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Abstract. Relevance. Radiation therapy (RT) remains a cornerstone of oncology, offering targeted treatment for various
cancers. With its roots tracing back to the discovery of X-rays by Wilhelm Rontgen and radium research by Marie Curie, RT
has evolved into a sophisticated field encompassing a range of techniques. However, the rising global cancer burden highlights
the need for continuous advancements to enhance efficacy while minimizing collateral damage. Traditional modalities such as
X-rays and gamma rays have established their role in cancer treatment, yet they often lead to unintended damage to healthy
tissues. Electron therapy has emerged as a promising alternative, leveraging distinct dosimetric properties that enable precise
targeting with limited penetration depth. Low-energy electron beams are ideal for superficial tumors, while Very High-Energy
Electrons (VHEESs) extend the reach to deep-seated tumors, rivalling proton and heavy-ion therapies. Furthermore, the FLASH
effect — a phenomenon reducing healthy tissue toxicity at ultra-high dose rates, offers a breakthrough in electron therapy,
improving patient quality of life. Despite these advancements, challenges persist. Limited penetration depth, secondary radiation
from bremsstrahlung, and complexities in dose delivery systems constrain broader clinical adoption. Moreover, unresolved
biological uncertainties, such as variability in relative biological effectiveness (RBE), necessitate further research. This review
explores the historical evolution, unique benefits, and limitations of electron therapy compared to traditional modalities. It
highlights advancements like VHEEs, FLASH therapy, and hybrid approaches, while addressing technological challenges and
the future potential of electron beams in oncology. Conclusion. Integrated with recent technological breakthroughs, electron
therapy may redefine the future of radiotherapy by offering safer, more precise, and individualized cancer treatment strategies.
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Introduction Curie’s pioneering research on Radium [2, 3], for which

Radiation therapy (RT), one of the fundamental
methods for cancer treatment worldwide, has a rich
history spanning over 130 years (Figure 1) [1]. Wil-
helm Rontgen’s discovery of X-rays in 1895 marked
a revolutionary turning point in medicine, enabling
the use of ionising radiation to treat various types of
malignant tumours. Building on this foundation, Marie

she received a Nobel Prize, laid the groundwork for
modern radiotherapy, making it a critical component
in oncology and helping to save countless lives. Today,
radiotherapy is supported by a multidisciplinary team of
radiation oncologists, medical physicists, dosimetrists,
and radiotherapists, all working collaboratively to ensure
precise planning and delivery of treatment.

Fig. 1. Milestones in the evolution of Radiation Oncology: from the discovery of X-rays by Wilhelm Rontgen to modern
advancements like FLASH and VHEE therapy
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The field faces growing challenges as cancer cases
are projected to increase by 77% by 2050, according
to the World Health Organization [4]. This anticipated
rise underscores the pressing need for continuous ad-
vancements in radiation therapy to meet the increasing
demand for effective cancer treatment.

Radiation therapy has become an indispensable
modality in modern oncology, serving both as a stan-
dalone treatment for malignant neoplasms (MN) and as
an adjunct to other therapeutic approaches, including
surgical interventions, chemotherapy, targeted molecular
therapies, and immunotherapy [5]. The choice of radia-
tion therapy method depends on various factors, such as
the type, localization, and stage of cancer, highlighting
the necessity of personalized treatment strategies for
each patient.

Among its numerous applications, radiation therapy
has shown particular efficacy in the treatment of breast
cancer, where it plays a central role in both curative
and palliative settings [6]. Techniques such as three-
dimensional conformal radiation therapy (3D CRT),
intensity-modulated radiation therapy (IMRT), and
volumetric-modulated arc therapy (VMAT) are widely
employed [7-9]. Their effectiveness varies depending
on tumor location and stage, with VMAT often preferred
for left-sided breast cancer to minimize cardiac and
pulmonary toxicity, while 3D CRT remains the method
of choice for right-sided cases to reduce myocardial ex-
posure [10]. Additionally, hypofractionation schedules,
which reduce the overall treatment duration, have been
increasingly adopted to improve patient convenience
while maintaining therapeutic efficacy [11].

Radiation delivery methods are broadly classi-
fied into external beam radiation therapy (EBRT),
brachytherapy, and systemic radiation. EBRT utilizes
high-energy beams such as X-rays, gamma rays, or par-
ticles like electrons and protons, targeting tumors with
high precision through advanced imaging and planning
technologies [12]. On the other hand, brachytherapy
involves placing radioactive sources directly within
or adjacent to the tumor, allowing for localized dose
escalation while minimizing exposure to surrounding
healthy tissues [13]. These approaches, combined with
emerging techniques such as adaptive radiation therapy

ONCOLOGY

and proton therapy, aim to enhance the therapeutic index
by achieving higher tumor control rates with reduced
toxicity to normal tissues (Figure 2).

Recent advancements in radiation oncology have
not only refined traditional approaches but have also
integrated multi-modality treatment strategies. For
instance, the combination of different radiation tech-
niques with systemic therapies has enabled the targeting
of radioresistant tumors, increasing the likelihood of
achieving durable local control [14]. Furthermore,
advanced imaging and treatment planning systems
have improved dose conformity, enabling clinicians
to optimize radiation delivery while protecting critical
structures and minimizing long-term side effects [15].

However, despite the crucial position that RT occu-
pies in the treatment of multiple cancers, the effects of
ionizing radiation on the body are complex and affect
biological structures at the cellular, molecular and other
levels. Conventional methods of irradiation, including
X-ray and gamma therapy, although effective, often
result in collateral damage to healthy tissue, highlighting
the need to develop better approaches that maintain
therapeutic efficacy while minimizing harm.

Electron therapy has emerged as a promising alter-
native in this regard, offering distinct physical properties
that allow for more targeted radiation delivery with
reduced penetration depth. This feature enables elec-
tron therapy to be highly effective for treating tumors
located near the skin surface or in shallow tissue areas
[16], making it less likely to impact deeper organs and
structures. Unlike photon-based radiotherapy, which
can penetrate deeply and affect both the tumor and
surrounding tissue, electron therapy’s limited depth
of action presents significant potential for reducing
treatment-related side effects [17, 18].

Recent advances have broadened the potential
of electron therapy. Very High-Energy Electrons
(VHEESs, 100-250 MeV) now show promise for treat-
ing deep-seated tumors, approaching the precision of
proton and carbon ion therapies while offering a more
accessible and cost-effective alternative [19]. A key
advantage of electron beams is their compatibility with
the FLASH effect— a phenomenon in which ultra-high
dose rates reduce toxicity to healthy tissue without
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Fig. 2. Overview of modern Radiation Therapy Techniques and their applications

sacrificing tumor control [20]. By harnessing FLASH,
electron therapy may dramatically reduce side effects
and improve patients’ quality of life.

We explore the potential of electron therapy with-
in the broader scope of radiotherapy, emphasizing its
unique benefits, limitations, and its comparison with
other radiation types, such as X-rays and gamma
rays. This paper also addresses current technological
challenges and examines the promise of advanced
techniques, such as the FLASH effect and Very High-
Energy Electrons, in establishing electron therapy as
a standalone and safer modality in radiation treatment.
By offering a comprehensive overview of its advantages,
limitations, and areas ripe for further research, this
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review aims to support advancements in oncology to
enhance radiotherapy outcomes for patients.

Fundamental principles of radiation therapy

Radiation therapy is a cornerstone of oncology,
utilizing high-energy particles or waves [21]. The
targeted damage induces cell death in malignant tis-
sues, making radiation therapy an effective strategy
for treating a wide range of cancers. The success of
this approach depends on several factors, including the
type of radiation, linear energy transfer (LET), total
dose, fractionation schedules, and the radiosensitivity
of tumor cells [22].

OHKOJOI 14
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A critical determinant of the biological effectiveness
of radiation therapy is linear energy transfer (LET),
which measures the energy deposited by radiation per
unit distance travelled in tissue [23]. The High-LET
radiation, such as alpha particles or neutrons, creates
dense ionization tracks, resulting in more severe macro-
molecular damage and increased cell lethality compared
to low-LET radiation like X-rays or gamma rays [24].
This heightened damage includes double-strand breaks

(DSBs) in DNA [25], a pivotal factor in inducing ap-
optosis, necrosis, or cellular senescence. Also, The
High-LET radiation could engage specific DNA repair
pathways, with non-homologous end-joining (NHEJ)
being particularly critical [24]. Notably, defects in NHEJ
pathways lead to heightened radiosensitivity across
various LET ranges, emphasizing the central role of
repair mechanisms in determining radiation-induced
cell fate (Figure 3) [25, 26].

Fig. 3. Comparison of DNA damage and repair mechanisms induced by low-LET and high-LET radiation

The relationship between LET and relative biologi-
cal effectiveness (RBE) is intricate. While the high-LET
radiation is generally associated with increased RBE,
this relationship varies depending on radiation quality,

ONCOLOGY

cellular characteristics, and biological endpoints under
investigation. Recent studies highlight inconsistencies in
how LET is defined and averaged across the literature,
potentially undermining RBE modelling and its clinical
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translation [27]. Resolving these inconsistencies is
paramount to enhancing the precision of treatment
planning and improving therapeutic outcomes.
Beyond DNA damage, the biological effects of LET
encompass secondary mechanisms such as oxidative
stress and bystander effects. Oxidative stress, driven
by reactive oxygen species (ROS), exacerbates cellular

damage, while bystander signalling propagates radiation
effects to neighbouring cells, influencing both tumor
control and normal tissue toxicity (Fig. 4) [28-30]. Un-
derstanding these mechanisms is particularly critical for
advancing novel radiation modalities, including proton
therapy and heavy-ion radiation, which inherently rely
on the interplay between LET and biological response.

Fig. 4. Mechanisms of Radiation-induced cellular and Bystander effects

By integrating these insights, radiation therapy
continues to advance as a precise and adaptable
treatment modality in oncology. Nevertheless,
challenges persist, including the variability of
RBE predictions and the absence of universally
accepted LET parameters. These hurdles underscore
the need for ongoing research to refine biological
models and optimize clinical application, paving
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the way for more effective and individualized
cancer treatments.

Electron Irradiation

Electron irradiation presents significant potential
in radiation oncology due to its distinct physical prop-
erties, particularly penetration depth and scattering
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patterns [31]. These properties are critical for optimizing
electron-based treatments, especially in scenarios where
precision is required to target tumors while preserving
adjacent healthy tissues.

The penetration depth of electron beams is highly
dependent on their energy and the atomic composition
of the irradiated material [32]. Low-energy electron
beams (6-20 MeV) are well-suited for treating super-
ficial malignancies, as their limited penetration depth
ensures dose delivery primarily to the skin and shallow
tissues, sparing underlying structures [33]. On the other
hand, Very High-Energy Electrons (VHEEs), with
energies exceeding 100 MeV, provide the capability
to treat tumors located at depths of 5-15 cm while
maintaining dose conformity even in heterogeneous
tissues such as the lungs and bones [34, 35]. These
properties position VHEESs as a potential alternative
to photon and proton therapies for certain clinical
applications (Figure 5).

Fig. 5. Theoretical depth-dose distribution of radiation in
water for various particle beams. The graph illustrates the
absorbed dose of radiation as a function of penetration depth
for different particle types, including 6 MeV photons, 15 MeV
electrons, 150 MeV protons, and 250 MeV Very High-Energy
Electrons (VHEES)

Recent innovations, such as FLLASH radiotherapy,
have further expanded the potential of electron beams.
FLASH therapy involves delivering ultra-high dose
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rates (>40 Gy/s), which have been shown to reduce
normal tissue toxicity while preserving tumor control
[36]. Although most FLASH studies in medical liter-
ature have focused on low-energy electrons, VHEEs
could extend this modality to deeper-seated tumors.
The precise mechanisms underlying the FLASH effect
remain under investigation, with current hypotheses
suggesting reduced oxygenation and suppression of
reactive oxygen species as key factors [37].

Electron scattering is central to treatment
planning, as elastic, inelastic, and bremsstrahlung
interactions shape dose distribution, especially in
anatomically complex regions [38, 39]. Monte Carlo
simulations remain the gold standard for modeling
these effects, accurately predicting energy depo-
sition, range straggling, and lateral spread across
media [40]. Notably, VHEE beams exhibit a stable,
narrow profile at depth, delivering more uniform
doses than photons in heterogeneous tissues [41].
Fermi-Eyges models, closely aligned with Monte
Carlo data, further enable faster, high-precision
calculations for VHEE therapy [42].

Advances in beam delivery systems, such as active
scanning techniques and pencil beam scanning, have
significantly enhanced the precision of electron ther-
apy [43]. These technologies enable highly focused
dose delivery, reducing exposure to surrounding tissues
and accommodating complex tumor geometries. For
example, a 160 MeV laser-wakefield accelerated elec-
tron beam has been focused to a 2.3 x 2.6 mm? spot,
demonstrating the feasibility of stereotactic radiotherapy
with sub-millimeter precision [41, 43]. Furthermore,
integrating Monte Carlo methods with imaging modali-
ties like dual-energy CT has refined treatment planning,
improving the accuracy of stopping power ratios and
dose predictions [44].

Combining different electron beam energies offers
additional flexibility in treatment. For instance, mixed-
energy beams can effectively expand the treatment
region while maintaining steep dose “fall-offs”, enabling
the precise targeting of irregularly shaped tumors [45].
This versatility highlights the adaptability of electron
therapy for a wide range of clinical scenarios and em-
phasizes the different situation of use.

289



Parshenkov MLA. et al. Bectuuxk PYITH. Cepus: Meguiiuna. 2025. T. 29. Ne 3

Gamma Irradiation

Another approach we would like to focus on is
gamma irradiation. Gamma radiation, a high-energy
form of electromagnetic radiation, stands out for its
exceptional penetration capabilities, making it indis-
pensable in radiotherapy and other applications [46].
Its uncharged, high-energy photons enable gamma rays
to deeply penetrate matter, interact with tissues via
ionization, and cause excitation at the atomic level [47].
These interactions underlie gamma radiation’s ability to
inactivate pathogens, extend food shelf-life, and perform
critical roles in medical and industrial applications. In
radiotherapy, gamma rays interact primarily through the
Compton effect, leading to ionization and subsequent
biological effects, including DNA damage [48].

Typically, gamma rays are generated through ra-
dioactive decay, nuclear fission, or advanced particle
accelerators [49]. Cobalt® and Cesium'’ are among
the most widely used isotopes, offering reliable gamma
ray emission for therapeutic and research purposes
[50]. These rays exhibit wavelengths ranging from
approximately 0.25 to 0.005 angstroms, with energy
levels spanning tens of thousands to several million
electronvolts [51]. Due to their high energy, effective

shielding using dense materials like lead or concrete is
essential in clinical and, for example, industrial settings.

Additionally, gamma radiation is integral to radio-
surgical techniques, with the Gamma Knife exemplifying
its precision and effectiveness in treating localized
conditions (Figure 6) [52]. This non-invasive method
uses 201 Cobalt60 sources to deliver focused beams,
achieving high doses at targeted lesions while spar-
ing adjacent healthy tissue [53]. The Gamma Knife
has demonstrated success in managing arteriovenous
malformations (AVMs) and inoperable brain tumors,
with studies linking biologically effective doses to
higher obliteration rates [54]. Recent advancements,
such as frameless Gamma Knife radiosurgery, have
enhanced patient experience, enabling fractionation
without compromising spatial resolution [55]. These
developments underscore gamma radiation’s role in
advancing neurosurgical outcomes.

Despite its extensive applications, the effective and
safe use of gamma radiation relies on accurate dosimetry
and individualized treatment planning [56]. Dosimetric
verification methods, including gamma analysis, are
vital for ensuring precise dose delivery in treatments
like Gamma Knife radiosurgery. However, standard

Fig. 6. Schematic representation of Gamma Knife radiosurgery. The diagram illustrates the precise targeting of a brain tumor
(target tumour) using converging gamma rays, delivered through a specialized helmet. The focused radiation beams spare
the surrounding healthy brain tissue, demonstrating the non-invasive and localized nature of the treatment
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activity prescriptions often fail to account for individ-
ual patient differences, necessitating advancements in
personalized dosimetry techniques. Challenges such
as non-standardized protocols and the complexity of
dose distribution modelling require further research
and technical innovation to optimize patient outcomes.

Recent innovations, such as “mini-beam” collimator
designs, have improved gamma-based dose conformity,
allowing for narrower beams with high peak-to-valley dose
ratios. Techniques like volumetric modulated arc therapy
(VMAT) and intensity-modulated radiation therapy (IMRT)
further enhance precision by modulating collimator position-
ing, dose rates, and gantry speeds [57]. These advancements
minimize radiation exposure to surrounding tissues, reducing
side effects and enhancing treatment outcomes.

Finally, it is important to consider that gamma
radiation’s biological efficacy is enhanced by its linear
energy transfer, especially in radiosurgical applications.
While low-LET radiation like gamma rays primarily
causes single-strand DNA breaks, high-LET radiation,
including a-particles and heavy ions, induces complex
DNA damage such as clustered lesions and multiple
double-strand breaks (DSBs) [58]. These DSBs ac-
tivate homologous recombination repair pathways
more effectively than non-homologous end-joining,
contributing to the higher biological effectiveness of
high-LET radiation [59]. Leveraging these differences
in DNA repair mechanisms can optimize cancer therapy
and aid in developing targeted radiosensitizers.

X-Ray Irradiation

X-rays, a high-energy form of electromagnetic ra-
diation, have revolutionized both medical and industrial
applications due to their remarkable penetration capa-
bilities (Figure 7) [60]. These waves, with wavelengths
ranging from 10 pm to 10 nm and energies typically
between 100 eV and 500 keV, possess unique properties
that allow them to penetrate dense materials, enabling
imaging and therapeutic interventions across a broad
spectrum of fields (Figure 8) [61]. In the medical realm,
X-rays are indispensable for diagnostics, including
radiography and computed tomography (CT), and for
therapeutic applications such as sterilization of sin-
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gle-use devices, where X-ray sterilization is emerging
as an alternative to traditional gamma radiation [62].

X-ray imaging remains a cornerstone of clinical
diagnostics, with techniques like radiography and CT
relying on the differential absorption of X-rays by var-
ious tissues to produce high-resolution internal images.
These modalities are critical for detecting cancers, bone
fractures, and other medical conditions [63]. Recent
advances include the development of dual-energy and
multi-spectral CT, which enable quantitative tissue anal-
ysis and material characterization, offering improved
diagnostic accuracy and interventional guidance [64].
However, the associated risks of radiation exposure
necessitate strategies to minimize harm to both patients
and medical staff.

The mechanism of X-ray generation, known as
bremsstrahlung or “braking radiation”, occurs when
high-energy electrons decelerate as they interact with
atomic nuclei. This process produces a broad spectrum
of X-ray energies, making it the cornerstone of X-ray
production in medical and industrial settings [61, 65].
Recent advancements in bremsstrahlung include the de-
velopment of electron wavefunction shaping techniques,
which have demonstrated enhanced X-ray intensity and
emission control when electrons interact periodically
with crystalline materials [66]. Additionally, accurate
modelling of bremsstrahlung production has refined
predictions of X-ray energy and angular distributions,
enhancing applications ranging from industrial inspec-
tion to advanced imaging techniques [67].

The biological effects of X-rays are primari-
ly mediated through their interaction with DNA,
leading to complex DNA damage (CDD), including
double-strand breaks (DSBs) [68]. These lesions
activate the DNA damage response (DDR), initiating
pathways such as cell cycle arrest, DNA repair, and
apoptosis [69]. Radiotherapy leverages this property
to target cancer cells, exploiting their impaired repair
mechanisms to induce cell death. Recent research
highlights the potential of targeting DNA repair path-
ways to enhance radiosensitivity in tumors, thereby
overcoming radioresistance while protecting normal
tissue [70]. Emerging approaches, such as mitophagy
enhancement, further illustrate innovative strategies
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Fig. 7. Comparative penetrating power of various radiation types through different materials

Fig. 8. Representation of the electromagnetic spectrum highlighting X-rays and other radiation types by wavelength range
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to amplify radiation-induced DNA damage, paving
the way for improved therapeutic outcomes [71].

X-rays also enable hybrid imaging techniques, such
as X-ray-induced optical molecular sensing. These meth-
ods combine scintillation or Cherenkov radiation with
molecular probes to achieve high-resolution imaging of
tissue properties like oxygenation and pH, offering novel
diagnostic opportunities [72]. Advances in scintillation
materials, such as all-inorganic perovskite nanocrys-
tals, have further improved X-ray detection efficiency,
enhancing both medical and industrial imaging [62].

In industrial applications, X-rays are widely used
for non-destructive testing and cargo screening. Du-
al-angle X-ray systems, such as those designed with 9
MYV linear accelerators, have demonstrated improved
contrast sensitivity and spatial resolution, ensuring
precise inspections [73]. The development of wearable
dosimeters for personnel protection, incorporating arti-
ficial intelligence and Internet of Things technologies,
reflects the ongoing innovations aimed at optimizing
X-ray safety in various fields.

Despite these advancements, challenges per-
sist. Secondary radiation, such as that generated by
bremsstrahlung, and the need for precise beam colli-
mation complicate X-ray applications in both medical
and industrial contexts [74]. Additionally, optimizing
dose delivery while minimizing radiation-induced harm
remains a critical area for research and development. As
our understanding of X-ray interactions with biological
tissues and materials deepens, future innovations will
undoubtedly expand the potential of X-rays as a versatile
tool for imaging, therapy, and diagnostics.

In-depth analysis of electron therapy
in radiation treatment

To begin with, any therapeutic technique (wheth-
er established or emerging) must undergo rigorous
evaluation from multiple perspectives, in context both
its current advantages and inherent limitations. This
approach is especially crucial in radiotherapy, where
therapeutic decisions directly impact patient health and
survival outcomes. Electron therapy, with its potential
for high precision and adaptability, presents significant
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benefits across various clinical applications. However,
a thorough understanding of its role demands not only an
appreciation of its strengths but also a critical examina-
tion of its limitations and associated challenges. In this
section, we aim to provide a comprehensive overview
of electron therapy as an advancing modality. Through
an analysis of current literature and recent innovations,
we seek to offer a balanced perspective on its clinical
promise, as well as the barriers that may influence its
broader adoption in oncology.

Advantages of electron therapy
in radiation oncology

Unique dosimetric properties of electron therapy

Electron therapy offers a distinct advantage in
radiation oncology due to its unique dose distribution
characteristics. Unlike traditional photon radiation,
electron beams provide a homogeneous dose profile
within the target area, with a sharp dose fall-off beyond
a specific depth. This property makes them particularly
effective for superficial tumors and cutaneous lympho-
mas, minimizing damage to underlying healthy tissues
[75]. The steep dose gradients of electron beam also
allow precise treatment of irregularly shaped targets
while sparing adjacent organs and tissues [31]. Very
High-Energy Electron (VHEE) beams, operating at
energies above 100 MeV, have expanded the scope of
electron therapy to include deep-seated tumors up to 15
cm depth. These beams offer improved dose conform-
ity and reduced lateral scattering compared to photon
beams, making them suitable for treating challenging
anatomical regions [76].

Adaptability for Targeting Tumors
at Various Depths

One of the most notable benefits of electron therapy
is its adaptability. The ability to adjust beam energy
allows for tailored treatments targeting tumors at varying
depths. Low-energy beams are ideal for shallow lesions,
while higher-energy beams address deeper tumors.
For instance, electron therapy has shown efficacy in
breast cancer treatments, particularly as a boost modality
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after breast-conserving surgery. Studies demonstrate
reduced radiation doses to critical structures such as
the heart and contralateral breast, maintaining high
target coverage [77]. Recent advancements in hybrid
techniques, such as combining electron and photon
therapy, have further optimized treatment outcomes
[17]. The use of 3D-printed modulated electron boluses
(MEBs) has improved dose conformity and reduced
exposure to organs at risk, including the ipsilateral
lung and left anterior descending artery [78]. These
innovations underline the potential of electron therapy
to enhance patient quality of life.

Advancements in Very High-Energy
Electron Therapy

VHEE therapy becomes a pioneering technique
in modern radiotherapy due to its unique physical
properties and potential to treat complex cancer cases
[19]. Using electrons with energies in a wide range, it is
characterised by its ability to deliver therapeutic doses
with remarkable precision, which makes it particularly
suitable for the treatment of tumours in heterogeneous
and anatomically complex areas such as the thoracic
and pelvic cavities (including the retroperitoneum and
pelvic organs) [34].

Comparative analyses have demonstrated that
VHEE beams achieve dosimetric performance similar
to advanced modalities like proton therapy, offering an
effective yet potentially more accessible alternative for
institutions without proton beam facilities. Advanced
beam delivery systems, including collimation and
modulation techniques, have further enhanced this
precision. Recent innovations in treatment planning,
such as adaptive optimization algorithms, have enabled
tailored dose distributions to accommodate tumors with
irregular geometries or varying densities [79], under-
scoring the versatility of VHEE in clinical practice. As
research progresses, the application of VHEE beams
continues to evolve, with ongoing studies focusing
on optimizing treatment protocols, refining beam de-
livery systems, and enhancing patient outcomes. By
addressing existing technical challenges and expanding
its clinical capabilities, VHEE therapy holds immense
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promise as a cornerstone of next-generation radiation
oncology.

Innovative Delivery Systems
and Emerging Technologies

Technological innovations continue to expand the
versatility of electron therapy. Laser Wakefield Accel-
eration (LWFA) offers a compact and cost-effective
method for generating high-energy electron beams,
potentially making electron therapy more accessible in
clinical settings [80]. Researchers have demonstrated
the generation of ultrarelativistic electron beams up to
50 MeV using terawatt-scale lasers, paving the way
for advanced radiotherapy devices [81]. Advanced
collimation and scanning systems are also under de-
velopment to support the precise delivery of VHEE
beams. These systems incorporate optimized magnetic
fields and high-Z foils to sustain ultra-high dose rates
while ensuring dose uniformity. Combined with PBS
techniques, these innovations enhance the precision
and safety of electron therapy, reinforcing its role as
a cornerstone in modern radiation oncology.

Biological Applications
and Potential of Electrons

Electron therapy has emerged as a versatile modali-
ty in radiation oncology, offering unique biological and
dosimetric advantages. Low-energy electrons (LEEs)
play a crucial role in inducing DNA damage, primarily
through ionization and excitation, leading to double-
strand breaks (DSBs) and oxidative stress in tumor
cells [82]. These effects are highly localized, minimizing
collateral damage to healthy tissues. Advanced compu-
tational tools, such as Monte Carlo simulations, have
provided insights into the interactions of LEEs with
biological molecules, aiding in precise future treatment
planning.

Recent innovations, such as Very High-Energy Elec-
trons have expanded the potential of electron therapy to
treat deep-seated tumors [32]. Studies demonstrate that
VHEE:s can achieve dosimetric quality comparable to
proton therapy, particularly for challenging cancers such
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as glioblastoma and prostate cancer [57]. Furthermore,
the integration of electron therapy with emerging mo-
dalities like FLASH radiotherapy has shown promise
in enhancing the therapeutic index. VHEE beams are
particularly suited for FLASH applications, offering
both biological and ballistic advantages for treating
deep-seated tumors.

Limitations and challenges
of electron therapy

Despite its significant potential, electron therapy
faces several limitations and challenges that restrict
its broader clinical application. One of the primary
limitations is the restricted penetration depth and dose
modulation of conventional electron beams. Their shal-
low penetration depth makes them less effective for
treating deep-seated tumors, even though there’s a lot of
research of this flaw. Thus, Very High-Energy Electrons
partially address this limitation by providing improved
dose matching for tumors located at a depth of 5-15 cm.
However, achieving such precision requires energies
above 100 MeV, for greater penetration depths — up
to 30 or more centimeters deep, and advanced beam
modulation techniques and highly specialized delivery
systems. These setups, while promising, are not yet
widely available and require further technological
development.

Another critical issue is the presence of second-
ary radiation components, particularly Bremsstrahl-
ung photons generated by high-energy electron
beams. These secondary photons can contribute
up to 8% of the absorbed dose [83], increasing the
risk of unintended biological effects, particularly
in high-energy applications. This underscores the
importance of careful machine design and optimi-
zation of beam delivery systems to mitigate these
risks. Accurate dosimetry and beam monitoring
also present significant challenges, especially in
ultra-high dose-rate applications such as FLASH
therapy. Existing detectors struggle with satura-
tion effects, limiting their ability to measure doses
accurately at the speeds required for FLASH [84].
The development of robust monitoring tools and the
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standardization of dosimetry protocols are essential
to ensure precise and safe dose delivery.

The scattering dynamics and lateral penumbra of
electron beams further complicate their use, particularly
in heterogeneous tissues. Advanced techniques such as
pencil beam scanning (PBS) and magnetic focusing
have demonstrated potential in reducing lateral pe-
numbra and enhancing dose conformity [85]. However,
these technologies are still in experimental stages and
require further refinement to become clinically viable.
In addition, the technical challenges associated with
FLASH and VHEE therapy remain a significant bot-
tleneck. Achieving the ultra-high dose rates necessary
for FLASH therapy involves overcoming hurdles such
as rapid energy adjustments and efficient pencil beam
scanning for large treatment fields [84]. Current systems
lack the capability to deliver FLASH dose rates across
extensive areas, limiting their practical application. The
development of advanced technologies is necessary to
address these issues.

Finally, biological uncertainties surrounding elec-
tron therapy must be resolved. The relative biological
effectiveness (RBE) of electrons, often assumed to be
unity, may vary depending on factors such as energy
levels, dose rates, and tissue types. While preliminary
studies have reported differences in DNA double-strand
break (DSB) induction between conventional and
VHEE beams [86], the clinical significance of these
findings remains unclear. A deeper understanding of
the underlying radiobiological mechanisms is crucial to
optimizing treatment outcomes and minimizing potential
side effects.

Conclusion

Electron therapy represents a promising advance-
ment in radiation oncology, offering unique physical and
biological properties that enable precise and adaptable
treatment strategies. Its dosimetric advantages, particu-
larly the ability to deliver highly localized doses with
minimal collateral damage, position it as a valuable
modality for both superficial and deep-seated tumors.
Recent innovations, such as Very High-Energy Electrons
and FLASH radiotherapy, have expanded the scope of
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electron therapy, demonstrating significant potential
for improving therapeutic outcomes and patient quality
of life.

But several challenges remain. The limited avail-
ability of advanced delivery systems, complexities in
beam modulation, and biological uncertainties, like
variations in relative biological effectiveness, under-
score the need for continued research and technological
development. Addressing these limitations through
interdisciplinary collaboration and innovation will be
essential for unlocking the full potential of electron
therapy as a standard clinical modality.

By bridging the gap between emerging technologies
and clinical application, future efforts in electron therapy
hold the promise of transforming radiotherapy practices,
enhancing precision, and ultimately improving outcomes
for cancer patients worldwide.
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dopmMmuposaHue byayuiero niy4eBon Tepanuu:
ponb anekTpoHoB U FLASH-noaxopa

M.A. ITapuieHKOB g, ILIIL CkoBopoako , I.A.IlerpyceBuu ,

II1.H. MakaeBa

A.O. UcTtaruna

, C.I. OcunoBa

, K.A. banaeBa

, [.P.ioparumoBa ,
, .M. PoaguoHoBa

[TepBbIi1 MOCKOBCKMIA TOCYapCTBEHHBIN MeJUIIMHCKUN yHUBepcuTeT uMeHH V.M. CeueHoBa (CeueHOBCKUNM YHUBEPCUTET),
2. Mockea, Poccutickas ®edepayus
< misjakj@gmail.com

Annoranms. JlyuyeBasi Tepanust (JIT) octaeTcst KpaeyrosbHbIM KaMHEM B OHKOJIOTHH, TIPeJOCTAaBJIsIs Lie/leHarpaBieHHoe
JiedeHHe Pa3/IMYHBIX BUZIOB 3/10KaueCTBeHHbIX HOBooOpa3oBanuii (3HO). VicTopust ee pa3BUTHSI yXOJUT KOPHSIMHU K OTKPBITHIO
PEeHTreHOBCKUX Jyuelil BunbrensmoM PeHTreHoM U MccnefoBanusaM paavst Mapuu Kropu. Cerozns JIT ripeBpaTviach B CJIOKHYHO
00/1aCTh, OXBATHIBAKOILYIO LIIMPOKUH CIIeKTp MeToZoB. OHaKo pactyiias rinobansHas npobsiema 3HO pa3vuHbIX OpraHoB
TO/IYepKUBAeT HEOOXOUMOCTh MOCTOSTHHBIX MHHOBALWH /17151 TOBbIILIeHUst 3(eKTUBHOCTH JIeUeH s TP MUHUMU3ALIMU T0O0UYHBIX
3¢ dekToB. TpaguIMOHHBIE METO/[BI, TAKVE KaK PEHTTeHOBCKYE U TaMMa-JIy4H, J0Ka3a/Ii CBOK 3HAUMMOCTD B JIEUeHUH Pa3/IMUHBIX
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Parshenkov MLA. et al. Bectuuxk PYITH. Cepus: Meguiiuna. 2025. T. 29. Ne 3

BUIOB pakKa, HO TeM He MeHee, UaCTO COTIPOBOXK/IAFOTCS HeTIpeJHaMepeHHBIM ITOBPeK/IeHHEM 3/]0POBBIX TKaHeH. DyIeKTPOHHast
Tepartisi CTaHOBUTCSI TIEPCIIEKTUBHOM a/lbTepHATHBOM O/1arofiapsi yHUKaIbHBIM JJO3UMETPUUYeCKUM XapaKTepUCTHKaM, obecreun-
BaOLIUM TOYHOE BO3/IeHCTBHE C OrPaHUUYeHHOMN IyOWHOM MPOHMKHOBeHUs. HU3K03HepreTuueckre Myuky 7IEKTPOHOB U/1eaTbHO
TIOXOAST AAJIs1 JIeueH!sI IOBEPXHOCTHBIX OIyXO0Jiel, B TO BpeMsi Kak 3/IeKTPOHBI OUeHb BBICOKOU 3Heprueit (SOB3) mo3BosistoT
BO3/IefICTBOBATh Ha TTyDOKHe OMyXO0J/Iu, COTIePHUYAst C IPOTOHHOM U TSDKeI0-HOHHOM TepanusiMu. Kpome toro, adhdekt FLASH —
(heHOMEH, CHIKAIOLMHA TOKCUYHOCTD [J1s 3/[0POBBIX TKaHel IPH CBePXBBICOKHX /I03aX, OTKPbIBaeT HOBbIe BO3MOKHOCTH ISt
yyullleHust KaueCTBa KW3HH NareHToB. OfiHaKo, HECMOTPSI Ha 3TH JOCTH>KeHHs B IAHHOM 00/1aCTH, OCTAIOTCSI MHOTOUHC/IEHHbIe
BOIPOCHI U BbI30Bbl. OrpaHrueHHast T/TyOrHa TIPOHUKHOBEHWSI, BTOPUUHOE U3/TyueHHe 0T TOPMO3HOTO U3/TyUeHHUs U CJIOKHOCTH
B CHUCTeMax JI0CTaBKH /03 OTPaHUUMBAIOT [IIMPOKOe KIIMHUYeCKOoe NpuMeHeHre. KpoMme Toro, HepellleHHbIe OUO/IOruueCcKre
BOIPOCHI, TaKHe KaK U3MeHUMBOCTb OTHOCUTEIEHOM OHMOMOrnyeckoit 3pGeKTHBHOCTH, TPeOYIOT JaNbHEHIINX UCCIe/JOBaHHH.
HacTosimuii 0630p NocBsieH 06CyX1eHHI0 YHUKAIBHBIX TIPEUMYILECTB ¥ OTPAHUUEeHH 3/IeKTPOHHOM Teparnuy B CPaBHEHUH
C TPaJULIMOHHBIMU MeTojaMHu. B Hem paccMmarpuBaroTcst HoBeliiie gocTwkenus (DOB3, Tepanust FLASH u rubpuHbie
TIOJIX0/IbI), @ TAK)Ke 00CY)K/Ial0TCsl TEXHOJIOTHUECKHe BbI30BbI U OYAYIIHI ITOTeHL[Ma 37eKTPOHHBIX MTyUKOB B OHKOJIOTHH.
BriBozpl. VIHTerparus c mocjie[HUMHU TeXHOJOTMUECKUMU [JOCTH)KEHUSIMU 103BOJIsIeT 3/IEKTPOHHOM Tepanuy NepeoCcMbIC/IUTh
TeparneBTHUECKHE TIOXO0/bI, TIpe/yiaras 6osiee Ge3omacHble ¥ TepCOHATM3MPOBAHHbIE CTPATeTUH JIEUEHUS 3/10Kaue CTBEHHBIX
HOBOOOpa30BaHUH.

KitroueBbIe c/I0Ba: nydeBasi Tepartuisi, 31eKTPOHbI OUeHb BHICOKOM SHeprviel, yCKOPUTeIN YacTHL], CBEPXBLICOKO/[03HasT
Teparnsi, OHKOJIOT sl

Hudopmanus o GuHAHCHPOBAHHH. ABTODEHI 3asiBJISIIOT 06 OTCYTCTBUM (PUHAHCUPOBAHUSL.

Bxknap aBTopoB. M.A. ITapiieHkos, I1.IT. CkoBopogko, [.A. ITerpyceBud, I.M. PoguoHoBa — KoHIenTyanu3awus o63opa
" ero CTPyKTypbl; M.A. [TapiieHkos, I1.IT1. CkoBopogko, [I.A. ITerpycesud, [11.H. Makaesa, C.I'. Ocurniosa, I'.P. Ibparumoga,
A.O. Uctsaruna, K.A. BanaeBa — rouck smTteparypsl, cbop u o6pabotka ganHbix; M.A. ITapieHkos, I1.T1. CkoBopojxo,
I.A. Tletpycepuuy, II1.H. Makaega, C.I". Ocumnoga, I.P. U6bparumoga, A.O. UctsruHa, K.A. Banaesa, I.M. PoguoHoBa — aHanums,
CUHTe3 U CTPYKTYPUpOBaHue HU3yueHHOU utepartypsl; M. A. [TapiueHkos, [1.I1. CkoBopoako — Bu3yanusanus; . A. [TeTpyceBuy,
I11.H. Makaesa, C.I'". Ocuriosa, I'.P. i6parumora, A.O. ctsruna, K.A. banaeBa — repeBoj ¥ ajanTaiys TekcTa; M.A. ITapiiieHKoB,
[.A Tlerpycesuy, I.M. PoarioHoBa — pelLjeH3UpOBaHue U (PUHAIbHOE YTBEepsKeHHe TeKCTa MaHyCKpunTa. Bce aBTopbl BHeCIH
3HAUYMTE/bHBIM BKJ/IaJ] B TIOATOTOBKY PYKOITUCH, TIPOUMTAN U YTBEPIUIM OKOHUATETbHYIO BEPCHIO mepe[ MybauKaLuen.

HNudopmanysa o KOH(IMKTe HHTEPECOB. ABTOPbI 3asiB/ISIFOT 00 OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
JTHUYECKOe YTBep>KAeHHe — HelPUMeHHMO.
BiiaropapHoCTH — HENIPUMEHUMO.
HNudopmupoBaHHoe corjiacue Ha MyOJIMKaHI0 — HEPUMEHKMO.
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Multidisciplinarity and interdisciplinarity in medicine
and education as a tool for improving the quality
of patients’ antitumor treatment

Anatoliy M. Avanesov' ', Vera A. Titova?> ~ , Evgeniya N. Gvozdikova®? >

'RUDN University, Moscow, Russian Federation
Russian Scientific Center of Roentgenoradiology, Moscow, Russian Federation
X gvozdikova_en@pfur.ru

Abstract. Relevance. Despite the advances in modern medicine, the improvement of treatment methods for many diseases,
the overall incidence of cancer, as well as mortality from cancer, remains high. At the same time, the approaches to antitumor
treatment themselves often significantly reduce the quality of life of patients, limit their ability to work, which causes certain social
and economic damage from these diseases. In this regard, issues of improving the quality of antitumor treatment are among the
priority issues in healthcare today. The purpose of this study is to find new possible tools and approaches to improve the quality
of antitumor treatment for patients at different levels, including clinical and educational. It is possible to significantly change
and improve the quality of oncological care for patients through the tools and technologies of accompanying therapy, including
dental support, the clinical significance of which is critically underestimated today. Improving the methods of accompanying
therapy is a multidisciplinary problem that can and should be solved exclusively in the context of interdisciplinary interaction of
specialists of different profiles. Currently, the development of dental support is limited by a number of factors, such as clinical or
organizational, but one of the most significant factors is the insufficient focus on this problem in medical education. Of course,
the current pace of development of medicine, the introduction of new technologies, including artificial intelligence, increase
the requirements for a modern specialist doctor and require extensive knowledge that goes beyond one discipline, including the
presence of interdisciplinary thinking. Conclusion.Thus, the introduction of interdisciplinary approaches in the training of future
dentists and doctors specializing in «General Medicine», training students at the intersection of different specialties (oncology
and dentistry, dentistry and hematology) can improve the quality of dental support in particular, and the quality of antitumor
treatment in general.

Keywords: interdisciplinarity, supportive therapy, dental supporting care in cancer patients, medical education
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Introduction

The increase in the overall oncological incidence
in the Russian Federation was more than 7%, compared
in 2023 to the previous 2022 [1]. The overall incidence
rate of malignant neoplasms per 100 thousand of the
population of Russia was 428.4, which is higher than
in previous years. The prevalence rate of oropharyngeal
tumors is no more than 3%. At the same time, 66% of
tumors were detected in the late stage of the disease
(stages III-1V), which certainly often determines the
negative prognosis for tumors of this localization [2].

Search for ways to improve the effectiveness
of antitumor treatment methods

Malignant neoplasms (MN) of the oropharyngeal
region are very difficult to treat, associated with many
factors (anatomical and functional disorders, speech
limitations, nutrition, aesthetic disorders), significantly
limit the ability of patients to work and cause high
mortality. In this regard, the issues of prevention, early
diagnosis and treatment of oropharyngeal tumors are one
of the key tasks of healthcare today [3-5]. It is difficult
to determine the most rational and optimal method of
treating malignant neoplasms of this localization; in
most cases, the approach is individual. At the same

ONCOLOGY

time, clinicians and researchers are constantly searching
for new treatment methods in all areas of antitumor
therapy [6].

The main method of treatment is a surgical
approach, but the resulting traumatic and aesthetic
disorders significantly limit its radicality [7], which
leads to more active development of non-surgical
approaches to treatment, namely radiation therapy and
chemotherapy.

Radiation therapy is a common method of non-
surgical treatment of head and neck tumors, allowing
to avoid severe traumatic consequences, dysfunction
of the maxillofacial organs, aesthetic disorders, which
is an extremely important aspect for the patient, since
it is associated with the psychological individual
characteristics of the personality. At the same time,
modern methods of 3D radiation therapy, 3D radiation
therapy planning allow to exclude or at least minimize
the negative impact on the surrounding, peritumor
healthy tissues [8].

Chemotherapy in the treatment of malignant
neoplasms of the maxillofacial and oropharyngeal
region is also widely used and today is one of the most
promising and rapidly developing areas in oncology.
The most common drugs in the treatment of tumors
of this localization are platinum drugs (cisplatin),
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5-fluorouracil and taxanes. [9]. At the same time, these
drugs do not have a selective effect on other cells of
the oropharyngeal epithelium, which leads to their
damage and the development of complications such
as chemotherapeutic mucositis. Relatively recently,
about 20 years ago, a new direction in chemotherapy
appeared — targeted therapy [10], capable of targeting
the cellular mechanisms of carcinogenesis [11, 12].
This method of chemotherapy is associated with its
prospects in general. The possibilities of combining
chemotherapy with radiotherapy show good results in
overall relapse-free survival of patients with malignant
neoplasms of this localization [13, 14], which generally
leads to a shift in the vector of development of antitumor
treatment methods towards organ-preserving ones.
Despite the promise of non-surgical methods of
treating tumors, a significant drawback of these methods
is the high risk of developing side effects [15-17].
Side effects of radiation and chemotherapy reduce the
positive results of the treatment. Oncologists are often

forced to stop or interrupt treatment, for example, due
to the development of severe oral mucositis. At the
same time, various factors are distinguished in the
etiology of the development of side reactions during
chemotherapy or radiation therapy: both local and
general (Figure). Taking into account these factors
(comorbidity [18], genetic markers[19], nutritional
status[20], psychological state [21], microflora of the
oral cavity [22-24], level of dental sanitation) when
preparing the patient for the upcoming treatment can
reduce the number and intensity of side reactions.

Dental support of patients as part of
accompanying therapy in oncology

A set of measures for the preparation and support
of a patient during antitumor treatment is called
accompanying therapy. The creation of programs and
development of accompanying therapy technologies that
can improve the quality and effectiveness of antitumor

Fig. Etiological factors for the occurrence of complications in the mouth in cancer patients during radiation
and/or chemotherapy
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treatment of patients is a complex multidisciplinary
problem. Currently, professionally performed expensive
antitumor treatment without accompanying therapy
often does not provide the patient with the quality of
life necessary, which negatively affects the overall
results [25, 26]. Accompanying therapy occupies
an important place in oncology. The main goal of
accompanying treatment of cancer patients is to
reduce the frequency and severity of adverse events
of antitumor treatment. The section of accompanying
therapy dealing with issues of preventing adverse
reactions in the mouth is dental accompanying
therapy. Dental support allows to reduce the severity
of developing complications, such as oral mucositis,
which are often quite predictable, thereby increasing the
effectiveness of antitumor treatment in general, given
that the absence of complications or their mild severity
allows for the treatment of patients without interruption,
which has a beneficial effect on the overall prognosis of
the disease [27-29]. Improving the methods of dental
support is also a complex multidisciplinary problem that
can and should be solved exclusively in the context of
interdisciplinary interaction of specialists of different
profiles [30—32]. This includes improving the methods
of clinical prevention and treatment of complications
arising in the oral cavity against the background of
antitumor treatment (development and testing of new
patient treatment protocols, search for new treatment
tools and technologies) [33—35], and organizational
aspects (legislative justification for the need for dental
training of cancer patients), and, most importantly,
improving the quality of medical education, namely
the training of dental personnel with the appropriate
competencies. In reality, cancer patients are often
not examined by dentists at the pre-hospital stage
for various reasons: on the one hand, patients are not
informed about the need to contact a dentist to prepare
for the upcoming antitumor treatment, on the other
hand, there is often nowhere to refer the patient— there
are no dental departments and dentists with the skills
and knowledge to provide dental care to cancer patients.

The concept of interdisciplinarity and
multidisciplinarity in clinical practice and medical
education

ONCOLOGY

We call the training of future doctors, including
dentists, in the field of clinical medicine and clinical
dentistry interdisciplinarity. Of course, the current pace
of development of medicine, the introduction of new
technologies, including artificial intelligence, increase
the demands on a modern medical specialist and require
extensive knowledge that goes beyond one discipline,
including the presence of interdisciplinary thinking.
That is, interdisciplinarity meets the modern nature of
the development of medicine in general and medical
education in particular [36,37].

The need to create and work interdisciplinary
or multidisciplinary teams in oncology, consisting
of doctors of different specialties, is much discussed
at international and domestic conferences. Up to
10-15 different specialists should be involved in the
treatment of an oncological patient, including, of
course, oncologists, radiotherapists, chemotherapists,
rehabilitation specialists, nutritionists, narrow
specialists, including dentists, otolaryngologists,
anesthesiologists, defectologists, speech therapists,
mid-level medical specialists, etc. This is a huge
team, whose work is based on constant interaction and
monitoring of the patients’ condition. Unfortunately,
in reality, the work of multidisciplinary teams is often
implemented formally. Organizing such work in the
context of practical healthcare is associated with many
limiting factors. These include time costs, organizational
difficulties, for example, the lack of necessary specialists
in a medical institution, and others [38]. In any case,
participation in a multidisciplinary team of specialists,
or the practical application of interdisciplinary
approaches requires a modern doctor to expand his
knowledge in a certain area. Namely, a dentist must
have sufficient knowledge in oncology, etc. That is,
such multidisciplinary and interdisciplinary approaches
are, among other things, difficult to implement due to
the lack of trained personnel to solve such problems.
That is, the problem of interdisciplinarity in medicine
is a problem of interdisciplinarity in medical education.
It should be noted that the entire educational process is
built on the idea of obtaining knowledge on the structure
of various disciplines, including in medical education.
From the first year, medical institutes study various
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disciplines — subjects that are often not related to each
other. And a student cannot independently conduct and
establish interdisciplinary connections between these
disciplines-subjects. Also, the very structure of medical
institutes and universities is built on departmental
division, where within the framework of one department,
specialists of one direction are united, who are aimed
at solving one scientific problem. Departments that
include specialists from different fields, such as
oncologists, radiotherapists and dentists, are rare, and
the problems that these departments are able to solve are
interdisciplinary. The introduction of interdisciplinarity
in teaching disciplines in universities should begin with
the development of interaction between teachers of
different departments and disciplines at the intersection
of different areas: dentistry and oncology, dentistry and
hematology.

The issues of improving the quality of education in
universities, including medical ones, lead to the search
for approaches to modernizing the education system
in Russia. One of the problems in the pedagogical
environment is the difficulties that students encounter
when mastering educational material that requires
combining knowledge from previous disciplines,
analyzing acquired knowledge and interdisciplinary
thinking. Students experience difficulties in combining
their knowledge from different fields even within the
framework of one specialty (for example, therapeutic
dentistry and surgical dentistry), so targeted work
of methodologists and teachers is needed to find
new approaches in medical education to improve
the quality of material assimilation by students.
The most accessible methodological approach
in this case is the analysis and demonstration of
clinical examples from the teacher’s experience with
a detailed analysis of all clinical and organizational
stages [39]. Interdisciplinarity and multidisciplinarity
in medicine and education are a modern necessity
also due to the fact that the main goal of Russian
healthcare is to increase the average life expectancy
of the population. An increase in the average life
expectancy of the population inevitably leads to an
increase in the percentage of people who suffer from
chronic diseases, and not one, but several. And this
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reveals another problem of clinical medicine associated
with the treatment of such patients with combined
pathologies. What is today called comorbidity. Despite
the large number of publications on this topic, the
healthcare system still uses an approach in which
each individual nosology is treated by a separate
specia leaf, according to individual clinical guidelines,
complex approaches to the treatment of a comorbid
patient are practically not used [40]. An oncological
patient is most often a comorbid patient suffering from
several diseases — this includes diabetes mellitus,
cardiovascular pathology, and others. Taking into
account the comorbidity of an oncological patient
when planning antitumor treatment, including
accompanying therapy programs, is a priority task
for modern oncology. That is, an interdisciplinary
approach to patient treatment is a clinical necessity
today, due to a number of factors, including an
increase in the average life expectancy of the Russian
population. A gradual and comfortable transition to
interdisciplinarity for all participants in the treatment
process is a priority task for primary health care
[41-43].

Conclusion

Thus, improving the quality of antitumor
treatment of patients is a complex multidisciplinary
and interdisciplinary problem that can and should be
solved at different levels. First of all, at the educational
level — the introduction of interdisciplinary clinical
approaches in educational programs in medical
universities from the early years of study (I, II year)
for medical students of all specialties, both dentists
and the specialty «General Medicine». This approach
will allow students to develop clinical interdisciplinary
thinking and in the future successfully become part of
a multidisciplinary team for the treatment of patients
with combined pathology, including oncological, as well
as implement in practice programs of accompanying
therapy, including dental support. Training medical
personnel with knowledge in several specialties will
improve the quality of oncological care and medical
care in general.
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A.M. ABaHecosB! >

, B.A. TutoBa , E.H.I'Bo3auKkoBa’ 2
"Poccuiickuii YHUBEpPCUTET ApY>KObl HApOAIOB, 2. Mockea, Poccutickas @edepayus
’POCCHICKHI HayUHBII [IEHTP PeHTreHpaauonoruy, 2. Mockea, Pocculickas ®@edepayus

X gvozdikova_en@pfur.ru

AnHoOTanua. AkmyaibHocms. HecMOTpst Ha ycIiexy COBpeMeHHOM MeJHLIMHBI, COBEPIIeHCTBOBaHHE METO/[0B JIeueHMUsI
MHOrHX Oome3HeH, 061ias OHKoJIorHYecKast 3a00/1eBa€MOCTb, a TAKKe CMEPTHOCTb OT OHKOJIOTHH OCTaeTCst Ha BBICOKOM YPOBHe.
ITpu 3TOM CaMu TTOAXOABI K IPOTHBOOITYXO/IEBOMY JIEUeHHIO YaCTO CYIeCTBEHHO CHIDKAIOT KauyeCTBO )KHU3HU MaljeHTOB,
OTPaHHYMBAIOT UX PabOTOCMOCOOHOCTD, UTO 00YC/IOBMBAET OMpe/ie/ieHHbINM COLMaNbHbIA M SKOHOMUUECKHH yIIepd OT 3THX
3abosieBaHMiA. B CBsI34 € UeM BOTIPOCHI TOBBIIIEHHs] KaUeCTBa MPOTHBOOITYXO/IEBOTO JIeUeHVsl SIBJISTIOTCS OLHUMU U3 IPUOPUTETHBIX
BOITPOCOB B 3/[paBOOXPaHeHUH cerofHsl. Llesibro HaCTosIIIero Ucc/Ie[0BaHys SIBMSIETCS TOMCK HOBBIX BO3MOYKHBIX HHCTPYMEHTOB
¥ TIOZIXOZI0B /I/1s1 TIOBBIIIEHHS] KaueCTBa IPOTHBOOITYXO0/IEBOTO JIeUeHH s MAllieHTOB Ha Pa3HbIX YPOBHSIX, B TOM UKCJIe K/IMHIYeCKOM
1 obpa3oBarenbHOM. CyIIeCTBeHHO U3MEHUTh U yTyUILIUTh KA4eCTBO OHKOJIOTMYeCKOM TIOMOIIIM MalieHTaM BO3MOXKHO 3a CUeT
VHCTPYMEHTOB U TEXHOJIOTHM COTPOBOJUTE/ILHOM Teparyy, B TOM YHC/Ie ¥ CTOMAaTOJIOTMUeCKOro COMPOBOXKEHHSI, K/IMHHUUeCKast
3HAUYMMOCThL KOTOPOTO CETOZHS KpUTHUeCKH HefjooLieHrBaeTcsi. CoBepIlIeHCTBOBaHWE METO/0B COTTPOBOJUTENBHOM Teparii —
MYJIBTHMCLUTIMHAPHAS Tpo0ieMa, KOTopasi MOXKET U I0/DKHA ObITh pellieHa CK/TIOUHTE/TBHO B KOHTEKCTe MEXIUCLUITMHAPHOTO
B3aMMOZENCTBHS CIIeJMa/IMCTOB pa3Horo npodus. B HacTosiee BpeMst pa3BUTHE CTOMATO/IOTMUeCKOTO COTIPOBOXK/€HUS
OrpaHUYeHO psiioM (aKTOPOB, HAMTPUMEP KJIMHHUUEeCKHX WM OpraHW3alMOHHBIX, HO OJHUM U3 Hanbosee 3HAUUMBIX ()aKTOpOB,
SIB/ISIETCS] HEZ,OCTAaTOYHOe aKLeHTHPOBaHe BHUMAaHUS Ha IaHHOM Ipo0bieMe B paMKax MeIMLIMHCKOro obpa3oBanus. BesycioBHo,
COBpeMeHHbIe TeMITbl Pa3BUTHsI MeAULIMHEI, BHeZIpeHHe HOBBIX TEXHOJIOTHH, B TOM YHCJIe M UICKYCCTBEHHOT'O MHTEJ/IEKTa,
TIOBBIIAKOT TPeOOBaHKsI K COBPEMEHHOMY Bpauy-CIeLiaIuCcTy U TpeOyIOT OT Hero OOIIMPHBIX 3HaHWH, BBIXOJMIHX 32 PAMKA
OJJHOM ITUCHWITIVHGI, B TOM YMC/Ie U HaJTMUHe MeXXAUCLUIUTAHAPHOTO MbILLTeHus. BeiBogsl. Takum o6pa3oM, BHepeHHe
MEXXAVMCLUTUTMHAPHBIX TIOAXO0ZI0B B 00yueHHH OyAyLIMX Bpaueii-CTOMAaToI0rOB ¥ Bpauel crieliuaabHOCTH «JIedeOHOe femo»,
o0yJeHHe CTYZEeHTOB Ha CThIKe PAa3HBIX ClieldaIbHOCTel (OHKOIOTHSI M CTOMATOJIOTHsl, CTOMATOJIOTHSI ¥ FeMAaTOoIOrsi) CIOCOOHO
TIOBBICUTH KaUueCTBO CTOMAaTO/IOrMUeCKOTo CONPOBOXK/I€HNSI B YaCTHOCTH M KaueCTBO MIPOTHMBOOITYX0/IEBOTO JIeUeHHs B LeJIOM.

KnroueBble c/10Ba: MeXXIMCLUIIMHAPHOCTD, COTTPOBOJUTE/bHAS Tepartusi, CTOMaTo/IOTMUeCckKoe COTIPOBOXKeHHE OHKOJIO-
rMYeCKUX MaldeHToB, MeJULIMHCKOe 00pa3oBaHue
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Killing potential of circulating neutrophils in renal tumors

Ilseya R. Myagdieva! ~ =, Tatyana V. Abakumova! , Dinara R. Dolgova!
Oleg Yu. Gorshkov? ', Tatyana P. Gening' ', Galiya V. Galieva'

'Ulyanovsk State University, Ulyanovsk, Russian Federation
Regional Clinical Oncologic Center, Ulyanovsk, Russian Federation
X ilseya2015@yandex.ru

Abstract. Relevance. Currently, the study of the role of neutrophils in the development of renal cancer is of considerable
interest. The study of the immunopathogenesis of renal cancer is determined by the need to use combined treatment with
immunotherapy. It is known that neutrophils have both pro- and antitumor properties, which are associated with the level of surface
receptors CD11b, CD16, CD63, CD66b and the killing activity of neutrophils. The aim of the study was to assess the killing
potential of circulating neutrophils in renal tumors. Materials and Methods. The object of the study was circulating neutrophils
of patients with verified renal cancer (n = 74), patients with renal benign neoplasms (n = 18) and conditionally healthy donors
(n = 22). The study of the phenotype of the isolated neutrophils was carried out by flow cytometry. Neutrophil extracellular traps
were counted using the method by I.I. Dolgushin. Results and Discussion. Analysis of the percentage of neutrophil extracellular
traps showed an increase in their number in the groups of patients with renal cancer, both stages I-II and III-IV, relative to the
control group and the group of patients with renal benign neoplasms. An increase in the neutrophil trap index was found in the
groups of patients with renal cancer stages I-II and III-IV relative to the control group and the group of patients with renal
benign neoplasms. When assessing the phagocytic activity and the phagocytic activity index, a significant increase in these
indicators was found in the groups of patients with renal cancer relative to the control group and the group of patients with renal
benign neoplasms. A correlation was found between the percentage of neutrophil extracellular traps (r = 0.438, p=0.001), the
phagocytic activity (r=0.431, p=0.001) and the phagocytic activity index (r=0.507, p=0.001) of neutrophils and the stage of
renal cancer. A significant increase in the percentage of neutrophils expressing CD66b receptors was found both at the initial
and widespread stages of renal cancer relative to the group with renal benign neoplasms and the control group. Multivariate Cox
regression revealed an increase in the risk of renal cancer with an increase in CD66b expression, the neutrophil extracellular traps
index, the phagocytic activity and the phagocytic activity index of circulating neutrophils (R?=0.728, x2=58.1, p=0.001). For
differential diagnostics between renal benign neoplasms and renal cancer, the percentage of CD66b+ neutrophils, the neutrophil
extracellular traps index, the phagocytic activity of neutrophils and the phagocytic activity indexneutrophils demonstrated statistical
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significance together. The area under the curve (AUC) of the model was 0.983, and could be diagnosed with a probability of
94.3% (Spec.=0.889, Sens.=0.962). Conclusion. Thus, an increase in CD66b+ neutrophils and activation of extracellular trap
release indicate an increase in the killing activity of neutrophils in renal cancer. Simultaneous determination of the amount of
CD66b+ neutrophils, the index of neutrophil extracellular traps, phagocytic activity and the index of phagocytic activity can be
used for differential diagnosis between the renal benign neoplasms and renal cancer.

Keywords: neutrophils, renal cancer, CD11b, CD16, CD66b, CD63, neutrophil extracellular traps
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Introduction

Clear cell renal cell carcinoma (RC) is the most
common type of renal cancer (about 70% of cases).
The leading role in its treatment belongs to the surgical
method. However, already at the time of diagnosis,
a significant proportion of patients are diagnosed with
disseminated RC, which determines the need for com-
bined treatment with immunotherapy [1]. Currently,
the number of studies aimed at studying the role of
neutrophils (Nph) in RC is growing [2, 3]. The ability
of Nph to exhibit both pro- and antitumor properties
has been shown [4].

The level of expression of surface receptors de-
termines the functional activity of Nph. Thus, CD11b,
CD16, CD63 and CD66b allow identifying mature

ONCOLOGY

and activated Nph [5]. Thus, CD11b mediates chem-
otaxis of Nph to the site of inflammation, adhesion,
phagocytosis, respiratory burst and degranulation [6].
CD16 (FcyRII) is a marker of Nph capable of cytotoxic
action, degranulation, oxygen burst and proliferation
[6]. CD66b receptors are expressed by mature, activated
and degranulating Nph [7]. CD11b+CD16+ is a sub-
population of mature Nph capable of phagocytosis and
degranulation [8]. The receptors of maturity, activation,
degranulation and cytotoxicity CD16, CD63, CD66b
determine the phenotype of neutrophils, which have
a high capacity to form extracellular neutrophil traps
(NETs) [9].

It is known that NETs play an important role in the
occurrence and development of pathological processes
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[10,11]. While the positive effects of NETs in the fight
against pathogens have already been largely described,
their negative role has also become known, including
in carcinogenesis. NETs can have potential antitumor
effects due to the direct destruction of cancer cells or
activation of the immune system, releasing a number
of cytotoxic substances that destroy tumor cells, block
tumor growth and the formation of metastases [12, 13].
However, many studies indicate that NETSs, ensuring
the spread of tumor cells to organs and tissues, are
capable of exerting a protumorogenic effect and play
an important role in the progression and metastasis of
tumors, including in RC [14]. The phenotype of Nph
is associated with the tumor process and stage, and
can determine the growth and progression of RC [9].
However, this question has not been fully studied.

The aim of this work was to evaluate the killing
potential of circulating Nph in renal tumors.

Materials and methods

The object of the study were circulating Nph of
patients with verified RC (Table 1), conditionally
healthy donors (control group) and patients with renal
benign neoplasms (RBN) (oncocytoma, angiolipo-
ma, renal cyst) (Table 1). Nph were isolated from
leukocyte suspension on a double density gradient of
Ficoll-Verografin solutions. The isolated Nph were
brought to a concentration of 5X 10° cells/ml. The
purity of the Nph fraction was 92-94%. The viability

of Nph in the test with 0.5% trypan blue was 95%.
The phenotype of the isolated Nph was studied by
flow cytometry (BioSino, China) using monoclonal
antibodies (Sony Biotechnology, USA) labeled with
FITC (fluoresceinisothiocyanate), PE (phycoerythrin),
PC5 (phycoerythrin-cyanin 5): CD11b, CD16, CD63,
CD66b, CD95. NETs were counted according to the
method of Dolgushin LI. et al. (2010). The number traps
(NT,%) of neutrophil was determined — the number of
neutrophil traps containing yeast activator cells from
100 counted network-like structures and the neutrophil
trap index (TI, c.u.) —the number of yeast activators in
100 counted traps per 1 structure, phagocytic activity
(PA,%) and phagocytic index (PI, c.u.).

Statistical analysis

The sets of quantitative indicators, the distribution
of which differed from the normal one, were described
using the median (Me) values and the lower and upper
quartiles (Q, — Q,). The statistical significance of the dif-
ferences was assessed using the Mann-Whitney U-test.
To study the relationship between quantitative variables,
the Spearman correlation coefficient was calculated.
To assess the association of the studied indicators and
the degree of differentiation, sensitivity and specificity
were calculated, as well as ROC analysis. Statistical
processing was performed using Statistica v. 13 and
Jamovi 2.3.28 software. Differences were considered
statistically significant at p <0.05.

Table 1
Clinical characteristics of patients included in the study
Group Clinical characteristics Meaning
Age —median (Q,— Q,), years 66 (58-70)
Absolute leukocyte count x10°%/1 7.02 (5.80-8.31)
Absolute neutrophil count x10%/1 3.46 (2.70-4.90)
NLR (Q,- Q.) 1.33(1.01-2.19)
Sex
male 36
Renal cancer,n=74
female 38
Histotype:
Clear cell carcinoma 74
Stage of the disease:
1=l 40
H=1v 34
314 OHKOJ10I 1A
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Ending tabl. 1

Group Clinical characteristics Meaning
Age —median (Q,— Q,), years 68 (56-75)
Absolute leukocyte count x10%/1 4.60 (4.30-5.65)
Renal ben Absolute neutrophil count x10%/I 2.58(2.10-2.68)
enal benign — ~
neoplasms n=18 NLR(Q,- Q) 1.19 (1.18-1.68)
Sex
male 0
female 18
Age — median (Q,— Q,), years 54(52-66)
Absolute leukocyte count x10°%/1 6.10 (5.28-6.88)
Absolute neutrophil count x10%/I 3.30(2.82-3.97)
Control groupn = 22 NLR (Q,- Q,) 1.73 (1.23-1.88)
Sex
male 8
female 14

Note: NLR — neutrophil-lymphocyte ratio.

Results and discussion
During the study, we did not find any significant
change in the absolute amount of Nph in the blood of
patients in the study groups. According to studies [15,
16], NETs are associated with tumor cell proliferation

and affect tumor development. Analysis of the percent-
age of NETs showed an increase in their number in
groups of patients with RC, both I-II and ITII-IV stages
of RC, relative to the control group and the group of
patients with RBN (Table 2).

Table 2

Indicators of neutrophil extracellular traps and phagocytic activity of circulating neutrophils in the study groups, Me (Q,- Q,)

Indicators Control group

Renal benign
(n=22) neoplasms (n =18) 1=l (n = 50)

Renal cancer stage Renal cancer stage

I1-1V(n = 34)

Number traps, % 4.00 (3.00-4.75)

3.00 (3.00-4.00)

5 (4.00-7.00)" 6.00 (5.00-8.00)"

o] - -

p1=0.001, p2 = 0.001 p1=0.001, p2 = 0.001

Index trap, y.e. 1.33(1.00-1.90)

1.55 (1.45-1.60)

1.69 (1.48-1.85)" 1.63 (1.50-2.00)"

p - -

p1=0.007, p2 = 0.022 p1=0.012, p2 = 0.024

Phagocyticactivity, %

13.00 (10.30-12.30) | 7.00 (5.00-11.00)" | 10.00 (8.75-12.30)"

14.00 (10.00-17.00)"

p - p1=0.001 p2=0.006

p1=0.189, p2 = 0.001, p3 = 0.001

Phagocytic activity index, y.e. 0.24 (0.19-0.29)

0.17 (0.07-0.39)

0.26 (0.20-0.39)" 0.32 (0.29-0.36)"

p - -

p2=0.026 p1=0.004, p2 = 0.024, p3 = 0.001

Note: p1 — reliability of differences in indicators from the values of the control group; p2 — reliability of differences in indicators from
the values in the group with benign neoplasms; p3 — reliability of differences in indicators from the values of the previous stage of
renal cancer; reliability of differences according to the Mann-Whitney criterion: * (p < 0.05).
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We also found an increase in IT in the groups of
patients with stages I-II and III-IV RC relative to the
control group and the group of patients with RBN.
When assessing PA and PI, a significant increase in
these parameters was found in the groups of patients
with RC relative to the control group and the group of
patients with RBN. In addition, PA and PI of circulating
Nph changed depending on the prevalence of RC, so
a significant increase in these parameters was noted
in the group of patients at stages III-IV RC relative to
the group with stages I-1I RC. According to previous
studies [17], at the initial stages of lung cancer, NETs
had cytotoxic properties in relation to cancer cells, and
at later stages they demonstrated a pro-tumor effect.
There is evidence that in breast cancer, Nph more ac-
tively form NETs in the presence of a tumor with G3
differentiation than G1 [18]. The formation of NETSs
is one of the mechanisms of “evasion” or shielding
of cancer cells from the antitumor mechanisms of the
immune system [19].

Our data indicate an increase in the ability of circu-
lating Nph to form NETSs, as well as an increase in their
killing activity in groups with RP relative to patients
with RBN and the control group. The correlation we
found between the percentage of NETs (r = 0.438,
p = 0.001), PA(r = 0.431, p= 0.001) and IP (r = 0.507,
p = 0.001) of Nph with the stage of RC may indicate an
increase in their cytotoxic properties depending on the
prevalence of RC. We assessed the expression of sur-
face receptors that determine activation, degranulation,
phagocytic activity and maturity of Nph. A significant
increase in the number of Nph expressing CD66b re-
ceptors was found both at the initial and widespread
stages of RC (Table 3). An increase in the number of
CD66b+ Nph may indicate an increase in activated,
mature, degranulating circulating Nph in patients in
the study groups. There is evidence of an increase in
the number and ability to form IL-1 in CD66b+ Nph
in other types of cancer [20], which is consistent with
the results of our study in RC.

Table 3

Changes in the expression of surface receptors of circulating neutrophils in the study groups, Me (Q,-Q,)

Renal benign neoplasms

(n=18)

Renal cancer stage
I-11 (n = 50)

Renal cancer stage
-1V(n = 34)

93.30 (85.00-93.90)

87.40 (72.64-95.20)

94.40 (73.30-97.90)

2.4 (2.19-2.50)

3.02 (2.51-3.30)

3.27 (2.53-3.38)

83.40 (82.00-89.50)

89.00 (72.20-95.00)

88.30 (61.20-94.40)

2.15(2.11-2.42)

3.08 (2.49-3.31)

3.06 (2.12-2.27)

65.60 (60.10-67.60)

75.70 (62.80-86.90)

70.30 (59.50-79.30)

2.24(2.14-2.51)

2.62 (2.17-3.01)"

2.43 (2.06-2.74)"

p2=0.001

p1=0.012,p2=0.001

78.30 (67.00-98.00)

86.10 (68.30-96.00)

81.30 (35.10-92.00)

2.02 (1.72-2.53)

2.98 (2.36-3.32)

2.81(1.21-3.18)

81.70 (80.30-89.50)

82.00 (64.40-90.60)

86.50 (61.10-93.50)

Indicators Control group (n =22)
b % 89.10 (82.00-90.90)
CD11b*
10%/n 2.94 (2.70-3.00)
% 86.10 (82.00-89.70)
CD16*
10°%/n 2.84 (2.71-2.96)
% 66.50 (57.80-77.20)
CD66b*
10%/n 2.26 (2.18-2.76)
p
% 82.80 (78.10-95.60)
CD63*
10%/n 2.73 (2.58-3.15)
b % 86.30 (77.70-89.40)
CD11b*CD16*
10%/n 2.84 (2.56-2.95)

2.10 (2.07-2.31)

2.84(2.23-3.13)

2.99 (2.11-3.24)

Note: p1 — reliability of differences in indicators from the values of the control group; p2 — reliability of differences in indicators
from the values in the group with benign neoplasms; reliability of differences according to the Mann-Whitney criterion: * (p < 0.05).

Changes in the expression values of CD11b, CD16,
CD63 receptors of circulating Nph in the study groups
were statistically insignificant. In multivariate Cox
regression, an increase in the risk of developing RC was
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revealed with an increase in the expression of CD66b,
TI, PA and the PI of circulating Nph (OR? = 0.728,
x? = 58.1, p = 0.001). In the univariate logistic regres-
sion analysis for the differential diagnosis between renal
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RBN and RC, the following factors showed statistical
significance: the percentage of CD66b+ Nph (OR 0.344
95% CI 0.128-0.559, p=0.002), the TI (OR 9.173 95%
CI 1.474-16.872, p=0.020), PA of Nph (OR 1.555 95%
CI 0.437-2.672, p=0.006) and PIof Nph(OR 42.940
95% CI 12.259-73.622, p=0.006). The area under the
curve (AUC) of the model was 0.983, and RC could be
diagnosed with a probability of 94.3% (Spec.=0.889,
Sens.=0.962) (Figure).

1.00
075
£
0.50 1
=
.-
&
Q
Un 0254
0.00 1
0.00 025 050 0.75 1.00
Specificity

Fig. ROC curve for the regression model of differential
diagnosis of renal cancer and renal benign neoplasms taking
into account the expression indicators of the CD66b receptor,

the neutrophil extracellular traps index, phagocytic activity
and the phagocytic activity index

We found a direct correlation between the change in
the expression of the CD66b receptor and CD16 (r=0.501,
p=0.001), as well as the CD66b receptor and CD63
(r=0.688, p=0.001) in groups of patients with stages I-II
and stages IT1I-IV RC. This may indicate an increase in the
killing activity of neutrophils in the studied groups, since
these receptors are markers of maturity, PA, the ability to
degranulate and form NETs [21].

Conclusion

Thus, an increase in CD66b+ Nph and activation
of extracellular traps release indicate an increase in
the killing activity of Nph in RC. Simultaneous deter-

ONCOLOGY

mination of the amount of CD66b+ Nph, TI, PA and
the PI can be used for differential diagnosis between
RBN and RC.
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Y TIPOTHUBOOIYXOJIeBble CBOMCTBA, KOTOPBIe CBsI3aHbl C YDOBHEM IOBEPXHOCTHBIX perjenitopoB CD11b, CD16, CD63, CD66b
Y KWJUTMHTOBOM aKTHBHOCTBIO0 HEHTPOGhMIOB. L]eb — OLeHUTh KAJTMHTOBBIN ITOTeHI[Ha/ LIUPKYIUPYIOIMX HEUTPOGHIOB 1Py
OTyXO0JISIX TIOUKH. Mamepua/ibl u Memoobl. OGBEKTOM UCC/IeJOBAHMS IBUIMChH LIMPKY/IMPYHOLIe HeATPOMHUIIbI TIALUEHTOB C
BepU(HULIMPOBAHHBIM PAKOM TI0UKH (1 = 74), MalMeHToB ¢ [06poKaueCTBeHHBIMH HOBOOOPA30BaHUAMH MOUKY (N = 18) U yC/I0BHO
370pPOBBIX ZOHOPOB (n=22). ViccneoBanue (heHOTHIA BbI/|e/IEHHBIX HEUTPOMUIOB POBOAMIA METO/IOM TIPOTOYHOM [IUTOMETDPHH.
IMofcueT BHEK/IETOUHBIX HEHTPO(UIBHBIX JIOBYIIIEK MPOBOAW/IN 110 MeTony doryumHa VLU, Pesyabmambt u obcysicoeHue. AHamm3
TIPOLIeHTa BHEK/IETOUHBIX HeHTPO(H/IbHBIX JIOBYILIEK MTOKa3a/l yBeJMueHHe X KOJIMUeCTBa B IPYIINax NaliieHTOB C paKOM TMOUKH,
Kak [-II, Tak u [II-IV cTapmii OTHOCKTEBHO IPYIIbI KOHTPOJIS Y TPYTINbI MALIMEHTOB € 00poKaueCTBeHHBIMH HOBOOOPa30BaHUSIMHU
MOYKH. Bb110 06Hapy>KeHO TMOBBIILIEHHE UHAEKCA HEMTPODUIBHBIX JIOBYLIEK B TPYIITIaX MallieHToB ¢ pakoM mouku I-II u ITI-TV
CTaiuii OTHOCUTEILHO KOHTPOJILHOM TPYMIIBI U TPYIITBI MALIMEHTOB C A06pOKaueCTBEHHBIMU HOBOOODA30BaHUSIMH TIOUKH. T1pu
OLieHKe (haroLMTapHO aKTUBHOCTH ¥ MHAEKCA (paroLuTapHoi akTHBHOCTH ObII0 0OHAPY)KEHO 3HAYMMOE YBeTUUEeHHE JaHHBIX
TIOKa3aresiel B rPyIirax MalyeHTOB C PAKOM MOUKKU OTHOCHUTETBHO KOHTPOJIBHOM TPYIIBI M IPYTITIbI MALMEHTOB C A06pOKaueCTBeH-
HBIMM HOBOODOpa30BaHUSIMU TIOUKH. OOHapy)XeHa KOppeJSILIMOHHAS CBsi3b MEXK/Y TPOLIEHTOM BHEKJ/IETOUHBIX HEHTPO(MMIBHBIX
soyuek (r=0,438, p=0,001), parorurapHoii akTrBHOCTBIO (r=0,431, p=0,001) 1 uHAEKCOM (harorTapHOI aKTHUBHOCTH
(r=0,507, p=0,001) HeitTporIOB CO CTa/uel paka MOYKH. YCTaHOBJIEHO 3HAYMMOe ITOBBIIIeHHe TTPOLeHTa HeUTPO(dHIIOoB,
3KCIIpeccupyromyx perentopsl CD66b Kak Ha HayasbHBIX, TaK M HA paclipOCTPaHeHHbIX CTAZUsAX PaKa MOUKK OTHOCHUTEIEHO
IPYTIIBI € 106pOKaueCcTBeHHBIMU HOBOOOPA30BaHUSMY TIOUKY U TPYMITbI KOHTPOJISL. B MynbTHBapraHTHOM perpeccun Kokca
BBISIBJIEHO BO3pacTaHUe PUCKa BO3HUKHOBEHHMSI paka IMOUKHU TPY MOBbIIeHNH 3Kcrpeccuu CD66b, nHiekca BHEKIeTOYHBIX
HEUTPO(UIBHBIX JIOBYILEK, arolUTapHON aKTUBHOCTY U MH/IeKCa arouTapHO aKTHBHOCTY LIMPKY/TUPYIOIUX HeUTpoduioB
(R2=0,728, x2=58,1, p=0,001). s auddepeHLaTbHON JUATHOCTHKU MEXAY J0OpOKaueCTBEHHBIMY HOBOOOPA30BaHUSIMU
TIOYKH U PAKOM TIOUKY CTaTUCTHUECKYI0 3HAUMMOCTh IeMOHCTPUPOBAIM CoBMecTHO TipoLieHT CD66b+ HeliTpoduios, nHIeKC
BHEKJ/IETOUHBIX HEUTPO(UIBHBIX JIOBYIIIEK, (arolUTapHON aKTUBHOCTU HeHTPO(dUIOB 1 MHZEKCa (aroluTapHOi akKTUBHOCTH.
Inowans nox kpusokt (AUC) mozenu coctaBuia 0,983, U pak MOYKKU MOT OBbITh JUATHOCTUPOBAH C BEPOSTHOCTBIO 94,3%
(Spec.=0,889, Sens.=0,962). Bbieodbl. Takum 06pa3om, yBesmuenre CD66b+ HEUTPOGUIOB M aKTUBAIUS BEICBOOOXKIEHUS
BHEKJ/IETOYHBIX JIOBYLLIEK CBHU/IETE/ILCTBYET O MOBBILIEHUH KWITMHIOBOM aKTUBHOCTH HeHTPO(hMI/IOB IpH pake Mouku. OJHOBpe-
MeHHOe onpe/iesieHre komdectBa CD66b* HelTpoduioB, MHAEKCa BHEK/IETOUHBIX HEUTPOMHIBHBIX JIOBYILEK, (haroluTapHon
aKTUBHOCTH U MHZEKca (arolyTapHOW akKTUBHOCTH MOYKET UCIOBb30BaThCs AJist AvddepeHLInanbHON AMarHOCTHKY MeXAY
J0OpoKaueCTBeHHBIMH HOBOOOPA30BaHMSIMM TIOUKHM M PaKa ITOYKH.
KroueBble cy10Ba: HeliTpoduibl, pak noukyd, CD11b, CD16, CD66b, CD63, BHeK/IeTOuHble HEMTPODUIBHBIE JIOBYIIKH

Nudopmanus o puHAHCHPOBAHUM: aBTOPHI 3asIB/ISTFOT 00 OTCYTCTBHM BHEILIHero (pMHAHCHUPOBaHMSI.

Bxknap aBTopoB: U.P. MsrayveBa — MpOTOYHAs UTOMETPUsI, UCC/IeZJOBaHHE BHEK/IETOUHBIX HEHTPOGMUIBHBIX JIOBYILEK, aHATN3
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JTHyecKoe yrBepxkaeHue. VccienoBaHre ofj06peHo JI0KaTbHBIM 3THUECKUM KOMUTETOM WHCTUTYTa MeIULMHBI, SKOIOTHH
U pusnueckoii KynbTypbl PI'EOY BO «YnbsHOBCKUI rOCyapCTBeHHBINM YHHUBepcuTeT» (rpoTtokos Ne 1 ot 15.01.2020).
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IPaHy/IOLIMTOB C [TOMOLLbI IPOTOYHOro LiuToMeTpa BioSino.

I/IHd)OPMaI.[I/IOHHOE coryiacue Ha nyﬁnuKaumo — HeTrIpuMeHHMO.
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Elemental homeostasis in children and adolescents after completion
of antitumor therapy for malignant neoplasms
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Abstract. Relevance. As medical research develops, more and more attention is being paid to the study of elemental
changes in cancer patients not only as a marker of the disease, but also as a possible complication of the disease. The aim was
to study changes in the level of essential and toxic trace elements in patients who have undergone antitumor therapy (AT) for
malignant neoplasms (MN). Materials and Methods. As part of a retrospective monocenter study, a group of 214 patients from
the Russian Field Medical and Rehabilitation Research Center aged 4 to 17 years was formed. All patients were in remission after
the completion of antitumor treatment: 107 patients with hemoblastosis and 107 with solid tumors. The age of the participants
ranged from 4.2 to 17.6 years, with an average age of 11.4 years. For a comprehensive assessment of the elemental status in
children, hair and blood serum were used, measurements were carried out by mass spectrometry after mineralization of the
samples. Results and Discussion. The results of the study of hair samples and blood serum showed that the elemental profile
of patients after AT has both similar patterns and distinctive features depending on the histological type of tumor. Conclusions.
Patients with solid tumors had a higher accumulation of toxic metals compared to samples taken from patients with tumors of
the hematopoiesis organs. Nevertheless, no serious specific changes in elemental homeostasis were observed depending on the
histological structure. The results obtained emphasize the importance of careful monitoring of homeostasis parameters to prevent
the development of complications of antitumor therapy associated with elemental homeostasis.

Keywords: trace elements, macronutrients, essential elements, toxic elements, the element status, elemental imbalance,
carcinogenesis, solid tumors, tumors of the hematopoiesis system, hair, the serum, late effects, inductively coupled plasma mass
spectrometry
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Introduction

The modern theory of carcinogenesis is attracting
more and more attention to the role of elemental changes
in the induction of tumor growth [1]. In particular,
associations of essential and toxic chemical elements
with several types of malignant neoplasms have
been identified [2]. In studies devoted to the role of
elemental changes in experimental or clinical models,
toxic elements are most associated with carcinogenic
activity [3, 4]. In addition, the imbalance of the main
elements contributes either to the metabolic restruc-
turing of proteins, providing activation or inhibition
of enzymatic reactions, affecting the permeability of
cell membranes [5, 6], or to changes in the cellular
microenvironment and immune status [7], which can
also modulate the progression of cancer. Some organic
and inorganic compounds of essential elements, such as
selenium (Se) or zinc (Zn), can affect the redox status
of cells [8, 9], provoking the formation of reactive
oxygen species (ROS), interfering with proapoptotic
signaling pathways [10], an appropriate amount of ROS
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can promote carcinogenesis and support transformation
and proliferation of tumor cells [11].

Unfortunately, antitumor therapy (AT) has limited
selectivity, and its components can cause various early
and late metabolic complications. The direct cytotoxic
effect of chemotherapeutic drugs and radiation therapy,
along with potential iron overload as a result of repeated
transfusions, can lead to adverse effects on the nerv-
ous, cardiovascular, and urinary systems. On the other
hand, nutritional deficiency and metabolic homeostasis
disorders are accompanied by clinical changes in the
form of osteoporosis, nutritional deficiency, etc. Spe-
cific disorders of the elemental composition of tissues
(Figure) are also observed in patients after AT [12, 13].

In particular, after treatment, there may be an
excessive accumulation of toxic elements that can be
considered as possible carcinogens, which directly
leads to disruption of mitochondrial function, cell
growth processes, and DNA damage [14]. It has also
been shown that changes in the concentration of
certain essential elements can affect oxidative stress
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Macronutrients

Essential trace
elements

Conditionally toxic
elements

Elemental
homeostasis

Fig. The components of elemental homeostasis (elemental portrait) of a person

and suppress or enhance proliferative processes due
to a violation of the redox balance [15]. Many ele-
ments show a correlation with oxidative stress in the
blood of cancer patients [16, 17], therefore, excessive
accumulation of individual elements affecting the
redox status of tissues can be considered as a factor
associated with oncogenesis. Based on this, the ele-
mental imbalance after AT should be considered as
a significant factor preventing or provoking cancer
recurrence. The available data indicate a possible
specificity of the elemental status in patients with
tumors of various histological origin. For example,
tumors of hematopoietic tissue differ from solid
tumors not only in the variant of cell differentia-
tion, but also in other related features: biochemical
and tissue atypism, metastatic activity, signaling
pathways, etc. [18], which can affect metabolism
in different ways, contributing to the appearance of
specific biomarkers of the disease [19]. Features of
the microenvironment associated with the activation
of matrix metalloproteinases [20], the distribution
of metals in tissues due to their participation in ion
transport [21], and their action as cofactors [22],
changing the elemental composition of the malignant
neoplasms MN bio substrate. In modern literature,
the profile of microelements and macronutrients often
appears as a possible application point for target-
ed diagnosis, treatment or prevention of MN [23],
however, it is necessary to take into account the his-
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tological affiliation of the tumor and the features of
AT in this type of neoplasm. In this study, we sought
to identify the specifics of the elemental changes
after AT, depending on the histological structure of
the tumor. Increased attention should be paid to the
detection of carcinogenic elements: cadmium (Cd),
nickel (Ni), arsenic (As), beryllium (Be), and chro-
mium (Cr), which are already known and described
in the literature [24]. The non-invasiveness and
speed of the screening method using the analysis of
chemical elements in blood serum and hair make it
very promising in oncology.

Research objectives

To compare the elemental composition of biological
substrates, such as hair and blood serum, depending
on the histological types of tumors in children and
adolescents who were in remission after completion
of antitumor therapy (AT).

Materials and methods

Ethical standards
The study was developed and conducted in accord-
ance with the requirements of the Helsinki Declaration
and its later amendments. Before being included in
the study, the informed consent of the parents of the
examined children was obtained.
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Research design

The one-cent cross-sectional retrospective study
included patients of the Russian Field Clinical Research
and Rehabilitation Center of the Dmitry Rogachev
National Medical Research Center for Pediatric He-
matology, Oncology and Immunology in 2019-2021
(Moscow, Russia), these were children and adolescents
of both sexes aged 4 to 17 years.

The study group consisted of 214 children in re-
mission of MN (malignant neoplasms), of which 107
were patients (group 1) who had completed treatment
and were in remission according to the International
Classification of Diseases version 10 (ICD) with disease
codes C 91, C 92; C 81-84 and 107 patients (Group
2) who received AT according to regarding solid tumors
with disease codes according to ICD C 22-C 76, with
the exception of tumors of the central nervous system.
The age of the children and adolescents included in the
study ranged from 4.2 to 17.6 years. The average age
was 11.4 years. The duration of MN remission ranged
from 2.6 to 8.0 years, with an average of 3.9 + 1.1 years.
The treatment of hemoblastosis included BFM, MB, and
DAL-HD protocols. Treatment of solid neoplasms was
carried out in accordance with international protocols
recommended in the clinical guidelines for the treatment
of hypertension in children by the Russian Ministry of
Health (SIOP, EURAMAOS, etc.). The structure of the
cytotoxic agents used excludes the use of the studied
chemical elements in patients included in the study.

Criteria for inclusion in the study: (I) confirmed
remission of malignant tumors in accordance with ICD
10: C 91; C 92, C 81-84, C 22-76; (II) patients under
the age of 18; (III) signed informed consent by parents of
children <14 years old and adolescents > 14 years old.

The exclusion criteria were: (I) the patient’s somatic
or psychological condition that prevents participation
in the study, (IT) eating habits (including a vegetarian
diet), (IIT) metal implants (including dental fillings
made of amalgam), (IV) surgical and traumatic diseases,
(V) acute inflammatory and infectious diseases. The
presence of any of these factors led to the exclusion of
the patient from the study.

The control group was based at the Center for Bi-
otic Medicine (Moscow, Russia). The study included
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213 children aged 4 to 17 years without a history of
cancer and other chronic somatic diseases. In addi-
tion, all participants in the control group reported that
they had not consumed drugs containing macro- and
microelements during the last year before the study.
The appropriate exclusion criteria were applied to
the participants of the control group.

Sample collection and preparation

Bio substrates were used for a comprehensive
mass spectrometry assessment: hair and blood serum.
Only the proximal sections of the strands, which are
less susceptible to exogenous contamination, were used
for the study. Sample preparation included washing
and microwave treatment procedures to remove con-
taminants. Hair samples were degreased with acetone
(Chimmed, Russia) for 10—15 minutes, washed three
times with deionized water with a concentration of
18.2 MQ-+cm (Labconco Corp., Kansas City, Missouri,
USA) and dried at 60 °C. Dry hair samples were kept
in Teflon tubes with 5 ml of concentrated (65%) nitric
acid (Sigma-Aldrich Co., St. Louis, Missouri, USA)
for 20 minutes at a temperature of 170-180 °C. Hair
samples were also acid-treated using a microwave
oven in the Berghof SpeedWave-4 DAP-40 system
(Berghof Products + Instruments GmbH, 72800 Eh-
ningen, Germany) at a frequency of 2.46 GHz with
a power of 1450 watts. Distilled deionized water
with a total volume of 15 ml was then added to the
resulting solutions. The resulting solution was used
for subsequent ICP-MS analysis.

Blood samples were taken from the ulnar vein
using Vacutest tubes (Greiner Bio-One International
AG, Austria) with blood clotting activator. The serum
was obtained by centrifugation of blood for 10 min
at 1800 rpm. The analysis was performed only on
blood serum samples, in which no signs of hemolysis
were found. All samples were diluted 1:15 with an
acidified (pH = 2.0) diluent containing (by volume)
1-butanol 1% (Merck KGaA, Darmstadt, Germany),
Triton X-100 0.1% (Sigma-Aldrich, Co., St. Louis,
Missouri, USA) and HNO3 0.07% (Sigma-Aldrich,
Co., St. Louis, Missouri, USA) in distilled deionized
water.
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ICP-MS analysis (inductively coupled plasma
mass spectrometry)

The content of macro- and microelements in hair
and blood serum, including Na, P, K, Mg, Ca, Al,
As, Be, Co, Cr, Cu, Fe, Hg, I, Mn, Ni, Pb, Se, Sn,
V, Zn, Li, Mo, Rb, T1, Cd, Bi, B were determined
using inductively coupled plasma mass spectrometry
(ICP-MS) on a NexION 300D device (PerkinElmer
Inc., Shelton, CT 06484, USA) equipped with an
ESI SC-2 DX4 autosampler (Elemental Scientific
Inc., Omaha, NE 68122, USA). The use of Dynamic
Reaction Cell (DRC) technology has eliminated most
of the polyatomic interference in the system. The
system was calibrated using a universal set of data
collection standards (PerkinElmer Inc., Shelton, CT
06484, USA), diluted with distilled deionized water
(acidified with 1% HNO3) to final concentrations
of 0.5, 5, 10 and 50 micrograms/l. 10 micrograms/l
of yttrium solution prepared from a single-element
standard of pure yttrium (Y) (PerkinElmer Inc.,
Shelton, CT 06484, USA) was used as an internal
online standard prepared on a matrix containing 8%
1-butanol (Merck KGaA, Darmstadt, Germany),
0.8% Triton X-100 (Sigma-Aldrich, Co.), 0.02%
tetramethylammonium hydroxide (Alfa-Aesar,
Ward Hill, Massachusetts 01835 USA) and 0.02%
ethylenediaminetetraacetic acid (Sigma-Aldrich,
St. Louis, Missouri, USA).

Laboratory quality control

Laboratory quality control was carried out using
a control analysis of GBW09101 certified human
hair reference material (Shanghai Institute of Nuclear
Research, Shanghai, China) and ClinCheck plasma
control (batch 129, levels 1 and 2, RECIPE Chemi-
cals + Instruments GmbH, Germany). The recovery
rates of all analyzed trace elements were in the range of
90-110%. In addition, the values obtained for all metals
and metalloids were within the limits that, according
to the estimates of the manufacturer of the reference
samples, were acceptable. The laboratory also partici-
pates in the External quality assessment system in the
field of occupational medicine and the environment
(EMAS OELM).
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Statistical analysis

The search and calculations of statistically sig-
nificant deviations in the elemental status of patients
were carried out using the Jupyter Notebook software
development environment in Python 3.9. The algorithm
was based on open source libraries: Pandas, NumPy
and Pingouin.

The nature of the data distribution was assessed
using the Shapiro-Wilk criterion. The significance
of the intergroup differences was assessed using the
nonparametric Mann-Whitney test for data with an
abnormal distribution. The boundaries of the median
(Me) and interquartile range (IQR) were also calculated
to compare the statistical significance of the observa-
tions. The difference between the values in the groups
was considered significant at p < 0.05.

Results and discussion

The trace element composition in patients with
tumors of the hematopoietic system was characterized
by a significant decrease in the content of Co, Mn, I,
Fe, Al, Ni, Pb (p-value <0.05). It is noteworthy that
an elemental imbalance with a predominantly reduced
concentration in the hair was detected significantly
more often in the cohort of patients with tumors of the
hematopoiesis system than in the group of solid tumors.

In patients with solid tumors, the spectrum of man-
ifestations of the elemental composition in the hair is
different: reduced values of Na, P, Mg at unchanged
concentrations of Ca and K. As for trace elements, the
Mn level decreased significantly (p-value < 0.05), and
the concentration of V, Cr, I, Sn, Se, Co, on the contrary,
increased (Table 1).

Blood serum, as a biochemical active substrate, is
represented by a wide variety of elements. In the sam-
ples of patients with MN of the hematopoietic system,
an increase in the content of trace elements Al, Mn, Ni,
V, T1, Cu, Zn, Fe, B, Bi and a decrease in the content of
Co, Rb, Mo (p-value <0.05) was observed. Deviations
from the control values were observed for metals of the
toxic and essential groups: increased levels of P, Al, Mn,
Ni, V, Tl, Cd, Be, Bi (p-value <0.05) and decreased
values of Co, Cr, Rb, Mo in solid tumors (Table 2).
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Hair elemental status according to the main diagnosis

Table 1

Me(Q1-Q3) Tumors

elemlrzet]:,eug/g of the hemat?poietic tissues P-value Me(Q1 ?3218637“)(1 tumors P-value Me(Q1 ‘Q(i):(;;Jg;m' group
(n=107)
Al 3,632(2,303-5,398) 0.0291 4,51(3,05-7,57) 0.524 4,202(2,839-6,882)
As 0,029(0,020-0,044) 0.846 0,029(0,018-0,041) 0.582 0,029(0,019-0,046)
Be 0,00048(0,0001-0,001) 0.146 0,0003(0,0002-0,0009) 0.161 0,00039 (0,0001-0,0007)
Co 0,0089(0,004-0,014) 0.039 0,015(0,007-0,027) 0.0102 0,0105 (0,006-0,016)
Cr 0,123(0,059-0,241) 0.553 0,835(0,469-0,90) 0.000 0,1291 (0,082-0,269)
Cu 11,007(8,69-14,47) 0.805 11,98(9,38-15,51) 0.064 10,76(8,74-13,76)
Fe 12,86(9,01-18,21) 0.0008 16,73(12,62-26,04) 0.372 17,038 (11,28-24,02)
Hg 0,089(0,03-0,15) 0.083 0,108(0,05-0,18) 0.668 0,1145(0,05-0,18)
I 0,341(0,21-0,55) 0.029 0,793(0,33-1,64) 0.004 0,4776(0,26-0,94)
Mn 0,241(0,15-0,43) 0.000 0,343(0,19-0,68) 0.041 0,4702(0,22-1,52)
Ni 0,148(0,101-0,239) 0.015 0,173(0,118-0,407) 0.959 0,173(0,132-0,282)
Pb 0,293(0,155-0,651) 0.0001 0,533(0,235-1,12) 0.325 0,566(0,268-1,33)
Se 0,4704(0,382-0,56) 0.003 0,441(0,381-0,572) 0.044 0,409(0,369-0,491)
Si 23,3(14,2-36,66) 0.152 23,13(12,99-34,86) 0.099 25,45(17,94-36,35)
Sn 0,092(0,054-0,238) 0.104 0,167(0,087-0,472) 0.030 0,1208(0,07-0,282)
\Y 0,025(0,015-0,047) 0.111 0,045(0,026-0,08) 0.000 0,021(0,013-0,035)
Zn 175,84(128,94-216,16) 0.217 179 (127-227) 0.373 189,63 (153,1-225,61)
Table 2
Serum elemental status according to the main diagnosis
Trace elements, the’:\/l l?e(r?'\l\_'t?)il-irelftirz(:ir:szfes P-value Me(Q1—QS)_SoIid tumors P-value Control group (n=213)
Hg/g (n=38) (n=38)
Al 0,0338(0,024-0,095) 0.0003 0,0336(0,027-0,036) 0.0003 0,0151(0,008-0,024)
As 0,0018(0,001-0,001) 0.98 0,0016(0,001-0,002) 0.66 0,0018(0,001-0,006)
Be 0,00004(0,000-0,00007) 0.052 0,0001 (0,00007-0,0001) 0.0000 0,00001 (0,000-0,00002)
Co 0,00069(0,0005-0,0009) 0.0000 0,00062 (0,0004-0,0008) 0.0000 0,0054(0,001-0,011)
Cr 0,0026(0,001-0,002) 0.1 0,0025(0,001-0,002) 0.01 0,0351(0,001-0,13)
Cu 1,196(1,093-1,386) 0.0002 1,079(0,99-1,24) 0.11 0,991(0,9-1,082)
Fe 2,59(1,78-3,574) 0.0000 1,69(1,44-1,845) 0.06 1,37(1,153-1,699)
Hg 0,00018(0,0001-0,0001) 0.72 0,00018 (0,0001-0,0001) 0.29 0,00018 (0,0001-0,0001)
I 0,059(0,051-0,069) 0.78 0,058(0,053-0,067) 0.47 0,05(0,052-0,066)
Mn 0,0024(0,001-0,003) 0.0000 0,0018(0,001-0,002) 0.02 0,0014(0,001-0,001)
Ni 0,0054(0,003-0,006) 0.0000 0,0051(0,003-0,006) 0.0000 0,0019(0,001-0,002)
Pb 0,0005(0,0002-0,001) 0.57 0,0004 (0,0002-0,001) 0.46 0,0005 (0,0004-0,0007)
Se 0,084(0,072-0,098) 0.57 0,091(0,073-0,099) 0.68 0,087(0,08-0,095)
Sn 0,0001(0,00006-0,0004) 0.46 0,0001 (0,00003-0,0001) 0.07 0,00017 (0,0001-0,0002)
Vv 0,0029(0,0004-0,004) 0.0000 0,00525 (0,0005-0,006) 0.0000 0,00008 (0,0000-0,0004)
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Ending table 2
Trace elements, th:A heegr%ll_t%?o?;?;?ir:szls P-value Me(Q1 _03)_80“(:' tumors P-value Control group (n=213)
ee (n=38) (n=38)

Zn 1,809(1,636-1,981) 0.0000 1,12(0,967-1,54) 0.25 1,09(1,013-1,21)

Li 0,0014(0,0009-0,001) 0.8 0,0014 (0,0008-0,002) 0.46 0,0014 (0,0009-0,001)

Mo 0,0009(0,0006-0,001) 0.0005 0,00095 (0,0007-0,001) 0.0002 0,0015(0,001-0,001)

Rb 0,169 (0,134-0,22) 0.0088 0,187(0,161-0,227) 0.03 0,251(0,191-0,35)

Tl 0,00002(0,000-0,00003) 0.03 0,00002 (0,000-0,00002) 0.003 0,00001 (0,000-0,00001)

Cd 0,00002(0,000-0,00007) 0.21 0,00008 (0,000-0,0001) 0.0066 0,00002 (0,000-0,00003)

Bi 0,00002(0,000-0,00002) 0.004 0,00001 (0,000-0,00002) 0.018 0,000006 (0,00-0,0000)

B 0,0531(0,023-0,082) 0.018 0,0202(0,011-0,037) 0.53 0,0242(0,012-0,033)

In addition, we presented a table that more clearly
shows a statistically significant change in concentration

in all three analyzed biosubstrates depending on the
histological nature of the tumor (Table 3).

Table 3
Changes of elemental status depending on substrate and tumor nature (p < 0.05)
Significant change in Tumors of the hematopoietic tissues Solid tumors
the concentration of
elements Hair Serum Hair Serum
4 Se Al, Mn, Ni, V, Tl, Cu, Zn, Fe, B, Bi V, Cr, |, Sn, Se, Co Al, Mn, Ni, V, Tl, Cd, Be, Bi
v Al, Co, Fe, I, Mn, Ni, Pb Co, Rb, Mo Mn Co, Cr, Rb, Mo

Note: signs ' and 1" denote elements with statistically significant (p < 0.05) change in concentration.

In this study, the levels of 23 trace elements in
blood serum and hair were compared in 107 patients
after chemotherapy with tumors of hematopoietic
tissues and 213 healthy individuals in the control
group, as well as in 107 patients after AT with solid
tumors and 213 healthy individuals in the control
group. The results showed that significant changes in
the concentration of trace elements were observed in
both groups of patients. Thus, in the cohort of patients
who completed treatment of hematopoietic tumors,
higher concentrations of Al, Mn, Ni, V, Tl, Cu, Zn,
Fe, B, Bi (p<0.05) in the blood serum were found,
but lower concentrations of Co, Rb, Mo (p <0.05) in
blood serum. In addition, in the same patients, a higher
content of Se (p<0.05) and a lower content of Al,
Co, Fe, I, Mn, Ni, Pb (p <0.05) were found in the
hair. In addition, patients treated for solid tumors had
higher serum levels of Al, Mn, Ni, V, Tl, Cd, Be, Bi
(p<0.05) and lower serum levels of Co, Cr, Rb, Mo
(p<0.05) However, higher levels of V, Cr, I, Sn, Se,
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Co (p<0.05) and lower levels of Mn (p < 0.05) were
found in the hair.

The results obtained confirm the presence of an
imbalance of trace elements in patients with cancer,
including in the period after the end of the sweat. The
elemental imbalance was slightly different depending on
the type of neoplasm, although the trends were similar.
The trends in the concentration of chemical elements in
the blood serum of patients in both groups partially co-
incided: an increase in the content of manganese (Mn),
aluminum (Al), vanadium (V), nickel (Ni), thallium (T1)
and a decrease in the content of magnesium (Mg), co-
balt (Co), rubidium (Rb) and molybdenum (Mo). The
concentration of Mn in hair decreased in both solid and
hematopoietic tumors; the concentration of Se increased
similarly (Table 3).

Trace elements with significant changes can be
divided into 2 categories: essential trace elements and
toxic trace elements [25]. It is known that exposure to
certain toxic elements contributes to the development of
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MN, affects the processes associated with mutagenesis
(apoptosis, proliferation, neoplastic transformation) [26],
therefore, their increased content can be considered as
a factor of unfavorable prognosis of the disease [27].

In our study of patients with tumors of the hemato-
poietic system, we observed changes in the content of
toxic elements in the levels of Al, Be, Cd, T1, Bi, and
Pb. Changes in the levels of Al, Tl, Cd, Be, and Bi in
the hair and blood serum of patients with solid tumors
were also detected.

A number of publications have shown that high
serum levels of aluminum (Al) are also characteristic
of patients with breast tumor tissue, but there is no
evidence that this is directly related to carcinogenic
effects [28]. No information was found on an increase
in Al levels in the hair and blood serum of patients with
tumors of the hematopoiesis system.

It cannot be excluded that the increase in thallium
(T1) content is a consequence of previously realized
mechanisms of carcinogenesis. Tl can carry out carcino-
genic activity by interfering with important processes,
replacing potassium, in particular, in the (Na+/K+)-AT-
Pase. However, the antitumor role of thallium salts has
been described and shown in individual cell cultures
[29]. Participation in oncogenesis is confirmed by the
effectiveness of Tl-scintigraphy for detecting malignant
tumors such as breast cancer and lymphoma [30].

It was also reported that bismuth-Bi (BisBAL NPs)
nanoparticles obtained from the bis (p-aminophenyl)
compoundlumazine can inhibit the growth of TNF
cells, and the effectiveness directly depends on the
dose used [31]. This is an important discovery because it
suggests that BisBAL nanoparticles may have potential
as a targeted therapy for breast cancer, specifically
targeting tumor cells without affecting healthy tissues.
Interestingly, our data showed a decrease in serum Bi
levels after completion of the AT. Lead (Pb) exposure
is also associated with various health risks, including
harmful effects on the nervous system, reproductive
system, and kidneys [32]. However, the relationship
between lead exposure and the development of AT is
less obvious. It should be noted that our data indicate
a low level of Pb in the hair of patients with tumors of
the hematopoiesis system.
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In addition, a group of patients with solid tumors
had elevated concentrations of cadmium (Cd) and beryl-
lium (Be), which the International Agency for Research
on Cancer (IARC) has recognized as carcinogens for
humans or animals. Numerous studies have shown that
chronic exposure to these metals is associated with the
development of solid tumors [33, 34]. This may be
due to their ability to disrupt the repair of nucleotide
fragments, which leads to genome instability [35] and
subsequent tumor growth. Notably, high levels of Cd
and Be were found only in the blood serum of patients
with solid tumors. Patients from the group of tumors
of the hematopoiesis system were characterized by the
absence of changes in the content of these toxic metals
in the blood serum.

It has been reported that significant deviations from
the norm in the content of essential elements may be the
cause of toxicity due to homeostasis disorders. Among
the essential trace elements in the group with tumors of
the hematopoietic system, changes in the levels of Se,
Mn, Ni, V, Cu, Zn, Fe, B, Co, I, Rb, Mo, as well as V,
Cr, 1, Sn, Se, Co, Mn, Ni, V, Co, Rb, Mo was found in
the group with solid tumors. The described significant
elemental imbalance in the blood serum in the group
with tumors of hematopoietic tissues largely coincides
with the data obtained by other authors.

Thus, we found similar patterns of increased serum
levels of Fe, Cu, and Ni, known from previous studies
[36, 37]. It has been found that nickel (Ni) can stimu-
late the proliferation of cancer stem cells through the
NADPH oxidase/ROS-dependent mechanism [38]. It
has also been reported that high Ni levels have been
associated with breast cancer, and this may be a risk
factor for carcinogenesis [39]. Some authors note the
predominance of epigenetic modulation in nickel car-
cinogenesis, which may include changes in histone
acetylation, methylation, ubiquitation, and changes in
DNA methylation affecting gene expression [40]. In
addition, Ni may be involved in the hypoxic signaling
pathway leading to nickel-induced carcinogenesis, since
Ni has been found to be a strong inducer of HIF-1a
protein and an activator of HIF-dependent transcription
[41], which may provide conditions for resistance to
apoptosis. Although nickel (Ni) and iron (Fe) are very
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similar and can alter each other’s metabolism [42],
the effects of Fe are more based on the regulation of
oxidative stress and subsequent carcinogenesis [43].
Excess Fe, which is a cofactor of hematopoietic cell
proliferation, can also stimulate the growth of tumor
cells [44]. Caroline L. et al. It has been shown that in
patients with acute leukemia, the level of iron in the
blood serum is increased [45].

Copper (Cu) is a trace element that plays an im-
portant role in the functioning of the cellular substrate.
Elevated serum Cu levels may increase oxidative stress
associated with the PI3K/Akt metabolic pathway, which
may be a beneficial factor for the development of on-
cogenic processes [46], and this is consistent with our
results, since serum Cu levels were elevated in patients
with hematopoietic tumors. Numerous studies have
unequivocally confirmed a significant increase in Cu
levels both in tumors and in the blood serum of cancer
patients, which is significantly higher than in healthy
people [47]. So, LiY. et al. It has been shown that an
increased level of copper in the blood serum increases
the risk of colorectal cancer, therefore, a high level
of copper in the blood serum can be considered as an
indicator of a risk factor for the development of the
disease [48].

We can also note a higher concentration of vanadi-
um (V) in the blood serum compared to the control. V
can affect many enzyme systems, such as phosphatases,
ATPases, peroxidases, ribonucleases, protein kinases,
and oxidoreductases, and a number of animal cancer
models have shown that vanadium provides protection
against all stages of carcinogenesis [49]. V promotes
cellular instability, in some cells, induces tyrosine kinase
phosphorylation and, thus, can affect oncogenesis [50].
Due to its physiological duality, V becomes toxic in
excessive amounts and probably has procancerogenic
properties [51].

Numerous studies have shown that a number of
boron (B) derivatives have proven effective in fighting
cancer [52]. Various types of compounds and structures
in B have the ability to inhibit the progression of MIN
and are associated with a decrease in the incidence of
various types of cancer. B exhibits its antitumor effects
by participating in the regulation of specific molecular
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mechanisms, such as induction of apoptosis and cell
cycle arrest [53]. However, many aspects of this effect
remain unclear. We found an increase in serum B levels
in patients with hematopoietic tumors.

In addition, in patients with solid tumors, the
concentration of chromium (Cr) in the blood serum
was lower than in patients with hematopoietic tumors.
Carcinogenesis associated with Cr(VI) is described in
the literature and includes mutational inactivation of
P53, base substitutions in A/T pairs, and double missense
mutations [54]. Cr(VI) belongs to the first group of
carcinogens. In patients with solid tumors, changes
in the Cr content were observed in the hair and blood
serum, while the Cr content in the serum decreased and
in the hair increased. Zekavat et al. It was shown that
serum Cr levels decreased after completion of combined
chemotherapy [55], which is consistent with our results.
In the same study, a decrease in the concentration of
manganese (Mn) in the blood serum was recorded. On
the other hand, Diez et al. Higher Mn levels have been
found in patients with lung cancer [56]. Our results
indicate a decrease in Mn levels in the hair, but the
level of Mn in the blood serum is increased compared
to the control group. Mn** induces apoptosis in cells and
participates in the antitumor immune response through
the cGAS-STING signaling pathway, which means it is
usually characterized by antitumor action [57].

Iodine (I) is one of the main antioxidants. Anti-
tumor, antiproliferative, and cytotoxic effects of I in
cancer have been described [58]. We found a decrease
in the level of I in the hair in the group of patients with
tumors of the hematopoiesis organs and an increase in
the level of I in the blood serum in the group of solid
tumors.

Tin (Sn) compounds also have the described anti-
tumor properties. Sn-DBPTF-1 has been reported to be
effective against cancer or oncogenic cell lines because
Sn-DBPTF-1 (dibenzylphosphinoyl dithioformate) It can
induce apoptosis and double-stranded DNA breaks [59].
It is noteworthy that we found an increased level of Sn
in the hair of patients with solid tumors.

Also pay attention to the general patterns of
decreasing levels of Co, Rb, Mo in blood serum in
patients with both solid and hematopoietic tumors.
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Cao G.H. et al. It was reported that the cobalt (Co)
content in hair and blood serum in patients with
stomach cancer was lower than in healthy people
in the control group [60]. The introduction of Mo
compounds promotes apoptosis and the formation of
reactive oxygen species, which demonstrates their
potential use for the treatment of metastatic cancer
cells [61]. The case-control study conducted by
Yetisgin F. and co-authors. Studies have shown that
Co levels were elevated in the group of patients with
myeloproliferative neoplasms [62]. Several studies
have shown that Co(II) ions are genotoxic due to the
formation of reactive oxygen species and inhibition of
DNA repair [63]. It is also worth noting the discovery
of Wang X. and co-authors. that Rb levels correlate
with a lifetime risk of cancer, which may be related
to possible involvement in the etiology of MN [64].

Special attention should be paid to the effects of
trace elements such as selenium (Se) and zinc (Zn),
since they are considered to have the maximum anti-
tumor effect among trace elements. The Zn level was
assessed as a marker for predicting the response to
perspiration. It has also been reported that zinc defi-
ciency is common in hematopoietic and solid tumors
[65]. Apparently, this relationship can be explained
by the properties of zinc to inhibit MT expression and
additionally induce an increase in ROS content [66].
Some studies show that impaired redox activity can
lead to the progression of tumor growth by affecting
signal transduction pathways that cause the expression
of anti-apoptotic genes regulating cell death [67, 68].
However, redox-active trace elements can be useful
in AT. Thus, Se-based compounds are considered as
chemotherapeutic agents that mediate the activation of
apoptosis receptors expressed on the cell surface and
the production of ROS, which leads to necrosis [69].
Increased Se levels in hair contradict the data of other
studies on decreased Se levels in patients with leukemia
and lymphoma [70].

Since our study considered the delayed effects
of AT, an increase in Se levels can be interpreted as
a violation of the elimination process. In addition,
essential trace elements may have therapeutic appli-
cations when used synergistically with AT, especially
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due to their ability to modulate the toxicity of therapy
and promote the restoration of healthy tissues [71,
72]. It is important to take this into account, since
an imbalance of essential trace elements can lead to
impaired immune function, an increased risk of side
effects of AT, and a deterioration in the quality of life
of patients [72-74].

Our study has some limitations, such as the num-
ber of participants, the lack of measurement of the
elemental profile before the start of treatment, and the
lack of follow-up after measuring the elemental status
after the start of the AT, which makes it impossible to
accurately determine whether the apparent violations
of the elemental status are caused by the disease or
treatment. Our goal was not to study the relationship
between the elemental imbalance caused by AT and
metabolic disorders associated with the tumor process.
This should be evaluated in subsequent studies.

Conclusions

Thus, we found a statistically significant difference
between the content of elements in blood serum and
hair in patients with different histological structures
of the tumor and in the control group. As clinical data
accumulate, it is advisable to take into account metabolic
changes in the levels of essential and toxic elements.

Our data indicate that neoplasms of the hemato-
poiesis system are characterized by more pronounced
changes in the composition of essential elements in hair
and blood serum, and solid tumors exhibit a more pro-
nounced accumulation of certain toxic metals compared
to tumors of the hematopoiesis system. However, no
significant or specific differences were found between
the groups. Depending on the type of tumor and treat-
ment, a more differentiated approach to nutritional
support may be required.

Further research is needed to assess the causes of
the elemental imbalance, the associated toxic effects,
and the possible role of nutritional support as supportive
therapy. It is necessary to study the long-term effects
of AT on changes in the homeostasis of trace elements
and the associated deterioration of general health, the
effects of treatment and the risk of tumor recurrence.
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AneMeHTHbI roMeocTas y ieTeil U NOAPOCTKOB NOC/ie 3aBepLUeHUs
NPOTUBOOMNYXOJIEBOM Tepanuu 3/10KayeCTBeHHbIX HOBOO6pa3oBaHU

E.B. KykoBckas®? ', T.A.JIo6aeBa>? X A®. Kapemun'

T.B. KopobeitnukoBa>* ~, A.I. Pymsannes' ~, A.B. CKanbHbIIH>*
! HayuHbIl LIeHTP MeIULIMHBI U peabunuTauuu «Pycckoe mnosie», HallmoHanbHbIN MeJULIMHCKUAN UCCIe[0BaTeNbCKUM LIEHTD
JIeTCKOM reMaTo/IOTUH, OHKOJIOTMY ¥ UMMYHojioruu uM. [Imutpus Porauesa, e. Mockga, Poccutickas ®@edepayust
2 POCCHICKHI YHUBEPCUTET JpY>KObl HAPOZIOB, 2. Mockea, Poccuiickas ®edepayus
3 MepumHckuii yauBepcuter MITMIMO-ME/]], 2. OduHyogo, Mockogckas obnacmsb, Pocculickasi @edepayus
4 ITepBbIii MOCKOBCKMI TOCY/|apCTBEHHBIM MeMLIMHCKWH yHUBepcuTeT uMeHH V.M. CeueHoBa (CeueHOBCKUI YHUBEPCHUTET),
2. Mockea, Poccutickas ®@edepayus

< lobaeva.t@yandex.ru

AnHoTapmsa. AkmyaibHocmb. I1o Mepe pa3BUTHS MeIULIMHCKUX UCCJ/IeZI0OBAHUM Bce DOJIbIlle BHUMaHUS yIesieTcst
W3YYeHHI0 3/IeMEeHTHBIX U3MeHeHUH Y OHKOJIOTMYeCKHX OOJTBHBIX He TOJIBKO Kak Mapkepa 3abos1eBaHuUs1, HO U KaK BO3MOXKHOTO
0CJI0)kKHeHus1 3abosieBaHus. Llesiblo IAHHOTO MCC/Ie/[OBAHUS SIB/ISIETCS U3yUeHHe U3MeHeHUH YPOBHS 3CCEeHI[Ua/IbHBIX U TOK-
CHMYHBIX MUKDO3JIEMEHTOB Y Mal{MeHTOB, MPOLIe/IINX POTHUBOOIyX0/eByt0 Tepanuio (IIOT) o noBozy 3/10KaueCTBEHHBIX
HoBooOpa3zoBanuii (3HO). Mamepuasb! u MemoObl. B paMKax NpoBe/ieHs1 peTPOCIIEKTUBHOTO MOHOLIEHTPOBOT'O UCC/Ie/I0BaHMUs
ObL1a chopMupoBaHo Tpymna u3 214 namyeHToB JeueOHO-peabUMUTaLMOHHOTO HAyYHOTO IieHTpa “Pycckoe mose” B Bo3pacte
oT 4 po 17 net. Bce nanueHTsl HAXOAWIMCH B COCTOSIHUM PeMUCCHUU 110C/Ie 3aBeplieHus IPOTUBOOILYX0/1eBOro jeueHus: 107
YyesioBeK — 10 MOBOAY reMo6s1acTo30B U 107 — co/muIHBIX ortyXosel. Bo3pacT yuacTHUKOB cocTaBisin oT 4,2 ao 17,6 ner,
cpennuii Bo3pact — 11,4 roga. [71s1 KOMITIIEKCHOM OLIeHKH 3/1IEMEHTHOTO CTaTyca y JieTel NCIo/b30BaHbl OMocyOCTparhl (BOIOCh
U CbIBOPOTKA KPOBH), U3MepeHUsl TPOBO/IW/IN METO/[0M MacC-CIIEKTPOMETPHH TI0C/Ie MUHepanru3auy o0pasioB. Pe3yabmambl
u obcyscoeHue. Pe3ynbTaThl MCC/Iel0BaHKs 00PA3LiOB BOJIOC U CIBOPOTKY KPOBH MTOKA3a/IM, YTO 3/IEMEHTHBIHM MPOQUIIL MaljieHToB
nocre ITOT umeeT Kak CXOAHBIE 3AaKOHOMEPHOCTH, TaK U OTJIMUUTE/IbHBIE 0COOEHHOCTH B 3aBUCUMOCTH OT T'MCTOJIOTHUECKOTO
THIA OMyX0/u. Bbigodbl. Hallu iaHHbIe MOKAa3bIBak0T, UTO Y MaLMeHTOB C COMMAHBIMU OMyX0JIsiMUA Habmoganock Hosee BEICOKOE
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HaKOT/IeHWe TOKCUYHBIX METaJUIOB M0 CPaBHEHHUIO C 00pa3LiaMy, B3SIThIMHU y TIALIUEHTOB C OMYXOJISIMHA OPraHOB KPOBETBOPEHMSI.
Tem He MeHee, cepbe3HBIX CrieL{(hueCcKUX N3MeHeHHH 371eMeHTHOrO TOMe0oCTasa B 3aBUCHMOCTY OT TMCTONIOTYeCKON CTPYKTYPhI
He Habroganock. ITomyueHHbIe pe3y/bTaThl MOAYePKUBAIOT BaKHOCTD TIIATeIEHOTO MOHUTOPHHTA TTapaMeTPOB TOMeOCTasa st
TIpeZlOTBpAllleHUsI Pa3BUTHsI OC/I0KHEHUM NIPOTHBOOITYX0/IeBOM Teparuy, CBsI3aHHbIX C 3/IeMEHTHBIM FOMEOCTa30M.

KoueBble c/10Ba: MUKpPO3/IeMEeHTbI, MaKpO3/IeMeHThbl, 3CCeHL{Ma/IbHbIe 3/IeMeHTb], TOKCUUHbIE 3/1IEMEHTbI, 3/1eMeHTHbIN
CTaTyc, 37IeMeHTHbIH AncbasaHc, KaHLleporeHes, COMMAHbBIE OITYX0JIH, OITyX0/I1 CUCTEMbI KDOBETBOPEHHS, BOJIOCH, CHIBOPOTKA,
no3gHYe 3¢ deKThl, MacC-CIIEKTPOMETPHSI C UHAYKTUBHO CBSI3aHHOM T1a3MOi

Hudopmarnus o punancupoBanuu. Pabota npodrHaHcHpoBaHa MUHHCTEPCTBOM HayKU 1 BhICLIETro 06pa3oBanHus Poccuiickoi
®denepaliii B paMKax roCyJjapCTBeHHOM TOAIeP/KKU CO3[aHUsI U Pa3BUTHS UCCIe0BaTeNbCKUX LIEHTPOB MUPOBOTO YPOBHS
«Indpooii buoan3aliH 1 MepcoHaIM3UPOBaHHOE 3paBooxpaHeHue» Ne 075-15-2022-304.

Bknaz aBTopos. E.B. J)KykoBckasi — aHanu3 JaHHBIX, HaMvcaHye U pefakTupoBanue; T.A. JlobaeBa — yyacTrie B 3KCTIIEPUMEH-
TasbHOM paboTe, aHanM3 JaHHBIX, HaTlMCaHKe TekcTa craTbu; A.D. KapennH — yJacTve B 3KCTiepUMeHTaTbHOU paboTe, aHanu3
nanHbix; T.B. KopobeliHHKOBa — yJacTHe B 3KCIIePUMeHTaNbHOM paboTe, aHanu3 AaHHbIX; A.T. PyMsHIIEB — KypHUpOBaHHe
nipoekTa; A.B. CKa/bHBIN — aHa/IN3 JaHHBIX, HalMCaHWe 1 peJjaKTUPOBaHUe TeKCTa CTaThby. Bce aBTOpHI BHEC/IM 3HAUNTE/IBHBIN
BKJIa/| B TIOATOTOBKY PYKOTIMCH, TIPOUYUTA/IN U YTBEPIUIN OKOHUATE/TbHYH0 BEPCHUIO Nepe] myO/IuKaliuei.

HNuadopmanus 0 KOHGIUKTe HHTepecoB. ABTODHI 3asBJISIFOT 00 OTCYTCTBHUM KOH(IMKTOB UHTEPECOB. ABTOPHI IOTYUHIN
MHMCbMEHHOe COTJIacHe POZIMTesiel ¥ OTIeKYHOB JieTeld M MO/IPOCTKOB Ha MyO/IMKaLUIo pe3y/bTaToB UCC/IeJOBaHUS B TaHHON
Hay4HOU CTaTbe.

dTuueckoe yrBepxxaeHue. ViccienoBatnue 06110 pa3paboTaHo v MPOBE/IEHO B COOTBETCTBUM € 07j00peHreM KomuTeTa o 3THke
HarmoHanbHOTO MeMIIMHCKOTO UCCIIe[I0BATeIbCKOTO LIEHTPA IeTCKOM reMaTo/IOrii, OHKOJIOTUU M UMMYHOJIOTHY UM. [IMUTpUst
Porauesa (T. Mockga, Poccust) ¥ COOTBETCTBOBAJIO TpeOoBaHMsIM X e/TbCHHKCKOM JleK/1apariii U 6osiee MO3JHMX MOMPABOK K HeM.

BiarogapHoCcTH — HENPUMEHUMO.

NudopmanuoHHoe corsiacue Ha myonukanuio. [lepes BK/IOUeHHEM B UCC/IeZioBaHHe ObUIO TIOMy4eHO 100pOBONBHOE
HMH(OPMUPOBAHHOE COIVIacCHe POAUTeell WK ONleKyHOB 00C/Ie[0BaHHBIX /leTell Ha yJyacTHe B MCC/Ief0BaHMH U MyOIHUKALHIO.
ITocrynuna 17.02.2025. Ilpunsra 17.03.2025.
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Expression of immune-associated genes
in isolated classical monocytes in preeclampsia
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Abstract: Relevance. Preeclampsia is a severe complication of pregnancy, occurring in 8 % of cases and causing high
maternal and perinatal mortality and morbidity. The etiology of preeclampsia is still a subject of research; however, more and
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more data indicate the involvement of innate immune cells, monocytes, in the pathogenesis of this dangerous pathology. The aim
of our work was to study the expression of a number of immune-associated genes in classical blood monocytes in preeclampsia
and physiological pregnancy. Materials and Methods. The work used the methods of gradient centrifugation, magnetic sorting,
cytometric analysis, real-time PCR. Results and Discussion. For the first time, an increase in the expression of the pseudogene of
the adhesion receptor coupled to the G protein, ADGREA4P, in classical monocytes in preeclampsia is described. A significantly
low relative level of expression of the interleukin 8 gene — CXCL8 — in preeclampsia was also revealed. Conclusion. The role of
individual monocytic subpopulations in the development of preeclampsia is still being clarified. It is obvious that monocytes can
change the cytokine profile of blood plasma of patients with preeclampsia, enhance the reactions of innate immunity, including
inflammation. The chemokine IL.8 and the gene encoding it, as well as the pseudogene of the adhesion receptor, can become
a potential therapeutic target in the treatment of this dangerous gestational pathology.
Keywords: monocytes, preeclampsia, CD14, real-time PCR, cytometry
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BeepeHue
[Tpesknamncus (I193) — 3To cepbe3Hoe OcC-
nokHeHWe 6epeMeHHOCTH, XapaKTepHu3yroljeecs
IOBBIIIIE€HHBIM KPOBAHBIM [ddB/I€eHHMEM B COUETAHHUH
C IPOTeHMHYpHel UM MPOsIBIeHUSIMU MOJTMOPTaHHOU
Hel0CTaTOUHOCTH Tiocse 20 Hefenu GepeMeHHO-

OBSTETRICS AND GYNECOLOGY

ctu [1]. [ID MoXeT MpUBeCTH K MPOrpeCcCUPYOIIUM
HapylLIeHUsIM CO CTOPOHBI OPraHOB MaTepu (Harpu-
Mep, MeueHH, Mouek) U yrpose /iJis 34,0pOBbs T104a.
Cumnromsel [13 MOTyT BK/THOUaTh TOJIOBHBIE 00/H, OTe-
KU, 3pUTe/IbHbIe HAPYIIEHUs ¥ 00/Ib B BepXHEH YacTH
»kuBOTa [2]. JleueHue ZaHHOM OTMACHOM reCTal[MOHHON
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MaToJIOTUM OOBIUHO BK/IIOUYAaeT MeAUKaMeHTO3HbIN
KOHTPOJ/Ib apTepUaIbHOrO /aBAeHUS U SKCTPEHHOe
poziopa3pellieHre NPU Pa3BUTUU TsKesbIX (OpM
I12. HecmoTpst Ha 60/BIIION MacCUB HUCC/IeI0BAaHUM,
rnoceseHHbIX [10, ee TouHble NPUYMHBI 10 CUX
TOp He yCTaHOBJIeHHI [3], UTO CBA3aHO B TOM UUC/Ie
CO CIO’)KHOCTBIO TOo/yueHUs OuomaTepuana Ajs
KCCJIeIOBAaHMM.

NmMmMmyHonorudeckuii acrekt pa3putus 113 nipea-
CTaB/sieT HauOOMBIINI UHTEPeC [/ KCC/ieloBaTe el
U B OosiblIIeid cTerieHr M3yuyaeTcst CO CTOPOHBI MaTe-
pu [4]. U eciu ponb NK-knetok, Treg v pe3uieHTHBIX
Makpodaros B ratoreHe3e 10 Hanbosiee n3yyeHHas
obmactb [5-7], TO yuacTre MOHOIUTOB B pa3BuTHu 10
aKTMBHO HccrenyeTcs. Pa3Butue HopmanbHOMH Gepe-
MEHHOCTH OTOCPeJ0BaHO TOHKUM 0aslaHCOM TMTPOKOa-
T'YJIIHTHBIX, BOCIIA/IMTe/IbHBIX peaklivi ¥ aHrMoreHesa,
0 YeM CBU/IeTe/NbCTBYIOT pe3ysbrarkl single-cell PHK
CeKBeHHPOBAHUs MOHOHYKJIeapHOH (paKkLjui KPOBU
nauyeHToB ¢ [13 u ¢pusnonoruueckoii 6epeMeHHOCTBO
Y in vitro usyuyeHue B3auMO/elCTBUS MOHOLIUTOB
1 TPOMOOITUTOB TIOCPE/ICTBOM TKaHeBOTo (hakTopa
CD142 u mapkepa akTuBaumu TpombonuToB CD61
[4, 8]. B psime pabot nokaszaHo, uto nipu I[13 B Kpo-
BU TOBBIILIAETCS [JO/Is1 HeK/IaCCUYeCKUX MOHOLIUTOB
(CD16+) [9, 10], yuacTByrOmux B (haroLitose Kie-
TOYHOTO Ziebprica B KPOBSTHOM pYCJIe U SIB/ISOIIUXCS
OCHOBHBIM UCTOUHHUKOB MPOBOCHA/UTEBHOTO LIUTO-
kuHa TNFa. OgHako B HelapHeM ucciieqoBannu [11]
aHanu3 pe3yabraToB single-cell PHK cekBeHunpoBaHus
rtateHT [1D ¢ paHHel U no3aHel MaHubecTaLyei
ObLTI0 BBISIB/IEHO, UTO /I0/Is1 HEK/IaCCUUeCKUX MOHO-
UUTOB Obl/Ia CHYDKeHa mpu no3aHei I13. IIpu 3Tom
TaK>Ke HaO/TI0IaeTCsl CHIDKeHNe YPOBHS KTaCCHUe CKUX
mMoHoumToB (CD14+) [12], cocTaB/sitolUuX B HOpMe
110 90 % Bceil MOHOLIUTAPHOM MOMYJISALMU U CTy>KallyX
OCHOBHBIM HCTOUHHMKOM MakKpo@aroB B TKaHHU, Kyza
OHH TIOTAZAalo0T MOC/Ie SKCTpaBasaluu U3 COCYUCTOro
pycja.

[TpuuensHOe VM3yuyeHUe TPAHCKPUIILMOHHOTO
npo¢usi MOHOLIMTOB Nepudeprueckoii KpOBU Mare-
PY BCTpeUaeTCsi B eIMHUYHBIX paboTax, uero HeJsib3st
CKasaTh O 1|eJIbHOU KPOBY WJIM MOHOHYKJ/IeapHOU
¢pakuun. Ha ocHOBe pe3ynbTaTtoB microarray KneTok
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nieprdeprueckoil KpOBH JKEHIIWH C PaHHeH 1 Mo3aHeH
[13 aBTopsl [13] npefnonoXunm, 4To onpezeneHue
YPOBHel 3KCIpeCcCUy T'eHOB [JIMHHOW HeKOUpYIoLLen
6enok PHK—H19, ¢pubponekruna 1 (FN1), TyOynuna
6eta-6 kacca V (TUBB6) u hpopmMusinentujHOro
penenTopa 3 (FPR3) Mo)xHO ucob30BaTh /151 TIPO-
THO3WPOBaHus paHHel 10 Ha 22-28 Hepenie GepeMeH-
HOCTHU. A orpefiesieHHe YPOBHEW SKCIIpPeCcCuy reHOB
MMP11, SLC6A2 v IL18BP 1io3Bo/sieT npejCcKa3aTb
panHioio [1D Ha 11-17 Henene 6epemenHoctu. [1pu
aHa/u3e Ha YpPOBHe eIMHUUYHBIX KJIeTOK MOHOHYKJ/Ie-
apHOM (hpakIK KPOBU OBLIU BBIJ|e/IEHBI CIeAYIOLIHe
TIOZIMHOKeCTBa MOHOLIUTOB: MOHOLIUTBI SKCIIPeCCUPY-
toiue 6enku BepcukaH u ¢pukonH 1 (VCAN+ MoHo-
1uthl i VCAN+FCN1+), Knaccuueckrie MOHOLUTBI
(CD14+FCN1+), IFN- Hek/laccuueCKre MOHOLUTEI
(CD16+FCN1+IFNTM3-) u IFN+ Heknaccuueckue
MoHo1[UThl (CD16+IFITM3+FCN1+) [4]. B anHoM
pabote ObLIO OTMEUEHO, YTO B KPOBHU TMarjueHToK c 1D
YBeJTMUMBAETCS KOIMUeCTBO K/1aCCUYeCKUX MOHOLIUTOB
Y yMeHblaeTcs KonuuectBo IFN-HeknaccrueCKux mo-
HOLIMTOB, YTO MaMeTPa/IbHO MPOTHBOIMO/IOKHO PaHee
TM0JlyueHHbIM pe3y/braraM [12]. 3To roBOpPUT O TOM,
YTO pe3y/ibTaThl CeKBEHHPOBaHKS Ha YPOBHE eJUHUY-
HBIX KJIETOK /lal0T OTPOMHBII MacCUB MHGOpMaLUH,
HY>K/JaloLLelCs B IOMOJIHUTE/TbHOM MOATBEPKeHUN
Ha YPOBHe 3KCIIepUMEHTOB in Vitro.

Panee Hamu ObL MPOBe/IeH aHAINU3 U30/IMPOBaH-
HBIX MOHOLIMTapHBIX MONY/ISALUNA, KOTOPBIX BBISBUJ,
YTO B KJIACCUUECKUX MOHOLUTAX aKTUBUPYIOTCS
CUTHaJ/IbHble NYTH, CBSI3aHHbIE C BOCIIaJIeHUEeM,
aronTO30M, UHTEP/IEMKMHOBBIM CUTHA/JUHIOM U [Ip.
[14]. Cpeau nopaB/ieHHBIX CUTHA/IBHBIX TyTel Oblia
aktuBanus T knetok, EGF u PDGF curnannusr.
Hamu 6b11u BeIOpansl reHsl CXCR1, CXCLS, JUN,
ADGREA4P, IL7R u ARL17A Kak Te, UTO I10Ka3ajau
Haubosblive pasnmuuusi. B kKoHTekcTe 1D reHbl
CXCRI1 u CXCL8 xpuTHUHBI AJ15 TIpoljecca pemMo-
[leIUPOBaHUs CUpaabHbIX apTepuil MaTku [15],
a UX aKTHBaLMs BOBJieUeHa B HapylleHre UHBa3UH1
TpodobacTa rnmyTeM npuBiedeHUss HeUTpPoduIoB,
AuMdOIUTOB, MOHOLIMTOB U TpoMboLmMTOB [16].
TpaHckpuniuoHHbIX pakTopa JUN yuacTByeT B pe-
rynsiunu auddepennuposku Tpodobiacra [17].
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B knaccrueckux MoHouuTtax npu [19 3ti u ocTasb-
Hble BbIOpaHHBbIE HAMU T'eHbI paHee He U3yUa/nCh.
Henb: onenuTs 3kcripeccuto reHoB CXCRI1, JUN,
CXCL8, ADGREA4P, IL7R, ARL17A, BOoB/IeUeHHBIX
B KJIeTOUHYIO a/iT€31I0 U BOCIaJIuTeIbHbIA OTBET,
B M30JIMPOBAHHBIX KJaCCUYECKUX MOHOLIUTAX
y JKeHIIUH ¢ (pU3U0JI0rhueCKor 6epeMeHHOCThIO
U mauueHTok c [13.

MaTepMan bl ® METOADbI

JTUUYecKoe paspenieHue

Bce skcriepyMeHTsI ¢ yyacTrieM NalyeHTOB ITPOBO-
[WIKCh B COOTBETCTBUU C XeJIbCUHKCKOU ZieK/iapaLyen
1 ObUTH 07100peHb! Komuccrelt 1o GUOMeUITMHCKOM STHKe
ripu HMUL] Aky1iepcTBa, TMHEKO/I0TMU U [TePUHATO/IOTNA
M. B.W. KynakoBa Mun3apasa Poccuu, . Mocksa (Tipo-
ToKO/I Ne 5 oT 27 Mast 2021 1.). Y BCcex MalMeHTOK ObIIo
To/TyueHo A0OpOBOIbHOE MH(POPMHUPOBAHHOE COTJIacHe
Ha y4acTyie B UCC/IeJOBAaHUM 1 00pabOTKY MepCOHaTbHBIX
JTAHHBIX COIVIaCHO XeJThbCMHKCKOM JieKapaliiy BcemMupHoi
MEeIWLIMHCKOM acCOIMalliy U B COOTBETCTBUH C TpeOoBa-
HUSIMUA JTUYeCKOTO KOMUTETA.

Coop odpa3unoB

Nccneposanue nposogunocs B HMUIL aky-
LIepCTBa, TMHEKOJIOTUY Y IepUHATOJ0TUU UMeHU
akaziemuka B.W. KynakoBa MuHUCTepCTBa 34paBO0X-
panenus Poccuiickoii @esepariui. B KOHTPOIBHYIO
rpynmny (n=9) BOLIK MaLMeHTKH, UMeloIIHe pyber|
Ha MaTKe I0OC/e NpejblAyIero KecapeBa CeueHus,
MUOITHIO BBICOKOW CTelleH!, MUOMOSKTOMUIO B aHa-
MHe3e, alHeHTKH C JUCIIJIaCTUYEe CKUM CKOJIMO030M,
NaLeHTKH C NToNepeyHbIM I0/I0KeHus ioga. s
rpynmnsl [19 (n=8) kecapeBo ceueHue OBITIO CBSI3aHO
C HapacTaHueM TsokecTH [13, yxyzleHreM COCTOSHUS
n/107a (HapyLieHusi KpOBOTOKA B apTepUsiX MyTOBUHbI
WA BEHO3HOM KPOBOTOKe). Kpurepuem UCK/IIOUeHUs
B 000MX TpyIINax sIBSTUCH >KeHIIUHBI C OTATOLeH-
HBbIM BHeaKyllepCKMM aHaMHe30M. Knaccuueckue
MOHOLIMTBI BBIJ eI U3 15 MJI LieJIbHOU KPOBHU.
[epudepuueckyto KpoBb coOMpay myTeM MyHKLUN
JIOKTEBOU BeHBI Mepej] onepalyeid KecapeBo CceueHre
B nipobOupku, o6paborannsie ATA (BD Vacutainer
Plus).

OBSTETRICS AND GYNECOLOGY

Bbijie/ieHHe MOHOHYK/IeapoB nepudepuyecKoi
KPOBH U K/IaCCHYeCKHUX MOHOILIUTOB

[Tepudepuueckyro KpoBb pa3baBiisiyiiv POMBI-
BOUHBIM pactBopoM autoMACS (Miltenyi biotec,
I'epmanusi) B cooTHoweHuu 1:1. B HOByIO CcTepusib-
HYI0 TIPOOUPKY A00aB/siiv 5 M/ rpaiueHTHOM CpeJib
Lympholyte-H (Cedarlane, Kanaga) u HacnavuBamu
paBHBIN 00BeM pa3Be/jeHHON KPOBU. 3aTeM MPOOUPKY
LeHTpU(yrupoBaau B TeueHue 15 MmuHyT ripu 400 g,
+18 °C, 6e3 Topmoxxenusi. C IMOMOIILIO 03aTopa
(bpakIo MOHOHYK/IeapHbIX K/IeTOK, 00pa3oBaBiiie-
10CS Ha rpaHuLie Mexay miasmoi u Lympholyte-H,
cobupanu B HOBYIO L[eHTPU(DYKHYIO TPOOUPKY
o6vemom 15 mi. Jobasnsiiv 10 M1 TPOMBIBOYHOTO
pacTtBopa autoMACS, nosy4yeHHYIO0 CMeCh pecy-
CreHAMpoBanu U HeHTpudyruposanu npu 300 g
B TeueHue 15 munyT, +11 °C, o6pa3oBaBIIMiics
CylepHaTaHT yAaasiu. KieTouHsll ocajok pecy-
CMeHAVPOBaJIv U NPOBOAWIM BhigeneHue CD14+
MOHOLIMTOB C MOMOIIbI0O MAarHUTHOM Cemaparyuu
YacTHL[aMU C KOHBIOTHPOBAHHBIMU aHTUTe/IaMU K pe-
yentopy CD14 (130-050-201, MicroBeads, human,
Miltenyi Biotec, 'epmaHusi) coriacHO MPOTOKOJY
MPOU3BOAUTEIS.

IIIIP B peasilbHOM BpeMeHH

ToranpHyro PHK 13 BbIZIe/IeHHBIX K/lacCUYeCKUX
MOHOLIUTOB BhIZlesi/iu peareHTOM QiaZOL Lysis
Reagent (Qiagen, CIIIA) cornacHO NpOTOKOJY TIPO-
u3BoauTens. ObpaTHast TPAHCKPUIILHS POBOAN/IACH
c ucnosib3oBanuem 0,5 Mkr PHK Habopom MMLV-RT
(«EBporen», Poccus) mpu 40 °C B TeueHue 40 MUH.
Cwmecu pang IILP B peasibHOM BpeMeHU IOTOBUIIA
B PeakIMoHHOM oO0beMe 20 MK, coepskartieMm 150 HT
k/JHK, 0,3 MkM mipaiimepoB u 4 Mk 5xSybrGreen-
mix («EBporen», Poccus) B Tpex TeXHUUECKHUX T10-
BTOpax. [locnesoBarebHOCTH NpaliMepoB MpUBe/eHbI
B Ta6nure 1. TP B peasibHOM BpeMeHH TTPOBOWIH
B TepMmonukiepe AT-96 (OO0 «JHK-TexHonorum»,
Poccus). YpoBHHU 3KCIIpeCCUU TeHOB pacCUMThIBAIN
OTHOCHTeJ/IbHO peepeHCHOro reHa riuiepasnb/e-
ruz-3-pocdargerngporenassl (GAPDH) B mporpam-
me QGENE.
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Ta6bnuua 1/ Table 1

MocnepoBaTenbHocTu NpaiiMepoB / Primer sequences

Haasaﬂme npaiiMepa / MocnepoBaTenbHocTb / Sequence Forward MocnepoBatenbHOCTb / Sequence Reverse
Primer name

CXCR1 ATCTTCCTGCTTTGCTGGCT GGTAACACGATGACGTGCCA

JUN AGTCCTTGTTCCACTGTGCC GGACTCTGCCACTTGTCTCC
CXCL8 AGTCCTTGTTCCACTGTGCC CACAGCACTACCAACACAGC
ADGRE4P GCTCTCATGTGCACAGCAAC AGGTGCTGGTGTTCTGGATG

IL7R ACGATGTAGCTTACCGCCAG TAGGATCCATCTCCCCTGAGC
ARL17A GTCGGCGGTGTTGTAGGTAG TGTCTCCACACAGAAACCTACTG
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA

IIporounas nuTromMeTpusa

Knaccuueckue MOHOLMTEI, TTOJIyYeHHbIe U3 T1e-
pudepuueckoi KPOBHY OT MALMEHTOK UCC/IeyeMou
Y KOHTPOJIbHOM I'PYIIbI, OKpallXBaad aHTUTeIaMu
Kk CD14 (Knon: REA599, Miltenyi Biotec, ['epmanust)
u CD16 (3G8, Beckman Coulter, CIIIA) /151 O1jeHKH
YMCTOTHI BbIJie/IEHHOW NOonyasiiui. MOHOK/IOHAb-
Hble aHTUTena K CD14 yeynoBeky UHKyOUpOBaIu
c cycrien3uent 1x10° kimetok B 100 Mk autoMACS®
Rinsing Solution (Miltenyi Biotec, I'epmanus) c 0,1 %
MACS® BSA Stock Solution (Miltenyi Biotec,
l'epmanus), ripu 4 °C B TeueHue 10 MUH B TEMHOTE.
Knetku nentpudyruposanu 500 g X 5 MUH U pecy-
cnieHaupoBanu B PBS (HaTpuii-pocdaTHbili Oydep)
nepe/i poBe/ieHeM aHau3a. Bce oOpasiiel aHamm-
3MpOBA/IMCh Ha MPoToYHOM LuTomMeTpe FACSCalibur
(Becton Dickinson, CIIIA). B kaxg0om n3mMepeHUn
npoBoausicst Habop He MeHee 10000 keTok. [IaHHbIE
TIPOTOYHOM LIUTOMETPUU OBbLTH MO0 MpOaHaTU3UPO-
BaHbl B iporpamme BD CellQuest (Becton Dickinson,
CIIIA), 1160 3KCITOPTUPOBaHbBI ¥ TTPOAaHATM3UPOBaHbI

B mporpaMMHOM obecrieueHnu FlowJo™ v10 (FlowJo
LLC, CIIIA).

CraTucTHYeCcKUd aHaIu3
Craructryeckuii aHam3 ObUT POBeZeH B TIPOrpaM-
Me Prism 7.0 (GraphPad, CIIIA) c ucrnosib30BaHrEM
tecrta [Hlanupo—Buika A/ OLjleHKHM HOPMaJIbHOCTU
pacripefiesieHusi, KputeprussMu MaHHa-—YUTHU U t-test
Ji71s1 IONApHOTo CpaBHeHUsl. Pa3nyuunst CudTanich CTaTu-
CTUYeCKH [JOCTOBEPHBIM IPY YpOBHE 3HaUnMOoCTH p<0.05.

Pe3ynbraTtbl M 06CyXAEHME

B xofe uccienoBaHus ObLTH MO/TyueHbl 00pa3Libl
oT 17 maljeHToK, KOTOpble HA OCHOBAaHWU MOCTaB/IeH-
HOTO iMarHo3a ObLIA pacripe/ie/ieHbl Ha /IBe TPYIIIbI:
KOHTPOJIbHAs (Jja/iee KOHTPOJIb) — MaLiMeHTKU C HeOTs-
TrOLL[eHHbIM BHeaKyIllIepCKUM aHaMHe30M 1 (PU3U0JIOTU-
yeCKUM TeueHreM OepemMeHHOCTH (n=9) U MaleHTKH
c no3guei [19 (n=8), pasBuBliueiics nocse 34 Hegenu
6epemenHoctu (Taba. 2).

Ta6nuya 2
[Aemorpaduyeckmne n KNIMHNYECKUE XapaKTEPUCTUKN NALMEHTOK
XapakTepuctumku KoHTposib na
KonnyectBo 9 8
BospacT matepu, ner 31,734 31,437
CpokK rectauum Ha MOMEHT pogopaspeLleHus 38,6+0,8 37,107
Cuctonunyeckoe apTepunasnbHoe AaBneHue, MM pT. CT. 1154+7,2 140,4 £ 8,3*
[unacTtonnyeckoe apTepuanbHoe faBneHne, MM pT. CT. 729+5,0 91,0+9,4*
MpoTeuHypwus, r/n 0,0 1,9 £2,6%
Macca HOBOPOXXEHHOrO, I 3455,0 +488,8 2513,6 £ 362,9*
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OKOHYaHue Tabn. 2

XapakTepucTuku KoHTponb Mna
Mon HOBOPOXAEHHOTO (MYX./EH.) 4/5 2/6
3apepyKka BHYTPUYTPOGHOro pasBUTHUS, KOJIMYECTBO Crly4aeB 0 3
BepemeHHoCTb MO cueTy 122, % 36 44
AHecTesus AnunaypanbHas AnuaypanbHas/HapKo3

lMpumedarme: JaHHble NpeAcTaBneHbl kak cpegHee + SD, *p < 0,01

Table 2
Patents’ demographic and clinical characteristics

Characteristics Control PE
Number 9 8
Maternal age, years 31,734 31,4+3,7
Gestational age at delivery, weeks 38,6+0,8 371 £ 07
Systolic blood pressure, mm Hg 1154172 140,4 + 8,3*
Diastolic blood pressure, mm Hg 729150 91,0 £9,4*
Proteinuria, g/L 0,0 1,9 +2,6%
Newborn mass, g 3455,0+488,8 2513,6 £362,9*
Newborn gender (Male/Female) 4/5 2/6
Intrauterine growth restriction, number of cases 0 3
Gravida 122, % 36 44
Anesthesia Epidural Epidural/narcosis

Note: Data are presented as mean+SD, *p < 0.07.

3HaueHUs CUCTOJINYECKOr0 U AUacTO/INYeCKOro
apTepyabHOTO [JaB/IeHMs], a TAKKe TI0Ka3aTe/Ib ITPOTeu-
HypuH OBUIH JOCTOBEPHO BBILLIe B TPYTINAX Y MalieHTOK
¢ 1D, yem B KOHTpO/TLHOM rpyrrie. Takke HabMOAATNCH
[OCTOBepHbIe pa3/IMuMs 10 Macce IUI07a NPY POXKAeHUU
Mexay rpymnmnamu [15 u koHTpons.

OT BCex naleHTOK, BK/IIOUEeHHBIX B UCC/Ie/0-
BaHMe, ObLTH TTOTyueHbl 00pa3ifbl mepudepruyecKoi
KPOBU, U3 KOTOPOU BbIAESIA Knaccuyeckue CD14+
MOHOLTHI. [TosyueHHbIe (paKIM MOHOLIUTOB OKpa-
LIMBa/IMCh aHTUTe1aMu TIpotuB CD14 s ipoBepku
YHCTOTBI COPTHHTA, KOTOpasi cocTaBuia bosee 80 %

OBSTETRICS AND GYNECOLOGY

BO BCeX TOTy4YeHHBIX Tpobax. MUHOPHBIN TIPOLIeHT
TMONYJIALMU OKpalluBascs antutenamu Kk CD16, uto
MOJKeT yKa3bIBaTb Ha He3HAYUTE/IbHYIO [IPUMeCh Kile-
TOK, 9KCIIPeCCUPYIOIIMX 00a THMa perienTopoB. Takyto
CyOMOMy/ALUI0 MOHOLIUTOB OTHOCST K TIPOMEXKYTOU-
HbIM. PerpeseHTaTviBHOe OKpalllMBaHVe IPUBEEHO
Ha Pucynke 1.

B nonyuennsix knaccnyeckux CD14+ moHOLmTax
WCC/eoBaId ypOBHU 3Kcripeccyy reHoB CXCRI, JUN,
CXCL8, ADGREA4P, IL7R, ARL17A metonom I1LIP B pe-
anpHOM BpeMeHu. Tabnuiia, cyMmmupyrorasi GyHKIUH
Ka)K7IOTO U3 TeHOB, TIpe/iCTaBieHa HKe (Tabsm. 3).
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Puc. 1. Penpe3eHTaTuBHbIE OT-NNOT AMarpaMmMbl GOKOBOIO 1 (POHTANIbHOIO CBETOPACCEAHMS MPO6bl KOHTPOSLHOM rpynna
(A) v rpynnbl M3 (B). PenpeseHTaTUBHbIE TMCTOrpaMMbl OKpalLneaHua aHTu-CD14 (B, M) n aHTu-CD16 aHTUTenamm
([, E) (3eneHas 3anvBka) Npobbl KOHTponbHoi rpynna (B, ) v rpynnbi M3 (I, E). HeokpalleHHbIn KOHTPOb — CUHAA 3annBKa.
[POLEHT NONOXMTENBHbIX KNETOK yKa3aH HaZi MapKepOM
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Fig.1. Representative dot plots of side and frontal scatter of the control group (A) and PE group (B) samples. Representative
histograms of anti-CD14 (C, D) and anti-CD16 (E, F) staining (green shading) of the control group (C, E) and PE group (D, F)
samples. Unstained control — blue. The percentage of positive cells is indicated above the marker
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HasBaHus reHOB LIUTOKUHOB, peL,enTopos U 6eJ1KOB, nx d)yHKUMVI W poJib B OpraHume

Ta6nuya 3

HasBaHue reHa

dyHKLMM

Ponb B HOpMe 1 Npuy naTonorum

UcTouHKK

CXCR1(CD128;
CD181; CKR-1;
IL8R1 etc.)

leH BbicokoahhMHHOrO peLen-
Topa IL-8. SkcnpeccupyeTcsa
B Pas/IMyHbIX TKaHSX, BKJtoYas
KOCTHbI MO3r, ceTyaTKy rnasa,
cepaue, nerkue v nnaueHTy.

N3meHeHuns akcnpeccun CXCR1 Bo Bpemsi 6epeMEHHOCTM MOXKET
B/IMSITb HA UMMYHHYHO QYHKLMIO M BOCMPUMMYMBOCTb K MHBeKLK-
AM. NokasaHo, 4To A0N1A MOHOLMTOB, aKcnpeccupyrowmux CXCR1,
yBe-TM4MBaeTcs BO BpeMsi 6epeMeHHOCTH B OTBET Ha aKTUBaL MO
TLR3 nytn. CHuxeHune akcnpeccun CXCR1 B aHA0TENMaNbHbIX
KneTKax MyrnoBWHbl accoummn-poBaHa ¢ rubenbio nnoga.

[18-20]

JUN(APT; p39;
AP-1; cJUN; c-Jun
etc.)

l'eH TPaHCKPUMLMOHHOTO haKTopa,
KOTOPbIiA perynmpyeT aKCrpeccuio
reHOB, Y4aCTBYHOLLMX B nponudepa-
uuu, anddepeHUNpOBKE, BbDKMUBA-
HUW 1 BOCNaNEHUN KNETOK.

B kneTkax, nuwieHHbIX Jun, NoBblwaeTcs akcrnpeccus pS3 u p21,
Ha6ntopatoTcs fedekTbl KNETOYHOro LMKa. dkcrnpeccus reHa
Jun nomoraet nogaepXuBatb UMMYHHbIR romeocTas. C-Jun yya-
CTBYeT B akTuBauuu Makpodaros, perynmpysi 3KCrnpeccuto npo-
1 NPOTUBOBOCNAJIMTESIbHBIX FEHOB NPY CTUMYNALUN Pa3NUyYHbIMU
LMTOKUHaMW, Npo- UM NPOTMBOBOCMANUTENIbHbIMU CTUMYJIaMMU,
a TakXke MUKpPOGHbIMUM areHTaMu. MakcumanbHas akcnpeccust JUN
HabntoAaeTca Ha paHHKUX CpoKax 6epeMeHHOCTY.

[21-23]

CXCLS8(IL-8; NAF;
GCP1 etc.)

l'eH KoAUpYyeT XeMOKUH UHTep-
neitkunn-8 (IL-8), koTopbliit AiBNsieTCA
OfiHUM U3 OCHOBHbIX Me[iMaTopoB
BOCMannTeNbHON peakuuu.

IL-8 cekpeTupyeTcs MOHOHYK/IeapHbIMU Makpodaramu, HernTpo-
dunamu, sosmHodunamu, T-numdoLmTaMu, aNUTeNnanb-HbiMu
KneTkamu n pubpobnactamu. IL-8 urpaet ponb B perynMpoBaHum
NpUBEYEHUS N aKTUBaLMN HEUTPODMUIIOB, YTO MOXET ObITb BaXKHO
ANSA pasBUTUA NNOAA U 3alWMTbI OT BocnaneHus. IL-8 urpaet romeo-
CTaTUYECKYHO POJb, B YACTHOCTU PETYSIMPYET BbIXOZ, HENTpohuios
13 KOCTHOrO MO3ra U MHAYKLUMIO MUrpauun HeiTpodunos. Mpu
MaTepUHCKOW annonMmMyHusauuu (Bocnanu-TeNnbHoOM peakuuu
NMpOTWB 6ENKOBbIX @HTUIEHOB B 3pUTPOLIMTAaX NI0Aa) ypoBeHb IL-8
3HaYUTENIbHO MOBbILWAETCA.

[24,25]

ADGRE4P (EMR4;
FIRE; EMR4P;
PGR16; GPR127)

[MceBporeH peuentopa GPCR,
OTBeYaloLLero 3a aare3uto U Mu-
rpaumio NefKounToB.

JKcnpeccupyeTcs B pa3/iyHbIX TKaHAX YenoBeka, CBSA3aHHbIX
C UMMYHUWTETOM, BKJtOHYaa TUMYC, Cele3eHKY, MOHOLUTbI 1 fieH-
ApUTHbIE KNeTKWU. HecMOTpSA Ha TO, Y4TO OH ABNAETCS NCEBLOMEHOM,
CyLLLeCTBYeT NPeANoJIOXEHNE, YTO CEKPETUPYEMbIN 6eNnoK U3 232
aMWHOKMCNOT, 06pa3yoLnica B pesynbTaTte CABWUra paMKu cuu-
TbIBaHUWS, MOXET UMETb 61ONOrMYECKYHO PYHKLMIO.

(26]

IL7R (ILRA; CD127;
IL7RA etc.)

l'eH kogupyeT peuenTtop Ans IL-7.

IL-7 — Ba)XKHEWLIMIA UMTOKWH, perynupyrowmii nponvdepaunto
Th-17 kneTok. CooblaeTcs, 4To Th-17 KNeTkn HeraTUBHO BNUAIOT
Ha MMNNaHTauuo aM6puoHa. MoBbileHHana akcnpeccus IL7
B AleLMAyanbHbIX KNeTKax Nnpy BbiKuAblLLax yKasblBaeT Ha ero posib
B CUrHanuM3awLmm K/eTokK nnaueHTbl. YpeamepHas akcnpeccus IL-7
MOXET NPUBOAUTb K PaHHWUM NOTEPSIM 6epeMeHHOCTY.

[27,28]

ARL17A (ARF1P2;
ARL17P1)

Benok, koanpyembli reHom
ARL17A, o6napaeT crnoco6HOCTbHO
cBAsbiBaTb TP u yyacteyeT
BO BHYTPWKJIETOYHOM TpaHcropTe
6eKoB.

YyacTByeT BO MHOTUX PErynsTOPHbIX NYTSAX, UMEOLMX OTHOLLEHWE
K KaHLieporeHesy 4Yenoseka.

[29]
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Table 3
Genes of cytokines, receptors and proteins, their functions and role in the organism
Gene Function Role Ref.
High-affinity IL-8 receptor Alterations in CXCR1 expression during pregnancy may affect immune
CXCR1(CD128; gene. Expressed in various function and susceptibility to infections. The proportion of monocytes
CD181; CKR-1; tissues including bone expressing CXCR1 has been shown to increase during pregnancy in | [18-20]
IL8R1, etc.) marrow, retina, heart, lungs, response to TLR3 pathway activation. Decreased CXCR1 expression in
and placenta. umbilical cord endothelial cells is associated with fetal death.
A transcriotion factor gene In cells lacking Jun, p53 and p21 expression increases, and cell cycle
JUN(APT; p39; that re ular;es the ex rgssion defects are observed. Jun gene expression helps maintain immune
. 'l? ! gut €xp homeostasis. c-Jun is involved in macrophage activation by regulating
AP-1; cJUN; c-Jun, | of genes involved in cell ) . . . [21-23]
etc.) proliferation, differentiation the expression of pro- and anti-inflammatory genes upon stimulation
’ survival and' inflammation ! by various cytokines, pro- or anti-inflammatory stimuli, and microbial
! ' agents. Maximum JUN expression is observed in early pregnancy.
IL-8 is secreted by mononuclear macrophages, neutrophils, eosinophils,
T-lymphocytes, epithelial cells, and fibroblasts. IL-8 plays a role in
The gene encodes the regulating the recruitment and activation of neutrophils, which may be
CXCL8(IL-8; NAF; chemgokine IL-8. which is one important for fetal development and protection against inflammation.
GCP1 etc)’ ’ of the main meaiators of the IL-8 plays a homeostatic role, in particular, it regulates the release | [24, 25]
P inflammatory response of neutrophils from the bone marrow and the induction of neutrophil
yresp ’ migration. In maternal alloimmunization (an inflammatory reaction
against protein antigens in fetal red blood cells), the level of IL-8 increases
significantly.
ADGREA4P (EMR4; | A pseudogene of a GPCR It is expressed in a variety of human immune-related tissues, including the
FIRE: EMRAP: ! P °9 . thymus, spleen, monocytes, and dendritic cells. Although a pseudogene,
; ; receptor involved in leukocyte | . has b d that the 232-ami id d . e [26]
PGR16; GPR127) adhesion and migration it has been sugge.ste that the 3. -amino aci §ecrete protein resulting
! ’ from the frameshift may have a biological function.
IL-7 is a key cytokine that regulates the proliferation of Th-17 cells. Th-17
IL7R (ILRA; CD127; | The gene encodes a receptor | cells have been reported to negatively affect embryo implantation. Increased [27, 28]
IL7RA, etc.) for IL-7. IL7 expression in decidual cells in miscarriages indicates its role in placental !
cell signaling. Excessive IL-7 expression may lead to early pregnancy loss.
The protein encoded by the
:RRIHI77F61 gARH P2, QR;LQAGQI.?:: daisstir:]?/(?l?/le“;yin It is involved in many regulatory pathways related to human carcinogenesis. | [29]

intracellular protein transport.

JKCIIpeccruss UMMYHHO-aCCOLIMMPOBaHHOIO TeHa
IL7R He BbIsIBU/A pa3nuuuii Mexxay rpynmnamu. IL7R
KOAUPYeT peLenTop AJisi uHTepseiikuHa-7 (IL-7), KoTo-
PbIi KDUTHUECKHU Ba)KeH /11 Pa3BUTHS U BbKMBaHUS

OBSTETRICS AND GYNECOLOGY

MMMYyHUTeT [27].

T-nmumdorutoB u B-mumdorutoB. OH UrpaeT K/ItoueByto
poJib B IMMYHHOM cucTeMe, obecrieunBast ofieprka-
HUe U pa3BUTHe K/IeTOK, OTBeYaroL1X 3a a/lallTUBHbIN
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Puc. 2. YpoBeHb OTHOCUTENbHOM aKcnpeccun reHoB IL7R n JUN B knaccunydeckinx CDT4+ MoHOUMTaX OT NaLUMEHTOK
¢ GusMonormyeckol 6epeMeHHOCTbHO (KOHTPOSIb) M MaLMeHTOK ¢ 13

Fig. 2. Relative expression level of IL7R and JUN genes in classical CD14+ monocytes from patients with physiological
pregnancy (control) and patients with PE

ITpu aHanM3e ypoBHSI OTHOCUTEBHOM KCIIPeCCUr
reHa JUN Obl/I0 1TOKa3aHO, YTO OH CXOX MEXY TPYII-
noii KoHTpoJist v I19 (puc. 2). I'en JUN KogupyeT ofvH
13 KOMITOHEHTOB TPAHCKPHUITL[MOHHOTO (akTopa AP-1
(Activator Protein 1), KOTOpBIi peryipyeT 3KCIPeCCHio
TeHOB, YUaCTBYIOLIUX B KII€TOUHOM pocCTe, JuddepeH-
1upoBKe U aronTose [21, 22]. JUN urpaeT BaXXHYIO PO/ib
B peakL1six Ha CTPecC U BOCIa/IUTe/IbHble IIPOLIeCChl.

ITpu uccnenosanuu reHa CXCR1 Takxe He ObIIO
TO/Ty4eHO 3HaUMMBIX pa3/IMuvi ero SKCrpeccuy Mexay
rpynmamiu (puc. 3). CXCR1— 370 peLjentop XeMOKHHa
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CXCLS8 (IL-8). On urpaet K/t0ueByt0 pOib B UMMYH-
HOM OTBeTe, Pery/I1pys MUIpaLi10 HeUTPOQUIOB U Jpy-
I'MX KJ1eTOK IMMYHHOM CUCTeMbI K MeCTaM HH(eKLHH
1 Bocranenusd [18, 20].

B ciiyuae rena CXCL8 mbl Habmrofany 3HaYMMOe
CHIDKEHHe ero 5KCIpeccHy B KJIacCUYeCKMX MOHOLIMTAax
OT mauueHToK ¢ 13 nmo cpaBHeHUIO C MOHOLIUTaMHU
OT MAaLMeHTOK KOHTPOJIbHOM TpyTinkl (puc. 3). CXCLS,
TaK)Ke U3BeCTHbIN Kak HTepeliku-8 (IL-8), ssnsiercs
XeMOKHHOM-J/IUTaH/I0OM HCC/IeJ0BaHHOTO HaMH BbILIIe
reHa perieniropa CXCR1 [24, 25].
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Puc. 3. YpoBeHb 0THOCUTeNbHOM akcnpeccun reHoB JUN n CXCL8 B knaccuyeckmnx CDT4+ MOHOUMTaX OT NaLUMEeHTOK
C OU3MONOrNYecKolr 6epeMEHHOCTbLIO (KOHTPOSIb) M NaLmMeHToK ¢ 113, *p<0,05

Fig. 3. Relative expression level of JUN and CXCL8 genes in classical CD14+ monocytes from patients with physiological
pregnancy (control) and patients with PE. *p<0.05

Tak>ke HaMU ObIJIO BBISIBJIEHO 3HAUUMOE TOBbI-
meHue skcnpeccuu reHa ADGRE4P B rpynne c 119
(puc. 4). ADGRE4P — 3T0 1niceBA0reH, KOTOPbIH,
Kak TIpe/irioJjiaraeTcsl, siB/isieTCs HeaKTUBHOM Bep-
cuelri reHa ADGRE4. ADGREA4P siBnisieTcs 4/1eHOM
cemelicTBa reHoB penentopa EGF-TM7, koTopsli,
KakK M0J1aratoT, urpaeT poJib B aire3Uu U MUTPaLUU
JedKo1uTOB [26].

OBSTETRICS AND GYNECOLOGY

HecmoTpst Ha HEKOTOpOe CHW)KeHNe YPOBHS OT-
HOCHUTeJIbHOU 3Kcrpeccur ARL17A B TOi1 ke TpyIIIe,
CTaTHCTUYeCKasi 3HaUMMOCTh He Oblyia IOCTUTHYTA.
ARL17A otHOocuTcs K cemeiicTBy manbix GTPa3
Y MIpeJiosaraeTcs, YTo OH yyacTByeT B pery/siliuii
KJIETOUHOW aKTUBHOCTH, BKJTFOUasi B3aUMOCBSI3b C Kile-
TOUHBIM LJUTOCKe/IeTOM, U3MEeHEeHUsIMU B KJIeTOUHOU
MemOpaHe ¥ TPaHCIIOPTOM BHYTPH KJieTku [29].
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Puc. 4. YpoBeHb OTHOCUTENbHOM aKcnpeccun reHoB ADGRE4P v ARL17A B knaccuyeckunx CD14+ MoHoUMTax OT NaumeHToK
C GM3MONorMYecKor 6epeMeHHOCTbIO (KOHTPOSb) 1 NaumMeHToK ¢ M3. *p<0,05

Fig. 4. Relative expression level of ADGRE4P and ARLT7A genes in classical CD14+ monocytes from patients with physiological
pregnancy (control) and patients with PE. *p < 0.05

Cpeau MOHOLIUTOB nepudepryeckoil KpOBU
Yyesl0BeKa MPUHSATO BBHIJESITh TPU CyOmomysi-
uuu: Knaccuueckyw (CD14++CD16+), Hekac-
cuyeckyr (CD14-CD16++) 1 npomMeXXyTOUHYO
(CD14+CD16++) Ha OCHOBaHUM 3KCIIPECCUU Ha T0-
BEPXHOCTU MOHOLIMTOB MaTTePH- Paclo3Harolero
peyentopa CD14 u Fc ramma III perjentopa CD16
[30]. T13, KaK TsoKenoe recTalOHHOEe OCI0KHEHHE,
OTI0Cpe/IoBaHHOE B TOM UMCJie HapyILIeHUsIMU UM-
MYHHOTO B3aUMO/IeHiCTBUSI MaTb-11JI0[, TPe/CTaB/sIeT
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00/IBIIION UHTEPEC B TOM UMCJIe C TOUKH 3PEeHUs
y4acTUsi MOHOITUTOB B 3TOM MaTosioruu. Pa3Butue
TeXHOJIOTUM, B UaCTHOCTU CEKBEHUPOBaHUs, M0~
CTeTeHHO MeHsIeT Hallle TOHUMaHHue MHOT000pa3us
cyOmonynaiuii MOHOILUTOB U UX poJiH npu [13.
YeTwIpe anbTepHATUBHBIE CYOTIOMY/ISIIUA MOHOITH-
TOB, LIUPKY/JIUPYIOLIMX B MepudepruecKoil KpOBH,
ObUTM BLISIBIIEHBI TIPH aHa/IM3e Ha YPOBHE eJUHUYHOMN
KJIeTKM B MOHOHYKJ/IeapHO# (ppakijuu KpoBu Zhou
U Kojimeramu [4].
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M3meHeHMe CyOronysui MOHOLIMTOB Tepude-
prUeCcKol KpOBH MpU paHHel u no3zaHei [19 crano
00BeKTOM ucc/iefioBaHys B pabore Bernier [31]. ABTOpEI
MOKas3aiy, YTO yPOBeHb K/laCCUYeCKUX MOHOLIMTOB
ObUT BLICOKMM KaK TIPY PaHHEeH, Tak U TPy Mo3/HeiH
13, To BpeMsi Kak HeK/laCcCUUueCKre MOHOIUTBI ObI/TH
CHIKEHBI TOJTBKO B rpyrtirne paHHei [10 [31]. Takke
OBbLIO 10Ka3aHO CHIDKEeHHe KOJIMUeCTBa Pery/siTOPHbIX
T-kneTok B 06eMx rpyTirax 1o CpaBHEeHHIO C KOHTPOJIb-
HOW U yMeHbllIeHHe KouecTBa Th2 muM@onuTos npu
no3aHel I12. HTepecHo, YTO TOBLILLIEHHE YPOBHS
LINTOKMHOB/XeMOKHHOB U (paKTOPOB POCTa OTMeua-
JIMCh B cayyvae no3gHel [1D B oinume OT KOHTPOJIb-
HOM rpynmnbl U paHHel [13. Takke npu no3axei [10
aBTOPBI OTMeYa/Iy yBe/MueHre YPOBHSI MOHOLUTOB,
npoayuupyroumx IL-12, TNF-a u IL-1b, no cpaBHeHnto
C TPYIIIION KOHTPOJIA.

[IpepnocelIKaMH K JAHHOMY KUCC/IeL0BaHUIO M10-
CJIY’KWIM paHHee T0JIyYeHHble HaMU JJaHHble microarray
aHa/n3a BblJle/IeHHbIX U3 KPOBU MauueHTokK ¢ [13
KJIaCCUYeCKUX U HeKJIacCUYeCKUX MOHOLIUTOB [14].
Hamu 66111 BEIOpaHBI K/TtOUeBbIe TeHbI, 3a/IeiCTBOBaH-
Hble B BbISIBJIEHHbIX CUTHA/IbHBIX ITyTAX U [IPOBeJeHa
oLleHKa ux JKcrpeccur. Cpey Harboee HHTePeCHBIX
pe3y/bTaToB MOXXHO OTMETUTh U3MEHEeHHUs B SKCIIPeCCUr
CXCLS8, uto coracyeTcs ¢ paHee OMmyO/TMKOBAaHHBIMU
HaMU JJaHHBIMU MUKDOYMIIOBOrO aHanu3a. Ilpu I19
TIPOUCXOJUIIO CHIKEHHE OTHOCHUTEIBHOTO YPOBHS 3KC-
npeccur CXCL8. B pabote Pinheiro v Kosiier aHaim3
LIMTOKWHOB B IJIa3Me KPOBH I10Ka3aJsl, UTO YPOBEHb
CXCL8 6buT 3HAUMTE/IBHO BBIIIIE Y XXeHIUH ¢ 19
10 CpaBHEHHIO C HeOepeMeHHBIMU KeHIIUHaMU [32].
B apyrom uccieoBaHny Takxke ObLM 0OHAPY>KeHbI
6osnee Bricokue koHLeHTpauu CXCL8 B chiBOpoTKe
y nagueHToK ¢ [13, uto noguepkrBaet pons CXCL8
B ee maroreHe3e [33]. BeposiTHO, Hab/moaeMble HaMU
pesy/bTaThl SIBSIOTCS KOMIIEHCaTOPHBIM 3 QeKToMm,
MPU3BaHHBIM CHU3UTH Npogykunio CXCL8 moHoIm-
Tamu 1ipu I13.

B xoze MHOTO3TarmHOr0 6MOMHGOPMaTHUe CKOTO
aHanm3a re IL7R ObLT UAeHTUDUIIMPOBAH KaK OAVH
u3 hub-reHoB, KOTOPBIN MOXKET OBITH HCTIO/IB30BaH B Ka-
yecTBe JuarHoctuyeckoro buomapkepa I10 [34]. s
TIPOBEPKH 3TOTO pe3y/ibrara Obi1 ipoBezieH Metoy [TLIP

OBSTETRICS AND GYNECOLOGY

B pea/lbHOM BpeMeHHU, pe3y/bTaTbl KOTOPOro MoKa3aaiu
TOBBIIIEHHBIN YPOBeHb JKCIIpeccuu reHa IL7R B TKaHSIX
IUIaLleHTh MaLueHToK C I10 B cpaBHEHMM C KOHTPOJIEM.
B Hauem ucciegoBanuy, O4HaKO, 3Kcripeccus IL7R,
paBHO Kak U JUN u ARL17A B K/1acCHUUYeCKUX MOHO-
LITax, He U3MeH/1ach.

NHTepecHOe HaXO[KOU SBUJIOCH 3HAUUMOe
MOBBILIEHUe 3KcIpeccuu nceBgoreHa adhesion G
protein-coupled receptor E4 (ADGRE4P) nipu I13.
ADGREA4P — nipeacraButenb Knacca b (afre3noHHbIH,
Adhesion GPCRs) cynepcemeiicTBa peLienTopoB, CO-
npspKeHHBIX ¢ G-0e/IKoM, pacmo3HaIoIIUX pa3/IndHbIe
JIMras/ipl (OPMOHBI, HEUPOTPaHCMUTTEPBI), U TAKUM
obpa3oMm orocpeayrolie Peryasiquio KJIH4eBbIX
¢du3nosornyeckux npoueccos. Poib oTAeMbHBIX
npegcraButesnei cemerictea Adhesion GPCRs mno-
Ka3aHa MpH MaTolIorusx 6epeMeHHOCTH, TaKUX Kak
HeBbIHamMBaHUe [35] u rumnokcus moaa [36]. Oco-
OeHHOCTBIO peLenTopoB rnojceMeiicTBa E sBisieTcs
Hanvuue Epidermal Growth Factor-like fomena.
HauboJsee onmcaHHBIM TIPe/CTaBUTeNIEM SIBISIETCS
ADGRES5/CD97. s CD97 noka3aHOo y4acTHe B MIpO-
1jecce uHBa3uu Tpodobnacta uepe3 PI3K/Akt/mTOR
CUTHaJ/IbHBIN MYTh, & ero HU3KWM YPOBEHb 3KCIPeCCUU
B I1aljeHTe accoruupoBad c [13 [37]. dyHkumu pe-
1ientopa ADGRE4 u ero rnicepgjorena c1abo orvcaHsbl.
[Ipeamnonaratot, uto ADGRE4P moskeT onocpezoBarb
K/IETOUHOE B3aUMO/IeliCTBUE MeXy MUeTOUJHbIMU
K/leTKamMu 1 B-knetkamu [38]. TIpu aHanm3e AaHHBIX
TPaHCKPHUIITOMA JIEMKOLUTOB KPOBU Y MOHOLIUTOB
JKeHI[UH CO CIIOHTaHHBIMU Ipe’KJeBpeMeHHbIMU
pozaMu OBIIO BBISIBIEHO 3HAUMMOE CHIDKEHHE YPOB-
He 3Kcripeccur reHa ADGRE4P Kak B MOHOL[UTAX,
Tak | B jiefikoruTax [39]. TakyKe 3HaUMMO HHM3KHUM
YPOBeHb KCIIPeCCHH 3TOTO reHa ObLT BISIB/IEH TIPU
RNA-seq niaLieHT TIpy HOpMabHOW GepeMeHHOCTH
Y BHYTPUYTpPOOHOI 3a/iep>kke pa3Butus roga [40].

[TonyuyeHHbIe B JaHHOM paboTe pe3y/bTaThI SIB-
JIIFOTCS [JOTIOJIHEHUEM K y’Ke UMeIOLMCS JaHHbIM
JpYTHX UCCefoBaTeniell BBUAY TOTO, UYTO OMUCHIBAIOT
V3MeHeHUs], IPOUCXOZsLLIMe Ha YPOBHe KCIPeCCUU FeHOB
B M30/TMPOBAHHOW CyOTIOMY/ISILIAK KTaCCUUeCKUX MOHO-
L[UTOB, a He L|eJIbHOW KPOBU UM ee MOHOHYKJ/IeapHO1
(hpakiyu, Kak B yIIOMSIHYThIX paboTax kosuter [4, 31].
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OrpaHuuyeHHs UCC/IeOBAHUS
OFpaHI/I‘—IeHI/IEM JAAaHHOTI'O MCC/1e0BaHMs AB/IAETCA
MaJiblii pa3Mep BbIOOPOK, 00YC/IOB/IEHHBIN C/IOKHOCTBIO
B3sTHs OMOMaTepurarna.

BbiBOAbI

B 3akstoueHre CTOUT OTMETUTD, UTO HECMOTPS
Ha MaJIbli pa3Mep BLIOOPOK, pe3y/bTaThl MPo/e/IaHHON
pabOThI BHOCST BECOMBIM BK/Ia/l B TOHUMaHHE POJTH
OT/Ie/IbHBIX CyOTIOMy/IAIMI MOHOIUTOB B pa3BuTuhe I10.
OueBH/IHO, UTO MOHOITUTBI MOTYT U3MEHSITh I[UTO-
KUHOBBIY TTPO(dUIIBL TI71a3Mbl KDOBU TMaLMeHToK ¢ I13,
YCUMBAaTh PeaKIH BPOXK/[EHHOTO IMMYHUTETA, B TOM
yKc/ie BocrajseHue. Byayun KOCTHOMO3TOBBIMU Tpe/i-
I1IeCTBeHHUKAMH B TOM UMCJIe TUIAl[eHTapHBIX MaKpo-
(haroB, MOHOLIMTHI BOB/IEUEeHBI B TeueHe HOPMaTbHOM
OepeMeHHOCTH, HauKHasi C YCIelIHON UMIIIaHTal[ui
sMOpuroHa. [To/lyueHHbIe HAMU JJaHHbIE YKa3bIBAOT
Ha 10, uTo 3kcnpeccusi CXCLS8 (IL-8) nmpereprieBaeT
cepbe3Hble U3MeHEeHUs B K/IaCCUUeCKUX MOHOLIMTax
nipu I13.
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Abstract. Relevance. Cervicitis remains a major health problem worldwide with a global prevalence ranging from 20% to
40% among women attending reproductive health clinics. In Russia, this disease affects approximately 15% to 30% of women of
reproductive age. It’s a significant problem requiring a revision of existing medical screening protocols for this population. The
high prevalence of cervicitis indicates the need for a more systematic approach to diagnosis and treatment to reduce incidence and
prevent possible complications. Materials and Methods. We analyzed data from 2991 studies from the archive of the Laboratory
Diagnostics Center of the Medical Complex of the Far Eastern Federal University in Vladivostok for the period 2014-2023. Data
analysis included statistical processing, searching for correlation dependencies between numerical and categorical indicators,
and building a logistic regression model. The data were checked and validated on a test sample to ensure the representativeness
of the results and their application in clinical practice. Results and Discussion. During the study, a mathematical predictive
model of logistic regression was developed in the form of a scale for preliminary assessment of the presence of inflammatory
processes in the cervix based on parameters including the presence of mucus and key cells, as well as the calculated indicator of
the total microbiota. The resulting model demonstrated moderate accuracy in recognizing cervicitis (AUC = 72%), allowing it to
be effectively used in practice for the early diagnosis of cervicitis. Conclusion. Mathematical analysis of extracellular elements
data can be used as a diagnostic tool to assess the presence of changes associated with an increased risk of cervical inflammation.
The use of this scale in clinical practice can significantly improve the quality of diagnosis and treatment of cervicitis, helping
to reduce morbidity and improve women’s reproductive health.
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Introduction

Cervicitis, or inflammation of the cervix, is a con-
dition particularly common among sexually active
women [1-3]. Studies estimate that the prevalence
of cervicitis in women worldwide ranges from 20%
to 40%, with higher rates in developing countries due
to limited screening and treatment options [1, 3]. In
Russia, cervicitis is also a major public health prob-
lem: recent epidemiological data indicate that it affects
approximately 15% to 30% of women of reproductive
age [1-4]. The variability in prevalence both globally
and within Russia highlights the need for improved
screening protocols and available treatment options.

A variety of factors may contribute to the develop-
ment of cervicitis in women [2—4]. These factors include
estrogen deficiency, cervical trauma that occurs during
childbirth, abortion, or diagnostic curettage. Also, the
use of intrauterine contraceptives (IUD) disrupts the
integrity of the cervix and its protective mechanisms,
facilitating the penetration of infection into the genital
tract and causing inflammation, including exo- and
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endocervicitis. Additional provoking factors may include
benign tumors of the cervix, decreased immunity, pro-
lapse of the cervix and vaginal walls, as well as practices
such as sexual intercourse during menstruation, acid
douching, and improper use of spermicides. Cervical
pathology may also be caused by vaginal dysbiosis,
since a deviation in the pH of the environment from the
norm changes the composition of the vaginal microflora,
creating conditions for infection [2, 4]. Women who
have previously had cervicitis, suffer from concomitant
inflammatory diseases of the genitourinary system, have
had sexually transmitted infections (STIs), have had
early sexual intercourse, have more than one partner,
or have promiscuous sex without contraception are at
increased risk of developing this pathology.
Cervicitis diagnostics include a few methods, each
of which has its own advantages and disadvantages
[3, 4]. Inflammation of the cervix is most often caused
by infectious agents such as Chlamydia trachomatis
and Neisseria gonorrhoeae, or non-infectious physico-
chemical factors listed above. Diagnostic tests usually
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include a gynecological examination using speculums,
colposcopy, ultrasound examination of the pelvic or-
gans, nucleic acid amplification tests with polymerase
chain reaction (PCR), culturing methods, microscopic
examination, and serological tests. A pelvic examination
with a speculum provides a basic visual assessment of
the cervix, allowing for the detection of obvious signs
of inflammation, discharge, or lesions. This method is
a fundamental part of the pelvic examination and is
usually the first step in the evaluation of a patient with
symptoms of cervicitis [5-6]. However, its accuracy
is limited because it relies solely on visual inspection,
meaning that it cannot detect specific pathogens or
cellular changes that may indicate infection.
Colposcopy offers a more detailed examination
of the cervix using a specialized microscope — a col-
poscope. This method improves visual examination
by magnifying the tissues of the cervix, allowing for
the detection of abnormalities that are not visible
during a standard gynecological examination [7, 8].
Colposcopy can detect precancerous changes, lesions
caused by the human papillomavirus (HPV), and other
structural changes, thereby increasing the accuracy of
diagnosing conditions that may accompany cervicitis.
However, since this method is invasive, it is contrain-
dicated in acute inflammatory conditions (including
acute vaginitis and cervicitis) [7, 8]. This method can
also cause complications in the form of heavy bloody
discharge, exacerbation of local inflammatory processes,
discomfort in the genital area and lower abdomen, and
an increase in temperature when taking biopsy material
from altered areas. Pelvic ultrasound uses ultrasound
waves to create images of the internal structures of the
pelvis based on the physical principles of echolocation.
This noninvasive imaging technique can identify asso-
ciated macromorphologic complications of cervicitis
such as abscesses, pelvic inflammatory disease, or
other pelvic pathologies [9—11]. Ultrasound facilitates
a comprehensive assessment, revealing abnormalities
that cannot be detected by physical examination or
laboratory testing alone. PCR is the gold standard for
diagnosing infectious causes of cervicitis due to its
high sensitivity and specificity. This test can detect
the genetic material of pathogens with a sensitivity

OBSTETRICS AND GYNECOLOGY

exceeding 90% and a specificity often exceeding 95%,
making them highly accurate for identifying Chlamydia
trachomatis and Neisseria gonorrhoeae and viruses such
as human papillomavirus (HPV) strains and herpes
virus. The ability to detect low levels of bacterial and
viral DNA in clinical specimens such as endocervical
swabs or urine provides a significant advantage over
traditional methods [12-14, 17, 20, 21]. However, the
major drawback of PCR is its high cost and the need
for specialized equipment, which limits its availability
in resource-limited settings.

Culture methods, although historically central to
the diagnosis of bacterial infections, have fallen into
disuse due to their lower sensitivity compared with
PCR. Culture sensitivities for N. gonorrhoeae and C.
trachomatis range from 50% to 85%, depending on the
pathogen and specimen quality [3, 4, 14, 15]. Cultures
are useful for antibiotic susceptibility testing, which
helps to select appropriate treatment. However, they
are time-consuming, typically requiring several days to
obtain results, and require strict specimen handling and
transportation conditions. Serologic tests, although less
commonly used in the routine diagnosis of cervicitis,
may be useful in certain circumstances, such as in the
diagnosis of herpes simplex virus (HSV) infections,
which may present with cervicitis [1, 3, 4, 14]. These
tests measure the presence of antibodies and may indi-
cate past or current infections. The main disadvantage
of serologic testing is the potential for cross-reactivity
and the inability to differentiate acute from chronic
infections.

Microscopic cytomorphological screening examina-
tion of Pap tests, including Gram, Romanovsky-Giemsa
and Papanicolaou staining, provides rapid information
on the presence of infection and the state of the cells
[3, 4, 17-19]. However, these methods, despite their
effectiveness in obtaining rapid results, have limitations
in sensitivity and specificity compared with molecular
methods, making them an additional tool in modern
diagnostics.

Gram staining is used to detect typical bacteria
such as Neisseria gonorrhoeae with a sensitivity of
50% to 70%, by detecting characteristic Gram-negative
diplococci [16, 18, 19]. However, this method is less
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effective in detecting Chlamydia trachomatis, which
stains poorly with Gram.

Wet microscopy of unfixed tissue is useful for
identifying Trichomonas vaginalis and assessing for the
presence of clue cells indicative of bacterial vaginosis.
This method allows direct observation of the character-
istic flagella of Trichomonas vaginalis, which makes
it informative for the diagnosis of trichomoniasis [16,
18, 19]. The presence of clue cells, which are epithelial
cells coated with bacteria, indicates bacterial vaginosis.
However, wet microscopy is less informative for other
causes of cervicitis.

Papanicolaou staining (Pap test) is used to assess
not only the morphology of epithelial cells, but also
to detect infections [17—19]. The method allows iden-
tification of Chlamydia trachomatis by the presence
of cytoplasmic inclusions in epithelial cells. For more
accurate detection, additional use of immunocyto-
chemical methods is often required. In addition, the
Pap test helps to detect viral infections, such as human
papillomavirus (HPV) infection, by detecting koilo-
cytes, epithelial cells with characteristic changes in the
nucleus and cytoplasm, as well as precancerous and
cancerous changes in the cervical epithelium. Smear
analysis for purity (or bacterioscopic analysis) with
Romanovsky-Giemsa staining expands diagnostic
capabilities, allowing observation of a wide range
of microorganisms such as Candida, Gonococci,
Gardnerella, and assesses the general condition of
the vaginal, urethral and cervical flora [16—19]. This
method allows identification of Trichomonas vaginalis,
Gardnerella vaginalis and other bacteria associated
with bacterial vaginosis, as well as detection of Can-
dida spp. by the presence of pseudomycelium and
fungal spores. Romanovsky-Giemsa staining is also
useful for assessing vaginal microflora and diagnos-
ing inflammatory processes. This method also allows
detection of signs of cytolysis, which indicates cell
breakdown and may be a sign of infection or other
pathological processes. Although this analysis provides
valuable information about secondary infections and
the state of the vaginal environment, it cannot provide
a complete diagnosis of cervicitis and is often used in
combination with other diagnostic methods.
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There is evidence that the presence and gradation
of extracellular elements of bacterial and fungal flora,
mucus, is most often associated with urogenital inflam-
matory changes [17, 20-22].

The extracellular elements in question are assessed
by laboratory diagnostic specialists during bacterio-
scopic analysis by indicating the range of values in the
field of view (for example, from 5 to 15 units in the
field of view) or by categorical gradations (absent, few,
moderate, many, abundant, etc.) of various localizations:
in the vagina (label V in bacterioscopic analysis), urethra
(label U) and cervix (label C) in the research protocol.
However, a literature review revealed that the topic of
quantitative assessment of extracellular structures in the
field of view during microscopic examination of gynae-
cological material has been poorly studied and requires
further research. This would allow establishing objective
boundary factors and developing scales that would
allow medical professionals to associate quantitative
parameters of extracellular elements with the presence
of cervicitis [17, 20, 26-28]. This information could
be used to create prognoses for the risk of developing
inflammation in the cervix.

The aim of this study is to investigate the relation-
ship between the quantitative assessment of extracellular
structures in the field of view during microscopic ex-
amination of gynaecological material and the presence
of cervicitis in patients.

Materials and methods

The study retrospectively analysed the archival
data of the Laboratory and Diagnostic Centre of the
Medical Complex of FEFU in Vladivostok. The study
was conducted in compliance with the standards of
the Helsinki Declaration (2000, 2013) and with the
permission of the local Ethics Committee of FEFU.
The data set included the results of 2991 Pap tests
performed between 2014 and the first half of 2023
using the ALIS laboratory system, as well as the cor-
responding 1080 medical records of female patients
aged 36.01 [22.79; 49.75] years [29]. Information on
the primary diagnosis was obtained from the medical
information system (MIS) 1C Hospital by matching
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the full name and date of birth of the patients [6]. The
main clinical diagnosis associated with changes in the
cervix, according to ICD-10 categories (N72-N74),
was revealed in 31.7% of patients aged 30.37 [21.12,
39.61] years, who underwent 1633 tests. In 1358 tests
in patients aged 42.0 [28.92, 56.68] years, the main
disease corresponded to the diagnoses of ICD-10
group Z. Mathematical and statistical analysis of the
data included descriptive statistics, statistical tests
(Mann-Whitney and assessment of correlation de-
pendencies for quantitative data and Chi-square for
categorical data). As a result, a predictive logistic
regression model was developed to assess the re-
lationship between the parameters of quantitative
microscopy of extracellular elements observed in the
field of vision with the presence of the main disease of
the cervix. The modelling was carried out by dividing
the data into training and test samples in a ratio of
80% to 20%, respectively, and evaluating the model
hyperparameters using the K-Folding algorithm with
the calculation of averaged model quality metrics
over 30 cycles and the selection of maximum values.

Calculations and data visualization were carried out
using the high-level Python programming language
and the Loginom analytical system.

Results and discussion

During the study, the integral indicator was de-
termined, equal to the total number of elements in the
vagina, urethra and cervix (1):

TV=X VS VT v 1)
where v, is the sum of elements in the urethra (desig-
nated in bacterioscopic analysis as U), Zv. is the sum
of elements in the cervix (label C), v is the sum of
elements in the vagina (label V).

Statistical analysis of the data set revealed several
significant predictors associated with the presence of
cervical inflammation. Continuous predictors were
age at the time of examination and calculated total
microbiota index in the visual field, identified using
the Mann-Whitney test (p-value < 0.05) according to
the data in Table 1.

Statistical indicators when assessing continuous data using the Mann-Whitney test rable 1
Parameter Number of tests in_patients with Number of tests in p_atients without pvalue
cervicitis (n = 1633) cervicitis (n = 1358)
Age at the time of testing, years 30.37[21.12,39.61] 42.0[28.92, 56.68] <0.0001
Integral indicator V, number 4.0[3.83,4.17] 5.0[4.82,5.18] <0.05

The categorical predictors, whose association with
the presence of pathology was assessed using the Chi-
square criterion, were the presence of key cells and the
presence of mucus in the cervix according to the data
in Table 2. In this case, the categorical values “absent”,

¥ <« SN 1Y

the corresponding numerical values 0, 1, 2, 3 and 4 to
enable statistical evaluation.

Additionally, an analysis of correlation interactions
between the model predictors was performed, presented
in Table 3.

“little”, “moderate”, “many”, “all” were pre-coded into
Table 2
Statistical indicators when assessing categorical data
Parameter Chi? statistics p-value by Chi? test Cl by Chi? test
Presence of key cells in the field of view, category 24.38 <0.0001 [18.8;30.0]
Presence of mucus in the field of view, category 37.14 <0.0001 [31.2;43.1]

OBSTETRICS AND GYNECOLOGY
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Table 3

Correlation matrix between predictors

p Age at the time of Presence of key cells in Presence of mucus in Integral indicator,
arameters X .

the test, years the cervix, number the cervix, number number
Age at the time of the test, years 1.00 -0.05 0.09 -0.01
Pregence of key cells in the -0.05 100 -0.06 023
cervix, number
Presence of mucus in the cervix, 0.09 -0.06 1.00 043
number
Integral indicator, number -0.01 0.23 0.43 1.00

Most predictors do not correlate with each other.
There is a moderate direct relationship between the
integral indicator and the presence of key cells and
mucus in the cervix, based on equation (1). The ob-
tained result of the analysis indicates a weak influence

of multicollinearity in constructing a logistic regression
model. For each predictor, averaged logistic regression
model coefficients were calculated over 30 cycles and
are shown in Table 4.

Table 4
Coefficients of the developed model
Attribute Coefficient
Constant, B, -3.534
Age of the patient at the time of the study, years 0.087
Presence of key cells in the cervix, number -0.785
Presence of mucus in the cervix, number 0.158
Integral indicator, number 0.018

The developed logistic regression model
achieved an average area under the curve (AUC)
of 72%, indicating moderate prediction accuracy
(Figure). The specificity and sensitivity values cor-
responded to the calculated optimal cutoff threshold
within 67-75%. Based on the obtained coefficients,
the developed scale takes the form of a logistic
regression equation (2):

S=[30+Agexﬁ1+PKC><[32+PMX,83+PMXB4(2)

Where S is the calculated value of the logistic regression
equation, Age is the patient’s age at the time of the study,
PKC is the number of key cells in the cervix, PM is
the amount of mucus in the cervix, and TM is the total
microbiota as an integral indicator.
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Based on the calculated value of the logistic re-
gression equation, the risk of having cervical cancer is
assessed using the logit activation function (3):

_ 1
p 5 3

_1+e_

Where p is the probability of the patient having
cervical cancer, e is the Euler constant.

The probability p obtained during the calculation
can be dichotomized as follows (4):

(4)

{p < 0.5islowrateofcervititis
p > 0.5ishighriskofcervicitis

Modern methods of cervicitis diagnostics, including
visual examination, instrumental, molecular, microscopic
and serological tests have their advantages and limitations
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Fig. Quality metrics of the developed scale on training and test samples

in application. Visual examination using a gynaecological
speculum provides only a basic assessment of changes
in the mucosa condition without the ability to assess
cellular changes [5-6]. Examination using a colposcope,
despite the ability to assess altered tissues and take them
for biopsy, has a significant limitation in the form of
a contraindication to its implementation in acute inflam-
matory processes and the risk of developing post-diag-
nostic complications [7-8]. Ultrasound examinations,
despite their non-invasiveness, allow you to see only
macromorphological structures associated with inflam-
mation and complications, without the ability to assess

OBSTETRICS AND GYNECOLOGY

cellular processes occurring in tissues [9-11]. Nucleic
acid amplification tests (PCR) have high sensitivity
and specificity, making them the “gold standard” in the
diagnosis of infectious causes of cervicitis [12—-14, 17,
20, 21]. However, their high cost and the need for spe-
cialized equipment limit the availability of such tests in
resource-limited healthcare settings. Cultivation methods,
although less sensitive and more time-consuming, are
useful for antibiotic susceptibility testing [16, 18, 19].
Microscopic methods such as bacterioscopic analysis and
the cytomorphological Pap test provide information on
the presence of infection and the state of cells, but are
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inferior to molecular methods in sensitivity and specificity
[17-19]. At the same time, it is known that cervicitis is
associated in most cases with infectious and non-infec-
tious agents [1-4]. When performing cytomorphological
and bacterioscopic analysis, cytologists focus on studying
the morphology of cells and assessing the amount of
mucus and searching for bacterial agents similar to coccal,
gonococcal and fungal flora, which are associated with
a high risk of the presence of an inflammatory process
[3, 4, 16-19]. However, other parameters of quantitative
bacterioscopic analysis are included only in the protocol
part without their interpretation and possible connection
with the clinical picture with certain numerical values
that would allow them to be associated with various
diseases, in particular, with cervicitis. Due to the fact
that the scientific literature provides little information
on the influence of extracellular elements on the risk
of developing gynecological diseases, an analysis was
conducted and a mathematical model was developed to
describe their connection with the risk of inflammation
of the cervix [29].

The developed logistic regression model is
a modernization of the existing method of micro-
scopic screening study and uses quantitative data of
extracellular elements obtained during microscopic
bacterioscopic examination of gynecological material
to predict inflammatory processes in the cervix. The
main predictors of the model include the patient’s age,
the presence of clue cells and mucus in the cervix,
as well as the integral indicator V, which is the total
number of elements in the urethra, cervix and vagina.
These predictors were selected based on their signif-
icant correlation with the presence of inflammation
revealed during statistical analysis of the data. The
patient’s age affects the hormonal status and the state
of local immune homeostasis (LIH). An increase in
the amount of mucus in the cervix and the integral
indicator V reflects the overall level of extracellular
activity and is associated with an increased risk of an
infectious process. At the same time, an increase in
clue cells in the cervix is associated with a reduced
risk of an inflammatory process. The advantage of this
model is its ability to link data obtained during routine
microscopic bacterioscopic examination with the pres-
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ence of a clinical diagnosis of cervicitis. Presented in
a simplified form as a logistic regression equation and
a logit function, it will allow medical professionals to
independently or automatically calculate and assess
the risk of cervicitis in medical information systems.
This will make it possible to conduct a preliminary
assessment of the risk of cervicitis during screening
studies, especially in resource-limited settings where
access to expensive molecular methods may be difficult
or in cases where inflammatory processes may not be
associated with infectious agents. Assessing the odds of
the risk of having an inflammatory process in the cervix
with an assessment of such predictors as age, key cells,
and the integral V index in routine diagnostic protocols
can significantly improve the accuracy of diagnosis and
contribute to a more targeted approach to treatment.
The results of the study demonstrate the importance of
extracellular elements in the diagnosis of cervicitis and
offer a new tool for medical professionals. However,
since the obtained results were obtained on the basis of
a single medical institution, further studies are needed
aimed at validation and adaptation of this model in other
clinical settings and populations to improve screening
protocols and diagnosis of cervicitis during screening
microscopic examinations of gynecological smears.

Conclusion

The study presents the results and demonstrates
the potential of quantitative microscopic analysis of
extracellular elements in the field of view during smear
microscopy as a method for additional detection of
cervicitis. The identified patterns make it possible to
improve the screening protocols for material from the
cervical canal and increase the accuracy of detection of
inflammatory processes in the cervix. However, further
studies are needed to verify and clarify the parameters
of prognostic models and integrate them into routine
clinical diagnostic practice.
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KaTeropuu HaceseHHst. BBICOKasi pacripoCTpaHeHHOCTD LIePBULIMTA YKa3bIBaeT Ha HeoOXOAMMOCTE Ooslee CHCTEMHOTO MOAX0za
K TUaTHOCTHUKE U JIEUEHUIO [IJIs CHIDKEHHsI 3a00/1eBAEMOCTH U MPeJOTBPALLiEHHs] BO3MOXKHBIX 0C/I0KHeHUH. Llesib — pa3paboTathb
LIKaJTy /151 OL|eHKH BIIMSIHUS KOJIMUeCTBEHHBIX [T0Ka3aresiell BHEKJIETOUHBIX 3/IEMEHTOB Ha PUCK Ha/IM4usl LiepBULIUTA, OCHOBBI-
BasICh Ha JJAHHBIX KOJIMYeCTBEHHO! OL|eHKU BHEKJIETOUHBIX CTPYKTYP B IO/SAX 3peHUs P MUKPOCKOIUYECKOM HCC/el0BaHNN
TMHEKOJIOrM4eCKoro Marepuasna. Mamepuaabt u Memoobl. s pa3paboTKy LIKa/bl UCII0/Ib30BAIMCh JaHHble 2991 ucciiefoBaHuii
u3 apxuBa LleHTpa s1abopaTopHOM AUArHOCTUKKA MeUIIMHCKOTO KOMIIeKca [JalbHEBOCTOUHOTO (eiepasbHOr0 YHUBEPCUTETA
B I. BnaguBocroke 3a epuog, 2014-2023 r1. AHanM3 IaHHBIX BKJIIOUAJ CTaTUCTUYECKYI0 00paboTKYy, TIOMCK KOPPesILIMOHHBIX
3aBUCUMOCTeN MeXXy YMC/IOBBIMU U KaTeropua/JbHBIMU M0Ka3aTels MU U ITIOCTPOeHUe MOZeIN JIOTUCTUUEeCKOH perpeccum.
IanHbIe OBbLIH MPOBEPEHBI U BaUIUPOBAHbI HA TECTOBOW BBIOOPKE /17151 06eCreueH st perpe3eHTaTHBHOCTH Pe3y/IbTaToB U UX
NIpYMeHeHUs1 B KJIMHUUEeCKOH npakTuke. Pesyabmambt u obcyscdeHue. B xofie ucciefioBanus 6bu1a paspaboTaHa MaTeMaTuuecKast
TIPOTHOCTHYEeCKasl MOZieJIb JIOTUCTUUECKOM perpeccu B BU/e IIKabl [J151 IpeJjBapuTeIbHON OLeHKU Ha/IMuKs BOCHA/IUTebHbIX
TIPOL{eCCOB B LIIeliKe MaTKM Ha OCHOBe NlapaMeTPOB, BK/IIOYAIOLUX HaTUUMe CJIM3U U K/II0UEBbIX KJIETOK, a TAK)Ke pacueTHOr0
MoKa3aTeisi CyMMapHOH MUKPOOHOTHL. TTo/iyueHHas MO/ieib MPOJIEMOHCTPUPOBaia YMEPEHHYIO TOUHOCTh B PACIIO3HABAHUU
yepsuuta (AUC = 72 %), o3Bosisisi 3p(eKTHBHO UCIIONB30BaTh e€ B IIPAKTUKe /IS PaHHel [UarHOCTHKY LiepPBULIMTA. BbigoOb!.
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Abstract. Relevance. Atopic dermatitis (AD) is classified as a chronic immune-mediated disease, with its pathogenesis rooted
in genetic predisposition and immune response dysregulation, predominantly driven by T2-inflammatory reactions. This review
highlights key aspects of the immunopathogenesis of AD, emphasizing its systemic inflammatory nature linked to T2-immune
dysregulation. This leads to the activation of cytokines such as IL-4, IL-5, IL-13, and IL-31. The article analyzes modern treatment
approaches, including targeted therapy aimed at blocking T2 cytokines, stressing the importance of early intervention to prevent
complications and the development of the atopic march. Understanding T2-inflammation mechanisms opens new opportunities
for developing effective personalized therapies for AD. Conclusion. Type 2 inflammation plays a pivotal role in the pathogenesis
of AD, driving chronic inflammation, skin barrier dysfunction, and the clinical manifestations of the disease. Key mediators of
T2 inflammation-including IL-4, IL-5, IL-13, and IL-31-regulate the activation of various immune-competent cells, not only
amplifying inflammation but also contributing to the development of pruritus. This, in turn, establishes the self-perpetuating
“itch-scratch” cycle, which exacerbates skin damage and further stimulates inflammatory processes. Impaired skin barrier function
also facilitates the penetration of allergens and microbial agents, further activating the immune response and worsening disease
severity. Studying type 2 inflammation as a central mechanism in AD pathogenesis not only advances our understanding of the
disease but also facilitates the development of new therapeutic strategies to control AD and improve patients’ quality of life,
which remains a priority in contemporary immunology, allergology, and dermatology.
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Introduction

Atopic dermatitis (AD) is a chronic inflammatory
skin disease characterized by genetic predisposition,
epidermal barrier dysfunction, and dysregulated type
2 immune responses [1, 2]. Immune-mediated inflam-
matory diseases are classified into three main types
based on the predominant immune response driving
their pathogenesis.

Type 1 inflammatory diseases are associated with
excessive activation of Th1 lymphocytes and innate im-
mune cells, leading to increased production of cytokines
such as interferon-y (IFN-y), interleukin (IL)-12, and
tumor necrosis factor (TNF). These cytokines provide
protection against intracellular pathogens, but their
overproduction triggers chronic inflammation and tissue
damage. Examples of such diseases include rheumatoid
arthritis, sarcoidosis, and Crohn’s disease.

Type 2 inflammatory diseases are characterized by
the predominance of Th2 lymphocytes, type 2 innate
lymphoid cells (ILC2s), and cytokines such as IL-4,
IL-5, and IL-13, which are associated with allergic
inflammation, eosinophil activation, IgE production, and
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impaired skin and mucosal barrier function. Examples
include AD, asthma, allergic rhinitis (AR), and related
conditions.

Type 3 inflammatory diseases are driven by Th17
cell activation and the production of IL-17 and IL-22,
which promote neutrophilic inflammation. This immune
response targets extracellular bacteria and fungi, but
when dysregulated, it contributes to tissue damage
and chronic inflammation in diseases such as psoria-
sis, ankylosing spondylitis, and ulcerative colitis [3,
4]. This classification of chronic immune-mediated
inflammatory diseases has become particularly relevant
with the advent of targeted therapies directed at specific
biological pathways.

According to global epidemiological studies, the
prevalence of AD is 15-20% in children and up to 10%
in adults [5]. One in five children with AD shows no
detectable allergen-specific IgE to food or airborne
allergens [6]. In 20—40% of patients, AD manifests as
moderate-to-severe disease and is considered a systemic
disorder with multi-organ involvement [7-9]. The patho-
genesis of AD involves genetic predisposition, impaired
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epidermal barrier function, predominant type 2 immune
responses, skin microbiome alterations, IgE-mediated
sensitization to allergens, and autoimmune mechanisms,
which collectively determine the disease phenotype
and endotype [10].

The immune response in AD involves various im-
mune cells, including T lymphocytes, dendritic cells,
ILC2s, keratinocytes, monocytes, and eosinophils. These
cells are activated by allergens and microbial agents
penetrating the compromised skin barrier and produce
pro-inflammatory cytokines such as IL-4, IL-5, IL-13,
IL-31, and others.

Investigation of the immunological mechanisms
underlying AD has become particularly crucial with
the emergence of novel targeted biologic therapies.
This review synthesizes current understanding of type
2 inflammation in AD pathogenesis and evaluates

contemporary therapeutic approaches for disease
management.

Key characteristics of type 2 inflammation

The type 2 immune response normally provides
protection against parasitic and helminthic invasions and
supports the barrier functions of the skin and mucous
membranes. However, its dysregulation can lead to the
development of type 2 inflammation. This type of im-
mune response is characterized by the activation of Th2
cells, ILC2s, and an increased production of cytokines
such as IL-4, IL-5, IL-9, IL.-10, IL-13, IL-31, certain
chemokines, as well as I1.-25, I1.-33, and thymic stromal
lymphopoietin (TSLP), which are mainly secreted by
non-immune cells. The main biological functions of
these cytokines are presented in Table 1 [3, 11].

Table 1
The main biological functions of T2 cytokines

Cytokine/ References

Main biological functions

IL-4/ [11-13]

Stimulation of Th2 cell differentiation.Maintenance of survival, long-term persistence, and activity of Th2 cells under
inflammatory conditions.Regulation of antibody production: stimulation of B cell isotype switching from IgM to IgE;
enhancement of IgG4 production.Stimulation of eosinophils via activation of IL-5 and other mediators.Epidermal
barrier dysfunction: downregulation of structural barrier proteins (filaggrin, involucrin, loricrin).Impaired antimicrobial
defense: reduced synthesis of skin lipids and antimicrobial peptides.Modulation of inflammation through activation
of other immune cells, including mast cells, basophils, and macrophages, and maintenance of pro-inflammatory
cytokine production (IL-13).Tissue remodeling via stimulation AAMs, which participate in tissue repair and remodeling.

IL-13/[11-13]

Stimulation of the production of other Th2 cytokines: IL-4 and IL-5.Maintenance of eosinophilic inflammation through
interactions with other cytokines, including IL-5.Activation of AAMs, supporting chronic inflammation.Epidermal
barrier dysfunction: downregulation of structural barrier proteins (filaggrin, involucrin, loricrin).Impaired antimicrobial
defense: reduced synthesis of skin lipids and antimicrobial peptides (cathelicidins and beta-defensins).Enhancement
of collagen and polyamine synthesis, contributing to tissue remodeling and repair.Goblet cell hyperplasia and
increased mucus production, especially in the airways.Activation of sensory neurons, amplifying itch perception
and pruritogenic responses.Stimulation of B cells isotype switching to IgE, thereby intensifying allergic reactions.

IL-5/[11,14]

Regulation of eosinophils: stimulation of proliferation, maturation, and survival of eosinophils in the bone marrow;

enhancement of eosinophil migration from the bloodstream to inflamed tissues.Activation of eosinophils: increased
capacity of eosinophils to secrete granule contents (major basic protein, peroxidase, etc.) for the destruction of
parasites and pathogens.Increased accumulation of eosinophils at sites of inflammation, contributing to the
chronicity of inflammatory processes, especially in allergic diseases.Interaction with other Th2 cytokines (IL-4,
IL-13), supporting allergic inflammation.Participation in the elimination of large extracellular pathogens, such as
helminths, through activation of eosinophils and basophils.Maintenance of basophil survival, their activation, and
migration into tissues.Induction of angiogenesis: stimulation of new blood vessel growth, which is associated with
the maintenance of inflammatory processes

IL-31/[15,16]

Pruritogenic function: activation of sensory neurons via IL-31 receptor alpha (IL-31RA) and oncostatin M-specific
receptor beta (OSMRB); IL-31 is a key mediator of itch in AD, chronic nodular prurigo, and other inflammatory skin
diseases.Epidermal barrier dysfunction: downregulation of structural barrier proteins (filaggrin, involucrin, loricrin).
Stimulation of keratinocytes to produce pro-inflammatory cytokines and chemokines CCL17 and CCL22.Amplification
of skin inflammation by recruiting additional immune cells, including eosinophils and Th2 cells.Tissue remodeling:
stimulation of cell proliferation and growth factor production.Interaction with other type 2 inflammation mediators
IL-4 and IL-13.Involvement in itch mechanisms in systemic diseases such as Hodgkin lymphoma.Influence on the
skin microbiome, creating conditions favorable for the growth of pathogenic microorganisms like Staphylococcus
aureus.Interaction of IL-31 with skin and immune cells contributes to the transition from acute to chronic inflammation.

IMMUNOLOGY
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IL-9/[17]

Proliferation, survival, and activation of mast cells, promoting the release of histamine and other mediators.
Maintenance of type 2 inflammation: stimulation of IL-4 and IL-13 production.Participation in the immune response
against helminths by stimulating mast cells, mucus secretion, and recruitment of immune cells to affected tissues.
Stimulation of eosinophils.Enhancement of mucus secretion in the airways, contributing to parasite clearance but also
causing hypersecretion in bronchial asthma.Stimulation of fibroblasts to produce collagen, potentially contributing
to tissue fibrosis in chronic inflammation.Activation of ILC2s, which produce type 2 cytokines.Stimulation of B cells
isotype switching to IgE, thereby intensifying allergic reactions.

IL-10/[18-20]

Suppression of inflammation: inhibition of the production of pro-inflammatory cytokines IL-1, IL-6, IL-12, IFN-y, and
TNF-a.Reduction of macrophage and dendritic cell activation by suppressing their antigen-presenting capacity
and release of pro-inflammatory mediators.Inhibition of activation and proliferation of Th1 cells, thereby limiting
inflammation.Maintenance of survival and function of Tregs, which play a critical role in preventing autoimmune
diseases.Stimulation of antibody production by B cells, especially IgG4 and Ig A.Decreased production of autoantibodies,
which is important for preventing the development of autoimmune reactions.Limitation of the inflammatory activity
of neutrophils and macrophages.Reduction in the production of reactive oxygen species and enzymes capable of
causing oxidative stress.Stimulation of growth factor production that supports tissue repair.Maintenance of immune
tolerance: prevents hyperactivation of the immune system, ensuring tolerance to self-antigens and promoting
tolerance to commensal microbes in the gut and other barrier tissues.Regulation of the microbiome.Limitation of
tissue damage during infections by reducing the intensity of the inflammatory response; however, excessive IL-10
production may weaken immune defense and contribute to infection chronicity.

IL-33/[16,21]

Activation of ILC2: IL-33 stimulates ILC2 to produce key type 2 cytokines IL-5 and IL-13.Enhancement of Th2 cells
differentiation and increased production of IL-4, IL-5, and IL-13, contributing to the development of allergic reactions.
Activation of mast cells, basophils, and eosinophils, and recruitment of immune cells to sites of inflammation.
Maintenance of skin itch through activation of keratinocytes and impairment of barrier function, facilitating allergen
penetration.Stimulation of macrophage and fibroblast activation, promoting tissue remodeling and repair after
injury.Support of immune responses against helminths by enhancing mucus secretion and recruiting immune cells.
Alarmin function: released upon tissue damage to trigger inflammatory responses.Increased vascular permeability.
Influence on the microbiome composition, promoting growth of pathogenic microorganisms and thereby exacerbating
inflammation.

IL-25/ [21,22]

Stimulation of differentiation and activation of Th2 lymphocytes and activation of ILC2s, which enhances the
production of cytokines IL-4, IL-5, and IL-13.Enhancement of eosinophil migration and activation.Participation in
immune defense against helminths by stimulating mucus production, recruiting immune cells to affected tissues,
and promoting intestinal smooth muscle contraction, thereby facilitating parasite expulsion.Activation of dendritic
cells and macrophages, which sustain the inflammatory response.Increased production of chemokines that attract
additional immune cells to the site of inflammation, further amplifying the immune response.Supports epithelial
repair after injury.Maintains a type 2 immune response while suppressing Th1 and Th17 responses, thus limiting
inflammation associated with other immune pathways.Interacts synergistically with other alarmins such as IL-33
and TSLP, creating a potent signal for the activation of type 2 inflammation.

TSLP/ [23,24]

Activation of dendritic cells, promoting their migration and enhancing their antigen-presenting capacity; programs
dendritic cells to stimulate Th2 lymphocyte differentiation, thereby amplifying the type 2 immune response.Stimulation
of Th2 cells to produce IL-4, IL-5, and IL-13, which intensify the inflammatory process.Activation of ILC2.Induction
of itch and skin inflammation through activation of sensory neurons, contributing to increased pruritus, especially
in AD.Enhancement and maintenance of chronic skin inflammation.Regulation of barrier functions of the skin and
mucous membranes.Stimulation of migration and activation of eosinophils, mast cells, and basophils.Maintenance
of survival and activation of Th2 lymphocytes.Interaction with other alarmins such as IL-33 and IL-25, enhancing
their effects and promoting robust activation of type 2 inflammation.Modulation of interactions between immune
and nervous system cells, strengthening the link between inflammation and itch.

The functions of IL-4 and IL-13 are largely similar
but not identical: IL-4 and, to a lesser extent, IL.-13
regulates immune response switching and IgE syn-
thesis by plasma cells. IL-4, but not IL-13, promotes
differentiation of T-helper cells from ThO to Th2 cells.
They also recruit inflammatory effector cells, reduce
expression of filaggrin and other skin structural pro-
teins; in mouse models these cytokines increased S.
aureus skin colonization. IL-4 and IL-13 play a key
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role in macrophage activation through interaction with
the IL-4Ra receptor, which is a common receptor chain
for both cytokines. This process leads to the formation
of alternatively activated macrophages (AAMs), which
differ from classically activated macrophages by their
role in inflammation regulation, tissue repair, and
parasite defense [13, 25]. Several studies have shown
that IL-4 and IL-13 stimulate macrophages to produce
mediators such as arginase-1 (Argl) and Resistin-like
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molecule o (RELMa) [26, 27]. Argl competes with
nitric oxide synthase (iNOS) for the common substrate
arginine and suppresses NO-mediated antimicrobial
pathways in classically activated macrophages. A key
function of Argl is inflammation suppression, achieved
not only through iNOS inhibition but also via direct
effects on T-cell function. T-cells are sensitive to argi-
nine concentration, and its depletion through arginase
activation impairs their function. Ornithine, in turn,
is used for polyamine and proline synthesis, which
support cell proliferation and collagen production.
These processes may underlie fibrosis development
and pathological tissue remodeling in asthma [28].
Furthermore, studies demonstrate Argl’s ability to
participate in tissue repair via L-ornithine and exert
effector activity against nematodes by limiting parasite
mobility and promoting macrophage uptake [29].
Macrophages also secrete RELMa, which can disrupt
parasite metabolism and reduce their motility [30].
Macrophage activation through the IL-4Ra receptor,
shared by IL-4 and IL-13 cytokines, leads to their
alternative activation, significantly enhancing their
ability to interact with antibody-coated parasites. This
process involves several key mechanisms: increased
Fc receptor expression, improved adhesion and inter-
action, and secretion of Argl and polyamines. Through
IL-4Ra activation, macrophages alter their metabolism,
switching to aerobic glycolysis, which enhances their
capacity for active uptake and processing of opsonized
particles. Thus, IL-4Ra-mediated macrophage ac-
tivation makes them more efficient at recognizing
antibody-coated parasites, enhancing their phagocytic
capacity and providing significant immune defense
against parasitic infections. AAMs also participate
in recruiting other immune cells, such as eosinophils,
which contribute to parasite destruction through toxic
granule proteins. A key biological function of IL-4 is
stimulating naive T-lymphocytes (Th0) and their dif-
ferentiation into Th2 cells [3]. IL-4 and IL-13 promote
immunoglobulin class switching in B-lymphocytes
[31] and enhance IgE production [11]. One of the most
important functions of IL-4 and IL-13 is their ability
to activate sensory neurons (itch receptors) in the skin
and participate in the pathological “itch-scratch” cycle,
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which on one hand aims to eliminate pathogens from
the skin surface, but on the other exacerbates skin
damage and inflammation [32, 33].

IL-5 plays a key role in eosinophil activation, mo-
bilization, and parasite-killing capacity. This process
involves several stages ensuring effective parasite
elimination and inflammatory response regulation. IL-5
stimulates eosinophil differentiation and maturation in
bone marrow, acting on eosinophil precursors through
the IL-5 receptor (IL-5R), enhancing their proliferation,
and after cell maturation, promotes eosinophil release
from bone marrow into bloodstream and migration to
inflammation sites [11, 14, 34, 35]. IL-5 increases adhe-
sion molecule expression on eosinophils, enabling their
interaction with endothelial cells and tissue migration
through vascular walls [34]. IL-5 activates eosinophils,
enhancing their ability to release toxic granules upon
parasite contact.

IL-9 is an important cytokine in Th2 response,
supporting mast cell, basophil and eosinophil activation.
It enhances IL-4, IL-5 and IL-13 production, promoting
development and maintenance of allergic inflammation.
IL-9 plays a key role in parasite defense by stimulating
mucus secretion and recruiting immune cells to affect-
ed tissues [36]. IL-9 participates in both protective
mechanisms and pathological processes associated
with allergic diseases and chronic inflammation [37].

IL-10 plays a crucial role in immune response regu-
lation and homeostasis maintenance. On one hand, IL-10
suppresses proinflammatory cytokine production (IL-1,
IL-6, IL-12, TNF-a, IFN-y) by acting on macrophages,
dendritic cells and other innate immune effector cells
[19, 38, 39]. IL-10 reduces antigen presentation and
inflammatory mediator release by macrophages and
dendritic cells, limiting excessive inflammation and
protecting tissues from damage [40]. On the other hand,
IL-10 supports regulatory T-cells (Tregs), enhancing
their role in suppressing inflammatory responses and
preventing autoimmune reactions [41]. IL-10 stimu-
lates antibody production by B-cells, particularly IgA,
important for maintaining mucosal barrier function
in gut and airways [42]. Moreover, IL-10 plays a key
role in establishing immune tolerance to commensal
microbiota, preventing excessive inflammation in
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barrier tissues [43]. Thus, IL-10 has multifunctional
roles, restraining inflammation and protecting against
autoimmune reactions, but under certain conditions
may weaken pathogen defense.

IL-31 is a key mediator of skin itching, inflamma-
tion and tissue remodeling. It activates sensory neurons
causing itch, enhances skin inflammation through
keratinocyte activation and proinflammatory cytokine
production [44], and impairs skin barrier function by
reducing expression of key structural proteins including
filaggrin [45].

Alarmins (IL-25, IL-33 and TSLP)

Damaged epithelial cells release alarmins that play
an important role in activating innate immunity and
signaling threats to the body. Their function is to rapidly
recruit immune cells to sites of injury and infection.

IL-25 plays a key role in activating type 2 in-
flammation by stimulating production of IL-4, IL-5
and IL-13 by Th2 cells and ILC2s [46]. Studies show
elevated levels of this cytokine in patients with AD
and asthma [47]. IL-25 also enhances protection
against parasites and amplifies allergic inflam-
mation by increasing migration and activation of
immune cells [48]. IL-33 is a key mediator of type
2 inflammation that activates ILC2s, basophils and
mast cells, boosting production of IL.-5 and IL.-13.
It plays an important role in development of asthma
and AD, where its levels are elevated in affected
tissues [49]. IL-33 receptors are found on memory
Th2 cells, suggesting its role in activating adaptive
immune responses [50]. IL-33 is also involved in
tissue remodeling processes and exacerbates chronic
inflammation, particularly in allergic and inflamma-
tory diseases. TSLP plays a crucial role in initiating
and maintaining type 2 inflammation. It activates
dendritic cells which stimulate Th2 cell differentiation
and production of IL-4, IL-5 and IL-13 [51,52]. TSLP
also enhances inflammatory responses through OX40
ligand expression, increasing activity of Th2 cells and
ILC2s [53]. Its elevated expression in skin correlates
with severity of AD and induces itching by acting
on sensory neurons [54].
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Thus, type 2 inflammation plays an important
biological role in protecting against infections in-
cluding parasitic infections and maintaining skin and
mucosal barrier functions. Type 2 inflammation is
characterized by activation of Th2 lymphocytes, ILCs
and production of key cytokines including IL-4, IL-5,
IL-13 and IL-31. These cytokines regulate eosinophils,
mast cells and basophils which secrete inflammatory
mediators and toxic proteins to eliminate parasites.
Type 2 inflammation also activates IgE production.
However, beyond its protective role, type 2 inflamma-
tion contributes to pathogenesis of chronic inflamma-
tory and allergic diseases. It disrupts skin and mucosal
barriers by suppressing structural protein synthesis and
increasing permeability to allergens, pathogens and
nonspecific irritants. Simultaneously, type 2 inflam-
mation maintains chronic inflammation by recruiting
immune cells to affected tissues, stimulating mucus
secretion and provoking itch through activation of sen-
sory neurons by alarmins IL.-31 and TSLP. Interaction
with microbiome further exacerbates inflammation,
creating favorable conditions for growth of pathogenic
microorganisms like S. aureus. Mechanisms of type
2 inflammation are involved in pathophysiology of
multiple diseases: AD, prurigo nodularis, chronic
spontaneous urticaria, bullous pemphigoid, eosino-
philic esophagitis, chronic rhinosinusitis with nasal
polyps, asthma, and eosinophilic chronic obstructive
pulmonary disease [11, 55-57].

Pathogenetic mechanisms
of atopic dermatitis

AD is a common chronic type 2 inflammatory
systemic disease characterized by a chronic relapsing
course, based on genetic predisposition to allergy,
immune dysregulation, and skin barrier dysfunction
[1, 10, 58].

Impairment of skin barrier function
Disruption of the epidermal barrier is a key link in
AD pathogenesis, determining both predisposition to
the disease and clinical features. These changes lead
to increased skin permeability to various antigens and

MMMYHOOT 1A



Elisyutina OG et al. RUDN Journal of Medicine. 2025;29(3)

nonspecific irritants and elevated transepidermal water
loss. The main aspects of epidermal barrier dysfunc-
tion involve defects in epidermal structural proteins
(filaggrin, involucrin, loricrin) [59, 60], changes in skin
lipid layer composition (reduced ceramides, free fatty
acids, and cholesterol) [61], increased transepidermal
water loss, and decreased synthesis of antimicrobial
peptides [62].

Filaggrin, the most important structural skin protein
responsible for keratinization, hydration, and antimi-
crobial defense, is the main component of keratohyalin
granules [63, 64]. Filaggrin deficiency caused by ge-
netic disorders can lead to development of AD in early
childhood, severe disease course, higher likelihood of
concomitant respiratory allergic diseases, and predis-
position to recurrent microbial and viral skin infections
[65]. However, approximately 40% of filaggrin gene
mutation carriers do not develop AD, and filaggrin
mutations are found in only 15-50% of AD patients
[64]. In a recently published study by SahlénP. et al., the
influence of single nucleotide polymorphisms (SNPs)
identified through genome-wide association studies
(GWAS) on epidermal barrier dysfunction was inves-
tigated using chromosome conformation capture [66].
It was shown that many GWAS-identified SNPs can
affect distant genes, with only 35% of target genes being
closest to known GWAS variants. In a GWAS-based
study by DeVore et al., caspase recruitment domain
family member 14 (CARD14) was shown to regulate
filaggrin expression in the skin of children with AD
[67], with CARD14 regulating filaggrin homeostasis
depending on the rs11652075 variant in the CARD14
gene, which is also associated with psoriasis. Genetic
filaggrin abnormalities do not explain all skin barrier
dysfunctions in AD, but patients without such genetic
defects may later show secondarily reduced filaggrin
levels [68]. AD also features decreased levels of other
terminal differentiation proteins of keratinocytes, such
as loricrin and involucrin [69], as well as tight junction
proteins [70].

AD patients also show reduced ceramide levels
in both affected and unaffected skin, as well as dis-
turbances in ceramide-to-cholesterol ratios [71]. The
stratum corneum of AD patients shows elevated pH
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levels, leading to increased serine protease activity and
contributing to inactivation and degradation of acid
sphingomyelinase and glucocerebrosidase enzymes nec-
essary for ceramide synthesis. Increased serine protease
activity reduces lamellar body secretion through the
protease-activated receptor 2 (PAR2) signaling pathway,
leading to decreased stratum corneum thickness in AD
patients.

Activation of type 2 inflammation

AD features dysregulation of type 2 immune re-
sponse, leading to development of local and systemic
inflammation characterized by activation and prolifer-
ation of Th2 lymphocytes, I1.Cs) and involvement of
proinflammatory type 2 cytokines — IL-4, IL-5, IL-13 in
response to allergens penetrating the impaired epidermal
barrier [3, 4] (Figure). Although many immune signaling
pathways involved in AD pathogenesis may underlie
different disease subtypes, activation of type 2-mediated
immune mechanisms is the dominant mechanism in
disease pathogenesis [1, 72, 73].

Type 2 inflammation activation is a multi-stage
process beginning with epidermal barrier damage,
which can be caused by genetic defects such as filag-
grin gene mutations [60, 71, 74], or external factors
such as allergens [75], environmental pollution [76],
and microbial toxins [77]. In response, skin epithelial
cells release alarmins, including TSLP, IL.-25 and
IL-33, which activate innate and adaptive immune
mechanisms. A recently published systematic review
and meta-analysis included original articles examin-
ing TSLP levels in serum of AD patients [52]. The
meta-analysis included 14 studies with 1032 AD
patients and 416 controls. It showed that TSLP levels
were significantly higher in AD patients compared to
controls, with stratification by region, age, disease
severity, TSLP detection method, sample size and
study quality revealing significantly increased TSLP
levels in adult AD patients living in Europe. TSLP
elevation was found at all severity levels compared
to controls, with higher levels in adults than children,
and increasing with disease severity. The biological
role of alarmins is described in Table 1, importantly,
they play a key role in initiating type 2 inflammation
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Fig. The main pathogenetic mechanisms of T2 inflammation in AD

by activating ILC2, mast cells, basophils and den-
dritic cells. TSLP-stimulated dendritic cells migrate
to lymph nodes where they activate naive T cells and
stimulate their differentiation into Th2 cells. These
Th2 cells secrete key type 2 inflammation cytokines
such as IL.-4, IL-5, IL-13 and IL.-31. IL.-4 and IL-13
stimulate antibody isotype switching to IgE by plasma
cells, maintaining allergic sensitization. Additionally,
IL-4 plays a key role in differentiation of ThO cells
into Th2 cells, enhancing type 2 immune response
(Figure).

IL-4 and IL-13 suppress synthesis of epidermal
structural proteins such as filaggrin, involucrin and
loricrin, which impairs skin barrier function and pro-
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motes colonization by pathogenic microorganisms
such as S. aureus. IL-5 stimulates recruitment and
activation of eosinophils, which release cytotoxic
granules that damage tissues and enhance inflam-
mation. IL-31 acts on sensory neurons, causing itch
that contributes to the “itch-scratch” cycle [44].
This cycle exacerbates mechanical skin damage,
worsens inflammation and maintains the chronic
nature of the disease. Subsequently, inflammation
may transition to a chronic phase when Th1- and
Th17-mediated immune responses join type 2 in-
flammation. These mechanisms contribute to tissue
remodeling, epidermal thickening and increased
inflammation, making AD course more severe.
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Relationship between inflammation
and skin microbiome disruption

Microbial factors such as S. aureus toxins and
superantigens further stimulate immune response by
increasing proinflammatory cytokine production and
exacerbating barrier dysfunction. The skin microbi-
ome state depends on severity of epidermal barrier
impairment, climatic factors, hygiene product use, and
topical therapy. In AD patients, S. aureus colonization is
particularly significant as it not only triggers exacerba-
tions but also maintains pathological immune response.
S. aureus attaches to corneocytes by binding to the
N-terminal region of corneodesmosin [78], and also
forms biofilms closely associated with AD severity [79].
S. aureus has been shown to not only be an exacerbation
factor and cause of secondary bacterial infections, but
also to initiate immediate hypersensitivity-type immune
responses [80—82]. Moreover, S. aureus exacerbates
epidermal barrier dysfunction in AD and stimulates
expression of proinflammatory cytokines [83, 84].
AD features reduced skin microbiome diversity due to
staphylococcal dominance, with S. aureus contamination
being significantly higher in affected versus unaffect-
ed skin areas [84,85]. A prospective skin microbiome
study assessing relationship between skin microbiota
and disease progression in children aged 2—15 years
with AD at different disease stages showed decreased
microbiome diversity during exacerbations [86]. With
impaired epidermal barrier, S. aureus can penetrate deep
skin layers where it may interact with immune cells and
stimulate production of type 2 cytokines: IL-4, IL-13
and IL-22 and TSLP.

Not only skin microbiome but also respiratory
and gastrointestinal microbiomes may play roles in
AD pathogenesis. In a prospective cohort study by
Lehtiméki J. et al. [87] involving 700 children from
urban and rural areas, respiratory and gut microbiota
were studied for potential associations with asthma and
AD development. Risk of asthma and IgE sensitization
to respiratory allergens was higher in urban-reared chil-
dren, with respiratory and gut microbiota composition
differing between urban and rural infants.

AD patients also show increased susceptibility to
fungal infections caused by Candida and spp. TLR2
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receptors play an important role in this process by
mediating interaction between immunogenic proteins
and keratinocytes, stimulating production of antimi-
crobial peptides a- and -defensins and chemokine
CXCLS8. Additionally, Malassezia antigens can induce
specific IgE production through T cell-mediated B
cell activation [88].

Thus, type 2 inflammation activation in AD repre-
sents a complex interaction between innate and adaptive
immune mechanisms, epithelial cells, nervous system
and microbial factors. This interaction underlies AD
clinical manifestations including itch, chronic inflam-
mation, skin barrier dysfunction and increased allergen
sensitivity. Understanding these processes opens possi-
bilities for targeted therapy aimed at blocking key type
2 inflammation cytokines such as IL.-4, IL.-13 and IL-31,
as well as restoring skin barrier function.

Therapeutic approaches
to control type 2 inflammation

Early intervention aimed at reducing the impact
of systemic type 2 inflammation in AD may not only
achieve disease control or remission but also reduce
the likelihood of developing atopic march, i.e., the
addition of comorbid allergic diseases such as asthma,
allergic rhinitis, food allergies, as well as normalize
skin structural changes and alter disease course [89].
The main goals of AD therapy are inflammation con-
trol, prevention of exacerbations, and improvement
of patient quality of life. AD treatment depends on
disease severity but always includes the use of emol-
lients, identification and elimination of allergens and
triggers. For mild cases, low-potency topical corticos-
teroids or calcineurin inhibitors are used, along with
antihistamines to reduce itching. For moderate cases,
moderate or high-potency corticosteroids are applied,
with antibacterial agents prescribed when necessary
to treat secondary infection. For severe AD, systemic
therapy is prescribed: cyclosporine, methotrexate or
targeted biologics, such as dupilumab, which blocks
key type 2 inflammation cytokines IL-4 and IL-13,
or selective JAK inhibitors (abrocitinib, baricitinib,
upadacitinib) [2, 571].
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Anti-cytokine targeted therapy for AD

Targeted immunotherapy for AD is aimed at specif-
ically affecting key molecules and signaling pathways
involved in inflammation development and pathological
immune response in this disease. Unlike traditional
systemic therapy using systemic corticosteroids or
immunosuppressants, targeted therapy selectively acts
on cytokines, receptors or other molecules, reducing
side effect risks and increasing treatment effectiveness.
The first approved targeted drug for moderate-to-severe
AD was dupilumab, which inhibits IL-4 and IL-13, key
mediators of type 2 inflammation [90-92]. In some
countries, various biologics targeting type 2 cytokines

are already registered or undergoing clinical trials for
efficacy and safety in AD treatment: anti-I.-13 (lebriki-
zumab and tralokinumab), anti-IL-5 (mepolizumab and
reslizumab); drugs blocking type 2 cytokine receptors
(benralizumab (IL-5Ra), nemolizumab (IL-31RA«);
anti-IgE (omalizumab and ligelizumab). The efficacy
and safety of other drugs targeting other type 2 inflam-
mation mediators such as alarmins IL.-33 (astegolimab,
etokimab, itepekimab, MEDI-3506), IL-33 receptor
(melrilimab) and TSLP (tezepelumab) are also being
studied. Table 2 presents the main targeted biologics
acting on key type 2 inflammation cytokines, their
biological targets and indications.

Table 2

Targeted biologic therapies for type 2 inflammation

Targeted biologic drug / References | Biological targets and effects

Therapeutic indications

Dupilumab / [91-96]

IL-4 (IL-4Ra, IL-13Ra)

AD, asthma, CRSWNP, EoE, prurigo nodularis, COPD (approved)
Bullous pemphigoid, CSU, CIU, allergic fungal rhinosinusitis, ABPA
(phase 3) Food allergy, pollen allergy (phase 2)

Tralokinumab / [97, 98]

IL-13(IL-13Ra2)

AD (approved in EU)

Cendakimab /[99, 100]

IL-13 (IL-13Ra2)

AD (phase 2)EoE (phase 3)

Lebrikizumab /[101-103]

IL-13 (IL-13RaT)

AD (phase 3)

Nemolizumab /[104-106]

IL-31 (IL-31Ra)

AD (phase 3)Prurigo nodularis (phase 3)Chronic itch (phase 2)

Asthma, EGPA, HES (approved)COPD, nasal polyposis (phase 3)

Mepolizumab /[14, 35,107-110] IL-5 FoE (phase 3)
Reslizumab /[14,111-113] IL-5 Asthma (approved)Sinusitis (phase 3)EGPA
Depemokimab / [114] IL-5 Asthma (phase 3)

Asthma (approved)Bullous pemphigoid, COPD, EoE, EGPA, HES,
Benralizumab /[112, 115-119] IL-5 (IL-5Ra) Nasal polyposis (phase 3)AD, CSU, Rhinosinusitis, Eosinophilic

gastroenteritis (phase 2)

Tezepelumab /[120-122] TSLP Asthma (approved), CRSWNP (phase 3)CSU, COPD (phase 2)
Astegolimab / [123,124] IL-33 (IL-33R) Asthma, COPD (phase 2)
Itepekimab /[125] IL-33 COPD (phase 3)
Tozorakimab /[126] IL-33 Asthma, AD, COPD, COVID-19 (phase 2)
Omalizumab /[127-132] IgE Asthma, CSU, nasal pgllép;;)s/ia,)s:sa:gr;al AR (approved)Food
Ligelizumab /[133,134] IgE CSU, Food allergy (phase 3)
Fezakinumab /[135] IL-22 AD (phase 2)

Note: CRSWNP — Chronic rhinosinusitis with nasal polyps; EoE — Eosinophilic esophagitis; COPD — Chronic obstructive pulmonary disease;
ABPA — Allergic bronchopulmonary aspergillosis; CSU — Chronic spontaneous urticaria; CIU — Chronic inducible urticaria;
EGPA — Eosinophilic granulomatosis with polyangiitis; HES — Hypereosinophilic syndrome; AR — Allergic rhinitis.
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Interestingly, the clinical efficacy of targeted
drugs against type 2 cytokines has provided deeper
insights into their role not only in AD but also in other
diseases such as asthma, chronic rhinosinusitis with
nasal polyps, and eosinophilic esophagitis. The lack
of efficacy of some targeted drugs in clinical trials has
proven highly valuable for understanding the precise
mechanisms underlying type 2 inflammatory diseases
and their treatment. For instance, the limited effective-
ness of mepolizumab [107], omalizumab [130], and
ligelizumab [136] in AD suggested that IL-5-mediated
peripheral blood eosinophilia is not the primary source
of the inflammatory cascade in AD, and that extremely
high IgE levels do not play a dominant role in disease
symptom development. On the other hand, the use of
certain biologic targeted drugs, such as anti-TNF [137],
anti-IL-17 [138], and anti-IL-12/23 [139], demonstrated
moderate clinical efficacy but was associated with an
increased risk of opportunistic and/or serious bacterial,
fungal, or viral infections.

JAK inhibitors

The JAK-STAT signaling system (Janus Kinas-
es — signal transducer and activator of transcription) is
a pathway consisting of Janus kinase (JAK) and signal
transducer and activator of transcription (STAT) pro-
teins, which transmits information from extracellular
polypeptide signals through transmembrane receptors
directly to target gene promoters in the nucleus. In AD,
this signaling system plays a critical role in activating
type 2 immune responses via IL-4, eosinophil activa-
tion, and B-cell differentiation. JAK inhibitors were
initially approved for rheumatoid arthritis, psoriasis,
and alopecia. The JAK1/JAK3 inhibitor tofacitinib is
approved for rheumatoid arthritis, psoriatic arthritis,
and ulcerative colitis; pilot studies have also explored
its efficacy in AD. Results from oral tofacitinib use
in a small group (six AD patients) for 8—29 weeks
showed a 66.6% reduction in SCORAD index, with
no adverse events reported [140]. A study of topical
2% tofacitinib ointment in 69 adult AD patients con-
firmed its clinical efficacy compared to placebo [141].
Another JAK inhibitor, delgocitinib, has broad-spectrum
activity, suppressing Th1, Th2, and Th17 responses by
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inhibiting JAK1, JAK2, JAK3, and TYK2. Its topical
form is approved in Japan for AD treatment [142],
with efficacy demonstrated over 28 and 52 weeks [143,
144]. A study in 22 children aged 6-24 months applied
0.25% or 0.5% delgocitinib ointment twice daily for
52 weeks, showing a —73.5% reduction in modified
Eczema Area and Severity Index (mEAST) by week
4,-81.7% by week 28, and —-81.9% by week 52, with
no treatment-related adverse events [145].

The JAK1/JAK2 inhibitor ruxolitinib carries high
immunosuppression and infection risks when adminis-
tered orally. Its topical form is approved in the U.S. for
short-term, intermittent treatment of mild-to-moderate
AD in patients >12 years without immunosuppres-
sion, when other topical therapies are inadequate or
contraindicated. Two Phase III trials (TRuE-AD1 and
TRuE-AD2) demonstrated the efficacy and safety of
0.75% and 1.5% ruxolitinib cream in adolescents/adults
with mild-to-moderate AD [146].

Baricitinib, a selective JAK1/JAK?2 inhibitor, is
approved in the EU and Russia for moderate-to-se-
vere AD in adults. Short- and long-term studies showed
improved skin condition, reduced itch, better sleep, and
enhanced quality of life with 4 mg/day over 16 weeks
[147], sustained efficacy at 68 weeks [148].

Next-generation JAK1-selective inhibitors upa-
dacitinib and abrocitinib are approved in Russia, the
EU, U.S., and Japan for AD. Upadacitinib is also ap-
proved for six other indications in Russia (rheumatoid
arthritis, psoriatic arthritis, axial spondyloarthritis,
non-radiographic axial spondyloarthritis, ulcerative
colitis, Crohn’s disease). Its AD profile was evaluated
in five trials involving >4,000 patients [149-152].
Abrocitinib is approved for moderate-to-severe AD in
adults/adolescents, showing rapid symptom reduction
by week 12 versus placebo [153, 154].

A recent network meta-analysis compared abroc-
itinib, baricitinib, and upadacitinib in moderate-to-se-
vere AD [155]. Analysis of 10 trials revealed all three
significantly improved Investigator’s Global Assessment
(IGA) and EASI scores. Upadacitinib 30 mg outper-
formed other doses/drugs in efficacy but had higher
adverse event rates; upadacitinib 15 mg and abrocitinib
200 mg showed comparable high efficacy. However,
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upadacitinib 30 mg may be optimal for short-term use
due to its superior efficacy despite higher side effects.
JAK inhibitors rapidly reduce itch and AD symptoms
by targeting cytokine pathways, but their selectivity in
vivo is dose-dependent. Rare adverse effects (cytopenia,
gastrointestinal perforation, malignancies) occur more
frequently than with biologics, underscoring the need
for further optimization in type 2 inflammatory diseases.

Conclusion

Type 2 inflammation plays a pivotal role in the
pathogenesis of AD, driving chronic inflammation, skin
barrier dysfunction, and the clinical manifestations of
the disease. Key mediators of T2 inflammation-including
IL-4, IL-5, IL-13, and IL-31-regulate the activation of
various immune-competent cells, not only amplifying
inflammation but also contributing to the development of
pruritus. This, in turn, establishes the self-perpetuating
“itch-scratch” cycle, which exacerbates skin damage
and further stimulates inflammatory processes. Impaired
skin barrier function also facilitates the penetration of
allergens and microbial agents, further activating the
immune response and worsening disease severity. The
advent of targeted biologic therapies, such as dupi-
lumab, lebrikizumab, and tralokinumab, has opened
new avenues for AD treatment by specifically blocking
key type 2 cytokines. These targeted approaches have
already demonstrated efficacy in reducing inflammation,
alleviating pruritus, and restoring skin barrier function.
However, not all biologics have proven equally effec-
tive, highlighting the need for further research into
disease mechanisms. For example, the lack of significant
clinical benefit from IL-5 inhibition underscores the
complexity of the inflammatory cascade and points to
the importance of other mechanisms, including micro-
biome disturbances and autoimmune processes. Future
research should focus on deepening our understanding of
the interactions between the immune system, epidermal
barrier, and environmental, genetic, and epigenetic
factors that may influence disease severity and treatment
response. Additionally, it is important to consider ethnic
and geographic differences in the clinical presentation
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and pathogenesis of AD to enable the development of
personalized treatment approaches.

In summary, studying type 2 inflammation as a cen-
tral mechanism in AD pathogenesis not only advances
our understanding of the disease but also facilitates the
development of new therapeutic strategies to control
AD and improve patients’ quality of life, which remains
a priority in contemporary immunology, allergology,
and dermatology.
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AnHoTanms. AkmyaabHocmb. Atonuueckuil fepMatuT (AT/]) OTHOCUTCSI K IMMYHOOIIOCpeZ,0BaHHBIM XpPOHUYECKUM
3abosieBaHuUsIM, B OCHOBE TIaTOreHe3a KOTOPOTO Jie)kaT reHeTHuecKue (hakTopbl U HapyIlleHWss UMMYHHOTO OTBeTa, C Tipeobiia-
naHveMm T2-BocranuTenbHBIX peakiuii. B 0630pe pacCMOTpeHbI K/T0UeBble acrieKTbl MMMYHOTIaToreHe3a 3aboneBadust, AT/]
paccMaTpuBaeTcst Kak CHCTEMHOe BOCIaIUTe/IbHOe 3a00ieBaHNe, CBSI3aHHOE C Avcperyssinyel T2-MMMYHHOTO OTBeTa, KOTOPbIH
aKTUBUPYETCS TIPY HapyllleHny DapbepHOi (QYHKIMK KO>KY U TIPUBOJUT K aKTUBALIUU Psifia LIMTOKWUHOB, TaKux Kak MJI-4,
WNJI-5, MJI-13, MJI-31 u ap. B cTraTtbe npejcTas/ieH aHaau3 COBPEMEHHBIX IO X0/0B K jeueHUt0 AT/l, BK/toUasi TapreTHyO
Teparivio, HarpaeJieHHYI0 Ha 6/I0KUPOBKY T2-1IUTOKUHOB, C YYeTOM BaKHOCTH PaHHEro TepareBTHUeCKOro BMelllaTebCTBa [JIjist
TIpel0TBpalLLieHNsI OCJIOKHEHUM U pa3BUTHSI aToNM4ecKoro Mapiia. [loHnMaHue MmexaHn3MoB T2-BocriasieHrst OTKPbIBaeT HOBbIE
TIepCIIeKTUBLI B pa3padboTke 3¢h(eKTUBHBIX METOZOB MePCOHUPUIIMPOBaHHOM Tepanuu AT /1. Bbigodbl. T2-BocmaneHye urpaet
K/TFOUEBYIO pOJib B TlatoreHe3e AT/, orpe/iesisisi XpOHHUUECKOe BOCIaieHne, HapylieHus: 6apbepHo (GYHKIMY KOXKU U KITMHUYe-
CKue TiposiBieHus 3aboneBanusi. OCHOBHbIe MeauaTopbl T2-Bocnanenust, BKitovast UJT-4, JI-5, NJT-13 u WJI-31, perynupytot
aKTUBAIIUIO Pa3/IMYHBIX UIMMYHOKOMITETEHTHBIX KJ/IETOK, He TOJIbKO YCHJIMBasi BOCIaleHre, HO M CIIOCOOCTBYS Pa3BUTHIO 3y,
KOTOPBIN (hOPMUPYET TIOPOUHBIHN LUK/ «3y/-pacuechbiBaHHe», YCYTYOISIONIUN TIOBPeX/IeHe KOXKHA ¥ CTUMYJTUPYIOIIUHN 1ab-
HeWIIyr0 aKTUBALIUIO BOCTIAIMTENBHBIX MporieccoB. HapyrieHne 6apbepHO# QYHKIMY KOXKU TaKKe 00jieruaeT MPOHUKHOBEHHE
ajyiepreHoB U MUKPOOHBIX areHTOB, UTO JIOTIO/THUTEILHO aKTUBUPYeT UMMYHHBIM OTBET U yCyry0sisieT TeueHre 3a00/1eBaHMsI.
N3yuenue T2-BocraneHus Kak K/IFOUEBOTO MexaHM3Ma rnartoreHe3a AT/l He TO/BKO yryOsisieT Hallle TOHUMaHve 3abo/ieBaHusl,
HO U OTKPBIBAeT MepCIeKTUBHI /j1s1 pa3pab0TKU HOBBIX TepareBTUUeCKUX CTPaTeryuii, KOTOpble MO3BOISIT KOHTPOJUPOBATh
TeueHue AT/l ¥ yIy4LINTh KauyeCTBO XKU3HU IMaL[MeHTOB, UTO SIB/sIETCS IPUOPUTETHOM 3ajaueil COBpeMeHHONM NMMYHOJIOTHH,
asyIeproyioruu Y 1epMaToIOTHH.

KiroueBble cj10Ba: atonmuueckuii gepMarut, T2-BocnaneHue, MTOKUHBI, 0MOMapKepbl, TapreTHasi Tepartis

Nudopmanus o puHaHcupoBaHuu. ViccnenoBanue v y0biMKalus oCyIlecTB/eHbI IIPU MoAep)KKe rpaHTa Poccutickoro
HayuHoro ¢oHza Ne 23-15-00432, https://rscf.ru/project/23-15-00432.

Bkuap aBropoB: O.I". EnuctoTriHa — cO0p ¥ aHau3 IMTepaTypHbIX KCTOUHWKOB, TIOJITOTOBKA M HAlTMCAHWe CTaTbH, PelaKTHPO-
BaHue ctatby; E.B. CMO/BHUKOB — COOp Y aHa/U3 INTepaTyPHBIX UCTOYHUKOB, HanucaHve cratey, .11 YepHymeBrny — cO6op
Y aHaJIM3 JIMTepaTypHbIX KCTOUHUKOB; A.O. JIuToBKMHA — cOOp U aHa/IM3 TMTepaTypHbIX KCTOUHUKOB, M.I". Bs3spoBa — c6op u
aHa/IM3 JIMTepaTypPHBIX UCTOYHUKOB, E.A. JIeBKOBa — cOOp U aHa/NN3 IMTePaTypHBIX UCTOUHHUKOB, HaricaHue crated, E.C. Pe-
JIeHKO — HaITlCcaHue TeKCTa U pe/lJakTHPOBaHUe CTaThbU. Bce aBTOPBI BHEC/IU CYIL|eCTBEHHBIN BK/Ia/ B Pa3pabOTKy KOHLIETILIH,
TMIPOBeZIeHNEe MCCIeA0BAHMS U MOTOTOBKY CTaThbH, MPOWIN U 0100prIv GUHANBHYIO BEPCHUIO Mepe/] yOnuKaryei.

HNudopmanys o KoHGUIMKTe HHTEPeCOB. ABTODHI JIEKTaPUPYIOT OTCYTCTBUE SBHBIX U NIOTEHL[HAIbHBIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHBIX C [TPOBeJIEHHBIM UCC/IeJOBaHNEM U MyO/MKalel HacTosIIIel CTaTbu.
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Effect of mydriasis degree on intraoperative complications
in patients with complicated cataract associated with
pseudoexfoliative syndrome

Bermet B. Bekmirova® > 8, Michael A. Frolov?3

Moscow City Policlinic No. 2, Moscow, Russian Federation
Peoples’ FriendshipUniversity of Russian (RUDN University), Moscow, Russian Federation
3Buyanow Moscow City Clinical Hospital, Moscow, Russian Federation
P Bermet_bekmirova@mail.ru

Abstract. Relevance. Cataract is one of the causes of blindness and low vision among the pathology of the organ of vision.
Medication to cure cataracts is extremely ineffective. According to statistics, over the past year, there are about a million patients
diagnosed with cataracts. The main method of surgical treatment of cataracts is phacoemulsification. The main cause of a narrow
pupil with lens opacities is pseudoexfoliative syndrome, which affects the development of the disease, both in the intraoperative
and postoperative periods. The aim of this study is to evaluate the effect of mydriasis on intraoperative complications in patients
with complicated cataract in PES. Materials and Methods. The study involved 176 patients of varying severity of PES and a control
group without signs of PES. Patients underwent ophthalmological diagnostics (visometry, biomicroscopy, ophthalmoscopy,
CCFM, ruler for measuring pupil diameter, pneumotonometry, IOP according to A.N. Maklakov, 10g weight, OST of the anterior
segment). In addition to ophthalmological examinations, all patients underwent anamnesis and laboratory tests before surgery
according to generally accepted methods. Preoperative preparation of the patient included both drug therapy and a psychological
aspect. Particular importance was attached to premedication. All patients in all study groups were prescribed a sedative (per os)
1 hour before surgery. In all observation groups, in order to achieve the cycloplegia required during the operation, instillations of
mydriatics were performed according to the scheme. Results and Discussion. Evaluation of the results revealed that the degree
of mydriasis is a statistically significant risk factor for the development of all complications except “conjunctiva”. For the
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conjunctiva, no statistically significant risk factors were found among the selected parameters. AUC for ROC curves are in the
range of 0.7-0.9 for all complications, which indicates a good and satisfactory choice of model parameters. In the “photophobia”
regression, the risk of developing complications is 6 higher with mydriasis up to 5 mm in the postoperative period, and 26 times
higher to get a complication with mydriasis less than 4 mm. In the regression of “chamber moisture” — the moisture of the anterior
and posterior chambers, the risk of developing turbid fluid is 353 times higher with mydriasis less than 4 mm, and 27 times
higher with mydriasis up to 5 mm. Conclusion. The characteristic signs of pseudoexfoliation syndrome undoubtedly complicate
the surgeon’s work: rigid narrow pupil, ciliary muscle weakness, iridodonesis, phacodonesis. When planning cataract surgery,
special attention should be paid to diagnosis, history taking in terms of general somatic features, and the choice of mydriatics.
This work showed how much the degree of mydriasis can influence complications in the intraoperative period.
Keywords: complicated cataract, pseudoexfoliation syndrome, mydriatics, cycloplegia, rigid pupil, complications
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Introduction Spraying on the anterior capsule of the lens, in

More than 300 thousand cataract surgeries are
performed annually in the Russian Federation. The
leading position in cataract surgery is occupied by
phacoemulsification [1]. The main cause of narrow
pupil in case of lens opacities is pseudoexfoliative
syndrome (PES), which is directly related to the
development of the disease, both in intraoperative
and postoperative periods. PES is an age-related
systemic dystrophic disease with a characteristic
lesion of the visual organ, mainly of the anterior
segment of the eye [2]. The pupil in PES is stiffer
than in the fellow eye and doesn’t respond well to
medication cycloplegia.
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the iris stroma — on the anterior segment of the eye,
causes atrophy of the iris sphincter and iris dilator, this
is the cause of pupil stiffness, this condition leads to
mechanical obstruction preventing the achievement
of cycloplegia [3]. Non-medicamentous mydriasis of
the pupil can be caused by heterogeneous condensed
bodies at their molecular contact of exfoliative material
to the iris pigment epithelium and the anterior capsule
of the lens [4].

The authors noted that after medication cycloplegia,
intraocular pressure rises, which may cause an abundant
pigment release from the posterior chamber into the
anterior chamber, which positively correlates with the
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intensity of pigment dispersion [5]. Scientists have
noted localization of exfoliative material, according to
different sources, at the pupil margin, within 33-95%
of patients, but there is also data on the detection of
characteristic dustings at the pupil margin even with
complete preservation of the iris pigment border [6].
WuDunn D. on the basis of his observations and work
with clinical material considers the weakness of cinna-
mon ligaments and possible complications in the form
of lens subluxation as a result of friction of iris and lens
capsule covered with exfoliations [7].

The ways to achieve mydriasis are not only me-
chanical, and also medication too. Authors attempt to
use antioxidants, vasoactive drugs, disaggregants, an-
tihypoxants in the prevention of complications of this
syndrome, but the effectiveness of actions needs further
clarification [8]. Currently, to achieve a wide pupil in
preparation of the patient for surgery, there is a choice
of mydriatics, both in combination and in monotherapy.
The most frequently used groups of drugs are adre-
nomimetics — phenylephrine, and M-cholinoreceptor
blockers — cyclopentolate and tropicamide. Authors
in various observations have repeatedly noted a pro-
nounced enhancing effect of the use of mydriatics
with such non-steroidal anti-inflammatory drugs as
diclofenac sodium, flurbiprofen, ketorolac trometamol
[9]. Dube P. (1990) in his works compared instillation
of mydriatics according to the conventional method
in combination with 1% indomethacin and 1% pred-
nisolone. The results of the study showed that the
strongest synergy, when comparing the two drugs,
was observed in 1% indomethacin [10]. Other authors
Guzinska M. and Dimitrakos S.A. conducted similar
work, using diclofenac sodium with indomethacin. The
results showed, more pronounced effect in diclofenac
[11, 12]. AuM.K. and Singh P. noted the relationship
between the use of mydriatics and antiprostoglan-
din piroxicam, but there is no information about the
effectiveness of these drugs [13]. Allaire C. et al.
found no significant difference when comparing 0.1%
indomethacin and 0.03% flurbiprofen [14]. Psilas K.
et al. noted opposite findings of a pronounced weak
synergism in prolonged cycloplegia of 0.1% diclofenac
compared to 1% indomethacin and 0.03% flurbiprofen
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[15]. Using non-steroidal anti-inflammatory drugs of
choice, the author Solomon K.D. showed persistent
mydriasis with 0.05% ketorolac, noting a pronounced
effect than with 0.03% flurbiprofen, while the interval
and frequency of instillation are important [16]. The
authors Chaudhary K.P., Sofat B K. and Stewart R.
suggested using 1 drop of instillation with an interval
of 30 minutes 2 hours before the planned operation.
Other authors suggested 60 minutes before the planned
surgery with a 15 minute interval [17]. The third au-
thors suggested instillation of 5-fold mydriatics every
30 minutes [11]. In the available sources there are
data on the use of intracameral injection of adrenaline
(epinephrine) to additionally achieve cycloplegia.
Authors Corbett M.C. and Liou S.W. used epinephrine
in irrigation solution at a concentration of 1:1.000.00.
No data on the condition of patients with hypertension
were noted [18]. Chen C.C. observed the possibility
of restoring intraoperative cycloplegia by injecting
0.1 ml of adrenaline into the anterior segment of the
eye, namely into the anterior chamber, but no data
on systemic side effects were found [19]. Another
scientist, when comparing alpha-adrenostimulant and
adrenaline injected into the anterior chamber, noted
less toxic effect on the body and adequate cycloplegia
predominantly in alpha-adrenostimulant [20]. The
author Schlichtenbrede F.C. compared instillations of
alpha-adrenomimetics 5% and 10% phenylephrine,
with concomitant pathologies of CHD, however,
systemic cardiovascular effects were not found, but
cycloplegia was achieved mainly with 10% instilla-
tion [21]. Kumar Vinod et al proposed the following
regimen: 3-fold instillation 1 hour before the planned
surgery with a 5-minute interval of M-choline blocker
(tropicamide 1%) and 2-fold alpha-adrenomimetic
(10% phenylephrine) [22]. Another author suggested
another instillation scheme for persistent mydriasis:
combination of mydriatics with NSAIDs by 3-fold
injection into the conjunctival cavity of a solution of
tropicamide, diclofenac sodium and phenylephrine in
the ratio of 1%-0.1%-10% with simultaneous injection
of a mixture of 0.1 ml of atropine and mesaton (in the
ratio of 0.1%-1%) [23]. Authors Postupayeva N.V. and
colleagues proposed an interesting scheme to achieve
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mydriasis, a prepared drug mixture of 0.05 ml, which
includes arenalin, mesaton, lidocaine (1% — 1% —
2% respectively), to inject localized at 12, 4 and 8
o’clock into the limbus region at the border of opaque
and transparent parts of the cornea, using a 27G
injection needle (ratio of solutions 0.02:0.02:0.01
respectively) [24].

The aim of this work was to determine the influence
of the degree of mydriasis on intraoperative compli-
cations in patients with complicated cataract on the
background of pseudoexfoliative syndrome.

Materials and methods

This scientific work was carried out at the Depart-
ment of Eye Diseases of RUDN University, namely at
the clinical base of the ophthalmologic department of
the V.M. Buyanov State Clinical Hospital, and short-
stay hospital unit. Patients (176 subjects) were divided
into 3 groups according to severity and a control group
without clinical manifestations of PES.

Group 1 n=40 (40 eyes) — the median age was
74.53 (IQR: 56-89 years), 75% were female, and 25%
were male. Group 2 n=44 (45 eyes) — the median age
was 74.25 (IQR: 59-91 years), 63.6% were female,
and 36.4% were male.

Group 3n=47 (49 eyes) — the median age was
73.62 (IQR: 49-93 years), 61.7% were female, 38.3%
were male. Control group n=45 (45 eyes) the median
age was 70.93 (IQR: 54-82 years), 68.9% were female,
31.1% were male in Table 1.

The patients underwent ophthalmologic diagnostics
(visometry, biomicroscopy, ophthalmoscopy, critical
frequence of merge of flickers, ruler for pupil diameter
measurement, pneumotonometry, intraocular pressure
(IOP) according to A.N. Maklakov— 10g weight, OCT
of the anterior segment). In addition to ophthalmologic
examinations, anamnesis collection and laboratory tests were
performed before the operation according to the generally
accepted methodology. Preoperative preparation of the
patient included both drug therapy and psychological aspect.

Special importance was given to premedication.
1 hour before surgery all patients in all studied groups
were given a sedative drug (per 0s).

388

Inclusion criteria were:

— Presence of cataract in one eye (visual acuity
not more than 0.4, with visual acuity of the other eye
not less than 0.8).

— compensated IOP

Exclusion criteria were:

— Infectious — inflammatory diseases of the eye,
oncologic diseases of the eyeball, appendicular appara-
tus of the eye, decompensated glaucoma, lack of light
perception, decompensated somatic diseases.

Voluntary written consent was obtained from the
patients for the investigation and publication of relevant
medical information according to WMA Declaration
of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013.

Statistical processing of the data was performed
in the development environment of R-4.1.3. When
analyzing quantitative parameters, each parameter
was pre-tested for normality of distribution using the
Shapiro-Wilk test. In case of normal distribution the
parameter is presented as M + SD, in case of deviation
from normal distribution the parameter is presented as
Me (Q1; Q3). Four-group analysis of variance (ANOVA)
was used when comparing groups for continuous param-
eters. Comparisons of conjugation tables for categorical
parameters were performed using Fisher’s exact test.

Graphical representation of the results was per-
formed using span diagrams.

Regression analysis for generalized linear mod-
els (GLM) was used to analyze the relationships between
the parameters. To analyze the probability of complications
and factors that influence this probability, a multivariate
logistic regression (MLR) model was used, for which
ROC analysis was performed. The quality of the model
was assessed by the AUC value for the ROC- curve.

Results and discussion

The comparison of the groups by age and gender
showed that the studied groups had no statistically
significant differences (p=0.152 and p=0.564, respec-
tively) in Table 1.

Preoperative vision in the groups had no statistically
significant difference (p=0.37) in Table 2.
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Table 1
Demography
Parameter Control 1- Group 2- Group 3- Group P- value
Age (years) 70.93%7.45 74.53+8.16 74.25+7.51 73.62+9.42 0.152
GenderFemale 31 (68.9%) 30 (75%) 28 (63.6%) 29 (61.7%)
0.564
Male 14 (31,1%) 10 (25%) 16 (36.4%) 18 (38.3%)
Table 2
Visual functions
Parameter Control 1-Group 2-Group 3-Group P-value
Vision before surgery 0.03(0.01;0.05) 0.03(0.02;0.052) 0.05(0.02;0.1) 0.02 (0;0.08) 0.37

In all observation groups, to achieve mydriasis
required during surgery, mydriatic instillations were
performed. M-cholinoblocker instillations (tropicamide
1%, 0.5% and cyclopentolate 1%) were used in 65%,
54.5% and 44.7% of groups 1, 2 and 3, respectively.
Group 1 used cyclopentolate 1% once 40 min before
the planned surgery, group 2 used cyclopentolate 1%
instillations 30 and 15 min before surgery, and group 3
used 1% tropicamide solution 30, 20, and 10 min before
surgery. Combined-action midriatics (tropicamide+phe-
nylephrine) in 20%, 20.5% and 19.1%, respectively.
Alpha-adrenomimetics (phenylephrine hydrochloride
2.5%) in 20%, 25% and 38.3%, respectively. In group 1
30 min before surgery, in group 2 30, 15 min, in group

3 1 hour, 30 min, 15 min. In all the observation groups,
in addition to mydriatics, in the preoperative period,
predominantly diclofenac sodium 100 mg, followed by
nimesulide and indomethacin 1% were used.

From the preoperative instillation it is worth noting
a statistically significant difference in the frequencies
of M-choline blockers (p=0.006).

According to the results of mydriatic instillation
we obtained the following data in Table 3. There were
statistically significant differences between the groups
(p <0.05). In group 1, 67.5% of medial mydriasis was
up to 6.5 mm, in group 2, 72.7% up to 5.5 mm., and
in group 3 of observations, 70.2% of medial mydriasis
was less than 4 mm.

Table 3
Degrees of medication-induced mydriasis
Parameter Control 1-Group 2-Group 3-Group P-value
Up to 8 mm 45(100%) 0(0%) 0(0%) 0 (0%) 0
Up to 6.5 mm 0 (0%) 27 (67.5%) 3(6.8%) 0(0%) 0
Up to 5.0 mm 0 (0%) 13 (32.5%) 32 (72.7%) 14 (29.8%) 0
Less than 4.0 mm 0 (0%) 0 (0%) 9 (20.5%) 33 (70.2%) 0

To achieve our aim, we additionally studied the
patients’ general medical pathologies.

Statistical analysis of the history of concomitant
comorbid pathologies showed that the groups had sta-
tistically significant differences in the frequencies of
cardiologic, pulmonologic, and neurologic pathologies
in Table 4. There was no statistically significant differ-
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ence in the frequencies of endocrinologic pathologies
between the groups (p=0.243). As follows from the
results, all mentioned pathologies have a negative
statistically significant effect on mydriasis. The asso-
ciated pathologies worsen the process of mydriasis. The
statistical significance of the remaining parameters has
not been established.
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Table 4
Associated pathologies
Parameter Control 1-Group 2-Group 3-Group P-value
. No 30 (66.7%) 25(62.5%) 20(45.5%) 18 (38.3%)
Cardiology Yes 15 (33.3%) 15(37.5%) 24(54.5%) 29 (61.7%) 0.02
No 26 (57.8%) 24 (60%) 24(54.5%) 19 (40.4%) 0.243
Endocrinology Yes 19 (42.2%) 16 (40%) 20(45.5%) 28 (59.6%) :
No 36 (80%) 27(67.5%) 21(47.7%) 13 (27.7%)
Pulmonology | yeg 9 (20%) 13(32.5%) 23(52.3%) 34 (72.3%) 0o
No 20 (44.4%) 13(32.5%) 20(45.5%) 2 (4.3%)
Neurology Yes 25 (55.6%) 27(67.5%) 24(54.5%) 45 (95.7%) 00

In the OLM for MIDRIAZ *Demography*, * Vision
before surgery*, *Presence of associated pathologies*
and use of preoperative instillations were selected as
independent factors. The result estimation of OLM

parameter estimation and their statistical significance are
summarized in Table 5. As it follows from the results,
all mentioned pathologies have a negative statistically
significant effect on mydriasis.

Table 5
Group comparison
Parameter Coefficient estimated Standard error P-value
Visual acuity on admission 0.542 1.158 0.64
Age -0.001 0.011 0.963
Gender (m) 0.18 0.157 0.254
Cardiology 0.397 0.177 0.026
Endocrinology 0.319 0.148 0.033
Pulmonology 0.78 0.153 0
Neurology 0.612 0.163 0
Comb Mydriat -0.089 0.515 0.863
M-cholinoblok 0.188 0.506 0.711
A-Adrenomim -0.067 0.501 0.894

For the complications “conjunctiva”, “photo-
phobia”, “anterior chamber fluid” MLR models were
built, for which the following factors were selected:
degree of mydriasis, gender, age, type of surgery
and IOL model. The evaluation results of the esti-

mated MLR models are summarized in Tables 6-8.
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Evaluation of the results revealed that the degree of
mydriasis is a statistically significant risk factor for
the development of all complications except “con-
junctiva”. For conjunctiva, no statistically significant
risk factors were found among the selected parameters
(Table 6).
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Table 6
Logistic regression — conjunctiva
Parameter Esﬂr:;tfiig?eﬁi LR Standard error P-value Odds ratio 2;3550{,‘;0 I:g?it 9792;/‘: II;rInit

Mydriasisup to 6.5 mm -1.036 0.509 0.042 0.355 0.128 0.947
Up to 5.0 mm 0.336 0.466 0.47 1.4 0.562 3.52

Less than 4.0 mm 1.071 0.687 0.119 2918 0.794 12.001
Gender (m) 0.073 0.376 0.846 1.076 0.517 2.276
Ages -0.01 0.023 0.665 0.99 0.945 1.036
Phaco+IOL+ periph. irid. 0.837 0.657 0.203 2.308 0.681 9.419
Phaco+IOL+ basal coloboma -0.226 0.633 0.721 0.798 0.233 2.877
ECCE+IOL -0.399 0.398 0.316 0.671 0.306 1.465
AFY -0.28 0.463 0.546 0.756 0.303 1.877
HQ Acrylic IOL -0.21 0.632 0.739 0.81 0.233 2.855
RPR, T-19, Miol -0.129 0.732 0.86 0.879 0.215 3.999
Acryfold 0.564 0.483 0.246 1.758 0.69 4.646

Note: AFY- American type of intraocular lens; HQ Acrylic intraocular lens- German lens type; RPR, T-19, Miol- Russian lens type;
Acryfold- Indian lens type. Abbreviations: Phaco+IOL+periph. irid.: Phacoemulsification+intraocular lens+peripheral iridectomy;
ECCE+IOL: Extracapsular cataract extraction+ intraocular lens.

In the regression of “photophobia” the risk of to get a complication with mydriasis less than 4 mm
complications is 6 times higher with mydriasisup to 5 (Table 7).
mm, in the postoperative period, and 26 times higher

Table 7
Logistic regression — photophobia
Parameter Esg?eitfiigineﬁi LR Standard error P-value Odds ratio 2;35;{,2 I:;Tit 9792;/: II;rInit

Mydriasisup to 6.5 mm 0.044 0.604 0.942 1.045 0.311 3.405
Up to 5.0 mm 1.855 0.534 0.001 6.393 2.333 19.203
Less than 4.0 mm 3.25 0.793 0 25.789 5.991 138.823
Gender (m) -0.505 0.429 0.239 0.604 0.255 1.386
Ages -0.042 0.028 0.136 0.959 0.907 1.012
Phaco+IOL+ periph. irid. 1.009 0.678 0.137 2.744 0.77 11.593
Phaco+IOL+ basal. coloboma 1.24 0.805 0.123 3.457 0.789 19.893
ECCE+IOL -0.409 0.454 0.369 0.665 0.267 1.601
AFY -0.089 0.526 0.866 0.915 0.324 2.575
HQ Acrylic IOL -0.721 0.707 0.308 2.056 0.526 8.722
RPR, T-19, Miol 0.634 0.842 0.451 1.885 0.377 11.077
Acryfold 0.815 0.529 0.124 2.258 0.813 6.572

Note: AFY- American type of intraocular lens; HQ Acrylic intraocular lens- German lens type; RPR, T-19, Miol- Russian lens type;
Acryfold- Indian lens type. Abbreviations: Phaco+IOL+perif. irid.: Phacoemulsification+intraocular lens+peripheral iridectomy;
ECCE+IOL: Extracapsular cataract extraction+ intraocular lens.
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In the regression of “anterior chamber fluid” —
anterior and posterior chamber moisture, the risk of up to 5 mm (Table 8).
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developing turbid fluid is 353 times higher with mydri-

Logistic regression- anterior chamber fluid

asis less than 4 mm, and 27 times higher with mydriasis

Table 8

Parameter Estimation of LR coefficient Standard error | P-value | Oddsratio | 2.5% limit 95% DI | 97.5% limit 95% DI
{\gygganii;“p 1.77 0.667 0.008 5.871 1.683 24.243
Up to 5.0 mm 3.31 0.657 0. 27.379 8.285 113.521
Less than 4.0 mm 5.869 1.243 0 353.731 43.94 8176.802
Gender (m) -0.272 0.479 0.57 0.762 0.295 1.953
Ages -0.003 0.031 0.927 0.997 0.938 1.06
izgf‘”*'ou periph. 0.199 0.687 0.773 1.22 0.32 4.943
Czrl‘ggg;'g“ basal. 0.664 0.826 0.422 1.942 0.409 11.305
ECCE+IOL 0.574 0.521 0.27 1.776 0.643 5.052
AFY 0.401 0.576 0.486 1.493 0.485 4721
HQ Acrylic I0L 0.822 0.807 0.308 2.275 0.499 12.761
RPR, T-19, Miol 0.888 1.001 0.416 2.43 0.339 28.526
Acryfold 0.775 0.581 0.182 2.17 0.708 7.044

Note: AFY- American type of intraocular lens; HQ Acrylic intraocular lens- German lens type; RPR, T-19, Miol- Russian lens type;
Acryfold- Indian lens type. Abbreviations: Phaco+IOL+perif. irid.: Phacoemulsification+intraocular lens+peripheral iridectomy;
ECCE+IOL: Extracapsular cataract extraction+ intraocular lens.

AUC for ROC curves lie in the range of 0.7-0.9

for all complications, which indicates a good and Figures 1, 2, 3.
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Fig 1. AUC: area under the ROC curve "anterior chamber fluid"

satisfactory choice of model parameters shown in
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Fig 2. AUC: area under the ROC curve "photophobia”

Fig 3. AUC area under the ROC curve “conjunctiva"

Conclusion

Undoubtedly, a narrow, rigid pupil causes com-
plications in the intraoperative period, and nega-
tively affects the postoperative period in the distant
period, with the risk of complications, including
IOP elevation. When planning cataract surgery,
special attention should be paid to diagnosis, history
taking in terms of general medical features, and
most importantly, the choice of mydriatics. As the
literature review shows there is no consensus on the
choice, dosage, time intervals of mydriatic instilla-
tion to achieve persistent mydriasis, but to enhance
the action of mydriatics, the authors undertake the
prescription of drugs both NSAIDs and hormonal
therapy intravenously and per os. Proceeding from
the purpose of our work, we have shown what are the
risks of complications in the intraoperative period in
patients based on the development of our mydriatic
instillation patterns.

OPHTHALMOLOGY

References / Cnucok nutepatypbl

1. Aznabaev BM. Ultrasound cataract surgery-phacoemulsification.
Moscow: August Borg; 2005. 136 p. (In Russian). [A3nabaes, B.M. YiisT-
Pa3ByKOBasi XUPYPrust KaTapakTbl — (hakosmynscudukarys. M.: ABrycrt
Bopr 2005. 136 c.]

2. Ritch R. Exfoliation syndrome. Curr. Opin. Oph-
thalmol.2001;12(2):124-130. doi.org/10.1097/00055735-200104000-00008

3. Asano N, Schlotzer-Schrehardt UM, Naumann GOH.
A histopathologic study of iris changes in pseudoexfoliation syndrome.
Ophthalmology.1995;102(9):1279-1290.doi.org/10.1016/s0161-
6420 (95) 30873-1

4. Akman A, Yilmaz G, Oto S, Akova YA. Comparison of
various pupil dilatation methods for phacoemulsification in eyes
with a small pupil secondary to pseudoexfoliation.Ophthalmolo
gy-2004;111:1693-1698. doi.org/10.1016/j.0phtha.2004.02.008

5. Schlotzer — Schrehardt UM, Naumann GOH. Ocular and
systematic pseudoexfoliation synfrome. Am. J. of Ophthalmol.
2006;141(5):921-937.doi.org/10.1016/j.aj0.2006.01.047

6. Schlotzer—Schrehardt UM, Koca MR, Naumann GO,
Volkholz H. Pseudoexfoliation syndrome ocular manifestation of
a systemic disorder? Acta Ophthalmol.1992;110:1752—-1756.doi.
org/10.1001/archopht.1992.01080240092038

7. WuDunn D. Genetics. In: Gross R.L. Clinical glaucoma
management: clinical signs in diagnosis and therapy. — Philadelphia:
W.B. Saunders Company., 2001. — P. 77.doi.org/10.1016/s0002—
9394 (01) 01309-5

393



Bekmirova B.B., Frolov M.A. Bectuuk PYJH. Cepus: Meguunna. 2025. T. 29. Ne 3

8. GrossR. Clinical glaucoma management: clinical signs in diagnosis
and therapy. American Journal of Ophthalmology.2002;133(20):298. doi.
org/10.1016/s0002-9394 (01) 01309-5

9. Roberts B. Preoperative and postoperative use of nonsteroidal
anti-inflammatory drugs in cataract surgery. The Journal of the
American Society of Ophthalmic Registered Nurses.1996;21(1):13-16.
doi.org/10.1016/s1060-135x(96)90025-1

10. Dube P, Boisjoly HM, Bazin R, Chamberland G, Langhera
PA, Dube I. Comparison of prednisolone acetate and indomethacin
for maintaining mydriasis during cataract surgery. Can.J.Opthalmol.
1990;25(5):234-8

11. Dimitrakos S.A., Topouzidis C., Panidou-Kyriakidou I. Prevention
of peroperative miosis: comparison between prostaglandin inhibitors.
Sodiumdiclofenac and indomethacin in local application. J. Fr. Ophth
almol.1992;15(1):5-8.

12. Singh P, Naik TN, Sarkar S, Singh HI, Bhunia SC, Singh YT,
Pal SC. Intravenous drug users — a new high — risk group for
HIV infections in India.AIDS.1991;5(1):117-118. doi.org/10.109
7/00002030-199101000-00026

13. Allaire C, Demailly P, Trinquand C. Ocular hypertensive
efficacy and safety of once daily carteolol alginate. Br J Ophthalmol
2001;85:921-924. doi.org/10.1136/bjo.85.8.921

14. Psilas K, Eftaxias V, Kastanioudakis J, Kalogeropoulos C.
Silicone intubation as an alternative to dacryocystorhinostomy
for nasolacrimal drainage obstruction in adults. Eur.
J. Ophthalmol.1993;3(2):71-76. doi.org/10.1177/112067219300300204

15. Solomon KD, Cheetham JK, DeGryse R, Brint SF,
Rosenthal A. Topical ketorolac tromethamine 0.5% ophthalmic
solution in ocular inflammation after cataract surgery. Ophthalmology.
2001;108(2):331-337. doi.org/10.1016/s0161-6420 (00) 00543-1

16. Chaudhary KP, Sofat BK. Preoperative topical flurbiprofen-Na
in extracapsular lens extraction role in maintaining intraoperative
pupillary dilatation. Indian J. Opthalmol.1992;40(4):109-14.

17. Guzinska K. Kazmierczak D, Dymel M., Pabjariczyk-Wlazlo E,
Bogun M. Anti-bacterial materials based on hyaluronic acid: Selection

of research methodology and analysis of their anti-bacterial properties.
Materials Science and Engineering. doi:10.1016/j.msec.2018.08.043

18. Corbett MC, Richards AB. Intraocular adrenaline maintains
mydriasis during cataract surgery. Br.J. Ophthalmol. 1994;78:95-98.
doi.org/10.1136/bjo.78.2.95

19. Liou SW, Chen CC. Maintenance of mydriasis with one bolus of
epinephrine injection during phacoemulsifications. J Ocul Pharmacol
Ther. 2001;17:249-253. doi.org/10.1089/108076801750295281

20. Hempel S, Beiner M, Schréter K, Reissig S, Donth E. Multiple
glass transition and nanophase separation in poly (n-alkyl methacrylate)
homopolymers. Macromolecules. 1999;32:6278-6282. doi.org/10.1021/
ma981780n

21. Schlichtenbrede FC, Sarra GM, Stephens C, Bainbridge JWB,
Thrasher AJ, Luthert PJ, Ali RR. Kinetics of transgene expression
in mouse retina following sub — retinal injections of recombinant
adeno — associated virus. Vision Res. 42:541-549. doi.org/10.1016/
s0042-6989 (01) 00230-9

22. Kumar Vinod, Dushin NV, Frolov MA, Makovetskaya IE,
Isufai E. Assessment of the effectiveness and safety of
phacoemulsification in patients with pseudoexfoliation syndrome.
Modern technologies of cataract and refractive surgery. 2008:146-153.
(in Russian)[Kymap Bunog, Qyumx H.B., ®ponos M.A., MakoBeT-
ckasti M.E., Ucydaii O. OueHka 3¢ dexTiBHOCTH 1 Ge30macHOCTH (ako3-
My/BCU(HKALMK Y OO/IBHBIX C MCEB/I03KCHOMMATUBHBIM CUHAPOMOM //
CoBpeMeHHbIe TEXHOJIOTUU KaTapaKTaJbHOW U pedpakijMoHHON
xupypruu. C6. Hayu. Crareii.2008. C. 146-153.]

23. Fry DW, Nelson JM. Anti — Cancer Drug Preparation.
Membrane Technology.1995;57:10. doi.org/10.1016/s0958-
2118 (00) 89127-2

24. Patent RUS Ne 2525512/20.08.2014. Bul. Ne 23.
Postupaeva N.V., Sorokin E.L., Egorov V.V., Postupaev A.V. Sposob
medikamentoznogo rasshireniya rigidnogo zrachka pered provedeniem
fakoemul’sifikaciej. Available from: https://rusneb.ru/catal
0g/000224_000128_0002525512_20140820_C1_RU/ (in Russian).

BnusiHne cteneHn Mmuapuasa Ha UHTpaonepaLluoHHble
OCJIO)XXHEHUSA Y NMaLUEeHTOB C OCJ/IOXKHEHHOWU KaTapaKTou Ha ¢poHe
ncesfo03kchonmaTMBHOro CUHApomMa

B.b. BekmupoBa’?

> M.A. ®posos>?

Topozckas momMKnMHYKa Ne 2, dwman 3, e. Mockea, Pocculickas @edepayus
2PoCCUACKUI YHUBEPCHUTET pYKObI HApoJoB, 2. Mockea, Pocculickas @edepayust
Topopckas KTMHUUecKas OosbHULa uMeHd B.M. BysiHOBa, 2. Mockea, Pocculickas @edepayust
< Bermet_bekmirova@mail.ru

Annotanusa. AkmyanbHocms. OfHa U3 TIPUYMH CTIETIOTHI ¥ C/1ab0BU/eHHs CPe/U T1aTOJIOTUM OpraHa 3peHus sIB/IsSeTCs KaTa-
pakTa. MelikaMeHTO3HO BbUIEUNTD KaTapakTy KpaiiHe Mano3ddexrusHo. [1o JaHHBIM CTAaTHUCTHKH, 3a NOCTIeJHNH rof] 60IbHBIX
C JMarHO30M «KaTapaKTa» COCTaBJIsieT OKOJI0O MIU/UTHOHA. OCHOBHOM CIIOCO6 XUPYPriuuecKoro JieueHuUs: KaTapaKThl SIB/ISIETCS
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tharosmynbcudrkarysa. OCHOBHBIE IPUUKHBI Y3KOTO 3pavkKa Py MOMYTHEHHM XPyCTavKa sIB/ISIeTCsl TICeBJ09KCOTHaTUBHBINA
CUH/pOM, KOTOPBIH B/MsIeT Ha pa3BUTHe 3a00/ieBaHUS KaK B MHTpaoIllepaljiOHHOM, TaK U B [10C/Ie0NepaljiOHHOM N1epHoiax.
Lenb HacTOALLETO UCC/IEI0BAHNUS — OLIeHUTh BJIMSIHME CTelleH! MUJpra3a Ha UHTPaollepalliOHHbIe OC/I0KHEeHHUs] y Mal[eHTOB
C OCJIO)KHeHHOM KaTapakToil Ha (poHe [IDC. Martepuassl 1 MeTobl. B mcciiejoBaHny IpUHUMaUIH y4yactye 176 naiyeHToB
pasnuuHoi crerteHH TsokecTH I13C 1 KoHTposibHas rpymma 6e3 mpusHakoB [1DC. [TareHTaM POBOAWIIN 0 TaTBMOIOTUIECKYHO
JUarHOCTUKY (BU30MeTpUsi, OMOMUKPOCKOMHS, ofTanbMockorusi, KICM, vHelKa J/ist i3MepeHust [iaMeTpa 3pauka, ITHEBMOTO-
HomeTpuio, BI'/] mo A.H. MaksakoBy, rpy3oM 101, OCT nepefHero oTpeska). Bcem nanyeHTaM moMuMo 0(TaabMOJIOrHUeCKUX
HCC/IeZloBaHuM, Tlepe/ oreparyeii mpoBoAnay cbop aHaMHe3a, 1abopaTopHble UCCIe0BaHMS 110 OOIIeNPUHATON MeTOMKe.
ITpegorieparjioHHas IOATOTOBKA MalleHTa BK/IIoUasa B ce0si Kak MeJUKaMeHTO3HYI0 Teparivio, TaK U IICHX0/IOTHUeCKUH acTIeKT.
Ocoboe 3HaueHHe MPUaBaloCh MpeMeAUKalii. 3a 1 uac [jo0 orepaLyy BceM MarjeHTaM BO BCeX UCCIeAyeMbIX TPyIax
Ha3Haua/IM CeJaTUBHBIN Mperapar (per 0s). Bo Bcex rpymmax HabmroaeHus, /11 ZOCTHKeHHst He0OX0IUMOTO B X0Zie OTlepaLiin
LUKJIOTIJIET MY, TPOBOAW/IA MHCTHUISILIMA MUZIPUATHKOB TI0 cXeMe. Pe3ynbmamblt u 06¢yscoeHue. OLieHKa pe3y/ibTaToB BhISBHIIA,
YTO CTeleHb MHU/IpYa3sa SIB/ISIeTCs] CTaTUCTUUeCKU 3HAUMMBIM (DaKTOPOM PHCKa /IjIsi Pa3BUTHSI BCEX OCIOKHEHHH KPOMe «KOHbB-
IOHKTHBa». []/11 KOHBIOHKTHBbI CTAaTUCTUYeCKH 3HaUMMBIX (DaKTOPOB pUCKa Cpeay BBIOPAaHHbIX I1apaMeTpoB He 0OHapy KeHo.
AUC pns ROC-kpuBbIX /1exkaT B guanasoHe 0,7-0,9 1o BceM 0C/I0)KHEHUSIM, UTO FTOBOPUT O XOPOLLEM U Y/I0B/Ie€TBOPUTEIbHOM
BBIOOpe TIapaMeTpOB Mozie/i. B perpeccu «CBeTOOOSI3HI» PUCK Pa3BUTHS OC/IOKHEHUH B 6 pa3 BhILle IPU MUZIpHa3e /10 5 MM,
B M0C/Ie0TepaljuOHHOM Mepuo/e, U B 26 pa3 BbllIe IIaHC MOJyYUTh OC/IOKHeHVe TIpU MU/prase MeHee 4 MM. B perpeccuu
«KaMepHOH BJjlaru» — BJlara repejHeild 1 3aJjHeli KaMepbl — PUCK Pa3BUTHsS MyTHOM >KUAKOCTH B 353 pasa Bblllle IPU MUZipHase
MeHee 4 MM, 1 B 27 pa3 BbIllle IPU MUJpHUa3e 10 5 MM. Bbi6o0bl. XapaKTepHble MPU3HAKH MCeBA03KC(OMMaTUBHOTO CUHAPOMA,
HeCOMHEHHO, YC/IOKHSIOT paboTy XUpypra: pUriiHbIi y3KUii 3pauok, c1ab0CTh M/UIMaPHOM MBIIILbI, UPH0/0He3, (haKkozoHe3.
Oco60e BHUMaHKe IIpY I/IaHUPOBAHUY XUPYPTUY KaTapakThl CIefyeT YAelsTh BHUMaHye JUarHoCTHKe, cO0py aHaMHe3a B I/1aHe
o011ecomaTHuecKMX 0coOeHHOCTel U BEIOOpY MUJPHUATHKOB. B aHHO# paboTe 110Ka3aHO, HACKOJIBKO CUTBHO MOKET MOBJTHSTh
CTeleHb MU/JpHa3a Ha OCJIOKHEHHUsI B MHTPaoIepaljiOHHOM Mepruoje.

KiroueBble cj10Ba: 0C/IOKHEHHAs! KaTapakTa, ICeBJOKC(HOMMAaTUBHBIN CHHPOM, MU/IDUATUKH, LIUK/IOTI/IEr VST, PUTH/AHBIN
3pavyoK, OCJIOKHEHUS
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Effectiveness of sensorimotor training in different social conditions
of men's and women's activities in mono-gender dyads

Elena P. Murtazina! g, Ekaterina S. Galushka' ', OlgaI. Ermakova' ~, Oksana M. Zotova® ,
Maria. A. Markovtseva’ —, Natalia Yu. Trifonova' ~, Sergey S. Pertsov’?

'Federal Research Center for Innovator and Emerging Biomedical and Pharmaceutical Technologies, Moscow, Russian
Federation
*Russian University of Medicine, Moscow, Russian Federation
DX murtazina_ep@academpharm.ru

Abstract. Relevance. Investigation the features of human achievement of the results of purposeful activity in different
conditions of social interactions is relevant and of high significance. The importance of this issue is underscored by the need
to equip businesses with skilled professionals who possess the necessary competencies, including social abilities, in line with
the evolving demands of the modern world, and also to increase the effectiveness of the educational process. Furthermore, it is
crucial to safeguard the psychosomatic health of the general public, which is heavily influenced by societal factors throughout
their lives and work relationships. The aim of the study was to examine changes in performance measures of sensorimotor
training in different social contexts of activity in same-sex male and female pairs. Materials and Methods: Sixty-five pairs of
men and 63 pairs of women (age 19 years 7 months + 3 months) were examined, using the sensorimotor training “Columns” of
the hardware-software complex “BOS-Kinesis” (Neurotech LLC, Taganrog, Russia). The research protocol included performing
the tasks in different social contexts: individually, competitively, and collaboratively with a partner in conditions with and
without feedback from participants’ actions. Results and Discussion. Three groups of subjects were identified according to the
indicator of maximum performance in three individual trainings: high-, medium-, and low-performers. In competition, an increase
in productivity was observed in the latter two groups. Sex differences were found in the proportion of subjects with initially
low performance who improved performance in competition: their % was significantly lower among men than in the sample
of women. In interpersonal sensorimotor coordination with feedback from partners’ actions, males had a significant decrease
in personal performance and pair integral outcome measures, in contrast to female dyads. In cooperation without feedback
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from participants’ actions, a decrease in personal and integral performance was found for all pairs of subjects, but it was more
significant in male dyads. Conclusion. Changes in result indicators in the joint contexts in dyads of subjects were determined
by their initial individual performance levels and differed significantly between male and female pairs.

Keywords: performance, sensorimotor activity, social context, competition, cooperation, dyads
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Introduction

The study of the effectiveness of joint activities
of people in various social conditions is an important
problem of modern psychophysiology, which requires
an interdisciplinary study of social, psychological and
neurobiological mechanisms for achieving the results
of purposeful human behavior in society [1, 2]. Work
in this area has high practical significance in terms of
increasing the efficiency of the educational process
for schoolchildren and students [3], and providing
enterprises with qualified personnel who meet mod-
ern professional requirements. In many professional
fields, employees must have, in addition to special
skills, so-called “non-technical” skills, which include
the ability to establish optimal production relationships
with colleagues and effectively interact with them to
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achieve a collective result. For example, such skills are
necessary in the work of medical and rescue teams, for
the coordinated activities of civil and military aviation
crews [4, 5]. The development of measures to improve
the social well-being of enterprise employees, young and
elderly people helps to maintain psychosomatic health,
increase the life expectancy of the population and im-
prove labor productivity. In addition, understanding the
characteristics of human interaction during sensorimotor
activity, including interaction using technical devices
in controlled movement processes, will contribute to
the development of social and rehabilitation robotics
and the development of software and hardware systems
with artificial intelligence [6].

Competition and cooperation are the main forms of
interaction in both interpersonal and professional rela-
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tionships. In recent years, many studies have compared
the performance of individual motor activity and that
performed in various types of group interactions [7, 8].
The authors of studies that note an improvement in the
effectiveness of joint activities compared to individual
ones explain these positive effects by an increase in
people’s motivation [9], the ability to compare personal
movements with the collective result of actions [10],
the summation of physical efforts and the ability of
partners to communicate and take specialized roles to
solve assigned tasks [11].

It is known that cooperation facilitates the pro-
cesses of motor learning and the development of motor
skills by increasing the levels of internal motivation
of participants and establishing positive interpersonal
relationships [12]. Competitive conditions, on the
other hand, reduce the perceived similarity between
participants, which lead to attempts by one person to
hinder the actions of another and reduce performance.

Studies have found inconsistent results when as-
sessing the performance of participants in competitive
and cooperative contexts in sport [13]. According to this
study, the highest performance indicators of athletes
were associated with dominance motivation, as opposed
to the affiliative motive of belonging to a group. The
observed decrease in a person’s personal performance
in team activities in a number of cases is also explained
by “social laziness” that occurs when the actions of
participants are anonymous, work is unevenly distrib-
uted among group members, and in other conditions
that reduce the level of personal responsibility to the
team [14].

Thus, studies of performance in the contexts of
competition and cooperation are relevant; however,
their results are contradictory and ambiguous, which
is probably determined to some extent by the gender
of the interacting subjects. During the evolution of
human communities, as a result of intra-family and
group interactions, different adaptive strategies and
social roles of male and female individuals were formed,
which influenced the levels of expression of different
inter-gender socio-psychological characteristics of
personality. It has been shown that men have a great-
er tendency to dominance and aggression in a social

PHYSIOLOGY

context; they are characterized by a more pronounced
motivation for competition and a positive perception of
the competitive conditions of interactions [15]. Women
typically play a leading role in caring for offspring, not
only their own, but also those of other family members
or groups. During the evolution of species, women
have developed empathy and compassion, the ability to
recognize the emotional states of others, and a tendency
to cooperate to a greater extent than men. It has been
shown that adaptive social strategies under stressful
conditions also depend on gender: in men, such forms
of behavior as “fight or flight” predominate, selfishness
and competitiveness increase; for women, behavior
of the “tend and befriend” type is more typical, with
a focus on perceiving the feelings of others and a desire
for mutual assistance [16].

Gender differences in performance were also iden-
tified in conditions of individual activity; for example,
in a task of recognizing visual images with a fixed time
and feedback from the results of one’s own actions, the
quality of task performance was also higher in men
compared to women [17]. This study also shows the
influence of the personal characteristics of the sub-
jects on the success of goal-directed activity and the
correlation of performance with the characteristics of
physiological support, in particular, indicators of heart
rate variability.

The main interrelated factors contributing to sex
differences are thought to be hormonal, contextual
(e.g. parental roles in the family), and sexual selection
(e.g. mating patterns of the species) influences. Despite
the results of the above studies, the author of a recent
meta-analysis of long-term studies of the gender aspects
of cooperation in social dilemma choice tasks came
to the conclusion that there is no absolute evidence of
differences in cooperative behavior between men and
women [18].

Thus, the data from the scientific literature indicate
a significant influence of social contexts of activity
on its effectiveness, the efficiency of learning and the
quality of interpersonal relationships. However, a lot of
contradictory data is found, depending on the type and
models of activity, the initial individual psychophys-
iological characteristics of people, personal qualities,
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abilities and skills of a person, as well as the gender of
the interacting subjects. Despite the large number of
studies of joint activities, the influence of social contexts
on personal and integral sensorimotor performance
of the same subject’s remains insufficiently studied.
In connection with the above, further study of this
problem is necessary; the study of the characteristics
of achieving results of activities by the same people
in different contexts of social interactions is relevant
and has high fundamental and applied significance.
The aim is to study changes in performance measures
of sensorimotor training in different social contexts of
activity in same-sex dyads of men and women.

Materials and methods

Objects of the study

256 healthy subjects, university students (65 pairs
of men and 63 pairs of women, average age 19 years,
7 months + 3 months), without uncorrected visual
impairment, neurological and cardiovascular diseases
in the anamnesis. Subjects who knew each other par-
ticipated in the study in pairs on an unpaid basis. All
subjects gave voluntary informed consent to participate
in the study and consent to the processing of personal
data in accordance with the Declaration of Helsinki of
the World Medical Association (WMA Declaration of
Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013).

Activity model

The “Columns” training was used as a model of
sensorimotor activity, based on biological feedback from
electromyographic signals (EMG) recorded from the
flexor muscles of the hand of the subjects’ leading hand
using the “Kolibri” telemetry sensors of the “BOS-Ki-
nesis” hardware-software complex (“Neurotech” LLC,
Russian Federation, Taganrog). During sensorimotor
training (SMT), a column with a dynamically changing
height corresponding to the current amplitude char-
acteristics of the EMG is displayed on the computer
monitor. The subjects were required to maintain a level
of muscle tension to keep the column height within the
highlighted target range (50+10% of the maximum
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muscle tension recorded during EMG signal calibration),
with the column colored green. When the height of
the column is outside the target area (<30%) its color
changes to yellow, and if it is more than 30% high, it
becomes red. Performance of the SMT was evaluated
as a percentage of the duration of holding the column
height in the target range of the total training time.

Study design

Subjects performed the SMT sitting at computer
monitors at a distance of 80 cm at separate, side-by-
side desks. The social contexts of the activity were set
through changes in the task environment and additional
instructions from the experimenter. In the individual
SMT sessions, participants were separated by partitions
and performed the training 3 times for 2 min with 20-30
sec rest pauses. Then, during the joint activity stages,
the partitions were removed and subjects performed
SMT at a common computer monitor.

During the competition, two separate resultant
columns from the EMG signals of both participants were
displayed on the screen, with a training duration of 3
min. The position of the personal columns corresponded
to the seating of the subjects, and the competitors could
see the color and height of both columns, allowing them
to evaluate their own and others’ current performance.
Before this training participants were instructed to try
to keep their bar height in the target range longer than
their opponent. Cooperation conditions were created
by presenting one common column on the monitor, the
height of which corresponded to the integral resultant
calculated from two personal columns of the participants
in the software “BOS-Kinesis”. In the first cooperative
training (Coop+), subjects saw a personal contribution
to the pair’s overall performance, i.e., the height and
color of their columns. In the second cooperative task
(Coop-), subjects were shown a dynamic representation
of the overall resultant column only. The durations of
SMT in the cooperative context were also 3 min.

Statistical analysis
The data were analyzed for normality of distribution
using the Shapiro-Wilcoxon, D’ Agostino-Pearson and
Kolmogorov-Smirnov methods. Non-parametric statis-
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tical methods were used because the data distributions
differed from normal. Changes in performance measures
between different contexts were analyzed using the
Wilcoxon criterion (Wil) and the Friedman method (Fr)
with correction for multiple comparisons. Differences
in performance between independent groups of subjects
were tested using the Mann-Whitney (MU) test and
the Kraskell-Wallis (KW) method with corrections
for multiple pairwise comparisons. Chi-square method
(Chi?) was used to assess the significance of differences
between the distributions of the number of subjects in
different subgroups of samples of men and women,
and between activity contexts. Relationships between
variables were analyzed using Spearman’s rank corre-
lation coefficient (r).

Results and discussion

Each subject’s maximum initial performance
(Rmax-i) was defined as the result of the most successful
attempt of the three individual SMTs. Three modes on
the histogram of the distribution of the Rmax-i index
for the whole sample were identified (97.5%, 87.5%
and 77.5%). Based on this polymodal distribution,
boundaries were defined to separate groups of sub-
jects with different levels of individual performance:
low-performers (Rmax-i <83.75%), medium-performers
(83.75%<Rmax-i <91.25%), and high-performers
(Rmax-i>91.25%).

The following distributions of participants in these
groups during individual SMT were identified: the
majority of subjects fell into the high-performance
group (56.9% of males, 59.5% of females); 17.7% of
males and 19.8% of females were medium performers,
and 25.4% of males and 20.6% of females were low
performers. These differences in the proportions of
subjects between the groups of males and females in
the individual activity stage are not reliable.

A significant correlation was found between Rmax-i
and performance in competition (Rcomp) in the samples
of all male (r=0.50, p<0.0001) and all female (r=0.52,
p<0.0001) subjects. A comparative analysis of the
dynamics of SMT performance in competition (Rcomp)
in comparison with performance in individual stages
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(Rmax-i) for samples of all subjects and separately for
men and women did not reveal any reliable changes.
However, sex differences were found between the ratios
of the shares of subjects in groups with different levels
of performance in competitive activities compared to
those in the individual stage. In the male sample, the
percentage of high-performing participants decreased
(53.8%), the percentage of medium performers did not
change, and the percentage of low performers increased
(28.4%). For women, there was a different pattern of
change in the distribution of these groups: the propor-
tions of high-performing (61.1%) and low-performing
(23.0%) participants increased, while the proportions
of medium-performing participants decreased (15.9%).

Differential analysis of the dynamics of perfor-
mance in the competition compared to the performance
of the individual stage in groups with different initial
levels of success revealed the following reliable changes
(Figure 1). In the group of initially high-performing
subjects in the competitive context, Rcomp decreased
significantly in both male (p(Wil) = 0.0005) and female
(p(Wil) = 0.0042) samples. In the groups of initially
average-performing subjects, changes in performance
during competition are not reliable. Initially low-per-
forming subjects had an increase in Rcomp during
competition compared to Rmax-i, significant only for
this group of women (p(Wil) = 0.0024).

Personal values of relative performance differences
between competitive and individual performance con-
texts AR =(Rcomp-Rmax-i) were also analyzed. A sig-
nificantly higher percentage of participants with an in-
crease in performance in the competition condition was
found in initially medium-performing (males, 43.5%,
p(Chi*)=0.0018; females, 56.0%, p(Chi?)=0.0001)
and low-performing (males, 54.6%, p(Chi?)=0.0001;
females, 76.9%, p(Chi?)=0.0001) subjects, compared to
initially high-performing participants (10.8% males and
12.0% females). Significant differences were found in
the distributions of the proportions of participants with
different directions of change in performance during
the competition compared to the individual activity
stage between initially low-performing men and women
(p(Chi?*)=0.093). This category of subjects showed
a significantly higher percentage of female participants
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with an increase in performance in competition (76.9%)
compared to the same group of males (54.5%). In 36.4%
of initially low-performing men, performance decreased

further in competitive conditions and only 11.5% of
initially low-performing women showed a similar
dynamic.

Fig. 1. Dynamics of the SMT performance in individual (ind., shaded boxes) and competitive (comp., unshaded boxes) contexts

of activity in groups of young men (&3, gray boxes) and young women (%, white boxes). The abscissa axis shows groups of high-,

medium- and low-performance subjects. The ordinate axis shows the performance indicator (% of maintaining the column in the
target range). Levels of reliable differences * —p < 0.05, ** — p < 0.01

The results of the comparative analysis of per-
sonal performance in individual, competitive and
cooperative activity conditions are shown in Figure
2. Changes in SMT performance in the different
activity contexts were significant in the samples of
males (stat(Fr) =172, p(Fr)<0.0001) and females
(stat(Fr) =182, p(Fr)<0.0001). A pairwise compar-
ison of performance between samples of males and
females in different social contexts of SMT revealed
an overall reliability of differences (stat(KW) =392,
p(KW)<0.0001).

Significant sex differences were found in both co-
operative activity conditions. The performance of SMT
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in conditions of cooperation in a sample of men signifi-
cantly decreased compared to individual and competitive
contexts: with feedback from the partners’ contribution
(p(Wil)<0.05) and without feedback (p(Wil) <0.0001).
The performance of SMT in a sample of women did
not change in conditions of cooperation with feedback
from the participants’ contribution and was significant-
ly higher than that of men (p(MU)=0.0002). In the
conditions of cooperation without feedback, women
also showed a decrease in performance compared to
previous contexts (p(Wil)<0.0001), but the level of
performance was significantly higher than that of men
(p(MU)=0.021).
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Fig. 2. Performance indicators in groups of men (&, grey boxes) and women (@, white boxes) in different contexts of
sensorimotor activity: individual (Ind.), competitive (Comp.), cooperative with feedback (Coop.+) and without feedback (Coop.-)
from the partners’ actions. Abscissa axis — contexts, ordinate axis — performance ranks. Designations: box boundaries — upper

and lower quartiles, lines in boxes — medians, crosses in boxes —means, whiskers of boxes —minima and maxima. Reliability of
differences: asterisks — between samples of boys and girls * — p(MU) <0.05, *** —p(MU) <0.0007; hashes — between contexts
#—p(Fr, Wil) <0.05, ### — p(Fr, Wil) <0.001

Based on the values of personal performance of the
SMT in conditions of cooperation with feedback from
the contribution of partners, all subjects were divided
into high-, medium- and low-performance participants,
similar to the division of participants at the individual
and competitive stages. The ratios of the proportions of
subjects with different levels of success in three activity
contexts are presented in Figure 3.

In cooperation, the percentage of high-performing
men decreased (to 40.8%), and the percentage of me-
dium- and low-performing men increased (to 23.1%
and 36.2%, respectively), which was significantly dif-
ferent from the distribution of subjects at the individual
stage of training (p(Chi*) = 0.033). In cooperation, the
proportion of women participants with personal high
performance increased (66.1%), while the percentage
of of medium- and low-performance women decreased.
Reliable differences (p(Chi*)<0.001) were found in
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these ratios of the proportions of subjects with different
levels of performance in cooperation between samples
of men and women.

Correlation analysis revealed significant correla-
tions between personal performance in cooperation with
feedback from partner contributions and performance
in individual activity conditions in both male (r=0.36,
p<0.0001) and female (r=0.40, p<0.000001) samples.
An even stronger correlation was found between per-
formance in this cooperative context and competitive
performance in both males (r=0.46, p<0.0001) and
females (r=0.60, p<0.00001). Women’s personal perfor-
mance in cooperation without feedback from participant
contribution was also significantly correlated with
individual (r=0.23, p=0.009) and competitive (r=0.42,
p<0.0001) performance, whereas these correlations were
absent in the male sample. Performance between the
two cooperative contexts was significantly correlated in
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females (r=0.37, p=0.0002) and more weakly correlated
in males (r=0.20, p=0.02).

Next, we analyzed the values of the integral per-
formance of pairs during cooperation (Ri,%), which
corresponds to the percentages of the duration of
holding the common column in the target range from
the SMT time (Figure 4). The distributions of the
Ri index differed significantly between samples of
dyads of males and females (p(Chi?)=0.0039) during
cooperative activity in the condition of presenting feed-
back from partners’ actions. This difference indicates
a shift in the mode of the distribution of the integral
performance of male pairs towards lower values com-
pared to female pairs, with the mode of the Ri index

ranging from 90-100% in 60% of female dyads. This
fact is also supported by the result of non-parametric
comparison of Ri values of two independent samples
of male and female dyads (p(MU)=0.0002).

Integral performance Ri in cooperative conditions
without feedback from the personal contribution of
partners was significantly reduced in both male and
female dyads. However, it remained significantly higher
in female pairs than in male dyads (p(MU)=0.0216),
and 40% of female pairs had Ri over 75%. Thus, the
integral result of pairs in cooperation was higher in
female dyads compared to male dyads because it was
determined by the more successful personal contribu-
tions of female participants.

Fig. 3. Distributions of subjects in groups with different performance levels (H — high, M —medium and L — low) among men (A)
and women (B) in different contexts of sensorimotor activity. The abscissa axis shows the contexts: individual (Ind.), competitive
(Comp.) and cooperative with feedback from the contribution of partners (Coop.+). The ordinate axis shows the% of subjects
in groups. Asterisks indicate reliable differences between the distributions highlighted by dotted ovals:

*—p(Chi?) <0.05, *** —p(Chi?) <0.001
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Fig. 4. Violin diagrams of distribution of integral performance of cooperative activity in pairs of men (6\)
and women ( {) with feedback (Coop.+) and without feedback (Coop.-) from partners’ actions. Significance of differences:
* —p(MU) < 0.05, *** — p(MU) < 0.001

All subjects (both male and female) were divided
into three groups according to their individual SMT
performance: high-, medium-, and low-performers.
In sensorimotor tasks of the static type, subjects are
required to have a high level of motor self-control of
behavior, which depends on the degree of emotional
arousal, impulsiveness and characteristics of motor
activity of individuals. The absolute values of the sub-
jects’ performance in the competitive context of the
trainings and its relative changes were related to the
initial level of performance achieved in the individual
activity conditions. Gender differences were found
between males and females with initially low SMT
performance: a higher proportion of these female par-
ticipants had increased performance compared to the
corresponding group of males.

It has been shown that in competitive activity
conditions, dominance motivation and the desire
to compete are the leading factors of performance,
especially in men [13, 15]. In these conditions, the
level of attention and control over one’s own and
others’ actions increases. It has been shown that
men, compared to women, have more pronounced
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changes in EEG parameters and characteristics of
evoked potentials of cortical structures of subjects
during competition, reflecting neurophysiological
mechanisms of greater sensitivity to errors made by
both the subject and his opponent [19]. In addition,
the subject’s observation of the behavior and activity
tactics of the more successful opponent in the dyad
during the competition may also contribute to improv-
ing his or her performance of the SMT. However, in
the sample of initially low-performing men, a rather
high percentage of subjects were found who further
reduced their performance in the competitive context.
It is likely that these young men were exposed to social
stressors in a competitive context related to comparing
their own and others’ current performance and errors,
which led to increased psycho-emotional arousal and
negatively affected subjects’ performance through
negative feedback [20]. A more reliable prediction of
a person’s competitive success requires an assessment
of baseline personality characteristics, impulsivity
and self-control of behavior, as well as the degree of
dominance of individuals’ behavioral inhibition or
activation systems in situations of stress.
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Analysis of the personal performance of subjects
in dyadic cooperative conditions revealed significant
differences between samples of men and women. In
cooperative conditions with feedback from participants’
contributions, performance did not change in the female
group and was accompanied by an increase in the pro-
portion of high-performing participants, higher than
in the male group. Reduced performance was found
in the female sample only in co-operative conditions
without feedback from personal contributions, while
remaining significantly higher than in the male sam-
ple. The findings of women’s higher performance in
cooperative settings compared to men are consistent
with studies [15, 16] that have demonstrated women’s
greater propensity for empathy and cooperation.

The data of correlation analysis of performance in-
dicators in different contexts of SMT show their greater
conjugation in the sample of women than in men. It is
shown that conditions of cooperative activity without
feedback from partners’ actions cause disorganization of
sensorimotor activity in men with a significant decrease
in performance, independent of the results of previous
training in other contexts.

Monitoring one’s own and others’ performance
during cooperative interactions is crucial for effective
mutual behavioral adaptation and interpersonal coor-
dination. In the process of performing a common task,
when participants assign roles and do complementary
parts of the work, each of them has a holistic perception
and integrated representation of their own and other
participants’ actions, as if the whole activity were being
performed by him/herself [21]. This phenomenon is
called the social Simon’s effect, after the test in which
it was discovered. It has been shown that common
representations arise predominantly in the process of
interpersonal coordination, while competitive conditions
of activity reduce such integration [22]. It was found
that the indicators of motor coordination of a person
with another subject demonstrating movements on
the screen depended on the gender and emotions of
the presented avatar [23]. The Simon’s effect has been
shown to be more pronounced in women than in men,
and the female participants were also more strongly
influenced by environmental factors not directly related
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to the activity [24]. The same study found that wom-
en’s response speed was slower than men’s, although
there was no difference in accuracy. It has also been
found that reaction times after one’s own mistakes
and the accuracy of task performance after observing
the erroneous actions of others are modulated by the
social context and depend on the gender of the subjects
[20]. In men, changes in indicators of decision-making
processes, including characteristics of evoked potentials
of the brain, were more pronounced in a competitive
context, while in women — in conditions of cooperation.

Some authors explain gender differences in the
level of empathy, behavioral and neurophysiological
indicators in the process of social interactions by neu-
roanatomical features of the functioning of the mirror
neuron system, which plays a key role in ensuring the
processes of interpersonal coordination [25, 26]. There
is also evidence that gender differences in performance
and decision-making characteristics in competitive and
cooperative conditions of activity can be determined by
the different sensitivity of men and women to positive
and negative reinforcement factors [27].

Conclusion

Thus, the results of the study of the levels and dy-
namics of the effectiveness of subjects’ performance of
sensorimotor training in individual and joint conditions
indicate gender differences associated with the different
influence of social factors on the success of competitive
and cooperative activities in dyads. In cooperation,
women have significantly higher indicators of both
personal and integral dyadic performance compared to
men. In a sample of men, joint conditions of activity,
especially cooperative ones, cause a decrease in per-
sonal and integral performance, as well as a decrease
in the number of high-performing and an increase in
the number of low-performing subjects.
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Pe3ynbTaTUBHOCTb CEHCOMOTOPHbIX TPEHUHIOB
B Pa3/INYHbIX COLUAJIbHbIX YC/IOBUAX AEATENIbHOCTU MY)XXUMH
U )KEHL,UH B MOHOTeHAEePHbIX Napax

E.II. Myprasuna! -~ =, E.C.Tanymka! ~, O.1. Epmakosa! ~, 0.M. 3otoBa®
M.A. MapkosreBa® ~ , H.FO. Tpudonosa' ', C.C. IIepijoB’?

! ®enepanbHbIN HCCIeOBATeNECKHN LIEHTP OPUTHHAIBHBIX U MePCIIeKTUBHBIX OMOMeAUIIMHCKUX U ()apMaL{eBTHYeCKUX
TeXHOIOrul, 2. Mockea, Pocculickas ®edepayus
2 PocCuiACKUN YHUBEPCUTET MeJULMHEL, 2. Mockea, Pocculickas @edepayus
D<) murtazina_ep@academpharm.ru

AHnHoTanus. AkmyaabHocmb. VicciieoBaHue 0CoOeHHOCTEH [JOCTH)KEHUSI UeJIOBEKOM pe3y/bTaToB 1iesieHarpaBaeHHON
JlesiTe/TIbHOCTU B pasHbIX YCIOBUSIX COLMAIbHBIX B3aUMO/eCTBUN aKTyabHO U UMeeT BbICOKYIO HayUHO-TIPaKTHUeCKYH0 3Hauu-
MOCTb. BbICOKast pakTHuecKasi 3Ha4MMOCThb 00yC/I0B/IeHa He0OXO[MMOCTBIO 00ecrieueH st IPeANPUATHI KBaTU(UIMPOBaHHBIMU
Ka/IpaMu, COOTBETCTBYOLIMMH HapacTaroIIM COBPEMEHHBIM TPeOOBaHUSM K KOMIETEHIIVSIM ¥ HaBbIKaM, BK/IFOUast COLIMA/IbHBIE,
a TaKoKe J171s MoBbIIeHus 3((heKTUBHOCTH 00pa30BaTeIbHOTO MPOIiecca MIKOJBHUKOB U CTyJeHToB. Kpome Toro, akTyasbHO
ToJ/iepKaHue TICHX0COMaTHUeCKOro 3/J0pOBbsl HaCesIeHus], KOTOPOe CyL|eCTBEeHHO 3aBUCUT OT BJIMSIHUSL COLIUA/IbHBIX (haKTOPOB
B IIpoLiecce XKU3HeJesATeJIbHOCTU U XapaKTepa IIPOM3BO/[CTBEHHBIX OTHOIIeHUH. Llesb uccieoBaHUsI — U3YUUTh U3MEHeHUs
TI0Ka3aresieil pe3y/IbTaTUBHOCTH BBIOJIHEHUS] CEHCOMOTOPHBIX TPEHUHIOB B Pa3HbIX COLIMA/IbHBIX KOHTEKCTaX JesTeTbHOCTH
B OJJHOTIOJIBIX MAapax MYKUMH U >KeHIMH. Matepuanbl u Metofbl. ObcienoBaHo 65 map My>xuuH U 63 mapsl >keHIMH (19 et
7 Mec + 3 Mec), C UCIT0/Ib30BaHUEM CEHCOMOTOPHOTO TpeHHHra «CTOIOHKH» MpOrpaMMHO-arapaTHOro Komruiekca «bOC-
Kune3suc» (OO0 «Heiipotex», Taranpor, P®). TTpoTokos rcciejoBaHus BK/HOUa/l BBITTOJTHEHHUE 3a/laHUs B pa3HBIX COIMATbHBIX
KOHTEKCTaX: MHUBU/YyalbHO, KOHKYPEHTHO U B COTPYJHHUUECTBE C MapTHEPOM B YCJIOBHUSIX C 00paTHOM CBSI3U OT /1eHCTBUIM
YUYaCTHUKOB U 0e3 Hee. Pe3yibmamni u 06cyscoeHue. T1o Toka3aresiro MaKCUManbHOW pe3y/bTaTUBHOCTH 3a TPY UHAVBUYaIbHBIX
TpPeHUHra OIpe/ie/IUINCh TPU IPYTIIIbI UCIIBITYeMbIX: BHICOKO-, Cpe/IHe- U HHU3KOope3y/abTaTUBHbIE. [Ipy cOpeBHOBaHUM yBeIU-
yeHHe pe3y/IbTaTUBHOCTH HabJF0jaioch B ABYX MOC/IeAHUX Tpynax. OOHapy»KeHbI TOIOBbIE Pa3/Uyus B J0Je UCITBITYeMbIX
C MICXOZIHO HU3KO# pe3ynbTaTUBHOCTBIO, KOTOPbIEe Y/Iyullla/iy [I0Ka3aTeay pe3y/ibTaTUBHOCTU JesiTeJTbHOCTH B KOHKYPEHTHBIX
yCsoBUsiX: UX % OB JOCTOBEPHO HIDKE CPeJM MY>KUMH, YeM B BBIOODKe KeHI[UH. [Ipy Me)XTMYHOCTHOWM CeHCOMOTOPHOM
KOOp/IMHALMY C 0OPAaTHOM CBS3bIO OT /I€MCTBUI MAPTHEPOB y MY>KUMH MPOUCXO/U/IO0 JOCTOBEPHOE YMeHbIlIeHHe NepCoHaTbHON
pe3y/IbTaTUBHOCTH U T10Ka3aresiell MHTerpajbHOTO pe3y/ibTaTa rap, B OT/IMYKe OT XKeHCKUX aua/. I1pu coTpynHuuecTtse 6e3
00paTHOW CBSI3U OT /IeMCTBUI yUaCTHUKOB BhISIBJIEHO CHKeHUe MepCOHaTbHOM U MHTEerpabHON Pe3ylbTaTUBHOCTH BCEX TMap
WCTIBITYeMBIX, HO OoJlee 3HAUMMO B MY)KCKHX /IUaziaX. BbigoObl. VI3MeHeHUs1 TIOKa3aTesiel pe3y/bTaTUBHOCTH B COBMECTHBIX
KOHTeKCTax JlesiTe/IbHOCTU B iMaZlaX UCTIBITYeMBbIX OTpeJessUIMCh X UCXOAHBIMU YDPOBHSIMH U JOCTOBEPHO Pa3/Muaivch MEXY
MY>KCKUMH M )KEHCKUMH TapaMu.

KroueBble c/I0Ba: pe3y/bTaTUBHOCTb, CEHCOMOTOPHAS leATe/TbHOCTh, COLa/IbHbINA KOHTEKCT, COpPeBHOBaHKe, KOoIepaLus,
JUaibl

HNudopmanys o puHaHCHPOBaHUM. ABTODSHI 3asB/ISIIOT 00 OTCYTCTBUY BHEIIHEr0 (GMHAHCHPOBAHUSL.

Bxnap aBropos: E.I1. MyprasuHa — npoBe/ieHre 06c/iefoBaHni, 06paboTKa JaHHBIX, HAllMCaHWe TeKCTa, PeJaKTUPOBaHUe;
E.C.Tanyuka — npoBesieHre obcieoBaHuid, coop v o6padoTka fanHbix; O.W. EpmakoBa — npoBesieHue obcsieioBaHui, coop
nmauHbIx; O.M. 30ToBa — MpoBezieHue 0bcenoBanuii; M.A. MapkoBlieBa — npoBeieHue obcienoranuii; H.FO. TpudonoBa —
nipoBezienre oocnenoBanuii, C.C. [TeprioB — KOHIIeMIYs, pelakTHPOBaHe. Bce aBTOPbI BHEC/TH CYIIIeCTBEHHBIH BK/Ia/| B pa3paboTKy
KOHIIETLVY, NTPOBe/ieHre UCCIeI0BaHUsI U TIOATOTOBKY CTaThH, IPOWIH U 0/j00puiu GUHAIBHYO BEPCHIO TIepe IyOIuKaryei.
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I/IHd)OpMaI.[I/Iﬂ 0 KOHd)JIl/IKTE HHTEpeCoB. ABTOPI)I 3asB/IAI0T 00 OTCYTCTBUU KOHCl)]'[I/IKTOB HWHTepeCOB.

JTHyecKoe yTBepKaeHue. VccienoBanue ofobpeHo MeXBY30BCKMM KOMUTETOM TI0 3THKe NPU ACCOLMAIUN MeIULIMHCKUX
u papmanieBTryeckux By30B (IIpotokor Ne 3 ot 17.02.2022 1., TIo/TyueH B OT/ie/ie OpraHU3aliy HayYHBIX TTPOEKTOB U UCCIe/I0-
Baresibckux nporpaMm @I'6OY BO MI'MCY um. A.U. EBgokrmoBsa).

BiarogapHoCcTH — HENPUMEHKMO.

VndopMupoBaHHOe corIacHe Ha MyO/IMKaMI0. Y BCeX YUaCTHUKOB UCC/IeZ0BaHS OBUIO TIOMy4YeHO J06pOBOIBEHOE HH(OPMU-
POBaHHOe COIVIaCHe Ha y4YacTHe B UCC/Ief0BAaHHH COITIacCHO XeTbCHHKCKOM JieK/Iapariuy BceMIpHOM MeUITMHCKOH accoLpaliin
(WMA Declaration of Helsinki — Ethical Principles for Medical Research Involving Human Subjects, 2013) u 06pabotky
TePCOHANBHBIX JAHHBIX.
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