to satisfy the demands of
the developing test systems, detection components themselves must combine at least
two elements optimally: a signal-generating element with reporter properties that
require no additional steps or efforts for visualization or amplification, and an anti-
ligand with sufficient affinity and specificity. A critical factor in test kits development
is the stability of these components, particularly the bonding strength between
the label and the immunoreactive compound, which is typically achieved through
covalent bonding. Equally important is the stability of the label itself, which is
determined by its origin. Beyond these component requirements, the development of
new high-efficiency detection also hinges on the establishment of robust production
technologies, ensuring the generation of durable and stable reagents. Consequently,
the main challenges in immunoanalitical systems development include both the
careful selection and optimization of component preparation methods, on the one
hand, and the design of novel high-yield synthesis technologies for detection reagents,
on the other.

As noted above, erythrocytes, dyed latex particles, colloidal gold, and other
materials have been used as labels in detection reagents development. This article will
primarily focus on analyzing the current state of suspended dye particles as labeling
agents, which will be discussed in the sections below.

For several years, Adamov pursued the development of suspension antigens
and antibodies as immunodiagnostic reagents [164]. By the late 1960s, Adamov’s
research stopped for unclear reasons. His approach involved using suspension
antigens and antibodies as diagnostic reagents. The antigens and antibodies were
immobilized onto particle surfaces via adsorption. To achieve this, various stable in
saline solution compounds—including rosolic acid, phenol red, phenolphthalein,
alizarin, lead hydroxide hydrate, carmine, methyl orange, thionine, bismuth citrate,
a-aminoanthraquinone, dermatol, infusorial earth, polyvinyl chloride F, thymol
blue, anthragallol, animal charcoal, and tribasic calcium phosphate —were mixed
with solutions of either antigens or immune serum. The resulting reagents were
used to detect relevant antibodies and antigens through agglomeration reactions,
essentially functioning as agglutination tests. The cessation of this research may have
been caused by the following factors: 1) difficulty in producing stable suspension in
solutions; 2) instability of the reagents during storage; 3) a high degree of nonspecific
interactions.

Nearly 15 years later, an article [165] presented a practical approach to the same
concept of developing immunodiagnostic reagents for direct visualization with the
usage of hydrophobic dyes as labels. The dyes included four Palanil colors, two Terasil
colors, Cubacet, Foron, Resolin, Procinyl, and four Samaron colors. The researchers
obtained conjugates of suspension particles of dyes with sheep, rabbit and mouse
monoclonal immunoglobulins against hCG. The same method of direct sorption of
immunospecific compounds on the particles surface was used. The reagents enabled
the hCG determination in the agglutination reaction, but the stability of these reagents
did not exceed 2.5 months. Later, the same author reported improvements in assay
sensitivity using the previously described reagents, achieving detection limits of
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2—13 IU/L for hCG and 10—1000 ng/mL for alpha-fetoprotein in a sandwich assay
format. Despite these enhancements, the problem of reagent storage stability persisted
[159].

These challenges likely account for the absence of commercial diagnostic kits
with instrument-free test systems with direct ligand visualization via colorimetric
dyes in the global biotechnological market. Nevertheless, the attractive prospect of
highly sensitive direct visualization continues to drive research efforts toward new
diagnostic reagents.

In their search for high-contrast labels, researchers explored the use of tetrazolium
salts and their reduced forms—formazans—for staining latex microspheres [166—
168]. The intense blue and violet colors of reagents based on tetrazolium salts and
formazans offer distinct advantages over derivatives of metallic and non-metallic
compounds. However, these conjugates still face the same stability and sensitivity
limitations. Nevertheless, in the current instrument-free tests diagnostic market, latex-
based systems (primarily those configured for immunochromatography) remain the
dominant technology.

Researchers eventually turned their attention to colloidal carbon particles, whose
intense black color suggested superior potential for reagent development. Early
investigations were advanced by two pivotal studies that systematically evaluated
the possible use of colloid carbon particles in immunodiagnostics [169; 170]. Both
articles reported detailed methodologies for preparing conjugates based on carbon
black particles (namely, products from Cabot Corporation, Vulcan & Monarch, USA),
and outlined application methods of the obtained reagents in immunoanalytical
systems of different formats. Importantly, the method for producing these diagnostic
reagents still relied on non-covalent conjugation of immunoreactive compounds to
the carbon particles.

The main practical challenges lie not only in enhancing detection system sensitivity
through optimal reagent selection, but also in ensuring reagent stability in commercial
test kits. This requires developing conjugation methods that facilitate strong covalent
bonds between affinity compounds and detection labels. Successful resolution of
these challenges would enable the introduction of fundamentally new instrument-
free analytical systems to the diagnostic market.

Research initiated in the early 1990s deserves particular attention. For the first
time, a technology was developed and validated that addressed both critical
requirements for advancing instrument-free diagnostics: strong covalent binding of
affinity compounds and the use of the most optically contrasting label (a nanosized
colloidal carbon particle) [180]. This achievement led to the creation of a functional
diagnostic system and a wide array of test-system models. In terms of both analytical
and procedural characteristics, they successfully competed with instrument-based
enzymatic test systems [171—175]. By employing a highly visible non-instrumental
contrast label and a covalent binding mechanism for the affinity compound, the
researchers ensured reliable diagnostics. The size and properties of the carbon label
facilitated the development of functional instrument-free assay systems across all
express-test formats, including dot-blot assays on both non-porous and porous solid
phases (including multiplex versions, [171; 173]), immunochromatography (IC), and
immunofiltration (IF) [175; 179].

Recent research has introduced a new approach to enhancing the sensitivity of
simplified testing systems with nanozymes—nanoparticles of various compositions
that exhibit horseradish peroxidase-like activity. A representative example is protein
nanoparticles impregnated with hemin molecules. These diagnostic reagents
demonstrate horseradish peroxidase-like activity in the presence of hydrogen
peroxide, catalyzing the conversion of the substrate (TMB) with a visible color change
[176].



Advanced targets in Biomedicine 2025 19 of 107

Prussian blue nanoparticles also exhibit horseradish peroxidase-like activity that
exceeds the activity of the natural enzyme [177; 178]. The synthesis of Prussian blue
nanoparticles involves the controlled mixing of two iron salts. These promising
peroxidase alternatives have the potential to replace horseradish peroxidase (HRP),
thereby alleviating significant challenges and costs associated with isolating HRP from
natural sources. This approach offers several advantages: eliminating labor-intensive
purification processes required to achieve reagent purity, and using substantially
cheaper and more readily available starting materials for nanoparticle synthesis.

As for the arrangement formats of non-instrumental test systems, the field
demonstrates low diversity. There is little transition from agglutination tests in wells
of immunoassay plates or Terasaki plates to dot-analysis, immunochromatography,
and immunofiltration. Currently, IC systems dominate the market, which presents a
curious paradox. The IC method has one major drawback, namely, the hook effect.
In certain conditions, it can significantly distort measurement results, particularly
at high concentrations of the target ligand. IF systems are free from this problem.
However, the number of IF systems on the diagnostic market is notably lower. This
discrepancy may be explained by both the technological complexities of IF diagnostic
systems production and by manufacturer conservatism.

Conclusions

Thereisno doubt about the constant demand for relevant toolsin diagnostic practice.
At the same time, it is clear that significant improvements in testing metrics remain
essential —particularly in sensitivity, specificity, accuracy, reliability, reproducibility,
accessibility, speed, procedural simplicity, and affordability. It is evident that uniting
all these features, along with their required enhancement, into a single analytical
system is impossible. Therefore, every type of diagnostic testing used in real clinical
practice requires continuous improvement. Fundamental science, in turn, is capable
of designing the tools and materials that practical medicine demands.

Without high-quality diagnostic tools we will not be able to achieve early, accurate,
and accessible detection of disease symptoms (especially before clinical manifestations
appear) together with near real-time patient monitoring and rapid assessment of the
body’s response to therapeutic interventions. At present, this remains an unfulfilled
aspiration for both doctors and patients. However, the analysis of the evolutionary
pathways of testing methods detailed in this article suggests that this goal may
become attainable in the near future.
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Abstract: Examining the pathogenic aspects of tumor transfor-
mation is particularly relevant to understanding the molecu-
lar regulation of oxidative modifications in regulatory proteins
and effector enzymes involved in apoptosis through their inter-
actions with ubiquitin and heat shock proteins.

This study aims to investigate the molecular mechanisms un-
derlying the involvement of heat shock proteins 27 and 70 and
ubiquitin in the oxidative modification of proteins, as well as
the execution of dexamethasone-induced apoptosis in Jurkat
tumor cells under inhibition of heat shock protein 27. It was
assessed how 5-(5-ethyl-2-hydroxy-4-methoxyphenyl)-4-(4-me-
thoxyphenyl)isoxazole at a final concentration of 0.1 uM and/or
dexamethasone at a final concentration of 10 uM affected cyto-
plasmic exposure of phosphatidylserine followed by annexin
V binding, the number of FasL and TNFa receptors, and the
reduction of mitochondrial membrane potential in cells. Their
effects were also examined with respect to the levels of OH*
radicals, free sulthydryl groups of cysteine in proteins, pro-
tein-bound glutathione, oxidized tryptophan residues, bi-ty-
rosine cross-links, carbonyl derivatives of proteins, ubiquitin,
ubiquitin ligase, NFkB, Apaf-1, and heat shock proteins 27 and
70, as well as caspase-3 activity in Jurkat tumor cells.

The observed changes in the levels of heat shock proteins 27
and 70, ubiquitin, oxidative modifications of amino acid res-
idues, and proteins were associated with the execution of
apoptosis in Jurkat tumor cells. When exposed simultaneous-
ly to 5-(5-ethyl-2-hydroxy-4-methoxyphenyl)-4-(4-methoxy-
phenyl)-isoxazole and dexamethasone, Jurkat tumor cells
exhibited correlations between the activation of irreversible
oxidative modifications and the reduction of reversible oxida-
tive modifications of proteins, associated with the execution of
apoptosis involving TNFa and Fas receptors.

The findings indicate that heat shock proteins 27 and 70, togeth-
er with ubiquitin, participate in both reversible and irreversible
oxidative modifications of amino acid residues and proteins, as
well as in the execution of dexamethasone-induced apoptosis
in Jurkat tumor cells when heat shock protein 27 is inhibited.

Keywords: heat shock proteins, ubiquitin, oxidative pro-
tein modification, Jurkat tumor cells, apoptosis, dexametha-
sone, 5-(5-ethyl-2-hydroxy-4-methoxyphenyl)-4-(4-methoxy-
phenyl)-isoxazol
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Pesrome: AKTyaAbHBIM B M3Y9E€HUM ITaTOTEHETMIECKIUX acITekK-
TOB OIIyXOA€BOW TpaHcpOpManuy sABASETCS MOAEKYASPHOE
yIIpaBAeHNe OKICAUTEeALHON MoAu(uKaleil 0eAKOB-peryas-
TOpOB 1 DPPEKTOPHBIX PEePMEHTOB aIIOIITO3a ITOCPEACTBOM X
B3aMIMOAENCTBUs ¢ YOMKBUTMHOM U IIPOTeMHaMM TeIL10BOTrO
moka. Ieap mnccaejosanHus — mMsydeHue MOAEKYAAPHBIX Me-
XaHI3MOB BKJaJa MPOTEMHOB TEIA0BOro moka 27 u 70, youk-
BUTIHA B OKMCANTEABHYIO MOAM(DUKAIINIO O€AKOBEIX MOAEKYA
I peaan3anuio aIloNTO3a OIyXOAeBBIX KAeToK AmHum Jurkat,
CTMMYAMPOBAHHOTO C IIOMOIIBIO AeKcaMeTazoHa Ha (poHe MH-
rMOMpoBaHNUsA MpPOTeNHa TeIA0BOro Ioka 27. VsydyeHo Bam-
stHue 5-(5-9Tna-2-ruagpokcu-4-merokcndenna)-4-(4-MmeTox-
cudeHn)-u30Kca3ola B KoHeuHoi KoHneHTtpaunu 0,1 MxM
/AN AekcameTasoHa B KOHeWYHON KoHneHTpaumu 10 MxM
Ha IMTOIIAa3MaTHUIeCcKyIO Ipe3eHTannio ¢pocdaTuinicepuHa
C IOCAeAYIONIMM CBSI3bIBaHMEM C aHHEeKCHMHOM V, KOAMYeCcTBO
penenitopos K FasL nm TNFa, cHu>keHre MUTOXOHAPUAABLHOTO
IoTeHIIMala KAeToK; Ha cogep-kanne OHe-paankasa, ceodoa-
HBIX CyAb(PIMAPVABHBIX TPYII HOUCTEMHA B IIPOTEeMHAaX, Oea-
KOBO-CBSI3aHHOTO I'AyTaTMOHA, OKMCAEHHBIX aMIHOKICAOTHBIX
OCTaTKOB TpMUNTO(aHa, OUTUPOZMHOBLIX CIIMBOK, KapOOHMAB-
HBIX IIPOU3BOAHBIX O€AKOB, YOMKBUTMHA, YOMKBUTMHANTA3E,
NFKkB, Apaf-1, mporenHos Teraosoro mroka 27 u 70; Ha aKTUB-
HOCTBH KacIla3bl-3 OITYX0A€eBBIX KAeTOK AnHuu Jurkat. Bersasaen-
HOe M3MeHeHle coAep>KaHMs IIPOTEeMHOB TeIlA0BOTO IoKa 27
n 70, yOMKBUTMHA, OKUCAUTEABHOV MOAM(YKALINI aMIHOKIIC-
AOTHBIX PaAMKaAOB M IIPOTEMHOB COIPsIKEeHO C peaausalient
aIroITo3a OIMyXOAeBBIX KAeToK AmHum Jurkat. B omyxozessix
KJAeTKax AuMHumM Jurkat mpm oaHOBpeMeHHOM BO3AeNCTBUU
5-(5-9TnAa-2-rugpokcu-4-merokcudenna)-4-(4-meroxcude-
HIA)-U30KCa3oda M JeKcaMeTa3OHa JOKa3aHbl B3aMOCBA3U
aKTUBAIlM HeOOpaTMMOI M CHIUKEHMS OOpaTMMOI OKUCAU-
TeABHOV MOAUQUKAIIUN IIPOTENHOB C peaar3alyiell alronTo3a
opu ydacTuy nurornaasMmatudecknx perenrtopos TNFa u Fas.
IloayueHHBIe pe3yAbTaThl CBUAETEABCTBYIOT 00 y4acTUM IIpO-
TEMHOB TeI0BOoro 11oKa 27 u 70, yOMKBUTIHA B OOpaTUMON U
HeoOpaTUMOI OKIMCAUTEABHON MOAM(UKALII aMITHOKICAOT-
HBIX PaAMKaloB U IIPOTeMHOB, peaau3alyy CTUMYAMPOBaHHO-
IO JeKCaMeTa30HOM aIloIITO3a B OIYXOAEeBBIX KAeTKaX AVMHII
Jurkat Ha ¢pone MHIMOMpPOBaHMs GeaKa TEI10BOIO II0Ka 27.

Karoudesble ca0Ba: GeAKH TEI0BOIO IIOKa, YOMKBUTIH, OKIC-
AuTeAbHas MOAMPUKaII OeAKOB, OIyX0AeBble KAeTKH Jurkat,
arloITo3, AeKcaMeTas3oH, 5-(5-3Tua-2-ruapokcu-4-meToxcude-
HIA)-4-(4-MeTOKCM(PEeHNA)-M30KCa301
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Introduction

The malfunctioning of programmed cell death is a crucial contributor to the
emergence and advancement of tumors, as well as the development of resistance to
chemotherapy [1; 2]. Cancer cells are perpetually exposed to oxidative stress, and
heat shock proteins (HSPs) function as molecular chaperones, preventing damage
to biomolecules caused by reactive oxygen species within cells [3—7]. The protein
refolding process within cells serves as a critical regulator of essential cellular functions,
encompassing phenomena such as proliferation, differentiation, and programmed
cell death, known as apoptosis [5; 8]. The upregulation of HSPs production in cancer
cells may potentially augment their capacity for survival [4; 9—11].

Oxidative stress overactivation in cancer cells leads to activation of molecular
mechanisms that inhibit apoptosis, with the functional state of protein molecules
playing a crucial role. One molecular mechanism that disrupts apoptosis is the
oxidative modification of macromolecules, with proteins playing a crucial role in the
initiation, execution, and regulation of programmed cell death in cancer cells [12—14].

Hsp27, Hsp70, and ubiquitin play a critical role in protein folding, refolding,
and proteolysis, and also contribute to the regulation of functional activity of both
regulatory and effector proteins within intracellular environments, including those
involved in cell death processes. The specific role of Hsp27 in apoptosis inhibition
is linked to its engagement in the phosphorylation of MEK/ERK signaling cascades
and the subsequent inhibition of p53 activity [15; 16]. Furthermore, it has been
demonstrated that this HSP contributes to the chemoresistance initiation in the
treatment of various cancers, particularly in cases where there is an enhancement in the
Hsp27 expression associated with a change in the topoisomerase II activity [16]. The
influence of Hsp70 on the inhibition of apoptosis is determined by its interaction with
a wide range of molecules, from unfolded to initially folded and aggregated proteins,
thereby providing a cytoprotective role. Elevated expression of Hsp70 in tumor cells
may promote oncogenesis by enhancing resistance to chemotherapy [17]. Activation
of oxidative stress results in a marked increase in the quantity of oxidatively modified
proteins in cancer cells, which can alter their functional properties or target them
for degradation through ubiquitination. Comprising 76 amino acids, ubiquitin not
only directly mediates the covalent modification of proteins (ubiquitination) but is
also subject to phosphorylation, acetylation, and other chemical modifications. These
modifications play a crucial role in regulating cellular processes, including apoptosis,
in eukaryotic organisms [18 —20].

In view of the above, it is essential to examine the roles of molecules such as
chaperones Hsp27 and Hsp70, along with ubiquitin, in protein oxidation and the
induction of apoptosis in cancer cells.

This study aims to elucidate the molecular mechanisms underlying the involvement
of heat shock proteins 27 and 70, and ubiquitin, in the oxidative modification of
proteins and the execution of dexamethasone-induced apoptosis in Jurkat tumor cells
under inhibition of heat shock protein 27.

Materials and methods

In order to achieve the objectives of this study, a Jurkat human T-lymphoblastic
leukemia cell line obtained from the Institute of Cytology of the Russian Academy
of Sciences (St. Petersburg, Russia) was used. Tumor cells were cultured by the
suspension method [21], and only cultures exhibiting more than 95 % cell viability
were included in the experiments.

To study the Hsp27 role in oxidative modification of proteins and dexamethasone-
induced apoptosis, cells were incubated for 18 hours at 37 °C in an atmosphere



Cospemeniivie Hanpasaetus 6 uomedutjutie 2025 34 of 107

containing 5 % CO, with the following additives: The Hsp27 inhibitor —5-(5-ethyl-
2-hydroxy-4-methoxyphenyl)-4-(4-methoxyphenyl)-isoxazole (KRIBB3) from Sigma-
Aldrich (USA), at a final concentration of 0.1 uM [22] and/or apoptosis inducer,
dexamethasone (DEX), (Sigma-Aldrich, USA) at a concentration of 10 uM [21].

After incubation, the cells were rinsed three times with 0.01 M sodium phosphate
buffer (pH 7.4; Amresco, USA) and then used to assess the number of cells displaying
cytoplasmic exposure of phosphatidylserine followed by annexin V binding, as well
as the expression of FasL and TNFa receptors. Cells exhibiting reduced mitochondrial
potential were identified by flow cytometry following the manufacturer’s instructions.
To assess NFkB, Apafl, Hsp27, Hsp70, ubiquitin, and ubiquitin ligase content, a cell
lysate was prepared using protease inhibitors from Amresco, USA. To determine
the concentration of free cysteine sulfhydryl groups in proteins and protein-bound
glutathione, cell lysates were deproteinized with a 5 % solution of sulfosalicylic acid
from Sigma-Aldrich, USA. To assess the activity of caspase-3 and the content of
oxidized tryptophan, bityrosine, carbonyl derivatives of proteins, and OH* radicals,
the cell suspension was resuspended in a buffer containing 1 % Triton X-100 from
Sigma-Aldrich, USA.

In previous studies [21; 23], a detailed methodology was provided for determining
the number of cells positive for annexin V, expressing FasL and TNFa receptors on
their cytoplasmic surface, and exhibiting reduced mitochondrial potential. Methods
were described for assessing levels of OH* radicals, NFkB, Apaf-1, ubiquitin, ubiquitin
ligase, free SH groups in proteins, protein-bound glutathione, oxidized tryptophan,
bityrosine, carbonyl derivatives of proteins, total protein content, and caspase-3
activity.

Wes}ftern blot analysis was employed to measure the content of Hsp27 and Hsp70.
Primary monoclonal antibodies specific to the phosphorylated form of Hsp27 (Sigma-
Aldrich, USA) were used at a 1:2000 dilution. For Hsp70, antibodies from Sigma-
Aldrich (USA) were used at a 1:1000 dilution. For comparative analysis, -actin,
a cytoskeletal protein, served as the control. Data were processed using ImageJ2x
software (version 2.1.4.7), developed by Wayne Rasband at the National Institutes of
Health (USA).

Statistical analysis was carried out using Statistica 6.0 software for Windows. The
Shapiro—Wilk test was applied to assess the normality of data distribution. The
results indicated that the data did not follow a normal distribution at a significance
level of p <0.05; therefore, the median (Me), first quartile (Q,) and the third quartile
(Q,) were calculated. To assess the statistical significance of differences between
independent samples, the nonparametric Mann—Whitney U test with Bonferroni
correction was applied. Correlations between the indicators were evaluated using
Spearman’s correlation analysis at a significance level of p <0.05.

Results and discussion

Maintaining the balance of cellular processes is essential for cellular health. Using
specialized molecular detectors, critical metabolic parameters are carefully controlled
and kept within acceptable ranges. These molecules are signaling proteins that
change their conformational structure in response to reactive oxygen species. Any
factors that disrupt cellular balance trigger internal mechanisms designed to restore
the equilibrium of biochemical processes within the cell [5].

Tumor cells exhibit excessive proliferation, disrupted differentiation, and defective
apoptosisregulation. Therefore, there is an urgent need to investigate their metabolism
at the molecular level. Heat shock proteins offer promising molecular targets for
developing technologies that can regulate apoptosis in tumor cells [15; 24].

Establishing the relationships between the levels of Hsp27, Hsp70, and ubiquitin,
oxidatively modified proteins and amino acid residues, and apoptosis in Jurkat tumor
cells treated with 5-(5-ethyl-2-hydroxy-4-methoxyphenyl)-4-(4-methoxyphenyl)-
isoxazole and dexamethasone had scientific relevance.
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The role of Hsp27 is linked to oxidative stress and activation of oxidation
modifications of proteins and amino acid residues, as revealed by our study of
dexamethasone-mediated apoptosis induction in the Jurkat cell line. When combined,
DEX and KRIBB3 increased the levels of OH* radicals by 551.5 % (p < 0.05) compared to
untreated cells (523.00 [415.10—719.37] nmol/mg protein). Additionally, in this group,
a decrease of 85.7 % (p <0.05) was observed in the concentration of free sulthydryl
groups in cysteine residues of proteins compared to the levels in the intact group
(Fig. 1). A rise in intracellular concentration of hydroxyl radicals was accompanied by
oxidative modifications of proteins. Specifically, simultaneous administration of DEX
and KRIBB3 resulted in a significant 207.3 % increase (p <0.05) in protein carbonyl
content, accompanied by a 31 % decrease (p<0.05) in protein-bound glutathione.
Moreover, ubiquitin levels were reduced by 24.6 % (p <0.05) compared to untreated
cells (Fig. 1, 2). The levels of oxidized amino acid, such as tryptophan, bityrosine and
ubiquitin ligase were comparable to those observed in the intact cell group. Thus,
the simultaneous addition of DEX and KRIBB3 resulted in a significant increase
in the number of annexin-positive cells by 1165.4 % (p <0.05), cells with reduced
mitochondrial potential by 302.5 % (p <0.05), Fas-positive cells by 1844.2 % (p <0.05),
and TNF Rl-positive cells by 676.8 % (p <0.05). NF«B levels increased by 131.5 %
(p<0.05) and caspase-3 activity by 319.7 % (p<0.05), while Apaf-1 concentration
decreased by 46.6 % (p <0.05). The levels of Hsp27 and Hsp70 were comparable to
those observed in the intact cell group (Fig. 2, 3).
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Fig. 1. Influence of the heat shock protein 27 inhibitor on indicators
of oxidative modification of proteins and amino acids during dexamethasone-induced
apoptosis in Jurkat tumor cells, %

Note: DEX stands for dexamethasone; KRIBB3, 5-(5-ethyl-2-hydroxy-4-methoxyphenyl)-4-
(4-methoxyphenyl)-isoxazole; Protein-SH, free SH groups of protein; Protein-SSG, protein-
bound glutathione; Carbonyl proteins, protein carbonyl derivatives; Oxidized tryptophan,
oxidized tryptophan residues; Bityrosine, dityrosine; * indicates statistically significant
differences (p <0.05) compared to the intact Jurkat group; # indicates statistically significant
differences (p <0.05) compared to the Jurkat + DEX group; ¢ indicates statistically significant
differences (p <0.05) compared to the Jurkat+ KRIBB3 group. The sample size is 5. Values
for the intact Jurkat group were set at 100 % (protein-SH content: 1.26 [1.08 —1.34] nmol/mg
protein; protein-SSG content: 0.42 [0.40—0.57] nmol/mg protein; protein carbonyl derivative
content: 0.382 [0.379—0.388] nmol/mg protein; oxidized tryptophan content: 25.19 [22.14—
38.30] units/mg protein; dityrosine content: 0.76 [0.51 —1.52] units/mg protein).
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Fig. 2. Influence of the heat shock protein 27 inhibitor on the levels
of NF«B, Apaf-1, ubiquitin, ubiquitin ligase, and heat shock proteins 27
and 70 during dexamethasone-induced apoptosis in Jurkat tumor cells, %

Note: DEX, dexamethasone; KRIBB3, 5-(5-ethyl-2-hydroxy-4-methoxyphenyl)-4-(4-
methoxyphenyl)-isoxazole; Hsp27, heat shock protein 27; Hsp70, heat shock protein 70;
Ubiquitin, ubiquitin; Ubiquitin ligase, ubiquitin ligase. * indicates statistically significant
differences (p <0.05) compared to the intact Jurkat group; # indicates statistically significant
differences (p <0.05) compared to the Jurkat + DEX group; ¢ indicates statistically significant
differences (p <0.05) compared to the Jurkat+ KRIBB3 group. The sample size 5. Values for
the intact Jurkat group were set at 100 % (NFxB: 3.106 [3.095—3.128] units; Apaf-1: 1.884
[1.856—1.917] units; Hsp27: 2.890 [2.340—2.993] units; Hsp70: 4.614 [4.416—4.710] units;
ubiquitin: 3.177 [3.099 —3.412] units; ubiquitin ligase: 1.672 [1.588 —1.711] units).

One of the most reactive oxidative species is the hydroxyl radical, which can
produce radical protein compounds through the involvement of amino acid radicals,
such as tyrosine, tryptophan, histidine, and phenylalanine. In tumor cells, elevated
levels of protein carbonyl derivatives indicate irreversible oxidative damage to
proteins. Yet, cysteine residues in amino acids can undergo reversible oxidative
modification, followed by changes in their functional activity. The findings suggest
that Hsp27, Hsp70, and ubiquitin are involved in initiating these oxidative changes
and facilitating irreversible protein degradation. Effector and regulatory proteins of
apoptosis act as targets during this process.

Tumor cells respond to both internal and external environmental factors by
controlling the rate and direction of intracellular processes through changes in protein
content and activity. These alterations in protein functional states enable the cell to
rapidly respond to stimuli during the early stages of exposure. This process depends
on post-translational protein modifications, with chaperones playing a critical
role in their regulation [7; 24]. Carbonylation, ubiquitination, glutathionylation,
phosphorylation, acetylation, nitrosylation, and glycosylation are chemical reactions
that modify amino acid side chains, resulting in changes to protein structure and
function [25]. To sustain their metabolic processes and ensure survival, tumor cells
must undergo substantial metabolic alterations, which require a high concentration of
chaperones activated in response to oxidative stress. Therefore, heat shock proteins,
a specific class of molecular chaperones, may contribute to cancer development [15].



Advanced targets in Biomedicine 2025 37 of 107

=1 AY 33 FasR 23 TNFRI E3 Annexin V+ Caspase-3

2000+ *
1900~ —
1800+ |
1700~
1600 -
1500
1400+
1300 ,,
1200~ —
o 1100+ ook
s~ 1000+
900+ *
800+ *
700 e B —

600+ o

500+

400 - b *
300 e
200+
100

*
*

*

e's)
]
e
-]
-]

Jurkat+DEX Jurkat+KRIBB3 Jurkat+DEX+KRIBB3

SN E

Fig. 3. Influence of the heat shock protein 27 inhibitor
on apoptosis-related indicators during dexamethasone-induced apoptosis
in Jurkat tumor cells, %

Note: DEX, dexamethasone; KRIBB3, 5-(5-ethyl-2-hydroxy-4-methoxyphenyl)-4-(4-
methoxyphenyl)-isoxazole; AW, cells with reduced mitochondrial potential; Fas R, Fas-
positive cells; TNF RI, TNF Rl-positive cells; Annexin V*, annexin-positive cells; Caspase-3,
caspase-3. * indicates statistically significant differences (p<0.05) compared to the intact
Jurkat group; # indicates statistically significant differences (p<0.05) compared to the
Jurkat + DEX group; ¢ indicates statistically significant differences (p <0.05) compared to the
Jurkat + KRIBB3 group. The sample size is 5. Values for the intact Jurkat group were set at
100 % (cells with reduced mitochondrial potential AW: 18.00 [15.10—19.00] %; Fas-positive
cells: 4.30 [2.12—8.90] %; TNF Rl-positive cells: 9.56 [7.32—14.20] %; annexin-positive cells:
5.20 [4.00—5.60] %; caspase-3 activity: 36.58 [22.66—43.89] pmol/min x mg protein).

Analysis of Jurkat tumor cells treated simultaneously with DEX and KRIBB3
revealed a significant 129.4 % increase in caspase-3 activity (p <0.05). Apaf-1 levels
increased by 152.7 % (p <0.05), protein carbonyl derivatives by 119.3 % (p <0.05),
oxidized tryptophan by 133 % (p <0.05), bi-tyrosine by 216.9 % (p <0.05), Hsp27 by
223.5 % (p <0.05), and ubiquitin by 197.8 % (p <0.05), whereas free sulthydryl groups
decreased by 48.6 % (p <0.05) and ubiquitin ligase by 44.2 % (p <0.05). Compared to
the group cultured with the Hsp27 inhibitor alone, decreases were observed in the
number of annexin-, Fas-, and TNF Rl-positive cells, cells with reduced mitochondrial
potential, NFkB and hydroxyl radical levels, protein-bound glutathione, and Hsp70
(Fig. 1-3).

Simultaneous exposure of Jurkat tumor cells to DEX and KRIBB3 in the incubation
medium resulted in a significant increase in annexin-positive cells by 146 % (p <0.05),
Fas-positive cells by 263.5 % (p <0.05), TNF RI-positive cells by 227.4 % (p <0.05), and
NFxB by 146 % (p <0.05). In addition, levels of hydroxyl radicals increased by 170.8 %
(p<0.05), protein carbonyl derivatives by 146.9 % (p <0.05), bi-tyrosine by 235 %
(p<0.05), Hsp27 by 142.4 % (p <0.05), Hsp70 by 203.7 % (p <0.05), and ubiquitin by
147.8 % (p <0.05). Moreover, in the cell group cultured with the apoptosis inducer
alone, Apaf-1 levels decreased by 52.7 % (p <0.05), free protein SH groups by 59.1 %
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(p<0.05), and ubiquitin ligase by 23.1 % (p<0.05), while caspase-3 activity, the
number of cells with reduced mitochondrial potential, and levels of protein-bound
glutathione and oxidized tryptophan remained comparable (Fig. 1—3).

Dexamethasone alone induces apoptosis in Jurkat tumor cells by activating both
receptor-mediated and mitochondrial pathways. This process is accompanied by the
accumulation of oxidatively modified proteins, as evidenced by positive correlations:

— between oxidized tryptophan levels and the proportion of Fas-positive cells
(r=+0.89, p<0.05);

— between oxidized tryptophan levels and Apaf-1 expression (r=+0.89, p <0.05).

When the heat shock protein 27 inhibitor KRIBB3 is added to the culture medium
of Jurkat tumor cells, a negative correlation is observed between bi-tyrosine content
and NF-kB expression (r=-0.94, p <0.05).

Under the combined treatment of dexamethasone (apoptosis inducer) and KRIBB3
(Hsp27 inhibitor) in Jurkat cells, the following correlations were identified:

— between TNF Rl-positive cell numbers and protein-bound glutathione levels
(r=-0.94, p<0.05);

— between bi-tyrosine content and oxidized tryptophan (r=+0.89, p <0.05).

The results indicate that Hsp27 inhibition markedly enhances apoptosis induction
via the receptor pathway under DEX treatment, highlighting a key role for Hsp27
in both irreversible and reversible oxidative modifications of apoptotic proteins, Fas
receptors, and TNF RL

Conclusions

The study demonstrated that the combined treatment of Jurkat tumor cells
with 5-(5-ethyl-2-hydroxy-4-methoxyphenyl)-4-(4-methoxyphenyl)-isoxazole and
dexamethasone alters the levels of Hsp27, Hsp70, and ubiquitin, and induces oxidative
stress, as evidenced by increased hydroxyl radicals along with elevated bi-tyrosine,
protein carbonyl derivatives, and oxidized tryptophan. In addition, protein-bound
glutathione levels decrease. These findings suggest an increase in irreversible protein
modifications and a decrease in reversible modifications. Thus, inhibition of Hsp27
with KRIBB3 combined with apoptosis induction by DEX revealed the molecular
mechanisms through which Hsp27, Hsp70, and ubiquitin predominantly modulate
the receptor-mediated apoptosis pathway in Jurkat tumor cells, involving oxidatively
modified proteins.
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Pesrome: AxcmaapHBIN cIOHAMAOAPTPUT (AXSpA) sBaAseTCs
XPOHMYECKMM BOCHAaAUTEeAbHBIM 3ab01eBaHMeM OIIOPHO-ABU-
raTe/bHOTO allllapaTa, OTHOCUTCS K IPYIIIe CIIOHANAO0aPTPUTOB
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Abstract: Axial spondyloarthritis (AXxSpA) is a chronic inflam-
matory disorder of the musculoskeletal system that belongs to
the group of spondyloarthritis, characterized by the obligato-
ry involvement of the sacroiliac joints and/or axial skeleton in
the pathological process. In this study, we collected peripheral
blood samples from 32 AXSpA patients and 29 healthy controls
(HC), and investigated the regulatory T cell (Tregs) subsets by
multicolor flow cytometry. We noticed that the relative num-
bers of 'naive’ Tregs were decreased, while the relative and
absolute numbers of central and effector memory Tregs (CM
and EM were CD62L + CD45RA - and CD62L — CD45RA —, re-
spectively) were elevated in patients with AxSpA. Next, in AxS-
PA patients CXCR5 - CXCR3 + CCR6 - Tr1 cells were increased
both in relative and absolute frequencies. The absolute numbers
of CXCR5-CXCR3-CCR6- Tr2, CXCR5-CXCR3-CCR6+
Tr17, and CXCR5-CXCR3+CCR6+ Tr17.1 were also elevated in
patients with AXxSpA vs. HC group. Finally, in patients with
AxSpA Trl were increased exclusively within CM Tregs, while
Tr2 cells were elevated both within CM and EM Treg subsets.
Tr17 cells were decreased both within CM and EM Treg subsets.
Interestingly, we found no significant differences in CXCR5+
follicular Tregs between the groups. Further investigations of
circulating Tregs will contribute to find new targets and thera-
pies in AXSpA.

Keywords: axial spondyloarthritis, flow cytometry, regulatory
T cells, T cell maturation, chemokine receptors, CXCR3, Trl
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BBeaenmne

AxcnaapHblil crioHANA0apTpUT (AXSpA) — XpoHMYecKoe BOCIIaANTeAbHOe 3abo-
AeBaHle OIIOPHO-ABUTaTeAbHOIO amllapaTa, OTHOCUTCS K TPYyIIle CIIOHAMAOAPTPU-
TOB U XapaKTepuayeTcs oOs3aTeAbHBIM BOBA€UEHMEeM B I1aTOAOTMYEeCKUIl ITpoliecc
KPeCTIIOBO-IIOAB3AOIIHBIX COUYAE€HEHUI U/MAN OCEBOTO CKeAeTa, AMArHo3 KOTOPOTIo
yCTaHaBAMBAETCsI Ha OCHOBAHMM KAaccupUKarMoHHbIX Kputepues ASAS 2009 r. [1].
XapakrepHbIM Aas1 AXSpA sBAsieTcs pa3BUTHE IIMPOKOTO CIIeKTpa CUCTeMHBIX (BHe-
CyCTaBHBIX) ITIOpa>keHUI pa3ANIHBIX OPraHOB U CIICTEM: YBEUTOB, BOCIIaANTeAbHBIX 3a-
001eBaHNI KUIIIEUHMKA, IIOpaskeHnil cepalia (IlperMyIecTBeHHO HapyIIeHs aTpyo-
BEeHTPUKYASPHOIO IIPOBeAEHILs), AeTKUX (MHTePCTULINAABHOTO 3a00A€BaHIsI A€TKIX),
KO>KM (TIcopmasa), Kocrell (octeorntopos) u nouek (IgA nedppomnarut) [2]. CoraacHo co-
BpeMeHHBIM IIpeAcTaBaeHNsIM AXSpA HeoOX0AMMO paccMaTpuBaTth Kak 3a001eBaHye
CMeIIIaHHOTO (C yJacTueM KaK ayTOMMMYHHBIX, TaK 1 ayTOBOCIIaAMTeAbHBIX [IaTOTeHe-
TUYECK/X MEeXaHIU3MOB) cIieKTpa, oTHocuMoro K rpytiie MHC-I ontatnii [3]. Crnabnas
accormarst AaHHoro 3aboaesanms ¢ aaaeaem HLA-B27 raasBHOro koMIiaekca rmcro-
COBMECTMMOCTH, aKKyMy SIS B IIOpaskeHHBIX TKaHsaX TRBV9 + T-aum@oruros yka-
3BIBAIOT Ha HEIIOCPeACTBeHHOe yJacTye T-KAeTOK B ero narorexese [4].

Kpowme Toro, 604b1110€ KOAMYECTBO 1CCAe0BaHMII ITI0Ka3aA0 KAIOUEBYIO POAb I1-
TOKMHOB ceMelicTsa IL-17 B popMuUpoBaHIM I1aTOAOIMYECKOTO IIpoljecca mpu AXSpA
[5]. Ognako Bce emie BeAyTCsl CHIOPBI OTHOCUTEABHO KAXOYEBBIX MMMYHOKOMIIETEHT-
HBIX KA€TOK, IPOAYLUMPYIOMINX STU LIUMTOKMHLL: OAHM MCCAeAOBaTeAl CIUTAIOT, YTO
KAETKI MUEAOUAHOIO psija SABASIOTCS OCHOBHBIMU IL-17-cekpermpyommumu, apy-
Ivie Xe OTAAIOT IIpeAIlodTeHre KAeTKaM CUCTeMBbl asallTUBHOTO MMMYyHUTeTa [6; 7].
Hecmorps Ha mpoaoaKkamomimecs: CIIOpbl BOKPYT IIPeBaAMpPYIOIIero I1aTOTeHeTH-
4ecKOTO MeXaHIM3Ma, /AeXKalllero B OCHOBe pa3BUTI 3a00/1eBaHNs, HeAb3sl UTHOPU-
poBaTh poAab 3-TO TUIIa UMMYHHOTO oTBeTa Ipu AxSp A. YyacTHUKaMy HTOTO THUIIA
VIMMYHHOTIO OTBeTa BBICTYNAIOT KAETK! KaK BPOKAEHHOIO, TaK U HPUOOpeTeHHOIo
VMMYHHUTeTa.

AAas orpaHndeHuns ayTOMMMYHHOIO BOCIIaAeHNs, MHAYIMpoBaHHOTO T-amnmdo-
UUTaMM U APyruMu 9Pp@PpeKTOPHLBIMU KJAeTKaMl, HeOOXOAMMO CyIIpecCUBHOe Aeli-
CTBUE PeryAATOPHOTO 3BeHa MMMyHUTera. OJHMMU U3 KAE€TOK, 001aAaioIymx
CIIOCOOHOCTBIO K PeryAsiiuy BOCIladeHMsl KaK Ha MeCTHOM, TaK ¥ Ha CUCTeMHOM
ypOBH:X, ABAsMIOTCs peryasTtopHble T-xaetkn (Treg). ITpm AXSpA amnammka »Tmx
AuM$onUTOB B Hepudpepmudeckoil KpoBU OCTaeTcs He IIOAHOCTBIO M3yYeHHOIA.
Paszanunble rpynmnsl muccaegoBaTedel npu naydeHnn Treg moaydmam OpoTuBope-
quBble pe3yabTaThl. Tak, Cao 1 coaBT. oTMeTnAM cHIDKeHne T-anmmdonurtos ¢ de-
HoturioM CD25brightCD4 + B nepudepnueckoir Kposu mnamnueHTos ¢ AxSpA [8],
Toraa Kak Liao n coaBT. HaOa104a41 TIOBbIIIeHNe Tregs B HUPKYASIIUM Y Ial/ieH-
TOB C aHKIAO3UPYIOIINM CIIOHAMANTOM [9]. HecmoTps1 Ha BbIsIBA€HHBIE IPOTUBOpPE-
qus1, ObL10 g0Ka3aHO, 4TO T-kaetku ¢ penorunnom CD4 + CD25bright npu akrusHOM
AXSpA MUTpUPYIOT B BOCIIadeHHbIe cycTaBbl [8]. BOaMOXKHO, Mx MuUrpamnus HOCUT
KOMIIEHCAaTOPHBI XapaKTep, 3allyCKalouiics IIpY pasBUTUN ayTOMMMYHHOTO BOC-
nasaenns. HekoToprle nuccaegosatean ormedaan HapylleHne gpyHkuun Treg mpu
AxSp A. Tax, Wang u coaBT. oTMeTnAN CHYDKeHnu skcapeccun Tim-3 kaerkamu ¢
¢penorunom CD3 + CD4 + CD25 + Foxp3 + CD127 —. Kpome Toro, atu Treg y nanuen-
TOB ¢ AXSpA mMMeAl CHIKeHHBIN ypoBeHb dKcrpeccuu Foxp3, 4To HeraTuBHO BAU-
5110 Ha CylpeccyBHBIe criocoOHOcTU THX KAeTok [10]. Ilocae ycnemHoro aeueHns
U NoJaBAeHus akTUBHOCTY AXSpA kaactep Tregs HaumMHaA BBICOKO DKCIIPeCcCHpo-
BaThb MoaeKkyasl CTLA4, TGFB1, CD25 n CD279 [11], uTO oTpa>kaao BOCCTaHOBAEHME
pyHKUMM DTUX KAETOK IIPU YCIIEIIHON Teparun.

Taxum obpaszoM, aHaAM3 AMHAMUKI PeryAsSTOPHBIX T-KAeTOK B nepudepudecKoin
KpOBM ITallMieHTOB ¢ AXSpA MO>KeT IIOMOYb B OlleHKe aKTMBHOCTY OCHOBHOIO 3a00.1e-
BaHI:I, a TaK>Ke B IIPOTHO3MPOBAHUM 1ICX0Aa ITaTOAOTU.



Advanced targets in Biomedicine 2025 45 of 107

Marepuaanl 1 METOABI

B mccaeaosanme BkaioueHO 32 IalyeHTa C peHTIeHOAOInmdeckuMm AXSpA, man
aHK1A03upyomuM crioHAnAnToM (AC), AnarHoCTMPOBaHHBIM Ha OcHOBaHUM Hplo-
NMopxkcknx kputepues 1984 r., u HepentreHoaornmyeckuM AxXSpA, ycTaHOBAEHHBIM
coraacHo KputepusiMm ASAS 2009 r. KpurtepnusMu HeBKAIOUeHNsI OBLAU OHKO/AOTIYe-
ckue 3a004eBaHIsl, UMMYHOAe(pUITUTHBIE COCTOSIHIS, HaAU9le OCTPBIX 4100 XPOHU-
yecknx MHpeKuui (B craaum o0OCTpeHN:1), Haaudne APYTUX 3aperucTpupOBaHHBIX
ayTOMMMYHHBIX MAU ayTOBOCIAaANUTeAbHBIX 3a00aeBaHuil. IlogpoOHast xapakTepu-
CTMKa TpPyIIIbl IIaljMIeHTOB 13A0XeHa B Tabaune 1. B xoae mccaegosanms oneHun-
BaJdachb aKTMBHOCTh AXSPA HOCpPeACTBOM KOMIIO3UTHBIX MHAeKcoB BASDAI (Bath
Ankylosing Spondylitis Disease Activity Index) m ASDAS (Axial Spondyloarthritis
Disease Activity Score). Kpome Toro, nanmeHnraMm npoBoANACs HOAcUeT dncaa 001e3-
HeHHBIX cycTaBoB (UBC) 13 68 rpoanaamsmnpoBaHHBIX CyCTaBOB, YylcAa MPUITYXIIIX
cycrasos (UIIC) n3 66 nmpoaHaan3MpoBaHHBIX CyCTaBOB, a TakKXKe 1ccAel0BaHle KO-
AVYecTBa DHTE3UTOB — BOCIIaAUTEeAbHO M3MEHEeHHBIX MeCT IPUKpPEerAeHNsI CBSI30K U
CYXOXHMAMI K KOCTSIM — Ha OCHOBE BaAMAVPOBaHHBIX MHAEKCOB ®HTe3nTOB MASES
(Maastricht Ankylosing Spondylitis Enthesitis Score) m SPARCC (Spondyloarthritis
Research Consortium of Canada). Takxe y manmeHTOB 1cCAe40BaAMCh YPOBHM Map-
KepOB CUCTeMHOI'O BOCIIaAeHMs: CKOpPOCTh oceanus sputrponutos (COD) B MMm/4 1
C-peaktusnsiit 0eaok (CPB) B Mr/ma.

Tabauua 1

CBO'ZI,HEUI XapaKTep¥MCTVKa I'PYIIIIbI ITalIVIEHTOB

Table 1

Characteristics of patients with axial spondyloarthritis

IToxazaTeap dHaueHue
Cpeanmnii Bo3pact 45,5+10,5 aer
AKTUBHOCTD Ha ocHOBaHUM nHAekca BASDAI 510+2,13
AKTMBHOCTD Ha OCHOBaHIMU nHAekca ASDAS 3,75+1,29
Nuaexkc sure3uto MASES 2,37 +2,89,
Muaexkc sure3utos SPARCC 1,70 +2,58
Uncao 60ae3nennbix cycrapos (UBC) u3 68 6,27 +10,37
Uncao mpunyxmmnx cycrapos (UI1C) u3 66 0,43+0,97

B kauecTBe KOHTPOABLHON IPYIIIBI MCIIOAB30Badach nepudepudeckas BeHO3Has
KPOBb YCAOBHO 340POBBIX AOHOPOB (N =29), COIIOCTaBUMBIX IO II0AY U BO3PacCTy C
6oabpHbBIMU AXSP A. Bee nccaegoBanus Oblau IIPpOBeAeHEI 10cAe 400PpOBOABHOTO MH-
popMUpPOBaHHOTO COTAacysl UCIIBITYEMBIX, a TAaKXKe B COOTBETCTBIY C XeAbCUHKCKOI
AeKaapaumneir Bcemupnoi acconmanum «ITUdecKue HNPUHIUIIB IIPOBeAeHUsT Ha-
YUHBIX MEAUIIVHCKIX MCCAAOBaHMI C ydacTueM deaopeka» ¢ ronpaskamuy 2000 r.
n «IIpaBmaammn xkamHmdeckon npaktukmu B Poccmitckon Pegepanum», yTBep>KAeH-
HeiMI [Ipukazom Munsapasa PP or 19.06.2003 r. Ne 266. Pabora Ob1aa 0o400peHa
/lokaabHbIM 3TI4eckuM KomutetoM PI'BY «HMUILI M. B. A. Aamazosa» MuHsapasa
Poccumn (mporokoa Ne 03-20 ot 16 mapra 2020 1.).

O0ObekToM 1ccael0BaHMs CAy>KIAa BEHO3Hasl KPOBb, IIOAy4YeHHas IyTeM ITyHK-
1y nepudepndeckoil BeHsl 1 cOOpaHHas B BAKYyMHBIe IIPOOMPKI C codep KaHNeM
K3DATA, a taxke B IpOOMPKM C aKTMBATOPOM CBEPTBIBAHNS — AVMOKCUAOM KPEeMHISL.
Ao 1poBeAeHIsI IUTOMETPUYECKOTO yJeTa II0AydyeHHble 00pa3Libl KPOBU XPaHUAUCD
He Ooaee 6 4 mpu KoMHaTHOM Temnieparype (20—22 °C). IToaroTrosky 00Opas1ios Aas
aHaAM3a IIPOBOAVAN TI0 CTaHAAPTHOI IIpoliedype € UCIO0Ab30BaHIeM KOMILAeKTa 13
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9 MOHOK/AOHa/ABHBIX aHTUTeA (Bce aHTUTeAa IpousBoacTsa BioLegend Inc., CIIIA).
C 11e4apI0 BBIABAEHUs PeryAsITOPHBIX T-KA€TOK MCII0AB30BaAM aHTUTeAa IIPOTUB
CD3 (xaon OKT3, payopoxpom APC/Cy7, xat. No 317342), CD4 (kaon OKT4, ¢payo-
poxpowm Pacific Blue, xat. Ne 317429) n CD25 (xaou BC96, payopoxpom PE/Dazzle™
594, kat. N2 328819). B pamkax oO1iero myaa AnM¢pOLUUTOB peryAsaTopHble T-KAeTKu
(Treg) BoraBAsiAM Kak CD3 + CD4 + CD25bright. Aas pasaeaenus Treg KaeTok Ha Oc-
HOBHbIe CTaAUI CO3peBaHUsA NpumeHsan antureaa nporus CD45RA (xaon HI100,
¢payopoxpom FITC, kat. Ne304106) nu CD62L (xaon DREG-56, ¢payopoxpom PE,
kat. No304806), BbIABASA IONyASIMU «HaMBHBIX» KaAeToK (CD45RA +CD62L +),
a TakKXe KaAeToK IeHTpaapHON 1 »Pdexropnoin namatu (CD45RA -CD62L+ n
CD45RA - CD62L -, cooTBeTcTBeHHO). /A1 BBIABAEHNS OCHOBHBIX «IIOASPU30BaH-
HBIX» nonyAsinuii Treg ucroanr3osaan antuteaa npotus CXCRS5 (kaon J252D4, day-
opoxpoMm PerCP/Cy5.5, kat. Ne 356910), CXCR3 (xaon G025H7, ¢payopoxpom APC,
kat. No 353712), CCR4 (xaon L291H4, payopoxpom Brilliant Violet 510, xkat. No 359416)
n CCR6 (kaon GO034E3, payopoxpom Pe/Cy7, xar. No353418). Tak, Ha ocHOBaHUU
aHaAM3a DKCIIPeCcCUM XeMOKIHOBBIX pelielITopos o011 1ya Tregs Ob1a pasaeaeH Ha
oTgeabHble cyononyasuny, B Tom yncae CXCR5 + poaankyasapHble peryAsaTopHbIe
T-xaetkn (Tfr), a taxke 4 noaruiia CXCR5 - Tregs, Bkatovast Trl kaetku ¢ peHOTH-
oM CXCR5 - CXCR3 + CCR6 —, Tr2 kaetku ¢ penoruriom CXCRS5 - CXCR3 - CCR6 -,
Tr17 xaetku ¢ pernorummom CXCR5 — CXCR3 - CCR6 + n Tr17.1 xaeTku ¢ peHOTUIIOM
CXCR5 - CXCR3 + CCR6 +, kak 91O OB110 IIpegaoskeHo panee [12; 13]. Okpacky aH-
TUTeAaMM IIPOU3BOANAN C yY€TOM peKoMeHAaruii mpoussoaureas. [Tocae okpackn
KA€TOK aHTUTeAaMI OCYIeCTBASIAN yAaldeHle DpUTPOLIUTOB, IIPUMeH:sIs KOMMepye-
ckuit ansupyiomuit pactsop VersaLyse (Beckman Coulter, CIIIA), mocae yero oopas-
I1bI OAHOKPAaTHO OTMbIBaAM M30OBITKOM (pusnoaorndeckoro pacrsopa (300 r 7 mun),
Ha0caloK AeKaHTrpoBaau. KaeTouHslll ocagoK pecyclieHAMpOBaA B HeITPaabHOM
2 %-HoM pactsope napadopmaabiernga (Sigma-Aldrich, CIIIA), mpurorosaeHHOM
Ha OocHOBe ¢usnoaorndeckoro pacrsopa (pH 7,2—7,4). Anaaus odpas1jos mpoBoau-
au Ha mpotogHoM nutopayopumerpe CytoFLEX™ (Beckman Coulter, CIITA), ocna-
IIIeHHOM TpeMsI AnoaHpiMU Aasepamu 405, 488 1 638 HM. B kaxkgom oOpasiie aHaau-
suposaaoch He MeHee 40000 CD4 + T-kaeTok nepudepnyeckoit KpoBMI.

Ob6paboTKy uTopAyoprMeTpUIeCcKIX AaHHBIX IIPOBOANAN IIPU IIOMOIIN ITaKeTa
nporpamm Kaluza™ v.2.0 (Beckman Coulter, CIITA). Aaroput™ BbIsIBAEHIS KAIOUe-
BbIX nonyasanuii Treg Ob1a onmcan getaabHO panee [14]. Jasa moaydenns abcoaioT-
HBIX 3HaUYeHMII 10 UccAeAyeMbIM MonyAanuaM Treg KAeTOK MCI0Ab30BaAl JaHHbIe
KAMHMYECKOTo aHaamsa Kposu. Omnpegeaenne xoHneHtpannumu CPB mposoanmaocs
MeTOAOM MMMYHO(pEPMEHTHOIO aHaAM3a C JMCII0Ab30BaHMeM TecT-crcteMbl Abbott
Diagnostics Technologies AS, a nccaeaosanne COD — o meroay Becreprpena.

CraTuctuyeckyto oo6paboTKy IpOBOAMAN IPHU ITOMOIIN IIPOIpaMMHOTO obecIie-
geHns Statistica 8.0 (StatSoft, CIITA) n GraphPad Prism 4.00 for Windows (GraphPad
Prism Software Inc., CIITA). PesyabTaTsl Bolpaskaau B BuAe % HO3UTUBHBIX KAETOK OT
JICKOMOI1 ITOIy ASIIIUM, TIPUBOAUIAU B BUIAe MeAMaHbl I MHTePKBAapTUABHOIO pa3Maxa
(25 %; 75 %). Aas1 OLIeHKN AOCTOBEPHOCTM pasAMdNii UCIIOAb30BaAll HellapaMeTpl-
yeckui1 U-kpurepuit Manna — YurHum.

Pe3syabTaThbl

IIpn anaamse ocHOBHBIX nonyasumit T-kaertok, Bkaiogas CD4+ u CD8+
T-aumdonnTsl, a Takke peryasaropusle T-kaetku (Tregs), oTMedeHO He3HaUMTeAb-
HOe yBeAndeHye abcoaoTHoro codep>kanns CD4 + T-kaetok y nanumeHTosB ¢ AXSpA
IIpY CpaBHEeHUM C rpymmoi KoHTtpoas (953 ka/1uL (694; 1170) nportus 758 ka/1uL
(679; 924) npu p =0,049). B cayuae Treg 40CTOBEpPHBIX pa3dAN4IMII KaK IO OTHOCUTEAb-
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HOMY (2,35 % (1,87; 3,10) mporus 2,42 % (1,97; 2,75) npu p =0,583), Tak 1 1o abcoA10T-
HoMY (48 xa/1uL (35; 62) mpotums 40 xa/1uL (33; 50) mpu p =0,097) mexxay cpasHUBa-
eMBIMI TPYyIIIIaM!U OTMeUeHO He Ob110 (puc. 1).
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Puc. 1. OTHOCUTEABHOE U aDOCOAIOTHOE COAep KaHue
OCHOBHBIX CyOr1onyAs1iuii T-XxeAriepos, HAXOASAITUXCS Ha Pa3ANIHBIX CTaAAX
AnddepeHIIpoBKy, B Hepudepmndeckoit Kposu 00abHBIX AXSpA (n=41)

VI TPYIIIBI KOHTpOAs (N =29):

A4—6 — OTHOCUTEABHOE codep KaHue, % OT 0011ero mmyaa AnMQoIuTos;

2—e — abcoAI0THOe coAep kKaHle, KOAMIeCTBOBO KAeTOK B 1 MKA I1eAbHOM KPOBIA.
Caesa Hanrpaso — T-xeanepsr (CD4 + T-kaetkn) ¢ pernoruniom CD3 +CD4 +, CD8 +
T-anmdounTts ¢ penoruniom CD3 +CD8 +, a Takke peryastopusie T-kaetku (Tregs)
¢ ¢penoruniom CD3 + CD4 + CD25bright

Ipumeuariue (30ecv u daree Ha puc. 2, 3): 4epHble KpyIu — HanmeHTsl ¢ AXSpA; Geable Kpy-
Iy — TpyIla yCAOBHO 3J40POBBIX AOHOPOB. Pe3yabTaThl IIpeAcTaBAeHbI B BUAE MeAMAHBI 1
UHTepKBapTUAbHOTO pasmaxa (Med (Q25; Q75). JocToBepHOCTD pa3Anynii ykasaHa COTAacHO

U-kpurepmio Manna — YuTtHm.

Fig. 1. The relative and absolute frequencies of main maturation
CD#4 + T-cells subsets in peripheral blood samples from patients
with AxSpA (n=41) and healthy individuals (n=29):
a—¢ — the relative frequency, % within total lymphocytes;
2—e — the absolute frequency, the number of cells per 1 uL of whole blood.
From left to right — Th cells (CD4 + T cells), CD8 + T cells (CD3 + CD4 +),
regulatory T-cells (Tregs, CD3 + CD4 + CD25 bright)

Note (here and on Fig. 2 and Fig. 3): black circles denote patients with AxSpA; white circles—
healthy individuals. Each dot represents individual subjects, and horizontal bars depict the
group medians and quartile ranges (Med (Q25; Q75)). The statistical analysis was performed
with the Mann—Whitney U test.
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B xoge aaapHenmmx mccaeiosaHuit obmuit mya Tregs Obla pasdedeH Ha Tpu
OCHOBHBIE ITONYAsAIIMM Ha OCHOBaHUM aHaamu3a Kookcrpeccun CD45RA u CD62L.
brran BersiBaens! nonyasuun «HausHbIX» Tregs (CD62L + CD45RA +), a Takke Tregs
nenrpaasHoil (CD62L + CD45RA -) u sddexropnoir (CD62L — CD45RA —) mamsi-
TU, KaK 9TO Obl10 IpesaoxkeHo paHee [15]. brrao nokasano (puc. 2), 4To y naum-
eHTOB ¢ AXSpA cHIKaeTcsl OTHOCUTeAbHOe codeprKaHue «HauBHBIX» Tregs (19,16 %
(11,92; 26,70) npotus 26,70 % (20,54; 33,03) npu p=0,006), Toraa kak yposHu Tregs
1leHTpaabHOM (78,29 % (69,95; 84,17) nmpotus 69,73 % (64,01; 77,37) npu p=0,023) u
adpPpexropnoit (3,26 % (1,90; 4,50) mpotus 1,79 % (1,08; 2,36) mpu p =0,005) namstu
OBLAY TIOBBIIIIEHBI OTHOCUTEABHO 3HAYeHUII KOHTpoAs. boaee Toro, mpu aHaamnse ad-
COAIOTHOTO COJep>KaHMsl YKa3aHHBIX cyOrionyasaunin Tregs HaM1 TakKe ObLAO OTMe-
4eHO, 4YTO KOHIeHTpanun Tregs nenrpaasHoi (78 xa/1uL (70; 84) mpotus 70 xa/1uL
(64; 77) mpu p=0,006) n spPexropnoii (3 ka/1uL (2; 4) nporus 2 xa/1uL (1; 2) npu
p=0,001) mamsaTn y nmaruenTos ¢ AXSpA ObLAY ITOBBIIIICHBL.
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Puc. 2. OTHOCHTEABHOE 1 aDCOAIOTHOE COAep KaHMe OCHOBHBIX CyOITOITy AsIIIUiA
peryAsaTopHbIx T-KaeToK, HaXOAAIIMXCS Ha pa3AMIHbBIX CTaAusIX A epeHITpOBKY,
B iepudepmndeckoit KpoBy 00abHBIX AXSpA (n =32) 1 rpynsl KOHTpoast (n=29):
a4—6 — OTHOCUTeAbHOe codep>KaHue, % oT oO1ero nyaa Treg; z—e — abcoaroTHOe
coaep KaHue, KOAMIeCcTBO KAeTOK B 1 MKa 1reapHoI Kposu. Caesa HalpaBo — coep KaHue
«HauBHbIX» Treg ¢ penorunom CD45RA + CD62L + (naive), cogep>xanne Treg 1ieHTpaabHOM
namatu ¢ peHornniom CD45RA — CD62L + (CM) u cogepxanue Treg sdpdexkTopHOI
namsaTtu ¢ penorunom CD45RA - CD62L - (EM)

Fig. 2. The relative and absolute frequencies of main maturation regulatory
T-cell subsets in peripheral blood samples from patients with AXSpA (n=32)
and healthy individuals (n=29):
a—¢ — the relative frequency, % within total Treg subsets;
2—e — the absolute frequency, the number of cells per 1 pL of whole blood.
From left to right — the frequencies of ‘naive’ Tregs (‘naive’, CD45RA + CD62L +), central
memory Tregs (CM, CD45RA — CD62L +) and effector memory Tregs
(EM, CD45RA - CD62L -)
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B xo4e gaabpHemux nccae 0BaHNII Ha OCHOBAaHUI aHAAM3a DKCIIPECCUM XeMOKIH-
HOBBIX pPellelITOpoB o011 1y Tregs Obla pasjeaeH Ha OTAeAbHbIe CyOIIOITy ASIINN, B
oM uncae CXCRb5 + poaaukyaspusie peryastopusie T-kaetku (Tfr), a Taxoke 4 moa-
tuna CXCR5 - Tregs, Bkarouas Trl kaetkn ¢ penoruniom CXCR5 - CXCR3 + CCR6 -,
Tr2 xaetkn ¢ genorumom CXCR5-CXCR3-CCR6-, Trl7 xaetku ¢ ¢dpeHOTUIIOM
CXCR5 - CXCR3 - CCR6 + n Tr17.1 xaetrku ¢ pernorurrom CXCR5 - CXCR3 + CCR6 +.
brrao noxasano (puc. 3), uto B nepudepndeckoi Kposy 00abHBIX AXSpA moBbIIIa-
A0Ch Kak oTHOcuTeapHoe (23,85 % (19,44; 26,12) npotus 17,94 % (13,53; 22,35) npu
p=0,005), Tak 1 abcoatotHoe (17 ka/1uL (9; 23) mpotus 7 xa/1uL (5; 9) npu p <0,001)
cogep>kanne CXCR3-skcnipeccupyrommii Tregs oTHOCUTeABHO 3HaYeHNI 340 POBOTO
KOHTpoAs. Boaee Toro, cratucTmyecknii aHaAu3 oKaszaa IPUPOCT KOHIIeHTpaIuii
ocraabHbIX cyOnonyasanuit Tregs, skatouas Tr2, Trl7, Tr17.1 u Tfr B unmpkyasamum
y manmenTos ¢ AXSpA (21 xa/1uL (14; 32) npotus 13 ka/1pL (11; 20) mpu p=0,013;
14 xa/1uL (8; 21) mpotms 9 xa/1uL (6; 12) mpu 3=0,013; 6 ka/1pL (4; 12) mpoTtus 5 m
(3; 6) mpu p=0,044); n 4 xa/1uL (3; 6) mpotus 3 (1; 4) mpu p =0,027 COOTBETCTBEHHO).
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Puc. 3. OTHOCKHTeABHOE 1 aDCOAIOTHOE COAep KaHNe OCHOBHBIX CyOITOITy AsIIIUiA
peryAsaTopHbIX T-KA€TOK, BBIABA€HHBIX Ha OCHOBAaHMM DKCIIPECCUI XeMOKIHOBBIX
penrenitopo CXCR5, CXCR3 n CCR6, B nepudepmdaeckoir KpoBu
60abHBIX AXSpA (n=21) 1 rpynsl KOHTpoAs (n = 28):
a—0J — OTHOCUTeAbHOe cogep>KaHnme, % oT oduiero myaa Treg;

e—K — abcoaI0THOe codeprKaHMe, KOAMIeCTBO KAeTOK B 1 MK 11eAbHOM KPOBIL.
Caesa HanipaBo — cogep>kanue Trl kaetok ¢ perorniom CXCR5 — CXCR3 + CCR6 —, Tr2
¢ perorunom CXCR5 - CXCR3 - CCR6 —, Tr17 ¢ penorunom CXCR5 - CXCR3 - CCR6 +
1 Tr17.1 c penorunom CXCR5 - CXCR3 + CCR6 +, a Takke Tfr ¢ penorurnom CXCRS +

Fig. 3. The relative and absolute frequencies of main “polarized’ regulatory T-cell subsets
in peripheral blood samples from patients with AXSpA (n=32)
and healthy individuals (n=29):
a—0 — the relative frequency, % within total Treg subsets;
e—«x — the absolute frequency, the number of cells per 1 uL of whole blood.
From left to right — the frequencies of Tr1 (CXCR5 - CXCR3 + CCR6 -),
Tr2 (CXCR5 - CXCR3 - CCR6 —), Tr17 (CXCR5 - CXCR3 - CCR6 +),
Tr17.1 (CXCR5 - CXCR3 + CCR6 +), and follicular regulatory T cells (Tfr, CXCR5 +)

Ha ¢unaapHOM DTalle HaIMX MCCAeAOBaHUII OBIA IIpPOBeAeH aHAANU3 pacIipe-
Aeaenns Trl kaerok ¢ ¢penoruniom CXCRS5-CXCR3+CCR6-, Tr2 ¢ ¢penHorunom
CXCR5 - CXCR3 - CCR6 —, Tr17 ¢ penoruniom CXCR5 - CXCR3 - CCR6+ 1 Tr17.1 ¢
Ppenoruiom CXCR5 - CXCR3 + CCR6 +, a Takke Tfr ¢ penorunom CXCR5 + B pam-
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Kax obmero nmyaa CM Treg, «narpyaupyiomux» nepudepndeckue AuMQpon HbIe
opransl, 1 EM Treg, criocOOHBIX ITOKMAATh KPOBOTOK I MUTPUPOBATh B Hepudpepu-
JyecKMe BOCIaleHHble TKaHM (Tad. 2). bblao nmokazaHO, 4TO OTHOCUTEABHOE COAep-
>kaHne Trl K2eTOK A4OCTOBEPHO IOBBIIIEHO Y MaleHTOB ¢ AXSpA MCKAIOYUTEABHO
B pamkax nyaa CM kaeTok, Torga Kak 4o0as Tr2 xkaetok npmu AxSpA AocTOoBepHO
BO3pacTada B paMmKax obemx cyonomyasumit Tregs. Takke ormedaaocs, uto Trl7
ObLAM CHYKeHBI y IanneHToB ¢ AXSpA kak cpeau CM, Tak u cpeau EM Treg kaeTok.
boaee Toro, goas CXCR3+CCR6+ Trl7.1 camkasach ToAbKO Ipu aHaanse Tregs
LIEHTPaAbHOM ITaMTI.

Tabauua 2

VIsmenenmns B CyOIIony AsiiiuOHHOM COCTaBe peryasaTopHbix T-kaeTok
IleHTpaAbHOM 1 9P PeKTOPHOI ITaMATH B Ilepudeprdeckoii Kposu 00AbHBIX
aHKNMAO3MPYIOIIIM CIIOHAMAOAPTPUTOM

Table 2
Alterations in peripheral blood circulating central
and effector memory Tregs subsets in patients with axial spondyloarthritis
Ka QeHoTuUI AxSpa (n=21) HC (n=28)
eTKI y . . p
cyononyasunit Treg Med (Q25; Q75) Med (Q25; Q75)
Ommnocumeavtoe codepxarius 6 pamxax CM Treg
Trl CXCR5-CXCR3+CCR6~- | 24,42 (20,16;28,07) | 16,54 (12,34;22,40) | 0,008
Tr2 CXCR5-CXCR3-CCR6~ | 23,65(16,50;31,14) | 17,37 (12,61;21,20) | 0,008

Trl7 CXCR5-CXCR3-CCR6+ | 25,08 (21,65; 30,85) 33,99 (27,25; 39,08) | 0,003
Tr17.1 CXCR5-CXCR3+CCR6+ | 15,53 (11,65; 19,72) 20,42 (16,86; 23,70) | 0,003

Tfr CXCR5 + 7,83 (6,88; 13,81) 9,37 (5,39; 14,04) 0,952
Ommnocumeavtoe codepxarus 8 pamkax EM Treg

Trl CXCR5-CXCR3 +CCR6 - 12,40 (7,69; 19,87) 7,92 (4,09; 12,55) 0,066

Tr2 CXCR5-CXCR3-CCR6- | 20,83 (16,67; 32,90) 14,16 (10,24;19,12) | 0,017

Trl7 CXCR5-CXCR3-CCR6+ | 44,44 (31,58; 52,94) 50,05 (43,69; 62,99) | 0,029
Tr17.1 CXCR5 - CXCR3 + CCR6 + 13,96 (9,72; 19,77) 16,33 (11,25; 26,27) | 0,214
Tfr CXCR5 + 5,56 (2,50; 7,69) 4,00 (1,24; 6,42) 0,341

O0cyxaenne

B pamMkax mpoBeaeHHOTO MccAeAOBaHNUs HaMI ObIAM BBISIBA€HBI HapyIIeHUs B
CyOIIOIyAAIIMIOHHOM COCTaBe PeryAsiTOpHBIX T-KAeTOK y IalllieHTOB C aKC/aAbHBIM
CIIOHAMAOAPTPUTOM. DT HapylIeHNsl ObIAM CBsI3aHBI He TOABKO C CO3peBaHNeM U
anddepeHIIpoBKoIl Treg KAe€TOK, HO U C UX paclipejeleHNeM 110 pa3ANIHbIM CTa-
AVISIM «IIOASPU3ALNN», YTO MOXKeT OBITh CBA3aHO C IIaTOTeHe30M JaHHOIO 3a004eBa-
HIISL.

CaeayeT OTMeTUTBH, UYTO AaHHBIE AUTEPATYPHI II0 OTHOCUTEABHOMY U aOCOAIOTHO-
MY COAep>KaHUIO peryAsTOopHEIX T-kaeTok (Treg) B mepudepumaeckoit KpoByu O0ABHBIX
BecbMa MpOTUBOpeduBhl. Tak, B HEKOTOPHIX paboTax ObLAO IOKa3aHO, YTO YPOBHU
Treg B 1impKyAsium y O0ABHBIX ¥ I'PYIIIBLI CpaBHEHNs AOCTOBEPHO He pa3Andaaiich
[8; 16; 17], uTO OBLAO TIOATBEPKAEHO HaMU B XOAe IPOBEAE€HHOIO JCCAeAOBaHMA.
Oganako HeKOTOpbIe TPYIIIbI MicCAe0BaTeAell yKa3blBalOT Ha 4OCTOBEpHOe CHIIKeHIe
kak CD4 + CD25 + FoxP3 + Treg [18], Tak n CD4 + CD25highCD127low/ - Treg [19] B
nepudepnyieckoil Kposu 00ABHBIX aHKIAO3UPYIOMIUM CIOHAMAUTOM. brlao moka-
3aHO, 4TO cogep>KaHue Treg oTpuilaTeAbHO KOppeAUpyeT € TSIKeCThIO 3a001eBaHIs,
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BBIpaskeHHOI B Oaaaax uHaekca BASDAI [20]. C apyroit cropoHsl, yposeHb Treg B
LUPKyAALMY ObLA TECHO CBA3aH C yBeAMYeHMeM TaKUX MapKepoB BOCIIaJeHNs, KaK
CKOPOCTb OceAanus SpuTporutos n C-peakTUBHLIN Oeaok [21].

Kpowme toro, anaans kaiouessix craguit Audpdpepenunposkn Treg mokasaa, 4to B
nepudpepnyeckoil Kposu IarnueHTos ¢ AXSpA cHIKaAcs ypOBeHb «HaBHBIX» UAU
«TuMmdeckux» Treg, Toraa kak 404 »PpPeKTopHbIX nonyasunit Tregs Bozpacra-
Aa. CxoaHbIe pe3yAbTaThl OBIAU IIOAYYEHBI Ye UM COaBT., ITOKa3aBIIMMI CHIDKeHIe
ypoBH: «HauBHBIX» Treg ¢ ¢penornnom CD4 + FOXP3lowCD45RO -, ogHako moay-
yeHHBbIe aBTOpaMU pe3yAbTaThl TaKKe yKasblBaall Ha CHIDKeHUe 9(Pp@PeKTOpHLIX Treg
¢ ¢penoruniom CD4 +FOXP3highCD45RO + [22]. Kpome Toro, npu aHaamuse oOle-
ro nnyaa CD4 + T-kaeTok 6p110 oTMedeHO, 4TO Ipyu AXSpA ypoBHU «HamuBHbIX» Th 1
Th nenTpaabHO MaMATH CHIKAANCDH, IIpudeM Oblda OTMedeHa IIpsiMasl 3aBUCUMOCTD
MeXAy codep>kaHneM «HauBHBIX» Th 1 konnenTpanuii CPb B ceiBopoTke kposnu [23].
C 04HOII CTOPOHBI, KaK COOCTBEHHbIe pe3yAbTaThl, TaK U JaHHbIe AUTepaTyphl yKa-
3BIBAIOT Ha CHIDKeHUe D(PPeKTUBHOCTU (POPMUPOBAHUS «HAUBHBIX», UAN «TUMUYe-
ckux», Treg B Tumyce. CaeayeT OTMeTUTD TOT (PaKT, YTO MMEHHO «TUMImdeckne» Treg,
CIIOCOOHBIe paclo3HaBaTh COOCTBEHHBIE aHTUTEeHBI OpTaHM3Ma, CUMTAIOTCA CaMBIMU
5P PeKTUBHBIMU KAeTKaMI C TOYKM 3peHMsi 0A10KaAbl ayTOMMMYHHBIX peaKIUii, a
HapyIleHne ux (QpyHKIIMI MOXKeT ObITh TeCHO CBJ3aHO C HM3KOM D(PPEKTMBHOCTHIO
640kaap! ayTopeakTuBHOCTH [24]. C ApyTOii CTOPOHBI, BBIABACHHOE HaMI CHYKEHMe
YPOBHS «HaBHBIX» Treg MOKeT OBITH CBs3aHO C IlepepaclipeJeleHrieM CyOIIOIy-
AAITAN DTUX KAETOK B CTOPOHY 00.ee BBICOKO A depeHITpoBaHHbIX TUIIOB Treg,
BKAIOYas KAETKU LIeHTPaAbHOM 1 9(PPEeKTOPHOI ITaMATH, KOHIIeHTpaIisl KOTOPBIX B
nepudepnyueckoit Kposu naumeHTos ¢ AXSpA sospacraaa. Ilo-suanmMomy, 5To Mor-
A0 OBITH CBsI3aHO He CKOABKO ¢ HapylleHueM AnddepeHunposku Tregs B Tumyce,
CKOABKO C yBeAudyeHUeM (PpOpMMUpOBaHUS DTOTO TUIIA KAETOK B IepudepriecKmnx
AUMQOUAHBIX OpTaHaxX B XO4e aHTUTeH-3aBUCUMOI An(PepeHIPOBKI KAETOK, Ha
4TO TaK>Ke yKa3blBaeT yBeAndeHne KoHleHTpannii umeHHo CM n EM Treg.

Taxoxke Hamn 6b110 oT™MeueHo ypeandenue yposHsa CXCR3-nosutusnbix Thl-like
Treg y maniuentos ¢ AxSp A. B Hacrosiee Bpems n3BecTHO, 4To Aas Thl-like Treg
xapakTepHo Haanune ¢paxkTopa Tpanckpunnun T-bet, Haarane CXCR3 Ha MeMmOpane
u nipoaykumsa IFN-y, toraa kak Th2-like Treg xapaxkrepusyiorcst HaanmumeM GATA3
1 CIOCOOHOCTHIO K IpoayKuuu Th2-riuroknHos, Bkaodas IL-4, IL-5 u IL-13, u, Ha-
konel], Th17-like Treg-kaetku onmceiBaroTcsa Kak IL-17A-cexperupyromue RORyt-
no3uTusHble AnM@o1uTel, Hecymue ete 1 CCR6 Ha cBoeit MeMOpane [25; 26]. Boaee
Toro, mpu penorunmdeckon xapakrepucruke CXCR3 + Th1-like Treg Ob110 1mokaszaHo,
4TO AaHHas IOy AN KAeTOK sKcnpeccuposada FoxP3, CTLA-4 n Helios na ypos-
HSIX, A0CTOBEPHO He OTAMYNMBIX OT TaKOBBIX APYTUX cyOnonyasmnuii Tregs, BKAIO4Yast
CXCR3 - CCR6 + CCR4 + CCR10 + Th22-like Tregs, CXCR3 — CCR6 + CCR4 + CCR10 -
Th17-like Treg, a Takske CCR6 — CXCR3 — CCR4 + Th2-like Tregs [13]. Ognako B oTBeT
Ha cTuMyAsuuio in vitro umenHo Thl-like Treg mpoaynuposaan MakcuMaabHOE KO-
andgectBo IL-10 1o cpasnennio ¢ azpyrumu tuniamu Treg, a raxke IFNg. VI nakonern, B
CXCR3 + Thl-like Treg obHapy>kK1Baaach KCIIpeccus TPaHCKPUIIIIMOHHOTO (paKTopa
T-bet (TBX21), coiictsenHoro Thl-like-kaeTkam pasangnbix cyononyasunit. Taxke
6p120 ToKazaHo, uTo CXCR3 + Thl-like Treg skcmpeccupoBaan MOBHIIIIEHHBIE YPOB-
Hu CD73 n TGF-B1 1o cpaBHenuio ¢ Apyrumu cyononyaanusamu Tregs [27]. Bee sTo
niozsoasieT paccmarpusath CXCR3 + Thl-like Treg B xauecTBe 0AHMX 13 caMBIX DP-
(PEKTUBHBIX CYIIPeCCOpPOB CpeAl Pa3ANIHBIX CyOronyasanuii Treg-kKAeToK opraHusmMa
4ye/0BeKa, KOTOpble UTPalOT BaXKHYIO pOAb B ITaTOreHe3e IIIPOKOTO CIIeKTpa ayTOUM-
MYHHBIX 3a001eBaHmi1 [28]

C ncrnoap3oBaHmeM DKCIIepUMEHTAaABHBIX MOJeAell il vivo ObLAO IIOKa3aHO, YTO
CXCRS3 + Treg 6s1au criocobHbI 110 Tpaguenty Anrangos CXCR3 — CXCL9, CXCL10
n CXCL11 — murpmuposats B o4aru BocliadeHusl, rae oHu 3Pp@PeKTNBHO 10JaBAAAN
a¢pPpexTopHbIe peakiyy, ornocpegosannble Thl-KaeTkamMy U X KA€TKaMU-MUIICH:-
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Mmu [29; 30]. CaeayeT Tak)ke OTMETUTB, UTO B CBIBOPOTKE KPOBU 00ABHBIX AXSpA 0T-
MedeH BeICOKIIT yposeHb xeMOkHa CXCL9 — o4HOro 13 Tpex onmcaHHBIX AUTaHA0B
Aasa CXCR3, KkoTopblil paccMaTpUBaeTcs B KaueCcTBe O4HOTO 13 KAIOUeBBIX MapKepoB
Thl-anmdonnros [31]. Taxske ObL10 ITOKa3aHO, YTO Y IIEPBUYHO BHISBAEHHBIX ITaITN-
eHTOB ¢ AXSpA kxoHneHntpauusa CXCL10 B xposu moseIIasachk U Koppeanposasa ¢
COD, CPb 1 ASDAS, Toraa kak Ha (poHe TepaIny YpOBeHb DTOTO XeMOKIHA CHIKaA-
ca [32]. AanHble AuTepaTyphl yKa3bplBalOT Ha 3HaunTeabHOe yBeandenue Thl-kaetok
y HallMIeHTOB C YMePeHHO! M BbICOKOV aKTUMBHOCTBIO AC 110 cpaBHEHUIO C IPyIIION
KOHTpo4s [16]. Boaee Toro, B paMKax g4pyroro mccaeaoBanus ObLAO IIOKa3aHO, YTO B
nepudepnyaeckoit Kposu 60AbHBIX AXSpA yBeAnunsaacs yposeHb Thl-kaeTok ¢ ¢e-
HoTurioM CD4 + CXCR3 + 110 cpaBHeHHIO ¢ TPYIIION YCAOBHO 340POBBIX 400pOBOAb-
1es [33].

ITomumo CXCR3 + Th1-kaeTok roTeHIMaABHOV MUITIEHBIO A5 Trl-aumdornuros
MOTYT CAYXUTb CpaBHUTEABHO HeJaBHO OIIMCaHHas B AUTepaType IOIyAsSLVs
«Hekaaccuaecknx» Th17 — Th1/Th17 nan Th17.1, obaasaromas xapakrepucTuKaMu
kak Thl-, tak u Th17-aumdonnTos, BKa104as sKcIpeccuio pakTOpOB TPaHCKPUIILIIN
T-BET, STAT4 u RORC, skcripeccuio xemoknHoBbIX perjeritopos CCR6 m CXCR3, a
TakKe crrocooHocTpio K cuHTtedy IFN-y, IL-17A 1 GM-CSF [34]. D1tu cBoiicTBa, 0co-
OeHHO CITIOCOOHOCTH K CUHTE3y IIUTOKIHOB, KOTOpble KaK MOIYT aKTMBUPOBATh TKa-
HeBble Makpogaru 3a cueT IFN-y, Tak 1 npusaekaTs HeMTPOPUABL B O4ar BocIale-
Hs 3a caeT npoaykium IL-17A nu GM-CSF, a Takke BBICOKIIT yPOBEHb DKCIIPeCCUN
Tpancrioprepa MDR1, oTsevaromiero 3a yCTOMYMBOCTL KA€TOK B Pa3AMYHOIO poga
IperiapaTaM, BKAI04as IAI0KOKOPTUKOUABI, II03BOAMAN paccMaTpuBaTh AaHHYIO I10-
nyasuio CXCR3 + Th17-k1eTOK B KauecTBe «I1aTOTeHHOII», TO €CTh CITIOCOOCTBYIOIIeT
PasBUTUIO U HNOAAEP>KaHUIO BOCIIAAUTEABHON peaKluy B TKaHAX. TakK, OTHOCUTeAb-
Hoe cogep>kanne IL-17-nmosutnsubix Th'y 604pHb1X AC OBLA0 BBIIIIE 3HAYEHNI TPYTIIIEI
cpasuenw [35]. ITpuaem noutn see IL-17 + Th-kaetkn 061asaam GpeHOTUIIOM KAETOK
namsat CD4+CD45RO +, a takke 3HauuTeAbHas yacTh Th-kaeTok, mpoAyIupyio-
mux IL-17, takxke cunresnposaaa IL-22 n IFNg, uyTto mo3soaser paccMaTpuBaTh MX
B KauecTse «kaaccmueckux» Th17 (Th17/22) m Th17.1. B pamkax gpyroro mccaeiosa-
HIs OBLAO MOKa3aHO, 4TO AAs1 004bHBIX AC OblAM XapaKTepHBI IOBLIIIIEHHbIE YPOB-
H1 CCR6 + -kaeTok Ha ¢poHe cHipKeHHOTo cogep>kanist CXCR3 + -anm@orntos cpe-
Aan aktusuposaHHbIx (CD25int) CD3 + CD4 + -kaeTok nepudepuyaeckoir Kposn [36].
Boaee Toro, sxcnipeccuss CXCR3 Op11a Takke cHyokeHa Ha CD4 + T-kaeTkax nmamsTu
0O0/ABHBIX 10 CPaBHEHUIO C TPYIIIION KOHTPOAs. BO3MOIKHO, BBIsIBA€HHOE IOBBIIIIEHNe
yposH:a CXCR3 + Treg 3peabIxX MOMy SN MOXKeT pacCMaTPUBATLCS B KAUeCTBe KOM-
IIeHCaTOPHOIO MeXaHI3Ma, HallpaBAeHHOIO Ha I104aBAeHlie ayTOMMMYHHOTO OTBeTa,
ontocpegosanHoro Thl- u/man Th17-kaeTkamu, B ouarax BoclaaeHusI, A0KaAN30BaH-
HBIX B IlepudepraecKmx TKaHs;IX.
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MOAEKY ASIPHO-BMMOAOI'MYECKASI XAPAKTEPUCTUKA
BAKTEPMAABHBIX ATEHTOB — DTNOAOTNMYECKUX
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Staphylococcus spp.

o,
el

Strectococeus spp.

Pesiome: VIHQeKIIMOHHBIN KepaTUT M SA3BbI POTOBUIIBI — DTO
BOCTIaANTeAbHBIe 32a001€BaHNs TKAaHN POTOBUIIBI, BhI3LIBaeMble
pasAMYHBIMM BUAaMU OaKTepuil, XapaKTepuU3yIoIuecs Kak
OCTPBIM, TaK M XPOHMYECKUM TeYeHMeM, a TakXKe ITPOsBAsi-
IoIuecs B BUAe IIPOTPecCUpyIOIIero M3bsA3BAeHNs M OBICTPO
IIporpeccupyIoIell THOMHON MHPEKIUN AI000I YacTy TKaHU
porosuiisl. bakrepuaabHbie SI3BBI POTOBUIIBI COCTABASIOT OAHY
13 Haubo.ee TsKeAbIX 1aTOAOTUI I1a3 BBUAY pucKa repdopa-
LMY POTOBUIILI ¥ MHPUUIMPOBAHUS C Pa3BUTUEM DHAOPTaAb-
mnura. leapio mccaegoBanus ObIAO IPOBeAEHNE MOAEKYAsp-
HO-TEHeTUYeCKUX MCCAeAOBaHMII IO OIpedeleHMIO CIIeKTpa
OakTepmaAbHEIX BO30yANUTeAeNl B Pa3AMIHOM O1010TMIECKOM
Marepuase IalMeHTOB C KepaTUTaMM M sI3BaMIU POTOBUIILI.
BrisBaenne raToreHHbBIX MUKPOOPTaHU3MOB IIPOBOANAOCH Me-
tozom IILP B pexxmMe peaapHOr0 BpeMeHU C KaueCTBeHHBIM
U KOANYECTBeHHBIM (OpMaTOM JeTeKIMN. DTUOAOTUYEeCKI

AA;I OUTUPOBAHNAA: 3Ha4YMIMbIMVI MMKPOOPraHM3MaMI IIPpM sI3BaX POTOBUIIbI SIB-
Toaysn O. C., Kocriok C. A., asiotest Streptococcus species m poda Staphylococcus species, Ko-
Pesrosuu M. I0. Moaexyaspro- TOpBle ObLAM BBLABAEHBI B O(PTAAbMOAOIMYECKOM OMOAOTIUe-
Ouoaormyeckast XapakTepncTuKa CKOM MaTepmaAe IIalIVIEHTOB C sI3BaMU CcODCTBEHHO pOFOBI/ILH)I
GaKTepraabHBIX aTeHTOB — DTUO- B 80,00+8,20 % m 70,00 +7,56 % cay4aeB COOTBETCTBEHHO M B

Aorrgeckux GpakTopoB KepaTUTOB I
3B poroBuubL. 3adauu Guomedutyubl.
2025;1(2):58—76.

78,57 £8,36 % u 64,29 £7,65 % caydaes C si3BaMy pPOTOBUIHOTO
TpaHcnaaHraTa; npu kepatutax AHK Streptococcus species BbI-

https://doi.org/10.5922/ATB-2025-1-2-4 sSIBA€Ha B 57,89 i7,18 %, StﬂphleCOCCT/{S Species — 42,11 i6,22 %.

Ompegeaensr gocrosepHo (p<0,05) Oozee BbICOKME 3Haue-
IMocrynmaa Hust KoHneHTpanuy /HK BBIABAEHHBIX MUKPOOPTaHU3MOB
10.05.2025 r. (10°ITD/ma) B cockobax DIUTEANAABHBIX KAETOK M3 BEPXHUX

[pormaa pereHsuposaHue
19.08.2025 1.
ITpuHsaTa K TIEYaTH

ABIXaTeABHBIX ITyTeil M IO CpaBHEHMIO C OMOAO0TMYEeCKUM Ma-
Tepnaaom us raasa (10*—10° I'D/ma). Bepxane apixateabHbre

01.09.2025 r. IyTU cAeAyeT paccMaTpuBaTh B KadecTBe BO3MOKHOIO MCTOY-
Onyb.ankosara HIKa MHQUIOVPOBAHM Ila3a, YTO MOATBEPIKAAeTCs KoAmde-
08.12.2025 1. CTBEHHBIMU AaHHBIMU OIIpejeaeHns KoHeHTpannit AHK.

© IToaysz O. C., Kocriok C. A, Kaiouesble caoBa: KepaTUTEI, s13Ba COOCTBEHHOI POTOBUITHI,
Pesrosny M. 1O., 2025 sI3Ba pOTOBMYHOTO TpaHCIlAaHTaTa, MUKpoopranmusmbsl, ITLP
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Abstract: Infectious Kkeratitis and corneal ulcers are
inflammatory diseases of the corneal tissue caused by various
types of bacteria, characterized by both acute and chronic
course, and also manifested in the form of progressive ulceration
and rapidly progressing purulent infection of any part of the
corneal tissue. Bacterial corneal ulcers are one of the most
severe eye pathologies due to the risk of corneal perforation
and infection with the development of endophthalmitis. The
aim of the study was to conduct molecular genetic studies
to determine bacterial pathogens spectrum in various
biological material of patients with keratitis and corneal
ulcers. Pathogenic microorganisms were detected by real-time
PCR with qualitative and quantitative formats. Etiologically
significant microorganisms in corneal ulcers are Streptococcus
species and Staphylococcus species, which were identified
in the ophthalmological biological material of patients with
own cornea ulcers in 80.00 +8.20% and 70.00 +7.56% of cases,
respectively, and in 78.57+8.36% and 64.29+7.65% of cases
with corneal transplant ulcers; in keratitis, Streptococcus
species DNA was identified in 57.89 +£7.18%, Staphylococcus
species — 42.11+6.22%. Significantly (p <0.05) higher values
of DNA concentration (106 GE/ml) were found in upper
respiratory tract epithelial cells scrapings in comparison
with eye biological material (104—105 GE/ml). The upper
respiratory tract should be considered as a possible source
of eye infection, which is confirmed by quantitative data on
determining DNA concentrations.

Keywords: keratitis, own cornea ulcer, corneal transplant ulcer,
microorganisms, PCR
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BBeaenue

MHpeKuMOHHBIN KepaTUT U 3Bl POTOBULIBI SIBASIOTCS BeAyIllell IIPUIHOI POro-
BIYHOII CAeIIOThI BO BceM Mupe. CoraacHo 1iocaesHeMy OT4eTy, OIlyOAMKOBaHHOMY
BcemupHOII opranmsanmei 3apaBoOXpaHeHNs], KOANIeCTBO 3a00AeBINX MHPEeKIIN-
OHHBIM KepaTUTOM M s3BamMy porosuubl npespicriao 6 000 000 yeaosek, uncao cay-
4yaeB MOHOKyaspHON caenotel cocraBaseT 1500000—2000000 cayuaes B rog [1].
Kpome Toro, nccaeaosanne, mposegenHoe B CIIIA, mokasaao, 4TO e5KerogHo Ha Aeue-
HIe MH(QEKIMOHHOIO KepaTuTa TpaTnuaoch 0K040 175 MAH 4044., 4TO TIOAYepKIBaeT
€ro 3HaulMTeAbHYIO Y KOHOMIYECKYIO Harpy3Ky Ha CHUCTeMY 34paBOOXpaHeHusI [2].

VHdekionHbIe 3BBI POTOBUIIBI, KaK IIPaBIAO, XapaKTepU3yIOTCsl pOTOBUYHBIMU
SHUTeANaAbHBIMU AedpeKTaMl, BOCIladeHleM B CTPOMe U IOTeHIIMaAbHOM IToTepeil
CTPOMaAbHON TKaHM C IOCAeAYIOIIMM IIOMYTHEHMEeM POTOBUIIBI U OOpa3oBaHUEM
pyounos [3; 4]. HecMoTpsI Ha MHTEHCHBHOe Ae4yeHle, OHY OOBIYHO BBI3BIBAIOT IPyOOe
pyOlieBaHIe 1, KaK CAeACTBIe, YXYAIIeHNe 3peHs.

ITo aannpiM BecemupHoOI opranmsanmum 34paBooxpaHenus cpeau 39 MAH CAEIIbIX
AI0A€11 HeIIPO3PpavyHOCTb POTOBUIIBI OblAa IpUUNHON B 4 % caydaes [5]. Porosuunas
CAerioTa — 4YeTBepTas IIPUYNMHA CACTIOTEI BO BCeM MIUPe I10CAe KaTapaKThl, I1ayKOMBI
U BO3PaCTHON MaKy/AsSpHOM JereHepallyi. DIUAeMMIOAOTUs 3a00AeBaHNIl pOrOBU-
LIBI OXBaThIBaeT IIMPOKNUII CIIEKTP MH(PEKIIVOHHBIX I BOCIIaAUTeABHBIX 3a00A€BaHUIT
raas, KOTOpbIe BBI3BIBAIOT IIOMYTHEHNe U pyOlieBaHyie pOTOBUIIbI, IPUBOAS K CAIIO-
Te, yXyAlllasg KadeCTBO >KM3HU ITallMeHTOB U 3aTPYyAHss COLIMAAbHYIO ajallTaljuio.
I'2100aapHas o1jeHKa 0AHOCTOPOHHEeN CAeIIOThl B MUpe, IPUYMHONM KOTOPOI sBAseT-
cs1 MH(pEKIMOHHOe 3a00.1eBaHNe poroBuIlsl, cocrapaseT 1,5—2,0 MaH caydaes B rog
[6]. B nHacTos1ee Bpems s3Ba pOrOBUIIBI 4451 OOABIIMHCTBA CTPaH — AUAVPYIOIIas
NpUYVHA POTOBMYHON CAeNOoTH [7; 8]. AHaAU3 SNMAEMUOAOTUYECKNX AaHHBIX IO
OakTepraabHOMY KepaTUTy U sI3BaM POTOBUIIBI 3aTPyAHEH, IIOCKOABKY OOABIINH-
CTBO A@HHBIX IIPUBOASITCS O TEPMIHOM «POTOBIYHOI CAEIIOThI», KOTOPBIN caM 110
ce0e BKAIOYAET psiA TpaBMaTMIeCKNX, MHQPEKIIMOHHBIX, BOCIIaAUTEABHBIX VI HacAea-
CTBEHHBIX 3a001€eBaHNi1 pOTOBUILIBL. bakTeplaAbHbI KepaTUT Tak>Ke 4acTO Ha3bIBAIOT
«A3BOJ porosuilbl». Ha IpakTuke 9TM TepMUHBI He SABASIOTCS B3aIMO3aMeHseMBbl-
M1, IIOCKOABKY POTOBMIIa MOXKeT coJeprKaTb DaKTepnaAbHYIO MH(EKIINIO (HarIpu-
Mep, OaKTepuaAbHBIN KepaTuT) Oe3 IoTepu TKaHM (s3Ba), a POTOBMIIA MOXKeT MeTh
s13By Oe3 OakrepmaapHON MHPeKkuunu. OgHako exxerodHast 3a00.1€BaeMOCTb sS3BaMU
porosu1isl B 10 pas 0o4blile B pa3BMBaIOIIMXCSI CTPaHaX IO CpaBHEHUIO C Pa3BUTBIMU
CTpaHaMM, a PaclpOCTPaHeHHOCTh MH(EKIIVOHHBIX KepaTUTOB K0AeDAeTCs B pa3HbIX
pernonax mupa ot 6,3 40 700 caygaes Ha 100 000 yea0Bek B ros B 3aBUCUMOCTU OT
pasHbIX TeorpapUyuecKuX ¥ KAMMaTUIeCKUX YCAOBUI, DKOHOMIYIECKUX U COIMaAb-
HO-KyABTYPHBIX (paKTOPOB, TAKMX KaK AOCTYITHOCTh MEeAVIIMHCKOI ITOMOIIU VI CTaH-
AapThl ee okazaHu: [9].

AuarHo3 MHQEKIIVOHHOTO KepaTUTa U sI3BbI POTOBUIIBI YCTAaHABAMBAETCSI HAa OCHO-
BaHUM KAMHNYECKUX AaHHBIX, AOMOAHEHHBIX MUKPOOMOAOTMYeCKMMI 1CCAe0BaHN-
sIMM, TaKMMM KaK MUKPOCKOITUeCKoe 1ccAeA0BaHIe, a TakKe OaKTep1oAOIMuecKM
UccAeJOBaHIeM C IIOCAeAYIOMINM OIlpejeleHIeM UyBCTBUTEABHOCTH K aHTUOaKTe-
pMaAbHBIM A€KapPCTBEHHBIM cpecTBaM. KanHudecknit aHaMHe3 B OOABIINHCTBE CAY-
YyaeB CIIOCOOCTBYET BBISIBAEHUIO DTMOAOTMYECKOTO MUKPOOHOIO areHra: Tak, Hallpu-
Mep, HOIIIeHNe KOHTaKTHBIX AVMH3 Yallle acCOLMMPYeTCs C CMHETHOMHON MaA04KO
1 akaHTaMeOHBIM KepatuToMm [10—12], B TO BpeM:s KaK TpaBMa POTOBUIIBI, CKOpee
BCero, CBsi3aHa C rpuOKoBoii mHpexumen [13]. XapakTepHble KAVMHIYECKe ITPU3HAK,
TaKue Kak sI3Bbl B (popMe AeHAPUTOB (IIpU TeplIeTM4ecKkoM KepaTuTe), IIepUCThIe Ipa-
HUIIBI U CAaTeAAUTHBIe TTOpakeH!UsI (IIpU I'pUOKOBOM KepaTuTe), IepyHeBpaAbHbIe /
KOAbIleBble MHPUABTPATH (IIpM akaHTaMeOHOM KepaTute) [2], criocoOCTBYIOT yTOU-
HEHUIO 9TUOAOTMYecKoro gpaxkTopa.
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HecMmotps Ha TO yTO MH(EKIIMOHHBIE SI3BbI TAKXKe MOTYT OBITh BbI3BaHBI IpuOaMu,
BUPyCaMy, MUKOOAKTepUAMMN 1 IPOCTeNIINIMY, OaKTepun sABASIOTC Hauboaee pac-
IIpOCTpaHeHHON MPUIMHON MHPEKIMOHHOTO KepaTnTa. OHI BHICTYHAIOT IPUIMHON
0k010 30—40 % Bcex A3BeHHBIX ITOPakeHMI1 porosuiisl. OcOOeHHOCTh TeYeHMs MH-
(exIMoHHOrO mIpollecca Ipyu OaKTepuaAbHOI s13Be 3aBUCUT OT BUJa BO3OyAUTeAs,
BBI3BABIIIEIO 3a00/4€BaHIe, IIOYTOMY OCOOEHHO aKTyaAbHBIM CTAHOBUTCS peIleHMe
IIpo0AeMBbl AeTepMUHalMU DTUOAOTMYECKOro areHTa. Jaaee 1o pacrpocTpaHeHHO-
CTU pacrioAararoTcs repreTudecke 38l — okoa0 15 %. Ha ¢pone HomeHms KoHTakT-
HBIX AVMH3 A3BBl POTOBUIIBI pasBuBaloTcs B 12 % caydaes, a Ha poHe AMCTPOPUIECKUX
M3MEHeHII TKaHell IepejHero orjeaa raasa (CMHAPOM CyXOIO raasa, IlepBUYHAas
UAY BTOpUYHas AUCTpous porosutiel) — B 19 %.

CrouT OTMEeTHUTE, UTO psi4 PaKTOPOB MOKET BAMATDH Ha Pe3yAbTaThl MUKPOOMO10-
r9ecKOro 00CAe40BaHNs IIPU BBIABAEHNN ITaTOTeHHOro akTopa, O YeM COODIaioT
pasHble 1ccaejoBaTeAl, HaIpUMep IpUMeHeHNe aHTUOaKTepraAbHbIX M aHeCTe3!-
PYIOIIX IAa3HBIX KarleAb, He4OCTaTOYHO KayeCTBeHHBIN MaTepra, HeHaAAeKallas
TPaHCIIOPTUPOBKa 1 XpaHeHue. HecMOTps Ha A0KaabHbBIE M permoHaAbHbIe pa3Au-
4y B 9TUOAOTUU DaKTepUaAbHOIO KepaTuTa, HanboAee paclipocTpaHeHHble MH(peK-
LIMIOHHbIE aTeHThl, I0-BUAVIMOMY, aHaAOTMYHBI BO BCeM MUpe, ITpMUdeM JccAeJ0BaHNs
AEMOHCTPUPYIOT 00/ee BBICOKYIO AO0AI0 TPaMIIOAOXKUTEABHBIX MU30A45ATOB (47,6 —
88,6 %), uem rpamoTrpunateaspHbx (11,4—49,6 %). Cpeau rpaMIOA0KNTEABHBIX UH-
exunir yaie Bcero BcTpevaroTcst Staphylococcus spp., 6 Tom ducae Staphylococcus
epidermidis, (16,6—45,5%, B cpeanem 28,5 %), Staphylococcus aureus (9,0—42,6 %, B
cpeanem 17,0 %), a taxke Streptococcus spp., BKAIodas Streptococcus pneumoniae, U
Pseudomonas spp.

CaeaoBaTeAbHO, MMeeTCs IIMPOKasl BapnabeAbHOCTh OCHOBHBIX IIaTOT€HOB, yya-
CTBYIOIINX B HTMOAOTUN DaKTepuaabHOIO KepaTuTa U 3B pOoroBuIibl. OueHb Ba>kKHO
IIPOBECTU BUAOBYIO MACHTU(PUKAIMIO BO30yAuUTeAsl C 11eAbl0 Ha3HadeHUs CBOeBpe-
MEHHOTO STHOTPOITHOIO AeYeHI.

OgHako ycTaHOBJA€HMe TOYHOTO KAMHUYECKOTO AMarHosa MHQEKI[MOHHOIO Ke-
paTuTa 1 3B POrOBUIILI B PAaAbHBIX YCAOBMSAX YaCTO ABASETCS CAOXKHON 3ajadeii.
B mepByio ouepeab 9TO OOBsCHsETCS HECKOABKUMU (paKTOpaMy, BKAIOYasl Hepas-
AVYMMBble KAMHMYEeCKUe MPU3HaKM, O0Iue 445 pa3AUYHBIX BUAOB BO30yauTeeli,
MUKCT-MHPUIIMPOBaHUe, AAUTeABHOCTh MPOBeAeHMsI DaKTepUOAOIMIeCcKIX Mccae-
AOBaHII, a TaKKe UX HU3KYIO D(PPeKTUBHOCTh B OTHOIIEHNUM aHa®POOHBIX IaToTe-
HOB [2]. BBuay HaAM4MsA 4aHHBIX CAO0KHOCTeN B HaCTOsIIee BpeMsl I1aBeHCTBYIOIasl
POAb B yCTaHOBAEHUM DTUOAOTUYECKOTO (paKTOPa BO3HMKHOBEHI ST MHQPEKIINOHHOTO
KepaTuTa U 3B POTOBUIIBI OTBOAMTCS MOAEKYASAPHO-TeHeTMYECKMM MeTojaM Aua-
THOCTUKI.

ITean nccaeagoBaHms — ONpeAeAUTD BUAOBOI cOCTaB ODaKTepuaabHO! (PAOPHI KAU-
HIMYeCKOTo OMO/AOIMYecKOro Mareprasa IalieHTOB ¢ KepaTuTaMy U s3BaMy POro-
BULIBI C UCIIOAB30BaHIEM MOAeKyAspHO-Omoaormyeckoro meroga [P B pexxume
peaabHOTO BpeMeH!U AAsl yCTaHOBAEHMsI BO3MOKHOIO oJara HepBUYHOIO MHQUITN-
pOBaHMSI.

MaTepI/IailbI " MeTOAbI

B nccaegosanne Bkaiouensl 53 nanyenta (106 raas) c keparutaMu 1 sA3BaMI POTo-
BUIIBI Pa3AN4HOM dTHoA0THM (puc. 1). B rpynmy nccaegosanms sonian 20 raneHTos
(40 raas) c s13BaM1 COOCTBEHHON POTOBUIIBI Pa3AMYHOM DTNOAOINY, 14 TTaIIIeHTOB C
sI3BaMI POTOBMYHOTIO TpaHCIIAaHTaTa (28 raas), B rpymiIly cpaBHeHUs — 19 nanuen-
TOB (38 raas) ¢ kepaturamu. Cpeau Hux 6s1au 22 My>KanHsI (41,5 %) 1 31 xeHmnHa
(58,5 %). Bospact Bapbsuposazcs ot 19 40 77 aet, MeanaHa coctaBuaa 49,2 aert.
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HaLU/IeHTI)I, BK/AIOYEHHBbIE B 11CCAeAO0BaHIIe

HaI_H/IeHTLI HaL[I/IeHTbI C sgA3BaMm HaLU/IeHTI)I KOHTpOALHa}I IpyIIia
C s13BaMU COOCTBEHHOI PpOoroBn4IHOTO IIpakKTU4IeCKn
C KepaTuTtaMun
PpOroBnIel TpaHCIL1aHTaTa 3A0POBBIX ALY

BasiTie O110A0TMIYECKOTO Marepunadaa AAs1 I/ICCAe,ZI,OBaHI/Iﬁ

Buyrpuraasuas CaesHnas Cocko0 Cockob Cocko0
SKMAKOCTD SKMAKOCTD 13 KOHBIOHKTUBEI u3 3eBa 13 HOCa

HpOBeAeHMe MOAEKYASPHO-TEHETNIECKNX I/ICCAGAOB&HI/Iﬁ

AHK
Enterobacteriaceae, AHK AHK maroreros, AHK . AHK Legionella
Staphylococcus accouuuposansbix | Corynebacterium .
Staphylococcus spp., N . ; pneumophila
aureus C CennTuIeMmern diphtheriae
Streptococcus spp.

NS

CraTucrnyeckas o0padoTKa ITI0Ay4eHHBIX pe3yAbTaToB C
IIOMOIIBIO ITaKeTa IIpNKAaAHbIX Tporpamm SPSS 16.0

Puc. 1. Cxema sKkcriepumeHTa
Fig. 1. Experimental design

Kpurepusamu sBkarodenns B mccaejobanue ObLAM BO3pacT crapiie 18 aet, Haanune
KepaTuTa UAU sI3BbI pOTOBUIIBI, MHPOPMUPOBAHHOE COTAacle Ha yJacTue B 1ICCAeA0-
BaHuu. Kpurepumn nckaiodeHus: HessBKa Ha KOHTPOAbHBIE OCMOTPBI, OTKa3 OT 00cae-
AosaHmii. KoHTpoabHbBIe OCMOTPEBI HadHadaAau yepes 1, 3, 6, 12 mecs1ies 11ocae BuIIN-
CKI U3 CTalliOHapa. B Tex cayuasix korga tedeHue 3aboaeBaHIsI OBLAO TOPIMAHBIM
AV HelIPepPBIBHO pelMAVBUPYIOIINM, OCMOTPbI Ha3HavyaAl Jallle, B MHAVBUAYaAb-
HOM pexumMe. MuHMMaAbHBIN Iepuog HabAoAgeHns — 12 Mecs1ieB BO BceX CAydasix.

Kourpoabsnyio rpynmny cocrasuan 15 npakrmaeckn 340possix aut (30 raas) Oes
odTaabMOAOTMYECKON MaToAorun B Bodpacte ot 30 40 45 aet (MmeamaHa — 42 roaa),
8 sxenmuH (53,33 %), 7 my>xunH (46,67 %).

Aast mpoBegeHIs MOAEKYASIPHO-TeHeTYeCKIX ICCAeA0BaHUI B KauyecTse 0110.40-
rimyeckoro Marepuada 20 nanyenrtos (40 oOpas1oB) ¢ s3BaMy COOCTBEHHON pOrOBU-
ubl 1 14 manmeHTos (28 00pa3loB) C sI3BaMM POTOBUYHOTO TpaHCIIAaHTaTa, BKAIO-
YeHHBIX B lccaeoBaHMe, a Takke 15 nmanmenTos (30 oOpasiioB) rpyImbsl KOHTPOAs,
JICIIOAB30BaAI:
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® BHYTPUTIAa3HYIO JKMAKOCTD (13 IIPaBOIO U A€BOIO Il1a3a OTAeAbHO);

® CAe3HYIO KIAKOCTH (113 IIPaBOIo U AeBOT0 I1a3a OTAeABbHO);

® COCKOOBI DIINTeAMaAbHBIX KA€TOK 13 KOHBIOHKTUBEI (113 IIPaBOro U AeBOro Iasa
OTAEABHO);

® COCKOD »INTeANAABHBIX KAETOK U3 3€Ba;

® COCKOD »INUTeANAABHBIX KAETOK 13 HOCA.

Brigeaenne AHK n3 mccaeayemoro 6moaorndeckoro MaTepuada IpOBOAUAU C
ucrioap3osanueM Habopa pearentos «AptAHK Aerkuit» (OOO «AprtbuoTex», Pb).
ITo oxoHUaHUM Tara IPOOOIOATOTOBKM IPOBOANAN BBIsIBAEHIE U KOANYECTBEeHHOe
onpeseaenne AHK sarepobaxTepuii (cemerictsa Enterobacteriaceae), cradpa10KOKKOB
(poaa Staphylococcus species) m CTPeHTOKOKKOB (poga Streptococcus species) ¢
UCIIOAB30BaHNEM HabOopa peareHTOoB «AMmaullpainM® @aoponeHo3-A>poOsI»
(PbYH LIHMI snuaemmoaorun PocriorpebHagzopa, PP); AHK meTturimaans-ays-
CTBUTEABHOTO U MeTULINAAUH-Pe3UCTeHTHOro Staphylococcus aureus, MeTULIMAAVH-
Pe3UCTEeHTHBIX KoaryAa3oHeTraTUBHBIX Staphylococcus spp. ¢ UCIIOAb30BaHMEM Habopa
peareHTOB «AMIIANCenc® MRSA-ckpun-tutp-FL» (PBYH LIHVI stimaemMumoaorun
Pocniorpebragzopa, P®); AHK Legionella pneumophila ¢ ucroas3oBaHueM HaOopa
pearenToB «AMmnanCenc® Legionella pneumophila-FL» (®PBYH ITHMIM snnae-
muoaorunu PocriorpebHagszopa, P®); kauecrsenHoe onpegeaenune AHK Escherichia
coli, Enterobacter spp., Klebsiella spp., Proteus spp., Serratiaspp., Pseudomonas
aeruginosa, Enterococcus faecalis / faecium, Staphylococcus aureus, Streptococcus spp.
C UCII0Ab30BaHUEM Habopa peareHTOB Aas oOHapyxenmus /JAHK OakrepmaabHbix
rnaToreHoB, accoumyposaHsbix ¢ centuniemuent, «CEIITTOCKPVIH» (OO0 «HII®
Autex», P®); a taxxe AHK Corynebacterium diphtheriae i oOOHapy>KeHILsI TeHOB, KOAU-
pytornx Tokcunsl Corynebacterium diphtheriae v Corynebacterium ulcerans, ¢ ICIIOAb30-
BaHIeM HaOopa peareHTOB «AMnAnCeHc® Corynebacterium diphtheriae / tox-genes-
FL» (PBYH LTHIW stmaemnoaornu PociorpebHagzopa, PD).

Crarucriueckast o0OpaboTKa AaHHBIX IIPOBOAMAACH C TIOMOIIIBIO TTaKeTa MPUKAAA-
HbIX porpaMM «SPSS Bepcusa 16» (SPSS Inc.). Bce koanyecTBeHHble daHHbBIe MeAN
HellapaMeTpuJeckoe pacrpedeleHne (IIpOBepPKy Ha HOPMaAbHOCTb IIPOBOAUAU C
ucrioab3oBanueM Kpurtepust Koamoroposa — CMupHOBa) U IpeAcTaBA€HHl B BUAE
3HaueHNI MeAnaHbl 1 kBapTuaeit (Me (Q25/75)) Aast XxapaKTepuUCTUKI YaCTOTHI U3Y-
JaeMBIX IIPU3HAKOB UCII0Ab30BaAl aOCOAIOTHBIE TTOKa3aTeAn. JAas peleHus 3ajaqn
CpaBHEHUsI ABYX He3aBUCUMBIX I'PYII KOAMYECTBEHHBIX IIe€PeMEHHBIX ITPVMEHSIACS
KpuTepuii ManHa — YUTHU C 1IeABIO CpaBHEHMU: BeAMYMH M3MepeHMIl IIpU3HaKa.
Kpurnuecknm yposHeM 3HaUMMOCTU IIPU IIPOBEPKe CTaTUCTUIECKUX TUIIOTE3 IIPI-
HAT yposeHb p <0,05 [14].

PesyabTaThl

Ha ocxoBanumn IIpOBEAEHHBIX MOAEKYASPHO-TEHETUYIECKUX I/ICCAe,ZI,OBaHI/Iﬁ HaMM
ObLAU YCTaHOB/A€HbI MI/IKPO6I/IOAOI‘I/I‘I€CKI/I€ XapaKTepUCTUKN Pa3AMM9HOTO Omoaoru-
49eCKOro Marepnada IialieHToB 13 OCHOBHOMU U KOHTpO/leOﬁ I'pyIIII.

1. Aannvie kauecmeennozo cocmaéa MuKkpoPaopot

1.1. Ilayuenmut ¢ s36amu coOCMEEHHOU PO2OSUL,bL

Bo BuyTpuraasnoi xxuaxoctu 20 IamyeHToB C sA3BaMM COOCTBEHHOM POTOBUIILI
(n=40 obpas1ia) yacToTa BLIABACHNS MUKPOOHOTO (pakTOpa OaKTepuaabHOM STHOAO-
rum coctasuaa 100 %. ITpu nsydennn BuAOBOTO cOCTaBa BBISIBACHHON (PAOPHI OBLAO
YCTaHOBAEHO, YTO YaCTOTa BbIABACHILS yCAOBHO-TIaTOTeHHOM (PAOPBI poda Streptococcus
species cocrtaBnaa 80,00+£8,20% (n=32; 16 mnaumeHTtos), poda Staphylococcus
species — 70,00+£7,76 % (n=28; 14 maumenTos). BozOyaurtean Streptococcus species
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Aetexktuposaacs B Buge MoHouHpekuun B 30,00+5,31 % caygaes (n=12; 6 nauu-
eHTOB), Staphylococcus species — B 20,00 +4,38 % caydaes (n=8§; 4 maunueHra), Toraa
KaK MMKCT-MHuIMposanue Ob10 xapaktepHo Aas 50,00+6,71 % cayuyaes (n=16;
8 marimenTos). AHK cemerictBa Enterobacteriaceae He Oblaa BbIsSIBA€HA HU B OAHOM
obOpasne. IIpu nposeaennu aaasHernnen audQepeHnaibHON AMarHOCTUKI BBISAB-
AeHHOI (PAOPEI ¢ ncroab3osaHneM Habopa peareHToB «CEIITTOCKPVIH» (P®) AHK
Streptococcus species 6p1aa BepuduIposaHa B Tex ke 32 obpasmax (80,00 + 8,20 %;
16 marieHTOB), a BO30yANUTeAeM, IpUHaAAeXalIuM poay Staphylococcus species, Obla
naentuguumposan Staphylococcus aureus — Bo Bcex 28 oOpasuax (70,00+7,76 %;
14 manumentos). JAuddepeninmaibHas AMarHOCTUKa BBIABAEHHBIX BO30yauTeaen
poaa Staphylococcus species: MeTULMAAUH-UYBCTBUTeABbHBIe Staphylococcus aureus
(28,57 £5,24 %, n=8; 4 naumeHTa), MeTULINAANH-PE3UCTeHTHLIe Staphylococcus aureus
(28,57 +£5,24 %, n=8; 4 manueHTa) 1 METUIINAAVH-PE3VICTEHTHbIE KOary1a30HeraTIB-
Hele Staphylococcus species (42,86 + 6,35 %, n=12; 6 arneHTOB).

CriexTp BBISIBAEHHBIX BO30yAMTeAell M 9acTOTa MX BCTpedaeMOCTM ObLAM I0AHO-
CTBIO UAeHTUYHBIMU (coBItagdeHue 100 %) mpm mccaejoBaHUM CAE3HOM KUAKOCTU
U COCKOOOB ®IUTeANaAbHBIX KA€TOK 13 KOHBIOHKTUBBI 0OCAeAyeMBbIX ITallJieHTOB C
sI3BaMII COOCTBEHHOM pOToBUIIBL. IIpy ®TOM ycTaHOBAEHO, YTO Y HalleHTOB HabAIo-
AaeTcsl OAHOBpeMeHHOe MH(PUIIMPpOoBaHNe 000MX I1a3, He3aBIICMO OT TOTO, s13Ba COO-
CTBEHHOJI pOTOBUIILI KaKOT'O I4a3a (IIpaBoOro UAM A€BOro) MAeHTUdUIPOBaHa.

IIpu nccaeaoBaHM COCKOOOB SIINTEAMAABHBIX KAETOK 13 3eBa U Hoca 20 mamu-
eHTOB ¢ sA3BaMm codctsenHoi porosunsl AHK Streptococcus species Oblaa BblsiBAeHa
y 12 (75,00 £8,12 %) u3 16 mamueHTOB, y KOTOPBIX B MCCA€AYeMOM OMOAOTMIECKOM
MaTepuase U3 raas (BHyTpUrAasHas KMAKOCTD, CAe3Has KMAKOCTb VM COCKOO ®Iu-
TeAMAABHBIX KJAE€TOK U3 KOHBIOHKTUBBI) OblA OOHAapy>KeH AaHHBIII BO30yANUTEAb;
AHK Staphylococcus species — y 10 (71,43 + 8,02 %) n3 14 nanmenTos; AHK cemerictsa
Enterobacteriaceae BpisiBA€Ha He Oblaa.

Bo Bcex oOpas1iax nccaeyeMoro 010A0Tn4eckoro MaTeprasda alieHTOoB C I3BaMU
coocrsennon porosuisl AHK Legionella pneumophila, a taxxxe AHK Corynebacterium
diphtheriae w reHoB, Kogupylommx TokcuHbl Corynebacterium diphtheriae mn
Corynebacterium ulcerans, BplsiBA€Ha He OblAa.

1.2. Iayuermol ¢ A36aMu Po20SULHO20 MPAHCHAAHINAA

Bo BHyTpuraasHoit >kuaxoctu 14 maryeHToB ¢ s3BaMy POrOBMYHOTO TPaHCIIAaH-
TaTa (n=28 0OpaslloB) YacToTa BLIIBAEHIMSI MUKPOOHOTro ¢akTopa OaKTepraabHOI
stroaornu cocrasusaa 100 %. Ilpu nsyyennn BuA0BOro coctasa BBISIBA€HHON (PAOPHI
OBLA0 YCTAaHOBAEHO, YTO YacTOTa BBIIBAEHMS YCAOBHO-IIATOI€HHOM (PAOPEI adpoO-
HOI 9TUOAOTUM poga Streptococcus species coctaBmuaa 78,57 8,36 % (n=22; 11 nanu-
€HTOB), poda Staphylococcus species — 64,29 +7,65 % (n=18; 9 mamnueHToB), cemelicTBa
Enterobacteriaceae — 28,57 +5,24 % (n=_8; 4 nmarjuenra). Ha ocHoBaHNM n3yueHus Io-
AYYeHHBIX AaHHBIX ObLA0 YCTaHOBAEHO, YTO TOABKO BO30yauTean Streptococcus species
AETeKTUPOBaACA B Buge MOHOMHpeKumu B 28,57 + 5,24 % caydaes (n = 8; 4 marueHTa),
TOTJa KaK MUKCT-uHpuUIposanue Streptococcus species + Staphylococcus species 6140
XapakTepHO A4 42,86 + 6,35 % caydaes (n=12; 6 mariuentos), Staphylococcus species +
Enterobacteriacene — aas 21,43+4,56 % caydaes (n=6; 3 maumenta), Streptococcus
species + Enterobacteriaceane — Aast 7,14 +2,66 % caydaes (n=2; 1 nmaunent). Ilpu mpo-
BeJdeHN!U JAaAbHenInei aAud@epeHnnalibHOM AMArHOCTUKI BBISIBA€HHON (PAOPHI C
ucrioab3oBanueM Habopa pearentoB «CEITTOCKPUVH» (P®) AHK Streptococcus
species Obl1a BepuUIIMPOBaHa B TeX Ke 22 oOpasiax (78,57 8,36 %; 11 nmarjueHTOB);
BO30yAuTeAeM, MpUHajAeXalum poady Staphylococcus species, 0bla MAeHTUPUIIN-
posan Staphylococcus aureus — Bo Bcex 18 obpasmax (64,29 7,65 %; 9 marueHToB);
BO30yAuTeAeM, IpUHaAAeXalluM ceMelicTBy Enterobacteriaceae — E. coli, — BO Bcex
8 obpasuax (28,57 +5,24 %; 4 manuenra). AuddepeHiinaibHas AMarHOCTUKA BbI-
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sBAEHHBIX BO30OyAmTeaeit poga Staphylococcus species: MeTUIIUAAVH-PE3VICTEHTHBIE
Staphylococcus aureus (33,33 5,69 %, n=6; 3 narjuenTa), KOTOpble ObLAU BHIIBAEHHI B
acconmanum co Enterobacteriaceae, i MeTUIINAAVH-Pe3MICTEHTHBIE KOAaTyla30HeraTB-
Hele Staphylococcus species (66,67 +7,92 %, n=12; 6 1aniueHTOB), BHIIBAEHHBIE B acCO-
nyanum co Streptococcus species.

CrexTp BBISIBAEHHBIX BO30yAuUTeAell M 4acToTa MX BCTpedaeMOCTU OBLAU IIOAHO-
CTbIO MAeHTMYHBIMU (coBItageHne 100 %) mpu mccaejoBaHUM CAE3HOM KMAKOCTU
1 COCKODOB SINTEANAAbHBIX KA€TOK 13 KOHBIOHKTUBEI 00CAeAyeMBbIX IallIeHTOB C
sI3BaMIM POTOBIMYIHOTO TpaHcIiAaHTata. [Ipu 9ToMm ycTaHOBA€HO, 4TO y HallMIeHTOB Ha-
04104aeTcsl 0AHOBpeMeHHOe MH(PUIMPOBaHe 000NX I1a3, He3aBIUCUMO OT TOTO, sI3Ba
POTOBIMYHOTO TpHACIIAaHTaTa KaKOro raasa (IIpaBoro 1AM AeBOTro) UAeHTUPUIIUPO-
BaHa.

ITpu mnccaeaoBaHM COCKOOOB SIINTEAMAABHBIX KAETOK U3 3eBa U HOca 14 mamu-
eHTOB ¢ sA3BaMM poropuuHoro Tpancraanrara AHK Streptococcus species Oblaa BbLsB-
2eHa y 10 (90,91 +9,05 %) n3 11 naumeHToB, y KOTOPHIX B 1ICCAeAyeMOM OMoAormde-
CKOM MaTepuasde U3 raas (BHyTpUIaasHasl KUAKOCTD, CA€3Hasl KMAKOCTh U COCKOO
SIUTEeANAAbHBIX KA€TOK 13 KOHBIOHKTUBBI) ObL1 OOHapy>keH AaHHBIX BO30yAUTEAb;
AHK Staphylococcus species — y 7 (77,78 +8,50 %) n3 9 nmanmenTos; AHK cemerictsa
Enterobacteriaceae — y Bcex (100 %) mammeHTOB.

Bo Bcex oOpasmax mccaeayeMOro OMOAOTMYECKOTO MaTepualda IaIlIeHTOB C
si3Bamu porosuuHoro Tpascraantata AHK Legionella pneumophila, a taxke AHK
Corynebacterium diphtherine m reHOB, Kogupymomux TokcuHbel Corynebacterium
diphtheriae i Corynebacterium ulcerans, BplsBAeHa He Oblaa.

1.3. Hayuernmbol ¢ kepamumamu

Bo BHyTpuraasnon sxmaxkoctu 19 manmenTtos c kepatutamu (n=38 oOpa3IioB)
JyacToTa BBIABAEHNS MMUKPOOHOro ¢pakropa OaKTepuaabHONM HTUOAOTUM COCTaBU-
aa 100 %. Ilpu msyuyeHUm BMAOBOTO COCTaBa BBLIIBA€HHON (PAOPBHI OBILAO yCTAHOB-
A€HO, YTO 4acTOTa BBIABAEHMNS yCAOBHO-IIATOTEHHON (PAOPHI a9PpOOHOI DTHOAOTUNU
poaa Streptococcus species cocrasuaa 57,89+7,18% (n=22; 11 maumeHTOB), poga
Staphylococcus species — 42,11 + 6,22 % (n = 16; 8 maunentos). I Ipu aTom Bo Bcex oOpas-
I1aX yKa3aHHbIe BO30yAUTeAN HPUCYTCTBOBaAM B BuAe MoHouHpexkunu. AHK cemeii-
ctBa Enterobacteriaceae He Oblaa BbIsIBA€Ha HU B 0gHOM oOpasie. ITpu nmposesenun
AaapHenen auddQepeHInaibHON AMArHOCTUKY BBISIBAEHHON (PAOPHI C UCII0AB30-
BaHMeM HaOopa pearenToB «CEITTOCKPVH» (P®) AHK Streptococcus species Ov1aa
Bepuduiiuposana B Tex ke 22 oopasijax (100 %;11 maruentos), AHK Staphylococcus
aureus — B 14 obpasuax (87,50 £9,02 %; 7 nanmenrtos). AuddepennnaabHas A1arHo-
CTMKa BBIABAEHHBIX BO3OyAuTeaeit poga Staphylococcus species: MeTUIINAAVH-9yBCTBH-
TeabHble Staphylococcus aureus (57,14 +7,41 %, n=_8; 4 marjuenTa) 1 MeTUIIUAANH-Pe-
3ucteHTHbIe Staphylococcus aureus (42,86 + 6,45 %, n=6; 3 marneHTa).

IToanocTpio naeHTHuHbIe gaHHbIe (coBmageHne 100 %) moaydeHsl mpu mccaeao-
BaHUM CA€3HON >KMAKOCTU U COCKODOB ®IUTEAMaAbHBIX KA€TOK 13 KOHBIOHKTVBBI
o0caeayeMBbIX MalVIeHTOB ¢ KepaTtuTtamu. [Ipu 9ToM ycTaHOBAEHO, UTO y IaIlIeHTOB
HabAI04aeTcsl OgHOBpeMeHHOe MHPULIMPOBaHNe OO0UX IAa3, He3aBUCUMO OT TOTO,
KepaTuT KaKoro raasa (IIpaBoro 1AM A€BOr0) UAeHTU(PUIIVPOBaH.

IIpu mnccaeaoBanny COCKOOOB SIINTEAMAABHBIX KAETOK U3 3eBa U Hoca 19 mamu-
enToB ¢ kepatutammu AHK Streptococcus species Oblaa BpisiBAeHa y 8 (72,73 +8,18 %)
13 11 manumeHTOB, y KOTOPHBIX B 1CCAelyeMOM OMOAO0TMYeCcKOM MaTepuale U3 raas
(BHyTpUIAa3Hasl XIAKOCTD, CA€3Hasl JKMAKOCTb ¥ COCKOO SINTEeANAABHBIX KAETOK U3
KOHBIOHKTUBHI) ObLA OOHapy>KeH AaHHbIN Bo30yautean; AHK Staphylococcus species —
y 5 (62,50+7,71 %) n3 8 naunenros; AHK cemeiictsa Enterobacteriaceae BbIsiBA€Ha He
Oblaa.
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Bo Bcex oOpasiiax nccaeayeMoro 010A0rMueckoro Marepuada malyeHToB ¢ Kepa-
tutamu AHK Legionella pneumophila, a Taxxxe AHK Corynebacterium diphtheriae u re-
HOB, Kogupyiomux Tokcunbl Corynebacterium diphtheriae i Corynebacterium ulcerans,
BBIsIBA€HA He Obla.

1.4. Ilayuermvt KOHMPOALHOU 2pYnnbl

Ha ocHoBaHmnu mposegeHHBIX MOAEKYyAsSpHO-TeHeTUYeCKIX MCCAe40BaHU KakK C
KadyecTBeHHBIM (Haamune / orcyrcrsue JAHK Bo3OyanuTeaeir), Tak 1 ¢ KOAMYECTBEH-
HbIM (onpegeaenne KoHneHtpanuii AHK Bos3Oyaureseir) popmaToM MHTEpIIpeTa-
LI/ TIOAYYEHHBIX Pe3yAbTaToB HaMM OblA0 ycTaHoBAeHO oTcyTcrBue JHK Beex nmc-
cAeayeMBIX BO30yAMTeAel BO BceX BlAaX TeCTMPyeMOro O1010IMyecKoro Mmarepraada
IaIIIeHTOB KOHTPOABHON I'PYIIIIBI IIPaKTUYeCK! 340POBBIX ANI] Oe3 0PpTaabMOAOTH-
YEeCKOW aTOAOTUI.

2. Pesyavmamot onpederenus konyenmpavuii JHK
6bLABACHHBIX 6030YJumenei

Ha caeayromiem starte HaMy ObLAY ITPOBEAEHBI MOAEKYASPHO-TeHeTIeCKle 1CCAe J0BaHI s
110 OIlpeeAeHMIO KOA4eCcTBeHHBIX ypoBHell (konueHTpanuin) AHK poaa Streptococcus species,
poaa Staphylococcus species, a Tak>ke ceMericTBa Enterobacteriaceae Bo Bcex oOpasljax Omoaormye-
CKOTo MaTepiala MallieHTOB C sI3BaMI POTOBUITBI M KepaTUTaMy, B KOTOPBIX IIPY IIPOBeAeHU
KaueCTBeHHBIX lccaeloBaHmil geTekTupobadach JAHK ykazaHHBIX BO3OyANTe A€

MccaeaoBanms mpoBOAMANCH C MCIIOAb30BaHMeM Habopa peareHToB «AmnianlIpainm®
®aoporieHosz-Aspoosr» (PBYH LHHUI snnaemnoaoruu PocnorpedbHagzopa, PO), anaan-
TUJecKasl YyBCTBUTEABHOCTD (TIpeaea oOHapy>KeHUs) KOToporo cocrasaseT 2,0 x 10* I'D/ma.
AHaau3 pe3yAbTaToOB IIPOBOAMACS C IIOMOIIIBIO IIPOIPaMMHOIO oOecriedeHs mpudopa Aas
nposegenns [ILP ¢ gerekiueir B pexxume peaapHoro spemenn RotorGene 6000 (Corbett
Research, AscTpaans).

Kpusple HakomnaeHMs PpAyOpeCcIieHTHOTO CUTHAAa aHAAU3UPOBaAU 10 YeThIpeM KaHalaM.
PesyabpTaThl MHTepHpeTUpOBaAll Ha OCHOBAHUM HaAM4Ms (MAU OTCYTCTBM:I) IlepecedeHIst
Kp1BOI1 pAyopecrieHIINM S-00pa3Ho (CMTMO0Opa3HoIT) GpOPMBI C YCTaHOBAEHHOI Ha COOT-
BETCTBYIOIIIeM YPOBHe ITIOPOTrOBOI1 AMHIEN, YTO OIlpeAeAsl0 Haaudye (AN OTCYTCTBUe) AAS
Aannon npoos AHK 3Hagenns noporosoro nukaa (Ct) B cooTseTcTByIOMIeN rpade TaOAMITHI
pe3yAbTaToB.

Ha ocHoBanum noay4yeHHbIX 3Ha4eHU1 1oporosoro 1ukaa Ct 1 ncxoas 13 3a4aHHBIX 3Ha-
yeHni1 KoHueHTpanuit 441 AHK-kaanbparopos K1 n K2 mponcxoanao asromatmnyeckoe 1o-
CTpoeHIe KaAOPOBOYHOM MpsIMOI 1 pacueT umncaa konmi AHK-Mmuieneit 4as nccaeaye-
MBIX ¥ KOHTPOABHBIX OOPas3IjoB.

IToaydyennsle 3HaueHMs MCIIOAb30BaAM AAsl pacdeTa KOAMYeCTBa TeHOMHBIX DKBMBa/JeH-
ToB /AHK cooTBeTCTBYIONINIX MUKPOOPTaHU3MOB, COgep Kaliuxcs B 1 Ma ncxogHoro oopasiia
011010T1IYeCKOTO MaTepuaJa.

[Toayuennsle mpu pacyere 3HadeHns: Konnenrpauuit AHK Bo3Oyaureaeir orpaxkaan o0-
Ijee cogep>KaHue JaHHBIX MUKPOOPIaHU3MOB B 1ICCAeAyeMOM 0110A0TMYecKOM MaTepuade,
IIOMeIIIeHHOM B TPaHCIIOPTHYIO Cpeay.

2.1. Koauvecmeerinvie snavernus JHK Streptococcus species
6 PASAULHOM OUAOZUUECKOM MAMepuare nayueHnos 0CHOSHOU pynnol

Ha ocHosanmm mpoBegeHHBIX MCCAAOBAaHMII YCTaHOBAEHO, YTO KOHLIeHTpaLuN
AHK poaa Streptococcus species, AeTeKTupyeMble B pa3ANdHOM 0110A0TMYECKOM MarTe-
pMaze IaneHTOB OCHOBHOV TPYIIIIBI, BAPbUPOBAANCH B 3aBUCHMOCTY OT HO30A0TH-
4yeckoll (popMbI 3a00aeBaHus (puC. 2).
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Puc. 2. 3nauenns konnentpanuin AHK Streptococcus species:
a — BO BHyTpuraasHoi xxuakoctu (p <0,05); 6 — B caesznoit sxuaxoctu (p <0,05);
6 — B COCKODax sImTeAraAbHbIX KAETOK 113 KOHBIOHKTUBHI (p <0,05);
2 — B COCKODAX ®IUTeAMAABHBIX KAeTOK 113 Hoca (p <0,05); 0 — B cockoOax snmTeAnaabHBIX
KAETOK 13 3eBa IIaIlIeHTOB C s3BaMJ pOTOBUIIBI U KepaTuTaMu

Fig. 2. Streptococcus species DNA concentrations values:
a — in intraocular fluid (p <0.05); 6 — in tear fluid (p <0.05); s — in conjunctiva epithelial
cells scrapings (p <0.05); z — in nose epithelial cells scrapings (p <0.05);
0 — in throat epithelial cells scrapings of patients with corneal ulcers and keratitis
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2.2. Koauvecmeennoie snaverus AHK Staphylococcus species 6 pasauuHom
OUAOZUUECKOM MAMEPUANE NALUUECHTNOE OCHOGHOUL ZPYNnTbl

Ha ocHoBaHuMM IpoBeAeHHBIX MCCAeAOBaHMII YCTaHOBAEHO, YTO KOHIIeHTpaluu
AHK poaa Staphylococcus species, AeTeKTupyemble B pa3ANMdHOM OMOAOTMYECKOM Ma-
Tepuae MalllleHTOB OCHOBHOI I'PYIIIIEI, BapbUPOBAANICh B 3aBUCUMOCTI OT HO3010-
riyeckoit popmel 3aboaesanus (puc. 3).

1200000 500000 —_
7
o
T 1000000 *
— 400000-{
] 3
g —_ #* g
o
= 2
% 8000007 S
E ¥ 300004
8 E
E 00000 g
g g
o
E = 200000
] &
5 oo &
o &
& 100000
200000
-4 ——
—_— o
L *
o] o
T T T T
‘A38bI POTOBMLLE! KeparHTs! A3BEI POrOBULEI KepaTHTLl
rpynnel rpynnel
12000004 000000
T 10000007 2500000
g *
H
£ -
H (]
2 ononoo g 2000000
F H
g g
2 8
Lg 6000007 §|ﬂlﬂﬂm
g £
£ :
o 400000 @ 1000000
¥ n
@
200000 o 500000
55
——-— o
o oo
' 7 T T
AZBEI POTOBMLE! KepatuTsl A3BEI POFOBHLEI KepatuTel
rpynnel rpynne!

1200000

1100000

1000000

900000

St.spp. (cockob an sesa)

800000

700000

T T
A3BLI POFOBHLH KepaTuTel
pynnbl

0

Puc. 3. 3nauenns xonnentpaunit AHK Staphylococcus species:
a — BO BHyTpuraasHoi xxuaxoctu (p <0,05); 6 — B caesnoi xugakoctu (p <0,05);
6 — B COCKODaX DIUTeANaAbHBIX KAETOK 13 KOHBIOHKTUBEI (p < 0,05);
2 — B COCKODAX DIIMTEANAABHBIX KAETOK I3 HOCA; 0 — B COCKODAX DIIMTEANAABHBIX KAETOK
13 3eBa IAlMIEHTOB C SI3BaMV POTOBMIIBI U KepaTUTaMU

Fig. 3. Staphylococcus species DNA concentrations values:
a — in intraocular fluid (p <0.05); 6 — in tear fluid (p <0.05); 6 — in conjunctiva epithelial
cells scrapings (p <0.05); z — in nose epithelial cells scrapings; 0 — in throat epithelial cells
scrapings of patients with corneal ulcers and keratitis
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OO0cyxaenne

VndekimmonHble KepaTUTHI U A3BBI POTOBUIIBI ITPeACTaBASIIOT COOOII TsKeAble BOC-
IaAuTeAbHBIe 3a00/4eBaHNs, KOTOpble XapaKTepM3yIOTCsl HPUCYTCTBMEM BOCHaAU-
TeABHOTO Ouyara B porosuiie, Mopgoaormdyeckue IpusHaky MOCAeAHero 3HauuTeAb-
HO BapbUPYIOTCS B 3aBMCMMOCTM OT CTeIeHM TSIKeCTM U HTHOJAOTUM IIpoliecca: OT
DINUTEANAAbHOTO AedeKTa U HaANIUs ITOBePXHOCTHBIX MH(PUABTPATOB HEOOABIINX
pa3MepoB, IaTOTHOMOHIMYHBIX 445 aA€HOBUPYCHOTO ITOpaskeHns1, 40 MOAHMEHOCHO
AeCTPYKIIMM CTPOMBI pOTOBUIIbI, COIIPOBOXKAAIOIIENICs pa3BUTIEM TsXKeAbIX OCAOXK-
HeHUI1 ¥ BO3HMKHOBeHMeM nepdopaiuy, KoTopble HabDAI0AAIOTC IPU ITOpaskeHNUI
Pseudomonas aeruginosa [4; 15—17].

KaroueBoe 3HaueHne Ha paHHIX DTallax Ae4eHNs 4aHHOM I1aTOAOTMY MMeeT TIIa-
TeABHBINI COOpP aHaMHe3a, KOTOPBIN IT03BOASET BBIABUTL BO3MOJKHBIE IIPUYMHBI 1
(dakTOpHI PUCKa, a TAKXKe OIleHKa CTeIIeHN IOPa>keHIsI POTOBUIIBI, HAAMYIS OCAOXK-
HEeHWII, 4YTO IOMOraeT BLIOpaTh OIITMMAaAbHBIN BapMaHT AedeHIs 40 IOAy4eHNs pe-
3yABTATOB DTHOAOTMIECKO AMAaTHOCTVKIA.

[Tpu nepsuyHOM 00CAe 0BaHNN TTAITVIeHTa C KepaTUTOM U 513BOV POTOBUIIBI HEOO-
XOAVIMO OILIeHUTD CTeIIeHb TS KeCTU 3a00.1eBaHMsl, BEISIBUTH IMEIOIIeCs OCAOKHEeHN S
U BeposATHbIe (PaKTOPBI PMCKa UX I10CAeAYIOLIero pasBUTIs, ONMpasch Ha CAeAYIO-
Iyie KpUTepUI: pa3Mep U A0KaAu3alns MHPUABTPATUBHOIO O4ara 1Aam o0A1acTu Ae-
CTPYKIIMI CTPOMBI POTOBUIIBI (sI3BbI), IAyOMHa o4ara, HaAn4ue JeclieMeTolese uAu
nepopaliny, crerieHb BRIPa’keHHOCTY BOCIIaleHIsI B IlepeJHell Kamepe raasa [15].
BasKHBIM acIleKTOM TakKe ABASeTCs MPOAOAKUTeABHOCTh DII30J4a 3a00AeBaHMs.
K octpriMm KepaTuTam OTHOCAT 3a004eBaHIsl, IIPOAOAKUTEABHOCTb KOTOPBIX He IIpe-
spinaeT 14 auent. [Ipy yseanmyennm 5Toro cpoka caegyer IIpUMHIUMATh BO BHUMaHNe
BBICOKYIO BEPOSITHOCTh IIOBTOPHOTO MH(MUIMPOBaHMA MAM MUKCT-uHPpeknuio. Oda
BaplMaHTa IIpeAroAaraloT IIOBTOpHOe MpoBejeHNe DTUOAOTNIeCKOM AMarHOCTUKN U
rocJeAylolliee pelleHye BoIIpoca O KOppeKIiy aHTu0aKTepuaabHOIo AedeHns. Yem
AAUTeAbHee BIIN304, 3a001eBaHIsl, TeM Bblllle PUCK BbISIBAEHIIS BHICOKOPe3VICTeHTHO
MUKPO]AOPHI U pa3BUTH: HeDAaroIpUATHOTO ucxoa [4; 15].

BeaymiuMmy MuKpoopraHusmMamy, BBI3BIBAIOIIVIMU KepaTUTHI U sI3BBI POTOBUIIBL
ABASIIOTCS OaKkTepuy, oHU OOHapyKusaioTcs B 54—94 % cayuaes. Ilpu sTom 78—
83,8 % 13 BBIABAEHHBIX OaKTEepPUII TPaMIIOAO0KIUTEABHbIE I TOABKO 0KOA0 16,2—22 %
OTHOCATCs K rpamoTpuiiateapHsM [15; 18; 19]. Cpeau rpaMIioA0XuTeAbHBIX BO3-
Oyauteaeil KepaTUTOB I s3B POTOBUIIBI HamuOOAblllee 3HaueHMe MMeIOT cradpiiao-
KOKKM, B yacTHOCTM Staphylococcus aureus, n Koaryaa3oHeraTuUBHBIE CTa(pUAOKOKKI
(Staphylococcus saprophyticus, Staphylococcus epidermidis, Staphylococcus hominis u Ap.).
YacroTa BBIABA€HNUs HOAMMMKPOOHBIX HNOpPa’kKeHUil yBeANdMBaeTcs B TedeHue II0-
CA€AHUX AeT BHe 3aBUCUMOCTU OT KAMMAaTUIeCKON 30HBI AV CTPaHBI U COCTaBASIeT
ot 14 20 23 % [17—19].

Staphylococcus aureus — OCHOBHOII IIaTOT€H 4YeAOBeKa, KOTOPBII MOXKET BBI3HI-
BaTh paHeBble MHQEKINM, OaKTepueMHUIO M CeIICUC, CBSA3aHHbIe C BBICOKMM YPOB-
HeM cMepTHOCTU. BakTepns sBAseTcss KOMMeHCaA0M SINUTeANs HOCOBOW ITOAOCTHA.
Hocureanctso aTOT0 Mukpoopranmusma seiasaeHo y 20 % 3aoposoro Haceaenus [20;
21]. ¥V manmeHToB C pelMAMBUPYIOIIMMY KepaTuTaMy HOCUTeAbCTBO Staphylococcus
aureus B KOHbIOHKTMBAAbHOM ITOAOCTY OOHapy>KMBaeTCsl 3HaUMTeABHO Yallle, 4eM y
340pOBBIX 400poBOAbLIeB U coctaBaseT 20,6 u 3 % cooTseTcTBeHHO [21].

Boaee Bpicokas1, yeM B 00I1Ie11 ITOITY ALY, PAaCIIPOCTPaHeHHOCTh Ha3aAbHOM KOA0-
Husauun Staphylococcus aureus 6pl.aa OOHapy>KeHa y IalleHTOB C ayTOMMMYHHBIMMI
3a004eBaHMsIMY, TAKUMM KaK peBMaTOUAHBI apTpuT 1 601e3Hb Illerpena [21; 22].

HeobxoauMo OTMeTUTh, 4TO KOAMYECTBO aHTHOaKTepuaAbHBIX IIpeliapaToB AAsl
MEeCTHOI'O IIpMMeHeHNs B 0pTaabMOAOTUN OUY€Hb OTPaHIYeHO, a aHTUOMOTUKOPe3 -
CTeHTHOCTb CBOAUT K HYAIO YCUANSA O(PTaAbMOAOIOB IO A€9eHNIO TaKUX MallVIeHTOB.
ITo aanHBIM auTtepatypsl, B 16,9—34,9 % Staphylococcus aureus sBAsieTCsI METULINA-
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AVIH-pe3UCTeHTHBIM, IpyudeM B 70 % caydaeB BBIABASETCS YCTONUMBOCTL U K PTOP-
XMHO/ZOHOBBIM aHTMOMOTNKAM, KOTOpbIe ABASIOTCA IpellapaTaMyl IIepBOrO BhIOOpPa
IIpU KepaTuTax U sA3Bax porosuiisl [19; 23 —26].

baxrepnoaornueckoe mnccaesosaHne, HeCMOTpsl Ha IIMPOKYIO AOCTYIIHOCTD, IMe-
eT CyI]eCTBeHHbIe HeAOCTaTKI: AAUTEeABHOCTD ¥ OTHOCUTEABHO HUBKYIO pe3yAbTaTUB-
HoCTb. [ToceB ¢pa0pHI HAa YyBCTBUTEABHOCTD K aHTMOMOTUKAM AaeT ITOA0XKNUTeAbHBII
pe3yabTaT ToAbKO B 50—66 % cayuaes [15; 19; 23].

Takum ob6paszom, KatoueBast poAb B AMATHOCTMKE DTNOAOTUYECKIX (PAaKTOPOB BO3-
HUKHOBeHIsI MH(PEKIIVIOHHBIX KepaTUTOB I 3B pOrOBUIILI B HACTOsIIIee BpeMs IIpU-
HaAAeXUT MOAEKYASpHO-TeHeTUYeCKMM MeTOAaM.

Ha ocHoBanuu rposegeHHBIX MOAEKYASPHO-0MOA0TMIeCKIX ICCAeA0BaHNIT HaMU
On1am ontpeaeaensl KoHLeHTpaunu JAHK yca0BHO-IaTOreHHBIX MUKPOOPTaHM3MOB B
pasandHOM OMO/AO0TMYEeCKOM MaTepluase IaljlieHTOB C s3BaMIl POTOBUIIBI U KepaTu-
Tamu (Taba. 1).

Tabauya 1

3nagenns konnenTpanuii AHK yca0BHO-IIaTOreHHBIX MUKPOOPTaHM3MOB
B 010A0IMYeCKOM MaTepuaae IIaliVieHTOB C s13BaMI pOTOBUIIBI M KepaTUTaMy

Table 1

Values of opportunistic microorganisms’ DNA concentrations
in biological material of patients with corneal ulcers and keratitis

Buoaornue-| Konuenrpanms Streptococcus species, | Konnentparust Staphylococcus species,
CKIIA I'S/ma (Me (Q25/75)) I'D/ma (Me (Q25/75))
MaTepuaa | SI3BbI pOrOBUIIBI Keparutsr SI3BBI pOTOBUIIBI KepaTutsr

BuyTpu- 4,62 (3,68/6,68)x10°|5,53 (4,27/6,34)x10*4,76 (3,16/5,99)x10°|5,31 (4,75/6,25) x10*
raasHas
JKMAKOCTD
Caesnasn 3,00 (2,38/3,95)x10° 4,48 (4,14/4,67)x10* 2,81 (2,15/3,52)x10° 4,19 (3,94/4,72) < 10*
JKMAKOCTD
Cocko0b 5,34 (4,38/7,29)x10°16,15 (5,06/6,56) x10*|5,32 (4,24/7,57)x10° 5,89 (5,24/6,76) < 10*
113 KOHBIO
HKTVBBI
Cocko0 1,77 (1,33/2,24)x10° 2,41 (2,03/2,87)x10°|2,20 (1,23/2,56)=x10°|2,18 (1,83/2,59)x 10°
13 HOCa
Cocko0 2,32(1,59/2,75)x10°/1,70 (1,30/2,38)x10¢|1,73 (1,21/2,24)x10° 2,22 (1,05/2,60) x 10°
U3 3eBa

Vcnoap3oBanne HertapameTpmdeckoro Kkpurepns Manna — YUTHu 445 cpaBHeHs
ABYX He3aBMICMMBIX I'PYIIII IIepeMeHHBIX ITI0Ka3aA0 OTCYTCTB/E CTaTUCTUYeCK) 3Hadl-
MBIX AOCTOBEPHBIX Pa3AN4MII IIpY CpaBHeHuN 3HadeHnm Konuentpaumin AHK poga
Streptococcus species B cocKoOax ®IUTeANaAbHBIX KAETOK U3 3eBa IallJIeHTOB C s3BaMU
porosuiisl 1 Kepatutamu (Z=-1,805, p=0,071), Toraa kak B cockobax 13 HOCa TaKue
pasanuns 66141 yctaHoBAeHsI (Z=-2,959, p=0,003).

IIpu cpasnennu snauennii kontentpauuit AHK poaa Staphylococcus species: ipu
JCII0AB30BaHNUM KpUTepysi MaHHa — YUTHM CTaTUCTUYECK! 3HaYVIMble 4OCTOBEPHbIe
pasamdns B COCKOOax sImuTeAnaAbHBIX KAeTOK 13 Hoca (Z=-0,224, p=0,823) u sesa
(Z=-0,476, p=0,634) mauneHTOB C sI3BaMI1 pOTOBMIIBI 11 KepaTUTaMU OTCyTCTBOBAAM.

[Ipu nnpoBegeHNM cpaBHUTEABHOTO aHAAM3a AaHHBIX KOAMYECTBeHHOIO OIIpee/ie-
Hust AHK Mukpoopranusmos poaa Streptococcus species v poaa Staphylococcus species
B 0(PTaAbMOAOTMYECKOM OMOA0IMYeCKOM MaTepuase U B COCKOOax SImTeAnaAbHbBIX
KAETOK 13 HOCa U 3eBa ObLAY YCTAaHOBAEHBI CTAaTUCTUYECKN 3Ha4MMBble 4OCTOBEpPHBIE
(p<0,05) pazanuns KOHIIEHTpalWii B 3aBMCMMOCTI OT OMOTOIIa B3ATU: OMOA0rMYe-
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ckoro marepuaza. Jocrosepso (p <0,05) 6oaee Bricokme nokasarean (10° I'D/ma) B
cocKODax sMuUTeAnaAbHBIX KA€TOK 113 BEPXHUX AbIXaTeABHBIX ITyTell U 10 CPaBHEHUIO
¢ 6buoaornmueckuM MaTepuaaom us raasa (10*—10° I'D/ma), o Haremy MHeHMIO, I1O-
3BOASIOT UAEHTU(PUUPOBATh BepXHIE AbIXaTeAbHble ITyTH B KadeCcTBe IePBIIHOTO
ouara MHQUIIMPOBaHNA IPU A3BaX POrOBUIILI U KepaTUTaXx.

Takum oOpaszom, gaabHeliIIe CpaBHUTEAbHbIE ICCAeA0BaHNs OIIpeAeAeHNs KOH-
nentpaunit /AHK yca0BHO-TaTOTeHHBIX MUKPOOPIraHU3MOB B 0PTaAbMOAOTNYECKOM
O1o0a0rMYecKOM MaTepuase IIPOBOAUANCH Oe3 yyeTa AaHHBIX 113 HOCa U 3eBa.

Tax, nmpu usyyenun snavennit konuenrpaunit AHK poaa Streptococcus species Bo
BHYTPUTAa3HO JKMAKOCTY, CAE3HON XUAKOCTY U COCKOOax SMNUTEANAABHBIX KA€TOK
13 KOHBIOHKTUBEI ITAIIVIEHTOB C S3BaMI POTOBUIIBI OBIAY BBISIBAEHBI CTAaTUICTUYECKN

3Ha4MMBbIe JOCTOBEPHbIE Pa3ANINs AAsI IPYIII «BHYTPUTAa3Has KUAKOCTb» — «CAe3-
Has XUAKocTb» (Z=-4,897, p<0,001), «BHyTpuUraasHas >XUAKOCTb» — «COCKOO 13
KOHBIOHKTUBBI» (Z=-2,550, p=0,011), «cae3Has >KMAKOCTb» — «COCKOO 13 KOHBIOH-

KTUBLD» (Z=-7,195, p<0,001).

ITpu anaause snauennii konuentpaumuit AHK pogaa Streptococcus species Bo BHY-
TPUTAa3HOM KUAKOCTY, CA€3HOM XUAKOCTU U COCKOOAX DIUTeANaAbHBIX KAETOK U3
KOHBIOHKTUBBI IAlIIEHTOB C KepaTUTaMM CTaTUCTUYECK! 3HauMMBble AOCTOBEpHbIe
pasanunsi ObILAM BBISIBAEHBI AASl TPYII «BHYTPUIAasdHas >KUMAKOCTb» — «CAe3Has
KUAKOCTh» (Z=-2,723, p=0,006), «cae3Hass XMAKOCTb» — «COCKOO 13 KOHBIOHKTH-
BpI» (Z=-4,859, p<0,001), TOrsa KaK 445 rpynIl «BHyTpUIrAa3Has >XUAKOCTb» — «CO-
CKOO 113 KOHBIOHKTUBBI» TaKle pa3AnNdus BbIABAeHbI He Obian (Z=-0,798, p =0,425).

ITpu nayyennn sHagennit kontentpaunit AHK poaa Staphylococcus species Bo BHY-
TPUTAa3HOM KMAKOCTY, CA€3HOM KUAKOCTU U COCKOOaX DHIUTeAraAbHBIX KAETOK 13
KOHBIOHKTHBBI IalIIeHTOB C sI3BaMI1 POIOBUIILI OBIAM BBISIBA€HBI CTAaTUCTUYECKN 3Ha-
YIIMBble AOCTOBEPHBIE PA3ANINs A4S TPYIIII «BHYTpUTAa3Has JKUAKOCTb» — «CAe3Has
KUAKOCTh» (Z=-5,177, p<0,001), «BHyTpuUraasHas >KMAKOCTb» — «COCKOO 13 KOHb-
IOHKTUBLI» (Z=- 3,170, p=0,002), «cae3Has )KMAKOCTb» — «COCKOD 113 KOHBIOHKTUBbI»
(Z2=-7,192, p<0,001).

ITpu anaanse sHauennit konuenrpaunit AHK poaa Staphylococcus species Bo BHy-
TPUIAa3HOM >KUAKOCTY, CA€3HOM KMUAKOCTU ¥ COCKOOaX SNMUTeANaAbHBIX KATOK 13
KOHBIOHKTHMBBI MallIeHTOB C KepaTUTaMM CTaTUCTUYeCK! 3HaulMBble JOCTOBepHbIe
pas3An4st OBLAU BBISIBAEHBI A5 TPYIIIL «BHYTPUTAa3HasI )KUAKOCTb» — «CA€3HAsI KU A-
KOCTh» (Z=-3,807, p<0,001) 1 «cae3Hast XMAKOCTb» — «COCKOO 113 KOHBIOHKTUBbI»
(Z=-4,636, p<0,001), Toraa KaKx A4s IpPyIIl «BHyTpUTAa3Hasl KIUAKOCTb» — «COCKOOD
13 KOHBIOHKTUBBI» TaKle pa3Andus BbIsiBAeHbI He Oblau (Z=-1,093, p=0,274).

Takum oOpazom, Ha OCHOBaHUM IIPOBeAEHHBIX MCCAeAOBaHNII HaMI yCTaHOBAEH
CIIeKTp HanboJee 4acTO BCTPeYalomMXCsl HTUOAOTMYECK) 3HauMMBIX YCAOBHO-TIaTO-
TeHHBIX BO30yAuTeAell y HalleHTOB C s3BaMy pOoroBuIisl 1 kepatutamu. ITokasaHo,
4TO IPpU KepaTUTaX MUKPOOPTraHM3MBbI poga Streptococcus species u poaa Staphylococcus
species IPUCYTCTBYIOT B 1ICCAeAyeMOM OMOAOIMYeCKOM MaTepuasde B BliAe MOHOVH-
ek, TOorga Kax s13Bbl pOTOBUIIBI XapaKTePU3YIOTCS IPUCYTCTBMEM YKa3aHHBIX I1a-
TOT€HOB ITPeMMYIIeCTBeHHO B MUKCT-COCTOSHMA.

IIpoBeseHHDIN aHaAM3 OAYYEHHBIX pe3yAbTaTOB MOAEKYASPHO-MUKPOOIOAOIU-
4ecKIX MCCAeA0BaHMII TT03BOAsIET cAeAaTh BBIBOA O TOM, UTO IPU KepaTUTax B Ka-
yecTBe O110A0TMYECKOTO MaTeprala MOXHO UCIIOAb30BaTh CAE3HYIO JKMAKOCTh Kak
HayMeHee TpaBMaTUYHbI CIIOCOO MOAY4YeHNs U B3STUS OM0A0TMYeCcKOro MaTeprada
AAs UccaeAoBaHMs. B cayvasx s13B pOorOoBUIIEI peKOMeHAyeTCsl B KadecTse O010A0TH-
4ecKOTo MaTepuasa MCIOAb30BaTh COCKOO MX KOHBIOHKTMBBI MAU BHYTPUTAa3HYIO
>KIAKOCTH — I10 JaHHBIM IIPOBeAeHHBIX 1ccaeAoBaHnii KoHueHTpaunu AHK muxpo-
OopraHmusMoB poga Streptococcus species m poaa Staphylococcus species CTaTUCTIYECKU
3HaAYMMO AOCTOBEPHO BBIIIIe 10 CPaBHEHUIO C COCKOOOM 113 KOHBIOHKTUBBIL.
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B cBs13u ¢ TeM 4TO B mMccaegoBaHMe ObBIAV BKAIOYEHBI HAIIMEHTHI KaK C sI3BaMU
COOCTBEHHOJI POTOBMIIBI, TaK U C sI3BaMM POTOBMYHOIO TPaHCILAAHTATa, I10CAeAYIO-
NI CTaTUCTUYECKUII aHaAu3 OblA IIpOBejeH C y4eTOM AaHHOM anddepennuanm
(Taba. 2).

Tabauuya 2

3nauennsa kounenTpaumi AHK yca0BHO-TIaTOreHHBIX MMKPOOPTaHM3MOB
B OM0OA0TMYE€CKOM MaTepuaie NanyeHTOB C sI3BaMV PpOTOBUITBI

Table 2
Values of opportunistic microorganisms’ DNA concentrations
in biological material of patients with corneal ulcers
Konnenrpans Konnenrpanmsa Konnenrpanus
Streptococcus species, Staphylococcus species, Enterobacteriaceae,
I'D/ma (Me (Q25/75)) | I'D/ma (Me (Q25/75)) | ITD/ma (Me (Q25/75))
buoaormueckni
Marepuaz S13BBI S13BBI J13BBI J13BBI J13BBI S13BBI
COOCTBEH- | pOTOBMYHO- | COOCTBEH- | POTOBMYHO- | COOCTBEH- | POTOBIY-
HOJ POTrO- | TO TpaHC- | HOM pPOro- | IO TpaHC- |HOJ pOro- | HOro TpaHC-
BULIBI IL.AaHTaTa BULIBI ILAaHTaTa BULIBI IL1aHTaTa
Buyrpuraasnas 4,39 7,13 3,90 6,69 3,80
KUAKOCTH (3,19/4,63) x| (4,65/7,07)% |(3,02/4,77) x| (4,61/7,88) % — (3,37/4,13)x
x10° x10° x10° x10° x10*
Caesnas xna- 2,61 4,01 2,47 3,70 3,33
KOCTD (2,09/2,87)x|(3,37/4,56) % |(2,05/2,74) x| (3,24/4,57) * — (3,11/3,68)x
x10° x10° x10° x10° x10*
Cockob n3 4,50 7,15 4,75 7,66 4,65
KOHBIOHKTUBBL | (3,78/4,94)x%|(5,89/8,17)x |(3,68/5,42) x| (5,74/8,66)x — (4,36/5,01)x
x10° x10° x10° x10° x10*
Cockob 13 Hoca 1,89 1,71 2,01 2,29 3,18
(1,36/2,21)%|(1312/2,47)=|(1,23/2,48) x| (1,28/2,66) — (3,03/3,39)x
x10° x10° x10° x10° x10°
Cocko0 13 3eBa 2,43 2,19 1,62 2,09 3,24
(1,43/2,87)x|(1,34/2,53)% |(1,25/1,85) x| (1,00/2,33) x — (3,01/3,49)x
x10° x10° x10° x10° x10°

Vcnoar3osanne HemmapamMeTpU4eckoro Kkpurepus Manna — YUTHU 445 cpaBHe-
HIS ABYX HE3aBUCHUMBIX TPYIII II€peMeHHBIX IT0Ka3ado OTCYTCTBUE CTaTMCTUYeCKN
3HAUYMMBIX 4OCTOBEPHBIX pa3AM4NIl IIPYU CpaBHEHUN 3HAYeHNI KOHIIeHTpalluil B CO-
cKoDax »ImTeAnaAbHBIX KAE€TOK M3 HOCAa M 3eBa IALIMEHTOB C sI3BaMIl COOCTBEHHOM
POTOBUIIBI U C sA3BaMM POroBMYHOrO TpaHcraanrara kak AHK pogaa Streptococcus
species (£Z=-0,354, p=0,724 u Z=-1,414, p=0,157 coorBercTBenHo), Tak 1 AHK poga
Staphylococcus species (Z=-0,700, p=0,484 1 Z=-0,665, p =0,506 COOTBETCTBEHHO).

IIpun »TOM HaMmu OBLAM YCTAHOBAEHBI CTaTHUCTUYECKV 3HaulMMBble JOCTOBEpHbIe
pasamunsa konnenTpauui AHK poaa Streptococcus species u AHK poaa Streptococcus
species BO BHyTpUTrAa3Hou xuaxoctu (Z=-4,331, p<0,001 u Z=-4,119, p<0,001 co-
OTBETCTBEHHO), cAe3HOM kuakoctu (Z=-5,510, p<0,001 n Z=-4,884, p<0,001 coot-
BETCTBEHHO) 11 COCKOOe 13 KOHBIOHKTUBHI (Z =-5,440, p<0,001 n Z=-4,389, p <0,001
COOTBETCTBEHHO) IIpM CpaBHEHMI II1aIjIeHTOB C sI3BaMM COOCTBEHHOI POTOBMIIBI 1 C
s13BaMM POTOBMYHOTO TpaHCIIAaHTaTa.

Taxcke obOparraer Ha ceOs1 BHUMaHMe 1 (PaKT MUKPOOHOTO MHPUIIMPOBAHUS T1a-
LIMEeHTOB C sI3BaMIl POTOBMYHOTIO TpaHCIlAaHTaTa BO30yAUTeASIMI ITpeACTaBUTeASIMU
cemerictBa Enterobacteriaceae.
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3aKkao4dyeHme

B Xose mposeseHMs MOAEKyAsSpPHO-TeHETMYECKUX MCCAeJ0BaHUI ycCTaHOBAEeHa
CTPpyKTypa OaKTepuaabHOTO MH(UIMPOBAHUSA Pa3ANMYHOIO OMOAOIMYECKOTO Ma-
Tepuada IAIJMEeHTOB C s3BaMIU POTOBUIIBI M KepaTUTaMU. DTUOAOTMYECKN 3HAul-
MBIMM MUKPOOpPTaHM3MaMMU IIPU sA3BaX POTOBUIIBI ABASAIOTCSA IpeACTaBUTeAN poja
Streptococcus species m poaa Staphylococcus species, KOTOpble ObLAM BBISIBAEHBI B OQ-
TaAbMO/AOIYE€CKOM O10AOTMIECKOM MaTepuaje MaleHTOB C sI3BaMU COOCTBEHHOI
porosuiisr B 80,00 +8,20 % u 70,00 +£7,56 % cayuaes coorBercTBeHHO (B 50,00+ 6,71 %
cly4daeB JaHHBIe BO3OyAUTeAU AeTeKTUPOBAAUCh B COCTaBe MMKCT-MH(EKLINN) U B
78,57 £8,36 % 1 64,29 + 7,65 % caydaeB COOTBETCTBEHHO B OM1010TMYECKOM MaTepraje
IaIMIeHTOB C sI3BaMJI POTOBUYHOTO TpaHcIaaHTaTa. [Ipu keparnrax B opraapmoo-
rMyecKoM 01oA0rnueckoM MaTtepuase yacrora soisasaenns AHK Streptococcus species
cocrasuaa 57,89 +7,18 %, poaa Staphylococcus species — 42,11 + 6,22 %; 1ipu 5TOM BO
Bcex oOpasIjax yKadaHHbIe BO30yAUTeAN IPUCYTCTBOBAAI B BliAe MOHOVH(EKIIIA.

[Ipu nposegeHnn 1mocaeAyOmNUX MccAeloBaHUN 10 AupdepeHIIaabHOM Ala-
THOCTVIKe ITpeacTaBuTeAent poga Staphylococcus species ObLA0 TTIOKa3aHO, UTO IIPU S3BaxX
COOCTBEHHOJ POTOBUIIBI BBISIBAAAMCH MeTULIMAANH-9YBCTBUTeABbHBIE Staphylococcus
aureus (28,57 5,24 %, n=8§; 4 naumeHTa), MeTMLINAANH-Pe3UCTeHTHBIe Staphylococcus
aureus (28,57 +5,24 %, n=8; 4 manumeHTa) M MeTULNAAVH-PE3UCTEHTHbIE KOary-
AasoHeraTusHble Staphylococcus species (42,86 +6,35 %, n=12; 6 nanuenros). [Ipnu
sI3BaX POTOBMYHOTO TpaHCIAaHTaTa BBIABASAUCh METUIUAAVH-PE3VICTeHTHLIe
Staphylococcus aureus (33,33 +5,69 %, n=6; 3 naruenTa), KOTOpble OBIAM B aCCOIIU-
auuu c Enterobacteriaceae, v MeTULMAAVNH-Pe3UCTEHTHBIE KOaryJla3OHeraTUBHbIE
Staphylococcus species (66,67 7,92 %, n=12; 6 nalieHTOB), KOTOpPbIe ObLAY B acCOIa-
umu c Streptococcus species. Ilpu kepatuTax HaMu ObLAY BBISIBA€HBI METUIIMAAVH-UYB-
crBuTeAbHble Staphylococcus aureus (57,14+7,41 %, n=8; 4 manueHra) 1 MeTUIUA-
AVH-pe3ucTeHTHBIe Staphylococcus aureus (42,86 + 6,45 %, n=6; 3 manueHTa).

CpaBHUTEABHBIN aHAaAM3 JaHHBIX KoAndecTBeHHOTO onpegeaenus /JAHK mMukpo-
OpraHM3MOB poga Streptococcus species U poaa Staphylococcus species B 0pTaabMOAOTU-
4ecKoM O110A0TMIeCKOM MaTepuasde U B COCKOOax SINUTEeANAAbBHBIX KAETOK 13 3eBa U
HOCa II0Ka3aa HaAu4dye CTaTUCTUYeCKM 3HaYMMBbIX 40cTOBepHbIX (p <0,05) pazandmnnin
koHneHTpauuit AHK nccaeayeMbIx I1aTOreHOB B 3aBMICMMOCTM OT OMOTOIIA B3SITIS
6uoaornmueckoro Matepuada. ITpu sTom gocrosepno (p <0,05) 6oaee BpICOKUE ITO-
kaszaTtean (10° I'D/ma) B cockobax sIMUTeAMAABHBIX KA€TOK U3 BEPXHIX AbIXaTeAbHBIX
IIyTell ¥ 110 CpaBHEHMIO C OMOAOTMYeCKMM MaTepuaaoM u3 raasa (10*—10° I'D/ma),
10 HaIlleMy MHEHUIO, [I03BOASIOT UAeHTU(PULPOBATh BEpXHIE AbIXaTeAbHbIe ITyTU
B KauecTBe [IepBUYHOIO o4ara MHPUIMPOBaH: IIPU sI3BaX POTOBUIIBI U KepaTuUTax.
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Pesiome: Hauazo mangemun COVID-19, o6bsaBaeHHOI B Map-
Te 2020 1., BBI3BAAO CEPBE3HYIO ODOECIIOKOEHHOCTh BO BCEM
Mmupe. Toraa Maao KTo MOT IpeABUAETD, YTO BUPYC CIIOCOOEH
IepeiTy B XpPOHUYIECKYIO GpOPMY, HO BCKOPe TePMIH «ITOCTKO-
BUAHBIN CMHAPOM» ITOAY4YIA IIMPOKOe IIpU3HaHIe B HayYHOM
U MeAVILIHCKOM cpege. brlao sadpukcuposano, uro x 2023 r.
koamyectso caydaes COVID-19 sHaunMTeAbHO CHU3MAOCH IIO
cpaBHeHMIO co 3HadyeHmsAMu 2020—2022 rr. OgHako mocae
Toro Kak manueHtsl mepeHecan COVID-19, mHOrme craam
CTaAKMBATBCS C yXYAIIEHMEM COCTOSIHUS 340POBbs, pa3BUTU-
€M OC/AOKHEHMII U peaKTUBaLViell XpOHMYIECKUX MH(EKIINIL,
TaKuX KaK TepIieCBUpyCHas U IalnAl0MaBUpyCHas MHPeK-
IV,

Bupycer reprieca crtocoOHBI ITepexo0AUTh B AaTE€HTHOE, XPOHU-
YeCKoe COCTOsIHIE B KJAETKaX HEePBHOV Y MMMYHHOW CHUCTEM,
0>X1Aas TPUITePHON CUTyallul AAsl peaKTUBalM B BIAe OcAa-
0.eH1s 001II€TO MIMMYHNTETA.

CucreMa KOMIIZeMeHTa M HEMTPOPUABL SIBASIOTCS 3BEHBSIMU
BPO>XXA€HHOTO MMMYHHUTeTa U B3alIMOAEMCTBYIOT MeXAYy CO-
6011. OgHako gaHHBIE O (PYHKIIVIOHMPOBAHNI CUCTEMBI KOM-
11eMenTa ¥ $paronuTapHON aKTMBHOCTY HEMTPOPUAOB IIPU
IIOCTKOBIAHOM CUHJAPOMeE, OCOOEHHO B COUETaHNI C XPOHU-
YeCKOJI repHecBUpyCHON I/IH(l)eKLmeﬂ, OCTaIOTCsI OTpaHUYeH-
HBIMI. DTU NPUINHBI HOAYEePKUBAIOT Ba’KHOCTD TEKYIIIEeTO JC-
cAeA0BaHMs U CTUMYAUPYIOT JaAbHelIee U3ydyeHue 4aHHOM
obaacTu.

Karouesnle caosa: supyc SARS-CoV-2, COVID-19, noctko-
BUAHBIN CUHAPOM, TepIleCBUpycHas MHPEKINs, crcTeMa KOM-
I1eMeHTa, (parounTapHas aKTMBHOCTh HEMTPO(PIAOB, HUTPO-
cunuii rerpasoanii (HCT), aktusHOCTS HelITpod1110B
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Abstract: The outbreak of the COVID-19 pandemic, announced
in March 2020, caused unprecedented alarm among people
around the world. At that time, few people could have predicted
that the virus was capable of becoming chronic, but soon the term
"cystic syndrome" was widely recognized in the scientific and
medical community. It was recorded that by 2023, the number
of COVID-19 cases had significantly decreased compared to
the peak values of 2020—2022. However, after patients suffered
from COVID-19, many began to face a deterioration in their
health, the development of complications and the reactivation
of chronic infections such as herpes virus and papillomavirus
infections. Herpes viruses are able to enter a latent, chronic state
in the cells of the nervous and immune systems, waiting for a
trigger situation for reactivation, in the form of a weakening
of the general immune system. The complement system and
neutrophils are links of innate immunity and interact with each
other. However, data on the functioning of the complement
system and the phagocytic activity of neutrophils in postcovoid
syndrome, especially in combination with chronic herpesvirus
infection, remain limited. These reasons highlight the impor-
tance of the current research and encourage further study of
the field.

Keywords: SARS-CoV-2 virus, COVID-19, post-COVID syn-
drome, herpesvirus infection, complement system, neutrophils’
phagocytic activity, neutrophils” NBT-activity
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BBeaenmne

B mapte 2020 r. Bcemupnas opranmsaums 3apasooxpasenns (BO3) oObsasuaa o
Havaae naHgemuyu COVID-19, yTo BpI3BaA0 cepbe3HyIO0 ODeCIIOKO@HHOCTb BO BCeM
Mupe. DnugeMus cosjasla OeclpellegeHTHYIO CTPeCcCOBYIO CUTyallMIO AAs OOlile-
crBa [1].

IlepBoHauaabHO OBLAO TPYAHO IIpeAcKa3aTh, UYTO BUPYC MOXKET IIepeTU B XPOHU-
JecKoe COCTOsIHME, OAHAKO BIIOCAEACTBUM TEPMUH «IIOCTKOBUAHBIN CUHAPOM» IIO-
Ay4nA IMPOKOe pacIpoCTpaHeHNe B HayYHbIX I MeAUIIMHCKNX Kpyrax. B 2023 r. 3a-
6oaesaemocts COVID-19 sHaunTeAbHO CHM31MAACH IO CPAaBHEHUIO C IOKa3aTeAsaMu
2020—2022 rr. [2].

B mapre 2025 r. koanuectso 3aboaesmux COVID-19, no aanueim BO3, cocrasnao
52 223 yeaoseka, n3 Hux 8508 yeaosek — B Poccuiickon Peaepanun [3]. Ilocae niepe-
HecenHoro COVID-19 nabaio4aeTcst 3HaunTeAbHOE yBeAdeHNe YaCTOThl YXyAIIIeH
COCTOSIHISL 340POBbsI ITAalIIeHTOB C pa3BUTIEM OCAOKHEeHII U peaKTUBallyiell XpOHU-
yecKnx 3a00/eBaHIil, TaKMX KaK IepriecBMpYyCHbIe U IalllAA0MaBUpPYyCHbIe MH(peK-
nun [4].

IToctkoBugHb cuHApOM (post-COVID-19 syndrome) — 9TO cocTosiHIE, IIPU KO-
TOPOM CHMIITOMBI BO3HMKAIOT BO BpeM:s man nocae nHpexunn COVID-19, coxpa-
HAIOTCSI Ha TIpOTsDKeHnu 0oaee 12 HeAeAb ¥ He MOTYT OBITh CBSI3aHBI C APYIMIMU 3a-
0oaeBaHMAMN. DTOT CUHAPOM OTAMYAETCS AAUTEABHBIM U XPOHUYECKUM TedeHUeM
[5]. I'100aapHBIN ccTeMaTUIeCKUIT 0030p 3a004€BaeMOCTU A€MOHCTPUPYET, YTO K
KOHITy anipeas 2024 r. KoAn4ecTBo O0ABHBIX IIOCTKOBUAHBIM CHAPOMOM COCTaBASIA0
41,8 % [6]. B cBs13M ¢ IpOAOAKAIOMINMCS BBISIBAE€HNEM IIOCTKOBUAHOTO CMHAPOMA Y
IaIlIeHTOB UM €TO BO34eIICTBMEM Ha JAbIXaTeAbHYIO, CepAEeYHO-COCYANCTYIO [7], ®HAO-
KPMHHYIO [8], HepBHYIO, MOYEeBBIA€AUTEAbHYIO CUCTEMBI [9], JKeAy 04HO-KUIIIeYHbII
TPpaKT U ApyIVie OpTaHbl ¥ CUCTeMBI OPraHOB MCCAeA0BaTeAl 110 BceMy MIPY aKTMBHO
M3y4alOT He TOAbKO caMy KOPOHaBUPYCHYIO MH(EKIINIO, HO 1 ee TtocaeAcTsus [10].

CoraacHo cTaTUCTIYeCKUM AaHHBIM, puMepHO 90 % HaceaeHMs 3eMAM ABASIOT-
Cs1 HOCUTeASIMU OAHOTO MAM HeCKOABKIX BUAOB TepIiecBupycHoI nH@pekun. ['epriec
aTaKyeT KAeTKM MYKO3a/AbHOTO UMMYHUTETa, BKAIO4as SIUTeANalbHble KACTKY, Ma-
kpodary, B-aumpornursr n T-auMPoI1nTsl, 1ocae 4ero 10KaaAu3yeTcss B AAUTEALHO
SKUBYIIIVIX KAeTKaX HepBHOM M MMMYHHOM cucteM. Bupyc nepexoaut B AaTeHTHOe
COCTOSIHIe, BBIKIAAsl BO34eICTBIe TPUITepa, CIIOCOOHOIO CIIPOBOLIMPOBATh €0 pe-
aktuBanuio [11]. K takomy Tpurrepy OTHOCUTCS CHUKEHIE CICTEMHOTO MMMYHITETa
B pe3yabTaTe TpaBM, XMPYPIMUECKUX BMeIIaTeAbCTB, II0A0BBIX KOHTAaKTOB C IIOBpe-
>KAEHJEeM CAUBUCTBIX 000404eK. DTy (PaKTOPHI IPUBOAIT K BOSHUKHOBEHUIO Pa3HO-
00pa3HbIX KAMHMYeCKNX ITposiBAeHnii [11—13].

MccaepoBanme BpOXXAEHHOTO U aAallTMBHOTO MMMYHHUTETa IIPU IOCTKOBMAHOM
CUHApPOMe ¥ TepIecBUPYCHOM MH(peKINN 1MMeeT KAI04eBoe 3HaueHUe AAs CO34aHUs
9P PeKTUBHBIX METOAOB AMATHOCTUKI, A€9€HISI U TIOAAeP>KaHNs UMMYHHO CUCTEMBL

Panee cumTaaoch, UTO OCHOBHas 3aJada HeMTPOPUAOB — 3allliTa OpraHU3Ma OT
OakTepraabHBIX U ITprOKOBBIX MHPeKmit. OgHaKO COBpeMeHHbIe 1CCAe 0BaHMsI 00-
Hapy>KIAH, 9TO DTU KAETKU TakKe aKTMBHO y4acTBYIOT B OOpnOe ¢ BUpycammu IIy-
TeM BblAeAeHNs [IUTOKMHOB, KOTOpble I0AaBASIOT pPa3sMHOXKeHue Bupycos [14; 15], n
CO34aHNsI BHEKAETOUHBIX AOBYIIIEK, CIIOCOOHBIX Tak>Ke BLI3BIBATh ITIOBpPeXKAeHNe TKa-
Hell ¥ UTpaTh POAb B Pa3BUTUN OCTPBIX PecHMpaTOPHBIX AUCTpecc-CHAPOMOB [16].
HeriTpodnasl — Ba>kHBIN DA€MEeHT BPOKAE€HHOTO MMMYHHUTETa, MMEIOIINII 3Ha49l-
TeABHBIN BeC B IIPOTUBOBUPYCHON 3amuTe opranuama. OHu 0d4agaor gparonurap-
HOI 11 OaKTepUILIMAHON aKTUBHOCTBIO, Y4aCTBYIOT B aHTUT€HHOI IIpe3eHTall U IIpU
Ype3MepHOI aKTUBAIIUY MOTYT BBI3BAaTh IMTOKMHOBBLIN IITOpM [14; 15]. Hevttpoduast
UTPalOT BaXKHYIO POAb B IMMYHHOJ CHCTeMe IIPU ITIOCTKOBUAHOM CHMHAPOMeE, TaK KaK
SIBASIIOTCS KAIOUEBBIM 3BE€HOM He TOABKO BPOXKAEHHOTO, HO U aAallITMBHOTO MMMYH-
Horo otBeta [17]. Hapymenus B ux pyHKIMOHMPOBAHUM MOIYT BO3HUKATh KaK BO
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Bpems MHQPEKINY, TaK U B HOCTUMHQEKIIMOHHBIN ITeprod. OTu cOoM MOTyT IPUBeCcTU
K HeaJeKBaTHBIM MMMYHHBIM peakIuaM, 4To ycyryoaser Tedenne COVID-19 u crio-
COOCTBYeT pa3BUTHUIO OCAOXKHeHNUI] [18].

Cucrema KoMIlAeMeHTa IpeAcTaBAseT cOOON OAMH U3 KAIOYEeBBIX KOMIIOHEHTOB
T'YMOPa/AbHOTIO MMMYHNTeTa, OKa3bIBaIOINII 3HauMTeAbHOe BAMHIE Ha pa3ANYHbIe
acrekThl MMMYHHOTIO OTBeTa. KomIlaeMeHT cocToUT 13 CBIBOPOTOYHBIX 11 MeMOpaH-
HBIX 0€4KOB, KOTOpbIe BBIITOAHSAIOT MHOXeCTBO 3HauMMBbIX ¢pyHKuMit. Cpean HuX —
3aIlyCK M yCUAeHIe BOCIaAUTeAbHBIX IIPOIeCCOB, aKTuBalusl paronmnTosa, IpuBae-
gyeHue (aroIUTOB Yepe3 XeMOTaKCIC, YAaAeHI e MMMYHHBIX KOMILA€KCOB, aKTMBaIVs
KAeTOK, IIPsIMOe pa3pyllleHye IaTOreHHBIX MUKPOOPraHM3MOB 1 COAeIICTBIe B CUH-
Tese antuTea [19; 20]. KomnoneHTsI KOMILAe@MeHTa 3aIlyCKalOT BOCIIaAMTeAbHbIE IIPO-
11eCChl, aKTUBUPYsI BPOXKAEHHYIO MMMYHHYIO CICTeM, a TakXXe YCUAMBAIOT paboTy
a4anTUBHOTO MMMYyHMTeTa [21; 22].

Herrrpodmnasl 1 cucreMa KOMILAeMeHTa SBASIOTCS 3BeHbSIMI IMMYHHOTO OTBeTa,
KOTOPBIe TeCHO B3aIMOAENICTBYIOT 4451 oOecriedyeHns 9(pPeKTUBHOIO MMMYHHOTO OT-
BeTta. CHeprusa Mexxay HeMTpoduaaMu UM CUCTEMOI KOMILAeMeHTa oOecIiedrBaeT
OpicTpoe 1 9P PeKTUBHOe YHIUUTOKEHMe I1aTOreHOB, a TakKe peryAsiuio Bocaau-
TeABHBIX IIpOIleccos. B HacTosIee Bpemsi He40CTaTOYHO AaHHBIX O XapaKTepe (PpyHK-
LIVIOHMPOBaHMs CHCTeMBI KOMILAeMeHTa 1 (paroljuTapHoOi akTMBHOCTY HeMTPOPIAOB
IIpY ITOCTKOBUAHOM CMHAPOMeE, OCODEHHO B COYeTaHIN C XPOHIYECKOI repIiecBupyc-
HOII MHpeKIIMel. DTo ogdyepKuBaeT 3Ha4MMOCTh HaCTOAIIero uccaeA0BaHus 1 000-
CHOBBIBAeT HEOOXOAVIMOCTD AaAbHENIIeTO U3y4eHNs AaHHO TeMBL.

ITeanro nccaeaoBaHMs ABASETCS U3ydeHe OCOOeHHOCTel CCTeMBbl KOMILAeMeHTa
1 (parouTapHON aKTUBHOCTY HEMTPOPUAOB Y ITIOCTKOBUAHBIX IIAIIM€HTOB C TepIle-
CBUPYCHOI MH(EKITUe.

B cooTBeTcTBMM C ITOCTaBAEHHO 11€ABI0 ObLAY CPOPMYAUPOBAHLI CACAYIOIINe 3a-
AQuu:

1. IIpoanaansuposaTh IIOKa3aTeAM CHCTeMbl KOMILAeMeHTa y MHalllieHTOB, Iepe-
Hecmux 1 He 6oaepmx COVID-19, ¢ yueroM Haam4ms UAM OTCYTCTBUS B aHaMHe3e
repIiecBUpyCHOM MHQEKIINI.

2. IlpoanaansuposaTh 1okaszarean ¢arountapaoit nu HCT (aurpocunmii Tet-
Pa3oAnin)-aKTUBHOCTU HeMTPO(PUAOB y NHallMeHTOB, IepeHecIInX M He OO0AeBIIMX
COVID-19, ¢ yueToM HaAN4Ms AU OTCYTCTBIS B aHAMHe3e IepIIecBUpPyCHON MH]eK-
1897078

3. BorsaBuTh pasandus B BbIAeA€HHBIX I'PYIIIIax HalleHTOB U UX ITapaMeTpax cucTe-
MBI KOMILAeMeHTa, ¢parountapHoi aktusHocty 1 HCT-akTusHOCT HeMTpOPUAOB.

Matepuaanl 1 METOABI ICCAEAOBaHNSI

briao mposeseHo uccaesoBaHue 1okasaTeaeint 64 ImaneHTOB B BO3PAcTHOM AM-
anasoHe ot 18 a0 65 aet. B BEIOOPKY BKAIO4aauch aniia, He 0oaesmme COVID-19,
IlepeHeclNe JaHHOe 3a00/eBaHle, a TakKe IallMeHThl C HaAu4ueM U OTCyTCTBUeM
repIrecBypycHON MHQPEKIINN.

Kpurepusamu BkaioueHns B uccaejopaHuie OblAU ITOATBEP>KAEHHBIN AMarHO3 MH-
Pexrum SARS-CoV-2 metogoMm noanmepasHoii nenHoi peakunu (ITHP), Haanane
UMMYyHOr200yanHoB kAaccoB A, M u G k supycy SARS-CoV-2, noarsep:kAeHHast rep-
necupycHas nHpekis: MetodoM 1P B caoHe maAm KpoBH, a TakKe BBISAB/AEHIIe
UMMyHOr200yanHos M u G K 04HOMY U3 BUPYCOB reprieca, OATBEp>KAeHHbIe AaH-
HbIMI U3 cucteMbl BAPC.

MccaeaoBanne ObLA0 IIPOBEAEHO CITYCTsI He MeHee IIIeCTV MecsleB rmocae MHPpu-
nuposaHnst SARS-CoV-2.
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I'pyrimer cpaBHeHMs Oblay c(POPMUPOBaAHBI, UCXOASA U3 pasanunii B ypossx Cl-
nHruouTopa, pparmenros C3a n C5a koMIL1eMeHTa y HallMIeHTOB C BIPYCOM reprieca
1 Oe3 reprecBupycHOl MH(EKINM, KOTOpble IepeHecan nau He 6oaean COVID-19.
YauTeiBaAMCh M3MeHeHUsI IToKa3aTeAell (PparonuTapHON aKTUBHOCTY HENMTPOPuI0B
(aKTMBHOCTB, MHTEHCUBHOCTD (paroinTosa, ¢parorurapHoe yncao), HCT-akrusHOCTH
HeiiTpopnuaos (HCT-crionrannas axkrusHocts, HCT-criontanubit muaaexc, HCT-
nHAynvposaHHas akTuBHOCTh 1 HCT-mHAYIIMpOBaHHBIN MHAEKC) Y TTallIeHTOB, KO-
Topble nepeHecan u He 6oaean COVID-19, c 2abopaTopHO OATBEP>KAEHHBIM BUPY-
COM repIieca 1 y Anii 0e3 repriecBUpPyCHOI MHQPEKIINN B aHaMHe3e.

Y4yacTHMKM MccaeA0BaHMA MCKAIOYAAMCh IPU HaAMYMI OCTPBIX pecIpaTOPHBIX
BUPYCHBIX MH(EKINI, TOATBep>KAeHHOIO AMarHo3a BUpyca MMMyHoJAeduiiuTa Je-
aoseka (BJIY) u BupycHBIX TeraTUTOB.

B pesyabTaTe OblaM CO3AaHBI UeThIPe TPYIIIBI AAsI CPAaBHUTEABHOTO aHAAM3A:

1) rpynna 1 — nmanmentsl, He 0oaesiine COVID-19 n He nMerone B aHaMHe3e
repIiecBUpycHyIo nugeknuio, n=16;

2) rpynma 2 — nanuenTsl, He 6oaepime COVID-19, Ho nuMelomine B aHaMHe3e rep-
IIeCBUPYCHYIO NHPeKInIo, n = 16;

3) rpynma 3 — nanuenTsl, nepereciie COVID-19, Ho He uMelomne B aHaMHe3e
repIiecBUpycHyIo nHgeKkuio, n = 16;

4) rpynna 4 — nanuentsl, nepedecine COVID-19 u nmeronine B aHaMHe3e repIie-
CBUPYCHYIO MHPeKIUIo, n=16.

Kanmandaeckme mccaea0BaHISI

AHKeTHpOBaHIe IAllMIEHTOB IIPOBOAVAOCH C IIOMOIIIBIO aHKEThl MMMYHOAOTU-
YeCKOTO MOHUTOPMHIA ITaIjMeHTOB, JaHHBIX UCTOPUII O0A€3HN U3 IIPOTPaMMBI A4S
9BM «bAPC.3APABOOXPAHEHIME-MVIC» T'AY3 OTK3 «I'opoackas KAnHI4YecKast
ooapHuIa No 1» 1. Yeassonmucka.

Ummynorozuveckue uccaedosanus

Omnpegeaenne yposus Cl-unrndburopa, pparmenta C3a u ¢pparmenta Cba Kom-
11eMeHTa OBLAO TPOBEAEHO MeTOAOM MMMYHO(pepMeHTHOro aHaausa (VIPA). Aas
9TOTO UCII0Ab30BaAMCh HADOPHI peareHTOB IIPOM3BOACTBA KoMnanun «Bexrop-becr»
(Poccust), mpeaHasHaueHHbIe 445 MMMYHO(QEPMEHTHOIO oIpeAeAeHNsI KOHIIeHTpa-
unit Cl-unrnduropa, pparmenta C3a n pparmenta C5a KOMILA€MeHTa B CBIBOPOTKe
KPOBI.

Aas onenkn ¢arornurapHoi aktupHoct 1 HCT-akTuBHOCTU HEMTpOPUAOB y
IalleHTOB C IIOCTKOBUAHBIM CUHAPOMOM U/MAM TepIecBUPYCHOM MH eKIuet,
MCII0Ab30BaANICh TeCT C yacTuriamu aarekca aguamerpom 1,7 mxm n HCT-tecr [23].
daronurapHyio aKTUBHOCTh HEMTPO(PUAOB OLleHUBaAM I10 MX CIIOCOOHOCTM IIOTAO-
I1aTh YaCTUIIBI AaTeKca.

Omnpegeaenne ¢garonuraproi n HCT-akTusHOCTH ITpOBOANAOCH MOp¢OA0TIYe-
CKMM MEeTOJO0M (CBeTOBas MUKPOCKOIIS C UCIIOAb30BaHneM MuKpockorios Olimpus
(AronHms)).

Cmamucmuueckas o6pabomka 0aHHbIX

ObpaboTka 1 aHaAM3 AaHHBIX Aa0OPaTOPHBIX MCCAEAOBAHUI OCYIeCTBASAVCH
¢ nomompio Microsoft Excel epcun 16.16.27 (201012). Beuay maaoro oobema BbI-
OOpOK MCIOAb30BaHHbIE CTAaTUCTUYECKMe KpuTepum OblAM HellapaMeTpuUdecKu-
mu. ITosTOMy 445 OLleHKM AOCTOBEPHOCTU Pas3AMUNil MCIIOAB30BAACSI KpUTepuil
Manna — Yurau (U) [24; 25] 1 u3MeHeHMs CUMTaAMCh 3HAYMMBIMMI IIPU YPOBHE A0-
crosepHoctu p <0,05.
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P63y11bTaTI)I nccaeaoBanvsi

ITepspiM ®Tariom paboTel OblA pacdyeT paHros 1o Kputepuio Manna — YuTHu co-
raacHo yposHio Cl-narnouropa, C3a ¢pparmenra komriaeMenrta u Cba ¢gpparmenra
KOMILAeMeHTa B IpyIlNax HaleHToB, nepeHeciiux 1 He 6oaesiinx COVID-19, c kan-
HIYeCK) 11 1a00paTOPHO OATBEP>KAEHHBIM BUPYCOM repIieca 1 y An1] Oe3 reprecBu-
pycHoOIT nHpeKINN B aHaMHe3e.

Ha BTOpoM sTame pabGotel Obla mpoBedeH pacdeT maMmeHenmit yposneir Cl-
naruouropa, C3a ¢parmenta kommnaementa n Cba ¢pparmeHTa KOMILAeMeHTa B
rpyIlnax HalyeHToB, IlepeHeciinx 1 He 6oaesmmx COVID-19, c moaTBep>K4eHHBIM
BIPYCOM repIieca 1 y Ani] Oe3 reprieCBMpycHON MH(pEKIINN B aHaMHe3e IIpY YPOBHe
AocrosepHoctu p <0,05 (Tada. 1).

Tabauua 1

Pasauane B spavyennsax Cl-marnonropa, C3a n C5a pparmeHTOB KOMIILAeMeHTa
B IpyHIax nammeHToB, 6oaesmux 1 He 60aesmmx COVID-19,
€ Haay4dyeM 1AV OTCYTCTBUeM repIrecBupyCHO MHEPeKI,
pu ypoBHe gocToBepHOCTH p < 0,05

Table 1
Differences in the values of Cl-inhibitor, C3a and C5a
complement fragments in groups of patients who had
and had not had COVID-19, with or without herpesvirus infection,
at a significance level of p <0.05
I'pynma 1% I'pymnia 2% I'pynima 3* I'pynma 4*
Hoxazarean n=16 n=16 n=16 n=16 P
Yposens Cl-unruduro-
pa, MKr/mMa 254,61 +15,92| 267,78 +20,5 |237,34 +14,39|236,35+13,53|<0,05,_4
Yposens C3a pparmen- <0,05,_,
Ta KOMILAMEHTa, HI/MA | 116 86+ 7,8 |166,73 +11,35 111,87 +5,77 | 126,95+ 7,92 |<0,05, 4
Yposens C5a pparmen- <0,051-3
Ta KOMILAeMeHTa, HI/MA <0,05,_3
17,98+2,97 | 13,98+ 1,93 | 25,25+ 3,44 | 17,54+ 2,64 |<0,05;_4

ITpumeuanue: * rpynna 1 — manumentsl, He 6oaesmme COVID-19 n He nMmeronine B aHa-
MHe3e replecBUPYCHYIO MHPEeKIUIO; Ipyniia 2 — nauneHTtsl, He 6oaesine COVID-19, no
UMeIoIVie B aHaMHe3e TeplecBUpPYCHYIO MHPEeKIINIO; TpyIa 3 — MallleHTHl, ITepeHecIe
COVID-19, Ho He nMeloIINe B aHaMHe3e TepIIeCBUPYCHYIO MHPEeKIINIO; TPyIIIa 4 — IalueH-
Tbl, Nepeneciye COVID-19 n nmeronine B aHaMHe3e TepIIecBUPYCHYIO MH(eKIMIO; ** 40CcTO-
BepHOCTD pasanunii (p <0,05).

O06paboTka gaHHBIX TPOBOAMAACH C IPUMEHeHVeM CTaHAaPTHBIX MeTOAMK, BKAIO-
yasi pacyeT cpejHero apudmeTnyeckoro sHadeHns (M) 445 BapuallMOHHOIO psAda U
omnpejeAeHre CTaHAAPTHON OIMOKM cpegHero (m). PedyabraThl KOAMYECTBEHHOTIO
aHaAm3a AAs CpaBHUTEAbHBIX IPYIII IIpeAcTaBaeHsl B popmarte M +m.

CoraacHo aaHHBIM, IIPUBeAEHHBIM B TaOamie 1, campii Hu3kmii yposenb Cl-
nHruouropa Habaaaercs B rpymie 4 (nepenecmye COVID-19 u umeromne B aHa-
MHe3e TepIecBUPYCHYIO MH(pEKINIO), TOrda KaK CaMblil BHICOKUI 3apUKCUpPOBaH B
rpynrie 2 (He 6oaesie COVID-19, Ho nuMeronine B aHaMHe3e repIlecBUPyCHYIO MH-
Ppexuio).

Kounenrpanms ¢parmenra komraementa C3a Brlile B rpymmax 2 (He 6oaes-
mue COVID-19, Ho uMeroniue B aHaMHe3e TeplecBUpPYyCHYIO MHpeKuuio) u 4 (1e-
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penecie COVID-19 n nmeromme B aHaMHe3e TepIleCBUPYCHYIO MH(PEKIINIO), Tpu
»ToM B rpynile 4 (nepenecimue COVID-19 u nmeroniue B aHaMHe3e TeprecBUpYC-
HYIO NH(EKIINIO) OHa ropa3Ao HipKe, yeM B rpyiie 2 (He 6oaesine COVID-19, o
UMeIOlIVe B aHaMHe3e TepIiecBupycHyIo nHpekunio). Hanmenpiee snauenne C3a
dparmMeHTa KOMILAeMeHTa 10 CpaBHEHUIO C APYTUMIU IPyIIaMI AeMOHCTPUpPYyeTcs
B rpynite 3 (nepenecmine COVID-19, HO He nMelOIIIe B aHaMHe3e TepIIeCBUPYCHYIO
MHQEKIINIO).

CamblIit BBICOKMIT ypOBeHb (pparmeHTa KoMIriaemenTa CSa BulsABAeH B rpy1ie 3 (11e-
penecie COVID-19, Ho He nMeloIMe B aHaMHe3e IepIIeCBUPYCHYIO MH(MEKIINIO), B
TO BpeMs Kak B rpymire 2 (He 6oaesimne COVID-19, Ho numeronne B aHaMHese rep-
IIeCBUPYCHYIO MH(EKIINIO) HaDAI0AaeTCsl CaMblil HU3KII ypoBeHb. ['pymmsr 1 (He Go-
aesmye COVID-19 n He mMmeromue B aHaMHe3e IepIIeCBUPYCHYIO MHQEKIINIO) U
4 (nepenecmne COVID-19 u uMemoIne B aHaMHe3e IepIleCBUPYCHYIO MHQEKIIUIO)
A@MOHCTPUPYIOT CXOXKJe 3Ha4eHMsI HTOTO IToKa3aTeAsl.

Tpernit »Tann paboOTHI 3aKAK04aACs B IIOACYeTe PaHIOB IO KpuTepuio Manna —
YuTtHM, coraacHo yposHIO (aronmuTapHOi aKTUBHOCTU HeMTPpO(PUAOB (aKTUBHOCTS,
MHTeHCUBHOCTD (paronutosa, paronnrapHoe uncao), HCT-akruBHOCT HeMTpop1A0B
(HCT-cnonTannasa akrusHocts, HCT-cnontanneiin nuaexc, HCT-nnaynmposanHas
axktyBHOCTh 1 HCT-MHAYIIMPOBaHHBIN MHAEKC) Y MallMIeHTOB, KOTOPbIe IepeHecAl 1
He 6oaean COVID-19, ¢ moaTBep>XA€HHBIM BUPYCOM TepIieca 1 y Aull Oe3 repriecsu-
pycHOI MH(pEKIINI B aHaMHe3e.

3aKAI0YUTeABHBIN (4eTBePTHIN) DTAIl MCCAEAOBaHM: BKAIOYaA IIPOBEPKY AOCTO-
BEPHOCTM AaHHBIX IIyTeM pacdyeTa pa3AN4umil YpOBHell IoKa3aTeAell parouTapHO
aKTMBHOCTY HeMTpOo(pUAOB (aKTUMBHOCTL, MHTEHCUBHOCTH (paronmurosa, ¢paromurap-
Hoe unca0) u HCT-akrusHoctu Heltrtpodpuaos (HCT-cnonrannas aktusHocTs, HCT-
cnonTaHHbN nHAeKC, HCT-unaynmposannas aktusHocTh 1 HCT-nHAYyIMpOBaHHBIN
nHAekc) y mnanuenrtos, neperecinx COVID-19, ve 6oaesmux COVID-19, ¢ noa-
TBeP>KAE€HHBIM BYPYCOM reprieca 1y Auli 0e3 repriecBUpycHoOM nHQpeKIu B aHaMHe-
3e 11pu yposHe goctosepHocTH p <0,05 (Tada. 2).

Tabauua 2

Pasauane B ypoBHsX ¢paronuTapHON aKTMBHOCTH
n HCT-akTuBHOCT HEMTPO(PNAOB y IIalIIeHTOB,
06oaesmmx 1 He 60aesmmx COVID-19, c Haan4mem 1AM OTCYyTCTBUEM
repriecBMpycHO¥ nHQeKI, IIpu ypoBHe AocToBepHOCTH p < 0,05

Table 2
Differences in the levels of phagocytic activity
and NBT-activity of neutrophils in patients who had
and had not had COVID-19, with or without herpesvirus infection,
at a significance level of p <0,05
I'pyrmma 1* | I'pynma 2* | I'pynma 3* | I'pynma 4% ot
Hoxasareas =16 | 'n=16 | 'm=l6 | n-1s P
AKTMBHOCTB (paronmuTosa
HeNTpopNA0B 50,06 £3,15 | 50,69+4,47 | 40,13+£3,03 | 39,134+2,66 |<0,05,_4
VurencusHOCTD (aronn- <0,05,_3
TO3a HeMTPOPNAOB <0,05:4
< 0,052_3
1,82+0,28 2,33+0,66 1,14+0,21 1,22+0,27 1<0,05;,_4
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OxoHuarue mada. 2

I'pynma 1* | I'pynma 2* | I'pynma 3* | I'pynina 4%

3%

Hoxazateas n=16 n=16 n=16 n=16 P
@aronuTapHOe 41CA0 <0,05:_3
HeNTpOo(Pp1A0B <0,05,—3

3,52+0,44 | 391+0,67 | 2,88%+0,57 | 2,87+0,46 |<0,05,_4

HCT-crmouranHast akTuUB-
HOCTb 20,50+3.20 | 22,06+3.82 | 17,31+2.82 | 18,06+2,44 | >0,05
HCT-coouranusiin nagekc | 0,29+0,05 0,36+0.,07 0,26+0,05 0,29+0.,05 >0,05
HCT-unayunposanHast

aKTUBHOCTD 52,19+5,06 | 42,63+£3,52 | 54,88+4,27 | 52,50+3,65 |<0,05,_;3
HCT-unaynmposaHHbIN
MHAEKC 0,68+0,07 0,71£0,06 0,70£0,06 0,68+0,07 >0,05

IIpumeuanue: * rpynmna 1 — nanuenTs!, He 6oaesie COVID-19 u He umeromue B aHa-
MHe3e replecBUPYCHYIO MHPEeKINIO; IpynIia 2 — naumeHTtsl, He 6oaesmne COVID-19, no
UMeIOI/ie B aHaMHe3e TepIecBUPYCHYIO MH(eKINIO; rpylina 3 — IaleHThl, IIepeHecIe
COVID-19, Ho He nMelOIIIe B aHaAMHe3€e TePIIeCBUPYCHYIO MH(PEKIINIO; TPYIIIa 4 — IarueH-
Tbl, TepeHecie COVID-19 u nMmerorne B aHaMHe3e TepIIeCBUPYCHYIO MH(eKIMIO; ** 40CTO-
BepHOCTh pasananii (p <0,05).

CoraacHo gaHHBIM, IPUBEAEHHBIM B TaOAuIle 2, MMHMMaAbHOE 3Ha4eHNe aKTUB-
HocTU (paronuTo3a o CpaBHEHUIO C APYTUMU IpyInaMy HabAI0AaeTcs y IpyIIbl 4
(mepenecmime COVID-19 n mmeromme B aHaMHe3e TepIeCBUPYCHYIO MH(EKIINIO).
Pasnuna mexxay rpynmnamu 1 (He 6oaesmme COVID-19 n e nmeromue B anaMHe3se
repriecBupycHyIo nH@ekuuio) u 2 (He 6oaepmme COVID-19, Ho nmerore B aHaMHe-
3e TepIIeCBUPYCHYIO MH(PEKIINIO) He3HauMTeAbHa.

CHyKeHMe ypOBHSI MHTEHCHMBHOCTHI (paronmuTo3a omnpeaeasercs B rpyiie 3 (Iie-
penectime COVID-19, Ho He nMeroIINe B aHaMHe3e TepIrIeCBUpPYCHYIO MH(PEKITNIO), C
He3HauMTeAbHBIM OTPBIBOM IIOKa3aTeAb Bhille B rpymie 4 (nepenecimne COVID-19
I UMeIOI/e B aHaMHe3e TepIiecBUpycHyIO nH$peKuio). B rpynme 2 (ne 6oaesmne
COVID-19, HO mMmeroniye B aHaMHe3e IepIIeCBUPYCHYIO MH(EKIINIO) IOKa3aTeAab
BBIIIIE TI0 CPAaBHEHMIO C OCTAaAbHBIMMY IPyIIIIaMI.

3aduKcUpoBaHO CHIKeHIe YPOBHs aroluTapHOTO 4icia B IpyIe 4 (mepeHec-
e COVID-19 u nmeronine B aHaMHe3e TepIIeCBUPYCHYIO MH(EKIINIO) IIPU CpaBHe-
HIUM C OcTaabHBIMM Ipyniniamu. [Ipu 9ToM pasHuiia MexxAy IokasaTeAeM B IpynIiax 3
(mepenecmne COVID-19, Ho He nMelOIINe B aHAMHe3€e TepIIeCBYPYCHYIO MH(MEKIINIO)
u 4 (nepenecmire COVID-19 1 uMerorne B aHaMHe3€e IrepIieCBUPYCHYIO MH(PEKIINIO)
He3HauMTeAbHa.

HCT-crionTannast akTMBHOCTD y HanueHTOB rpymnisl 3 (nepenecine COVID-19, no
He MMeIOIVe B aHaMHe3e TepIiecBUpycHYIO nHpexunio) u 4 (mepenecmine COVID-19
1 MeIoIIIie B aHaMHe3e repIIeCBIpPYCHYIO MH(EKIINIO) CHIKAeTC s, M pa3HUIIa MeXK-
Ay 3HaUYEeHMsMU HeCyIlleCTBeHHa.

HCT-criontannsiin nngekc B rpymie 4 (nepenecine COVID-19 n nmeroniue B
aHaMHe3e TepIIecBUPYCHYIO MH(EKIINIO) ITOBBIIIAeTCs 40 TaKOTO JKe YPOBH:I, KaK 1 B
rpymie 1 (e 6oaesiine COVID-19 u He nMmeromue B aHaMHe3e TepIIeCBUPYCHYIO UH-
dexumio). [Ipu 5ToM B 5THUX ABYX ITOKa3aTeAsIX MaKCMaAbHOe 3HaueHNe HabAro aeT-
ca B rpymiie 2 (He 6oaesmue COVID-19, Ho uMeroniue B aHaMHe3e TepIIecBUpPYCHYIO
MHQEKIINIO).

Hwusxnit mokasatear HCT-uHAynIMpoBaHHO aKTUBHOCTM Ha0AI04aeTcsl B IpyIl-
e 2 (ne 6oaesmme COVID-19, Ho nmeronie B aHaMHe3e TepIIeCBUPYCHYIO MH]eK-
LIMIO), a 3HaueHMs AaHHOTO I10Ka3aTeas B rpymile 3 (nepenecine COVID-19, Ho He
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UMeIoIe B aHaMHe3e repriecBupycHyio nHgekiuio) u 4 (nepenecmne COVID-19 n
UMeIOI/e B aHaMHe3e TepIIeCBUPYCHYIO MH(eKINIO) NpudAV>KeHsl K rpynmne 1 (He
6oaesmmme COVID-19 1 He nMeromIe B aHaMHe3e TePIIeCBUPYCHYIO MHPEKIINIO).

Pasuniia yposueit HCT-unayniumpoBaHHOTO MHAEKCa MeXAy I'pyIiaMy He3Hadl-
TeAbHa.

OO0cyxaenne

CHioxenne yposHsa Cl-mHrnoutopa Ha0AIO4aeTcsl y MalleHTOB, KOTOphle Iiepe-
Hecay COVID-19 1 uMeroT repriecBUpyCHYIO MH(EKIINIO B aHaMHe3e, Tor4a KaK Mak-
CMMaAbHOe 3HadeHue 3apMKCUPOBaHO y ITalleHToB, KoTophle He Ooaean COVID-19,
HO MMeIOT KAMHIYEeCKN 1 1aD0paTOPHO ITOATBEP>KA€HHYIO repIleCBUPYCHYIO MH(pEeK-
LIMIO B aHaMHe3e. DTO yKa3blBaeT Ha CHVDKeHIe PeryAsIiuy CUCTeMbl KOMILAeMeHTa
1 ocaabAeHNe 3alllUThl OpraHn3Ma OT BOCaAUTeAbHBIX peakuuii. IIpeanoaaraercs,
4TO y HalIeHTOB ¢ repriecsupycHoi nHdekiuen u He nMmeiomux COVID-19 B anam-
He3e IMMYHHasl CIICTeMa COXpaHseT CIIOCOOHOCTD I0AAeP>KIBaTh TOMeOCTa3 I pery-
AVPOBATh BHIIIECYIIOMAHYThIE IIPOIECCHI.

IToayueHHbIe pe3yAbTaThl CTAaTUCTUMYECKOTO aHaAM3a IIOKa3bIBAIOT, YTO Y IIali-
€HTOB C ITOCTKOBMAHBIM CHMHAPOMOM M TepIeCBMPYCHO MH(eKIIell HabA0 aeTcs
rospiieHre KoHneHtparumu C3a ¢pparMeHTa KOMILA€MeHTa, TOr4a Kak y ANII, Iiepe-
Hecmux COVID-19, BoisBastetcs nossiiieHne C5a ¢pparmMeHTa KOMILIeMeHTa, I BTO
IIPOMCXOAUT 3a cueT cHYDKeHMs yposHsA Cl-MHrmOuTopa KOMILAeMeHTapHOM CUCTe-
MBI. DTO, B CBOIO O4epeab, MOXKeT yCyIryOuThb TedeHre 1 MHQPEeKIIMOHHBIX, U MHBIX 3a-
00eBaHMI.

Caeayer yTOUYHNUTD, UTO AauUTeAbHOe cHyDKeHye Cl-mHrmOuropa 1M HOBBILIEHNE
C3a n C5a pparmeHTOB KOMILA€MeHTa TakyKe MOIYT CIIOCOOCTBOBaTh Pa3BUTIIO ayTO-
VIMMYHHBIX HapyleHnit. B cssu ¢ 9TuM nanmenTsl, nepenectunie COVID-19, n/uan
C BUPYCOM TepIieca B aHaMHe3e II0ABEeP>KeHbl PYUCKY ayTOMMMYHHBIX OCAO>KHEHUIA.

CHirKeHMe IOKasaTeAell aKTUBHOCTI (paronntosa 1 (paroliuTapHOIo uymcia Hell-
Tpo(dUAOB IO CpaBHEHMIO C APYTMMU IpyIIlaM HaOAl0JaeTcs y IMallMieHTOB, Iepe-
Hecix COVID-19 n nMeromux B aHaMHe3e repriecBUPYCHYIO mHpeKunio. CaMblii
HUBKMII IIOKasaTeAb MHTEHCUBHOCTI (aroljurosa oIlpejeasieTcsl y IalieHTOB C
IIOCTKOBUAHBIM COCTOSIHMEM U 0e3 KAMHUYIeCK! 1 AabopaTOPHO IOATBEP>KAEHHOI
repIrecBUpPyCHON MHQEKIINN, YTO TOBOPUT O IOBPe>KAeHN UIMMYHHOTIO OTBeTa y ALY
C HOCTKOBU/AHBIM CHHAPOMOM.

Xponnueckoe teuyeHne COVID-19 moxkeT BBI3BIBAaTH MMMYHOCYHPECCUIO U AVC-
(PYHKIUIO BPOXKAEHHOTO MMMYHHUTETa. DTO MPOsBASIETCA B CHUKeHNN (paromnurap-
HOJ aKTMBHOCTU U OaKTepUIIMIAHON CIIOCOOHOCTU HEMTPOQIAO0B, UTO MOXKET IIPM-
BOAUTH K YXYAIIEHUIO OOIIero MMMYHHOIO OTBeTa OpraHM3Ma M CIIOCOOCTBOBATh
PasBUTUIO AAUTEABHBIX BOCIAANTEABHBIX IIPOIL€CCOB.

BurBoabl

CraTucTuyecknii aHaAM3 AaHHBIX II0Ka3aad CAeAylolliyie M3MeHEeHMs! B cucTeMe
KOMIIAeMeHTa 1 paroumuTapHO aKTMBHOCTY HEMTPO(PILAOB.

1. Haamume IOCTKOBMAHOIO CHMHAPOMAa 3HAuYMTeAbHO CHMKaeT yposeHb Cl-
MHTUOUTOPa, OCOOEHHO B COYeTaHIM C repIIecBUpPYCHOI MH(peKIell. DTO CBUAeTeAb-
CTBYeT 00 yXyAIIIeHU! PeryAslui CICTeMBbl KOMILAeMeHTa M 0CAabAeHUM 3aIliuThl
OopraHN3Ma OT BO3AeMCTBII BOCIIaAUTeAbHBIX peaKINIi.

2. ITossIieHHsbIN yposeHb C3a pparmeHTa KOMILIeMeHTa y MalllieHTOB, IIepeHec-
mx COVID-19, u C5a pparmMeHnTa KOMILAeMeHTa Y AUIL] C IOCTKOBUAHBIM CUHAPOMOM
1 TepIecBUPYCHON MHPeKIMelt mpoucxoaur 3a cyet gepunura Cl-unrndnuropa. 1o
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MOKeT yCyryOuTh TeueHMe MH(QEKIIVOHHOIO IIpoliecca, a AAUTeAbHOe COXpaHeHNe
TaKIX IIOKa3aTe/ell CCTeMbl KOMILAeMeHTa CIIOCOOHO IIPUBECTU K YBeANYeHNIO pU-
CKa BO3HMKHOBEHIISI ayTOMMMYHHBIX OCAOXKHEHII ITOCTKOBUAHOTO CUHAPOMa.

3. Ha ymenbmenne nokasateaeit ¢paronurapaon n HCT-akrusHOCTN HerTpodu-
/0B HeIIOCPeACTBeHHO BAMSIEeT IIOCTKOBUAHBIN CUHAPOM U KaK AOIOAHUTE AbHBI OTsI-
romamomuit GpakTop reprecBupycHast MHQEKIINs, 4YTO IPUBOANUT K CHUKEHUIO JaH-
HOI (PYHKUNM HEMTPOPNUAOB U MOBPEXKAEHUIO BPOKAEHHOIO IMMYHHOTO OTBeTa Y
v, nepenecinx COVID-19.

4.V nanuenros, nepeneciux COVID-19, ormeuaercst gauTeabHas MMMYHOJe-
Ipeccus, IpU KOTOPOI1 HapyIlIeHNs BPOXKA€HHOTO MIMMYHHOTO OTBeTa COXPaHAIOTCS
Doee 1m1ecT MecsleB I10cAe 3a004eBaHUs. DTO COCTOsIHNE pHoOpeTaeT XpOHMYIe-

CKYIO popMmy.
3akaoueHmne

[IpucyrcTBue repriecBUpyCcHON MHQEKLIUN OCAOXKHsET TedeHUe ITOCTKOBUAHOIO
CUHAPOMaA, YTO IIOATBEPKAACTCS pe3yabTaTaMIl aHaAM3a CUCTEeMbl KOMILI€MeHTa U
¢paronmrapHOIT aKTUBHOCTY HENMTPOoPpuA0B. 13 9TOTO CaeayeT, UTO IIepBUYHOE Tepa-
IeBTIYeCKOe BMeIllaTeAbCTBO AOAXKHO OBITh HaIIpaBA€HO Ha AedeHle repIiecBUpycC-
HOTI MH(EKIUN C 1IeAbI0 CHVKEHI: TSIKeCTU OCAOXKHEHNII, BO3HUKAIOMINX Ha oHe
IIOCTKOBUAHOTO CMHApPOMa. DTO yKasblBaeT Ha HeOOXOAVMOCTh OoJee AeTaAbHOTO
M3y4eH!sI MIMMYHHOTO cTaTyca IaljieHTOB AAs pa3paOO0TKM IepPCOHAAN3MPOBaHHOIO
1104X04a K MMMYHOKOPPEeKIINI, YYUTBIBAsI X TePIIeCBYPYCHBIV aHAMHEe3.

®uHaHCHpOBaHMeE. DTO UCCAeJ0BaHIIe He I101y4al0 BHEIIHero (prHaHCHPOBaHI.
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Pesiome: Briepsrle pazpaboraH 9pPeKTUBHBI METOA IOAyde-
Hus 3,4-auruaponupumuaus-2(1H)-onos (3,4-AITI), coaepxa-
IIMX OCTAaTOK aAM(aTMIecKMX ¥ IIUKAOIPOIIaH CoAep KalliixX
aAbAeTUAOB C IIpUMMEHeHMeM TreKcaruapara XAOpHUJ, eBpo-
muA(Ill) kak kataansaTtopa A4s1 MyAbTMKOMIIOHEHTHOM peak-
nun (MKP) bugxnneaan. ITposegena KoMmIiaekcHas OlleHKa
BO3MOXXHBIX OMOJOTMYECKNX CBOJVICTB ITOAYYEHHBIX COeAVIHe-
HUII MeToAaMM in silico. PacamTaHa BbICOKasl IIPOHMUIIAEMOCTD
gepes pocdoannmanbie 6MICAON ¥ BO3ZMOKHOCTD ITaCCHBHOIN
Anddys3um Aas ydacTus BO BHYTPUKAETOUYHBIX B3aMOAETi-
cTBMsAX. ONBITHI 1O BAMAHUIO 3,4-AUTUAPOINPUMUANHOHOB Ha
pocrt Aposkkeit Yarrowia lipolytica ToKazaau OTCyTCTBIE OCTPOIL
TOKCUMYHOCTU Yy IIPOTECTUPOBAHHBIX COeAMHEHUI B MUKPOMO-
ASPHOM AMalla3oHe KOHIleHTpanuil. PacyeTsl IOKasbIBaloOT,
yTO 3,4-AITI-p1 MOTYT 004a4aTh IUTOTOKCMYECKMMM CBOJICTBa-
MM OTHOCUTEABHO MHOIMX AMHUI PaKOBBIX KAETOK, YTO Iep-
CHEKTUBHO A1 OMOMEAUITHCKIIX MCCAEA0BaHUIA.
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Introduction

Pyrimidine (1,3-diazine) derivatives have various therapeutic applications in me-
dicinal chemistry [1]. One of the proposed reasons for the compounds” activity is the
presence of a pyrimidine base in cytosine, thymine and uracil, which are essential
building blocks of nucleic acids, including DNA and RNA [1].

A number of chemical compounds containing the common 3,4-dihydropyrimi-
din-2(1H)-one fragment 1—3 (Fig. 1) as a core have garnered significant interest from
researchers due to a wide range of therapeutic and pharmacological properties [2—
4], including antitumour [5; 6] and antitubercular activity [7—9].

3,4-DHPMs can be synthesised via the Biginelli MCR, a powerful tool with a focus
on generating diverse structural fragments [3; 4; 10; 11].

The use of multicomponent reactions provides a viable synthetic approach, of-
fering several advantages: selectivity, efficient substrate utilisation, environmental
friendliness, cost-effectiveness and experimental simplicity [3; 4; 10; 11]. The Biginelli
reaction is unique and promising in that it provides compounds with a distinct set of
cycles and functional groups [3; 4; 10; 11].

Aliphatic aldehydes typically give very low yields in the Biginelli reaction [12].
Despite the limited availability of 3,4-DHPMs bearing aliphatic aldehyde residues,
considerable data exist on these compounds and their biological activities (Fig. 1)
[13—16].

O R IC,, (mM) o R IC,, (mM)

MeO NH R: n-Pr(la) 5216 +1.15 g0 NH R: Et(2a) 14.40 +0.02
| Nko n-CoHyy (Ib) 7816+ 1.47 | Nk n-Cy Hys (2b) 2100
H

la-c i-CsHy; (1c) 55.16 +1.25 Da-c H O i-CsHy; (20) =100
e) R IC5, (mM)
R: Et(3a) 8.0

PMBO NH
| Y n-CHy, (3b) 5.0
N0

3a-c H <]y o5

Fig. 1. Bioactive 3,4-DHPs 1-4 with an aliphatic aldehyde fragment in the side chain

Indeed, compounds 1a-c are effective inhibitors of the enzyme (-glucuronidase,
useful in combating a variety of pathological conditions [13]. Compound 2a exhibits
inhibitory activity against xanthine oxidase, an enzyme that is an important pharmaco-
logical target for the treatment of hyperuricemia in gout and arthritis [14], whereas com-
pounds 2b,c (Fig. 1) are potent and selective inhibitors of Punta Toro virus, Bunyaviridae
group and Phlebovirus genus, and Rift Valley fever virus, comparable to ribavirin [15].
Compounds 3a-c (Fig. 1) are sodium iodide symporter (NIS) inhibitors and radiopro-
tective molecules capable of blocking the uptake of radioactive iodine [16].

Cyclopropane derivatives are bioactive compounds found in animals, plants and
microorganisms; generated during both primary and secondary metabolism, they
display diverse biological properties [17—20].

Hybrid and multifunctional drugs attract considerable attention because they com-
bine two pharmacophore moieties within a single molecule, prompting a continual
search for new 3,4-DHPMs capable of modulating known processes or revealing nov-
el bioactivities — a practice now well established in organic synthesis [21].

To implement this idea, potential modifications of the standard Biginelli reaction
product 5 (Fig. 2) were planned, taking into account the substitution of aldehyde 6
with an aliphatic aldehyde residue 7, including those containing a cyclopropane frag-
ment 8—11.
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Thus, compounds prepared via the Biginelli reaction using aliphatic aldehydes
7—11 [22] may exhibit distinct biological properties, as they incorporate two pharma-
cophore groups: the 3,4-dihydropyrimidin-2(1H)-one ring and a cyclopropane moie-
ty (Fig. 2).

Published data E
general methods for obtaining i Present paper

products of the Biginelli reaction

13 9 | NEW catal 13 J(J)\ w g
J 9 R catzyst H,N” “NH EtOJ\/U\
H,N~ "NH : EuCly6H,0 2 2,
2 2 catalyst | E Ph

tO

NH 0 o oprG 1 o

+ — - o

12 M jj)\ 6 solvent ! | N,&O EtOH, 80°C 7)1\ or )W or '
EtO R “H tC , H n-GH;” 'H H Cl H:

PG: MOM (8), Ac (9), Ms (10) !

aliphatic and cyclopropane-containing aldehydes

aromatic and ! 3,4-dihydropyrimidine-2(1H)-one
heteroaromatic aldehydes H

Fig. 2. Strategy for the synthesis of 3,4-DHPMs using Biginelli MCRs

Aldehydes 8 —11 are labile compounds because they contain a cyclopropane ring,
which can be easily opened in strongly acidic media or in the presence of strong
Lewis acids; they also undergo elimination reactions in basic media. The gem-dihalo-
genecyclopropane moieties are labile under the action of basic reagents and many
nucleophiles. These factors significantly limit the choice of catalysts and solvents for
Biginelli MCRs involving aliphatic aldehydes 8 —11.

This study aims to identify new mild and selective catalysts and conditions for the
Biginelli reaction, enabling the efficient use of aliphatic aldehydes 7—11 of various
structures to achieve high yields, as well as to evaluate the antifungal properties of
the resulting compounds against ascomycetous yeast of the Yarrowia lipolytica species,
including through in silico approaches. Such studies have not been conducted previ-
ously, as evidenced by the lack of relevant information in the literature. To accomplish
this, a series of experiments was conducted to identify catalysts — rare-earth metal
chlorides — that possess sufficient Lewis acidity to accelerate the reaction without
disrupting the small cyclic fragment. The central idea is that these compounds should
readily undergo cyclopropane ring opening under the action of various enzymatic
systems, thereby laying groundwork for bioconjugation by activating them without
chemical intervention in the biosphere. For example, in an organism, compound 16
is likely to undergo transfer of the acyl moiety under the influence of an acetyl-CoA
molecule, potentially leading to the formation of an open-chain cyclopropanol moi-
ety, which is known to be highly reactive toward numerous nucleophiles, electro-
philes and radicals present in the system.

Materials and methods

The reagents and solvents used in this study were of ‘pure” and “pure for analysis’
grade. Solvents were purified and dried according to established literature methods.
The identity of the synthesised compounds was confirmed and reaction progress was
monitored by thin-layer chromatography (TLC) on Sorbfil plates. Solvent mixtures of
petroleum ether and ethyl acetate in various ratios were used as eluents. Individual
compounds were isolated by column chromatography on silica gel (70—230 mesh,
Merck) using the same solvent mixtures as eluents.

'H and "C NMR spectra of 5% solutions of the studied compounds in CDCI, or
(CD,),SO were obtained on a Bruker Avanse-500 spectrometer (operating frequencies
500 and 125 MHz). Chemical shifts were recorded on the d scale, using the residu-
al proton signals of CDCI, (6=7.26 ppm for '"H and 77.0 ppm for “C) and (CD,),SO
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(0=2.50 ppm for 'H and 39.4 ppm for *C) as references. IR spectra of the investigated
substances were recorded in film on a Vertex 70, Bruker FT-IR Alpha spectropho-
tometer. Mass spectra were recorded on an Agilent 8860 GS system mass spectro-
meter using 70 eV electron impact ionisation, an Agilent 1990 1s-433e column and an
HP-5 MS column over a temperature range of — 60 to 350 °C. The melting point was
determined on a Stuart SMP 50 Cole-Parmer instrument. The masses of the substan-
ces were measured using Radwag AS 220/C/2/N analytical balance with an accuracy
of 0.1 mg.

The y%ast strain Yarrowia lipolytica DE5.54-1 from the collection of the A. N. Bach
Institute of Biochemistry of the Russian Academy of Sciences was used in the study,
with its subsequent cultivation at the Laboratory of Pharmaceutical Biochemistry at
the Research Institute for Physical Chemical Problems of Belarusian State University.
Yarrowia lipolytica expresses CYP11A1 and CYP17A1 genes from bovine adrenal
glands using isocitrate lyase as a promoter. Yeast cultures were grown in standard
YPD nutrient medium (1 % yeast autolysate, 2 % peptone, 2 % glucose; Difco, USA) at
30 °C with mechanical agitation at 200 rpm for 24 h. After 24 h, the culture was trans-
ferred to a fresh portion of nutrient medium [23].

Microbiological experiments to evaluate the effect of the compounds on yeast
growth were conducted at 30 °C and 200 rpm x min~! in a UHTM shaker-incubator
(Elion, Russia) using YPD 0.4 nutrient medium (1 % yeast extract, 2 % peptone, 0.4 %
glucose). The number of cells was estimated by absorbance at 600 nm (A, A =1
correlated with 24 x 10° cells [24]. The tested compounds were added as ethanol solu-
tion to a concentration of 100 uM and 1 % ethanol. 1 % ethanol was added to the con-
trol sample. The initial number of cells corresponded to an optical density of A =0.5.
The cultures were incubated for 24 h. For A, growth control, aliquots of 100 ul were
determined by mixing 100 ul with 900 ul of growth medium at 0, 3, 6, 18 and 24 h.

The general procedure for the synthesis of Biginelli products 14—18 was as fol-
lows: in a solution of 0.100 g (1.0 mmol) hexanal 7, or 0.144 g (1. 0 mmol) aldehyde
8, or 0.142 g (1.0 mmol) aldehyde 9, or 0.178 g (1.0 mmol) aldehyde 10, or 0.215 g
(1.0 mmol) aldehyde 11, 0.130 g (1.0 mmol) acetoacetic ester 12, 0.072 g (1. 2 mmol)
urea 13 with a selected catalyst in EtOH (3 mL) [15.2 mg (0.05 mmol), or 30.4 mg
(0.15 mmol) YCL,- 6H,O, 11.0 mg (0.05 mmol), or 33.1 mg (0.15 mmol) InCL;- 6H,O,
18. 3 mg (0.05 mmol), or 55.0 mg (0.15 mmol) EuCl,- 6H,O, 19.4 mg (0.05 mmol), or
58.1 mg (0.15 mmol) YbCl,- 6H, O] was boiled for 4—12 h until the reaction was com-
plete (controlled by TLC). The mixture was cooled, the precipitate was separated and
recrystallised from EtO H. If no crystals formed, the solvent was removed under re-
duced pressure, and the product was separated by column chromatography using a
petroleum ether/ethyl acetate mixture in varying proportions as the eluent.

Results

1. Selection of optimal conditions

Initially, experiments were carried out to select optimal conditions for the Biginelli
reaction using hexanal 7, acetoacetic ester 12 and urea 13 (Fig. 3).

... H
Solvents and conditions O n-CsHy,

O
L 12 o O 13 from Table 1 EtO

| Y
n-C.H, )kH EtO J\)J\ HzNJ\NHz ] 14 | N/go
H

Fig. 3. Model Biginelli MCR involving hexanal 7, acetoacetic ester 12 and urea 13
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Hexanal was chosen because 3,4-DHPMs containing pentyl fragments (1b, 1c, 2¢
and 3b) are known to exhibit promising biological properties for biomedical research
(see Fig. 1).

The experiments explored both established systems for aliphatic aldehydes em-
ploying a wide range of soft catalysts [12, 25—45] and newly developed systems
based on rare-earth metal salts and ionic liquids (Table 1). The results of the experi-
ments are summarised in Table 1.

Table 1

Results of Biginelli MCR experiments involving hexanal 7,
acetoacetic ester 12 and urea 13 under the action of different catalysts’

No Catalyst (mmol) Rat107(/)1f2r/ei%gents Solvent | t, °C T, h? Yield 14, %°
1 2 3 4 5 6 7
1 |TsOH (0.15) [25] 1/1.2/1.5 EtOH 80 2.5 —
2 | (0.50) [26] 1/1/1.5 PhMe 105 5 10
3 |L (0.40) [27] 1/1/1.25 MeCN 82 9 —
4 |TEBA (0.10) [28] 1/1/1.5 — 100 3 31
5 |NH,CI (0.40) [29] 1/1/1.5 — 100 3 8
6 |NalO, (0.20) [30] 1/1/2 — 20 6 14
7 |NalO, (0.20) [30] 1/1/2 EtOH 80 7 6
8 |LiClO, (0.20) [31] 1/1/2 MeCN 82 7 72
9 |LiBr (2.00) [32] 1/1/1 THF 80 7 —
10 |LiBr (0.10) [33] 1/1.2/1.2 MeCN 82 7 16
11 |Cul (0.15) [34] 1/1/1.5 MeCN 90 3 22
12 |Cul (0.15) 1/1/1.5 EtOH 80 8 12
13 |Sc(OTH). (0.10) [35] 1/1/1.2 EtOH 80 16 29
14 |Sc(OTH), (0.10) [36] 1/1/1.5 MeCN 82 16 33
15 |Cu(OTf), (0.01) [37] 1/1/1 MeCN 82 14 16
16 |Cu(OTI), (0.20) [38] 1/1/1.5 EtOH 80> 12 65
17 |Zn(OTI), (0.20) [39] 1/1.5/1.5 — 100 0.3 67
18 |Zn(OTI), (0.20) [12] 1/1.2/1.5 EtOH 80 7 76
19 |Zn(OTI), (0.15) 1/1.1/1.2 EtOH 80 8 74
20 |In(OTH), (0.10) [40] 1/1.1/1.3 MeCN 90 5 11
21 |In(OTf), (0.15) 1/1.1/1.2 EtOH 80 8 19
22 |Yb(OTI), (0.05) [41] 1/1/1.5 — 100 1.5 62
23 |Yb(OTI), (0.15) 1/1.1/1.2 EtOH 80 8 79
24 |InCl,- 3H, O (0.05) [42] 1/1/1.2 EtOH 80 11.5 39
25 |[InCl,-3H O (0.15) 1/1/1.2 EtOH 80 16 76
26 |LaCl,-6H O (0.05) [43] 1/1/1.2 EtOH 80 7 53
27 |LaCl,- 6H O (0.15) 1/1/1.2 EtOH 80 7 60
28 |CoCl. - 6H.O (0.05) 1/1/1.2 EtOH 80 10 5
29 |CoCl,-6H.O (0.15) 1/1/1.2 EtOH 80 10 12
30 |YbCl,-6H, O (0.05) [44] 1/1/1.2 EtOH 80 7 75
31 |YbCl,-6H O (0.15) 1/1/1.2 EtOH 80 6 89
32 |YCl,-6H. O (0.05) 1/1/1.2 EtOH 80 6 86
33 |YCL,-6H O (0.15) 1/1/1.2 EtOH 80 10 90
34 |CeCl - 7H O (0.25) [45] 1/1/3 EtOH 80 5 16
35 |CeCl - 7H O (1.00) 1/1/3 EtOH 80 2.5 81
36 |EuCl,-6H,0 (0.05) 1/1/1.2 EtOH 80 10 50
37 |EuCl,-6H,0 (0.10) 1/1/1.2 EtOH 80 9 77
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The end of Table 1
Ne Catalyst (mmol) Ratio of reagents Solvent | t, °C T, h* | Yield 14, %°
- y 7/12/13 ’ ’ '
1 2 3 4 5 6 7
38 |EuCl,-6H,O (0.15) 1/1/1.2 EtOH 80 5.5 92
39 |EuCl-6H. O (0.15) 1/1/1.2 MeCN 82 15 18
40 |Eu(OTY), (0.15) 1/1/1.2 EtOH 80 8 74
41 |Eu(NO.,). (0.15) 1/1/1.2 EtOH 80 8 77
42 |Eu,(CO,), (0.15) 1/1/1.2 EtOH 80 8 19
43 |Eu(OAc), (0.15) 1/1/1.2 EtOH 80 8 10
44 |Eu,(SO,), (0.15) 1/1/1.2 EtOH 80 8 0
45 — 1/1/1.2 IL* 100 1.5 74
46 |EuCl,- 6H. O (0.05) 1/1/1.2 IL 100 1.5 84
47 |EuCl.- 6H O (0.15) 1/1/1.2 IL 100 1.5 90
Notes:

! The reactions were carried out for 1 mmol of starting aldehyde 7; 3 ml of solvent was
used; the ratio of reagents and the amount of catalyst are given in Table 1.

2 Time required for complete conversion of the aldehyde in the reaction.

*Yield of the reaction product after isolation from the reaction mixture.

*1 ml of Ost(imid)BF, ionic liquid (IL) was applied, and the product was precipitated in

water.

The involvement of aliphatic aldehydes in these transformations was significant
(experiments 1—44, Table 1), as was the assessment of the effects of catalyst and ionic
liquid additions, which had not been previously investigated (experiments 45—47,
Table 1).

2. Synthesis of cyclopropane-containing 3,4-dihydropyrimidin-2(1H)-ones

The obtained optimal reaction conditions were transferred to aldehydes 8 —11 con-
taining the cyclopropanol moiety (Fig. 4) and new 3,4-DHPMs 15—18 were thus ob-
tained in moderate yields (Table 2).

Catalysts
12 O (@) O OPG 13 ji from Table 2 EtO
J\/U\ J\/b H,N“>NH, EoH, 80°C
PG: MOM (8), Ac (9), Ms (10) PG: MOM (15), Ac (16), Et (17)
Ph Cl
Cl
o
Catalysts

12 o O from Table 2 EtO | fo
H N NH, EtOH, 80°C 44 N
Fig. 4. Biginelli reaction involving cyclopropane-containing aldehydes 8 —11,
acetoacetic ester 12 and urea 13
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Table 2

Biginelli reaction involving aldehydes 8—11, acetoacetic ester 12 and urea 13" >

Yield of target products depending on the amount of catalyst, %°
Catalyst 0.05 mmol 0.15 mmol

15 16 15 16 17 18
YCl,-6H O 53 23 62 — — 45
InClL - 6H.O 15 27 —* — — —
EuCl,-6H O 5 30 10 43 51 55
YbCl,- 6H O 24 19 — — — 47

Notes:

! Reaction completion time: 4—8 hours (monitored by TLC).

2 The reactions were carried out using 1 mmol of starting aldehyde 8—11, 1 mmol of
acetoacetic ester 12, 1.2 mmol of urea 13 in 3 mL of ethanol at 80 °C and a selected amount of
catalyst.

* The yield of the reaction product after chromatographic separation.

* The experiment was not conducted.

3. Physicochemical characteristics of the obtained compounds

Ethyl-6-methyl-2-oxo-4-pentyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate ~ (14).
M. p.=148—150 °C. IR, v/em™": 3303, 3247, 1648, 1593, 1224, 1084. 'H NMR (CDCl,),
o/ppm: 8.20 (s, 1H, NHC=); 5.92 (s, 1H, CHNH); 4.34 (d. t, 1H, CH,CHNH, J =7.7,
J,=3.7 Hz); 4.22 (m, 2H, CH,CH,0); 2.32 (s, 3H, CH,C =); 1.67—1.51 (m, 2H, CHCH,);
1.48—1.29 (m, 9H, CH,(CH,),CH,, CH,CH,0O); 0.92 (t, 3H, CH,(CH,),, ]=6.7 Hz).
BC NMR (CDCL,), d/ppm: 166.0 (OCC =), 154.6 (NCO), 146.7 (CH,C =), 101.7 (OCC =),
60.0 (CH,CH,O), 51.6 (CHN), 36.9 (CHCH,), 31.5 (C,H,CH,), 24.1 (C,H,CH,), 22.6
(CH,CH,CH,), 18.6 (CH,C =), 14.4 (CH,CH,0), 14.1 (CH,(CH,),). MS, m/z (I, %): 209
(4.2), 184 (10.1), 183 (100.0), 155 (39.6), 137 (35.4), 110 (4.2), 96 (4.2).

Ethyl-4-((1-(methoxymethoxy)cyclopropyl)methyl)-6-methyl-2-oxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylate (15). M. p.=170—172 °C. IR, v/em™": 3236, 3110, 1697,
1648, 1225, 1085, 1037. '"H NMR (CDCL,), d/ppm: 8.68 (s, 1H, NHC =); 5.93 (br. s, 1H,
CHNH); 4.80—4.72 (m, 2H, CH,OCH,)); 4.68 (d. t, 1H, CH,CHNH, J, =10.4, ],=3.0 Hz);
420 (d.q, 2H, CH,CHO, J,=7.1Hz, ],=2.8Hz); 3.40 (s, 3H, CH,OCH,); 2.30
(s, 3H, CH,C=); 1.95 (m, 1H, CHCH,); 1.67 (m, 1H, CHCH,); 1.31 (t, 3H, CH,CH,0,
J=71Hz);1.03 (d.t, 1H, C(CH,),, J,=11.6,],=6.0 Hz); 0.91 (d. t, 1H, C(CH,),, ], =11.3,
J,=5.9 Hz); 0.60 (d.t, 1H, C(CH,),, J,=10.1, J,=5.9 Hz); 0.52—0.38 (m, 1H, C(CH.),).
BC NMR (CDCL,), d/ppm: 165.9 (OCC =), 154.6 (NCO), 147.6 (CH,C =), 101.2 (OCC =),
95.3 (CH,0CH,), 60.1 (CH,CH,O), 58.9 (CH,OCH,), 56.3 (C(CH,),), 50.3 (CHCH,),
41.6 (CHCH,), 18.7 (CH,C =), 14.5 (CH,CH,0), 13.3 (C(CH,),), 10.2 (C(CH,),).

Ethyl-4-((1-acetoxycyclopropyl)methyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropy-
rimidine-5-carboxylate (16). M. p.=175—177 °C. IR, v/cm™': 3232, 3107, 1745, 1698,
1651, 1481, 1465, 1228. 1211, 1090, 1029. '"H NMR, &/ppm: 8.41 (s, 1H, NHC =); 6.14—
5.99 (m, 1H, CHNH); 4.50 (d.t, 1H, CH,CHNH, J, =10.6, J,=3.0 Hz); 4.20 (d. q, 2H,
CH,CH,O, ],=7.1,],=5.0 Hz); 2.31 (s, 3H, CH,C=); 2.28—2.19 (m, 1H, CHCH,); 2.07
(s, 3H, CH,CO); 1.73—1.58 (m, 1H, CHCH,); 1.32 (t, 3H, CH,CH,O, J=7.1 Hz); 1.07
(d.t, 1H, C(CH,),, J,=10.8, J,=6.9 Hz); 0.97 (d.t, 1H, C(CH,),, J,=10.2, ],=6.8 Hz);
0.87 (d.t, 1H, C(CH,),, J,=11.2, ],=6.6 Hz); 0.68—0.55 (m, C(CH,),, 1H). "C NMR,
o/ppm: 171.5 (CH,CO), 165.6 (OCC =), 154.3 (NCO), 147.8 (CH,C=), 100.9 (OCC =),
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60.0 (CH,CH,0), 56.9 (C(CH,),), 49.8 (CHN), 41.3 (CHCH,), 21.3 (CH,CO), 185
(CH,C =), 14.3 (CH,CH,), 13.3 (C(CH,),), 10.4 (C(CH,),). MS, m/z (I, %): 278 [M-H,O] *
(3.2), 253 (15.4), 252 (100.0), 224 (30.7), 196 (33.5), 179 (4.9), 178 (6.2), 150 (8.2), 106 (5.1).

Ethyl-4-((1-ethoxycyclopropyl)methyl)-6-methyl-2-oxo-1,2,3,4-tetra-hydropy-
rimidine-5-carboxylate (17). M. p.=165—167 °C. IR, v/cm™': 3254, 3109, 1699, 1647,
1229, 1087. 'H NMR, d/ppm: 8.45 (s, 1H, NHC=); 5.80 (s, 1H, CHNH); 4.65 (d.t,
1H, CH,CHNH, J,=7.7, J,=3.6 Hz); 4.21 (m, 2H, CH,CH ,OCO); 3.64—3.45 (m, 2H,
CH,CH,OC(CH,),); 2.32 (s, 3H, CH,C=); 1.84—1.74 (m, 2H, CHCH,); 1.32 (t, 3H,
CH,CH,0C(CH,),, J=7.1Hz); 1.22 (t, 3H, CH,CH,OCO, J=7.0 Hz); 0.90 (d.t, 1H,
C(CH,), J,=11.2,],=5.8 Hz); 0.80 (d. t, 1H, C(CH,),, J,=11.0, ],=5.6 Hz); 0.56 (d. d.d,
1H, C(CH,),, J,=9.9, ],=6.3, ],=5.1 Hz); 042 (d.d.d, 1H, C(CH,),, J,=10.0, ],=6.5,
J,=5.0 Hz). BC NMR, d/ppm: 165.8 (OCC=), 154.3 (NCO), 147.6 (CH,C=), 100.9
(OCC=), 61.9 (CH,CH,0CO), 59.9 (CH,CH OC(CH,),), 59.3 (C(CH.,),), 50.6 (CHCH,),
39.2 (CHCH,), 18.6 (CH,C=), 15,5 (CH,CH,OC(CH,),), 144 (CH,CH,0CO), 13.8
(C(CH,),), 105 (C(CH,),). MS m/z (I, %): 184 (10.3), 183 (100.0) [M - C,H.O] +, 155
(40.3), 137 (36.4), 110 (4 3) 96 (4.5), 71 (5 3).

Ethyl-4-(2,2-dichloro-3-phenylcyclopropyl)-6-methyl-2-oxo0-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (18). M. p.=172—174 °C. IR, v/cm™": 3223, 3099,
1693, 1642, 1220, 1086. 'H NMR, d/ppm: 9.37 (s, 1H, NHC=); 9.31 (s, 1H, NHC=);
7.79 (br.s, 1H, CHNH), 7.58 (br.s, 1H, CHNH); 7.41—7.08 (m, 10H, CH,); 4.21
(d.d, 1H, CHNH, ], =8.9, J,=42Hz); 416 (d.d, 1H, CHNH, ] =6.8, J,=3.4 Hz);
4.14—4.05 (m, 2H, CH,CH,0O); 4.05—3.88 (m, 2H, CH,CH,0); 3.02 (d, 1H, CH.CH,
J=9.0Hz); 2.90 (d, 1H, CH,CH, J=8.5Hz); 2.29 (t, 1H, CHCHNH, ]J=8.7 Hz); 2.23
(s, 3H, CH,C=); 2.21 (s, 3H, CH,C=); 1.22 (t, 3H, CH,CH,O, J=7.1 Hz); 1.07 (t, 3H,
CH,CH,O, J]=7.1 Hz). ®C NMR, d/ppm: 165.5 (OCC =), 165.3 (OCC =), 155.3 (NCO),
154.8 (NCO), 148.6 (CH,C=), 147.7 (CH,C=), 1342 (C(1),,), 133.8 (C(1),,) 1288
(C(2),,), 128.7 (C(6),,), 128.4 (C(3),,, C(5);,), 127.8 (C(4),,), 101.2 (OCC =), 99.4 (OCC =),
64.4 (CH,CH,0O), 63.4 (CH,CH,O), 60.5 (CCl,), 60.4 (CClL,), 53.1 (CHNH), 49.8 (CHNH),
41.8 (CHCHNH), 40.9 (CHCHNH), 40.0 (C.H.CH), 37.6 (C_H.CH), 18.7 (CH,C =), 18.3
(CH.C=), 14.5 (CH,CH,0O), 14.3 (CH,CH O) MS m/z (I, %): 323 (1.8), 259 (1.8), 183
(100) 155 (28.4), 155 (40 3), 149 (8.3), 137 (20 1), 127 (1.2), 115 (9.4),96 (2.5), 89 (1.9), 77
(1.2).

4. In silico prediction of permeability through cell membranes

In further studies, the permeability of all newly synthesised products via passive
diffusion through the phospholipid bilayer was theoretically evaluated through in
silico 3D structure simulations using the PerMM service (Table 3) [46].

PerMM calculates the membrane binding energies (AG, ) and the transfer ener-
gy profiles (AG,__ (z)) of permeants in membranes and obtains their optimal spatial
positions and conformations during rotational and translational motion along the
membrane normal z [46]. The membrane-bound state of a permeant is defined as its
conformation and the spatial position in the membrane with the lowest transfer ene-
rgy from water [46]. Integrating the free energy profile along the permeation pathway
allows the evaluation of permeability coefficients (P) of molecules through artificial
and natural membranes [46].

3D coordinates for molecules were generated using molecular Chem3D modeling
software (PerkinElmer Informatics, Inc.) with subsequent local energy minimisation.
To calculate the lowest transfer energy pathway of a molecule along the membrane
normal, the drag method was employed, in which energy transfer is locally mini-
mised with respect to the rotational variables of the molecule at each z+ Az point
along the transmembrane pathway, starting from the optimal rotational orientation
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determined at the preceding point z. The modelling conditions were as follows:
pH="7.35, T=37°C; cholesterol and glucose were chosen as reference standards for
comparison.

Table 3

Values of logP and free energy of binding by the Biginelli MCR product
for different types of membranes

Number Free energy Logarithm of the permeability coefficient (logP)
of of binding,
compound kcal/mol BLM' BBB* Caco-2° PAMPA DS*
14 -3.70 -1.30 -3.35 -3.81 —-2.43
15 —-2.88 -2.70 -3.85 -4.17 -3.72
16 -3.85 -1.32 -3.36 -3.82 -2.45
17 -4.39 -0.23 -2.98 -3.54 —-1.44
18 -4.69 -1.22 -3.32 -3.79 -2.35
Glucose -1.82 -9.08 -6.10 -5.80 -9.60
Cholesterol -10.25 6.08 -0.75 -1.92 4.39
Notes:

! Black lipid membrane (artificial).

2 Blood-brain barrier (natural).

? The cell membrane of human colorectal adenocarcinoma of the colon used as a model of
the intestinal epithelial barrier (natural).

* Double-Sink Parallel Artificial Membrane Permeability Assay: the lipid solution consists
of 20 % dodecane solution and a mixture of phospholipids; the acceptor solution contains a
mixture of surfactants (an in vitro model of passive transcellular permeability over a large
pH range).

5. In silico prediction of antifungal activity against a variety of fungi

A powerful set of methods for the computer prediction of the biological activity of
chemical compounds is based on Bayesian probability. The PASS software package
is capable of predicting the biological activity spectra of currently known chemical
compounds [47]. The approach employed in PASS to predict the biological activity of
a chemical compound rests on the assumption that Activity = Structure. The structure
of a compound is, in turn, characterised by its individual functional elements (de-
scriptors), such as radicals and functional groups of atoms [47].

Using the AntiFun Pred platform, potential cytotoxicity calculations were per-
formed for a wide range of fungi with the obtained compounds. The results are pre-
sented in Table 4.

Table 4

Results of in silico prediction of antifungal activity for compounds 14—18

Number Confidence Binomial name
of compound
0.2661 Rhizopus oryzae
14 0.1552 Mucor hiemalis
0.1429 Saccharomyces cerevisiae
0.0278 Yarrowia lipolytica
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The end of Table 4
Number Confidence Binomial name
of compound

0.0513 Cryptococcus bacillisporus

15 0.0482 Pichia quilliermondii
0.0268 Yarrowia lipolytica
0.0132 Galactomyces geotrichum
0.1981 Clavispora lusitaniae

16 0.0950 Galactomyces geotrichum
0.0730 Pichia quilliermondii
0.0704 Cryptococcus bacillisporus
0.1303 Pichia quilliermondii

17 0.1179 Galactomyces geotrichum
0.1143 Candida dubliniensis
0.1096 Cryptococcus bacillisporus
0.1446 Rhizopus oryzae

18 0.1186 Absidia corymbifera
0.1051 Cryptococcus bacillisporus
0.0173 Yarrowia lipolytica

6. Experiments on yeast fungi of the Yarrowia lipolytica species

The obtained compounds, 14—18, were tested for activity against Yarrowia lipo-
lytica yeast, which provides a convenient model for glycolysis, apoptosis and gene
expression in tumours [48—50]. The experiment demonstrated no significant sup-
pression of culture growth at 6, 18 and 24 h of incubation (Table 5).

Table 5

Number of Yarrowia lipolytica yeast cells (millions, rounded to whole numbers)
incubated with 100 uM of the tested compounds

Compound Sampling time

number 0h 3h 6h 18h 24 h
1 2 3 4 5 6
14 12 28 58 458 814
15 12 27 59 450 816
16 12 22 55 408 818
17 12 24 57 418 836
18 12 23 60 420 804

Control 12 17 41 384 792

Discussion

In the MCR model with hexanal, europium (III) chloride proved to be the most
efficient catalyst, consistently forming a well-shaped dense precipitate upon cooling,
with the possibility of reusing catalyst-containing solution. High to moderate yields
were obtained with ytterbium (III), yttrium (III) and indium (III) chloride hexahy-
drates.

As for the cyclopropane-containing aldehydes, the best results for compound 9
were also obtained using europium (III) chloride as catalyst, whereas in the case of
aldehyde 8, yttrium(III) chloride performed best, which is likely due to the partial re-
moval of the methoxymethyl protection by europium (III) salt acting as a Lewis acid
(Fig. 4, Table 2).
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The involvement of aldehyde 10 in the Biginelli reaction, catalysed by europium
(II) chloride and yttrium (IIT) chloride, resulted in the formation of an unexpected
product 17. This product arose from the elimination of methanesulfonate and the
Michael addition of ethanol to the intermediate aldehyde 19, with aldehyde 20 direct-
ly participating in the MCR (Fig. 5).

10 Conditions of
O OMs o1 H

Biginelli reaction | = A |__ | . ______l___
> M 21 |
H H Nu-H O " Nu

possible substituted aldehydes
with cyclopropane moiety

Fig. 5. Suggested scheme for the formation of aldehyde 20

It can be assumed that, with appropriate optimisation of conditions, a similar
transformation with other nucleophiles (Nu—H) will yield aldehydes of species 21,
capable of mild and selective Michael addition, thereby expanding the range of syn-
thesised 3,4-DHPM structural species in this transformation (Fig. 5).

It can be assumed that, with an appropriate selection of optimal conditions, a sim-
ilar transformation with other nucleophiles (Nu—H) will yield aldehydes of spe-
cies 21, capable of mild and selective Michael addition, thereby expanding the range
of synthesised 3,4-DHPM compounds in this transformation (Fig. 5).

Data obtained from the PerMM server indicate that all studied compounds can
passively penetrate model cell membranes and participate in intracellular regulatory
processes, as a logarithm of the permeability coefficient (logP) greater than —4.35
suggests a compound’s potential for passive transport across the cell membrane [46].
Compounds 17 and 18 exhibit the highest binding energy.

Notably, this calculation is essential, as further increases or decreases in antifungal
activity can be explained by Overtone’s concept of cell permeability, which suggests
that the lipid membrane surrounding the cell favours the passage of only lipid-solu-
ble materials [51]. Therefore, liposolubility is an important factor controlling antifun-
gal activity.

Comprehensive in silico prediction of antifungal properties (Table 4) indicated
that the studied compounds may have potential for the treatment of zygomycosis,
caused primarily by micromycetes of the genus Rhizopus (mainly Rhizopus oryzae)
and, less frequently, by those of the genus Mucor [52]. This is indicated by the high
probability of activity against these fungal species for compounds 14 and 18. At the
same time, compound 16 is predicted with high confidence to possess antifungal
activity against Clavispora lusitaniae yeast, which may have potential applications in
the treatment of disseminated candidiasis, including septicaemia and pyelonephri-
tis [53].

The in vitro experiment on Yarrowia lipolytica yeast showed that the compounds ex-
hibited no antifungal activity against these microorganisms and no toxicity through
mechanisms common to eukaryotes [54]. These findings are consistent with the ear-
lier computational analysis, as the predicted reliability of detecting cytotoxic proper-
ties against this yeast species was extremely low.Funding: This research was funded by
SRP, state registration number 20240340.
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