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Menun, 3agaun ¥ TeMaTUKAa )XypHa/ia

HayuHbIi1 perieH3UpyeMbIi MeJULIMHCKHHN KypHan «BecTHuk Poccuiickoro yHuBepcuTeTa Apy»KOb! HapogoB. Cepust: MeuIHa» BBIXOLUT
e)xeKBapTaibHO ¢ 1997 roga.

Lenb )XypHaaa — MHTEPUPOBATh Pe3y/IbTaThl HAYUHBIX UCC/IeIOBAaHUM U OOraThiil OMBIT 0TeUeCTBEHHBIX U 3aPYDEXKHBIX CTIELHATUCTOB
B 00/1aCTH KITMHUYECKOW MeJULIMHBI K MeIUKO-OH0IornyecKux rpo0sieM, B MepByto ouepe/ib B 0671aCT OHKOIOTHMH, GU3HOIOTHH 1 HelpobHo-
JIOTHH, aJl/Ieprojiorii U UMMYHOJIOTHH, MeJULIMHCKOM TeHeTHKH 1 MUKPOOHO/IOTHH, MH(EKIIMOHHBIX 60sie3Hel.

Kaxkplii BBIMYCK SIB/ISIETCS TeMaTH4eCKUM. TeMaTHKa KaK0ro BbIyCKa 00bsIB/IsieTCs 3apanee. [jist my0nMKauuyii MpUHUMAKOTCS OPUTH-
HaJIbHBIE CTaThU, 0030pbI, a TAKXKe OMHCaHHe KITMHUYeCKUX CTyyaeB U COBPEMEHHBIX MeTOJ0B JUarHOCTHKY.

[Ty6sMKaLuy B KypHase NPUHUMAIOTCS 110 OTAEIbHOCTH KaK Ha PYCCKOM W/ aHIVIMIICKOM $I3bIKaX, TaK M Ha JIBYX SI3bIKaX OIHOBPEMEHHO.

ABTOpBI 1O/DKHBI FTAPAHTUPOBATD, UTO CTaThs He ObLIa OMy6/IMKOBaHA paHbllle, B TOM YHC/Ie YACTUYHO U Ha IPYTUX S3bIKAX, U He HaXO[UTCS
Ha pacCMOTPeHUH B IPYTMX HAyUYHbIX KypHasax.

JKypHas opreHTHPOBAH Ha yueHbIX U MpeTiofiaBaresiel, acIupaHTOB U MOJIOABIX YUEeHBIX, IPaKTHUeCKUX Bpadel, BeAyI{X TIONCKOBLIe
paboThI TI0 pa3paboTKe HOBBIX U M0 YCOBEPILIEHCTBOBAHUIO CYIIIEeCTBYIOIIUX MMPO(UIAKTHUECKUX, JUATHOCTUUECKHUX, JIeueOHbIX U peabunnTa-
LIMOHHBIX METO/0B.

Ha ocHoBanuu pettiennst BAK MunuctepcTBa 06pa3oBaHus M HayKu P® »kypHain BXOAUT B «IlepeyeHb MepHOANUECKHUX U3AHUH, B KOTOPBIX
pekoMeH yeTcst Ty6/IMKaLysi OCHOBHBIX Pe3y/IbTaTOB UCCepTalliii Ha COMCKAaHKUe yUeHOH CTereHr KaHu/aTa U JOKTOpa Hayk I10 CreLuanibHO-
ctsam: ¢ 01.02.22 — 1.5.5. dusmosnorus ueyioBeKa 1 KUBOTHBIX (OHosornueckue Hayku), 1.5.22. KnetouHast 6uosorvst (6uonornueckrie HayKu),
3.1.18. BHyTpeHHue 6ose3nu (MeAUIMHCKHe HayKH), 3.1.6. OHKosorYs, JTydeBast Tepanys (MeJULIMHCKHe Haykn); ¢ 22.11.22 — 1.5.5. dusmo-
JIOTHsI Ue/I0BeKa U XXUBOTHBIX (MeULIMHCKYe HayKK), 1.5.22. KnetouHas 6uosnorust (MeauiLpHCKye HayKu), 3.1.6. OHKO/IOTHsl, TyueBasi Teparusi
(6buonornyeckue Hayku), 3.1.20. Kapauonorus (MeauruHcKye Hayku), 3.1.31. T'epoHTOsNOTHS 1 repraTpys (MeIULIMHCKYE HayKu), 3.2.7. Asl-
JIEPrOJIOTHsl U UMMYHOJIOTHs (MeJULMHCKYE HayKu), 3.2.7. AJUIeprosiorusi i UMMyHoJiorust (6Ho/Ioruueckie HayKu)».

PepakiioHHas Kosyierysi )xypHasa npuraiiaeT K COTPyAHAYEeCTBY yUeHbIX U HayUHble KOJIJIEKTHBBI 10 TIOATOTOBKe CrielidaabHbIX TeMaTH-
YyeCKUX BBITYCKOB >XypHasa: http://journals.rudn.ru/medicine/announcement/view/327
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Abstract. Relevance. Angiotensin converting enzyme 2 (ACE 2) is recognised as a significant regulator of cardiovascular and
pulmonary homeostasis owing to its involvement in the renin-angiotensin system (RAAS). This extensive review addresses ACE
2’s conventional role in converting Angiotensin II (Ang II) to the Angiotensin-(1-7) to its broader implications in cardiovascular
illness, pulmonary pathology, metabolic diseases, and cancers. Conclusion. Recent research has shed light on ACE2’s significance
beyond its enzymatic capabilities, specifically as a cellular receptor of various pathogens. Furthermore, recent evidence shows
that ACE2 is involved in inflammation, glucose metabolism, and gut microbiome modulation. The tissue distribution patterns,
regulatory mechanisms, and therapeutic possibilities show its dual role as a protective factor in and a possible entryway for
the viral infections. Understanding these multiple processes in health and disease state serves to be essential in establishing
tailored treatments for the diseases. This review outlines the existing understanding of ACE 2 and emphasizes areas for further
research, notably its potential as a therapeutic target. Furthermore, we have discussed the challenges and future directions in
ACE2-based therapeutics.
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Significance/review highlights

» ACE2 regulates the Renin-Angiotensin System
(RAAS), influencing cardiovascular, pulmonary, renal,
and metabolic health.

» ACE2 serves as both a protective enzyme and
a viral receptor, playing a crucial role in COVID-19
pathophysiology.

» ACE2 exhibits neuroprotective and endocrine
regulatory functions, impacting brain health, insulin
metabolism, and reproduction.

* ACE2 plays a dual role in cancer biology,
with potential implications for tumour progression
and therapeutic interventions.

» Therapeutic targeting of ACE2, including
recombinant ACE2 and gene therapy, holds promise
for multiple diseases.

Introduction

ACE 2 perform crucial role in the RAAS, that
is essential for blood pressure regulation, electrolyte
balance, fluid, along with systemic vascular resistance
[1].The discovery of ACE 2 and the axis of ACE2/Ang
(1-7)/Mas receptor has broadened our awareness of

178

the RAAS’s wider significance in health and illness,
although it has traditionally been known for its function
in cardiovascular physiology and pathophysiology.
The global SARS-CoV and SARS-CoV-2 coronavirus
outbreaks, along with the plethora of research findings
as a response to subsequent COVID-19 pandemic, have
revealed a fresh element of ACE 2’s effects on living
tissues and organs.

Donoghue et al. (2000) first characterized ACE 2
as a homolog of ACE (angiotensin-converting enzyme),
highlighting its unique enzymatic properties [2].
Subsequent studies provided detailed crystallographic
evidence of its molecular structure, revealing critical
zinc-binding sites essential for its catalytic activity.
A zinc-containing metalloenzyme is ACE 2 which is
a membrane protein that occupies various organs that
include the heart, gut, lungs, along with kidneys.

ACE 2 is extensively expressed in heart, kidneys,
lungs, along with intestines, indicating its significant
role in the cardiovascular, renal, respiratory, and
gastrointestinal systems [3, 4]. ACE 2 is a transmembrane
glycoprotein consisting of 805 amino acids that is
a monocarboxypeptidase type I. It was identified in 2000
and shares sequence similarities with two other proteins,
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collectrin and ACE. The highly polymorphic ACE 2 gene
is found on Xp22 [5]. ACE 2 functions as a regulator for
the RAAS system (Figure 1) to maintain homeostasis in
addition to serving as an anchoring tool for SARS CoV's
to attach to host cell membranes for fusion.

ACE 2 acts as a counterbalance to ACE,
comprising an N-terminal peptidase domain (PD)
along with a CLD (C-terminal collectrin-like domain),
which terminates with a single transmembrane helix
and an approximately 40 residue intracellular region,
that makes up the full-length ACE 2. Through the
PD, ACE2 cleaves Ang II to produce Ang-(1-7).
Additionally, ACE 2 can cleave Ang I to create
Ang-(1-9), that is subsequently transformed into
Ang-(1-7) by other enzymes. This action not only
minimizes levels of Ang II but also enhances levels of
Ang (1-7), contributing to the balance of vasodilation
and vasoconstriction [6].

ACE 2/Ang (1-7) axis exerts its physiological
impact primarily through Mas receptor, a G protein-
coupled receptor. This interaction promotes anti-
fibrotic, vasodilation, anti-inflammatory, as well as
anti-proliferative impact, which contrasts with the

actions mediated by Ang II through AT1 receptor,
causing vasoconstriction, inflammation, fibrosis, and
cell proliferation. ACE 2/Ang (1-7) axis is also intricate
in metabolic regulation, contributing to glucose and
lipid metabolism [6-10].

ACE 2 being the RAAS regulator, we should
be able to better understand how drugs like ACE
inhibitors (ACEIs) along with ARBs (angiotensin
receptor blockers) work. This would further deepen our
comprehension of the pathophysiology connected to this
biological system, like RAAS. In addition, the pandemic
has increased the significance of immunohistochemistry-
based morphological studies to pinpoint the location of
ACE 2 positive cells and alterations in their distribution.
Given the protective roles of ACE 2, there is significant
interest in developing therapeutic strategies that enhance
their functions. These include Ang (1-7) mimetics,
ACE 2 activators, as well as Mas receptor agonists.

Thus, we undertook a review to provide a deep
knowledge of ACE 2 that represents a vital counter-
regulatory arm of the RAAS, with significant
implications on health and diseases. And hence
understanding the mechanisms and effects of

Fig.1. Cascade of Renin Angiotensin System (RAS)
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ACE 2/Ang (1-7) axis continues to be an area of active
research, with potential for developing new therapeutic
strategies for range of diseases.

Cardiovascular functions
of ACE 2 and linked diseases

As a component of the RAAS, ACE 2 is
essential to cardiovascular physiology. The structural
chimeric protein known as ACE 2 is the result of
the 2 gene duplication: homology with ACE at the
carboxypeptidase domain along with homology with
Collectrin at the transmembrane C-terminal domain.
ACE 2 is extremely expressed in heart [11], particularly
in cardiomyocytes and fibroblasts. ACE 2 metabolises
angiotensin II into Ang (1-7), shifting the balance from
vasoconstriction and sodium retention (mediated by
angiotensin II) towards vasodilation and natriuresis
(Figure 2). This shift performs a vital role in blood
pressure regulation, fluid balance, essential for both
cardiovascular and renal health. ACE 2 undergoes three
processes that contribute to ACE 2’s protective benefits:
(i) Ang I to Ang 1-9 degradation, which reduces
amount of substrate available for the ACE activity;
(ii) Ang II degradation, which lessens its harmful

impact; and (iii) Ang 1-7 production that actually
produces cardioprotective effects. The Ang II/AT1R
axis is activated by decreased ACE 2 activity, which
accelerates the progression of heart disease. Activation
of ACE 2/Ang 1-9 and ACE 2/Ang 1-7 axes result
from elevated ACE 2 level and activity, which protects
against heart disease [12].

Significant roles are performed by the ACE
2 enzyme along with its product, the angiotensin
(1-7) [Ang (1-7)], in the pathophysiology along with
potential management of hypertension, a significant risk
factor for cardiovascular diseases [13].Their actions
provide a counter-regulatory mechanism to classical
RAAS, which is recognized for controlling blood
pressure through vasoconstriction, sodium retention,
and aldosterone secretion. ACE 2 is extensively
distributed in addition to other members of the systemic
RAAS. Localised regions of ischemia/reperfusion
(RAAS) are seen in cardiovascular tissues, and ACE
2 mRNA is expressed in diversity of cell types, such
as coronary microcirculation.

Common mechanisms of ACE 2 in hypertension
include Vasodilation where Ang (1-7) primarily exerts
vasodilatory effects by the Mas receptor [13]. This action
counters the vasoconstriction mediated by angiotensin

Fig. 2. ACE 2 shift paradigm. Decreased ACE 2 increases disease progression. Increased ACE 2
leads to protection from diseases
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IT (Ang II), thus contributing to blood pressure
reduction [9, 13]; furthermore, Ang (1-7) reduces
aldosterone secretion, which in turn decreases sodium
and water retention, lowering blood pressure. The RAAS
inhibition’s impact on the renal sodium along with
potassium excretion can be explained by the synergistic
effects of Ang II and aldosterone on sodium along with
potassium transport in distal nephron. Moreover, anti-
fibrotic and anti-inflammatory effects of the Ang (1-7)
reduce inflammation and fibrosis in cardiovascular
system, which are pathophysiological mechanisms
involved in hypertension and its complications [14] and
in addition to all these mechanisms Ang (1-7) enhances
endothelial function by promoting release of nitric
oxide (NO), an effective endothelium-derived relaxing
factor. Improved endothelial function is connected
with better vasodilation and blood pressure regulation
[14] Apelin, a crucial modulator of blood pressure and
myocardium contractility, is one of the other vasoactive
peptides that ACE 2 affects. ACE 2 mitigates myocardial
remodelling and fibrosis by declining Ang II levels
and rising Ang-(1-7), that acts through Mas receptor
to inhibit hypertrophy and inflammation.

Given their roles in regulating blood pressure and
vascular function, ACE 2 along with Ang (1-7) have
therapeutic potential in hypertension management.
ACE 2 Activators strategies to increase ACE 2 activity
could enhance Ang II to the Ang (1-7) conversion,
thus counteracting Ang II-mediated inflammation,
protecting against oxidative stress along with endothelial
dysfunction, shifting the balance towards vasodilation,
reducing blood pressure both of which are implicated
in conditions like hypertension and atherosclerosis.
Ang (1-7) mimetics or Agonists can directly administer
Ang (1-7) or drugs that mimic its action can be
a therapeutic approach to harness its antihypertensive
effects. Studies show that ACE2 prevents plaque
instability by reducing inflammation in coronary vessels,
offering potential therapeutic benefits for ischemic heart
disease. Hence, circulating ACE2 levels may serve
as biomarkers for early detection of cardiovascular
dysfunctions, including heart failure and atherosclerosis.

Interestingly, Ang (1-9), a significant byproduct
of ACE 2-mediated Ang I degradation, has newly

PHISIOLOGY. EXPERIMENTAL PHYSIOLOGY

demonstrated encouraging cardioprotective benefits [15]
in the animal models of hypertension, myocardial
infarction.

ACE 2 in pulmonary homeostasis
and respiratory diseases

Over the years, the ACE2 has emerged as a critical
molecular player in understanding lung physiology,
inflammatory processes, and respiratory pathogenesis.
The olfactory bulbs in the respiratory tract have the
highest levels of ACE 2 gene expression, followed by
the nasal respiratory epithelium, the bronchioles, and the
alveoli. Research demonstrates that ACE2 expression
in the lungs can be weakly detected at the protein level.
By effects mediated through the Mas oncogene and the
Ang (1-7) receptor, ACE-2 has been shown to have an
established protective role in lung disease [16] Research
shows that ACE2 protects against ALI (acute lung
injury) and ARDS (acute respiratory distress syndrome)
[17]. Experimental models of ALI demonstrate that
downregulation of ACE 2 exacerbates lung damage,
while its overexpression reduces oedema, inflammation,
and oxidative stress. While ACE2/Ang-(1-7)/Mas axis,
that inhibits the ACE/AngII/AT1R axis’ activity, has
been demonstrated to protect against the pulmonary
fibrosis (PF), upregulation of the ACE/AngIl/Angll
type 1 receptor (AT1R) axis aggravates PF [17, 18].
Through balancing proapoptotic Ang II in addition
to its antiapoptotic degradation product Ang 1-7 by
its impact on Ang 1-7 and the MAS receptor, ACE-2
controls the survival of alveolar epithelial cells.

ACE 2 and SARS CoV infection: Ever since
COVID-19 pandemic, the role of ACE2 has attracted
a lot of attention and research. For virus that causes
SARS CoV infections, ACE 2 serves as primary cellular
receptor for the SARS-CoV-2 [19].Hence modulating
ACE2/Ang (1-7) axis may have therapeutic benefits
in ailment of illness.

Viral entry mechanism: The virus’s spike S protein
has a high affinity for ACE 2, facilitating its entry into
cells (Figure 3). The interaction between the virus and
ACE 2 performs a vital role in viral entry as well as
subsequent infection. SARS-CoV-2’s spike (S) protein
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has a strong affinity for ACE 2. On host cell surface,
S protein’s RBD (receptor-binding domain) selectively
binds with ACE 2 [20]. The SPIKE protein S is broken
down into its S1, S2 subunits through host protease
TMPRSS?2 (transmembrane protease serine 2), this
permits the virus to fuse its membrane with host cell’s
membrane [21].In order for the viral RNA to replicate
in host cell’s cytoplasm, this step is necessary.

It is demonstrated that interaction between SARS-
CoV-2 and ACE 2 reduces ACE2 expression on cell
surfaces. Although S2 subunit and ACE2 are responsible
for membrane fusion and virus internalisation, the S1
subunit aids the virus in attaching to target cells in the
epithelium. The expression of ACE 2 on the cell surface
is significantly decreased when the extracellular juxta
region of ACE 2 is cleaved, leading to internalisation
and shedding [22, 23].The Ang II conversion into the
protective Ang is slowed down by the reduction of
ACE 2 expression at the cell surface brought on by
ACE 2 internalisation (1-7). Arise in the Ang II to Ang
(1-7) ratio exacerbates lung damage caused by SARS-
CoV-2. Ang II causes tissue inflammation through
the action of T-cells, mesangial cells, macrophages,
dendritic cells, along with vascular smooth muscle
cells. A deficit of ACE 2 has been identified in

persons with several clinical disorders. Furthermore,
the advancement of inflammation and thrombosis is
favoured by the COVID-19 viruses binding to ACE2
receptors, membrane fusion, viral entrance into the
cell, and subsequent downregulation of these receptors.
This reduction in ACE2 can exacerbate imbalance
among ACE/Ang II/AT1 receptor axis in addition to
the ACE2/Ang (1-7)/Mas receptor axis, leading to
increased inflammation, vascular permeability, and
lung injury that include ARDS [24] hallmarks of severe
COVID-19. Thus, interplay between ACE 2 and SARS
viruses highlights its dual role in viral entry and disease
progression, making it a crucial target for therapeutic
interventions.

Renal functions and kidney diseases of ACE 2

Given its significant functions in RAAS balance,
function of ACE2 in renal physiology and pathology has
drawn interest, particularly in conditions for example
CKD (chronic kidney disease), diabetic nephropathy,
and hypertension-related kidney dysfunction [25].
Enzymatically ACE 2 converts Angiotensin II to the
Ang (1-7) and is predominantly distributed in proximal
tubular cells, glomerular endothelial cells, podocytes and

Fig. 3. Viral entry mechanism
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in renal vasculature ACE 2 mitigates the impact of Ang II
through reducing its concentration, thus preventing
Ang II-mediated vasoconstriction of renal arterioles
and promoting renal blood flow. Angiotensin-(1-7), the
product of ACE2 activity, promotes natriuresis, diuresis,
and vasodilation, all of which are protective for renal
function [26].In renal tubular cells, ACE 2 modulates
sodium and water reabsorption. This activity indirectly
influences blood pressure regulation and fluid balance.

ACE 2 in Kidney Disease Pathology

Evidence shows that in healthy kidneys, high
constitutive levels of ACE 2 and an increased
ACE 2/ACE ratio are associated with a mechanism
that is more important for breaking down Ang II than for
producing it. This system is critical for maintaining the
usual physiological and biological effects of Ang II [27].
The underlying causes of renal fibrosis and CKD
progression are associated with abnormalities in RAAS,
particularly ACE2/Ang (1-7) axis. A major contributor
to the pathophysiology of CKD is ACE 2, which
proposes potential therapeutic targets for condition’s
management and treatment. The characteristic of
CKD is a steady decline in kidney function over time,
which elevates blood pressure, causes waste products
to build up in the body, and ultimately increases the
chance of renal failure. Reduced ACE 2 expression

exacerbates Ang II-mediated renal damage, contributing
to inflammation, fibrosis, and glomerular hypertension.
Animal studies have demonstrated that ACE 2
overexpression or supplementation with Ang-(1-7)
can attenuate CKD progression [28].

Angiotensin Il (Ang II), that stimulates
vasoconstriction, fibrosis, inflammation, along with
brine retention, is among the primary ways that the
RAAS makes a contribution to CKD development
[29].Angiotensin-(1-7), a product of ACE 2 (Figure 4)
counteracts inflammation and fibrosis within the kidney,
processes that are exacerbated by excessive Ang II
activity in pathological conditions.ACE 2 functions as
a counter-regulatory enzyme inside the RAAS. Through
doing this, the detrimental impacts of Ang II on the
kidneys are mitigated and renal function continues to
improve.

Fibrosis, a condition where the kidneys’ excessive
connective tissue accumulates and impairs their function,
is a defining feature of CKD. ACE 2 can reduce fibrosis
through declining Ang II levels along with increasing
Ang (1-7), that directly opposes fibrotic processes [30].
Inflammation contributes significantly to the progression
of CKD. By declining Ang II levels whereas increasing
Ang (1-7), ACE2 helps to dampen inflammatory
responses in the kidney. Low expression of ACE2
might have contributed to the CKD progression, through

Fig. 4. Increased ACE 2's activity in renal wellness
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improving early inflammation as well as contributing
to the long-term fibrosis [29].High blood pressure is
a cause while a consequence of the CKD. Dysregulated
RAAS, with low ACE?2 and high Ang II levels, made
a contribution to the hypertension-induced renal
injury development. ACE 2 improves kidney function
by influencing glomerular hemodynamic, reducing
glomerular hypertension, and thereby mitigating one
of the key factors that contribute to CKD progression.

Furthermore, males had lower levels of ACE2
expression in both renal compartments than females [31].
ACE2 gene is situated on X chromosome; nonetheless,
X inactivation is expected to mitigate any influence on
ACE2 expression.One risk factor for CKD development
is male sex. Though primarily linked to impact of the sex
hormones on the kidney cells, variations in expression of
ACE2 might also be partially responsible for this uneven
risk [30].Acute Kidney Injury (AKI) is associated with
a loss of ACE2 activity, leading to heightened Ang II
activity and inflammatory responses. Experimental data
suggest that restoring ACE 2 expression or activity may
provide renal protection in AKI. The kidney-protective
function of the ACE2/Ang (1-7)/MAS axis is supported
by animal studies that demonstrate that vascular ACE
2-overexpression protects the kidney against ageing-
induced decline in the kidney function [32].

ACE 2 in hormonal regulation

The ACE 2 has emerged as a crucial molecular
mediator with profound implications across multiple
endocrine systems. Originally characterized as a major
component of the RAAS, recent research has unveiled
its complex roles in hormonal regulation, metabolic
homeostasis, and systemic physiology [33,34].The
enzymatic activity of ACE 2 serves as a critical regulatory
mechanism across multiple endocrine axes, demonstrating
sophisticated molecular plasticity. Furthermore, ACE 2
performs complex interplay between hormonal systems
and their variables between the individuals.

Aldosterone mechanism

Angiotensin-converting enzyme 2 has revealed
complex regulatory mechanisms that significantly
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impact aldosterone secretion beyond traditional
RAAS (renin-angiotensin-aldosterone system)
paradigms. Traditionally, aldosterone secretion is
mediated through: Angiotensin II (Ang II) stimulation,
activation of AT1R (angiotensin II type 1 receptor),
direct stimulation of zona glomerulosa cells in adrenal
cortex. Whereas ACE 2 performs a critical role in
modulating this classical pathway by enzymatic
conversion of Ang II to the Ang (1-7), declining
available Ang II for aldosterone stimulation creates
a competitive inhibition and serves as a counter-
regulatory mechanism. ACE 2 introduces numerous
nuanced control mechanisms through Complex
Regulatory Signalling. Acting as a molecular rheostat
in aldosterone secretion ACE 2 provides dynamic,
context-dependent regulation of zona glomerulosa cell
responsiveness. Low tissue levels of the ACE-2 are
not enough to generate enough Ang-(1-7) to regulate
the release of cortisol and aldosterone, according to
a study [35].Rodriguez, M., et al. discovered that
ACE2 reduces pro-inflammatory signals in adrenal
tissues thereby causing inflammatory modulation
of Aldosterone secretion resulting in protective
mechanisms against hyperaldosteronism [36].Precise
molecular mechanisms of ACE 2 in aldosterone
mechanism are currently uncertain.

Metabolic syndrome

Current investigation has offered more nuanced
insights into metabolic implications of ACE2/Ang (1-7)
signalling in insulin resistance. Chen et al. demonstrated
that Ang (1-7) supplementation in animal models of
metabolic syndrome significantly improved insulin
sensitivity by enhancing mitochondrial function in
adipose tissue, reduction in inflammatory markers
associated with insulin resistance and modulating
adipokine secretion [37].

Endocrine disruption and ACE 2 signalling

Emerging research has highlighted the vulnerability
of the ACE2 axis to endocrine hormonal axis. Studies
are investigating the impact of endocrine-disrupting
chemicals on ACE 2 expression. Specific environmental
toxins that downregulate ACE 2 activity demonstrated
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potential mechanisms of hormonal axis disruption
suggesting long-term metabolic consequences of chronic
exposure [38].

Hypothalamus and pituitary system

Current investigations have highlighted ACE2’s
sophisticated interactions with the hypothalamic-
pituitary system. Oliveira’s animal model study
demonstrates that corticotropin-releasing hormone cells
exhibiting elevated ACE 2 expression were protected
against hypoxia-induced pulmonary hypertension. Given
that the majority of CRH expression takes place in brain
nuclei for example the PVN (paraventricular nucleus
of the hypothalamus) or else central nucleus of the
amygdala (CeA), these findings imply that the protective
effects of ACE 2 may be somewhat centrally mediated
[39]. ACE 2 controls CRH (corticotropin-releasing
hormone) release, that subsequently controls stress
response mechanism and affects the neuroinflammatory
processes in the hypothalamus. Evidences shows
that increased expression of ACE 2 in the brain
increases nitric oxide and antioxidant signalling,
decreases oxidative stress as well as COX-mediated
neuro-inflammation, slows the onset of neurogenic
hypertension [40,41]. A number of investigations are
currently underway to explore the molecular processes
behind ACEZ2’s potential in buffering hypothalamic
inflammatory responses mediated by neuroendocrine
stress adaptations.

Pancreatic Endocrine function and Insulin
Resistance

Metabolic studies have revealed intricate ACE 2
connections in pancreatic endocrine regulation. ACE
2 is expressed by the islet microvasculature, pericytes,
acinar, ductal, along with beta cells in the pancreas.
Through essential enzymes, for example, ACE 2 and
angiotensin, local RAAS in the pancreatic islet controls
glucose homeostasis (1-7). Various physiological and
endocrine roles of ACE 2 include upregulation of
mitochondrial genes, mitochondrial metabolism in beta
cells, secretion of insulin in existence of ROS, declines
NADPH oxidase properties and ROS production,
regulates rise in beta cell mass as well as adaptive
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hyperinsulinemia response to high-fat diet, enhance
total insulin content in the islets, improves proliferation
of beta cell along with prevents apoptosis[42,43,44].
ACE 2 /Ang (1-7)/Mas axis modulates Insulin secretion,
protects from the oxidative stress thereby playing
a pivotal in glucose homoeostasis [42]. Reduced
ACE2 expression, which is prevalent in diabetes,
increases RAAS activity and exacerbates fibrosis and
inflammation [43]. A meta-analysis revealed that ACE
2 genetic variants correlate with increased risk of type
2 diabetes showing altered glucose metabolism and
differential response to metabolic interventions.

Reproductive health

Preliminary studies and recent investigations
have expanded our understanding of ACE2’s role
in reproductive physiology. ACE 2 is expressed in
the testes and ovaries, and its activity influences the
production of sex hormones such as testosterone and
oestrogen [46,47,48,49].Decreased ACE2 expression
correlates with age-related reproductive decline and
also observed for potential protective mechanisms in
ovarian aging and Implications of ACE 2 expression
for fertility preservation strategies [48].

Growth Hormone regulation
Growth Hormone Regulation of ACE 2, while direct
evidence is limited, the general influence of the RAAS
on growth hormone (GH) secretion and the counter-
regulatory effects of ACE 2 might suggest a role in
modulating GH release.

Thyroeid function and Inflammatory modulation

RAAS components, encompassing ACE2 and Ang
(1-7), are expressed in thyroid gland, indicating potential
roles in thyroid hormone synthesis and secretion [50].
Thyroid hormones are crucial for regulating metabolism,
growth, and development. The precise impact of ACE2
and Ang (1-7) on thyroid function remains an area
of active research. Advanced research has provided
deeper insights into ACE2’s inflammatory regulatory
mechanisms. Studies demonstrate mechanistic links
between RAAS components and thyroid inflammation.
Study by Narayan et al examined the Thyroid tissue
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ACE 2 expression and its potential utilization as
a biomarker for the detection of thyroid cancer. ACE
2 were significantly increased in goitres, follicular
adenomas, follicular thyroid carcinomas, papillary thyroid
carcinomas, undifferentiated thyroid carcinomas [51].
ACE2 is regulated within thyroid benign and malignant
tissues. The differentiation grade of thyroid cancer is
correlated with increase in ACE 2. These complex
mechanisms of ACE 2 suggest promising potential
therapeutic implications for autoimmune thyroid diseases.

Immunomodulation

The role of ACE 2 extends by encompassing
significant immunomodulatory effects. ACE 2 works on
the MAS receptor, produces Ang (1-7) and declines the
synthesis of pro-inflammatory cytokines and chemokines
to produce anti-inflammatory effects. This modulation
of the inflammatory response can be beneficial in
conditions characterised by excessive inflammation [52].
ACE 2 regulates immune cell function through Ang
(1-7) by modulating the function of various immune
cells, that include neutrophils, macrophages, T cells.
Macrophages perform a crucial role in the innate
immunity, inflammation, and tissue repair. They exist
in a spectrum of activation states, from pro-inflammatory
(M 1) to the anti-inflammatory (M 2), depending on the
cytokine environment and other signals [53]. Ang II tends
to promote the M1 phenotype, which is characterized
by the release of pro-inflammatory cytokines that
include TNF-a, IL-6, and IL-1p, via acting on the AT1
receptor [54-56]. In contRAASt, ACE 2, has been
shown to promote the M 2 phenotype [57], which is
involved in tissue repair and inflammation resolution.
This suggests that the balance among pro-inflammatory
and anti-inflammatory macrophage phenotypes is
modulated by ACE 2, thereby influencing the course
of inflammatory responses. This aligns with the finding
that monocyte/macrophage overreactions contribute to
the hyperinflammation or cytokine storm observed in
severe COVID-19 cases [58, 59].

T cells are central to adaptive immunity, with
various subsets playing roles in immune regulation,
cytotoxic responses, and help for B cells in antibody
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production. The RAAS, particularly through Ang II,
has been shown to influence T cell function directly.
Ang II can promote T cell proliferation and the
cytokines production. ACE 2, by reducing Ang II
levels, may indirectly modulate T cell responses,
promoting a shift towards less inflammatory states
[60].Additionally, Ang (1-7) can have direct
effects on T cells, though this area requires further
research to fully understand the mechanisms and
implications. Key participants in the early stages of
the inflammatory response are neutrophils, capable of
rapid deployment to sites of infection or injury. While
the direct effects of ACE 2 on neutrophils are less
well characterised than those on macrophages and T
cells, the overall anti-inflammatory milieu promoted
by ACE 2 activity could lead to a modulatory effect
on neutrophil recruitment and function [61]. For
instance, reducing Ang II levels may decrease
vascular permeability and adhesion molecule
expression, potentially modulating neutrophil
extravasation to inflamed tissues.

Beyond macrophages, T cells, and neutrophils, ACE
2 may also influence the function of other immune cells,
for example, B cells, dendritic cells, along with NK
(natural killer) cells [62].The overall anti-inflammatory
and immunomodulatory effects of ACE 2 suggest that it
could perform a role in shaping activities of an extensive
variety of immune cells.

The relevance of ACE 2 in infectious diseases
became prominently recognized during the
COVID-19 pandemic, as ACE 2 is entry receptor
for the SARS-CoV-2 [63].When SARS CoV-2
is present, the immunological responses of ACE
2 cause tissue and organ damage, coagulopathy,
along with ARDS. These conditions then trigger
the production of further proinflammatory cytokines
and chemokines, causing an uncontrollable loop of
inflammation and damage [64].While the interaction
of the virus with ACE 2 can lead to downregulation
of ACE 2 expression and enhanced lung injury, the
immunomodulatory role of ACE 2 suggests that
enhancing this pathway could potentially mitigate
severe inflammatory responses associated with
infections [65].
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Deregulation of ACE 2 may enhance kinin
activity while resulting in angioedema [66].Systemic
kallikrein-kinin system activation can cause a “kinin
storm,” which can lead to vascular permeability,
enhanced inflammation, effusion, along with eventual
damage to organs [67].0ne of the main causes of
endothelial damage, microthrombi development, and
the ischemic symptoms that follow COVID-19 is RAAS
dysregulation [68].

ACE2/Ang (1-7)/Mas axis may perform a role
in modulating autoimmunity. Its anti-inflammatory
properties suggest potential therapeutic benefits in
autoimmune diseases by dampening inappropriate
immune responses against self-tissues [69,70]. Through
declining Ang II levels and improving Ang (1-7) levels,
ACE 2 can reduce the inflammatory milieu that fosters
autoimmune reactions, potentially mitigating the
severity of autoimmune diseases. The exact impact of
ACE 2 on specific autoimmune diseases that include,
multiple sclerosis, rheumatoid arthritis, type 1 diabetes,
requires further research. However, the potential for

ACE 2 to modulate immune responses suggests that
enhancing ACE 2 activity or Ang (1-7) signalling could
be a promising therapeutic strategy in autoimmunity.

ACE 2 in central nervous system

With all of its parts found in CNS (central
nervous system), the brain has its own intrinsic
RAAS [71]. Originally identified as a regulator of
blood pressure along with cardiovascular homeostasis,
ACE 2 also modulates brain function through its
effects on neurovascular health, oxidative stress, and
inflammatory pathways. The brainstem, hypothalamus,
and cortex are among the areas of the brain where
ACE 2 is expressed [72]. It performs a crucial role in
neurovascular regulation by counteracting the effects
of angiotensin II (Ang II), a peptide known for its
pro-inflammatory and vasoconstrictive properties.
ACE 2 boosts vasodilation, anti-inflammatory effects,
along with neuroprotection by converting Ang II to
angiotensin-1-7 (Figure 5) [73].

Fig. 5. Role of Renin Angiotensin System on the neurosystem
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Along with these traditional RAAS pathways, few
other channels are recognized that aid in the synthesis of
various angiotensin and angiotensin fragments. Renin
and pro-renin receptors have even been demonstrated
to exhibit biological activity. In addition to Ang-(1-7),
ACE 2 also generates alamandine, a peptide similar
to Ang-(1-7) that selectively activates the MrgD
receptor. These interactions are critical for maintaining
neurovascular integrity and counteracting the detrimental
impact of Ang II in the brain [74].

Neuroinflammation and oxidative stress are central
to pathology of many neurodegenerative diseases
(NDD), that include PD (Parkinson’s disease), MS
(multiple sclerosis), along with AD (Alzheimer’s
disease) [75]. ACE 2 reduces neuroinflammation by
modulating the balance among pro-inflammatory along
with anti-inflammatory pathways in the RAAS [76].
According to research on animals, ACE 2 activation
can lower microglial activation and the generation
of pro-inflammatory cytokines that include TNF-a,
IL-6. MrgD activation decreases the pro-inflammatory
cytokines production that includes, IL-6, TNF-q,
whereas promoting anti-inflammatory cytokines that
include IL-10. This modulation helps counteract
neuroinflammatory effects of Ang I [77].

Overexpression of ACE 2 in the CNS has been
shown in recent years to enhance GABA release in
the presynapse, altering its neurotransmission and
function to enhance mice’s anxiety [78]. The amygdala,

paraventricular hypothalamic nucleus, nucleus of the
solitary tract, along with ventrolateral medulla are
among the brain regions that endogenously express
both ACE 2 and MrgD (Figure 6). These regions
regulate behavioral and physiological reactions to
stress and anxiety [79]. The amygdala, a part of the
brain that regulates the behavioural expressions of
fear and anxiety, had more MasR mRNA when ACE2
was overexpression.Kehoe et al and his colleagues
have found reduced ACE2 expression in brains of
AD patients, causes increased Ang II activity and
exacerbation of neuroinflammatory and neurotoxic
pathways [78]. Angiotensin(1-7) has been shown
to boost memory as well as decline amyloid-beta
accumulation in the animal models of AD. On the
same hand, ACE 2 protects dopaminergic neurons
by reducing oxidative stress and inflammation.
Studies suggest that enhancing ACE 2 activity may
offer neuroprotective benefits in PD [77]. The MrgD
receptor, through ACE2-derived peptides, reduces
oxidative stress by enhancing antioxidant defense
and lowering reactive oxygen species (ROS) levels.
This mechanism is predominantly relevant in NDD
for example AD and PD. In relation to ischaemic
stroke, ACE2 has been extensively studied. Its
activation lessens cerebral ischemia-reperfusion
injury by lowering disruption of the BBB (blood-brain
barrier), attenuating neuroinflammation, and triggering
angiogenesis [79].

Fig. 6. Physiological process of ACE 2 -neuroprotection, neuroinflammation regulation plays an important role in AD,
Parkinson’s disease, stroke, anxiety and depression
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ACE2 and gut

ACE2/Angiotensin-(1-7)/Mas receptor axis, as
the renin—angiotensin—aldosterone system’s (RAAS)
non-canonical arm, plays a very important role for
gastrointestinal homeostasis [80]. ACE2 controls the
gut microbial balance and the nutrient absorption
plus the immune responses and epithelial integrity,
and ACE2 is expressed mainly on the enterocytes’
luminal surface and on the intestinal epithelial cells’
apical surface inside the intestinal tract. ACE2 presence
within Paneth cells and within goblet cells implies
secretory with immunological roles inside of the
gastrointestinal tract.

ACE2 eases in a physiological way the uptake
of neutral amino acids by way of transporter B’AT1
plus particularly tryptophan (Figure 7). ACE2 greatly
helps nutrient absorption within the healthy gut.
Its control over the neutral amino acid transporter
B°AT1 (SLC6A19) stands out most [81]. For mucosal
immunity along with gut-brain axis regulation, bioactive
molecules from tryptophan metabolism are needed
in epithelial regeneration. Tryptophan levels that are

adequate secrete mucins with antimicrobial peptides,
so they maintain intestinal epithelial defence as well
as supporting gut mucosal immunity. For regulation
of pancreatic insulin-producing (3 cells, amino acid
Tryptophan activates enteroendocrine L cells so that
they release GLP-1 and GIP. The GLP-1 and GIP do
also inhibit glucagon-producing o cells with this having
an effect upon plasma glucose levels [82, 83].

In addition, ACE2 converts pro-inflammatory
angiotensin II into angiotensin-(1-7), through the Mas
receptor exerting vasodilatory, anti-inflammatory, and
cytoprotective effects within the gut. This conversion
decreases the epithelial damage by helping tight
junction protein expression and reducing intestinal
permeability, thereby preserving the mucosal barrier.
Angiotensin-(1-7) also promotes mucosal blood flow
and attenuates the production of pro-inflammatory
cytokines such as TNF-a and IL.-6, while supporting the
release of anti-inflammatory mediators. Through these
mechanisms, the ACE2/Ang-(1-7)/Mas axis suppresses
intestinal inflammation and supports tissue repair. This
signalling pathway indirectly modulates the overall

Fig. 7. ACE2 axis and gut physiology
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composition and function of the gut microbiota by
maintaining a favourable immune environment and
controlling nutrient availability.

Reduced ACE?2 expression causes dysregulation
of this axis leading to excessive angiotensin II
activity resulting in impaired barrier function,
microbial dysbiosis, and chronic inflammation.
Such disruptions have been implicated in a range of
gastrointestinal disorders, including inflammatory
bowel disease, ischemic colitis, and infection-
associated enteropathies.

ACE2 in Gastrointestinal Disorders

Altered ACE2 expression is implicated in
a spectrum of gastrointestinal diseases. In inflammatory
bowel diseases (IBD) such as Crohn’s disease and
ulcerative colitis [84, 85]. ACE2 dysregulation has
been associated with increased inflammation and
this intestinal inflammation is induced by epithelial
damage disrupted barrier function, and altered cytokine
profiles.

In Crohn’s disease, ACE2 expression in the
inflamed ileum was 60% lower than in healthy patients
[86].However, colonic ACE2 expression was shown
to be elevated in Crohn’s disease patients. In Patients
examined with inflammatory bowel disease (IBD),
ACE?2 and TMPRSS2 were found to be highly expressed
in the ileum and colon. However, inflammation is
associated with a considerable downregulation of
epithelial ACE2 [86, 87].

Systemic infections like SARS-CoV-2, viral
binding to the ACE2 receptor causes subsequent
downregulation of ACE2 on gut epithelial surfaces.
Symptoms such as diarrhoea, nausea, and intestinal
inflammation have been reported during SARS CoV?2
infections. These gastrointestinal symptoms were
correlated with more severe pulmonary disease as
patients required ventilatory support [86]. Altering
ACE2 axis through genetic deletion, pharmacological
inhibition, or disruptions by viral interactions such
as SARS-CoV-2-mediated ACE2 internalization
have been associated with increased intestinal
inflammation, epithelial damage, and microbial
imbalance [86].
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ACE2 and the Gut Microbiome

The influence of ACE2 on the gut microbiome and
metabolome profiles is now a higher concern. ACE2
regulates the microbial environment of the intestine
through regulation of amino acid transport and immune
mediators. Experimental models have demonstrated
that ACE2 deficiency leads to microbial dysbiosis,
characterized by a shift toward pathogenic species and
a reduction in beneficial commensals. Studies have proved
that upregulation of ACE2 may reverse these effects
by improving stress state, mitochondrial dysfunction,
and IRS-1/Akt/AMPK signalling [87]. Experimental
study shows that ACE2 deficiency affects the microbiota
and gut-vascular integrity by decreasing angiogenic
bone marrow components in diabetes, perhaps inducing
bacterial translocation [88].These findings collectively
underscore the ACE2/Ang-(1-7)/Mas pathway as
a critical regulator of gut physiology and a promising
therapeutic target for inflammatory and infection-related
gastrointestinal disorders.

ACE 2 in cancer biology

A growing understanding of the RAAS role in
cancer biology has led to focus extensively on the
role of ACE 2 in carcinogenesis. Although ACE 2 has
been shown to be inhibitory, diminishing angiogenesis
during tumour growth by preventing cell division and
causing cell death, evidence also indicates that ACE
2 dysregulation may promote growth of tumour [89].
ACE 2 in cancer is complex and appears to be context-
dependent, varying across different types of cancer.
ACE 2 counter-regulates the impact of classical RAAS
pathway, which is known to promote cell proliferation,
angiogenesis, inflammation, and fibrosis [90].1t seems
that ACE 2 protects against the development of cancer;
its up-regulation implies a favourable prognosis, and
it is negatively linked to several important tumour
development pathways, particularly proliferation and
mismatch repair.

Research supporting the tumour-suppressive role of
ACE 2 includes studies across several cancer types, that
include lung, colorectal, breast, along with pancreatic
cancers [91]. Higher expression levels of ACE 2 have
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been associated with better survival outcomes in certain
cancers. Conversely, a decline in ACE2 expression or
activity, causing an unchecked angiotensin II signalling
pathway, has been correlated with tumour growth,
metastasis, and poor prognosis. Research has shown
that ACE2 is down-regulated in a number of tumours,
that include breast tumours [92], non-small cell lung
cancer (NSCLC) [93], pancreatic ductal adenocarcinoma
(PDAC) [94] along with gallbladder cancer [95].
Declined ACE 2 expression had been also stated in
Hepatocellular carcinoma.

RAAS pathway is inhibited through ACE 2
converting angiotensin II, a peptide that promotes
proliferation and angiogenesis, into Ang (1-7), which
has both antiproliferative and antiangiogenic properties.
This switch shifts the balance from a pro-tumorigenic to
a tumour-suppressive environment; Ang (1-7), a product
of ACE 2 activity, inhibits cancer cell proliferation via
the Mas receptor. This signalling pathway can promote
apoptosis- programmed cell death, cause cell cycle
arrest, and limit cancer cell proliferation, all of which
contribute to tumour suppression [96].

Angiogenic factors often mediate tumour
angiogenesis. ACE 2 also inhibits angiogenesis, that
is new blood vessel formation, that tumours need for
oxygen and nutrients to grow and metastasize [97].
The VEGFa/VEGFR2/ERK pathway may be involved
in the mechanism through which ACE 2 inhibits the
angiogenesis of cancer. By preventing phosphorylation
of ERK1/2, ACE 2 reduces the production of VEGFa in
the cancer cells, indicating that ERK signaling pathway
controlled by ACE 2 was involved in the regulation
of VEGFa [97]. It was established by research that
VEGFa in tumour cells would attach to VEGFR2 on
the nearby endothelial cells’ membrane. This speeds
up the phosphorylation and activation of VEGFR2,
which in turn causes the ERK signaling pathway to
becoming phosphorylated and activated. Following
this, MEK1/2 is phosphorylated and activated by
a cascade reaction from the ERK pathway, which
in turn promotes phosphorylation and activation of
ERK1/2. Consequently, nuclear translocation speeds
up migration, differentiation, and proliferation, all
of which support angiogenesis [98]. By limiting
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angiogenesis, ACE 2 activity can restrict tumour
growth and spread. Through its anti-inflammatory
and immunomodulatory effects, ACE 2/ang (1-7)
axis might create a less favourable environment for
tumour progression.

Beyond direct effects on tumour cells, ACE 2 also
influences the tumour microenvironment, which includes
extracellular matrix, immune cells, along with signalling
molecules [99].The TME (tumour microenvironment),
which affects growth, metastasis, along with response to
treatment, is an essential factor in progression of cancer.
It consists of various components, including stromal
cells, cancer cells, signalling molecules, immune cells,
n addition with extracellular matrix. Nature of ACE 2
influence is influenced by the specific tumour type and
the balance of the RAAS components within tumour
microenvironment [100, 101].

Understanding ACE 2’s role in the TME
involves examining its effects on cellular signalling,
inflammation, angiogenesis, and the interplay between
different cells within the tumour and its surroundings.
ACE 2 influences the balance of angiotensin peptides
in the TME, which can modulate inflammation — a key
driver of tumour progression. ACE 2 acts by effect
decreasing Ang II levels, thereby potentially limiting
angiogenesis within the TME.

Several cancers, that include NSCLC, PDAC,
clear cell renal carcinomas, thyroid carcinomas,
colorectal adenocarcinoma, gastric adenocarcinoma,
Oral Squamous cell carcinoma [102] shows decreased
expression of ACE 2. This implies low levels of ACE 2
as the cancer progresses. In contrast, RT-PCR research
revealed higher ACE2 mRNA expression levels in
OSCC samples. These findings point to probable
post-transcriptional regulation, protein degradation,
or translational inhibitory mechanisms impacting ACE2
in oral squamous cell cancer.Invitro studies have shown
that increased expression of ACE 2 may potentially
suppress angiogenesis and invasion over the progression
of cancer [103, 104].

Modulating ACE 2 activity levels could provide
novel approaches for inhibiting tumour growth,
reducing metastasis, and enhancing anti-tumour
immunity [104]. However, developing such therapies
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requires a nuanced understanding of the ACE 2 diverse
roles in different cancers and their complexity.

ACE2 in ocular physiology

RAS components including ACE, ACE2 and Ang
1-7 has been shown to have significant levels of in
several structures of the eye. Two key enzymes ACE
and ACE2 being hot spots [105] in the renin-angiotensin
system are highly expressed in epidermal basal cells
and also detected in suprabasal and granular cells of
the human aqueous humor [106]. ACE2 expression
has also been detected in conjunctival cells and
pterygium [107], an overgrowth of the subconjunctival
tissue onto the corneal epithelium, multiple nonvascular
neuroretinal cells, including the retinal ganglion cell
layer, inner plexiform layer, inner nuclear layer, and
photoreceptor outer segments in both nondiabetic and
diabetic retinopathy specimens [108]. Ang II and ACE2
have been identified in both human limbal and corneal
tissues. ACE2 being expressed in multiple ocular tissues,
including the cornea, conjunctiva, aqueous humor,
retina, and choroid, it plays a pivotal role in maintaining
ocular homeostasis.

ACE2 in the anterior segment of the eye impacts
aqueous humor dynamics and trabecular meshwork
function, which has an effect on regulating intraocular
pressure and protects against glaucomatous damage.
In the posterior segment, ACE?2 is highly expressed in
retinal pigment epithelial (RPE) cells, Miiller glia, and
vascular endothelial cells. ACE/Ang II arm of the RAS
system has been identified as the pro-inflammatory, pro-
proliferative and pro-fibrotic axis in ocular physiology
whereas ACE2/Ang 1-7 acts as counter-regulatory role
as the anti-inflammatory, anti-proliferative and anti-
fibrotic arm [109].Hence, the ACE2/Ang-(1-7)/Mas
receptor axis modulates intraocular pressure, retinal
blood flow, oxidative stress, and inflammatory
signalling, thereby contributing to the preservation of
visual function.

ACE2 plays regulatory role by regulating
inflammation in varied ocular tissues. These anti-
inflammatory effects of ACE2 are associated with the
inhibition of MAPK, NF-kB and STAT3 pathways.
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An animal study by Wang et al shows that loss of
ACE?2 in the mouse cornea delayed the healing of
corneal epithelial and the study suggest that ACE2/
Ang1-7 axis has a translational potential in corneal
re-epithelialization and also in preventing fibrosis [110].
Recent studies have proven that imbalance in Ang II/
ACE2, might lead to increased inflammatory response
in corneal epithelial and stromal tissues. Decreased
ACE2 increases Ang II levels that leads to anti-fibrotic
function in the cornea. Evidence shows that reduction in
ACE2 levels causes also cloudy corneal haze which is
accompanied by chronic inflammation, corneal edema
and neovascularization.

Intraocular Pressure and ACE2

Studies have shown that intraocular RAS is involved
in the regulation of intraocular pressure (IOP). In a study
where the intrinsic ACE2 is pharmacologically activated
has significantly decreased the Intraocular Pressure
in glaucomatous rats. Hence, activation of intrinsic
ACE2 may act as a potential therapeutic strategy to
treat glaucoma [111].

Diabetic retinopathy

Increased activity of the ACE/ (Ang II)/AT1 receptor
axis of the renin—angiotensin system (RAS) is associated
with the pathogenesis of diabetic retinopathy. Studies
have evaluated the retinal RAS gene expression in
diabetic retinopathy shows decreased ACE2 expression
that resulted in worsened pathophysiology of Diabetic
Retinopathy. A study by Verma and colleagues [112] on
rodent models showed that intravitreal administration of
adeno-associated virus (AAV)- mediated gene transfer
vector expressing ACE2 or Ang-1-7 peptide in the retina
reduced diabetes-induced retinal pathophysiology.

Age-related macular degeneration

In an in vitro model study by Fu et al, overexpression
of ACE2 reduces the inflammatory response in age-
related macular degeneration (AMD) via inhibiting
overproduction of cytokines such as IL-1f3 and CCL-2.
By stimulating the ACE2/Ang-(1-7)/Mas axis in
human RPE cells, overexpression of ACE2 reduces
the inflammatory response brought on by A [113].
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All together ACE2 serves as a critical regulator
of ocular vascular tone, neuroprotection, and anti-
inflammatory signalling [120].And thus, targeting
modulation of the ACE2/Ang-(1-7)/Mas axis represents
a promising target for managing ocular pathologies
ranging from glaucoma and diabetic retinopathy to
viral conjunctivitis and AMD.

ACE2 in skin physiology

Angiotensin-converting enzyme 2 (ACE2) is an
integral component of the cutaneous renin—angiotensin
system (RAS) is expressed in several cells of the skin in
keratinocytes, endothelial cells, fibroblasts, hair follicles,
immune cells, lymphatic endothelial cells, melanocytes,
and sweat gland cells. Hamming et al. [114] first showed
the presence of ACE2 using immunohistochemistry
staining in the skin, particularly in the basal cell layer
of the epidermis extending to the basal cell layer of hair
follicles. Smooth muscle cells surrounding sebaceous
glands also shows positive forACE2 staining. ACE2
was weakly observed in sebaceous glands. The eccrine
glands exhibit strong granular staining pattern for ACE2.

Functionally, ACE2 plays a significant role
in modulating oxidative stress, inflammation,
collagen degradation, and overall skin damage.
ACE2 prevents oxidative stress by converting
Ang II into Ang-(1-7). ACE2 reduces inflammatory
mediators by downregulating Ang II by activating
AT1 receptor. And also, ACE2 inhibits the matrix
metalloproteinases (MMPs) activity through Ang-(1-7),
and reducing collagen degradation [115].ACE?2 also
functions as a mechanosensitive protein.

Divergent ACE2 expression and activity has been
associated with various dermatological pathologies.
ACE2 protein expression was substantially upregulated
in the epidermis of psoriasis lesions, especially in basal
keratinocytes [116]. Increased ACE2 expression in
skin plaques was identified in psoriasis patients due to
IL-17-mediated inflammation. In fibrotic conditions,
including systemic sclerosis and keloids, impaired ACE2
signalling may promote fibroblast overactivation and
excessive extracellular matrix deposition. Alterations
in ACE2 protein affects skin soft tissue expansion, by
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changing cutaneous Ang II metabolism resulting from
ACE?2 modulation influence cellular function [117].

COVID skin manifestations

Cutaneous manifestations were increasingly
observed during COVID-19. These cutaneous
reactions may arise from both direct viral effects via
ACE2-expressing epidermal keratinocytes, dermal
vascular endothelial cells, and eccrine glands, as well
as from indirect immune-mediated and microvascular
injury mechanisms. They include upregulated innate
immune human response, hypercoagulable state, and
non- structural proteins in SARS-CoV-2 [118].They
were presented as different dermatologic manifestations,
which are maculopapular rash, papulovesicular rash, and
livedo reticularis. Asymmetrical lesions like pernio-like
(chilblain-like) acral lesions, often associated with
microangiopathy and type I interferon responses;
vesicular eruptions resembling varicella, suggestive of
viral cytopathic activity; maculopapular (morbilliform)
rashes linked to cytokine-mediated inflammation; and
urticarial lesions driven by mast cell activation [119]
were presented in many cases.

Emerging evidence shows ACE2 modulation to
pigmentary changes through RAS-mediated effects on
melanocyte biology. Studies suggests suggest that ACE2
activators, Ang-(1-7) analogs, or Mas receptor agonists
may influence inflammation, accelerate wound closure,
and reduce dermal fibrosis. However, experimental and
clinical validation is required for targeting ACE2 axis
in management of skin diseases.

Future perspectives

The outbreak of COVID-19 further expanded
interest in ACE 2, for its potential as therapeutics.
Hence this has fuelled the novel ACE2-based therapeutic
strategies development, not only for viral infections but
also for a range of cardiovascular, pulmonary, renal,
cancer, and metabolic disorders.

a) Recombinant human ACE 2 (rhACE2) has been
investigated as a treatment for cardiac disease, ARDS,
ALI and COVID-19. It reduces viral entry and restores
RAAS balance by serving as an intermediary receptor
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for SARS-CoV-2. Recombinant ACE 2 have shown
several positive effects, including reversing pathological
hypertrophy, improving endothelial dysfunction,
reducing tissue inflammation and myocardial fibrosis,
and correcting metabolic dysfunction. Recombinant
human ACE 2 effectiveness in various disorders is being
assessed in ongoing animal studies and clinical trials.

b) Synthetic novel compounds known as ACE 2
peptidomimetics mimic the structure and activity of
Angiotensin Converting Enzyme 2. These compounds
are being investigated for their potential in pulmonary
hypertension, heart failure, hypertension, and SARS-
CoV virus entry inhibitors.

c) Gene therapy-based approaches are gaining
attention as innovative strategies to restore ACE 2
function in various diseases. This method involves the
introduction of a functional ACE 2 gene into target cells
to restore its protective effects. These techniques aim to
either upregulate ACE 2 expression or deliver functional
ACE 2 to counteract pathological conditions such as
hypertension, heart failure, ARDS, and COVID-19
related complications.

d) mRNA-based strategies involve delivering
synthetic mRNA encoding ACE 2 to cells, allowing
temporary but effective expression of functional ACE 2.
This strategy has gained momentum due to the success
of mRNA vaccines in COVID-19. Lipid nanoparticles
(LNPs), polymeric nanoparticles, and exosome-based
delivery methods are some of the effective ways to
deliver mRNA-based ACE 2.

ACE 2-based strategies have limitations despite
their potential for treatment. These include the short
half-life of recombinant ACE 2, which necessitates
frequent administration, the possibility of off-target
effects and immune reactions, the difficulty of efficiently
delivering ACE 2-based gene therapies, and anticipates
about viral mutations that could reduce the effectiveness
of ACE 2-targeting treatments.

Conclusion

The review summarises recent discoveries on ACE
2 function and pathogenesis in diverse illnesses. ACE
2 is a double-edged sword, acting as both a preventive
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factor in different diseases and a receptor for viral
infections, prompting researchers to investigate its
eccentric role. Besides, this overview looked into ACE
2’s therapeutic potential and research possibilities.
Future research should focus on improving drug delivery
strategies, developing long-lasting ACE2 activators, and
exploring combination therapy for increased efficacy.
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PacwugpoBKa ponu aHrmoTeH3MHnpespauawow,ero pepmeHTta 2
B HOpMe 1 nNpu 3aboneBaHUAX

III. CuBacakTuBe/ B, I1. Pamanu
Cromarosioruueckuit kosiemk 6ombHuibl CaButa, HCTUTYT MEAUIMHCKIX M TEXHUMUECKUX Hayk CaBuTa, 2. YeHHau,
TamunHao, UHOus
B jsshivaninarayanan@gmail.com

AnHoTanusa. AkmyaibHocmb. AHTHOTeH3HUHNpeBpatatoryii ¢hepmeHT 2 (AT 2) pr3HaH BaXXHBIM Pery/IsiTOPOM CepIeuHo-
COCYZIMCTOTO U JIETOYHOTO roMeocTasa 6arozaps ero yyactito B PAAC (peHHH-aHTHOTeH3HHOBOH crcTeMe). B 3ToM obIrpHOM
00630pe paccMaTpuBaeTCs Kak TpauiroHHast posib ATI® 2 B npeBpaitienny anruoteHsuHa I1 (Ang IT) B aHruorensus-(1-7), Tak
U ero Gosiee IMPOKOe 3HaUeHHe B CePAEUHO-COCYAUCTHIX 3a00/IeBaHUsIX, IETOUHON MaTo/IOTHUH, MeTaboIuueCcKuX 3a001eBaHMsIX
v pake. BoiBozel. HefiaBHYe vccieioBaHus MpOnWy cBeT Ha 3HaueHne AII® 2, BoIxopsiriee 3a paMKH ero (pepMeHTaTUBHBIX
BO3MOKHOCTeMH, B YaCTHOCTH, KaK K/I€TOUHOTO peLierTopa pa3/InyHbIX naroreHoB. Kpome Toro, HefjaBHUe HCC/Ie0BaHHS
nokasbiBatoT, yto ACE2 yuacTByeT B BoCIa/ieHUH, MeTabo/ii3Me TIFOKO3bI ¥ MOAY/ISILIH MUKPOOHOMa KHILeuHHKa. Pacripesienienue
B TKaHsIX, MEXaHU3MbI PeTYISLY U TeparieBTU4YeCcKre BO3MOYKHOCTH JIeMOHCTPUPYIOT ero JBOMHYIO POJib: 3al{UTHOIO (akropa
¥ BO3MOJKHOT'O ITyTH IPOHUKHOBEHUsI BUPYCHBIX HH(eKuuit. [ToHnMaHue 3THX MHO)KeCTBEHHBIX TIPOLIeCCOB B COCTOSIHUH 3710POBbSI
1 60J1e3HY IMeeT BaXKHOe 3HaueHHe /i1 pa3pad0TKU NepCOHaMM3UPOBaHHBIX METO/OB JieueHus 3abo/ieBaHuid. B gaHHOM 0630pe
W3JI0KEeHO cyiecTByolee rioHnManre ACE2 1 BbiZieieHbl 00/1aCTH /1S Ja/IbHEHMIIX UCC/Ie0BaHN, B YaCTHOCTH, €ro TIOTeHLUa
B KaueCTBe TeparieBTHueckoi MutireHn. Kpome toro, 060061wjeHbI po6iieMel 1 Oyy1iivie HarpaB/ieHus B Tepaniu Ha ocHoBe ACE2.

KnroueBbie cioBa: ACE2, aHrHOTeH31H NpeBpalaroiuii (epMeHT 2, 310poBbe, 3a00/1eBaHusl, (GPU3MO0NIOTHSI, CepPAeUHO-
COCYZIUCTasi CUCTeMa, JIeTovHasi CUCTeMa, IT0YevHasi CUCTeMa, pak, IMMYHOJIOTHSI, KO)Ka, KAIIIeUHHK, Helipohr3H10JIorys

Mudopmanus o puHaHCHPOBaHUH. ABTOPHI He I0/Ty4any ((MHAHCOBOM MOAJEP)KKHY [/1s1 IPOBeAeHNs UCC/IeJOBaHNs, HallMCaHNs
Y y0O/IMKaLuK JaHHOM CTaTby.

198 ONBMOMOMNA. SKCTTEPUMEHTATTBEHASA OU3INO0NO0T A


https://orcid.org/0000-0003-2021-4906
mailto:jsshivaninarayanan%40gmail.com?subject=Shivani%20Sivasakthivel
https://orcid.org/0000-0002-5426-3506
mailto:jsshivaninarayanan%40gmail.com?subject=Shivani%20Sivasakthivel

Sivasakthivel S, Ramani P. RUDN Journal of Medicine. 2026;30(2)

Bkiap aBTopoB. [1TuBanu CrBacakTUBe/ — pa3paboTKa KOHIIEMIUY, HAITMCAHKe PYKOITMCH 1 HalMCaHHe OKOHUAaTeTbHOTO TeKCTa
pykormucu. [Tpatrbxa PamaHu — MpoBepKa MHTE/JIEKTYaIbHOTO COZIepyKaHUsl PYKOITUCH, OKOHUATe/TbHOe YTBEP)KeHHe BepCUU
muist nyonvikaruun. [llusanu CuBacaktuses, [IpaTtrbxa PamaHu — npoBepKa UHTEIEKTYaIbHOTO COJep)KaHust pyKomnucu. Bee
aBTOPBI BHEC/TH CYITIeCTBEHHBIN BKJIa/ B Pa3pab0TKy KOHIIETILIH, TIPOBeeHHEe UCC/IeIOBAHMUS U TIOATOTOBKY CTaThbH, TPOUUTATA
Y 000pU/IH OKOHYATETbHYIO BEPCHIO TIepe/] My O/MKalei.

HNudopmanys o KOHQINKTe HHTEPeCoB. ABTOPHI 3asIB/ISTIOT 00 OTCYTCTBUM KOH(JIMKTA MHTEPECOB.
JTHYecKoe oj00peHre — HelpUMeHHMO.

BiiarogapHocTu. ABTOpBI BhIpa)karoT 6/1arojapHOCTh 3a MCMo/b30BaHue Microsoft PowerPoint fi/ist TOArOTOBKM PUCYHKOB,
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Differences in the ratio of the peripheral blood phospholipid fractions
among residents of different climatic and geographic territories
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Abstract. Relevance. A key element of human adaptation to the complex of extreme ecological factors is intensification
of the energy metabolism. Mobilization of energy resources may lead to modification of the biological membranes and, as
a consequence, to change their functional activity. Evaluation of the persistent imbalance degree on the level of phospholipid
fractions may contribute to early diagnosis of the maladaptive states. Aim: an analysis of the levels of phosphatidylserine (PS),
phosphatidylcholine (PC), phosphatidylethanolamine (PE) and sphingomyelin (SM) in the peripheral blood of the population
in the Arctic and subarctic region of Russia, as well as the Southern Caucasus inhabitants. Materials and Methods. From
2010 to 2018, 687 people of both sexes aged 22 to 60 years were examined. The participants were divided into the following
groups: 1) natives of the Russian Arctic region (AR); 2) residents of the subarctic region of Russia (SR); 3) residents of the
South Caucasus (JUR). The level of the phospholipids was assessed using the thin-layer chromatography method. The results
are presented in percentage terms. Results and Discussion. The residents of the AR revealed lower PS and higher PE levels
compared to those of SR and JUR natives. At the same time, the AR individuals in the phospholipid spectrum reveal a relative
decrease in the share of PC. Unlike the AR natives, the low PS content in the SR residents’ peripheral blood did not affect the
overall pool of the phospholipids, which is within similar variation limits regarding the natives of the JUR. The SM medians
in the compared groups had no statistically significant differences. Conclusion. The complex of adaptive alterations in the
human body under Arctic conditions is associated with mobilization of mechanisms aimed at increasing physical fluidity of
the biological membranes, which may indicate a significant increase in their permeability and intensification of receptor and
enzymatic activity in cells.

Keywords: phosphatidylethanolamine, phosphatidylcholine, sphingomyelin, phosphatidyletanolamine, Arctic region,
subarctic region, South Caucasus
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Introduction

Assessing the impact of latitudinal factor on
human health is an important eco-physiological
task. The latitude-zone variations have a significant
impact on the formation of physiological strategy of
the adaptation. At the same time, prolonged exposure
to sub-extreme and extremal natural and climatic
conditions may lead to depletion of compensatory
mechanisms, which contributes to the occurrence
and development of the chronic diseases, which
begin to manifest long before the onset of clinical
symptoms [1].

As the living area expands towards higher latitudes,
the negative effects (such as significant fluctuations
in atmospheric pressure, cold weather, changes in
daylight hours, geomagnetic activity) increase. It is
established that such climatogeographic features, being
to some extent extremal for the human life activity,
initiate a characteristic set of adaptive changes at the
level of the body’s metabolic, morphological and
regulatory systems [2]. However, the key element
in the process of acquired adaptation is a shift in
the energy homeostasis system, primarily driven by
lipid metabolism components, which are inherently
linked to cellular structural elements. This indicates
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that intensification of the lipid oxidation process may
lead to the modification of biological membranes and,
consequently, to changes in their functional activity.
A system of such transformations can lead to increasing
the degree of persistent metabolic imbalance which
may involve other environmentally-related criteria for
its assessment [3].

The phospholipids are a key element in ensuring
the structural and functional integrity of the biological
membranes. A number of critical physiologic processes
depend on their dynamic equilibrium, including
maintenance of cellular homeostasis, regulation of the
cell cycle as well as adaptation of cells to changes in
the environment [4].

Available empirical data, obtained during
observational studies, provide convincing evidence
of a specific phospholipid profile in Arctic residents
[5-8]. However, there is a lack of information in the
available scientific literature concerning the comparative
assessment of the fractional composition of peripheral
blood phospholipids in population at different climatic
and geographical zones. Research in this area is
fragmentary. In the available data, metabolic parameters
of the population of the North are often analyzed in
isolation from similar indicators of natives of southern
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regions. We believe this approach distorts understanding
of adaptive restructuring occurring within serum
phospholipid fractions under extreme natural-climatic
influences.

Mentioned aspects highlight the need to develop
criteria for assessing the phospholipid profile in humans
under contrasting extreme climatic and geographical
conditions. This will not only enhance diagnostic
capabilities for pre-pathological states but also help
design rational preventive measures and correctional
strategies addressing metabolic disorders associated
with extreme environmental impacts. Therefore, it
seems important to conduct a comparative analysis of
ratios between phosphatidylserine, phosphatidylcholine,
phosphatidylethanolamine, and sphingomyelin in
peripheral blood serum samples from Russian Arctic
and subarctic Okrug populations compared to Southern
Caucasus residents.

Materials and methods

The present study was conducted as part of a
comprehensive expedition program that took place
from 2010 to 2018. During the winter-spring season,
687 individuals were examined — men and women
aged between 22 and 60 years. Separate groups were
formed based on the location of birth and residence
of the volunteers. The first group consisted of 264
persons — natives of the Arctic region of Russia (AR;
71-65°N) — villages: Gyda, Soyakha, Antipayuta,
Krasnoselkup; Tazovskiy settlement and Nadym
town in the Yamalo-Nenets Autonomous Okrug. The
second group included 244 representatives of the local
population of the subarctic region of Russia (SR;
64°N) — Pinega settlement of the Arkhangelsk region
and Arkhangelsk city. The third group comprised 179
natives of South Caucasus (JUR; 42°N) — Tskhinvali
city, Republic of South Ossetia. The average age
of participants was as follows (mean + SD): AR —
42.41 + 11.06 years; SR —42.56 + 10.85 years; JUR —
39.40 + 11.09 years.

The Arctic is a territory with harsh natural and
climatic conditions that are unsuitable for permanent
human habitation. The climate of the Arctic zone
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in the Yamalo-Nenets Autonomous region is highly
uncomfortable. The unique climatic conditions are
characterized by low temperatures and a combination of
factors, including permafrost, Arctic air circulation, and
the immediate proximity of the Kara Sea. The annual
mean temperature: about—10 °C [9].

Climatic and geographical features of the
subarctic regions, despite considerable mitigation
of the extreme conditions inherent in the Arctic, still
create a significant level of discomfort for the local
population. (The city of Arkhangelsk and the Pinega
settlement are situated in the Atlantic-Arctic sector of
the temperate zone. The meteorological regime of these
territories is determined by the complex interaction of
advective processes, in particular — outgoing from
the northern seas. The average annual temperature
varies from 0,1 to 2,0 °C [10].

South Ossetia is characterized by a variety of
ecological factors due to the complex topography of
the region. The ecological and climatic situation of the
city of Tskhinvali, where the study was conducted, can
be described as physiologically favorable for human
life. The region under consideration is located in
the foothills of the Greater Caucasus, at an altitude
of about 600 meters above sea level. The climatic
conditions in this area are characterized as subtropical,
with an average annual temperature fluctuating around
11,2 °C [11].

Within the framework of the study, a targeted
sampling of the respondents was performed among the
local residents, compliant with the criteria of health
groups I and II. To reduce the likelihood of influencing
of the pathological processes on the results of the
analysis, all volunteers were in a state of remission
from their chronic diseases. The examinations were
conducted in strict accordance with the ethical
standards regulated by the WMA Declaration of
Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013. The studies were
conducted based on the written consent of each
participant, obtained after careful explanation of all
aspects of the procedure, potential risks and expected
benefits. The study protocols were approved by the
Biomedical Ethics Commission of the IPNA UrB

ONBMOMOMNA. SKCTTEPUMEHTATTBEHASA OU3INO0NO0T A



Shengof BA, Bichkaeva FA, Nesterova EV. RUDN Journal of Medicine. 2026;30(2)

RAS and the Ethics Committee of the FECIAR UrB
RAS (dated February 2, 2009, February 4, 2023, and
November 9, 2016).

The examination process included a questionnaire,
designed to determine age, anthropometric data,
the presence of chronic diseases, work experience,
ethnicity, bad habits, level of physical activity, and
diet. In the morning, between 08:00 and 10:00 local
time, venous blood was collected from the cubital
vein. The procedure was performed exclusively under
fasting conditions, which implied observing a strict
time interval of 10-12 hours from the last meal.

Lipids from blood serum were extracted and
purified using the liquid extraction method [12]. To
achieve optimal phospholipid separation, an eluent
was used in the following proportions: 6.5 parts
chloroform, 2.5 parts methanol, and 0.5 parts aqueous
ammonia solution with a mass fraction of NH, of
at least 25%. The total volume of the system was 3
cm?. The identification of phosphatidylcholine (PC),
sphingomyelin (SM), phosphatidylethanolamine
(PE), and phosphatidylserine (PS) was performed by
comparing with Rf values of standard samples provided
by Sigma (USA). The densitometer «DenSkan»
(Russia) was used as a tool for measuring the optical
density of chromatographic spots. The analysis of
chromatographic data was carried out using the peak
area normalization method implemented using the
«Dens» software version 14—12—03 beta (Russia).

The statistical analysis of the obtained material
was carried out using the IBM SPSS Statistics 22.0
program (USA) [13]. The hypothesis of a normal
distribution of a random variable was tested using
the Shapiro-Wilk test. Due to the revealed anomalies
in the distribution of the studied features, the median
(Me) indicators were used as the central trend, and the
values of the first (Q,) and third (Q,) quartiles were
used to estimate the range of variability. The Kruskal-
Wallis test (H-test) was used to assess the degree
of differences between the compared groups. The
Mann-Whitney test (U-test) was applied to a posteriori
comparisons. In order to minimize the risk of false
positives, the Bonferroni correction was applied when
testing hypotheses. The found changes were considered
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statistically significant if the probability of error in
accepting the null hypothesis was less than 5%.

Results and discussion

The phospholipid composition of peripheral blood
is largely determined by the intensity of synthesis as
well as breakdown of these compounds in the tissues
of the liver, kidneys, and lungs as well as in blood cells
and in the vascular walls. Therefore, the ratio of the
phospholipid fractions in blood serum not only reflects
a generalized picture of their metabolism, but it can
also serve as an indirect indicator of the structural and
functional organization of the cell membranes of many
organs and tissues [14].

A preliminary analysis of the data obtained
during the comparison of three independent groups
revealed statistically significant differences in the PS
indicators (H = 57.36; p = 3.50x107%), PE (H = 36.48;
p = 1.20x107®), PC (H = 13.78; p = 1.02x1073),
SM(H = 6.45; p = 3.98x107?).

The subsequent calculation was performed using
the method of a posteriori comparisons (Figure).

The analysis of the obtained results showed that
the profile of phospholipid fractions in the peripheral
circulation system of residents of the JUR region
differs in a statistically significant high level of PS
relative to individuals living in the SR and AR of
Russia (p = 4.58x107% p = 5.69%107" accordingly).
In the same time, in 90% of the subjects examined in
the Arctic, the proportion of this fraction in the total
pool of phospholipids did not exceed 9.0%, which is
a statistically significant low content compared to SR
natives (p = 1.36x107°) and JUR natives. According
to the data obtained on the PC, it was found that the
level of this indicator is statistically significantly
lower among the residents of AR than relative to the
natives of SR and JUR (p = 1.85x107%; p = 1.50%107,
respectively). It is also important to note that the range
of PC fluctuations in the total phospholipid spectrum
of 80% of the individuals examined in the Arctic was
between 51.3% and 68.6%. At the same time, the SR
and JUR groups had statistically significantly lower
concentrations of PE than the AR group (p = 1.00x107%;
p = 4.75x1078, respectively), where 80% of the
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participants had a relative value range of 4.82—19.46%.
At the same time, the median value of SM did not
differ statistically significantly between the compared
groups. In particular, the residents of the AR and JUR
the probability of differences in the obtained SM values
in the statistical trend zone (p = 5.55x107).

It is believed that the metabolic pathways of the
PS, PE and PC are closely related [15]. It has been
established that the main metabolic pathway from
PS to PE is the carbon dioxide elimination reaction
catalyzed by phosphatidylserine decarboxylase. This
enzyme is a transmembrane protein whose active site
is located on the outer side of the inner mitochondrial
membrane. In this regard, it plays a key role in the
production of mitochondrial PE. It has been noted
that PE synthesized in mitochondria is actively
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exported to other cellular organelles, including the
plasma membrane. Alternatively, PE can be obtained
by synthesis on the surface of the endoplasmic
reticulum, which involves the phosphorylation and
activation of exogenous ethanolamine, followed
by the condensation of diacylglycerol [16]. Given
that the human adaptation process is associated
with the intensification of metabolic processes, it
can be assumed that the identified changes in the
residents of the AR represent an element of specific
adaptive-compensatory reaction caused by increased
enzymatic activity. This reaction may be typical for
Arctic natives in response to prolonged and intense
exposure to stressful environmental factors. On
the other hand, this may be a consequence of the
relationship between the substrate and the reaction
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product, which is related to the exogenous supply
of the substrate.

The next significant stage of the PE metabolic
cycle is its methylation process involving
S-adenosylmethionine. In this reaction, PE acts as
a precursor to PC and can serve as a source for its
synthesis [17]. In this regard, it is likely that the high
level of PE in the population of the Arctic territories
serves as a reserve that supports the synthetic capacity
for producing PC. According to the data presented
in the work by E.R. Boyko and co-authors [6], the
decrease in the PC indicators in individuals, living in
the climatic and geographical conditions of the North,
may have several causes, among which the process
of activating cholesterol esterification reactions is
the main factor. According to the authors, the active
use of PC in this process is an adaptive reaction of
the body that helps to eliminate this atherogenic lipid
from the vascular bed.

Another important factor that, in our opinion, may
limit the synthesis of PC in high-latitude residents is
the high degree of unsaturation of fatty acids in lipids.
The current data indicates that the PS and PE fractions,
unlike the PC esters, are directly associated with the
polar transport form of fatty acids that have four or
more double bonds in the hydrocarbon chain [18]. At
the same time, the length and degree of unsaturation of
the acyl components usually depend on the fatty acid
composition of the food [19]. In addition, the content of
fatty acids in the diet can exogenously affect the rate,
balance, and direction of phospholipid metabolism [20,
21]. So, in a study aimed at studying the fatty acid
composition of blood plasma lipids and erythrocytes
among the population of the Chukotka Autonomous
Okrug and the city of Moscow, it was revealed that
the content of polyunsaturated fatty acids of the n-3
family in these media in representatives of Chukotka,
especially in coastal areas, significantly exceeds similar
indicators in Muscovites. At the same time, in the
subfractions of high-density lipoproteins, residents of
Chukotka have a lower proportion of PC and a higher
percentage of SM and PE compared to Muscovites [22].
Concurrently, a decrease in the proportion of PS in
the total pool of serum phospholipids in individuals in
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the AR compared to those in the SR and JUR leads to
a corresponding relative increase the PE percentage.
Their data demonstrate that the level of n-3 fatty acids
in the PE fraction of Arctic residents significantly
exceeds similar indicators in the control group formed
from representatives living in Vancouver. Moreover,
it was found that the occurrence of these fatty acids in
PE is higher than in PC, which may also indicate their
specific distribution and significance in the context of
adaptation to a cold climate [23].

Based on the presented data, it is possible to make
a reasonable assumption that the direction of metabolic
processes occurring in the human body is not only
associated with the qualitative characteristics of his
diet, but is also largely determined by the climatic and
geographical factors of the territory of his permanent
residence. These parameters, in turn, have a complex
effect on the dynamics and structural distribution of
phospholipid fractions, both in the peripheral circulation
system and in the organization of cellular membranes of
organs and tissues. In particular, the results of the study
indicate enrichment of the cell membranes of Arctic
residents with phospholipid fractions characterized by
a high degree of unsaturation of their acyl chains. On
the one hand, this leads to a decrease in the antioxidant
properties of membrane phospholipids, and on the
other hand, it can contribute to an increase in the
liquid properties of biological membranes, expanding
the kinetic and thermodynamic characteristics of
enzymes and receptors. As a result, such changes in
the total pool of phospholipids in the peripheral blood
of local residents can reflect the adaptive orientation
of metabolic processes to the extreme environmental
conditions of the Arctic, which occurs at the level of
cell membranes.

Conclusion

The results of the study show that residents of the
AR have the lowest level of PS in the peripheral blood
phospholipid spectrum, while residents of the JUR have
the highest concentration. At once, a decrease in the
proportion of PS in the total pool of serum phospholipids
in individuals in the AR compared to those in the SR
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and JUR leads to a corresponding relative increase of
the PE percentage. However, in volunteers examined in
AR, the observed changes in the ratio of phospholipid
fractions are accompanied by a relative decrease in the
concentration of PC. At the same time, the concentration
of SM in the groups under consideration did not differ
statistically significantly.
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Perynauua putMma cepaua npu nocTypaibHbIX U3MEHEeHUSAX
Y CTYAEHTOK C pa3/IMyHOli BO36yAMMOCTbIO NapacUMNaTUUYECKUX
LLeHTpOB

JA.A. CKop1ynkuH 8, E.K. T'ony6eBa ~, JI.JI. SIpueHKoBa

VIBaHOBCKMIA TOCY/iapCTBEHHbIN MeULMHCKUN YHUBEPCUTET, 2. Meanoeo, Pocculickas dedepayus
> sk_dmit96@mail.ru

AnHoTanus. AkmyaabHocmb. VI3MeHeHNs1 TOPMOHa/IBHOTO (pOHA BO BpeMsi MEHCTPYasIbHOTO LMK/Ia y KeHIIH OKa3bIBaeT
B/IMSTHYE He TOJIbKO Ha PerpoAyKTUBHYIO (hYHKLMIO OpPraHU3Ma, HO M Ha (hYHKI[IOHAIbHOe COCTOSIHIE aBTOHOMHBIX MEXaHH3MOB
pery/sLyy GU3N0I0rHuecKux cucteM. Llenbio HaCTOSIIIEro UCC/IeJOBaHS SIBUIOCEH H3ydyeHne 0cobeHHOCTel BaprabebHOCTH
CepevuHoro puTMa Mpy MOCTYPaNbHBIX H3MeHEeHHsIX Y JKeHIIWH B 3aBUCHMOCTH OT BO30YAUMOCTH LIeHTPOB MapacuMIIaTiye CKOr
HEpBHOI cucTeMbl U a3kl MEHCTPYaAbHOT0 LMK/Ia. Mamepuanbt u Mmemods!. B ncciefgoBanny yuacTBoBanu 47 CTY[€HTOK
VIBaHOBCKOTO TOCYZapCTBEHHOTO0 MeIMIIMHCKOTO YHUBepcHTeTa. CpefiHMI BO3paCT UCIBITYeMbIX cocTaBmil 19,20 + 0,16 sert.
O6cneoBaHKe TIPOBeieHO B (HO/UTUKY/ISIDHYEO U TFOTEMHOBYIO (ha3y MeHCTpPyalbHOTO LMK/Ia, CPeHSS MTPOJO0JDKUTETBHOCTh
KoToporo cocraBuia 29,22 + 0,32 gHeil. OcobeHHOCTH BO30yAMMOCTH NapacHMITaTHUeCKOM HePBHOW CHCTEMbI OLIeHUBA/IH
110 BenmuriHe Ko3dduiimenta K30:15 npu nepexozie B BepTHKaIbHOE MOJI0’KeHHe Tesla. PerncTpauyio 37eKTpoKapAuorpaMMbl
TIPOM3BO/M/IH C MCII0/Ib30BaHHEM KOMITBIOTePHOTO 3eKTpokapguorpada «I[lomu-criekrp» kommnannu Hetipocodr (r. iBaHoBO,
Poccwst) B TeueHre 5 MUHYT B TOPU30HTa/IBHOM TTOIO’KEHHH TeJa, a TAKXKEe B TeUeHHe 5 MUHYT IPY aKTUBHOM OpTOCTas3e, ITaCCHBHOM
OpTOCTa3e W MacCHMBHOM aHTHOPTOCTase. Pesynbmambl u obcyscderue. I1o pe3yabTaTtaM aHamu3a AUHAMUKY CIIEKTPAIBHBIX U
BpeMeHHBIX IT0Ka3aresiell yCTaHOB/IEHO, UTO NePexXof, B OPTOCTaTHYeCcKoe MOJIOKeHHe Tesla COMTPOBOXK/AeTCsl yMeHbIlIeHHeM
B/MsTHUSA OMy)KJjarolero Hepea Ha cepzue. IIpy akTHBHOM OPTOCTa3e 3TO He 3aBHCHUT OT BO30YMMOCTH MapacUMIIaTHueCKOn
CUCTeMbI U (a3bl MEHCTPYalIbHOTO LIMKJIA, TOT/ja KaK MPY TIaCCUBHOM OPTOCTa3e TPH CHIKEHHOW BO30YAMMOCTH MMapachM-
MaTHYeCKUX LIEHTPOB 3TO TIPOSIB/IsiETCsl B 00e (a3bl LUKIIA, a TP HOPMasIbHOUM BO30YUMOCTH — TOMBKO B QOJITHKY/ISIPHYIO
¢a3zy. AHTHOPTOCTAa3 MHULUPYET YBeTNUeHHe MapacHMIIaTHueCKOM aKTHBHOCTH Y >KeHIIIMH C HOpMaTbHOM BO30YJUMOCTBIO B
bommMKyspHyto a3y [HK/Ia, TOrZa KaK y JIVL] CO CHYDKEeHHOW BO30YAUMOCTBIO OTMeUaeTCsl yMeHbLIeH e BIUSHUS OMy>KaroIero
HepBa B 00e ¢a3bl MEHCTPYaIbHOTO LMK/Ia. Bbi6oobl. XapakTep peakijyi CUCTeMBbl KpOBOOOpAIlleH!sl Ha OPTOCTaTHUYeCKre U
AHTHOPTOCTATHUeCKHe TI0JIOKEeHHUS Y JKeHIL[|H 3aBHUCUT He TOJIBKO OT BH/la TIOCTYPaJbHOTO BO3/IeMCTBUSI, HO U OT 0cobeHHOCTel
B036yAMMOCTH MapacUMITaTHYe CKOM CUCTeMBI U (ha3bl MEHCTPYa/IbHOTO MK/,
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Heart rhythm regulation during postural changes in female students
depending on the parasympathetic centers excitability

Dmitry A. Skorlupkin g, Elena K. Golubeva ', Larisa L. Yarchenkova

Ivanovo State Medical University, Ivanovo, Russian Federation
> sk_dmit96@mail.ru

Abstract. The aim of this study was to investigate the features of heart rate variability during postural changes in women,
depending on the excitability of parasympathetic centers and of the menstrual cycle phase. Material and Methods. 47 female
students from Ivanovo State Medical University participated in the study. The average age of participants was 19.2+0.16 years.
The study took place during the follicular and luteal phases of menstrual cycle, lasting an average of 29.3 + 0.4 days. The
features of parasymphathetic center excitability were assessed using the K30:15 ratio during the transition to an upright position.
The electrocardiogram was recorded for 5 minutes using a computer electrocardiographic system Poly-spectrum (NeuroSoft,
Ivanovo, Russia) both in the horizontal position and during active orthostasis, passive orthostasis and passive antiorthostasis.
Results and Discussion. Based on the analysis of the dynamics of HRV indicators, it was found that the transition from a supine
position to an upright body position was accompanied by a decrease in the influence of the vagus nerve on the heart. With active
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orthostasis, this does not depend on the excitability of the parasympathetic system and the phase of the menstrual cycle. While
with passive orthostasis and reduced excitability of the parasympathetic centers, this is manifested in both phases of the cycle,
and with normal excitability — only in the follicular phase. Antiorthostasis initiates an increase in parasympathetic activity in
women with normal excitability only in the follicular phase, whereas in women with reduced excitability, there is a decrease in
the influence of the vagus nerve in both phases of the cycle. Conclusion. The nature of circulatory system responses to changes
in body position in women depend not only on type of posture but also on excitatory characteristics of parasympathetic nerves
and menstrual cycle phases.
Keywords: heart rate variability, postural changes, excitability of the parasympathetic system, menstrual cycle
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BeepneHue

CocTosiHHe 3J0pOBbSI CTYA€HTOB BBICIINX Y4eOHbIX
3aBe/IeHUl SIB/ISIeTCS] BAYKHOU MeTUKO-0MO0/Iorrye CKOM
U colasibHOM rpobemMoti [1]. Beicokuit ypoBeHb UH-
TEeHCHBHOCTH yueOHOro Mporjecca ¥ MaJioToJBIKHbBIHN
00pa3 >K13HU SBJISOTCs ()aKTOPaMH Pa3BUTHS Cep/IeUHO-
cocyaucThix 3aboneBanuii [2, 3]. OpTocTtatnueckue
Y aHTUOPTOCTaTHUuUeCKUe M0/I0)KeHYsI TeJsla B HacTosiiiee
BpeMsl IIIMPOKO MCIIO/b3YIOTCS B MPaKTUYECKON Me-
JULHe [7151 OLleHKH (PyHKIIMOHA/IbHOTO COCTOSTHUSI
CHCTeMbI KpPOBOOOPpaIlleHusI, a TaK)Ke MeXaHU3MOB
peryJsisiLuu AesiTeJIbHOCTHU Cep/ilia U MpoCBeTa Cocy-
J0B [4, 5]. Peakujusi Ha oCTypasibHble BO3elCTBUS
TIPOSIB/ISIETCSI U3MEHEHUEM Cep/leuHOr0 PUTMa, YTo
B 3HAUUTeILHOM Mepe OTIpe/iesisieTCsl ypoBHeM B030y-
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JVMMOCTH LIeHTPOB BereTaTUBHOW HEPBHOM CUCTEMBI.
B cBsi3u € 3TUM XapakTep aJarTUBHOIO OTBeTa IpU
OPTO- ¥ aHTUOPTOCTAaTUYeCKUX BO3/I€HCTBUSIX MOXKET
pa3uuaThCsl y pasHbIX Jtofei [6].

Y >KeHIIMH PernpogyKTUBHOTO BO3PacTa OTMeYaroT-
Cs1 IMK/IMUeCKre U3MeHeHHsi TOPMOHA/BbHOTO CTaTyca
BO BpeMsl OBapHa/iIbHO-MeHCTpya/ibHOro 1yk/iaa (OMII).
@onnukyaspHas (asa [jUK/ia XapaKTepu3yeTcsl IOBbI-
[IIeHHeM yPOBHSI 3CTPOTeHOB, JIIOTEMHU3UPYIOIIEero
1 (hOJUTKY/IOCTUMY/TUPYIOLL[ero ropMoHoB [7]. B stoTe-
MHOBYIO (ha3y HabMOgAeTCs yBe/TnueHHe KOHLIEHTPaLiu
TporecTepoHa C BTOPHYHBIM, 6071ee HU3KHM, BCILIECKOM
KOHIIeHTpaluu 3ctporeHoB [8, 9]. biaromapst cBoeii
CTepPOUHOM MPUPOJe T0JI0BbIe TOPMOHBI CITOCOOHBI
TPOHUKATh Yepe3 reMarosHiiedaninueckuii bapnep,
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OKa3blBasi BO3/leliCTBHE Ha CTPYKTYPbI LIeHTPaJIbHOM
HepBHOU cuctembl (UHC) [10].

B skcnieprMeHTabHBIX UCC/IeL0BaHUAX pa3HbIX
aBTOPOB MOJATBEPIKAEHO Ha/lWuMe 3CTPOreHOBBIX
Y [IPOreCTePOHOBBIX PeLielITOPOB B pa3/IMUHbIX OpraHax
Y TKaHsAX OpraHu3ma yesnoBeka. [loka3aHa BbICOKast
IJIOTHOCTB peLelITOPOB K TOPMOHAaM OBapHaibHOI0
MIPOMCXOXKAEHUs B TMMONUeCKOW CUCTeMe, Tajlamyce,
rurnoTajaMmyce, TUIIOKaMIle, MUH/a/IeBUJHOM TeJle,
cTBOJIe Mo3ra U Apyrux crpykrypax LTHC [11-13]. Top-
MOHBI IMUHUKOB OKa3bIBalOT B/IMSIHUE Ha NPOsIB/IeHUe
sddekra HelipoMeIMaTOPOB, U3MEHSIOT UyBCTBUTETh-
HOCTb [IOCTCUHANITUYECKUX PeLeNTOPOB, MOAY/IUPYIOT
WHTEHCUBHOCTb BBICBOOOJKeHUSI HepOMeANaTOpPOB
B [IpeCHHANTUYeCKUX OKOHUYaHUsX. B yacTHOCTH Mo-
Ka3aHo B/IMSIHAE OBapHa/IbHbIX TOPMOHOB Ha (DYHKLIMO-
HaJIbHOCTh IyTamarepruueckux, "AMK-epruueckux,
CepOTOHUHEPruYeCcKuX, A0haMUHEPTUUeCKUX U JPYTUX
CUHaricoB. Takske KeHCKHe T10/I0Bble TOPMOHBI OKas3bl-
BalOT HelpoTpoduueckoe ¥ HEWPOITPOTEKTOPHOE Jiei-
ctBue [14, 15]. B cBA3U € 35TUM COCTOSIHHE aBTOHOMHBIX
MEeXaHH3MOB Pery/sLuy (rU3U0I0rHYeCcKUX QyHKLUN
Y JKeHILL[MH B 3HAYUTe/IbHOU Mepe 3aBUCUT He TOJILKO
OT (P)YyHKLIMOHA/IbHOW aKTUBHOCTH BEreTaTHBHBIX LieH-
TPOB, HO U OT (pa3bl MEHCTPYa/IbHOT'O LIMK/IA.

Iennb ucciefoBaHUsA: M3yUUTh 0COOEHHOCTH
BaprabesIbHOCTH CepAeYHOro pUTMa IpH TIOCTYPasib-
HbIX U3MEHEeHUSIX Y )KEHIIWH B 3aBUCUMOCTH OT BO3-
OyauMOCTH TapacuMIIaTHYeCKUX LIeHTPOB U ¢a3bl
MEHCTPYa/IbHOTO LIUKJIa.

MaTepMan bl U M€TOA bl

WccnenoBanue BBINOMHEHO C yyacTreM 47 CTy[eH-
TOK VIBaHOBCKOTr0 roCy/iapCTBeHHOI'0 MeULIMHCKOTO
yHuBepcuTeTa B Bo3pacTte 18-20 set. Bce yuacTHUKH
HCCIIeJOBaHMS MOATHCaNU 100poBoibHOe HHPOPMHU-
poBaHHOe coriacue. [IpoTOKo/ cocTaB/ieH C yYETOM
TI0/10)KeHUH X eIbCUHCKOM JleK/1apaLjyy 10 [POBejeHU 0
OMOMeIMIIMHCKIX MCC/IeJOBAHMI Ha Ye/IOBeKe U yTBep-
JKIeH 3THUeCKUM KomuTeToM MBaHoBCckoro I'MY. O6-
C/iej0OBaHKe >KeHILMH BBINIOJIHEHO Ha 5—6 [ieHb mocyie
Hauasia OML] (dbonnvkynspHas (asza) u 3a 5-6 gHen
/10 er0 OKOHYaHUS (/IroTerHOBas (asa).
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OcobeHHOCTH BO30yAMMOCTH LIeHTPOB TTapacHuMIIa-
TUYeCKOM HEPBHOM CUCTeMbI OLIeHMBa/M 1Mo Ko3hdu-
uueHTy K30:15 Bo Bpemsi akTUBHOUW OPTOCTaThyeCKOU
ripo6sr: K30:15 = 1,20-1,80 y.e. — HOpMasibHasi BO30y-
JVMOCTB Mapacumrnariueckux LeHtpos; K30:15 = 1,0-
1,19 — cHwkeHHas Bo30yaumMocTh; K30:15 > 1,80 —
TIOBbIILIEHHAsA BO30yaumocTs [16].

Bapuabe/ibHOCTh Cep/IeYHOT0 pUTMa OLleHUBAJTH
T10 pe3y/bTaTaM pPerruCcTpaLvy 3/1eKTpPOKapAuorpam-
mbl (OKI) € ucnosb30BaHMEM KOMIBIOTEPHOTO 3/IEKTPO-
kapauorpada «ITomi-criektp» (HelipocodT, r. MiBaHOBO,
Poccust). AHaM3UPOBAIM IMHAMUKY C/Ie[[YIOLIMX MOKa-
3areneid: YCC (ya/MUH) — yacToTa CepAeuHbIX COKpa-
mjenuii, RRNN (Mc) — cpeaHsisi Ipo/10/DKUTETBHOCTh
R-R unTepBanoB, RMSSD (Mc) — KBaZjpaTHbIN KOPEHb
Y3 CpeJHEKBaJpaTUYHOr0 OTKJIOHEHHSI [T0C/Ie/j0BaTe b-
HbiX R-R uHTepBanoB, SDNN (Mc) — craHgapTHOe
oTk/0HeHHe R-R uHTepBanos, pNN50 (%) — gons
R-R uHTepBanos, ormuaromumxcst Ha 50 u 6ostee mc,
%LF (%) — monsi HU3KOYaCTOTHOM COCTAaB/ISTEOIIUN
criektpa BCP, %HF (%) — f071s BBICOKOUaCTOTHOMU
cocrasnswien crektpa BCP, LF/HF (y.e.) —
CUMIIAaTUKO-I1apacumInaTiyeckoe pasHosecue. [Tocie
10 MUHYT afjanTal{iy K TOPU30HTaIbHOMY MOJIOKEHHUIO
Npou3BoAMAM 3anick DKI' B TeueHure 5 MUHYT B I10-
JIOXKeHUH J1EKa Ha CriuHe (KOHTPOJIb), 3aTeM 5 MUHYT
TIIpY aKTUBHOM OpPTOCTas3e, IaCCUBHOM OpTOCTase (yrosa
nogbeMa 25°) ¥ macCUBHOM aHTHOPTOCTa3se (yrosa
rnoabema 15°).

CraTucTUueCcKui aHaav3 NMPOM3BOAUIMN B TIPO-
rpamMax Microsoft Excel u Statistica. Pe3ynbTarbl
rpezicTaB/ieHbl B BU/e MeuaHbl (Me) U MeXXKKBap-
TUIBHOTO pasmaxa [Q,; Q,]. HopmanbHOCTE pacripe-
JleNieHus1 KOJInueCTBEeHHBIX NepeMeHHbIX POBepsIn
C ucriosnib3oBanueM Kpurepus Llampo—Yuska (ripu
006béme BbIOOpKH < 50). CTaTHCTHUECKYH0 3HAUUMOCTh
pas/IMuMii OLleHUBa/IY C [IOMOLLBIO HellapaMeTprUueCKUX
KpuTepueB MaHHa— YUTHU U BunkokcoHa. Pasninuus
cyuTaav gocroBepHeimu 1ipu p<0,05.

Pe3ynbraTtbl M 06CyXAEHME

[To pe3ynbraTam pacuera kKo3dduimenrta K30:15
BO BpeMsi aKTUBHOM OPTOCTaTH4eCKOU MPoOBI BCe
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UCTIbITYyeMble ObLIM pa3ziesieHbl Ha JBe TPYIIIbI:
C HOpPMaJ/IbHOM BO30yAMMOCTBIO TTapaCUMITaTUYe CKUX
BereTaTuBHbIX LeHTpoB (n = 31; K30:15 = 1,20-1,80
y.€e.) ¥ CO CHI>KeHHOU B030yaqumocTbio — (n = 16;
K30:15 = 1,0-1,19).

Pe3ynbTaThl CieKTpaIbHOTO aHa/IM3a MpyU aKTUBHOM
OpTOCTa3e MO3BOJIUIU BbISIBUTb IPUPOCT BEJTUUUHBI
nokasaresns %LF v cHwkenne %HF B criektpe BCP, uto
comnpoBoXzaaeTcs: yBenuuenueM uHgekca LF/HF (Ta-
6nuia 1). OnmcaHHbIe U3MEHEeHHsT OTMEeUaroTCsl Y BCeX
ob6cne1oBaHHBIX CTYJE€HTOK, He3aBUCUMO OT YPOBHS
BO30yMMOCTH LIEHTPOB MapacUMIIaTh4deCKOi HepBHOM
CUCTEeMBI, KaK B (PO/UTUKY/ISIPHYIO, TaK U B JTIOTEMHO-
Byto ¢hazy OMII. Ha doHe 0TK/IOHEeHUSI CTIEKTPATbHBIX

niokasaresieii BCP y BcexX UCIBITyeMbIX HaO/TIOaeTCst
npupoct YCC, Gosiee BbIpaKeHHBIHN y KEHIIWH CO CHU-
YKeHHOU BO30YJMMOCTBIO MapacHMITaTHUeCKOM CUCTeMBI
BO BpeMs (POIMKy/sIpHOM a3kl Lukia. Kpome Toro,
He3aBUCUMO OT (ha3bl LIMK/Ia ¥ BO30YIUMOCTH MapacuM-
NaTUYeCKUX L|eHTPOB, aKTUBHbIA OPTOCTAa3 BbI3bIBAaeT
CHI)KeHUe BpeMeHHbIX Moka3areneii RRNN, SDNN
u RMSSD, uTo cBUeTenbCTByeT 00 yMeHbIIeHUN
BapUalLlMOHHOI0 pa3Maxa 3HayeHUl uHTepsajaos R-R.

[1py maccMBHOM OpPTOCTa3€e y >KEeHILIWH BO BpPeMs
dhonnmukynsipHoit hazel OMLI oTMeuaeTcs yBesiueHre
nokaszarens %LF u ungekca LEF/HF, uto HabmonaeTcs
He3aBHCHMO OT 0cobeHHOCTel BO30yAMMOCTH Tapa-
CUMITaTHYe CKUX BereTaTUBHBIX 1eHTPoB (Tabmmiia 2).

Ta6nunya 1
BCP npu aKTUBHOM opToCTa3e y CTYAeHTOK, Me [Q1; Q3]
donnukynsipHas dasa (n = 47 n =47
Mapamerp ynapHas dasa ( ) toTemHoBas dasa (n )
KoHTposnb OptocTas KoHTposnb | OptocTas
HopmanbHasi Bo36yaMMoCTb napacuMnaTuyeckmx LeHTpor (n = 31)

YCC, 69,8 92,3 71,2 93,2
yA/MWUH [64,7;77,0] [84,1;97,3] *p < 0,001 [66,3; 77,0] [86,8; 100,1] *p < 0,001 #p = 0,031
RRNN, 860,0 650,0 843,0 644,00
MC [780,0; 928,0] [617,0; 713,0] *p < 0,001 [779,0; 906,0] [600,5; 691,0] *p < 0,001
RMSSD, 57,0 20,0 59,0 20,0
MC [45,0; 73,0] [18,0; 27,0] *p < 0,001 [38,0; 81,0] [16,0; 25,5] *p < 0,001
SDNN, 56,0 43,0 61,0 41,0
MC [48,0; 68,0] [33,0; 48,0] *p < 0,001 [51,0; 79,0] [32,5; 50,0] *p < 0,001
%LF % 30,1 44,9 29,8 47,7

Sl [21,2; 35,2] [37,0; 52,7] *p < 0,001 [22,5; 35,3] [38,7; 55,7] *p < 0,001
%HF % 459 14,50 [9,4; 20,9] 36,6 12,90

e [30,2; 53,7] *p < 0,001 [25,6; 42,7] [8,5; 28,4] *p < 0,001
LF/HF, 0,6 2,7 [1,8;4,7] 0,8 3,6
y.e. [0,4,1,1] *p < 0,001 [0,6; 1,3] [1,5;6,1] *p < 0,001

CHW)XeHHas Bo36yAMMOCTb NapacMMnaTyeckux LeHTpos (n =16

YCC, . 100,2 [89,9; 118,5] . 97,9
yA/MWUH 729167.6: 79,41 *p < 0,001 730170,1;773] [86,4; 105,7] *p < 0,001
RRNN, . 598,5 [506,8; 669,5] . 613,0
MG 823,0 [755,3; 888,3] *p < 0,001 822,0[776,0; 856,0] [568,0; 694,0] *p < 0,001
RMSSD, . 24,50 [10,8; 29,0] . 15,0
MG 65,0 [42,5; 94,5] *p < 0,001 54,0 [41,0; 74,0] [10,0; 30,0] *p = 0,005
SDNN, . 37,5 [26,5; 53,3] . 30,0
MC 68,0 [46,5; 76,0] *p = 0,006 59,0 [40,0; 71,0] [26,0; 47,0] *p = 0,021
oo . 37,5 [31,3; 45,7] . 441

%LF, % 26,8 [15,7;35,1] *p < 0,001 25,0[19,1;30,5] [32,6; 54,6] *p < 0,001
o o . 12,8 [7,9;18,9] . 11,9

%HF, % 33,1[17,9; 44,3] *p = 0,003 30,6 [26,6; 51,6] [6,6; 24,9] *p < 0,001
LF/HF, . 3,1 [2,1;49] . 3,3
y.e. 07[05:1,1] *p < 0,001 09[03;11] [1,9; 6,0] *p < 0,001

MpumeyaHme: * — cTaTUCTUYECKM 3HAYUMbIE Pa3nnumns ¢ KoHTponem (p<0,05), # — cTaTUCTUYECKM 3HAYMMbIE Pa3NINYUS NoKasaTenen
Y UCMbITYEMbIX C HOPMasbHOW 1 HU3KOM BO36YAMMOCTBIO MapacumMnaTnyeckmx LieHTpos (p < 0,05).
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Table 1
HRV with active orthostasis in female students, Me [Q; Q]
Follicular phase (n = 47) Luteal phase (n = 47)
Parameter
Control | Orthostasis Control | Orthostasis
Normal excitability of parasympathetic centers (n = 31)

HR, 69.8 92.3 71.2 93.2
bpm [64.7,77.0] [84.1;97.3] *p < 0.001 [66.3;77.0] [86.8;100.1] *p < 0.001 #p = 0.031
RRNN, 860.0 650.0 843.0 644.0
ms [780.0; 928.0] [617.0; 713.0] *p < 0.001 [779.0; 906.0] [600.5; 691.0] *p < 0.001
RMSSD, 57.0 20.0 59.0 20.0
ms [45.0; 73.0] [18.0;27.0] *p < 0.001 [38.0; 81.0] [16.0; 25.5] *p < 0.001
SDNN, 56.0 43.0 61.0 41.0
ms [48.0; 68.0] [33.0; 48.0] *p < 0.001 [51.0; 79.0] [32.5; 50.0] *p < 0.001
%LF % 30.1 449 29.8 47.7

e [21.2;35.2] [37.0; 52.7] *p < 0.001 [22.5; 35.3] [38.7; 55.7] *p < 0.001
%HF % 459 14.50 36.6 12.90

e [30.2; 53.7] [9.4; 20.9]u*p < 0.001 [25.6; 42.7] [8.5; 28.4] *p < 0.001
LF/HF, 0.6 2.7 0.8 3.6
c.u. [0.4;1.1] [1.8;4.7] *p < 0.001 [0.6;1.3] [1.5;6.1] *p < 0.001

Decreased excitability of parasympathetic centers (n = 16)

HR, 72.9 100.2 73.0 97.9
bpm [67.6; 79.4] [89.9; 118.5] *p < 0.001 [70.1;,77.3] [86.4;105.7] *p < 0.001
RRNN, 823.0 598.5 822.0 613.0
ms [755.3; 888.3] [506.8; 669.5] *p < 0.001 [776.0; 856.0] [568.0; 694.0] *p < 0.001
RMSSD, 65.0 24.50 54.0 15.0
ms [42.5;94.5] [10.8;29.0] *p < 0.001 [41.0;74.0] [10.0; 30.0] *p = 0.005
SDNN, 68.0 37.5 59.0 30.0
ms [46.5; 76.0] [26.5; 53.3] *p = 0.006 [40.0; 71.0] [26.0; 47.0] *p = 0.021
%LF % 26.8 37.5 25.0 441

Skl [15.7;35.1] [31.3; 45.7] *p < 0.001 [19.1;30.5] [32.6; 54.6] *p < 0.001
%HF. % 33.1 12.8 30.6 11.9

S [17.9; 44.3] [7.9;18.9] *p = 0.003 [26.6; 51.6] [6.6; 24.9] *p < 0.001
LF/HF, 0.7 3.1 0.9 3.3
c.u. [0.5;1.1] [2.1;4.9] *p < 0.001 [0.3;1.1] [1.9;6.0] *p < 0.001

Note: * — statistically significant differences with the control (p < 0.05), # — statistically significant differences in indicators in subjects
with normal and low excitability of parasympathetic centers (p < 0.05).

ITpu HOpMasibHOM BO30yIMMOCTH TlapacuMIIa-
THYECKOUW CHCTeMBI TAK)XKe OTMeUaeTCsi YKOpOUeHHe
RRNN. B ntorenHoByto dazy OML] y cTygeHTOK
CO CHIDKeHHOU B030yanMOCThI0 yMeHblaeTcsi RRNN
Y 107151 KapJMOMHTepBasoB, OT/IMvaImuxcs Ha 50
1 6osee mc (pNN50). B ropr30HTaIbHOM TI0/I0XKEHUN
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KOHTPOJIbHOE 3HaueHue noka3saresst pPNIN50 y sTou
TPYTIbI UCTIBITYeMBIX cocTabsieT 44,4 [35,4; 49,6] %,
TOTZla Kak TpHU MacCUBHOM opTrocTaze — 24,1 [17,6;
39,8] % (p = 0,030). CneayeT OTMETUTD, UTO y XKEHITIMH
C HOpMa/IbHOM MapacUMITaTUYeCKOH BO30yIUMOCTBIO
KOHTpOJIbHBIe BeuuuHbl LF-kommionenta u %LF
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B JIIoTeMHOBYO a3y OMLI mocToBepHO Bhillle, YeM
B (hormkynspHyto. Miamenenuii BCP npu maccuBHOM
OpTOCTa3e y CTy/IeHTOK C HOpMasibHOW BO30YMMOCTbIO
rapacMMIIaTUYeCKOM CUCTeMbI BO BpeMs JTFOTEUHOBOM
(ha3bl He oTMeyaeTcsl.

[Ipn macCMBHOM aHTUOPTOCTAa3e y >KeHIWH
C HOpMaJIbHOU BO30YAMMOCTBIO TIapacHMIIaTHUe CKIUX
LIeHTPOB B (QO/I/TUKY/ISIPHYIO (pa3y LUK/Ia MPOUCXOAUT
cHmwkeHne YCC u yBennueHue nokasarenss RRNN

(Tabnuia 3). B To ke BpeMs Y JIUL] CO CH)KEHHOMU
rapacumIiaTuyeckoi Bo30yJUMOCTBIO B CIIEKTpe
BCP otmeuaetcs yBenuuenue %LF. Bo Bpems to-
TEeMHOBOM (ha3bl MEHCTPYabHOTO LIUK/A Y CTYy[eHTOK
CO CHWDKEHHOH B0O30yAMMOCTBIO TaKXXe OTMeUaeTCst
yMeHblIeHHe BenuuuHbl RMSSD, Torga Kak npu
HOPMaJ/IbHOUW BO30yAMMOCTH TlapacuMITaTHye CKOU
cructembl u3mMeHeHuii BCP B aHTHOpTOCTaTHYeCKOM
TOJIOXKEHWH TeJla He TIPOUCXOAUT.

Tabnuya 2
BCP npu naccuBHOM opTocTase y cTyaeHToK, Me [Q1; QQ]
donnukynapHas dasa (n = 47) JloTenHoBas dasa (n = 47)
MapameTp
KoHTponb OpTtocTtas KoHTposnb OptocTas
HopmanbHasi BO36yaMMOCTb napacuMnaTuyeckmx LeHTpos (n = 31)
YCC, 66,7 66,9 68,2 68,3
yA/MUH [63,0; 72,3] [62,9;71,7] [64,4;70,9] [65,5; 72,1]
RRNN, 900,0 837,0 880,0 878,0
MmC [830,0; 953,0] [833,0; 953,0] *p = 0,041 [846,5; 931,5] [831,0;916,5]
RMSSD, 64,0 61,0 69,0 63,0
MmC [47,0;79,0] [45,0; 74,0] [55,0; 94,5] [48,5; 87,0]
SDNN, 63,0 58,0 68,0 62,0
MmC [49,0; 75,0] [44,0; 68,0] [57,5; 78,5] [53,5; 80,0]
%LF % 239 27,7 30,9 26,8
i [17,7; 28,9] [21,9;37,5] *p = 0,012 [20,6; 34,3] [19,7;32,0]
%HF. % 471 421 42,7 43,5
R [31,9; 53,5] [31,0; 56,8 [33,8;534] [27.9; 53,3]
LF/HF, 0,5 0,7 0,7 0,7
y.e. [0,4;0,9] [0,5;1,3] *p = 0,011 [0,4;0,9] [0,4;1,4]
CHWKeHHast BO36YIMMOCTb NapacuMnaTuyeckux LeHTpoB (n = 16)

YcCc, 69,7 71,8 68,3 69,2
ya/MUH [61,1;73,5] [63,4;76,2] [65,3;71,6] [64,8;74,8]
RRNN, 861,0 836,5 880,5 854,0
Mc [816,8;981,8] [788,3; 947,5] [838,5;921,5] [798,3;910,3] *p = 0,020
RMSSD, 66,5 64,5 62,0 50,0
Mmc [47,8;75,3] [46,8; 75,0] [51,0; 75,0] [38,0; 60,0]
SDNN, 65,5 59,0 58,0 50,0
Mc [52,0; 70,0] [47,8;73,5] [48,0; 68,0] [46,0; 60,0]
%LE % 24,1 337 26,6 21,2
Sk [17,2;29,8] [27,1;39,7] *p = 0,002 [18,7;30,4] [18,8;31,2]
%HF % 41,0 39,3 43,0 37,7
R [27.4; 56,1] [23,4; 45,9] [27,3; 50,0] [27.4; 49,9]
LF/HF, 0,5 09 0,6 0,6
y.e. [0,4;1,0] [0,6; 1,4] *p = 0,023 [0,4;1,6] [0,4;1,2]

[puMeyaHue: * — cTaTUCTUYECKN 3HaYMMble Pasnuna ¢ KoHTposeM (p < 0,05).
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Table 2
HRYV in passive orthostasis in female students, Me [Q;; Q]
Follicular phase (n = 47) Luteal phase (n = 47)
Parameter - -
Control | Orthostasis Control | Orthostasis
Normal excitability of parasympathetic centers (n = 31)
HR. bom 66.7 66.9 68.2 68.3
+ 0P [63.0;72.3] [62.9;71.7] [64.4;70.9] [65.5;72.1]
RRNN. ms 900.0 837.0[833.0;953.0] 880.0 878.0
! [830.0; 953.0] *p =0.041 [846.5;931.5] [831.0;916.5]
64.0 61.0 69.0 63.0
RMSSD, ms [47.0;79.0] [45.0; 74.0] [55.0; 94.5] [48.5; 87.0]
63.0 58.0 68.0 62.0
SDNN, ms [49.0; 75.0] [44.0; 68.0] [57.5; 78.5] [53.5; 80.0]
%LF % 239 27.7[21.9;37.5] 30.9 26.8
Skl [17.7;28.9] *p =0.012 [20.6; 34.3] [19.7; 32.0]
9 o 471 . 42.7 435
%HF, % [31.9; 53.5] 42.1[31.0; 56.8] [33.8; 53.4] [27.9; 53.3]
LF/HF, 0.5 0.7[0.5; 1.3] 0.7 0.7
c.u. [0.4;0.9] *p=0.011 [0.4;0.9] [0.4;1.4]
Decreased excitability of parasympathetic centers (n = 16)
HR. bom 69.7 71.8 68.3 69.2
+OP [61.1;73.5] [63.4;76.2] [65.3;71.6] [64.8;74.8]
RRNN. ms 861.0 836.5 880.5 854.0[798.3;910.3]
! [816.8;981.8] [788.3;947.5 [838.5;921.5] *p =0.020
66.5 64.5 62.0 50.0
RMSSD, ms [47.8;75.3] [46.8; 75.0] [51.0; 75.0] [38.0; 60.0]
65.5 59.0 58.0 50.0
SDNN, ms [52.0; 70.0] 47.8;73.5] [48.0; 68.0] [46.0; 60.0]
%LF % 24.1 33.7[27.1;39.7] 26.6 21.2
Skl [17.2;29.8] *p = 0.002 [18.7;30.4] [18.8;31.2]
%HF % 41.0 39.3 43.0 37.7
R [27.4; 56.1] [23.4; 45.9] [27.3;50.0] [27.4; 49.9]
LF/HF, 0.5 0.9[0.6; 1.4] 0.6 0.6
c.u. [0.4;1.0] *p=0.023 [0.4;1.6] [0.4;1.2]
Note: * — statistically significant differences with the control (p<0.05).
Ta6nuya 3
BCP npu naccMBHOM aHTMOPTOCTa3e y CTYA€HTOK, Me [Q1; Q3]
donnukynsapHas dasa (n = 47) JMoTenHoBasn dasa (n = 47)
MapameTp
KoHTponb | AHTHOpTOCTa3 KoHTposnb | AHTHopToCcTas
HopmanbHasi Bo36yAMMOCTb napacuMnaTuyeckux LeHTpos (n=31)
YCC, 69,1 66,1 69,6 68,9
ya/MuH [65,1;74,3] [63,7; 74,6] *p=0,028 [65,1;71,9] [65,6; 72,9]
RRNN, 868,0 907,0 862,0 871,0
MC [808,0; 922,0] [804,0; 942,0] *p=0,019 [835,0;915,5] [824,0;915,0]
RMSSD, 64,0 65,0 66,0 62,0
MC [52,0; 79,0] [50,0; 85,0] [46,5; 85,0] [42,5; 99,5]
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OKoHYaHue Tabn. 3

donnukynapHas dasa (n = 47) JloTenHoBasn dasza (n = 47)
MapameTp
KoHTponb AHTHOpTOCTa3 KoHTponb AHTHOpTOCTa3
SDNN, 60,0 60,0 64,0 68,0
MC [51,0; 69,0] [51,0; 74,0] [51,0; 75,0] [44,5; 80,0]
%LF % 27,0 27,5 25,3 27,4
R [19,7; 36,6] [20,3;34,9] [20,8; 33,3] [18,6;35,3]
%HE % 47,0 46,9 43,2 42,4
o [33,2; 54,6] [37,0; 56,0] [34,3; 54,2] [34,7; 58,8]
LF/HF, 0,7 0,5 0,6 0,6
y.e. [0.4;1,0] [0,4;09] [0.4;09] [0.4;09]
CHWXeHHas BO36YAMMOCTb NapacuMnaTMyeckux LeHTpo. (n = 16)
yce, 62 o A 659 703 69,5
yA/MvH et [62,2; 80,4] [65,4; 73,4] [64,8;72,9]
RRNN, 882,5 911,0 854,0 863,0
Mc [755,5;955,0] [746,0; 943,8] [817,0;917,0] [823,0;926,0]
RMSSD, 81,5 81,5 58,0 53,0
MC [55,5; 95,5] [54,5; 86,8] [48,0; 76,0] [37,0; 61,0] *p=0,041
SDNN, 63,0 64,0 55,0 55,0
MC [52,3; 87,8] [53,0; 82,3] [46,0;71,0] [41,0; 64,0]
%LF % 20,2 26,9 24,2 22,5
oo [14,3; 29,8] [17.8;32,4] *p = 0,030 [15,6;33,1] [16,5; 32,2]
451 41,3
o o 39,2 41,7 o o
%HF, % [25,7: 52,6] [31,6: 56,8] [24,6; 55,4] [23,5; 56,3]
LF/HF, 0,5 0,6 0,6 0,6
y.e. [03;07] [0,3;0,9] [03;1,1] [0.4;1,5]
[puMeyaHue: * — CTaTUCTUYECKM 3HaUYMMble pasfnyma ¢ KoHTponeM (p < 0,05).
Table 3
HRYV in passive antiorthostasis in female students, Me [Q1 ; 03]
Follicular phase (n = 47) Luteal phase (n = 47)
Parameter
Control Antiorthostasis Control Antiorthostasis
Normal excitability of parasympathetic centers (n = 31)
HR, 69.1 66.1 69.6 68.9
bpm [65.1;74.3] [63.7; 74.6] *p=0.028 [65.1;71.9] [65.6;72.9]
RRNN, 868.0 907.0 862.0 871.0
ms [808.0; 922.0] [804.0; 942.0] *p=0.019 [835.0;915.5] [824.0;915.0]
RMSSD, 64.0 65.0 66.0 62.0
ms [52.0;79.0] [50.0; 85.0] [46.5; 85.0] [42.5;99.5]
SDNN, 60.0 60.0 64.0 68.0
ms [51.0;69.0] [51.0;74.0] [51.0; 75.0] [44.5;80.0]
% LF % 27.0 27.5 25.3 27.4
e [19.7;36.6] [20.3;34.9] [20.8;33.3] [18.6;35.3]
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Ending tabl. 3

Follicular phase (n = 47) Luteal phase (n = 47)
Parameter
Control Antiorthostasis Control Antiorthostasis

% HF % 47.0 46.9 432 42.4

s [33.2; 54.6] [37.0; 56.0] [34.3;54.2] [34.7;58.8]
LF/HF, 0.7 0.5 0.6 0.6
c.u. [0.4;1.0] [0.4;0.9] [0.4;0.9] [0.4;0.9]

Decreased excitability of parasympathetic centers (n=16)

HR, 67.9 65.9 70.3 69.5
bpm [62.8;79.4] [62.2; 80.4] [65.4; 73.4] [64.8;72.9]
RRNN, 882.5 911.0 854.0 863.0
m [755.5; 955.0] [746.0;943.8] [817.0;917.0] [823.0;926.0]
RMSSD, 81.5 81.5 58.0 53.0
ms [55.5; 95.5] [54.5; 86.8] [48.0; 76.0] [37.0; 61.0] *p=0.041
SDNN, 63.0 64.0 55.0 55.0
ms [52.3; 87.8] [53.0; 82.3] [46.0; 71.0] [41.0; 64.0]
oo 20.2 ] o 24.2 22.5

% LF % [14.3;29.8] 26.9[17.8;32.4] *p=0.030 [15.6; 33.1] [16.5; 32.2]
% HE % 39.2 41.7 451 41.3

PR [25.7;52.6] [31.6; 56.8] [24.6; 55.4] [23.5; 56.3]
LF/HF, 0.5 0.6 0.6 0.6
c.u. [0.3;0.7] [0.3;0.9] [0.3;1.1] [0.4;1.5]

Note: * — statistically significant differences with the control (p < 0.05).

Pe3ynbTaThl BHITOTHEHHOTO UCCJIeJOBAHUS T10-
Ka3a/iv, YTO y JKEHIITMH TIPOsIB/IeHHe OTBETHBIX peak-
LI Ha M3MeHeHHe T0JI0)KeHUsI Tesia oTipefesnsieTcs
He TOJIbKO XapaKTepPOM IMOCTypaJbHBIX BO3/IeICTBUM,
HO U UHJUBUYa/IbHBIMA 0COOEHHOCTAMH (DYHKIIMO-
Ha/IbHOW aKTHBHOCTH LIEHTPOB BereTaTMBHOW HEPBHOM
CUCTEMBI, a TaK)Ke COCTOSTHHeM rOpMOHa/IbHOTO (hoHa.

AKTUBHBIV OPTOCTa3 COMPOBOK/AETCSI CMellleHueM
BEreTaTHBHOTO PABHOBECHS B CTOPOHY Tipeo0siafiaHust
CUMTIaTHUYeCKUX BAMSHUM. JTO, BEPOSITHO, BbI3BAaHO
repepacripefiesieHieM KPOBOTOKA B COCYAUCTOMN CU-
CcTeMe U YMeHbIlIeHueM UMIMYJ/ILCHOW aKTUBHOCTU
GapopeLienTopoB pedIeKCOreHHbIX 30H KapOTHAHOTO
CHHYCA U JIyTU aOPThl, UTO TIPOSIB/ISIETCS] CHIKEHHEM
cTereHy Bo30y K/ieHus sijpa O/Ty»K/JatoIIero Hepea U ero
TOPMO3HOT'O B/IUSIHUS Ha JiesITelTbHOCTh cepaia [17, 18].
B cBs13u ¢ 3TUM GapopelenTopHbIH peduieKc, SIBSISICh
MeXaHHU3MOM OBICTPOTO pearpoBaHusi, 00ecIieurBaeT
nogjep>kaHue aJleKBaTHOTO YPOBHS TeMOJIUHaMUKU
B COCY/JJUCTOU CUCTEMe BO BpeMsl MOCTyPa/ibHbIX BO3-
nevicteuii [19, 20]. ITpu 3TOM onMcaHHbIe U3MeHeHHsI
y JKEeHII[UH He 3aBUCST OT (a3bl MEHCTPYa/ILHOTO 1TUKJIa
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1 BO30YJMMOCTY L|eHTPOB TTapacHMIIaTH4eCKOi HepBHON
CHCTEMBI.

[TacCHBHBIM OPTOCTAa3 TakKe CONPOBOXKAAETCS
yMeHblIeHreM aKTUBHOCTH NapacuMIaThyecKux Kap-
JWaNbHBIX LIeHTPOB, UTO HaO/MIOaeTCsi BO BCeX IPyIax
UCTbITyeMbIX. OZIHAKO y >KeHIIMH CO CHYKeHHOM BO30y-
JUMOCTBIO [TapacUMIIaTUUeCKOW CHCTeMbl YMeHblLIeHre
BaryCHbIX B/IMSIHAM Ha CepJieUHbI PUTM OTMeUaeTCst
B 00e (a3 OMLI], Tor/ia KaK y CTYIEHTOK C HOpMasTbHOM
B0O30yZIMMOCTBIO0 — TOJILKO B (DOJUTUKYJISIPHYTO (ha3y.
B ntoTerHOBY!O a3y L{MK/Ia y JKeHIIMH C HOpMaIbHOU
BO30y/IMMOCTBIO IMapaCUMITaTUYeCKOM CUCTeMBbI OTMe-
yaeTcs 6osiee BEICOKUI MCXOJHBIN YPOBEHb aKTUBHOCTH
CHUMIIaTUYeCKHX LIEHTPOB U OTCYTCTBUE OTK/IOHEHUSI
riokasartesieii BCP nipu mepexo/ie B OpTOCTaTUueCcKoe
TI0/I0)KEHHE, UYTO CBUJETE/ILCTBYET O MEHbIIeM (DYHKLM-
OHa/ILHOM pe3epBe IMPUCTIOCOOHTeTbHBIX MeXaHH3MOB
Y UCTIBITYEMBIX 3TOW IPYyMIIbI.

ITaccrBHBIN @aHTUOPTOCTA3 Y XKEHIUH CO CHUKeH-
HOU BO30yAMMOCTBIO NTapacUMIaTHYeCKUX L[eHTPOB
TIPUBOJUT K YBeJIMUEHUIO CTelleHH Y4acTUsl CUMIIaTh-
YeCKOW HEPBHOM CUCTEMBI B PEryJISILIUUA CEepAeUuHOro
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pUTMa, He3aBUCUMO OT (a3l OMII. 3To MOXKeT ObITh
o0ycsoB/ieHoO 6oiee BEICOKUM YPOBHEM BO30yAUMOCTH
CUMIIaTHYeCKO HepBHOW CUCTeMbI U KOHLIEHTpaLiu
KaTexo/aMUHOB y UCIIBITyeMbIX B 3Ty ¢a3y [21, 22].
YBesueHYe jarna3oHa 3Ha4eHHi Kap/JiOMHTepBasoB
u cHwkeHre YCC rpu aHTUOPTOCTA3e Y >KeHIIVH C HOp-
MaslbHOM BO30YAMMOCTHIO B (hOIUTHMKY/SIpHYTO (hasy [MK/Ia
CBUJIETENILCTBYET 00 YBeTMUeHNH BIMSTHYS O/Ty>K/IAFOITIero
HepBa Ha MUOKapZ. AHTHOPTOCTaTU4YeCKoe I0JI0)KeHue
CroCcoOCTBYeT BEHO3HOMY BO3BPaTy KPOBU K CEpZLLY, UTO
TIPUBOZUT K TOBBIIEHUIO [JAB/IeHUs] B MarCTpaIbHbIX
COCyZax ¥ aKTUBal[i OapopeLienTOPHOrO MeXaH|3Ma
PeryJisiLiii CepAeuHON JiesTeNbHOCTH, MHULMHPYIOLLEro
aKTUBALMIO MapacHMIIaTUUeCKOro KapUaibHOTO LieHTpa
[23, 24]. B morerHoBYt0 (ha3y LUK/IA Y UCTIBITYeMbIX
stoii rpynmbl BCP npu aHTHOpTOCTa3e He U3MeHsIeTcs,
9TO MOXKET OBITH 00y CJIOB/IEHO UCXOAHO O0ee BEICOKOM
AaKTMBHOCTBIO CUMTIAaTHUeCKHX 1[eHTPOoB [25].

BbiBOAbI

AKTHBHBIN NIepexo/| B BePTHUKAJIbHOE MOJI0KEHNe
TeJa y CTY/IeHTOK COTIPOBOXK/IAeTCsl yMeHbllIeHHeM Bbl-
Pa’KeHHOCTH MapacUMIIaTUYeCKOro B/IMSIHUSL HA PUTM
cepALia, YTO He 3aBUCHUT OT (ha3bl MEHCTPYa/bHOI0
LIMKJIa ¥ BO30yJUMOCTH TlapaCUMIIaTH4eCKUX Kapau-
a/lbHBIX LIeHTPOB. [1py maccBHOM OpTOCTa3e Y KeHIIWH
CO CHW)KEHHOM BO30yAMMOCTBIO TTapacUMITaTHye CKOU
CHUCTeMBbI TaKKe HabJFoZlaeTcsi yMeHblIeHHe BaryCHOTO
B/IMSTHYS HA CEpJIeUHYIO JesITe/IbHOCTD B 00e (hasbl [MKIIa.
[Tpu HopMa/bHO NTapacKUMIIaTUYeCKol peakKTHBHOCTU
aHaJIOTWYHbIe U3MeHeHWs1 MPOSIB/ISIFOTCS TO/TBKO B (POJUTH-
KY/ISIpHYO (pa3y MeHCTpyasIbHOTO LMK/Ia. [laccvBHBIN aH-
THUOPTOCTAa3 BO BpeMsi (POJITHKY/ISIPHOM (Pasbl Y >KEHIIMH
C HOpMaJIbHOM TapacuMIiaTiueCcKoil Bo30yAUMOCTBIO
COTNPOBOXK/IAeTCSl YBeJIMUEHHEM BarycHoro sggekra
Ha cep/lie, TOr/ia KaK y CTYAeHTOK CO CHVDKEHHOM peak-
TUBHOCTBIO BIMSTHUE NapacUMIaTU4YeCKHX LIEHTPOB NPy
3TOM BO37I€fICTBUM yMeHbIaeTcsi B 0be ¢a3bl LUKIA.
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UccnepoBaHue akcnpeccuu Ki-67 B TpaHCNNaHTUPOBAHHOM
YXUPOBOM rpadTe y Kpbic

C.C.UbapynnaeBa®? ~, I.B. Kacteipo' ', FO.E. [IpfaueHKO' > 5.A. JlaBpeHTBEBa'
M.B. Xnbicranos' ', C.E.Mopo3' ', I.b.Tanpmmn' ', B.A. [Tonagok' ~,
A.®.Kapramepa' ', A.I. Koponér® ', M./. bapannuk' , I1.B. Capbirun’

! Knunavka Byzab 3popos, 2. Mockea, Poccutickas ®edepayus
2 Dcretuueckuii 1jeHTp Referans, e. Baky, Asepbatioscan
3 MOCKOBCKH#t TOCY/JapCTBEHHBIN yHUBepcUuTeT M. M.B. JToMmoHoCOBa, . Mockea, Poccutickas ®edepayus
< julika-98@yandex.ru

AHHoTanus. AKmyaibHOCMb. AyTOTPaHCIVIaHTALIKs JKUPa MPUMeHsIeTCs B I1aCTUUeCKON, peKOHCTPYKTUBHOM U 3CTe-
TUYeCKOW XUPYpruu. B HacTosiilee BpeMsl HET UCC/lelOBaHN, HalpaB/IeHHbIX Ha U3y4yeHue Mpo/i(epaTUBHON aKTHUBHOCTH
ayTOTPAHCIIAHTATOB >KUPa MOCJIe ero Pa3uyHOM NpeJonepatioHHoN 06paboTku. Llenb ucc1ed08aHus: OLEHUTD SKCITPECCHIO
Ki-67 B )KMPOBBIX ayTOTpPaHCIJIaHTaTaX Kak MapKepa rnposvdepaliy Ha OT/ja/leHHbIX CPOKax y KpbIC. Mamepuanbl u Memoobil:
uccenoBaHa skcrnpeccus 6esika Ki-67 B agumnormrax rnocjie ayToTpaHCIUIaHTalMu xupa y Kpbic uepe3 30, 90 u 180 aueit. Beuio
NIpUMeHEeHO TPY BU/ja )KUPOBBIX ayTOTPAHCILIAHTAaTOB: COMUAHBIN rpadT (3 rpymnmna), u3Me/bueHHbIN CKaibleneM rpagt (4 rpyn-
T1a) ¥ TOMOTeHU3HPOBaHHbIH kup B mirpure Luer Lock (5 rpymnma). I'pymnmy 1 cocTaBu/ivM MHTAaKTHBIE )KUBOTHBIE, a TPYIILY
2 — >KUBOTHBIE, KOTOPBIM OZHOKPATHO BBOAW/IM B X0/KY 0,9 % pacTBop x/opuza Hatpus. Pe3yabmambl u obcysicoeHue: depe3
30 aHeti mocsie onepaluy KonuuyectBo Ki-67-M03UTUBHBIX KJIETOK B )KUPOBOM Tpadite 3-f rpymnribl ObLIO 3HAYMMO BBIIIIE, UEM
B IDKK penunueHnTHOro Mecra 3-i rpymrisl ¥ 5-# rpymrsl (p<0,001). [JaHHBIN MoKa3aTenb ObLT 3HAUMMO BhILIE B 4-i TpyTIMe,
o cpaBHeHMIO ¢ IDKK B MecTe ayToTpaHcIIaHTalMuy >xupa 3-i rpynmsl (p<0,001) u 5-i rpynmns! (p<0,001), 1 H1XKe, 1O cpaB-
HEHUIO ¢ comHbM rpadTom 3-i rpyrmsl (p<0,05). Ha 90-it aeHb nocse nmpoBezieHyst ornepary komuuectBo Ki-67-103UTHBHBIX
KJIETOK B CO/TUTHOM Tpade 3-i rpyrmbl Ob110 3HaUMMO Bbiille, ueM B [TYKK peLiunueHTHOTo MecTa Tow e TPYIIbI U 5-i TpymIibl
(p<0,001), a Taxxe 4-ii rpynnsl (p<0,01). B 4-i1 rpynne B IDKK B MecTe BBe/ieHNs )KUPOBBIX ayTOTPAHCI/IAHTATOB KOJTMYECTBO
Ki-67-1103UTUBHBIX K/IeTOK OBbLI0 3HaUMMO Bhitie, ueM B IDKK 3-ii rpymmst (p<0,001) u 5-i rpymmsl (p < 0,01). B rpynme
TOMOTeHH3UPOBaHHOTO >KUPa 3TOT MOKa3aTe/b ObI/T CTaTUCTUUECKH BhILIe, UeM B MOAKOXKHO-)KUPOBOU KjleTdyaTke B 00macTu
MecTa ayTOTPaHCIVIaHTaluX comugHoro rpadra B 3-i rpyrme (p<0,05). Bbigoodbt. TpaHCIIIaHTaLMsI COMUAHOTO rpadTa uepes
3 Mecsilja IPOBOLMPYeET CTUMYJISLINIO0 00pa30BaHus MOJKOKHO-KUPOBOM K/IeTUaTK! B MECTe ero BBe/IeHHs], C BHICOKOW aKTMBHOCTb
sKcrpeccuu Genka Ki-67 kieTkamy B caMoM JKUPOBOM Tpadre. TIpy ayTOTpaHCIUIAHTALIMH )KUPOBBIX rpad)TOB MeKOro pa3mMepa
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(1x2x1 MM) 1 roMoreHu3MpoBaHHOro >krpa uepe3 30 u 90 gHell oTMeuaeTcsl IpopacTaHue COeAVHNUTENbHO-TKAHHBIX TSKeH,

copepxaimux Ki-67-no3uTHUBHEIE KJIETKU U KDOBEHOCHbBIE COCY/bI.
KiroueBble ¢J10Ba: TPaHCTUIAHTALWS Xupa, Ki-67, munodumHr, mponmdepanys, afUnoruT
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Study of Ki-67 expression in transplanted fat graft in rats

Svetlana S. Ibadullaeva®? ", Igor V. Kastyro' ', Yulia E. Dyachenko! =
Elina A. Lavrentyeva' ', Maxim V. Khlystalov' ', Svetlana E. Moroz' ",
Igor B. Ganshin' , Valentin I. Popadyuk® ', AllaF. Kartasheva' =, Alexey G. Korolev?
Mikhail I. Barannik' ', Pavel V. Sarygin'

! Clinic Be Healthy, Moscow, Russian Federation
2 Aesthetic centre Referans, Baku, Azerbaijan
3 M.V. Lomonosov Moscow State University, Moscow, Russian Federation
> julika-98@yandex.ru

Abstract. Relevance. Autotransplantation of fat is used in plastic, reconstructive and aesthetic surgery. Currently, there
are no studies aimed at studying the proliferative activity of autotransplants of fat after its various preoperative treatment. Aims.
To evaluate Ki-67 expression in fat autografts as a marker of proliferation at distant time points in rats. Materials and Methods.
Ki-67 protein expression was examined in adipocytes after fat autografting in rats after 30, 90 and 180 days. Three types of fat
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autografts were used: solid graft (group 3), scalpel-shredded graft (group 4) and homogenised fat in Luer Lock syringe (group 5).
Group 1 consisted of intact animals and group 2 consisted of animals injected once in the withers with 0.9 % sodium chloride
solution. Results and Discussion. The findings of the study indicated that, 30 days following the surgical procedure, the number
of Ki-67-positive cells in the fat graft of group 3 was considerably higher than in the SCF of the recipient site of groups 3 and
5 (p<0.001). The same marker was found to be significantly higher in the 4th group when compared to the control group of the
autotransplantation of fat in the 3rd and 5th groups (p<0.001), and to the 3rd group (p<0.05). On the 90th day following surgery,
the number of Ki-67-positive cells in the solid graft of group 3 was significantly higher than in the subcutaneous fat of the recipient
site of the same group and group 5 (p<0.001), as well as group 4 (p<0.01). In group 4, the number of Ki-67-positive cells in
subcutaneous fat at the injection site of fat autografts was significantly higher than in subcutaneous fat in group 3 (p<0.001)
and group 5 (p<0.01). In the group of homogenised fat, this indicator was found to be statistically higher than in subcutaneous
fat in the area of the autotransplantation site of the solid graft in group 3 (p<0.05). Conclusion. The transplantation of a solid
graft after a period of three months has been shown to stimulate the formation of subcutaneous fatty tissue at the site of its
insertion. Furthermore, high activity of Ki-67 protein expression by cells in the fat graft itself has been observed. Moreover, at
the time of autotransplantation of small-sized fat grafts (1x2x1 mm) and homogenised fat after 30 and 90 days, sprouting of
connective-tissue strands containing Ki-67-positive cells and blood vessels was observed.
Key words: fat transplantation, Ki-67, fat grafting, proliferation, adipocyte
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BeepeHue

AyToTpaHCIUIaHTaLYs KKPa 3aBOeBasia IMPOKYI0
TIOMY/ISIPHOCTb B M/IACTUYECKOM XUPYPTUM /151 KOPPeK-
L[ KOHTYPOB MSITKUX TKaHel, BOCTIO/THEHUSI [IOTepU
ee 00bEMOB M OMOJIOXKEHHST KOXKH, OJJHAKO TTpob/iemMa
noTepu 06beMa Iocjie TPAHCTIAHTALIAK OCTAeTCs BCe
ellle akTyanabHOU. B mocieqHue rozbl ObuTH pa3paboTa-

PHISIOLOGY. EXPERIMENTAL PHYSIOLOGY

HBI HOBBIE CTPATeryy, KOTOPbIe HeCKOIBKO YTy UL/
pe3y/bTaThl JIMMOGUINHTA ¥ TPAHCTITAHTALH )KAPOBOH
TKaHU. Borpoc coxpaHeHuUst )KUPOBOTO TPAHCII/IAHTATa
BCe elje TpebyeT JanbHENIINX UCCIe0BaHUI. DTO
OTKpBIBaeT HOBbIe BO3MOXHOCTU B U3yUeHHUH MeXa-
HU3MOB pereHepaliy CTBOJIOBBIX KJIETOK >KHPOBOH
TKaHHU B PELIUITIEHTHOM MeCTe T10C/Ie TPaHCTIaHTali|
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»kupa. 3HaueHue Genka skcrpeccru Ki-67, anonTo3sa,
Makpo@daroB, KOTOpPbIe TECHO CBS3aHbI C JIOKaAbHOMN
MUKPOCpeJ0i U pereHepaliyieli TKaHel, CTaHOBUTCS
BCe Ooriee BAXKHOM B KOHTEKCTe Tiepecaiky >kupa [1-4].

V3yueHrie akTUBHOCTH CTBOJIOBBIX KJIETOK JKUPOBOM
TKaHU U CTPOMasbHO-BACKY/ISIPHOW (PpaKLiK MOKET
CTaTh HOBBIM 3TalloM B IOHMMaHUU METOZ0B Y/Iyullle-
HUS1 IPY)KUBAEMOCTH YKUPOBBIX TPAHCILJIAHTATOB U UX
noc/iefiytolieli COXpaHHOCTU B MecTe repecasiki [5].
benok Ki-67 Ha TpoTshKeHUU JieCATUIETUNM UCTIONh3Y-
eTCsl B KaueCTBe MapKepa IposiuQepaLyiu OryXoJieBbIX
KJIeTOK uenioBeka. B mpoijecce muto3a Ki-67 urpaet
K/TF0UYeBYIO POJib B (POPMHUPOBaHKM NTEPUXPOMOCOMHOTO
71051 — pUOOHYK/IEONTPOTEMHOBOM 000/I0UKH, KOTOpast
TOKpPbIBaeT KOH/IeHCUPOBaHHbIe XPOMOCOMBI. B 3101
ctpykrype Ki-67 mpemoTBpaiiiaeT arperarnjuto MUTO-
TUYeCKHX XPOMOCOM, obecrieurBasi UX MpaBUIbHOE
pazfenenue [6].

[ ydiero moHUMaHWs HOPMa/IbHbIX MUTOTU-
YeCKUX Y MPOIU(epaTUBHBIX MPOLIECCOB B JKUPOBOM
ayTOTpaHCIIIaHTaTe TIPU Pa3/IUUHbIX MeToflaX ero 00-
paboTKK BO3MOYKHA OrleHKa JKcrpeccun benka Ki-67
B JKMPOBOM TKaHU M TKaHX, OKPY’KarOLUX KUPOBOMK
TPaHCILIAHTaT.

Iens uccnegoBanus. OLeHUTH 3KCIIPeCCUI0
Ki-67 B >KMPOBBIX ayTOTpaHCIJIaHTaTax Kak Mapkepa
nposidepalii Ha OT/ja/IeHHbIX CPOKaX Y KpbIC.

MaTepVIaan n MeTopabl

Jln3aiiH ucc/ie/JoBaHust

VccnemoBanue ObIIO TIPOBEIEHO Ha 65 MoJ0-
BO3pe/bIX KpbICax-caMiiax TUHUU Wistar. KoHTposib-
HeraTUBHYO IPYMIYy UHTAaKTHBIX )KUBOTHBIX COCTABU/IU
5 KpBIC, KOTOPbIM He MPOBOANU/IOCh HUKAKUX MaHUITY-
nsiumi (1 rpynma, n = 5). Bo 2-# rpymnre (KOHTPO/b-
no3utuBHas, n = 15) urnoii 25G (D = 0.5 mm) B yua-
CTOK KOKM Ha XOJIKe TIJIOIIa b0 1 cM? BHYTPUKOXKHO
6-kpaTtHO BBOgW/IM 0,05 M1 0,9 % pacTBop xnopuja
Hatpus. B TpeTbeit rpynme (n = 15) BBOAWIICS ayTo-
TPaHCIUIAHTaT [1eTbHOM HeoOpaboTaHHOM KUPOBOM
TKaHH pa3mepoM 2x4x3 MM (1,2 + 0,5 mr) B 06/1acTh
XOJIKW uepe3 pa3pes [IJIMHON 5 MM. B ueTBepToii TpyTime
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(n=15) npoBoguIack TpaHCIVIAHTALIYSA [Ipe/iBapUTeIbHO
M3MeJIbUeHHOM CKajibIiesieM COOCTBEHHOM XXKUPOBOM
TKaHu 1x2x1 mm (1,33 £ 0,47 mr). Kpbicam gaHHOU
rpymrsl B 0671aCTh X0/IKU yepe3 paspes 0,5 cMm BBo-
[WIU TIpe/iBapUTe/IbHO M3MeJIbUeHHYH0 CKaslbllesnem
JKMPOBYIO TKaHb. B ngroii rpynmne (n = 15) uepe3 ury
20G (D=1 mm) B 06/1aCTH XOJIKH BHYTPUKOXXHO BBOJV/IU
Triperiapatr cOOCTBeHHOM KMPOBOM TKaHU TIOC/Ie TIpe/iBa-
pUTebHOM ee 06paboTke B mmpwuiie Jlyep JIok (2 mi)
C Toc/iejoBaTeIbHOM CMeHOM HacaZloK C ThaMeTpoM
oTBepcTui ot 2,4 mMm zo 0,2 mm. Kputepuem rotos-
HOCTH MarepHasia Oblsa ero CrioCOOHOCTD MPOXOIUTh
yepe3 Uy mrpuiia Auamerpom 0,6 Mm. O6vem of-
HOU MHBeKLMK cocTassi 0,05 M mocpeacTBOM 6-Tr
MHBEKIMH Ha ryomazpb 1 cv? JKupoBasi TKaHb y BCeX
KPBIC M3BJIeKaiach U3 naxoBoi obmactu (PucyHok 1)
Y MIpOMBbIBaiach oxjaxzaeHHbIM 0,9 % pacTBopom
XJIOpY/ia HaTpUs, TOC/Ie Yero oopabaTbiBaiach OHUM
13 yKa3aHHbIX MeTo0B. OLieHrBa/IM KOJIMYeCTBO K/IeTOK
¢ 3kcnpeccueid Ki-67 B MecTe TpaHCIJIaHTUPOBAHHOTO
)KMpa U TOMLIUHY KUPOBbIX I'Pa(ToB.

OKCMepUMeHThI BbITOJIHEHBI B COOTBETCTBUU
¢ Tpe6oBanusivu [IupekTtrebl 2010/63/EU. Uccneno-
BaHMe 0700peHo IoKabHBIM KoMUTeTOM 1o 3THKe
MeguurHCKoro uHcrtutyTa PYITH, npotokon Ne 02—-24
or 20.02.2023 1.

Bcewm kpbicaMm 2—5 rpymnn MaHUITY/IALIMUA TTPOBOJU-
JCh TIof, 0011l aHecTe3uel MpH MOMOIIY 3odmypa-
HOBOTI'0 Hapko3a (6 %) B s3kcukarope. [Tocse yero KpbIChl
TIPOBEPSIINCH HA CTaHZAPTHbBIE 3al{UTHbIE PeIeKChI.
3areM yMeHbllIa/ach [10/,aua HapKo3a B UCIlapuTesie
o 0.6—1 %. [Tocne yero >KUBOTHBIE MOMeIL|A/TUCh
Ha OIlepaLOHHOM CTOJIe U UM HaJleBa/li HapKO3HYH0
Macky. [Tocsie okoHYaHMS MpOLielyp BBIK/IHOYAIN HUC-
rapyTesb U CHUMa/ HapKO3HYIO0 Macky.

3abop TkaHel U HUMYHOTHCTOXUMHUYECKas
OKpackKa npenaparoB

OBTaHAa3MI0 KpbiCaM 2—5 rpymi NPOBOAUIN Yepes
30, 90 u 180 gHeli moc/ie MpoBeieHUsI SKCIIepUMEHTa
TIPY TIOMOIIM BHYTPUOPIOIIIMHHOTO BBeeHUS TOK-
CHYHBIX 7,03 pactBopa 3onetuia 100. ITocne sToro
TIPOBOJM/IACh BbIPe3Ka TKaHel B 00/1aCTy XonKu. TKaHU
TocJie MpoBe/ieHusT ux 3abopa momerriaauck B 10 %
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Puc. 1. Jlokanmaaums MecTa 3a6opa ayToTpaHCriaHTaTa »KMpOBOI TKaHW Y KpbIC (a), onpeaeneHne KoopamHat
[N151 TPAHCNIaHTaUWM XXMPOBOW TKaHW y Kpbic B 3—5 rpynnax (6). CTpenkon ykasaHo MECTO TpaHcnIaHTaumm

Fig. 1. Localization of the site of autotransplantation of adipose tissue in rats (a), determination of coordinates for transplantation
of adipose tissue in rats in 3—5 groups (6). The arrow indicates the place of transplantation

pactBop 3abydepeHHoro opmanuHa 1 GUKCHPOBAINCH
B TeueHue 1 Hefenu. IIpoBogunack 3a1MBKa TKaHekl
napadyHOM ¥ MTPUTOTOB/IeHNe MapadUHOBBIX OI0KOB.
TonmmHa Bcex cpe3oB cocrasnsia 4 MukpoHa. Cpe-
3bI OKpAlLKBa/JIMCh MOHOK/IOHA/IbHBIMU KPOJIUYbUMU
antutenamu K 6enky Ki-67 (kmon GMO0010, Poccus).
OueHuBanu mowaas canbHbix xesne3 (ITCXK) u gomto
Ki-67-no3utuBHBIX K1eToK B HUX. [IpenapaTsl cka-
HupoBasirch Ha Mukpockore KFBIO 400 (Konfoong
Biotech International Co., Ltd., KHP). CkanupoBaHHbIe
Cpe3bl aHaIM3UPOBa/IUCh NIPY MOMOLLY IPOrPAMMHOI0O
obecnieuennst Aperio ImageScope v12.2.2.5015 (Leica
Microsystems, ®paHius).

CrarucTnueckasi 00padoTka JaHHBIX

HNanHble 00pabaThiBaIMCh B IPOrPaMMHOM 00e-
cneueHuu Microsoft Exel, MATLAB, STATISTICA
12.6, JASP 0.14.0.0. I'lpu conmocTaB/ieHUU TaHHBIX
IPyMNIIbl HA Pa3/IMYHBIX CPOKax M0C/Ie BBeJeHUs Mpe-
rapaTtoB NpUMeHs/ICsl KpuTepui Bunkokcona. I1pu
CpaBHEHWH [JaHHBIX SKCIIepUMeHTa/IbHbIX TPYII MeXKAy
co06o¥ 1 ¢ JaHHBIMU KOHTPOJIbHBIX TPYTIIT IPUMEHSITA
Kpackena—Yonnvca unu kputepuii ManHa— YUTHU.
[ KaXKIOTO CpaBHEHUS B pe3y/bTare CTaTUCTHYeCKO-
r0 aHa/u3a OIpe/esIsiCs CBOM yPOBeHb 3HAUMMOCTH
(p < ot 0,001 gm0 0,05).

PHISIOLOGY. EXPERIMENTAL PHYSIOLOGY

Pe3ynbTaTtbl M 06Cy)XAeHMe

Kputepuit Kpackena—Yosnnuca rnokasan, 4To
TOJILIHA UMIIAHTUPOBAHHOI'O COTUHOTO JKUPOBOIO
rpadTa Ha BCcex CpoKax B 3-U rpymme Obljla 3HaUUMO
BbIIIIe, YeM TOJILLMHA [TOKOKHOU )XKUPOBOU KJleTyar-
ki (IDKK) B TO¥ >Ke rpymre u )KMPOBOW TKaHU TOC/Ie
ayTOTpPaHCIUIaHTaL[U1 MeJIKUX rpadToB (4-s1 rpyrmma)
Y BBe/IeHUsI TOMOTeHU3UPOBAHHOTO »Krpa (5-51 TpyTira)
(p<0,001). Ilpu 5TOM ero pasmepsbl 3HAUMMO He MeHsI-
JIUCh B TeUeHHe BCEro CPOKa aHaau3a.

Kputepuii ManHa— YUTHHM TOKasalj, 4To yepes
1 MecsL ocsie MpoBeJeHus SKCIIepUMeHTa B 5-i TpyT-
Te MOZIKOXKHO-KMPOBasi KjleTyaTKa B peLiUIIUeHTHON
obsacTu 6bIIa ZOCTOBEPHO TOJIIIE 110 CPAaBHEHUIO
¢ 3-u u 4-u rpynnamu (p<0,001). Uepe3 3 mecsija
pa3mep I[IDKK 6bis1 3HAaUMMO BhbIIIe B 4-11 TpyrmIe
T10 CPaBHEHHIO C 0CTa/IbHbIMU 3KCIIePUMeHTaIbHbIMU
rpynnami (p<0,01). Yepe3 nosropa coxpaHsiaach Ta e
TeH/leHL[1s] — TOJILLMHA )KUPOBOW TKaHU B TUIIOJepMe
ObL1a BhIIIIe B 4-1 rpyTire 1o cpaBHeHuIo ¢ 3-i (p<0,05)
u 5-i rpyrnmamu (p<0,001) (puc. 2, Tabsn. 1).

Kputepuii ManHa— YWUTHM BbISIBUJ, YTO B TPYyIIIIe
KPBIC, KOTOPBIM UMITJIAHTUPOBAJIM COJIU/HBIN rpadT,
TonuHa obpa3oBaeieiics KK Ha 90-i feHb yBenm-
ynsack no cpaBHenuto ¢ 30-m aHeM (p<0,05). Ha 180-i1
JleHb OHa TaK>Ke BbIPOC/Ia MO CpaBHeHUIo ¢ 90-m 1HeM
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(p<0,001). B 4-i1 rpymirie To/IIIMHA KUpa B rUnofiepMe  YBesnnueHue TomuHbl [DKK B MecTe BBefieHUsI ro-
3HauUKMMO Bo3pocsia Ha 90-#1 feHb 110 cpaBHeHUIO € 30-M  MOTe@HU3WPOBAHHOTO YKUPOBOTO rpadTa MPOU30IILI0
(p<0,001) u Ha 180-i1 seHb, o cpaBHeHUIO € 90-M fHeM uLb Ha 180-i1 IieHb Moc/e POBejeHUsT SKCIIepPUMEeHTa
(p<0,001) (p<0,001) (p<0,001) (p<0,001) (p<0,01). (p<0,05) (Pucynok 2, Tabmuia 1).

Puc. 2. VI3aMeHeHUst TONLWMHbI XMPOBbIX rpathToB MOCse pasnyHbIX BUAOB NUNObUINHIa

[MpyumeyaHne: * — pasnnuuma Mexxay CpokaMu B akcnepnumeHTanbHbix rpynnax (p<0,001); T — pasnuuuns mexxay cpokamu
B aKCMepuMeHTanbHbIx rpynnax (p<0,01);  — pasnunums Mexxay CpokaMm B aKCnepMmeHTanbHbix rpynnax (p<0,05); © — pasnnuus
MeXXay SKCrnepuMeHTanbHbIMY rpynnamMu Ha pasHbix cpokax (p<0,001); ® — pasnnuuns Mexxay aKCnepuMeHTanbHbIMK rpynnamm
Ha pasHbix cpokax (p<0,01); ¢ — pasnuums Mexzy aKcnepuMeHTabHbIMK FpyNnaMu Ha pasHbix cpokax (p<0,05).

Fig. 2. Changes in the thickness of fat grafts after various types of lipofilling.

Note: » — differences between the dates in the experimental groups (p<0.001); T — differences between the dates in the experimental
groups (p<0.01);  — differences between the dates in the experimental groups (p<0.05); © — differences between the experimental
groups at different dates (p<0.001); ® — differences between experimental groups at different dates (p<0.01); ¢ — differences between
experimental groups at different dates (p<0.05).
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3HaueHus TonwMHbl Xxnposbix rpadTor u MKK nocne TpaHcnnaHTauum pasnuyHbiXx BUAOB NUNodUINHra Tamaa t
TonwwHa rpadta (MKm) 3 rpynna (rpa¢r) 3 rpynna (MKK) 4 rpynna 5 rpynna

25 % nepueHTUNb 357 45 25 31

30 aHen Meanana 1247 127 143 217
75 % nepueHTUNb 271 38 29 23
25 % nepueHTUIb 264 55 42 41

90 aHen Meawnana 1184 204 295 234
75 % nepueHTUIb 356 51 39 47

25 % nepueHTUNb 233 38 38 26

180 gHen Meanana 1023 318 379 298
75 % nepueHTUNb 472 36 16 24

Table 1
Values of the thickness of fat grafts and subcutaneous fat tissue after transplantation of various types of lipofilling
Graft thickness (um) (g;(;lizf?) Group 3(SCF) Group 4 Group 5

25% percentile 357 45 25 31

30 days median 1247 127 143 217
75% percentile 271 38 29 23

25% percentile 264 55 42 41

90 days median 1184 204 295 234
75% percentile 356 51 39 47

25% percentile 233 38 38 26

180 days median 1023 318 379 298
75% percentile 472 36 16 24

KomnuectBo Ki-67-1103UTUBHBIX K/IETOK B JKHUPO-
Bol TKaHu. Kpurtepuii Kpackena—Yonnuca nokasai,
yTo Ha 30-i1 ieHb MoC/Ie orepaLuy B COMAHOM rpade
3-1i rpynnel KonuuecTBO Ki-67-103UTUBHBIX KI€TOK
CTAaTUCTUUECKH 3HAUMMO OBIJIO BHILIIE, 10 CPABHEHHUIO
c 90-m gHem (p<0,001). 3To KOMUYECTBO 3HAYU-
MO YMeHbIIUI0Ch Ha 180-i1 AeHb M0 CpaBHEHUIO
c 90-m gaem (p<0,001). KonuuectBo Ki-67-10-
3UTUBHBIX KieToK B [IJKK 3-# rpynmel mo cpaBHe-
Huto ¢ 30-M noceomnepaliMoOHHLIM AHeM Ha 90-i1
v 180-# auu focTtoBepHO cHU3uA0Ch (p<0,001).
OTOT MoKa3aTejb CHWXasncs u B 4-i rpyrnmne. Tak,
Ha 90-#i seHb Ki-67-M03UTHBHBIX KJIETOK ObLIO MEHb-
e, yeM Ha 30-i genb (p<0,001), a Ha 180-i1 feHb
3Ta BeJIMYMHA CHU3WJIACh 10 CpaBHeHUIO € 90-m
nHem (p<0,01). KonmuuectBo Ki-67-1m03UTHBHBIX

PHISIOLOGY. EXPERIMENTAL PHYSIOLOGY

KJI€TOK B >KUDOBOW TKaHU B MeCTe BBeJeHUs] TOMO-
TeHU3UPOBAHHOTO Xupa Ha 90-1 feHb OBLIO 3HAUM-
MO MeHbllle, yueM Ha 30-i geHb (p<0,001). Uepes
6 MecsiLieB 3TOT IOKa3aTesb JOCTOBEPHO YMeHb-
LIWJICS TI0 CPaBHEHUIO C TpPeMsi MecsiljlaMy paHHee
(p<0,05) (puc. 3, Tabn. 2). Kpurepuit MaHHa— YUTHU
ornipefenua, uto yepe3 30 JHel moc/e onepauuu
kKonuecTBO Ki-67-TTO3UTUBHBIX KJIE€TOK B )KUPO-
BOM rpadTe 3-# rpyribl ObIJIO 3HAYUMO BBILIIE, YEM
B [IDKK peuunueHTHOro mecta 3-i rpynmsl U 5-i
rpynmsl (p<0,001). TaHHBINM TTOKa3aTesib ObLT 3Ha-
YKMMO BbILIe B 4-i1 rpynmne no cpaBHeHuto ¢ [DKK
B MeCTe ayTOTpPAaHCIJIaHTAL[UU KuUpa 3-U TpyIl-
nbl (p<0,001) u 5-ii rpynnel (p<0,001) u HUXEe,
10 CPaBHEHUIO C COMUAHBIM rpadToM 3-¥ IpynIibl
(p<0,05). KonnuectBo Ki-67-1103UTUBHBIX K/IETOK
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OBIJI0 JOCTOBEPHO BhILlIe B 5-1i TPyTIire M0 CPAaBHEHUIO
¢ IIXKK 3-# rpynmst (p<0,01) (puc. 3, Tabsu. 2).
CornacHo kKpuTeputo MaHHa—YuUTHU, Ha 90-11 JieHb
MOCJie NpOBeZIeHUs ornepaluy KonuuecTtBo Ki-67-mo-
3UTUBHBIX KJI€TOK B COJIUAHOM rpade 3-ii rpymnmsl
Ob110 3HAaUMMO BhIe, yeM B [DKK penunueHTHOrO
MecCTa TOM ke rpymnrbl U 5-# rpynmsl (p<0,001),
a Taxxe 4-ii rpynnsl (p<0,01). B 4-i1 rpynne B IDKK
B MeCTe BBe/IeHUs KUPOBbIX ayTOTPaHCIIJIaHTaTOB
komuecTBO Ki-67-103UTUBHBIX K/IeTOK OBLIO 3HAUH-

Mo Bbille, yeM B [IDKK 3-i rpynmst (p <0,001) u 5-i
rpynnsl (p<0,01). B rpynmne roMmoreHM3upoOBaHHOTO
KMpa 3TOT MOKa3aTe/b Obl/I CTaTUCTUUECKH BHIIIIe,
yeM B MOJKOXXHO-)KUPOBOM KJjieTyaTKe B 001acTu
MecCTa ayTOTpaHCI/IaHTalluu COMUAHOro rpadra
B 3-i rpynme (p<0,05). Uepe3 180 gHeit KonuuecTBO
Ki-67-M03UTHBHBIX KJIE€TOK OBIJIO I0CTOBEPHO BBIIIIE
JIMLLIB B COMTMAHOM rpadTe 3-i IPyMIbl 0 CPABHEHUIO
¢ IDKK Toi1 ke rpynmbl ¥ OCTa/JbHBIX KCIIepUMeH-
tanbHbIX rpym (p<0,001) (puc. 3, Tabsn. 2).

Puc. 3. 1ameHernsa coaepxkanns Ki-67-MO3UTUBHbBIX KNTETOK B XXMPOBOW TKaHM Nocne pasnnyHbiX BUAOB NUNodunmnHra
(onmncaHme B TekcTe)

[MpyumeyaHme: * — pasnuuma Mexxay CpokaMmu B akcnepumeHTanbHbix rpynnax (p<0,001); T — pasnuumns mexay cpokamm
B aKCnepuMeHTanbHbIx rpynnax (p<0,01); £ — paznunums Mexxay CpoKaMm B aKCnepMmeHTanbHblx rpynnax (p<0,05); 0 — pasnnuua
MeXXay SKCrnepuMeHTanbHbIMY rpynnamMu Ha pasHbix cpokax (p<0,001); @ — pasnunumns Mexxay aKCnepuMeHTanbHbIMK rpynnamm
Ha pa3HbIx cpokax (p<0,01); 0 — pa3nnuns Mexay saKcnepruMeHTanbHbIMU FpynnamMm Ha pasHblx cpokax (p<0,05).

Fig. 3. Changes in the content of Ki-67-positive cells in adipose tissue after various types of lipofilling (description in the text)

Note: % — differences between the dates in the experimental groups (p<0.001); T — differences between the dates in the experimental
groups (p<0.01);  — differences between the dates in the experimental groups (p<0.05); © — differences between the experimental
groups at different dates (p<0.001); ® — differences between experimental groups at different dates (p<0.01); ¢ — differences between

experimental groups at different dates (p<0.05).
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3HauyeHus1 konudecTBa Ki-67-no3UTUBHBIX K/IETOK NOC/e TPaHCM/TaHTaL MK Pa3/IMyHbIX BUA,0B YXUPOBbIX rpadToe Tadna 2
Ki-67-no3utueHble knetku (n/500000 pm?) 3 rpynna (rpadr) 3 rpynna (MXK) 4 rpynna 5rpynna

25 % nepueHTUNb 5,67 2,33 3,53 4,78

30 gHen MepmaHa 75,61 11,18 62,37 25,64
75 % nepueHTUb 6,33 2,27 5,09 3,49

25 % nepueHTUNb 2,08 0,17 2,64 1,24

90 aHen MegaunaHa 21,33 1,26 13,55 8,57
75 % nepueHTUIb 1,72 0,13 3,41 1,01

25 % nepueHTUNb 1,07 0,21 1,01 0,67

180 aHen MepmaHa 4,97 1,08 3,67 3,95
75 % nepueHTUb 1,34 0,09 0,99 0,44

Table 2
Values of the number of Ki-67-positive cells after transplantation of various types of fat grafts
Ki-67-positive cells (n/500000 pm?) Group 3(fat graft) Group 3(SCF) Group 4 Group 5

25% percentile 5.67 2.33 3.53 478

30 days median 75.61 11.18 62.37 25.64
75% percentile 6.33 2.27 5.09 3.49

25% percentile 2.08 0.17 2.64 1.24

90 days median 21.33 1.26 13.55 8.57
75% percentile 1.72 0.13 3.41 1.01

25% percentile 1.07 0.21 1.01 0.67

180 days median 497 1.08 3.67 3.95
75% percentile 1.34 0.09 0.99 0.44

JaHHOe ucceoBaHNe SIBJISIETCS IEPBBIM, B KO-
TOpOM orrcaHa 3Kcnpeccus 6enka Ki-67 B )KUPOBBIX
rpadTax B 3aBUCUMOCTH OT Bi/la 00paboTKH Tepeca-
JKEHHOI'0 ayTOKUPa y KPBbIC.

Ooborartnenue kupoBoro rpadra KyJTbTUBUPOBaH-
HbIMU KieTKamu CB® 1 TpombonTapHbiM (hakTopom
pocTa mpeficTaB/sieT cO00M OJWH W3 MePCITeKTUBHBIX
METO/I0B, aKTUBHO UCC/IelyeMbIX [I/1S1 Y/IyUllleHuUs] Bbl-
JKMBAaeMOCTH TPaHCIJIAaHTATOB. DT MOAXOAbI MOTYT
crocobCcTBOBaTH BBDKUBAHHUIO TPAHCIIAaHTATa yepe3
HECKOJIbKO MeXaHM3MOB, BK/IFOUasl yCUJIeHUe aHruore-
He3a, uTo, B CBOIO 0Uepe/ib, Y/IyulllaeT KpOBOCHaOKeHHe
1 JOCTaBKy KMCJIOPOZA Y TUTATe/TbHBIX BeIeCTB K K/eT-
KaM TpaHcIuiaHTara. Kpome toro, pa3brieHrie KUpOBOTO
TpaHCIIaHTaTa Ha H6osiee MesiKue (parMeHThl Takxke

PHISIOLOGY. EXPERIMENTAL PHYSIOLOGY

MOXXeT CII0COOCTBOBAaThH y/TyUIIeHHIO BbDKUBAaeMOCTH.
Taxkoi mogxon obecrieunBaeT 6osiee 3pPeKTUBHBIN
JOCTYTI PUBUTHIX KJIETOK K OKCUTeHALUX U TIMTaHUIO
B IOHOPCKOM 00/1aCTH. YMeHbIllast pa3mMep (parMeHToB,
MOXKHO YBEJTMUUTB I/IOIa/[b TOBEPXHOCTH, UTO M03BO-
JISIeT YAyuIuTh quddy3uro KCIopoJa v IUTaTeTbHbIX
BeIIeCTB, a TAK)Ke CIIOCOOCTByeT Oojiee paBHOMEPHO-
My pacIipeie/IeHHIO KJIeTOK B TpaHCIyiaHTare. Takum
obOpa3om, coueTaHue 3TUX METO/I0B MOXKeT CO3/1aTh
OITHMaJIbHbIE YC/IOBUS /151 BLDKUBAHUS U UHTET PALIUM
YKMPOBOTO TPAHCIITAHTATa, UTO MMeeT Ba)KHOe 3HaueH1e
JIJIs1 YCITELITHOTO BBITTOTHEHUSI TIPOLeAYP Tepecasku
>KUPOBOM TKaHU B K/TMHUUECKOM NpakTHke [7]. B Hacto-
AIIEM UCC/Ie0BaHUUA UMEHHO TPYTIa KPbIC, KOTOPOH
ObLM TTepeca’keHbl MeJIKHE )KUPOBbIe rpad)Thl, TOKa3asa
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caMyto BbICOKYIO 3kcrpeccuto Ki-67 B rpadre uepe3
1 u 3 Mecs1la IO CpPaBHEHUIO C JPYTMMU CPYyIIIIaMH.
OTH IOKa3aTeJId CXOXKHU U C POCTOM TOJILLMHBI )KUPa
B TUMoziepMe. JTO CBS3aHO, M0-BUAMMOMY, C TEM, UTO
COJI/IHBIN rpadT NozBepraeTcsi HeKpo3y Ha paHHUX
CTaJusIX ero NpWKUBaeMOCTH U C MOCIeAYIOINUM ero
¢ubpo3rpoBaHueM, a MpH repecajjke rOMOTreHU3U-
POBaHHOTO KHPA, BEPOSITHO, MOTUOAET J0CTAaTOUHOe
KOJINYeCTBO CTBOJIOBBIX KJ/IETOK U3 CTPOMa/bHO-
BacKysisipHOU (ppakumu [8]. PocT sxcripeccun Geska
Ki-67 B conmuaHoM rpadre, o cpaBHEHUIO C APYTUMHU
rpynmnamMu, mo HalleMy MHEHUIO, CBH/IeTe/IbCTBYeT
0 3artycKe MpoLlecCcoB pereHepaluu u pubposa, Tak
Kak Ko/mmuecTBO Ki-TO3UTUBHBIX K/IeTOK OBI/IO BHICOKO
B COeJMHUTE/IbHOM TKaHU [9], a He B )KUPOBOIA.

Y VMHTaKTHBIX KPBIC U KPBIC, KOTOPBIM BBOAMIU
0,9 % pacTBOp X/10pHAa HaTPUsl, B TUIIOLEPMe >KH-
POBOM TKaHHW 0OHapy»XeHO He ObL10. B CBsA3U € 3TUM
TIpe/iCTaB/IsIeTCs UHTepeCHbIM TOT (akT, uTo ocsie
TPaHCIJIAaHTaL[MU COJIMAHOrO rpadta Mexay TUroze-
PMO# 1 MBIIIIEUHBIM CJI0eM B THUTIOZiepMe Y KPbIC Obla
oOHapy>keHa HOBasi KUPOBasi TKaHb. JTO, CKOpee BCEero,
CBSI3aHO C MUTrpaLiel KJIeTOK CTPOMa/IbHO-BaCKYJISIPHOM
(pakLK U3 MOBEPXHOCTHBIX C/10eB rpadta B COCeHHE
CJIOV TUTIOZIepPMBbI MJTH Bo3elicTBreM (hakTopoB Audde-
PEHLIMPOBKY M3 TPaHCIUIAHTUPOBAHHBIX KJIETOK Ha CTBO-
JIOBbIe KJIeTKW Me3eHXVMbI B PeLIUIIMeHTHOM MecTe. JTO
TIOZITBEP K/IaeTCsl UCC/Ie/JOBAHUSIMH, B KOTOPBIX MeUeHbIe
CTBOJIOBbIE K/IETKH )XHUPOBOM TKaHW MBbIIlIaM BBOAWU/IN
BHYTPHBEHHOTO MOC/Ie Tiepecaikv )KUPOBBIX IrpadToB,
B KOTODPBIX 3TU K/I€TKW aKTUBHO HakarmBaaucsk [10].
B npyrux uccnefoBaHUsIX, HallpaB/I€HHBIX Ha U3yue-
HYe CTBOJIOBBIX KJIETOK XKMPOBOM TKaHU B Ipolieccax
PeBUTA/IM3ALIMH TI0C/Ie0TIepaljiOHHBIX TKaHel, Oblia
noaTBepskAeHa criocobHocTh CTKIK K murpariyu B 06-
JIaCTH TI0C/IeoTiepaliioHHoM padbl [11]. Tem He MeHee,
TOJIIL{IHA 3TOT0 HOBOOOPA30BaHHOT'O >KMpa C TeueHHeM
BpemeHH (Ha 90-ii 1 180-1i AHM) CTasa yMeHbLIATbCS,
YTO CBfI3aHO, I10-BU/IUMOMY, CO CHYDKEHHEM aKTUBHOCTH
ki1eTok CB®, KOTOpBIe B yCIOBUAX TUITOKCUNA MOTYT
COXPaHATb CBOIO aKTUBHOCTS /10 3 Hele/Ib U 3allyCcKaTh
TMPOLIECCHI pereHeparyiy y>ke uepes 3 JHs [TOCJIe [poBe-
nenust iunocdumuara [12]. TTogoOHbIe U3MeHeHHsT HO-
B00OPa30BaHHOM KMPOBOM K/IeTUATKH Y KPBIC TIOMOTYT
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OOBSICHUTE UCC/Ie/IOBAHKS, HAaTlPaB/IeHHbIE Ha U3yUeHHe
arornTo3a Mocje ayToTpaHCIyiaHTayuy xwupa [13—-19].
B k/MHUUe Kol NpakTHKe MOHUMaHKe 3TUX MeXaHW3-
MOB ITOMOYXeT HaTH METOMKY COXPaHeHHUsI 00beMOB
WUMIIAaHTHPOBAHHOTO U HOBOOOPA30BaHHOTO KHpa.

BbiBogbl

Ha ocHOBaHMY MO/TyUeHHBIX pe3y/bTaToB OYeBU/-
HO, YTO TpPaHCIJIaHTaLMs COJIUAHOTO TpadTa uepes
3 Mecsilia MPOBOLMPYET CTUMYJISL[MIO0 00pa3oBaHUs
TIOJIKO’KHO->)KUPOBOM K/IeTUaTKH B MeCTe ero BBe/IeHUs,
C BBICOKOUM aKTUBHOCTBIO 3KCIIpeccuu Oeska Ki-67
KJ/IeTKaMU B caMOM >XMpoBoM rpadre. [Ipu ayToTpaH-
CIJIAaHTAL|M{ >)KUPOBBIX rpaTOB MeJIKOro pasMepa
(1x2x1 MM) ¥ TOMOTE€HU3HMPOBAHHOTO >XHpa yepe3 30
1 90 gHell 0TMeyaeTCsl IpopacTaHve COeJUHUTe/TbHO-
TKaHHBIX TsDKel, cogepxaiux Ki-67-mo3uTuBHbIe
KJIETKA ¥ KPOBEHOCHBIe coCy/bl. Pa3nnuHelii pasmep
a[TIOLMTOB TPY JaHHBIX METOJax TPaHCIJIaHTaLN
KOCBEHHO CBU/IETe/IbCTBYET O Pa3HbIX CTaIUsAX UX POCTa
Y U@ pepeHLMPOBKHU.

Pasmep >xrpoBoro rpagra HarpsiMyro OKa3blBaeT
BAIMSTHUE Ha 3Kcripeccuto benka Ki-67 B kieTkax ay-
TOTPaHCIIJIaHTaTOB. BBe/leHre roMOreHM3MpOBaHHOIO
JKUpa MPOBOLIMPYET HAaUMEHBIIYI0 aKTUBHOCTD 3KC-
nipeccuu Gesika Ki-67 Ha Bcex Ccpokax 10 CpaBHEHHIO
C COMMJHBIM U U3MeJIBYeHHbIMU XKUPOBBIMU IpaTaMu.
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Highly differentiated cells in the therapy
of acute respiratory distress syndrome
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Abstract. Relevance. Acute respiratory distress syndrome (ARDS) is a severe, life-threatening form of acute lung injury
with a high mortality rate. In severe cases, pathological changes extend to the systemic level and manifest as cytokine storm
syndrome. The lack of effective treatment options underscores the importance of exploring therapeutic approaches, including
cell therapy. Interest in this treatment option increased during the SARS-CoV-2 pandemic, as evidenced by the numerous clinical
trials registered for the use of cell preparations to treat ARDS. The aim of the study: Thus, this review summarizes preclinical and
clinical studies on using highly differentiated cells, including immune system cells, to treat ARDS. To this end, we will describe
key points in the pathogenesis of ARDS, including etiologic subtypes and stages, as well as the key cells involved and the results
of their use in ARDS therapy. This review highlights the potential of using alveolar cells type 1 and type 2, as well as epithelial
cells, for rapid lung regeneration after ARDS. Currently, there are no data describing the use of neutrophils, which trigger primary
pathological changes in the lungs, for ARDS treatment. The use of macrophages, which play a key role in ARDS pathogenesis,
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is limited by their ability to quickly repolarize. Natural killer cells (NK cells), regulatory T cells (Tregs), and invariant natural
killer T (iNKT cells) have shown high efficacy in treating ARDS in preclinical and clinical studies. Conclusion. Thus, using NK
cells, Tregs, and iNKT cells for ARDS cell therapy seems promising. However, the lack of standardized protocols for preparing
and administering cell therapies, as well as small sample sizes, indicate the need for additional studies.

Keywords: ARDS, cell therapy, macrophage, iNKT cells, Treg, neutrophils, clinical trials
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Introduction

Acute respiratory distress syndrome (ARDS)
is a critical form of acute lung injury (ALI). It is
characterized by impaired gas exchange and reduced lung
compliance [1]. According to the Berlin definition, ARDS
requires meeting three key criteria. These include an acute
onset, bilateral pulmonary infiltrates on imaging (chest
X-ray or computer tomography) not caused by cardiac
failure, and a PaO /FiO, ratio of less than 300 mmHg [2].
The mortality rate in ARDS varies depending on disease
severity and population, with a reported weighted pooled
mortality of approximately 40% [3].

Current management of ARDS is primarily
supportive, aiming to sustain vital organ function
while the lungs heal. The cornerstone of this approach
is lung-protective ventilation, which minimizes
further ventilator-induced lung injury. Adjunctive

234

strategies include prone positioning to improve
oxygenation, careful sedation, and fluid balance
management, often utilizing diuretics. In the most
severe cases, extracorporeal membrane oxygenation
(ECMO) serves as a salvage therapy to provide gas
exchange directly [4]. The lack of treatments that
directly address the underlying pathophysiology of
ARDS has significantly intensified the search for
new disease-modifying interventions. Cell therapy
has emerged as a particularly promising avenue,
supported by its established therapeutic role in a variety
of conditions, from accelerating wound healing to
treating neurodegenerative diseases. Since the first
FDA-approved cell therapy product in 2010 [5], the
field of advanced treatments has rapidly evolved, with
over 30 gene and cell therapies currently approved [6],
including the landmark 2023 approval of the first
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CRISPR/Cas-based treatment for sickle cell disease [7].
However, this remarkable innovation and the growing
complexity of therapy have simultaneously raised
significant concerns about prohibitive costs and the
difficulty of ensuring equitable patient access to
treatment [8].

Although “cell therapy” is often equated with
mesenchymal stem cells (MSCs)—valued for
their multipotency, availability, and suitability for
allogeneic use — advances in biotechnology now
enable the application of more differentiated cell types.
Additionally, strategies aiming to modulate specific
pathogenic cell populations in situ represent a growing
direction in ARDS treatment.

Thus, the objective of this review is to synthesize
recent findings on ARDS pathogenesis, with a focus on
alterations in immune cell populations, and to evaluate
their translational potential for novel therapeutic
interventions.

Key points of acute respiratory distress
syndrome pathogenesis

In the previous reviews, the pathogenesis of ARDS
was revealed in detail [9]. We highlighted key points in
the pathogenesis of ARDS and some interesting facts
necessary to understand the points of impact for the
use of immune cells in the therapy of this condition.

Etiological subtypes of ARDS

A key feature of ARDS is its polyetiological nature.
Its primary risk factors are categorized into two distinct
groups. The first group involves direct lung injury,
leading to pulmonary ARDS. This includes etiologies
such as aspiration, inhalation of toxic substances,
pulmonary infection, and blunt chest trauma [10]. The
second group encompasses indirect lung injuries that
originate outside the lungs, causing extrapulmonary
ARDS. Examples are shock, sepsis, trauma, major
hemorrhage, blood transfusions, poisoning, and
cardiopulmonary bypass. These two etiological subtypes
lead to divergent pathophysiological and histological
changes [11]. In pulmonary ARDS, direct damage to the
bronchial and alveolar epithelium occurs. This damage,
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resulting from factors like infection or contusion, leads
to bronchial obstruction, atelectasis, and alveolar edema.
Histologically, alveolar edema and intra-alveolar fibrin
deposition are predominant features. Advanced stages
are further characterized by significant collagen fiber
formation and the presence of apoptotic neutrophils.
Single-cell sequencing analyses reveal that pulmonary
ARDS lung tissue contains elevated levels of B cells,
neutrophils, and T helper (Th) cells. Conversely,
it shows relatively lower counts of basophils,
macrophages, monocytes, and dendritic cells compared
to the extrapulmonary subtype [12]. In the second case,
the initial insult is systemic, leading to damage of the
pulmonary capillary endothelium. This injury triggers
metabolic and structural alterations, which increase
the permeability of the alveolar-capillary barrier.
Consequently, plasma and blood cells extravasate into
the lung interstitium, causing a pronounced thickening
of the interalveolar septa. The resulting pathological
pattern in the lungs is more diffuse than in pulmonary
ARDS and is predominantly characterized by alveolar
collapse rather than consolidation.

Stages of the acute respiratory distress syndrome

The course of ARDS includes three sequential
phases: exudative, proliferative, and fibrotic [13].
The exudative phase begins with activation of
innate immunity via Toll-like receptors on alveolar
macrophages and epithelium. This triggers the
recruitment of neutrophils and their formation of
neutrophil extracellular traps (NETs). Simultaneously,
levels of thrombin, TNF-a, and VEGF increase,
destabilizing the endothelial VE-cadherin and epithelial
E-cadherin junctions. This leads to disruption of the
alveolar-capillary barrier, impaired fluid clearance, and
the development of alveolar oedema, which defines
this stage.

The proliferative phase focuses on inflammation
resolution through three key processes: epithelial barrier
repair, clearance of inflammatory cells, and restoration
of alveolar fluid homeostasis. This stage involves
proliferation of type II alveolar cells, fibroblasts, and
myofibroblasts. Disease progression can then follow
one of two paths. The first, favourable pathway leads to
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normalized gas exchange via alveolar cell regeneration.
The second, less favourable pathway involves fibroblast
invasion into alveolar spaces through breaches in the
basal lamina [14]. During this remodelling, hyaline
membranes are cleared by macrophage phagocytosis
or become infiltrated by fibroblasts. The interstitial
space, rich in collagen and elastic fibers, hosts interstitial
fibroblasts (IFs). Buechler et al. categorizes fibroblasts
across organs into two principal subtypes: universal and
specialized, the latter existing in either a steady-state or
activated (perturbed) form [15]. Close crosstalk between
alveolar macrophages (AMs) and IFs is essential for
regulating extracellular matrix remodelling and driving
fibroblast activation into contractile myofibroblasts,
a process relevant in both health and disease [16, 17].

The final, fibrotic phase is marked by chronic
scarring and vascular occlusion. As ARDS is a systemic
condition, pulmonary recovery is contingent on overall
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clinical improvement. Activated fibroblasts proliferate
and deposit collagen types I and III, forming fibrotic
foci that lead to either slowly resolving or permanent
architectural distortion. Notably, in influenza-associated
ARDS, the fibroblast secretome can shift; for instance,
production of ADAMTS4 protease by activated
fibroblasts correlates with severe disease and increased
mortality [18].

The main stages of ARDS pathogenesis are
summarized in Figure.

In healthy lungs, endothelial and alveolar epithelial
integrity is mediated by vascular endothelial cadherin
(VE-cadherin) and E-cadherin respectively. Type I
and type II alveolar epithelial cells are involved in
maintaining an osmotic gradient for the removal of fluid
from the alveoli into the interstitium of the lung. A key
component necessary for the creation of the osmotic
gradient is the sodium channel (ENaC). Initially, there

Pathogenesis of Acute respiratory distress syndrome. AT1 — type | alveolar cells, AT2 — type Il alveolar cells, AM — alveolar
macrophages, ACB — alveolar-capillary barrier, NF — neutrophils, RBC —red blood cells, FB — fibroblasts, |IE — interstitial edema
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is activation of the innate immune system via Toll-
like receptors on pulmonary epithelium and alveolar
macrophages. Recruitment of neutrophils to the lungs
occurs and NETs are formed. Thrombin, tumor necrosis
factor-a (TNF-a), and vascular endothelial growth
factor (VEGF) are increased, leading to destabilization
of VE-cadherin bonds. Neutrophils migrating to the
focus of inflammation cause damage to the epithelium.
Simultaneously with the disruption of the alveolar-
capillary barrier, alveolar fluid clearance is impaired.
As aresult, the formation of pulmonary oedema occurs.
Therefore, the first stage of the disease is called the
exudative stage. Resolution of inflammation requires
restoration of the alveolar epithelial barrier, removal
of inflammatory cells and restoration of alveolar
fluid clearance. Type II alveolar cells, fibroblast and
myofibroblasts proliferate in this phase. The proliferative
phase transitions smoothly into the fibrotic phase.
There is an accumulation of collagen and fibrin with
subsequent occlusion of vessels and loss of alveoli of
their functions.

Key cells involved in acute respiratory
distress syndrome pathogenesis
and approaches to treating based
on targeting these cells
The alveolar-capillary barrier, consisting of
endothelial cells, type I alveolar epithelial cells (AEC1),
type II alveolar epithelial cells (AEC2) and basement
membranes, takes the main blow in developing ARDS.
In addition, both innate (macrophages, neutrophils)
and adaptive (T and B lymphocytes) immune cells
are actively involved in the pathogenesis of ARDS.
Currently, all of the cell types described are under close
research scrutiny. The data obtained can be used both
to deepen knowledge of the pathogenesis of ARDS
and to develop new approaches to its therapy based
on their use.

Endothelial cells
In physiological conditions endothelial cells (EC)
are known to regulate the balance between the
processes of coagulation and fibrinolysis. Normally,
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they inhibit coagulation by binding antithrombin III
on the endothelial surface, endothelial production of
tissue factor pathway inhibitor (TFPI), expression
of thrombomodulin, activation of protein C and
production of tissue plasminogen activator (t-PA) [19].
In inflammatory diseases, including ARDS, endothelial
anticoagulant function is impaired by NF-kB-dependent
mechanisms. It was experimentally shown that inhibition
of NF-kB in the endothelium leads to increased barrier
function of the vascular wall, decreased neutrophil
infiltration in the lungs, liver, kidneys, heart and small
intestine, as well as decreased thrombin-antithrombin
complexes in the blood [20]. The glycocalyx of the
endothelial lining, composed of glycosaminoglycans,
proteoglycans, and glycoproteins, plays an important
role in maintaining barrier function. Disruption of
the glycocalyx leads to NO release, vasodilation, and
increased vascular permeability [21]. In experimental
models of LPS-induced endotoxemia and in patients
with SARS-CoV-2, a thinning of the glycocalyx on the
surface of the endothelium of pulmonary capillaries
was observed. This facilitates the interaction of
neutrophils with adhesion molecules on EC, their rolling
and edge-standing [22]. Vascular endothelial cells of
alveolar capillaries can be involved in regenerative
processes. In [23] it was shown that the alveolar
capillary endothelium, like the alveolar epithelium,
consists of two intermixed cell types. The first cell type
is the “aerocytes”. It is specialized for gas exchange
and leukocyte transport and is unique to the lung. The
other cell type, termed gCap (“general” capillary), is
specialized to regulate vasomotor tone. It functions
as a stem/progenitor cell in capillary homeostasis and
repair. Aerocytes (aCap) may be particularly important in
lung injury because they are the likely site of leukocyte
trafficking, which is primarily a capillary function in
the lung [24]. They specifically express adhesion and
leukocyte sequestering genes. gCap cells function as
specialized stem/progenitor cells that replenish the
alveolar capillary endothelium during maintenance and
repair. gCap cells express genes encoding MHC class
IT components, suggesting that they present antigens.
In addition, gCap cells express a vasoconstrictor
(Edn1) that can signal to the endothelin type A receptor
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(Ednra) on pericytes; they also express endothelial nitric
oxide synthase (Nos3) and prostaglandin 12 synthase
(Ptgis), making them a source of vasodilators. In the
experimental model of ARDS, robust apelin expression
has been demonstrated in gCap, stem-like ECs that give
rise to apelin receptor-positive, highly proliferative
progenitor cells responsible for replenishing all depleted
endothelial cell pools, including aCap that rebuild the
air-blood barrier [25]. Other work [26] has identified
macrovascular endothelium (maECs), microvascular
endothelium (miECs), and a novel population of
Car4-high ECs in the mouse lung. Car4-high ECs
express a unique gene signature and ligand-receptor
analysis indicates that they are primed to receive
reparative signals from alveolar type I cells. After
acute lung injury, they are preferentially localized in
regenerating regions of the alveolus. Influenza infection
reveals the emergence of a population of highly
proliferative ECs, likely derived from multiple miEC
populations, that contribute to alveolar revascularization
after injury. These findings highlight the critical role of
ECs cells in the regenerative process in ARDS mediating
lung microvascular repair and provide insights for the
development of novel regenerative strategies for the
treatment of ALI and ARDS.

Type I alveolar epithelial cells

Alveolar epithelial cells (AEC1 or AT I) are large
flat cells that cover more than 95% of the alveolar
surface area and promote efficient gas exchange [27].
In healthy lung this cells maintain fluid and ion balance
by expression aquaporin-5 (AQP5), which is crucial for
water movement across the lung epithelium, helping
maintain the optimal amount of alveolar lining fluid and
amiloride-sensitive epithelial sodium channel (ENaC)
and various potassium channels, which help regulate
ion fluxes and maintain the electrochemical gradient
necessary for fluid balance [28, 29]. They express
receptors like TLR4 and RAGE, which can initiate
inflammatory responses upon sensing microbial
products [27]. Emerging evidence suggests that AEC1
cells are involved in protein transport and translocation
via transcytosis, contributing to the regulation of
macromolecules across the alveolar epithelium. The
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potency of this cell type in the therapy of ARDS remains
to be explored.

Type II Alveolar Epithelial Cells (AEC2 or AT II)

The main functions of AEC2 in healthy lungs are
surfactant production, secretion, and regeneration of
alveolar epithelium [30]. It is shown that in humans, cell
trapping in the transition state leads to the development
of fibrosis. AEC2 cells regulate the immune response
by synthesizing surfactant and other anti-inflammatory
proteins and lipids as stated above. These cells help
repair damaged lung tissue, rapidly proliferating and
differentiating into AEC1 cells after epithelial cell injury.
Therapy with freshly isolated enriched fraction of AEC2
cells from HCI-LPS-induced ARDS rats led to the effects
similar to MSC therapy. A significant decrease in total
protein and IgM in bronchoalveolar lavage (BAL) was
shown, indicating a decrease in epithelial permeability.
The results of counting the number of neutrophils in
BAL fluid and myeloperoxidase (MPO) activity showed
a decrease both during treatment with MSCs and during
treatment with AEC2 cells. Thus, it can be assumed that
AEC2 therapy has great potential [31].

Neutrophils

Normally, neutrophils are located in the lung
microvasculature beyond the airspaces [10]. This pool
of lung neutrophils exists in a dynamic equilibrium with
circulating neutrophils, allowing for rapid response to
infections or other stimuli [32]. The proinflammatory
environment that forms in the alveoli during the
development of ARDS promotes the recruitment of
neutrophils. Here, neutrophils are activated and release
reactive oxygen species, proteases, and proinflammatory
lipid mediators such as prostaglandins and leukotrienes
[33]. It is shown that in sepsis, a common complication
of which is ARDS, neutrophils are marginalized in
capillaries due to increased expression of adhesion
factors — E-selectin, ICAM-1 and V-CAM-1 —on
endothelial cells. Adhesion of activated neutrophils
to the vascular wall and their transmigration into
tissues leads to further activation of endothelial cells,
completing the “vicious circle” [34]. As a result, exudate
penetrates the pulmonary parenchyma and alveolar
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airspace. Gas exchange is disrupted and hypoxia
occurs [35]. In the sheep model of ARDS, it was shown
that alteration of perfusion mechanisms leads to an
increase in dead space, an early marker of mortalit [36].
Formation of NETs is another antimicrobial defense
mechanism, hyperactivation of which can lead to tissue
damage. NETs are composed of DNA, histones, and
proteases and, when released into the airspace during
the development of ARDS, can increase inflammation
by activating the NRLP3 inflammasome, which
initiates localized release of interleukin-1-f3 and
interleukin-18 [37]. NETs hyperactivation can also
promote thrombosis.

Thus, excessive neutrophil recruitment and their
hyperactivation at the site of inflammation lead to
tissue damage and progressing ARDS. Targeting
these processes can be used as an approach to the
therapy of ARDS. Molecules of most interest are
chemokine receptor antagonists such as CXCR2 or
CXCRA4, the inhibition of which reduces neutrophil
infiltration into the lung, and antibodies against
CD11b/CD18 or ICAM-1 integrins, which limit the
interaction of neutrophils with the endothelium [38—40].
The following approaches may lead to suppression
of neutrophil hyperactivation: use of neutrophil
elastase (NE) inhibitors (e.g., sivelestat), which reduce
protease-mediated lung and alveolar damage, the use
of NADPH-oxidase (NOX) inhibitors that reduce the
production of reactive oxygen species (ROS) thus
limiting oxidative stress in the lungs in ARDS and
phosphodiesterase (PDE) inhibitors (e.g., pentoxifylline)
that attenuate proinflammatory cytokine release and
neutrophil priming [41]. The latter has even been the
subject of a clinical trial. Undoubtedly, suppression of
excess NETs formation is also an approach to therapy of
ARDS DNase I degrades NET DNA, reducing alveolar
obstruction and inflammation. Inhibitors of peptidyl
arginine deiminase 4 (PAD4) which is a transcriptional
coregulator and catalyzing the conversion of histone
H3 arginine residues to citrulline residues prevent NET
formation by inhibiting histone citrullination [42].
Considering the therapy of ARDS from the point of
view of neutrophils represents a great opportunity and
shows positi ve results, but a great limitation is the
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need for action in the early stages of the disease, when
neutrophils are particularly active [43, 44].

Macrophages

Normally, AM in the lung have an anti-inflammatory
phenotype, whereas macrophages recruited from blood
monocytes have a pro-inflammatory phenotype [45, 46].
The outcome of ARDS is determined by the balance of
pro- and anti-inflammatory macrophages [35]. In the
exudative phase, cytokines and other proinflammatory
substances are released in response to inflammation,
which activate resident AM and circulating neutrophils.
In this stage, proinflammatory macrophages dominate
under anti-inflammatory cells. Activation of macrophage
pattern- recognising receptors leads to the formation
of an inflammasome in which caspase-1 promotes the
maturation of interleukin (IL) 1 and IL18 [47]. Disease
progression can be severe if the maturation process
of the inflammasome is disrupted [48]. CXCLS8, also
known as IL8, secreted by macrophages and endothelial
cells during the development of inflammation,
leads to the recruitment of neutrophils to the site of
inflammation [49]. In the proliferative phase of ARDS
pro-inflammatory macrophages are succeeded by anti-
inflomatory macrophages which remove cellular debris
and release anti-inflammatory cytokines. It was shown
that defective efferocytosis can lead to the prolonged
inflammation observed in ARDS. Fine regulation of the
macrophage’s ratio in the last stage of the disease is
essential for a favorable outcome at the fibrotic phase
since high M2 activity can lead to fibrosis [35].

Given the peculiarities of ARDS and the potential
role of macrophages in this process, it is reasonable to
speculate that targeting macrophage phenotypes in an
anti-inflammatory manner may improve the outcome
or alleviate the course of the disease. To date, there are
no reported clinical studies using adoptive macrophage
transfer. In Kosyreva’s pilot study in a mouse model
of LPS-induced ARDS, infusion of chemically
M2-polarized RAW 264.7 macrophages was shown
to promote the movement of lymphocytes from their
depots in immune organs to the lungs, as well as to
reduce the pro-inflammatory marker CD38 in the lungs
and to express the anti-inflammatory markers Argl,
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Vegfa and Tgfb. However, treatment of ARDS with
M2-polarized macrophages did not change the number
of neutrophils in the lungs, and Arg1 protein levels in
the lungs decreased throughout the treatment period,
suggesting the need for other polarization approaches
to use macrophages as a therapeutic agent [50].

The use of genome modification strategies is of
great interest in this case, for example, due to the
possibility of creating cells that express a specific
protein, as was shown in the work of Huiying Liu. In
a mouse model of LPS-induced ARDS, the authors
demonstrated a therapeutic effect and reduced mortality
when using macrophages with stable expression of
IL4 [51].

To date, one work has been presented on the use
of Crispr/Cas technology to obtain anti-inflammatory
macrophages [49]. Chi Liang and colleagues used
electroporation to knock out tumor necrosis factor
receptor 1 (TNFR1) and overexpress IL-4 using
Cas9-ribonuclear proteins (Cas9-RNP). In a rat model
of osteoarthritis, compared with macrophages and
M2 exosomes, L.—M2a macrophages demonstrated
significantly better therapeutic effects, successfully
resolving inflammation, restoring tissue homeostasis,
and promoting cartilage regeneration [52].

An interesting approach using M2 macrophage-
derived nanovesicles and lung-targeting liposomes
coupled to fabricate hybrid liposomes-nano-
vesicles (LNVs) was proposed by researchers from
China [53]. In a mouse model of ARDS, they showed
that the integrated nanosystems lead to a reduction of
inflammation through decreased inflammatory cell
infiltration, curbed cytokine storms, and alleviation of
oxidative stress.

The use of macrophages in cell therapy, including
ARDS, has great potential. However, the ability to
change phenotype depending on the microenvironment
creates difficulties in their use in clinical practice and
the long-term effects of genetically modified cells have
not been studied. It should be noted that the use of
these cells is limited by the relative complexity of their
isolation and expansion, especially n humans. These
limitations have favoured the study of macrophages
as cellular drug targets for improving the outcome
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of ARDS. Potential drugs and targets are shown to
reduce AM pyroptosis. The phytogromone Abscisic
acid [54], a natural polysaccharide derived from the East
Asian terrestrial orchid Bletilla striata (BSP), and the
antioxidant luteolin contribute to the reduction of AM
pyroptosis and a more favorable disease outcome [55,
56]. Among substances of non-plant origin, Dynasore
(inhibits GTPase activity) has shown efficacy in
reducing pyroptosis [54]. A transcription factor that
is comprehensively involved in inflammation Basic
helix-loop-helix family member e40 (Bhlhe40) has
been shown to be a macrophage target that improves
outcomes of ARDS [57].

NK cells

NK cells or granular lymphocytes play a crucial role
in linking innate and adaptive immune system activity
[58]. Lung NK cells are generally thought to originate
and develop in the bone marrow, and then migrate to
the lungs. In human lungs, NK cells, accounting for
about 10-20% of the lymphocytes, are located in the
parenchyma and are not detected outside of it. NK
cells are categorized based on the level of expression
of CD56 (bright (br) and dim) and CD16 and include
two broad subsets: CD56br/dimCD16—and CD56dim
CD16+. CD16-NK cells are less differentiated and have
low cytolytic ability, but produce greater amounts of
IFN-y and TNFa than their CD16+ counterparts [59].
Conversely, CD16+ NK cells are more differentiated
and has high cytolytic activity. Human lung NK
cells are mostly composed of the CD56dimCD16+
subset. Despite the well-differentiated phenotype, both
human and mouse lung NK cells are hypofunctional in
homeostasis. Human lung NK cells are hyporesponsive
to stimulation by target cells (irrespective of priming
with IFN-a) compared with peripheral blood NK
cells. This may be caused by suppressive effects
of alveolar macrophages and soluble factors in the
epithelial lining fluid of the lower respiratory tract
[60]. NK cells are cytotoxic, but do not carry a lineage-
specific receptor like T and B lymphocytes. NK cells
recognize virus-infected or tumorigenic cells without
the presence of antibodies or major histocompatibility
complexes (MHC).
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The use of NK cells as a cell therapy for ARDS
was extensively studied in relation to Covid19 because
they play an important role in the pathogenesis of
Covid-associated ARDS due to the ability of activating
receptors, such as NKG2D, to exhibit antiviral activity.
There are 17 registered studies devoted to their use
in Covid-19 [61]. NK cells’ plasticity is provided by
activating and inhibitory receptors on their surface.
Killer Ig-like receptors (KIR) genotype has been shown
to influence recovery from COVID-19 [62]. NK cells
play a significant role in the pathogenesis of ARDS by
promoting neutrophil recruitment through the regulation
of CXCR2+, CCL2 u CCL7 [63,64]. It has been shown
that NK cells and CD4 T cells were reduced in ARDS
patients.

The advantages of NK-cell therapy include
the absence of the risk of graft-versus-host disease
(GVHD) or cytokine release syndrome, as well as direct
antiviral activity. A variety of approaches are being
developed for the use of NK in Covid19 therapy, from
infusions of activated NK cells to CAR-NK technology
(NCT04324996). Also, NK cells are administered both
as maintenance (NCT04280224) and as a stand-alone
therapeutic agent (NCT04900454) [65-68].

T Cells

T cells are cells of the adaptive immune system that
have a large number of subtypes differing by the type
of T cell receptor, coreceptor molecules, type of major
histocompatibility complex (MHC) molecule recognized
and, of course, by the production of effector molecules
[69]. T helper and T killer cells are distinguished based
on the expression of CD4 or CD8 coreceptor molecules.

Regulatory T cells

Regulatory T cells (Tregs) are the subtype of the
CD4 cells and play important role in lung homeostasis.
Tregs are mainly categorized into two groups, one is
natural Tregs (nTreg) which develop in thymus, the
other is named as induced Tregs (iTreg) which are
converted from naive CD4+ T cells and could be
generated both in vivo and in vitro [69]. Based on the
level of expression of Forkhead box P3 (Foxp3), Foxp3+
and Foxp3- populations are distinguished. FOXP3+
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Tregs are responsible for keeping immune tolerance,
which can prevent allergic and autoimmune diseases as
well as inhibit the anti-tumor or anti-pathogen immune
responses [70]. Treg cells exert immunosuppressive
effects by secreting anti-inflammatory cytokines such
as IL-10. Regulatory T-cells promote pulmonary
repair by modulating T helper cell immune responses
in lipopolysaccharide-induced acute respiratory
distress syndrome [71]. In a model of sepsis-induced
ARDS in PTENM-KO/B-cateninM-KO knockout
mice, the involvement of HMGB1/PTEN/[3-catenin
signaling in regulating Treg development in ARDS
was demonstrated [72]. The participation of Tregs in
the restoration of the lung epithelium was shown in
the work of Mock JR et al [73]. The close relationship
of immune system components in the pathogenesis
of ARDS was shown in the work of Cheng L et al.
IL-6 and IL-23 secreted from IL-33-activated DCs
leads to normalization of the Th17/Treg ratio [74].
Secreted phosphoprotein 1 (SPP1) increases the Th17/
Treg and M1/M2 ratios by suppressing VHL expression
and ubiquitination-dependent degradation of HIF-1q,
thereby exacerbating ARDS [75].

In ARDS Tregs play a crucial role in controlling
the immune response; they maintain the physiological
level of other immune cells activation, proliferation and
function thus ensuring autotolerance and balance of the
whole immune system [76]. In severe cases of ARDS,
CD4+ T cells may become exhausted due to chronic
stimulation by persistent inflammatory signals. This
exhaustion leads to impaired immune responses and
increased susceptibility to secondary infections, further
complicating the clinical course of ARDS. Adoptive
transfer of CD4+CD25+Foxp3+ Tregs to LPS —
induced Rag1-deficient (Rag1-/-) mice model with loss
of functional activity of B and T lymphocytes resulted
in decreased levels of pro-inflammatory cytokines and
increased levels of TGF-beta [77]. These data formed
the basis of the treatment strategy for two patients with
COVID-19 — associated ARDS [78]. Patients with
severe disease were administered 1x108 allogenic
Tregs derived from cord blood per dose intravenously
two or three times. After a few days of administration,
a decrease in the level of inflammatory markers was
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noted [78]. This study was further developed with
the support of Cellenkos, Inc. A randomized, placebo
controlled, multi-center trial was conducted with the
participation of 45 patients who received different doses
of allogeneic Tregs three times (NCT04468971). The
absence of negative effects from the administration of
non-HLA-matched cells and the effectiveness of therapy,
expressed in the absence of the need for intubation after
28 days from the administration of the first dose of the
drug, were shown [79, 80].

Natural killer T

Natural killer T (NKT) cells are innate-like T
lymphocytes that share surface markers and functional
characteristics with both NK cells and T cells. Invariant
natural killer T (iNKT) cells are a unique subset
of T cells with a3 T-cell receptor and cell surface
molecules similar to ones on NK cells. Unlike other
T cells, they recognize glycolipid antigens presented
by CD1d [81]. Shortly upon activation, iNKT cells
can rapidly secrete abundant amounts of cytokines,
predominantly IFN-y and IL.4, which allows them
to activate or regulate other immune cells, such as
dendritic cells, B cells, NK cells, CD8+T cells, and
CD4+T helper cells, through cytokine stimulation or
cognate interaction. In the lungs iNKT-cells make
up 5-10% of all lymphocytes and inhabit interstitial
space and the vasculature [82]. In ARDS patients,
the peripheral blood NKT cell fraction was reduced
(median 0.02% versus 0.05% in controls) while
activation marker CD69 was elevated (median 25.4%
versus 9.55%) along with IL-17 production (median
24.1% versus 3.50%). Moreover, bronchoalveolar
lavage fluid contained a higher NKT cell count than
blood and was associated with proinflammatory
cytokine release and enhanced extracellular matrix
protein expression. Activation of the IL-33/ST2 axis in
ARDS models leads to recruitment of iNKT cells, and
blockade of the CD1d pathway reduces inflammation
and injury. Clinical data show negative associations
between NKT cell reduction and both the PaO2/FiO2
ratio and albumin levels, and a positive association
with C-reactive protein. Park et al. found that NKT
induced IL-17 production by NKT cells from ARDS
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patients, which could stimulate neutrophil recruitment
and tissue damage, as well as ECM protein expression
in fibroblasts, potentially contributing to fibrosis in
later stages of ARDS.

Adoptive transfer of allogenic iNKT, named
‘agenT-797’, at different doses was used in an open-
label clinical trial (NCT04582201) for Covid19
treatment and showed positive results. Safety of
HLA-mismatched cells has been demonstrated in this
research. Administration of ‘agenT-797’ resulted in
increased levels of IL-1RA and decreased levels of
proinflammatory cytokines. A high 30-day survival
rate was shown (70% versus 10% in the control group)
[83]. A limitation of the study is the small sample size.
Also, its results cannot be easily extrapolated to ARDS
caused by causes other than COVID-19.

The use of iNKT cells for the treatment of
ARDS is limited by the high probability of fibrosis
and inhibition of the functional activity of cells by
a highly proinflammatory environment in the lungs
in ARDS.

B cells

B cells are found in inducible bronchoassociated
lymphoid tissue (iBALT) in the lungs. iBALT is
a poorly organized, poorly expressed aggregate of
lymphoid cells that develops rapidly in response to
infection, chronic inflammation, or autoimmunity.
The main functions of B cells in lungs are lung-
specific immunity and tolerance. ARDS leds to
imbalance in B cells which is confirmed by the
results of single cell RNA-sequencing performed by
Dan He and colleges. At the same time, high level
of B cells correlated with a favourable prognosis.
Zhun Sun and colleagues have shown an important
anti-inflammatory role of B Cells in ARDS [84]. In
a mouse model of LPS-induced ARDS, it was shown
that IL-10 is produced predominantly by B cells during
the recovery process after ALI. Mechanically, IL-10
produced by B cells suppresses the activation and
recruitment of macrophages and reduces the production
of keratinocyte chemoattractant (CXCL-1), which
recruits neutrophils to the lungs. The presence of
IL-10-producing B cells shortly after ARDS onset
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has been associated with better survival rates. It can be
suggested that the use of adoptive transfer of B cells
highly expressing IL 10 is a potential cell therapeutic
drug.

Key immune cells involved in ARDS pathogenesis
and their potential use for treatment this pathology
summarize in Table.

Conclusion

Due to the heterogeneity of its pathogenesis,
ARDS requires an individualized treatment approach.
Cell therapy may be a promising treatment option, as
shown in preclinical studies. In addition to stem cells,
which have been shown to be safe in many studies,
therapy using highly differentiated immune cells or
aimed at altering their functional properties in vivo
has great therapeutic potential in the resolution of
ARDS. Genetic modification techniques open new
horizons in the possibility of increasing the therapeutic
efficacy when using cells in the treatment of ARDS.
However, many aspects of cell therapy applications

remain controversial, such as standardization of cell
product preparation and processing, dose and number
of administrations, etc., and multicenter studies are
needed to improve the validity of preclinical results.
Nevertheless, this review shows that both in vivo
adoptive transfer of immune cells and in vivo targeting
of immune cells have great potential in the field of
ARDS therapy.
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! HarpioHa IbHBIN MeAWLIMHCKUI UCC/Ie0BaTe/TbCKUN LIEHTP aKyllepCcTBa, THHEKO/IOTHH Y TIePUHATOIOTUA UMEHH aKa/leMUKa
B.U. Kynakoga, 2. Mockea, Poccutickass @edepayust
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LIeHTP XUPYPryuu nMeHu akaiemuka b.B. IlerpoBckoro, e. Mockea, Pocculickasi @edepayus
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AnHoTanua. AkmyanbHocmb. OCTPBIN pecriipaTopHslil auctpecc-cuHgpoM (OPZIC) — 3To TsKenasi, yrpoyKarorasi >KU3HU
¢opmMa oCTporo rnopakeHust JIerKuX C BLICOKMM YPOBHEM CMEPTHOCTU. B TshKenbIX cydasix maTosioruueckrie U3MeHeHus! pac-
TIPOCTPAaHSIIOTCS HA CUCTEMHBIN YPOBEHb M IPOSIB/ISIFOTCS B BUJe CUH/IPOMA LIUTOKWHOBOIO ITopMa. OTCyTCTBHE 3P (eKTUBHBIX
BapUaHTOB JieyeHUs! NI0/{uepKUBaeT B&XKHOCTh M3yUyeHus! TepareBTHUeCKUX MOAXO0/0B, BK/I0Yas KIeTOYHYO Tepamnuio. FIHTepec
K 3TOMY BapHaHTY JiedeHus BO3pOC BO BpeMs naHgeMur SARS-CoV-2, 0 ueM CcBU/eTe/IbCTBYHOT MHOTOUMC/IEHHBIe KITMHUYeCKUe
WCCJIe[JOBaHNs, 3aperCTPUPOBaHHbIe /151 UCII0/Ib30BaHMsl K/1eTOUHbIX IpernaparoB s eueHust OPIIC. Ilenbto nccneoBaHus
cTano 06001eHNe JOKIMHIYEeCKUX U KIMHUYeCKUX UCC/Ie0BaHMH 110 UCII0/Ib30BaHUIO BEICOKOM((hepeHL{MPOBaHHBIX K/IETOK,
BKJTFOUast KJIeTKM UIMMYHHOU crcteMbl, 115t tedeHust OP/JC. B pabore paccmoTpens! cragun pa3sutist OPZIC ¢ TOukM 3peHust
YUYaCTBYIOIIMX B HUX KJIETOK UMMYHHOM CHUCTeMBI, a TAK)Ke 3THO/I0TMUeCKre MOATUIIEL. OmnucaHbl CyIeCTBYIOLME Ha HAaCTOSLUN
MOMEHT JOKJIMHWYECKHE U KITWHUYECKHEe UCC/Ie0BaHUs UCTO/b30BaHUsl UMMYHHBIX K/1eToK B Tepanuu OPZIC. B 3Tom 0630pe
MOJYepKUBAeTCs MOTeHLMal UCTI0Ib30BaHus a/IbBeO/ISIPHBIX K/AeTOK 1-r0 U 2-ro TUIOB, a TaKKe SMUTe/IHUaIbHbIX KIeTOK /IS
ObICTpOI pereHepalyy jierkux nmocsie OPJC. B HacTosiIee BpeMsi OTCYTCTBYIOT JJaHHEIE, OITUCHIBAIOLIE TIPUMeHeHHe HeUTpo-
¢w10B, BBI3bIBAIOIIMX MTEPBUYHBIE 11aTOJIOTMYeCKe N3MeHeHHs B JIeTKuX, s gedeHust OPZIC. Vcronbp3oBaHre Makpogaros,
WTPaIOLVX KJIFOUEBYIO posib B riatoreHe3e OP/IC, orpaHiyeHo MX CIOCOOHOCTBIO K OBICTPOH perosisipu3aiui. EcTecTBeHHBIE
kieTku-Kuepsl (NK-knetkn), peryasropHsie T-kinetku (Treg) v MHBapraHTHBIE ecTeCTBeHHbIe KieTKu-kuyuiepbl (INKT-kneTku)
TI0Ka3aau BBICOKYHO 3¢ dekTrBHOCTE B eueHnn OPJC B JOKIMHAYECKUX U KIIMHUUeCKUX UCCIe0BaHUsAX. Bbigoobl. Takum
ob6pasom, ucronb3oBanue NK-knetok, Treg u iNKT-kneTtok fy1s1 KnetouHoit Teparuurt OP/IC npeicTaBnisieTcst epCreKTHBHBIM.
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Association of BAP1 polymorphisms with development
of uveal melanoma
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Abstract. Relevance. Uveal melanoma is a rare form of cancer that originates in the eye, most frequently arises in the
choroid (90%). BAP1 is a tumor suppressor gene, mutations in this gene were found in 40-84% of primary UM. Given many
investigators have proven the association of mutations in the BAP1 gene with UM. Aim: our study aims to figure out UM
associated polymorphisms by sequencing DNA in exon 10, exon 11, exon 15, exon 16, and exon 17 as well as to assess the role
of BRCA1 mutations in risk of UM development. Materials and Methods. A total of 95 individuals recruited in the study, out
of them 42 as a patient group, 23 as a risk group, and 30 as a control group. The target regions of BAP1 gene amplified by PCR
were sequenced by Sanger method and BRCA1 was genotyped by real-time PCR using commercially produced kits. Results and
Discussion. This study did not demonstrate presence of any polymorphisms in the sequenced regions of the BAP1 gene or the
genotyped specific BRCAL sites that are correlated with an increased risk of uveal melanoma development. Our findings do not
deny the published strong association between BAP1 inactivating mutations and the UM disease. This study’s findings instead
propose that within this targeted population, the molecular mechanisms for BAP1 loss-function may include aberrations other
than changes in the examined exons. Conclusion. Consequently, we recommend future research that includes sequencing the
entire BAP1 gene in larger sized samples and studying of other candidate genes.
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Introduction

Uveal melanoma (UM) is a rare and serious form
of cancer that arises from melanocytes of the uvea.
Uvea is the middle tissue layer in the wall of the eye,
which compresses the iris, ciliary body, and choroid.
It is molecularly distinct from cutaneous melanoma,
primarily due to a different pattern of driver mutations.
This subtype of melanoma is the most common primary
intraocular cancer in adults. Roughly 50% of all
UM patients will develop metastasis to other sites,
including the liver (most common site), the lungs, and
bones. The mean incidence rate of uveal melanoma is
approximately 5.0 cases per million people per year.
Males have a higher incidence rate of 5.9 per million in
comparison to females with an average incidence rate
of 4.5 per million [1]. Understanding UM aetiology
carries unique challenges in comparison to cutaneous
melanoma, which remains an area of active research.
The aetiology of uveal melanoma is influenced by many
factors that contribute to its development. Both genetic
and environmental factors are included in UM aetiology,
or can emerge from a complex interplay of genetic and
environmental factors [2—6]. Genetic contribution occurs
in approximately 80% of UM cases. A comprehensive
investigation of UM genomes has revealed a total of
130 genetic mutations. Somatic and germline mutations
in some genes; BAP1, GNAQ, GNA11, SF3B1, SRSF2,
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EIF1AX, PLCB4, CYSLTR2, and TERT, are being
notably recurrent UM and thought to play a critical role
in tumor initiation and progression [2, 3, 4]. Mutations
in the TP53 gene are a common cause of p53 disruption
in many cancers [7], but they occur only rarely in uveal
melanoma (UM), despite p53’s frequent involvement
in cancer overall [8]. Additionally, chromosomal
alterations are also significant in UM, where have been
found a loss of chromosome 3, its short arm or other
chromosomal regions, has been associated with a higher
risk of metastasizing UM [9, 10].

BAP1 refers to the BRCA1 associated protein-1 gene
located on chromosome 3 in the region p21.31-p21.2.
The gene codes for an enzyme that consists of 729
amino acids. BAP1 is a nuclear-localized protein that
belongs to the subfamily of deubiquitinase enzymes.
It contains a ubiquitin C-terminal hydrolase (UCH)
domain that gives it deubiquitinating activity involved
in removal of ubiquitin molecules from target proteins.
By removing ubiquitin tags, BAP1 can stabilize
targeted proteins and prevent their degradation by
the proteasome. Accordingly, BAP1 orchestrates the
stability and function of several proteins involved in
cell cycle control, DNA repair, transcription, tumor
suppression, and chromatin dynamics. Loss of BAP1
function can lead to genome instability and contribute
to the development of various malignancies [11,12].
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It has been found, BAP1 is deleted or mutated in
diverse human cancers and its re-expression reversed
their tumorigenicity. This is suggesting that BAP1
might function as a tumor suppressor protein that
prevents uncontrolled cell growth and division [11].
Therefore, the enzyme probably exerts its function by
tightly regulating various cellular processes through
deubiquitination of its substrates. The processes
regulated by BAP1 include; regulation of cell cycle,
transcription growth, and cellular differentiation. It also
responds to DNA damage and chromatin dynamics.

Three functional domains constitute BAP1 protein,
two binding domains and one catalytic domain. The
binding and catalytic domain (UCH) (approximately
amino acid residues 1-240) located at the N-terminal, is
responsible for binding to host cell factor-1 (HCF-1) and
functions as ubiquitin carboxy-terminal hydrolase. The
second domain (amino acid residues 182—365 encoded
by multiple exons including exon 10) is a binding
region also located at the N-terminal interacting with
BARD1 and UCH37-Like domain (ULD), reported that
a mutation in this region is associated with development
of cancer [13]. The third one is also a binding domain
(approximately amino acid residues 675-693 encoded
by exons 15,16,17) located at the C-terminal interacting
with BRCA1 and ASXL [14-16]. The BAP1 enzyme
enhances the BRCA1 tumor suppressor activity through
interaction with the RING finger domain of BRCA1
and BARD1 proteins and acts as a tumor suppressor
[11, 17]. BAP1 interacts with BARD1 to inactivate
the E3 ligase activity of BRCA1/BARDI1. The E3
ligase is responsible for the addition of ubiquitin to
specific proteins to regulate DNA repair, cell cycle,
and chromatin remodeling [17].

BAP1 with high affinity interacts directly with
ASXL1, ASXL2, and ASXL3 through the ASXH
domain. The BAP1 binding to ASXL proteins is to
form the active PR-DUB complex crucial for its proper
function of tumor suppression. The interaction of BAP1
with the DEUBAD domain of ASXL proteins through
the C-terminal ULD is mandatory for stimulating its
activity. Consequently, ASXL binding is significantly
enhancing BAP1 ability to deubiquitinate its main
substrate, histone H2A at lysine 119 in humans [18].
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It has been found that BAP1 promotes the ubiquitination
of ASXL2 to stabilize it, in turn which stimulates its
own deubiquitinase activity [19]. The deubiquitin
hydrolase activity of BAP1 is strongly stimulated
by the direct binding of the ASXL2 AB box to the
BAP1-ULD domain. This interaction is obligatory for
BAP1 enzymatic activity and that many BAP1 mutations
allosterically inhibit BAP1-ASXL2 binding [16].

The alteration in this gene takes a significant part
in various cancers, including uveal melanoma. As well
as BAP1 mutations are identified at low prevalence in
many cancer diseases including mesothelioma, bladder,
breast, pancreatic, and colorectal cancers [11]. Several
studies have reported that mutations in BAP1 gene are
strongly associated with poor prognosis and increased
risk of metastasis in UM patients [2—4, 12]. Somatic
BAP1 mutations were recognized in roughly 84% of
UM patients. Germline BAP1 mutations were found in
approximately 8% of metastatic tumors originated from
metastasizing uveal melanoma [10,11,20]. According to
statistical findings of published studies, human carriers
of inherited inactivated BAP1 gene are strongly at a high
risk of developing at least one and often many cancers,
in particular UM, during their lifetime. This guided to
infer that inherited BAP1-inactivating mutations have
a penetrance approaching 100% [11, 21].

In the context of significant predisposition of aberrant
BAP1 carriers to cancers in particular uveal melanoma,
the ongoing study aims to detect new polymorphisms in
the exome of BAP1 gene. Thereby, our study focused
on analysis of the sequence of coding regions including
the exons 10, 11, 15, 16, and 17 in the candidate BAP1
gene. The analysis of these regions may help recognize
any pathogenic or likely pathogenic variants might be
associated with a risk of developing uveal melanoma
among Russians. Giving that ASXL is essential for the
BAP1 ubiqutination activity, we have targeted these exons
to sequence since they encode the BAP1 domains that
bind to ASXL, BCRA1, and BARD1 proteins [13], this
interaction is verry essential for the tumor suppression
function of BAP1. Our expectation was that presence of
polymorphisms at these exons can fail the interaction of
BAP1 and ASXL and inhibits BAP1 activity. Additionally,
since BRCA1 functions together with the BAP1 to
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suppress tumor development, we genotyped the following
BRCA1 polymorphisms; 4153delA, 5382insC, 185delG,
3875del14, T300G, 2080delA (insA). The BRCA1
genotyping aimed to assess whether the chosen mutations
play roles in uveal melanoma formation. Recognition
of pathogenic or likely pathogenic variants associated
with a higher risk of developing uveal melanoma among
Russians may provide novel insights into predictive
biomarkers for diagnosis and managing hereditary UM
risks within families.

Materials and methods

Participants and samples

The participants were classified into three groups:
the case group consisted of 42 patients suffering
from UM and choroidal nevus, with the mean age of
56.3 +£9.8 years, the risk group composed of 23 patients
with benign choroidal nevus, with the mean age of
47.5+7.9 years, and the control group included 30
healthy volunteers with no history of intraocular
neoplasms, with the mean age of 39.63+12.07 years.
The DNA sequences from the UM patients, individuals
at risk of UM, and healthy individuals were compared to
a reference DNA sequence in NCBI database to identify
any nucleotide base pair abnormalities. The sequencing
analysis targeted the exon 10, exon 11, exon 15, exon 16,
and 17 as well as the introns between the exons 15-17
performed for the genomic DNA extracted from all
the samples of studied groups. Genotyping for BRCA1
polymorphisms was performed by real-time PCR.

DNA extraction, PCR and sequencing and
genotyping of SNPs

Genomic DNA was isolated from leucocytes of
peripheral blood samples of all the study participants
by standard procedures using a commercially
available kit (EX-509-100 DNA-extran-1 kit; Syntol,
Russia). Extracted DNA was kept at —20 °C. DNA
sequencing was performed using the Sanger method
in Syntol Laboratory. Sequencing of BAP1 included
the coding regions of the 10" and 11, 15%, 16%, 17"
exons as well as the introns between 15", 16™ and
17" exons. The PCR products were separated by gel
electrophoresis on a 2% agarose gel, visualized by
ethidium bromide under UV light, and then prepared
for sequencing with a purification kit (Cleanup S-cap,
Evrogen, Russia) following the manufacturer’s
protocol. The target regions were amplified using PCR
according to the following thermocycling conditions.
For exon 10 and exon 11: initial denaturation at
95 °C for 5 minutes and 40 cycles of amplification
at 95 °C for 30 seconds, annealing at 60 °C (exon
11) or 65 °C (exon 10) for 30 seconds, extension at
72 °C for 30 seconds, and a final extension step at
72 °C for 5 minutes. For exon 15, exon 16, and exon
17: initial denaturation at 95 °C for 10 minutes and
40 cycles of amplification at 95 °C for 45 seconds,
annealing at 58 °C for 40 seconds, extension at 72 °C
for 60 seconds, and a final extension step at 72 °C for
10 minutes. The primers used for PCR amplification
were designed using Primer-BLAST as presented in
the table.

Primers, annealing temperature, and amplified fragment size for the analyzed exons of BAP1 gene

Bi)g)r;ecr:fe Primers Length of PCR product teﬁ;g‘gm?e
e SeCssTeTeTeTeeTTS o
Exons 15,16,17 RS TANTACTOGOAAAACGGBAAGTEE 78965 58 C
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Genotyping for the BRCA1 4153delA, 5382insC,
185delG, 3875del14, T300G, 2080delA (insA) was
performed by PCR using Real BEST-Genetics reagent
kits from VectorBEST (Russia) according to the
manufacturer’s protocol.

Results and discussion

Our sequencing results for all the analyzed
exons as well as the last two introns (between
exons 15-16 and exons 16—17) have not revealed
any polymorphisms relevant to the risk of uveal
melanoma development. The DNA sequencing in
our study did not detect any changes in the BAP1
nucleotide sequence between the healthy volunteers
and uveal melanoma patients in Russian population.
To the best of knowledge, different studies indicate
that mutations in BAP1 frequently found in uveal
melanomas are monosomy 3 (chromosome 3 loss)
and large deletions including the BAP1 locus itself
[22]. Our study as well as results of other researchers
necessitate a further investigation of whole BAP1 gene
sequencing, copy number variation assessment, and
analysis of promoter or deep intronic regions in a larger
sized-sample of people to fully elucidate the role of
BAP1 in uveal melanoma. Our findings coincide with
the results of many investigators overall the world, so
here we are shedding light on their explanations and
conclusions about correlation of BAP1 mutations with
uveal melanoma. Truncating mutations (nonsense,
frameshift) lead to a complete loss of BAP1 function,
severely impairing both homologous recombination
and nucleotide excision repair pathways. As a result,
cells exhibit increased sensitivity to DNA-damaging
agents and a higher accumulation of genetic defects,
contributing to cancer progression [23]. While these
mutations may alter BAP1 function, they often do
not completely abolish its activity. The impact of
missense mutations on DNA repair can vary, but they
are generally associated with less severe consequences
than truncating mutations [23].

Pathogenic BAP1 mutations are predominantly
found in the ubiquitin C-terminal hydrolase domain
of the BAP1 protein, which is essential for its
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deubiquitinating activity. This suggests that the loss
of this function plays a crucial role in UM progression
and the metastatic process. Other mutations occur in
binding domains for BARD1, BRCA1, ASXL, and
HCF-1 proteins, which may impair their functional
stability so that affecting cellular functions related to
tumor suppression.

The absence of BAP1 nucleotide sequence changes
in our study contrasts with the well-established role
of BAP1 inactivation, often through large deletions
on chromosome 3. It is possible that the changes were
in the non-analyzed regions of the gene targeted by
our study or the predisposition to UM is caused by
polymorphisms of other genes. On this point of view,
our findings and those of other literatures could extract
that the fundamental mechanism of BAP1 inactivation
in UM is mostly not due to point mutations in the coding
sequence but rather due to large-scale deletions that
comprise the entire BAP1 locus. As well as it could
arise due to mutations in regions that silence the gene
transcription, such as promoter, deep intronic regions,
which could hinder mRNA splicing and the other exons
not covered by our study or other previous sequencing
studies.

There were no significant changes between the
experimental group, the risk group, and the control
group when the frequency of different alleles of loci
4153delA, 5382insC, 185delG, 3875del14, T300G,
2080delA (insA) of BRCA1 was examined. In every
group, the normal allele was found in 100% of cases,
except for the BRCA14153delA. All patients in the risk
group were homozygous for the normal allele, except
for one patient (4.34%) who was heterozygous for the
BRCA1 4153delA mutation. Our findings coincide with
the published findings that failed to reveal a significant
association between BRCAI mutations and uveal
melanoma.

Additionally, as indicated in a previously published
study, our results detected that uveal melanoma
development has a strong association with BARD1
gene inactivation mutation [24]. This indirectly supports
our hypothesis in currently study that uveal melanoma
may correlate with damages in different components
of nucleotide excision repair pathways.

MEOAVUNHCKAA TEHETNKA



Mukhana L et al. RUDN Journal of Medicine. 2026;30(2)

Conclusion

In summary, our sequencing analysis of the
examined exons of the BAP1 gene and genotyping
of specific sites in the BRCA1 gene within the Russian
population did not recognize polymorphisms associated
with an increased predisposition to development of
uveal melanoma. Consequently, our results do not
disprove the strong association between aberrant
BAP1 (loss-of-function) and uveal melanoma
development demonstrated by published studies.
Instead, they postulate that in the Russian population,
the mechanisms of BAP1 inactivation may differ from
simple point mutations in the sequenced exons. This
leads us to recommend sequencing the whole gene
in a larger sample size in different populations and
studying for other candidate genes. The complete
lack of association with the tested BRCA1 mutations
proves the absence of correlation with UM as reported
in previous studies.
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Accouuauusa nonumopdpusmon reHa BAP1
C pa3BUTHEM YBeaslbHOU MeTaHOMbI

JI. Myxana' ~, A.A.M. Axmepn' ', 0.0. I'nranu’ ‘z,
C.B. Caaksan*3 ', A.JO. Lpirankos>3 ', M.M. A3oBa'
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AnHoTanus. AkKmyaibHocmb. YBeanbHasi MesiaHoMa (YM) nipeficraersieT co60i peKyro (opMy OHKOMATONIOTUH, KOTOpast
pa3BUBAETCS B IV1a3y U HarboJiee yacTo Bo3HUKaeT B xopuonzee (90 %). BAP1 sBnisieTCsi TeHOM-CYTIPeCCOPOM OITyXOJ/Iel; MyTaLin
B 3TOM reHe o6HapyxuBaroTcsi B 40—-84 % ciydaeB nepBryHONW YM. YuHThIBasi, YTO MHOTHeE UCC/IeH0BATe/M TI0Ka3aan CBs3b
MyTaLuii B rene BAP1 ¢ YM. Llesnb: ie/blo Hallleil paboThl CTao BBISIBUTH aCCOLMMPOBAaHHBIE ¢ Y M nonmuMopdHbie BAPUAHTHI
B 3Kk30Hax 10, 11, 15, 16 u 17, a Taxoke orjeHUTb pPosib MyTaruii reHa BRCA1 B passutun YM. Mamepuanbt u MmemooOsbt. Beero
B MCCJIeZIOBaHUM TIPUHSUTH yuacTre 95 uesioBek, BK/touast 42 maruenTa ¢ YM, 23 natyeHTa u3 rpyrrbl pucka u 30 106poBo/ibIieB
KOHTPOJIbHOM rpymribl. LleneBbie yuacTku reHa BAP1, amruguipoBaHHble ¢ omolibio TP, 6611 ceKBeHMPOBaHbI METOAOM
CoHrepa; reHOTHITMpOBaHUe 1o reHy BRCA1 nipoBogunocs MetozioM IT1IP B peasbHOM BpeMeHU. Pe3yibmamai u 06cysicoeHue.
Hacrosiijee ncciefoBaHue He BBISIBIIIO ITOJIMMOPGHBIX BADHAHTOB B CEKBEeHHPOBaHHBIX M10C/Ie/l0BaTeIbHOCTSIX reHa BAP1
Y MyTauuii reHa BRCA1, kotopble ObTH ObI aCCOLIMUPOBAHBI C MOBBIIIEHHBIM PUCKOM pa3BuTHs YM. Hamm pe3ynbratel
He OTpOBePraoT JUTepaTypHble JaHHbIe O CBSI3M MeXX/ly MHAaKTUBUPYIOLUMH MyTaLusiMu BAP1 1 yBeanbHOM MeaHOMOH,
HO TO3BOJISTFOT TIPEATIO/Iararhb, YTo MOJIEKY/ISIDHbIE MeXaHU3MbI 1IoTepH (pyHKLMKM BAP1 MOTYT BK/TIOUaTh HapyILeHHs 3a IpejesiaMmu
HCCTIeIOBaHHBIX 3K30HOB. Bb16o0bl. TakuMm o6pa3om, 1iesiecoobpa3Hbl JabHeNIe HCCIeI0BaHus C CEeKBEHMPOBAHMEM BCEro
reHa BAP1 B BeiOopKax Oosibliiero 00béMa U M3y4eHreM JIpYTHX KaHAUJaTHBIX TeHOB.

KnroueBsble c10Ba: yBeasnbHasi MenaHoma, BAP1, BRCA1

Wudopmanus o hpuHAHCMPOBAHUU. ABTOPEI 3asiB/ISIIOT 00 OTCYTCTBUM (YUHAHCHPOBAHUS

Bkap aBTopoB. MyxaHa JI. — reHOTUNMpPOBaHUe NALMeHTOB, yUyacTHe B OArOTOBKe pykonucy; Axmen A.A.M. — aHanus
pesy/bTaToB UCC/Ie/J0BaHUs, yuacTHe B OATOTOBKe pykonucy; ['uranu O.0. — yvacTtre B nogroroske pykonucy; Caakss C.B. —
aHa/M3 KIMHIYe CKYX JaHHBIX ¥ TI0400p naupenToB; LprankoB A.FO. — aHanu3 KMHUUEeCKUX JaHHBIX U cOOp OHOoI0riyecKoro
Marepuana; AzoBa M.M. — nu3aiiH ucciefoBaHus. Bce aBTOPbI BHEC/IH CyILeCTBeHHBIN BK/Ia/ B pa3paboTKy KOHLIETILHH,
MIpOBe/ieHre UCC/IeJOBAHUS U TIOATOTOBKY CTaTbH, IPOUIH U 0400priy GUHANTBEHYIO BEPCHIO Niepe MyOIuKariei.
Hudopmanus o KOHGIMKTe HHTEPECoB: aBTOPbI 3asB/ISIOT 00 OTCYTCTBUY KOH(IMKTA HHTEPECOB.

Jtnueckoe yrBepxxaeHue. Hactosiee riccieoBanye 66110 000peHO DTHUECKUM KOMUTETOM MeuiMHCKOro nHCTUTyTa PYTH
(mmpotokosn Ne 3 ot 23 gekabpst 2021 roga). Bee yuacTHHKY 1ami HHGOPMHUPOBAHHOe COTVIacHe Ha BK/TIOUEHHE B MCC/Iel0BaHe
JI0 Hauasia UX y4acTusl.

BiaropapHoCTH — HENIPUMEHUMO.

HudopmupoBaHHoe coryiacue Ha my0/JIMKaLUI0 — HEPUMeHMO.
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MecTo cepeuyHo-cocyaucTOoN NaToNnorum B CTPYKType
KOMOP6MAHOCTU U CMEPTHOCTU 60JIbHbIX PeBMaTOUAHbIM apTPUTOM

N.H. llenppurun! g’ AM. JIuna? ', C.A. IInckos® ', A.W. Iumurpuagn’
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AnHoTanma. AkmyaibHocmb. TlonydeHue HaJ|eKHBIX TaHHBIX 00 YPOBHSIX CepeuHO-COCYANCTON 3ab0/1eBaeMOCTH
Y CMEPTHOCTH CpeZy TalleHTOB C PeBMaTOU/{HbIM apTPUTOM OCTaeTCs aKTyabHbIM. DTH acIeKThbl BeZleHHs MaljieHTa O4eHb
Ba’KHBI, OHU OTIPeZleIsIoT [ja/IbHeHIITyI0 TeparleBTHUeCKYH0 TaKTUKY 1 Hallpap/ieHbl HA CHIDKEHUE PHCKOB Pa3BUTHS OC/IOKHEHUH.
IJenb — nipoBecTH aHa/IU3 CepAeUHO-COCYJUCTOMN NaTO/IOMMH B CTPYKTYpe KOMOPOUJHOCTH U cMepTHOCTH 60sbHBIX PA B KOoropre
nayreHToB OO0 «LleHTp 0TBeTCTBeHHOU peBMaronoruu "Uuaykuus”» (aanee — Llentp) B mepuos 20152022 rr. Mamepuanbi
u memoobl. TTpon3eezieHa Bbibopka 1020 60TBHBIX € JOCTOBEPHBIM JUarHo30M PA, yCTaHOBIEHHBIM COT/IACHO KilacCUpUKary-
onHbIM KpuTepusiv (ACR/EULAR, 2010 r.), npoxoauBiyx nederue B Llentpe «VHgyKuusi». Cpegauit Bospact 55,3+ 1,8 fer,
nipeobiazany >keHiuHeI (88,8 %). KoMOpOU/IHbIN CTAaTyC OLIeHUBAJICS HA OCHOBE MPWKU3HEHHBIX KOHCY/IbTALMH U aHa/In3a
Me/IVLIMHCKOM JOKYMeHTaLy 00celyeMbIX MaLeHToB 110 pa3paboTaHHO# KapTe, BK/IIOUArOIlel yTOUHEHHOE CepJIeyHO-COCYMCTOe
3abosieBaHue, a TaKKe (PakT HACTYIJIEHUsI CMepTe/IbHOro ucxoa. IIpoBoauscs cucteMaTi3MpoOBaHHBINA 0030p Hay4yHbIX paboT
(2019-2024 rr.) IO PEBMaToOMHOMY apTPUTY B aclieKTe KapHOBaCKY/ISIPHOM MaToyioruu. Pe3yabmambi u obcysicoeHue. Yactora
BCTpeYaeMOCTH KapJHOBaCKY/ISIPHBIX NaToJIOTHMH y MaleHToB ¢ PA coracHO CBeJjeHUsIM MHOTOYMC/IEHHBIX UCC/Ie[,0BaHUN
(2019-2024) konebneTcs B LIMPOKOM JiMarna3oHe. Beayiee Mecto o pacripocrpaHeHHOCTH 3aHuMatot I'B, IBC, ceppeuHast
HeJJ0CTaTOYHOCTh, HAapyLIeHHs] PUTMA U ITPOBOJVMOCTH Cep/iLia, aTepOCKIepPOTHYeCKHe CePAeUHO-COCYAUCThIe 3a00/IeBaHusI.
IMarmenTs! ¢ PA ucciezyeMol KOropThl XapakKTeprU30BallCh CJI0KHOM CTPYKTYpoi koMop6uaHocTy. CepliedyHO-COCyUCTast
TIaTOJIOTHS BBICTYTIaeT Haubosee pacripocTpaHeHHoM (42,29 %). 3a Hell cyieiytOT pecnivpaTtopHbie 3abosieBanus (23,07 %),
COVID-19 (11,53 %), «bnactomato3» (7,69 %). OCTphIii MaHKPeaTUT, 0CJIOKHEHHBINM TTAaHKPEOHEKPO30M, OpOHXMA/IbHAs acTMa,
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JM}OJIEMKO3, TUTIOTUPEO3, Ay TOUMMYHHBIM THPEOU/IUT, CAXapHBIHM AUabeT perncTpUpOBaINCh He Oosee ueM y 3,85 % KOTOpTHL
CeppeuHo-cocymuctbie HapymieHus coctasnsyid UBC (30,76 %) u I'b (11,53 %). Bbigodb!. IIpoBe/ieH aHaM3 HOBBIX TaHHBIX
0 MeCTe Cep/IeuHO-COCYIUCThIX 3a00/1eBaHNH B CTPYKTYPe KOMOPOUHOCTH ¥ CMEPTHOCTH MaiyeHToB CTaBpPOIOILCKOTO Kpast
koroptbl OOO «IleHTp OTBeTCTBeHHOI peBMarosioruu "MHAYKIMS » C yCTaHOB/IEHHBIM AuarHo3oM PA. B TpoliKy 0CHOBHBIX
TIPUUKMH CMEPTH MarveHToB ¢ PA BOLIUTM CepieuHO-COCYJUCThIe, PeCUpPaTopHbIe 3a00/1eBaHuMs, CencUc. JIMaUpYOIIy0 MO3ULH0
3aHUMaJIi CepJIeYHO-COCYAUCThIe coObITUs (47,83 %), MpeuMyIieCTBEHHO OCTPbIH MH(apKT Muokapza (30,43 %). [TonyueHHbIe
CBe/leHUs1 TI0JIe3HbI /151 JTYYLIero MOHUMaHusT KJIMHUYeCKoro noprpera 6oibpHbIX PA € cep/iedHO-COCY[MCTOM MaTo0TveH,
Y MOTYT YUUTHIBaTHLCS PEBMATOJIOTaMH /ISl ONTUMU3aIK TaKTUKU YTIpaB/ieHus: PA v pUCKOM Cep/ieuHO-COCYAUCTBIX COOBITHH.
KiroueBble CJIOBa: PEBMAaTOUIHEIA apTPUT, KOMOPOMHOCTh, KapHOBaCKY/IsIpHast TaTOJIOTHsI, CMEPTHOCTb

Hudopmanys o hpuHAHCUPOBAaHUH. ABTOPEHI 3asiB/ISIIOT 00 OTCYTCTBHUHM BHELIHEro (prHAaHCHPOBAHHSI.

Bkap aBropoB. [enapurud V.H. — KoHILIeMNIus U AW3aiiH UCC/Ie[JoBaHusI, HarmicaHue TekcTa. JInna A.M. — pefiakTHpoBaHue,
YTBEP)KeHHEe OKOHUAaTeTbHOTO BapraHTa cTathy. ITrckoB C. M. — cbop, 06paboTKa MaTepyasioB, HalmMCaHWe TeKCTa. JJUMUTPH-
am AWM. — cbop Marepuasna. Bce aBTOpBI BHEC/TH CYIIleCTBEHHBIN BK/1aZ B pa3paboTKy KOHIIEMLUY, IPOBeIeH e UCC/IeA0BaHUs
Y TIO[ITOTOBKY CTaTbU, MPOWIX U 0100puin GpuHaIBHYIO BEPCHUIO repe/] yOIuKaiye.

HNudopmanys o KOHQINKTe HHTEPeCoB. ABTOPHI 3asIB/ISIIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

JTuuyeckoe yTBep)KaeHue. lccieoBaHre NpoOBOAWIOCH B COOTBETCTBUM C perieHHeM Dtrueckoro komutetra ®I'BHY HUNP
nM. B.A. HacoHoBoii, Mockaa.

BarogapHoCcTH — HENPUMEHKMO.

Vb opMupoBaHHOe coIyiacHe Ha MyO/IMKaLMIo. Y BCeX MalieHToB ObUIO TOMy4eHo J00poBoIpHOe HH(OPMHUPOBaHHOE COTyIache
Ha yJacTye B UCC/IeIOBAHHH COTIaCHO XeJIbCHHKCKOM JleKapauy BcemupHoi meguiinHcKoi accoruanyu (WMA Declaration
of Helsinki — Ethical Principles for Medical Research Involving Human Subjects, 2013) u 06paboTKy riepcoHanbHbIX JaHHBIX.
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Juisa nurupoBanus: Ll]enopueun U.H., Jluna A.M., Iuckoe C.H., Jumumpuadu A.M. MecTo cepzieqHO-COCYMCTOH T1aTo/IOTHH
B CTPYKTYpe KOMOPOUAHOCTH ¥ CMEePTHOCTH OO/IBHBIX PeBMaTOMHBIM apTpUTOM // BecTHHK Poccuiickoro yHUBepcrTeTa ApyKObl
HapogoB. Cepust: MeguiHa. 2026. T. 30. Ne 2. C. 256-268. doi: 10.22363/2313-0245-2026-30-2-256-268 EDN: GWMMSD

Cardiovascular pathology in the structure of comorbidity
and mortality of patients with rheumatoid arthritis
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Abstract. Relevance. Obtaining reliable data on the levels of cardiovascular morbidity and mortality among patients
with rheumatoid arthritis remains important. These aspects of patient management are very important; they determine further
therapeutic tactics and are aimed at reducing the risks of complications. Target — to analyze cardiovascular pathology
in the structure of comorbidity and mortality of patients with RA in the cohort of patients of the Center for Responsible
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Rheumatology "Induction” LLC in the period 2015-2022. Materials and Methods. A sample of 1020 patients with a reliable
diagnosis of RA, established according to the classification criteria (ACR/EULAR, 2010), who were treated at the LLC Center
for Responsible Rheumatology "Induction”, was made. The average age was 55.3 £ 1.8 years, women predominated
(88.8%). Comorbid status was assessed on the basis of lifetime consultations and analysis of medical documentation of
the examined patients according to a developed chart, including a specified cardiovascular disease, as well as the fact of
death. A systematic review of scientific works (2019-2024) on rheumatoid arthritis in the aspect of cardiovascular pathology
was carried out. Results and Discussion. The incidence of cardiovascular pathologies in patients with RA, according to
numerous studies (2019-2024), varies widely. Hypertension, coronary artery disease, heart failure, cardiac rhythm and
conduction disorders, and atherosclerotic cardiovascular diseases occupy the leading place in prevalence. Patients with RA
in the study cohort were characterized by a complex comorbidity structure. Cardiovascular pathology is the most common
(42.29%). Respiratory diseases (23.07%), COVID-19 (11.53%), and Blastomatosis (7.69%) follow it. Acute pancreatitis
complicated by pancreatic necrosis, bronchial asthma, lymphocytic leukemia, hypothyroidism, autoimmune thyroiditis,
diabetes mellitus were recorded in no more than 3.85% of the cohort. Cardiovascular disorders included ischemic heart
disease (30.76%) and hypertension (11.53%). The three main causes of death in patients with RA included cardiovascular,
respiratory diseases, and sepsis. The leading position was occupied by cardiovascular events (47.83%), predominantly acute
myocardial infarction (30.43%). Conclusion. An analysis of new data on the place of cardiovascular diseases in the structure
of comorbidity and mortality of patients in the Stavropol Territory of the LL.C “Center for Responsible Rheumatology
"Induction” cohort with an established diagnosis of RA was carried out. The information obtained is useful for a better
understanding of the clinical portrait of RA patients with cardiovascular pathology, and can be taken into account by
rheumatologists to optimize management tactics for RA and the risk of cardiovascular events.
Keywords: rheumatoid arthritis, comorbidity, cardiovascular pathology, mortality
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BeepeHue
PeBmarougneiii aptput (PA) siBisieTcst Haubosee
pacrpocTpaHeHHbIM ayTOMMMYHHBIM 3ab0/1eBaHHEeM,
XapaKTepU3YyHOIUMCS] XPOHUYECKUM CUCTEMHBIM BOC-
TajieHyeM C BOB/IeUeHHeM CHHOBUU U BHECYCTaBHBIMU
riposiByieHusIMU. B o61eli monynsiuyu PA mopakaeT
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10 1 % HacesieHus1, IPUBOAUT K CHIKEHUIO KaueCTBa
>KW3HM, PaHHeW WHBATUAU3al|uM U TIPeXKJeBpeMeHHOH
cMepTHOCTH [1].

Ocob60 AMCKyTUpYeMOI TeMOM [I7isi pEBMaTOJIOTOB
Cero/iHs BBICTYTIaeT Ipob/ieMa KOMOPOUAHOCTH TIPH
PA. TTpodeccroHambHBIN HHTEPEC K KOMOPOUIHBIM
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cocTossHUSIM TIpu PA 00yc/ioB/IeH UX BIUSTHUEM
Ha TeueHHe W MPOTHO3 caMoro 3aboseBaHusi, Mo-
CTAHOBKY /IMarHo3a, BbIOOp /ieueOHOM TaKTUKU U Ka-
yeCcTBO KWU3HU bombHOrO. HejoctaTtouHas orjeHKa
KOMOPOUIHBIX COCTaB/SAIOMIUX U HedPeKTUBHas
Tepanuvs TaKUX MalyMeHTOB JeaeT HeBO3MOXXHBIM
JOCTHU)KeHWe OCHOBHOM 1ie/in B jieueHUU PA U mipu-
BOJUT K OBICTPOMY TIPOTPeCCUPOBAHUIO PAa3BUTHUS
COIYTCTBYOIIMX 3a00/1€BaHUI U X OCJIOXKHEHUH [2,
3]. BmecTe c TeM KoMOpOUIHBIE COCTOSTHUS TTpU PA
YyacTo HeJJ0OLIeHUBAIOTCs, HECMOTPS Ha UX BIUSIHUE
Ha aKTUBHOCTb 3a00/IeBaHUS U UCXO/IbI JIeUeHUs,
a TakK)Ke Ha 0CO3HaHHWe OO/BIIMHCTBOM PEBMATOJI0-
rOB OTBETCTBEHHOCTH 3a UX jiedueHue. CobopeHue
peKoMeH/Ialiii 110 BBISIBJIEHUIO U JIEUeHUIO COTYT-
cTByHOLMX 3ab0seBanuii pu PA cerogus ettle faneko
OT OMTHMAaIbHOTO U BapbUPYyeTCsl B 3aBUCHMOCTH
OT CTpaHbl, BO3MOKHOCTeH U OFO/PKeTa pernoHaIbHON
CHCTeMbI 37ipaBooxpaHeHus [4].

Ocoboe MecTo cpeii KOMOPOUHBIX COCTOSTHUI
y naiueHToB ¢ PA 3aHUMalOT cep/ieuHO-COCYAUCTbIe
3aboneanus (CC3) [5]. PA BeicTymaeT He3aBH-
CUMBIM (paKTOPOM PHCKa HIIeMUYeCKOW Oose3Hu
cepana (MBC), a runepronnyeckas 6osesns (I'B)
accolMUpoBaHa ¢ HeOMaronmpUATHBIM MPOTHO30M
B OTHOLIEHWU CMEPTH OT Kap/IuOBACKY/ISIPHBIX COOBI-
tuit [6]. KoHTpo/b akTUBHOCTU PA MOXKeT CHU3UTh
puck CC3 [7]. IIpu 5TOM Ba)KHO, UTO KapAHOBaCKY-
JISIpHAs TaTOJIOTUSI MOXKeT MOSIBUTHCS [I0 Pa3BUTUS
WM Ha paHHel ctaguu PA, B mepuog o6ocTpeHus
WK PEMHUCCUM, a TaKXKe SIBIATHCS 0CJIO)KHEeHUEeM
XPOHMYECKOT0 ayTOMMMYHHOTO BOCHaeHus U/Win
ero Teparnuu [8]. B marosoruueckuii mpoijecc MOTyT
OBITH BOBJIeUEeHBI IepUKAPA, MUOKAp/l, KaaraHbl
cepjlia, TIpOBO/sIjasi CUCTeMa, KPyTHbIe U MeJ-
Kue KopoHapHble cocybl [9]. [ToaToMy 0CHOBHOM
3a/laueil peBMaTo/IOTOB Cero/JHs BLICTyIaeT CBOEB-
peMeHHas IMarHOCTUKa He TOJIbKO peBMaTU4eCKOro
3abo/1eBaHMs, HO U OLIEHKA PUCKOB Pa3BUTHS KOMOP-
OUHBIX COCTOSTHUM, MPOGUIS MPUUYUH CMEPTHOCTU
Y BBIOOD 3)(eKTUBHOM Teparui.

HenocraTouHass MaciITabHOCTE U TIPOJOJKU-
TeTbHOCTh HAOJTIO/IeHHS 3a JOCTYITHBIMUA KOTOPTaMH
OCTAITCS TIPETISITCTBUEM JIJ1si TOUHOW KO/TMYe CTBeHHOM

INTERNAL DISEASES

OLIEHKU CepJeuyHO-COCYAUCTOTO PUCKA MPU KOHKpeT-
HBIX peBMaTHUeCKHUX 3a0oseBaHusIX. HameKHBIX
JlaHHBIX 00 YPOBHSIX Cep/leuHO-COCYAUCTOH 3a60-
JIeBaeMOCTH U CMEPTHOCTHU CpeAu naljueHToB ¢ PA
HeZ0CTaToOuHO. IIpu 3TOM BOMPOCHI O TOM, O TOM,
creayeT JIM ¥ KOT/la HauMHaTh Teparyio 1Mo npodu-
snaktuke CC3, ABASIOTCA U ONpezie/leHHbIe KJ1acChbl
riperiapatoB 6osiee 3G GeKTUBHLIMU, YEM APYTHE, UITH
uXx cienyet u3berarh y MalMeHTOB C paKTOpaMK pUCKa
CC3, ocrarorcst oTkpbIThIMU [10, 11]. TIpaBusHOE
yTipaB/eHue YCTaHOBJIEHHbIMU (paKTOpaMH pUCKa
Kap/[MOBaCKY/ISIPHOM TaTO/IOTUY MOXKET TPe/JOTBPATUTh
oTacHbIe JJ1s )KU3HU OCToKHeHUs [4]. DTU acTieKThI
BeJIeHUsI MallieHTa OYeHb BaKHbI, OHU ONpeJesisoT
JlalbHEeMIy10 TepareBTUUeCcKy0 TaKTUKY W Harpas-
JIeHbI Ha CHU)KeHUEe PUCKOB Pa3BUTHS OCI0KHEHUMN
KOMOPOH/IHBIX COCTOSTHHM.

B 3TOM KOHTEKCTe 1]e/IbI0 HacTOoSIIed paboThI
BBICTYTIWJI aHa/Iu3 KapAu0BaCKY/ISIPHOM MaToI0TUU
B CTPYKType KOMOPOHUIHOCTH U CMEPTHOCTH OOJTbHBIX
PA xoropts! natyentoB OOQO «LleHTp OTBeTCTBEHHOU
peBMarosioruu "Maaykiusa”» B nepuog 2015-2022 rr.

MaTepMaHbI n MeToabl

55t moCTV KeHus Lie/Iv UCCieoBaHus Oblia Tpo-
u3BezieHa BbiOOpKa 1020 60/bHBIX peBMaTOUAHBIM ap-
TpUTOM (CpeAHuii Bo3pact 55,3+ 1,8 et, mpeobnaganm
»keHIIMHBI 88,8 %), chopMrpoBaHHasi B COOTBETCTBUU
¢ puarHoctuyeckumu kpurepusimu ACR/EULAR
(2010) [12]. TTareHTHI TPOXOAMIA aMOy1aTOpHOE
siederrie B OO0 «lleHTp OTBeTCTBEHHOM PeBMATOIOTHHI
"Uupykuus”» (nanee MHOyKLus).

CornacHo Xe/nbCUHKCKOM Jleknapauuy Becemup-
HOM MeAuLMHCKOM accoruanmu (WMA Declaration
of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013) kKa)k/ibiii MaLjueHT
ro/irrcasn Ao6poBonbHOEe MHPOPMUPOBAHHOE COTJIa-
cvie Ha 00pabOTKy MepCOHA/IbHBIX JAHHBIX U yUacTHe
B HUCCJIeZIOBAHNH.

KoMopOugHBIN CTAaTyC MallMeHTOB yCTaHaB-
JIUBAJICS COTJIaCHO CBeZleHUSM MeJULIMHCKOHU J10-
KyMeHTaruu. JleTasbHble UCXOABI O00MBbHBIX PA
M3yyYaJiCh HA OCHOBAHWU MPOTOKOJIOB BCKPBITUM
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3a 2015-2022 rr. [Ipu nipoBeileHUM CTaTUCTHUUECKO-
rO aHa/jM3a WCIoJib30BaHa rporpamMMma Biostat 4.0.
Bce pe3ynibTaThl HOCU/IU KaueCTBeHHbIe JJaHHbIe
Y TIPe/ICTaB/IS/INCh BUJle OTHOCUTEIbHBIX 4acToT (%).

ITpoBoOAMIICS CHCTEMAaTU3UPOBAHHBIN 0030p Hay4-
HbIX pabot (20192024 rT.) 0 peBMaTOUAHOMY apTpUTy
B aCrieKTe KapAnOBaCKy/ISIpHOM 1arosioruu. ITouck
ZIOKYMEHTOB MpoBozAn/ICcS B 6a3ax: Mendeley; Scopus;
Pubmed; ScienceDirect; Elibrary c ucrnonb3oBaHuem

TEePMHHOB: PeBMaTOW/HBIN apTPUT, KOMOPOUAHOCTD,
Kap/[MOBaCKY/IsIpHas TIaTOJIOTHsl, CMEPTHOCTb.

Pe3yanaTb| 7] 06CY)KAeHMF|

JaHHbIe aHa/M3a YacTOThI CEepAeUHO-COCYIUCTOU
TaTO/IOTUM B CTPYKType KOMOPOUHBIX COCTOSHUMN
6osbHBIX PA, MpoBeieHHOT0 Ha OCHOBE CHUCTeMa-
TU3UPOBAHHOTO 0030pa JIMTepaTypPHLIX UCTOUHHUKOB
(2019-2024 rr.) npuBeseHbI B Tabu1le.

MpepcTaBUTENBCTBO KapAMOBACKYNAPHbIX HapyLLUEeHUi B CTPYKType KOMOP6UAHOCTH 60/1bHbIX
peBMaTouAHbIM apTPUTOM (AaHHble NMTepaTypbl)

Representation of cardiovascular disorders in the structure of comorbidity
in patients with rheumatoid arthritis (literature data)

. Tun nccnegoBanus/ HPMPC/ ACC3/
Ccbunka/Link Type of research WBC/ ITHD I'B/ HT XCH/ CHF DCRC ASCVD
A6uwesa C.T. ¢ coasT., 2019 [13] peTpocnekTMBHoe/ - 321% - - -
retrospective
Batko B. et.al., 2019 [14] peTpocnekTMBHoe/ 14,8 % 46,9 % - - -
retrospective
Ramos A.L. etal., 2019 [15] KoropTHoe/cohort 153 % 62,5 % 10,3 % 18,9 % -
Mochizuki T. et al., 2019 [16] JIOHTUTYAMHANbHOE/ - 372% - - -
longitudinal
peTpocneKkTUBHoe
HacbipoBa B.B. ¢ coaBT., 2020 [17] | # npocnekTuMBHOE/ retrospec- 8,2 % 272 % - - -
tive and prospective
AgcaR. et al., 2020 [18] JIOHTUTYAMHaNbHO/ - 61,0 % - - -
longitudinal
Daniel C.M. et.al., 2020 [19] cucTemaTieckmii 063op/ - - - - 46,9 %
systematic review
peTpocneKkTUBHOe
Skielta M. et.al., 2020 [20] 1 NpocrneKkTUBHoOE/ retrospec- - 47,8 % - 18,7 % -
tive and prospective
XycauHoBa M.A,, 2021 [21] KnuHuyeckoe/ clinical - - 330% - -
l0auH B.A. ¢ coasT., 2021 [2] KnnHunyeckoe/ clinical 8,0 % 54,0 % 4,0 % 9,0 % 18,0 %
cucTematuyeckuin 06sop/ o _ _ _ 30,0-
Taylor P.C. et.al., 2021 [22] systematic review 19,00 % 47,0 %
Tekaya A.B. et al.,, 2021 [23] petpocnekTusHoe/ - 314% - - -
retrospective
cucTeMaTuyeckuin 063op
Hill J. et al., 2022 [24] 1 MeTaaHanu3a/ systematic - 377 % - - -
review and meta-analysis
Miura T. et al., 2022 [25] peTpocnekTMBHoe/ - 373% - - -
retrospective
peTPOCNeKTUBHOE
Varela D.C. et al., 2022 [26] KOropTHoe/ retrospective, - 27,7 % — - -
cohort
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OKoH4YaHue Tabn.
Ending tabl.

Tun uccnenosaHus/

Cebinka/Link Type of research

HPMPC/
DCRC

ACC3/

WBC/ THD ASCVD

I'b/ HT XCH/ CHF

aHannTunyeckoe

OAHOMOMEHTHOE
(nonepeyHoe)/ analytical
single-stage (transverse)

Zikiryayeva S.G. et al., 2022 [27]

45,9 % - - 221 % -

pPeTpoCneKkTUBHOE
KOropTHoe/ retrospective
cohort

Lee E.E. et al., 2022 [28]

11,1 % 44,7 % 56 % - -

Khusainova M.A. et al., 2023 [29] KnuHunyeckoe/ clinical

65,7 % -

peTpoCneKkTUBHOE

Kodishala C. et al., 2023 [30] KOrOpTHOE

- 62,6 % 37 % - -

peTpoCneKkTUBHOE
KOropTHoe/ retrospective
cohort

Koster F. et al., 2023 [31]

- 4,6 % 2,2% 61% -

Mena-Véazquez N. et al., 2023 [32] KoropTHoe/cohort

- 26,0 % 58 % - -

peTpocnekTuBHoe/

Adelowo O. et al., 2024 [33] retrospective

- 223 % - - -

MHOrIOLIEHTpOBOE
nepekpecTHoe
uccnegosaHue/ multicenter
crossover

Duru6éz M.T. et al., 2024 [34]

37 % 272 % - - -

lNpumeyvarmne: UBC —nwemmyeckan 6onesHb cepaua; 'b — runeptoHnyeckan 6onesHb; XCH — xpoHudeckas cepaedHas
HegocTaTtouHOCTb; HPIMPC — HapylweHus puTMa 1 NnpoBoaAMMOCTH cepaua; ACC3 — aTepocKiepoTUyeckmne cepeyHo-CoCyanCTble

3aboneBaHns; — 3HaYeHne NPpM3HaKa He ornpenenAanoco.

Note: IHD — ischemic heart disease; HT — hypertension; CHF — chronic heart failure; DCRC — disorders of cardiac rhythm and
conduction; ASCVD — atherosclerotic cardiovascular diseases; — the value of the feature was not determined.

YacTtoTa BcTpeuaemoctu CC3 y maiueHTOB
c PA cornacHo cBefileHUSIM MHOTOUYUCJIEHHBIX UC-
cnepoBanuii (2019-2024) kose6neTcs B IMPOKOM
Juarna3zoHe. B oCcHOBHOUW Macce nUTepaTypHBIX
HCTOUHHMKOB Be/lylllee MeCTO 0 PaclipoCTPAaHEHHOCTH
3anuMaroT I'b, UBC, ceppeuHas HeJOCTAaTOUHOCTb,
HapylleH!si pUTMa U MPOBOAUMOCTH Cep/Lia, aTepo-
CKJIEpOTHYECKHEe Cep/IeuHO-COCYAUCThIe 3abo/eBa-
Hust. [Ipu 3ToM pa3bpoc JaHHBIX TI0 BCTPEUaeMOCTH
3TUX COCTOSIHMHM BeCcbMa 3HauMTeJieH U, MoJiaraem,
00yCJIOB/IeH He TOJBKO MPUMEHsIeMOU TaKTUKOU Be-
neHusi 60bHBIX PA, HO ¥ yuacTHeM reHeTHUeCKUX,
PeruoHaIbHO-3K0/I0OTMYeCKUX, COLIATbHO-KY/IbTYPHBIX
(hakTOpOB prcKa Kak B TskecTu TeueHus PA [35, 36],
Tak 1 B pa3sutur CC3 [37, 38]. Pacxox/ieHus JaHHBIX
B Pa3HbIX UCCJIEIOBAHUSX MOTYT OOBSICHITBCS TaKKe
reTeporeHHOCThIO TeueHUs PA U pa3nnuvsMu B ak-
TUBHOCTHU 3a00/1eBaHuUs1, CpPaBHEHHEM aMOy/1aTOPHBIX
Y CTal[MOHAPHBIX MaleHTOB, IPUMEHeHNEeM Pa3HbIX

INTERNAL DISEASES

METOZ0B [J/i BBISIBJIEHUSI CePAeUHO0-COCYAUCTBIX
cobbrtuii [39, 40]. Kpome Toro, He UCK/TIOUeH (ak-
TOP TIPUXOZSIIENCST Ha 3TU rofbl 3a00/1eBaeMOCTH
COVID-19. [Tangemus v U30JISILUS TTIOB/IMUSIA Ha T1a-
LIMeHTOB C peBMaTh4yeCKUMH 3a00/1eBaHUSIMU He TOJTbKO
TI0 XapaKTepUCTHKaM, CBSI3aHHBIM C 3aboseBaHueM [41,
42], HO ¥ 0 pacrpoOCTPAaHEHHOCTU COMYTCTBYIOL{AX
11aToJIOTHH, Ipepacro/iaras Ux K pa3sBUTHIO HOBBIX
OCJIO)KHEHMU U, C/iefloBaTe/bHO, K YBEJIUUEHUIO
CcepAeyHo-COCyIUCTOro prcka [41]. DTo B ouepes-
HOM pas MoATBepsKJaeT Ba)KHOCTb MePUOJUYUECKUX
KOT'OPTHBIX UCCJIeIOBAHUM U OTIpe/iesleHNs] BO3MOKHBIX
MOMY/IILUOHHBIX PUCKOB Pa3BUTUS KapAUOBaCKYJIsP-
HBIX TIaTOJIOTHH Y 60MbHBIX PA.

[TaruenTsl ¢ PA ucciaesyemMoit HaMU KOTOPThI
WMHayKiyyu xapakTepu30BaauCh CJI0XKHOM CTPYKTY-
poii komopbuaHocTu. Berpeuaemocts CC3 B crieKTpe
KOMOPOW/IHBIX COCTOSIHUM HAIVISIZAHO TIPeZCTaB/IeHbl
B BH/JIe JyUarpaMMbl Ha pUCYHKe 1.
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[Tankpeonekpos/ Pancreonecrosis F=— 385
BA/BA B=— 3385
P3/RD [T — 23,07
COVID-19 B 11,53
Jlumponeiikos/ Lymholeukosis FE=—— 385
"Bractomaros"/ Blastomatosis 7,69
l'umotepuos/ Hypothyrioidism F=— 385
AT/ AT ©B==—— 3,85
CI/DM E=—— 3385
I'b/ AG T 11,53
WBC/ IHD T 30,76
% 0 5 10 15 20 25 30 35 40 45 50

Puc. 1. [Jona KapAnoBacKysipHbIX NaTOMNOIMMIA B CTPYKTYPE KOMOPOUAHOro npoduns 60bHbIX PA

[NpumeyvaHme: BA — 6poHxmManbHaa actMa; P3 — pecnvpaTopHble 3aboneBanus; AT — ayTOMMMYHHbIN TupeonanT; CL — caxapHblIi
avabeT, 'b — runepToHnyeckas 6onesHb; MBC — nwemmnyeckas 60n1e3Hb cepala.

Fig. 1. The share of cardiovascular pathologies in the structure of the comorbid profile of patients with RA

Note: BA — bronchial asthma; RD — respiratory diseases; AT — autoimmune thyroiditis; DM — diabetes mellitus; HT — hypertension,

IHD — ischemic heart disease.

CepJeuHo-CoCyIUCTasi aTOIOTUSI BBICTYTIaeT
HauboJsiee pacnipocTpaHeHHOM (42,29 %). 3a Hel
ClefyloT pecriupaTopHble 3aboneBanus (23,07 %),
COVID-19 (11,53 %), «bnactomaro3» (7,69 %).
OcTpblii aHKpeaTuT, 0CI0XKHEHHbBIN TTAaHKPeOHEKPO30M,
OpoHxManbHas acTMa, TUMGOIeHKo3, TUTIOTHPEO3,
ayTOMMMYHHBIN TUPEOUIWT, CaXapHbIN [UabeT peru-
CTPUPOBAJTUCH He Oosiee ueM y 3,85 % KOrOpTHI.

Haruie uccieioBaHue He BK/IFOYaI0 KOHTPOJIbHYHO
TPYIIY U MPY aHa/In3e pe3y/IbTaToB OPUeHTUPOBAINCh
Ha ory0/IMKOBaHHBIe MTOMY/ISLUOHHBIE JaHHbBIe 3a00-
neBaeMOCTH 00/Ie3HSMHU CUCTEMBI KDOBOOOpaIIleHUs
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B CTaBpOII0/ILCKOM Kpae C yueToM BO3PacTHOTO U reH-
JlepHOTO pacripesiesieHust [44].

KapguoBackysisipHble HapyllleHUs] B uUccie-
AyeMoiu Hamu Koropte Bk/rouanu UBC (30,76 %)
u I'b (11,53 %). [IprBejeHHbIe 3HaUEHUsI BCTpeyae-
mocTtu MBC y naruenTos ¢ PA Ha 8,76 % mnpeBbiinamm
o0111e Mony/IsSUOHHbIE JaHHbIE.,

N3BecTHO, uTO cietudurueckumu Ajs PA ¢ak-
TOpaMH pHUCKa KOPDOHapPHBIX CUHJPOMOB MOTYT BhbI-
CTynaThb CUCTEMHOE BOCHajleHue, SHA0Te/IraabHas
IuchyHKIHMs, a TaK)Ke BHOCSIIME BK/IaZl B TlaTOreHe3
PA T-k/1eTKy, y4acTBYIOIIYe B HECTaOUIBHOCTU aTepo-
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CKJIepoTHUecKou ossiky [ 1, 45]. VimMetoTcst cBeieHus
0 B3aMMOCBSI3U XPOHUUECKOTO BOCIIA/IEHUSI C MTOBbI-
LIIeHWeM apTepHuabHOrO0 JaBjieH!s Y BIIOC/IeACTBUA
pa3sutreM I'b y narmenToB ¢ PA. Bo3mokHbIMU TTpU-
YMHaMU apTepyUabHOM TUepTeH3uu rpy PA cuuTaroTcst
ayTOMMMYHHbBIe 1 MeTabonmmueckue HapymieHus [9,
46], reHeTueckue (HaKTOphI, a TaKXKe TIpUMeHeHne
MPOTUBOPEBMATHUECKUX MperapaToB C MOTeHIUaIbHO
rUrepTeH3uBHbBIMU CBOMCTBamMU [47]. OfHaKo eciu
110 OOJBITTMHCTBY COBPEMEHHBIX JIMTePATyPHBIX JAHHBIX
I'b npeBanupyeT B CTPYKType CepAeuHO-COCYAUCTBIX
marosioruii ipu PA [14, 33], ans uccienyeMoi HaMu
KOTOPTHI MaLMeHTOB JIWAVPYOLLas TTO3ULIMs OKa3aslach
3a BC.

Bo-mepBbIX, 3TO MOXKET 00bSICHITHCSI He3aperu-
CTPUPOBAaHHBIMU C/Ty4asiMM BIlePBble BO3HUKIIIEN apTe-
pUaIbHOM TUTIEPTEH3WH B UCC/IeyeMol HaMU BEIOOPKe
MAalMeHTOB, UTO JIOTUYHO TepeKINKaeTCs C JaHHbIMU
[40, 48] o anmTeIbHOMY HaOJTFOAEHMIO 3 MaleHTaMu
¢ PA, coracHO KOTOPBIM OKOJIO TIOJIOBUHBI TTAI[UEHTOB,
XapaKTepu3yroTcsi pa3BuTheM y Hux ['b yxe Ha (poHe
umetoiijerocsi PA v He Bceryila Ha paHHel CTa/ Uy ero
pa3BUTHs. BO-BTOPBIX, BbISIBJIEHHBINA (PAKT MOXKET ObITh

115346 yen/

110279 yen/ person

person

|

3317 ven/ 3342 ven/ 3550 yen/ 3166 YeN/ | __ﬁ 4401 uen/
person person person person person

2017 2018

s ABC/ IHD

2019

CBsI3aH C 0011[el MOny/IAIMOHHON TeHAeHI[Uel pocTa
3aboneBaemoctu MIBC 3a nocefiHue HeCKOIBKO JIeT
B UCC/IelyeMOM HaMU pervoHe. Tak, 1o cBeJjeHUsIM
CasuHoit A.A. u ®eiirunoBoii C.U. [49], u3 cy6rekToB
P® CraBpoIo/IbCKUi Kpai BhIAESICS pOCTOM 3abosie-
Baemoctu MIBC B auHamuike 2007—-2019 rT. B 4 pa3a. 310
JIOTUYHO IepeK/IMKaeTCsl C pe3y/ibTaTaMy [POBeeHHOr0
HaMU aHa/M3a MeAULMHCKOM JOKyMeHTaLlMu, COIJIaCHO
KOTOPbIM 3aperucTprupoBaHHOe B CTaBpOMO/IbCKOM Kpae
obtiee urcsio 3ab6oneBannii PA u UBC 1 B3SThIX 10/,
JMcriaHCepHOe HabsirofieHNe 3a HeJlaBHUe HeCKOIbKO
JIeT 3HaYUTeTbHO BO3POCJIO (puC. 2).

Kpowme Toro, cornacHo HeKOTOPbIM ZlaHHBIM [34]
Ha CTPYKTYype KapAMOBaCKY/IsIPHOM MaTO/0TUU TIPU
PA wnccnesyeMoit HaMU KOTOPThI MOIVIM OTPa3sUThCS
ocobeHHOCTH AeMorpadrueCcKux, MoBeeHUe CKUX,
K/IMHAYeCKUX (aKTOpPOB U AMarHOCTUYECKUX TI0JXO/0B.
Tak B psily JOCTYTIHBIX JTATEPATYPHBIX NCTOUHUKOB MbI
HalllIA uccefjoBaHue [27], ToxKe eMOHCTpUpYlOLLiee
OTHOCUTEJBHO BbICOKYHO om0 IBC (45,9 %), ycraHoB-
neHHYy10 y 60bHBIX PA 3a cueT paciivpeHusi CrieKTpa
VICTI0J/Ib30BAHHBIX JJOTIO/THUTE/IbHBIX AUAarHOCTHYe CKUX
TeCTOB.

147608 yen/
person

142201 yen/ 141537 yen/
person person

2020 2021

e PA [ RA

Puc. 2. [lnHaMuKa 3aperncTpupoBaHHbIx 3a60/1eBaHMI neMmyeckon 6oneaHbio cepaua (MBC) n peBMaTonaHbIM apTpUTOM
(PA) 32 2017-2021 rr. B CTaBpOMosIbCKOM Kpae
Fig. 2. Dynamics of registered diseases of coronary heart disease (IHD) and rheumatoid arthritis (RA) for 2017-2021
in the Stavropol region

INTERNAL DISEASES

263



IJenopueun M.H.. u 0p. Bectnux PYJH. Cepus: Mepuuuna. 2026. T. 30. Ne 2

BosbHbie PA ocTatoTcst mpo6ieMoit ¢ TOUKH 3pe-
HUS1, HE TOTBKO 3a00/1eBaéMOCTH, HO MU CMEPTHOCTH.
ITpu 3TOM Ba)KHO OTMETUTh, UTO PUCK JIeTaJbHO-
CTH, CBS3aHHBIN ¢ PA, MOXeT ObITh He HAaMpPSIMYIO
cBsizaH ¢ camuM PA, a onmocpesoBaHHO uepe3
Jipyrye COMyTCTBYHOIMe 3a001eBaHus], BO3HUKA-
roive y nagueHToB ¢ PA [50]. Yke onpegeneHa
3HaUWUTe/bHas CBsA3b MeXxAy PA M CMepTHOCTBIO
ot CC3 [51]. UmeeTcs Lenblil psAfA AaHHBIX [52,
53], yka3pIiBawI[UX Ha 0ojiee BHICOKYIO UAaCTOTY
KODOHApHBIX aTepOCK/IePOTHUYeCKUX COOLITHIA, cep-
JIeYHOM HeI0CTaTOYHOCTH U HapyIlleHW MO3TrOBOTO
KpoBooOpaieHus y 6onbHbIX PA. B 11eioM puck
CcepZleuHOo-COCYAUCTON cMepTy nipyu PA nmpumMepHO
Ha 50 % BhIlle 001Iero MOMY/SALMOHHOTO [54].

YBenuueHue prcka pa3BUTHS (aTabHbIX Kap/roBa-
CKY/ISIPHBIX OC/IOKHEHUH (MH($apKT MUOKap/a, UHCYJIBT,
BHe3arHasi cep/ieuHasi cMepTh) ripu PA obycioBieHo
PsiIoM NIPUYMH. K HUM OTHOCATCS TPaJIULMOHHBIE MO-
muduipyemble (AUCTATTEMUST; CaXapHbId 1uabert;
KypeHue; 0KUpeHre; CTPecc) U HeMOoAX(ULIMPOBAHHbIE
(BO3pacT, My>KCKOH 101, OTATOLLeHHAasi Hac/1e/|CTBEeH-
HocTb). Kpome TOro, 13-3a NOBpeXX/jeHNsl CyCTaBOB
CHIWKeHHe (U3NUeCcKol akTUBHOCTH MOXKET CIoCco0-
CTBOBATh MOBBILLIEHHIO YPOBHS CBEPTHIBAEMOCTH KPOBU
¥ YBeJIMYEHHIO PHCKa KapJOBACKY/ISIPHBIX 3a00/1eBaHmi
Y CMEPTHOCTH.

Ba)kHO OTMETUTB, UTO BeJIMUMHA PUCKOB Cep/ieyHo-
cocyaucTou cmepty npu PA pasnnuaeTcsi B OTAeMbHBIX
UCC/Iel0OBaHUSIX. DTO MOXKET OBITh CBsI3aHO C 0CObeH-

XITH/ CRF #B#— 4,35
OCCH/ AHF B&— 435
TDJIA/ PE M= 8,70
Cermicuc/ Sepsis I 13,04

Bupychas naeBMoHwust/ Viral pneumonia

BN 17,39

Pak Mos104HOM *kene3sl/ Mammary cancer MES— 3,70
Pak mumroBuHOM xkenes3bl/ Thyrioid cancer BES— 370
T'emopparuueckuii uacyisT/ Hemorhagic
B 4,35
stroke
oM/ AMI I 20,43
% 0 5 10 15 20 25 30 35 40 45 50

Puc. 3. lnarpaMmma psja 3akIiounTeNbHbIX KITMHUYECKMX AMAarHO30B NaumneHToB VIHAyKUMK ¢ PA, yCTaHOBIEHHbIX MOCMEPTHO,
CO BCKPbITUEM
lNpumedarme: XIMH — xpoHn4deckan nodedHan HegoctatodHocTh; OCCH — ocTpas cepAevHo-cocyamcTas HeJoOCTaTOYHOCTb;
TONA — TpoM603aMO0US NeroyHon aptepun, OVIM — ocTpbIt MHbApPKT Mr1oKapaa.

Fig. 3. Diagram of a number of final clinical diagnoses of patients (Induction) with RA, established posthumously, with autopsy
Note: CRF — chronic renal failure; AHF — acute heart failure PE — acute pulmonary embolism; AMI — acute myocardial infarction.
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HOCTSIMH 00C/IelyeMbIX KOTOPT TaLeHTOB U CIelu-
(hvKo TeparnieBTHUYeCKMX TIOAX0/I0B B Pa3HbIX CTPaHaXx,
€ 3¢ $eKTHBHOCTBIO JOCTH)KEHUS WU He [JOCTYDKeHUs
e yteuenus [10, 27].

B nccnesyemoit HaMy KOropTe B TPOMKY OCHOBHBIX
MMPUYHUH CMEPTH IanueHToB ¢ PA Bomum ceppeyHo-
COCYAMCThIe, pecrpaTopHble 3ab0sieBaHUsl, CErcrc
(puc. 3).

JInaypyroLyo MO3ULIMIO 3aHUMaJ/I CepleuyHo-
cocyauctele cobertust (47,83 %), mpenMyIieCTBEHHO
nHbapkT Muokapza (30,43 %). [TosmyueHHbIe JaHHbIE
COIVIACYKOTCS C JOCTYITHBIMM pe3y/bTaTaMH [PYTUX
vcciefoBanuii [55, 56] u, rosiaraeM, CBsizaHbl C YCKO-
PEHHBIM TIPOIeCCOM aTepoTpomM003a, BepOSITHOCTD
pasBUTHUs KoToporo npy PA faxke rocsie UCK/IHOUeHUs
BCEX TPaJWLIMOHHBIX (JaKTOPOB pPUCKa OCTaeTCs J0-
BOJTbHO BBICOKOM [57]. DTO He TO/IbKO B ouepeHOM
pa3 MOoATBEeP)KAAeT B3aMOCBI3b aTOTeHeTUYe CKUX
MexaHu3MoB PA 1 UBC, ipociexrBaemMyto psiZioM aB-
TopoB [58], Ho u BhicTaBnsieT UBC BeayILeit MpUurHOM
Cep/ievyHO-COCYAUCTBIX OC/IOKHEHNH Y NalyeHToB ¢ PA.

HoBele cTpaTeruu Tepanuu BOCHaleHUS
Y CepZieuHO-COCYMCTOU NaTO/I0TUHU IT0JI0KUTe/TbHO
OTPaKaKTCsI HA CHWKEHUU CMePTHOCTH O0/IbHBIX PA.
B nccreoBanysix 0TMeUaeTCs CHYKeHHe PUCKa CMepTy
6omeHBIX PA o CC3 [59]. [TonyueHHbIe HAMU pe3yJib-
TaThbl UYT HECKOJIBKO B paspes3 ¢ 3TUMHU AaHHbiMUA. CC3
B CTPYKType COCTOSIHWM, IPUBELLINX K CMEPTHOCTH Ta-
LIMeHTOB C PA, CTOAT Ha [epBOM MeCTe CO CPaBHUTE/IEHO
BBICOKOM BCTPeYaeMOCTbI0. TeH/IeHLMs K CHIKEHUIO
neTasbHOCTH 60/1bHBIX PA CTaBpOITOIBCKOTO Kpast
KOropTel IHAYKLINY ellle He MPOSIB/ISIETCS U TIO3BOJISIET
Trosiarath, 4YT0 KOppeKLys U 0O0HOBIeHNe MeTouYe-
CKUX PeKOMeHZalUi 110 KOHTPOJIIO U YIIPaBIeHUI0
CepJeyHO-COCYLUCTbIMU PUCKaMU B 3TOM acIleKTe,
MOJKeT OKa3aThbCsl BeCbMa M0J/1€3HbIM.

BbiBOAbI

B HacTosieli paboTe rpoBeieH aHaIM3 HOBBIX
JlaHHBIX O MeCTe CepJeyHO-COCYAUCTON NMaTo/I0TUU
B CTPYKType KOMOPOUTHOCTH ¥ CMEPTHOCTH TMalfy-
eHTOB CTaBpOIO/IbCKOTO Kpast KOropThl « HAYKLN»
C yCTaHOBJIEHHbIM TUarHo30M PA.

INTERNAL DISEASES

PeTpocrnieKTUBHBIV W3aliH IPOBEIEHHOI0 UCCJIe-
[IOBaHUS SIBUICS HEKOTOPBIM OTpaHUYeHHeM BO3MOXK-
HOCTH OIIpe/ie/ieHrs] BpeMeHHOU I10C/1e/j0BaTe/IbHOCTH
MeXX/ly HauajioM KapAHOBaCKY/ISIPHBIX 3ab0sieBaHMiA
u avarHo3oM PA. TIpy 3TOM CUTbHOUM CTOPOHOM pabOThI
BBICTYTIAJ/IO TO, YTO B UCC/I€J0BAaHMH HCITO/Ib30Ba/INCh
TOYHBIE ZJAHHBbIe MeJULIMHCKUX 0a3 U JOKyMeHTaL[1ii
Y BKJIFOUA/TMCh TIAL[UEHTHI C JOCTOBEPHO YCTaHOBJ/IEH-
HBbIM [JUarHO30M.

[TonmyuyeHHBIe CBefeHUS T10JI€3HBI [JIs JIYYIIero
TIOHMMaHUsI KJTMHAYeCKOro roptpeTa 6o/bHbIX PA ¢ Kap-
[IMOBaCKYy/ISIPHOM MaTo/IOTHel U MOTYT yUUTHIBaThCS
peBMarTo/IoraMu /i1 ONTUMHU3aLU TAKTUKY YTIPaB/IeHUs]
PA v prCKOM Kap/IMOBaCKY/ISIPHBIX COOBITHIA.
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Abstract. Relevance. According to experimental data, administration of the drug cisplatin into the tumor during radiation
therapy can increase its effectiveness. To date, there is no model that can predict the effectiveness of such therapy. The development
of such a model is an important task for planning therapy. The goal of this work is to find analytical relationships for the survival
of cells exposed to the combined effect of radiation and cisplatin in vitro. Materials and methods. Based on digitized experimental
data on cell survival from a number of publicly published works, the corresponding linear-quadratic (LQ) approximation coefficients
for survival were found for irradiation without the drug ¢, f,, and for combined exposure to radiation and cisplatin o, fyc.
Next, a regression analysis of the resulting set of coefficients and cell survival when exposed to cisplatin alone S . was performed.
Results and Discussion. ¢y was found to be statistically dependent on «,, £, and Se- This dependence could be described
by several models, the best of which in terms of a number of indicators was a,. =, +af;InS., where a =—-4.27+0.57 is
a parameter that is the same for all cell types and experimental conditions. It was found that f3,. is statistically dependent on /.
No signs of dependence of S, on ¢, and S, were found. The best model for 3,. was ;. = ;. These models are simple, but
they allow predicting the value of cell survival under the combined effect of radiation and cisplatin S,. from the values a,, g,
and S, only approximately. The obtained models are collated with kinetic equations and a mechanistic interpretation is given,
which is based on the hypothesis of a decrease in the rate of recovery of cells from potentially lethal lesions 7, with an increase
in the radiation dose and cisplatin concentration. Conclusion. The type of statistical dependence of LQ coefficients «,. and
Brc ON &, P and S, has been found. In the case of high toxicity of cisplatin (low values of S ), the combination of the
above-mentioned models for o, and S, allows to make a useful for practical application prediction of cell survival S, .
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The results of this work will help for the future construction of more complex models of the combined effects of radiation and
cisplatin, and may also have practical application in the case mentioned above.
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Introduction
For several decades, cisplatin has been used to

treat various cancers [1, 2]. The presence of side effects
during treatment [3] leads to the need of developing
complex therapy that would increase the effectiveness of
the drug and reduce the dose required for treatment. One
of the options for such therapy may be the use of the
drug in combination with radiation. A large number of in
vitro experiments have shown the potential effectiveness
of this method, revealing that cisplatin can serve as
a radiosensitizer (see, for example, [4—6]).

To plan therapy with the combined effects of
radiation and cisplatin, a model is needed that can
predict the fraction of surviving cells after exposure
to a given dose of drug and radiation [7]. To date, such
a model does not exist. In our opinion, the first step
towards its construction is to obtain simple empirical
relationships for cell survival in vitro. In the future,
based on them, it will be possible to build more
complex models that take into account in more detail

270

the conditions of the experiment. Further, if necessary,
on the basis of such models it will be possible to build
mechanistic models of cell survival that contain the
most relevant scientific knowledge about the internal
processes occurring in cells during therapy.

The purpose of this work is to find analytical
relationships for the survival of cells exposed to the
combined effects of radiation and cisplatin in vitro.

Materials and methods

The main idea of the work
It is known that, over a wide range of doses,
experimental data on cell survival during irradiation
in vitro are almost always well described by a linear-
quadratic (LQ) function of the form:

(D

SR = e_aRD_ﬂRDZ ’
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where S, — cell survival, D — deposited dose, &, and
B — coefficients selected using regression analysis
methods [8, 9]. &, and S, depend on cell type, type
of radiation and a number of additional experimental
conditions. A more general form of expression (1) is
applicable to describe cell survival in the presence of
cisplatin:

Ske _

Sc
where S, — cell survival under combined exposure
to cisplatin and radiation; SC — cell survival in the
presence of cisplatin but without irradiation; o,
and f,. — coefficients similar in meaning to &,
and S, . Experimental conditions for S, and S,
must be equivalent, including the use of the same
concentration of cisplatin and time of incubation with
cells.

Thus, &, and S, characterize the response of cells
to radiation, and S — to the presence of cisplatin. It
is logical to assume that, knowing the response of cells
to radiation and cisplatin separately, it is possible to
predict it for the case of their combined action, that is,
knowing a, B, and S, to predict . and f,..
Mathematically, this hypothesis can be written in the
form of relations:

—ageD~PreD? |

2

e

B :fﬂRC(aR,,BR,SC,ZiﬁRC)+gﬂRC,(4)

where f, ~and f, —unknown functions of variables
Qr, Py and S.; d,,  and a, — vectors with
parameters that are the same for all cell types, types
of photon sources, cisplatin concentrations, times of
incubation of cells with cisplatin and other factors; &, c
and €p,. — Gaussian errors. To date, experimental
data on the combined effect of radiation and cisplatin
are quite small, which is why it is possible to consider
only the simplest types of functions Sane and f e ?
containing no more than two parameters each. In view
of this, we will consider functions of a simpler form:

Opc =Ag +faRC (ﬂR’SC’aaRC )+8aRC ’ (5)
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where we have redefined functions f, —and f f, and
errors €q,. and gﬂRC from expressions (3) and (4) so
as not to introduce too much notation; expressions (3)
and (4) will not be used further.

Finding functions /.. and f;_ and their
inaccuracies is a regression analysis problem in which
expressions (5) and (6) are regression models.

The parameters of models (5) and (6) can be
interpreted mechanistically by proposing a new
kinetic model of the dynamics of lethal and potentially
lethal events occurring in cells during irradiation and
administration of cisplatin.

Selection of experimental data

Experimental data were extracted from published
articles mainly by digitizing the graphs presented in
them. We only used articles that met a number of
requirements:

— the article must explicitly indicate: photon
source (for example,°Co or 200 kV), cell type,
incubation times of cells with cisplatin during
measurement of S and S, (these times must match);

— the dose rate should not significantly exceed the
range of usual values used in this kind of experiments
(approximately from 0.5 to 5 Gy / min);

— cells should not be exposed to obviously
extreme conditions such as hypoxia or hyperthermia;

— the experiment must not involve manipulation
of the cell cycle.

A sufficient amount of data was extracted from
articles [10—15] to find the parameters of regression
models of simple form (5) and (6), containing no more
than two parameters, with satisfactory accuracy, namely
25 sets of values ¢, I[?R, S*C » G ,BRC, where the
cap above the value means that it represents an estimate
based on the experimental data of the article (that is,
based on a sample), rather than its true value (within the
framework of the frequentist approach to mathematical
statistics). Thus, we did not consider all the existing
experimental data, but only part of it, due to the fact
that a larger amount of data would not significantly
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improve the quality of the regression analysis results
for their practical application.

In the experimental data retrieved from articles,
the dose rates ranged from approximately 0.6 to
1.5 Gy/ min. The incubation times of cells with
cisplatin varied from 1 to 24 hours. Cells were
irradiated either before incubation with the drug
or after it (differently in different experiments). 11
types of cells were irradiated with 5 types of photon
sources.

Data on the SCC-25 cell line from the article [14]
were excluded from consideration as outliers: at a dose
of 1 Gy in the presence of cisplatin, an increase in cell
survival was observed in them, which did not occur in
other experiments.

Regression analysis of experimental data

Unfortunately, we were unable to extract standard
errors for all measurements from the articles, so they
were not used in our calculations.

If the article did not explicitly indicate the values
of S‘C , then they were found by interpolating the
presented data. First, we tried interpolation with the
Hill function [16]:

1
— ()
1+ <

ICy,

Sc=

where ¢ — drug concentration, /C;, and n —
parameters. However, in a number of cases it turned out
to be unsatisfactory, which is why linear interpolation
between the nearest values was used to obtain values
of S...

LQ parameter values dp, f3,, Qp and ﬁRC
were found using the least squares method (LS) for
the functions:

InS R A
fr=- DR=aR+ﬂRD, 8)
In Sfc
S . ~
Jre=- D =Qpe+ PreD, ©)]
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where S  and S »c — estimations of functions (1) and
(2) based on experimental samples. It should be noted
that the obtained parameter values cannot be considered
the result of solving a standard linear regression problem

, InS
Jr=— DR:aR+ﬂRD+gR’ (10)

In Sre
fI;C:_TC:aRC—i_ﬂRCD—i_gRC’ (11)

where &, and €~ — Gaussian errors. The point is
that the sizes of the samples relevant to S, and S,,. are
too small (in some cases they have only one degree of
freedom) to provide meaningful arguments about the
validity of the models (10) and (11). In other words,
it cannot be stated that the quantities &g and &g~
are random variables having a normal distribution. In
view of this, in order to avoid gross errors in further
calculations, we assumed that the values of dR s ,3R s
Oy and ,@RC obtained by this method represent single
measurements of the corresponding quantities.

Since it is known that the LQ approximation (1)
is not applicable for low doses [17], when selecting
parameters, points with a dose value of less than 0.9 Gy
were excluded from consideration.

_ The resulting set of values of Ay, [g’R , Oy and
Brc Was used to solve regression problems (5) and (6),
that is, finding model parameters, their inaccuracies and
accompanying statistical criteria.

In total, more than 100 types of functions faR .
and /, B Were considered, containing no more than
two parameters, from the simplest type to the more
complex. Consideration of such a large number of
functions was necessary because we were not based on
any already published model, so the type of functions
was not known in advance and had to be found by
enumerating options.

The amount of experimental data was too small
to prove the validity of models (5) and (6), but it was
possible to provide significant arguments in favor of
this based on statistical criteria. To do this, we used
the Shapiro-Wilk test, which is considered one of the
most powerful tests for testing data for normality [18]
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and the one-sample t-test for the mean [19]. Based on
these criteria, we drew conclusions about the possibility
of considering that the quantities &, . and &
have a normal distribution with zero mathematical
expectation. It should be noted that for samples of
finite size, the use of these criteria is an approximation
and assumes that the functions f, = u f Bec with true
parameter values are not far from their sample estimates.
Despite this rough approximation, this method allows
one to track models with highly non-Gaussian errors.
The values of the model parameters and their
uncertainties were found in two ways, depending on
the type of f, . and fﬁRc . For functions linear in
parameters, analytical relations were used [20]. For
non-linear functions, one of the bootstrapping methods
was used [21]: regression residuals were modeled
randomly and for each case the parameter values were
found using LS. For each function, a set of one million
parameter values was calculated. With such an amount,
the inaccuracy of this method was less than 1%, and in
the problem under consideration it could be neglected.
This method could also be used for linear functions,

since it gives the same results as analytical relations,
but the calculation required much more time, which is
why it was applied only to non-linear cases.

Results and discussion

Figure 1 shows examples of approximation of
experimental data by functions (1) and (2), whose
parameters were found using (8) and (9), as described
in materials and methods. The approximation described
the data well in all 25 cases of combined exposure to
radiation and cisplatin and, thus, the validity of (2)
was not in doubt. The mean value of the coefficient of
variation for function (9) was 0.127.

Diamonds indicate experimental data, a solid
line of the same color indicates their approximation.
Cisplatin concentrations are shown in the legend.
a) Data from [10] for CHO cells irradiated with
photons from a '*’Cs source at a cell incubation
time with cisplatin of 1 hour. At a concentration of
8 pg / ml, the authors of the work examined separately
the case of cell irradiation after incubation with

Fig. 1. Examples of approximation of experimental data by LQ functions (1) and (2)
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cisplatin (1h + irr) and before incubation (irr + 1h),
without finding a significant difference between the
data. b) Data from [11] for RIF1 cells irradiated
with 200 kV photons at a cell incubation time with
cisplatin of 1 hour.

In Table 1 and Table 2 the resulting models (5)
and (6) for a,. and S, are presented, which are
most worthy of mention (there are more than 100
models in total). For «,., by the latter, we mean
several of the best models in terms of statistical
indicators and simplicity, as well as several
models that characterize the methods and results
of regression analysis of this work. For [, ., models
are presented that have the same form as models for

Qg - We found that . is statistically dependent
on ag, Py and S, and . is dependent on .
We found no evidence of a statistical dependence of
Brc on o, and S . The results of the regression
analysis did not allow us to clearly identify the
best model for Ape - Thus, based on statistical
indicators, several models could be used as such.
In such a situation, we conditionally chose model
number 8 as the best one, since among the models
with the best performance it had the simplest form.
The approximation of experimental data by this
model is shown in Figure 2. Unlike Ope s the best
model for ﬂRC could be chosen unambiguously and
this was model number 2.

Table 1
Models of LQ coefficient &~ for combined exposure to radiation and cisplatin
Opc, Gy !
# Model a b RSD Shapiro-Wilk One-sample t-testp-value R?
p-value
1 a 0.234 +0.062 0.312 4.49x10°° 1.00
2 Op 0.288 7.31x10° 0.0166
3 ap+a 0.148 +0.058 0.288 7.31x10°° 1.00
4 ap+apy’ 99.0+17.6 0.214 0.190 0.835 0.569
a,+alns -0.237
5 R c +0.040 0.206 0.799 0.515 0.599
6 aR+a1n2 SC 0.118 £0.018 0.195 0.0803 0.602 0.642
b
7 ap+a(-nS,) 0.118+0.063 | 2.000.85 | 0.199 0.0845 0.592
8 ag+aByInS, -4.27 +0.57 0.177 0.119 0.844 0.703
9 ap+afIn*S, 1.91 +0.26 0.178 0.0573 0.415 0.699
b
10 ag+apy (—ln SC) 3.43+1.22 | 130054 | 0.180 0.0343 0.867

Note: a, is expressed in Gy™', B, in Gy 2 S,. is dimensionless. The table shows sample parameter estimates and their standard
errors, separated from the former by +. Parameter a has different dimensions depending on the model, and parameter b is
dimensionless. RSD — residual standard deviation. The p-value for Shapiro-Wilk test is indicated for the null hypothesis that the
sample is drawn from a population with a normal distribution. The p- value for one-sample t-test for the mean is indicated for the
null hypothesis that the sample is drawn from a population with an expected value of zero (see “Materials and methods” section).
Coefficient of determination R? is indicated only for cases of linear regression, where it can be interpreted in a standard way.
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Models of LQ coefficient [, for combined exposure to radiation and cisplatin reble
ﬁRc, Gy ?

Ne Model a x10° b RSDx102 if‘vfl’gg;‘{‘g'zk o"e'sa\:‘;lpu'g Htestp | poxq
1 a 3.25+0.65 - 3.25 0.577 1.00 -

2 Br - - 1.94 6.44 0.786 -

3 Brta 0.106 + 0.387 - 1.94 6.44 1.00 -

4 B +ac’ -8.0+16.5 - 1.93 451 0.590 0.984
5 BrtalnS, -0.229 +0.370 - 1.92 8.32 0.872 1.57
6 Br+aln’S,. 0.137+0.178 - 1.92 9.19 0.915 2.41
7 e+a(-InS.) 0.125:0409 | 979 1.8 6.22 0.937 .

8 Pr+acy,InS, 0.20 +3.65 - 1.94 6.13 0.757 0.0129
9 Brtac,In’ S, 0.92+1.93 - 1.93 8.08 0.978 0.939
10| fetac(-Ins,) 137z371 | 0% 1.8 480 0.591 .

Note: The table data format is similar to Table 1.

Fig. 2. Approximation of experimental values of LQ coefficient for combined exposure to radiation and cisplatin & by linear
model 8 from Table 1. R? = 0.703
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Thus, the best model of cell survival under the
combined effects of radiation and cisplatin in this work
was considered to be function S, from (2) with LQ
parameters corresponding to models 8 and 2 from Table
1 and Table 2, respectively:

apc=0ap+af,InS., (12)

ﬁRC :ﬁR’

(13)

Figure 3 shows this model’s description of the
experimental data from Figure 1.

Figure 4 shows part of the data from Figure 3 with
a constructed 95% prediction interval that predicts the
outcome of individual experimental values and thus
includes random error (not to be confused with a 95%
confidence interval). As can be seen from Figure 4q, in
some cases the prediction interval is too wide, and then
the model’s predictions may be useless for practical use.

Unfortunately, for the vast majority of experimental data
considered in this work, the situation in this regard is
similar to Figure 4a.

It should be noted that in the experimental data
considered there was only one case of high incubation
time of cells with cisplatin — 24 hours, much longer
than the others (1 hour and 2 hours). According to
statistical indicators, this experiment did not stand out
in any way from the general trends of the considered
models.

According to model (12), &~ can be considered
linearly dependent on £, and In S, however, this
result is the average indicator for the 11 types of cells
considered in the work, 5 types of photon sources,
a wide range of times of incubation of cells with
cisplatin and other factors. To use this model to predict
the results of an individual experiment, it is necessary to
take into account the random error (RSD from Table 1),
as it is done in Fig. 4. Due to high RSD values, in some

Fig. 3. Description of experimental data on cell survival under combined exposure to radiation and cisplatin from Fig. 1 by
models (12) and (13):a = &, =0.0819 Gy ', BR =0.0380 Gy 2. S’C are equal to 0.573, 0.484, 0.392 and 0.137 for concentrations
of 8,10,12 and 16 pg / ml, respectively; b - ¢, = 0.0923 Gy~ ', BR =0.0686 Gy 2 S‘C are equal to 0.583, 0.484, 0.290, 0.156,
0.0851 and 0.0731 for concentrations of 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 ug / ml, respectively
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Fig. 4. Description of experimental data on cell survival under combined exposure to radiation and cisplatin from Fig. 1
by models (12) and (13), with a constructed 95% prediction interval (dashed line)

series of experiments there may not be an increase
in the value of & rc When cisplatin is administered
and even a decrease may be observed. According to
model (12), one can state that aRC clearly increases
only at sufficiently high values of ,BR and |1n SC| (see
Fig. 4b, in which ﬁR is equal to 0.0686, and S,. varies
from 0.0731 to 0.156). Just as with the model for Oy
the equality of S, and £, (see model (13)) has a high
random error, so the value of ,B can differ significantly
from ﬂ in individual experlments

The obtained models (12) and (13) in most cases
cannot provide a useful predlctlon of ap and Brc
based on the values of &, f3, and S,. due to the
prediction intervals being too wide. To increase the
accuracy of the prediction, we assumed that such a width
of the intervals is due to the fact that the parameters of
the models should depend on the cell type and the time
of incubation of cells with cisplatin, and their obtained
values are averaged over these factors. It is known
that there are a number of kinetic models that claim to
describe cell survival after irradiation (in the absence
of drugs in the cells): MKM, LPL, RMR and others

ONCOLOGY

[22—-24]. Such models are based on kinetic equations,
the solution of which allows to express cell survival
through a set of parameters that depend on the cell
type and radiation. Thus, the expressions (12) and (13)
should be solutions (possibly approximate ones) of such
equations, generalized to the case of the presence of
cisplatin in cells.

Let us create a system of kinetic equations. We
will assume that damage to cells as a result of their
irradiation and exposure to cisplatin can be divided into
two groups: potentially lethal and lethal. By lethal we
mean any events that are guaranteed to lead to the death
of a cell or the loss of its reproductive functions. By
potentially lethal we mean the averaged set of events
that with some probability can lead to cell death or loss
of reproductive functions (i.e. become lethal). Such
events include various types of DNA damage, damage to
cell organelles, and increase in level of oxidative stress.

Let us consider the simplest, approximate version
of kinetic equations. We will assume that cisplatin
was introduced into the cells before the instantaneous
irradiation, and all potentially lethal events produced
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by it can be considered either successfully eliminated
by cellular mechanisms or became lethal at the time
of irradiation. Then the system of equations can be
written as follows:

dU (t)

dt

dL(t)
dt

— _rU()=rU(t), U@©)=xD
rU(t)-rU(t), U(0) K‘, "

=rU(t), L(0)=nD-InS,

where U(t) is the average number of potentially
lethal events per cell at time #, L(¢) is the average
number of lethal events per cell at time ¢, 7, is the
rate of disappearance of potentially lethal events as
a result of successful cell recovery, 7_ is the rate
of transition of potentially lethal events to lethal
ones as a result of unsuccessful recovery, K is the
average number of potentially lethal events per
cell, produced by radiation per one Gy, 77 is the
average number of lethal events per cell produced
by radiation per one Gy, D is deposited dose. The
term —In S, represents the average number of lethal
events produced by cisplatin and takes into account
the assumption that they are distributed over cells
according to Poisson distribution. # = 0 corresponds
to the time immediately after irradiation.

Let us assume that 7, depends on the dose and the
presence of cisplatin as follows:

_ 1
A A+ 4, (ayIn S+ D)’

(15)

where 4, A, and g, are parameters that do not
depend on the dose and concentration of cisplatin.
Thus, we assume that the cellular recovery system from
potentially lethal events is weakened by increasing
radiation dose and cisplatin concentration, which is in
agreement with existing data (see, e.g., [25] and [26]).
Let us assume that 7. >> 7_ by analogy with [22].
This approximation means that the vast majority of
potentially lethal events are successfully eliminated
and do not become lethal. Then the system of equations
takes the form:
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du(e) ul) _
dt A4 +4,(ayInS.+D)’ . KD, (16)
dL(t) oA
— - rU(t), L(0)=nD-InS,

This system has an analytical solution:

_ t
A+ Ay(agInS+D)

U (t) =xDe , (17)

L(t)=nD~-InS. +
+1.kD( 4+ 4,(a,InS. +D))

_ t
l—e A1+A2(a01nSC+D)]’ (18)

For large times ¢, taking into account the Poisson
distribution of lethal events across cells, we obtain the
LQ dependence for survival:

Sge = e =
_ Sce[”D”‘”D[*““’zf“O bfscie)e2])] 5, ) 1)
where
Qpe :77+r_1c(A1 +4,a, lnSC) , (20)
Prc=r-KkA4,, (21)
In the absence of cisplatin InS. =0, then:
ap=n+rkd, (22)
Br=rkd,=Prc, (23)
Expressing ax through f,, we find:
Ope=ap+ayfrlnSe> (24)

The obtained relations for ¢, and S, . are fully
consistent with models (12) and (13) provided that
a=a,.

With the approximations made, the case of

irradiation of cells before the administration of cisplatin
is no different from the case of irradiation after, provided
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that cisplatin is administered into the cells immediately
after irradiation.

Figure 5 and Figure 6 show approximations of
the experimental data from Figurel using models (23)
and (24) by analogy with Figure 3 and Figure 4. When
approximating, deviations of the experimental values

In S'RC

of 7p  from the mentioned models were considered
as a Gaussian error. As can be seen from the comparison
of Figures 3-6, the model predictions have improved
significantly in case a) and remained approximately the
same in case b). This difference in predictions is due to
the large scatter of experimental data and the sharply
changing “shoulder” BR ¢ in one direction or the other
when changing the concentration of cisplatin in the
latter case (see Figure 1).

Thus, in a number of cases, approximation of
cell survival based on kinetic equations (14) predicts
experimental data significantly better than relations (12)
and (13). However, it should be noted that such an
approximation requires experimental data on the
survival during irradiation of a given cell type in the

presence of cisplatin, while they are not needed to use
relations (12) and (13). That is, it is necessary to know
not only @, f3, and S’C , but also a number of values
of S‘RC, which is a serious drawback.

It should be noted that some parameters of the
system (14) may be dependent on each other. At the
moment, this is the subject of further research and is
not addressed in this work.

As described above, system (14) is approximate,
since in reality the irradiation of cells is not
instantaneous, and potentially lethal events created by
cisplatin exist simultaneously with those created by
irradiation. However, this case is much more complex
and is not considered in this paper.

Significant deviations of individual experimental
values of survival from the LQ function approximating
them, which in this work were interpreted as random
errors, are a serious obstacle to the development of
a model of cell survival, since even in cases where
the model can very accurately predict the average
survival value, variation in the prediction of individual
survival values may be too large and have no practical

Fig. 5. Description of experimental data on cell survival under combined exposure to radiation and cisplatin from Fig. 1 by models
(23)and (24):a - a, =-1.442+0.319, a; =0.0175+0.0327, B, = 0.0483 + 0.0033; b - a, =-3.555+0.478,
ap, =0.0302 +0.0639, B, =0.0789 + 0.0099
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Fig. 6. Description of experimental data on cell survival under combined exposure to radiation and cisplatin from Fig. 1
by models (23) and (24), with a constructed 95% prediction interval (dashed line). In case a) one of the interval boundaries
practically coincides with the solid line, which is why it is not clearly visible

application (the prediction interval constructed from the
model is too wide). This makes it relevant to use a more
accurate model than L.Q to approximate survival data,
as well as to investigate random errors in measuring
cell survival, for example, whether deviations from
LQ are really random errors or regular behavior and
whether a significant difference in measured survival
values can be avoided when the experiment is repeated
(the problem of reproducibility of experimental data).

The experimental data in Fig. 1b cast doubt on the
possibility of constructing a useful general cell survival
model for practical application based only on the values of
S xc due to the sharply changing “shoulder” of BRC , firstin
one direction and then in the other, when the concentration
of cisplatin changes. It is likely that to build such a model
it is necessary to use microscopic characteristics of cells
along with (or instead of) S »c s input data.

Conclusion

As aresult of statistical processing of experimental
data, it was found that &p- is statistically dependent on
Op, By and S, . This dependence can be described by
several models, the best of which in terms of a number
of indicators is (12). It was found that S, is statistically
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dependent on f3,. No signs of dependence of Sy on &,
and S, were observed. The best model for Brc is (13).

A new kinetic model is proposed. Its innovation is
the hypothesis that the rate of recovery of cells from
potentially lethal events ¥, decreases with increasing
radiation dose and cisplatin concentration. This model
in some cases allows to increase the accuracy of the
prediction of S rc 10 comparison with models (12)
and (13), but requires the availability of a number of
experimental values of § »c for the same type of cells
and radiation for which the prediction is made.

The results of this work will help for the future
construction of more complex models of the combined
effects of radiation and cisplatin, and may also have
practical application for prediction of cell survival S, .
in the case of high toxicity of cisplatin (low values of S.).
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AnHoTanusa. AkmyaabHocmb. COIVIacCHO 3KCIIepUMeHTa/lIbHbIM [JAHHBIM BBeZleHHe Iperapara LUMCIIJIaTUH B OIyX0/b MpY
JIyueBOM Teparuy MOKeT MOBBICUTH ee 3¢ deKTUBHOCTb. Ha cerofHsAmHNI ieHb He CyIIleCTBYeT MOJe/H, ClIocOOHOM pefcKa-
3bIBaTh 3()(eKTUBHOCTh Takol Tepanyu. PaspaboTka Takoil Mozie/u IB/sIeTCs BaKHOM 3a/iaueid /1l IIaHUPOBaHUs Teparyu.
Llesbto HacTOSIIIIEH PaOOTHI SIB/ISIETCS] HAXOXK/IEHWEe aHATUTHUeCKUX COOTHOILIEHUH /151 BLDKMBAaeMOCTH KJIeTOK, MOZIBePKEHHBIX
KOMOMHUPOBAHHOMY JIEHCTBUIO U3TyUeHUsl ¥ LUCIUIaTHHA in vitro. Mamepuasbt u Memoobl. I1o oribpoBaHHBIM 3KCITIEPUMEH-
TaJIbHBIM JIAHHBIM 10 BEDKUBAEMOCTH KJIETOK 13 PsiJia OMyO/IMKOBaHHBIX B OTKPBITOM JJOCTYTIe paboT HalifIleHbl COOTBETCTBYIOLLIE
K03 UIMeHTs! IMHeiHOo-KBapaTnuHoH (L Q) anmpoKkcuMaliiy BbDKABaeMOCTH TIpY 00/TyueHnu Ge3 npernapara o, [, U 1Ipu
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KOMOMHMPOBaHHOM BO3/€MCTBUN U3/TyUeHNs U LIUCTIIATUHA (-, [y [lasiee IpoM3Be/iEH perpeCcCHOHHBII aHa/M3 0TyYeHHOTro
Habopa k03()(UIMEHTOB 1 BEDKUBAEMOCTH KJIETOK MPH BO3/efCTBUM OJHOTO LUCIIaTHHA S, . Pesynbmambl u obcyscdeHue.
YCTaHOBJIEHO, UTO (. CTaTHUCTUYECKH 3aBUCUM OT &y, Py U S,.. [laHHas 3aBUCHMOCTb MOXeT OBITh OIMCaHa HECKOTbKUMH
MO/Ie/IIMH, JIy4ILIed U3 KOTOPBIX 0 PAAY MOKasaTe/leld ABIAeTC o, = o, +af, InS. , rae a=-4,27+0,57 — napamertp,
OZIMHAKOBBII /IJIsI BCEX TUIIOB KJIETOK U YCJIOBUI TIPOBeJIeHHsI SKCITIePUMEHTA. YCTaHOBJIEHO, UTO [, CTaTUCTHUECKH 3aBUCUM
oT [ . TIpU3HaKOB 3aBUCUMOCTU Sy OT @ U S,. He oOHapyxeHo. JIyureld Mogie/bto Anis B sBnsetcs Py = Pi. YkasaHHble
MOJie/y TIPOCTBI, HO ITO3BOJISTIFOT TIPeficKa3arh 3HaueHre BbDKUBAEMOCTY K/IeTOK IPH KOMOMHHUPOBaHHOM BO3/€fICTBUN H3/TyUeHHs
Y LMCIUIAaTUHA Sy 110 3HAYEHUAM Oy, [, U S TONBKO NPUO/IMKeHHO. [ToyueHHBIM MO/Ie/ISIM COTIOCTaB/IeHbl KUHETUYeCKHe
yPaBHEHUS ¥ JaHa MEXaHUCTUYECKAsl UHTEPIPETALMS], B OCHOBE KOTOPOH JIEXKUT IUroTe3a 06 yObIBaHUM CKOPOCTH BOCCTAHOB/IEHHS
KJIETOK OT TIOTEHLMA/IBHO JIeTa/IbHBIX TIOBPEXKIEHHUH 7, TIPH YBeTMUeHHH J03bl 00 TyYeHHsT ¥ KOHLIEHTPALWH LIUCIIaTHHA. BbigookbL.
YCTaHOB/IEH BUJ, CTATUCTAYECKOM 3aBUCUMOCTH LQ KO3DPULMEHTOB X, U Sre OT Qp, P uS,.. [Ipy BBICOKMX 3HAUEHUAX
TOKCHYHOCTH LIUCII/IAaTHHA (HU3KUX 3HAYeHUsIX S ) COYeTaHUe YIIOMSHYThIX BbIILe MOZie/lel Il (g U Sy TI03BOJISIET CAE/AaTh
T0/1e3HBIH /7151 TPAKTHUeCKOro IIPUMeHeH s TPOTrHO3 BLDKUBAEMOCTH KJIeTOK S, . Pe3ynbrarel jaHHOI paboThI MOMOTYT Anist
Oyzy1iiero nocTpoeHust 6osee CI0KHBIX MOZe/iell KOMOMHHUPOBAHHOTO [iefiCTBUsI U3/TyueHNs ¥ LIMCIVIaTHHA, @ TAKKe MOTYT UMeTh
TIpaKTHUeCcKoe IPUMeHeHe B YIIOMSTHYTOM BBILIIe CTydae.

KiroueBble cioBa: nycraTvy, LQ anmpokcuManys BBbKABaeMOCTH K/IeTOK, OTOHHaAs TyueBasi Tepamnusi, perpeCccroHHbIA
aHa/M3, KHHeTHUYeCKHe MO/Ie/T BbDKIBaeMOCTH KITeTOK

HNudopmanus o punancupoBanuu. Pabota BeinonHeHa B pamkax HUP Ne rocpeructpanuu 123011900016-6. VicTounuk
(bMHAHCUPOBAHUS: TOCOIOKET.

Bkuiaj aBTopoB. KoHobeeB M.A. — nu3aiiH UCC/e[JOBaHUS, TIOJyYeHHe U aHa/TU3 [JaHHbBIX, HaTllMCaHue pykonucu. KypaueH-
ko FO.A. — au3aiiH uccienoBanus, aHanu3s AaHHbIX. [elino M. H. — fgu3aiin vccieqoBaHust, oayyeHUe U aHaau3 JaHHbIX. Bee
aBTODPBI BHEC/TH CyIlleCTBeHHBIN BK/IaZ B pPa3pabOTKy KOHLIEMLWH, TIPOBe/ieHNe MCC/IeJOBaHUs U TIOATOTOBKY CTaTbH, ITPOYIH
1 o100pwIn (pUHATBHYIO BEPCHUIO Tiepe/] yOIruKalye.

Hudopmanys o KOHQINKTe HHTepecoB. ABTOPbI 3as1B/ISIIOT 00 OTCYTCTBUY KOH(/IMKTA UHTEPECOB.
JTHYeCKOe yTBepKAeHHe — HelTpUMeHHMO.

BaropapHoCcTH — HerpuMeHHMO.

HudopmupoBaHHoe coryiacue Ha my0/IMKaLUI0 — HETPUMeHNMO.

IMoctynuna 05.06.2025. ITpunsra 19.06.2025.

Js nutupoBanus: Konobeev ILA., Kurachenko Yu.A., Sheino I.N. Relationships between linear-quadratic parameters
for cells irradiated in the presence and absence of cisplatin // Becthuk Poccutickoro yHuBepcuTeta Jpy*0b1 HaponoB. Cepust:
Mepuusa. 2026. T. 30. Ne 2. C. 269-282. doi: 10.22363/2313-0245-2026-30-2-269-282 EDN: GXUMTV

Corresponding author: Konobeev Ivan — Junior Researcher Of Laboratory For Methods And Technologies Radiation Therapy
of Russian State Research Center — Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency,
Russian Federation, 123098, Moscow, Zhivopisnaya str. 46, E-mail: beoO@mail.ru

KonobeevI.A. SPIN 7289-8433, ORCID 0009-0008-0938-9645

Sheino I.N. SPIN 7374-7849, ORCID 0000-0003-0114-4420

OmeemcmeeHHblli 3a nepenucky: Konobees VIBaH AJieKcaHpOBUY — MJIAJIINIA HAYYHBIH COTPYAHUK J1ab0paTOPUA METOZOB
Y TeXHOJIOTHH JiydeBoi Tepanyi PefiepabHOTO rocyAapCTBEHHOr0 OFOPKeTHOTO yupeseHus «['0CyjapCTBeHHBIN HayYHbINA
ueHTp Poccutickoit ®epepatiun — DefiepaibHbI MeUIMHCKUEN drodu3ryeckuii eHTp uMeHu A.U. BypHazsHa» ®efepaabHOTO
MeJKO-010/I0rnuecKoro areHcTBa, Poccuiickas ®epeparust, 123098, r. Mockga, yi. XKuonmcHast 46, E-mail: beoO@mail.ru

Kono6eer .A. SPIN 7289-8433, ORCID 0009-0008-0938-9645

[Teitno U.H. SPIN 7374-7849, ORCID 0000-0003-0114-4420

282 OHKOJOI 14



ﬁ BectHuk PY[QH. Cepus: MEAULIUHA 2026;30(2)
F' RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

OPTAHU3ALUA 3APABOOXPAHEHUA
U OBLLECTBEHHOE 3/10POBbE
HEALTH POLICY AND PUBLIC HEALTH

DOI 10.22363/2313-0245-2025-30-2-283-292
EDN GXXELI

OPUTMHAJIBHOE UCCJIEQOBAHUE
ORIGINAL RESEARCH

CpaBHI/ITeJ'IbHaﬂ XapaKTepucTtukKka MmoTuBaLMm CTyAeHTOB,
OGY‘IHI'OLI.I,VIXCH no MeaAMUUNHCKUM crnieunanbHOCTAM
B MeAMLIMHCKHUX BYy3ax
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AnHoTanuA. AkKmyaabHocmb. [1anbHeBOCTOUHBIN deiepaabHbIN OKPYT SIB/ISIETCS] TEPPUTOPHEH Ollepeskarolero pasBuTys,
yTo TpedyeT HaMuue GOJBLIOTO KOJIMYeCTBa CrieldanucToB. Pabora B cdepe 371paBoOXpaHeHHs OJUH U3 CaMbIX CJIOKHBIX,
OTBETCTBEHHBIX BH/IOB TPYZOBOH JieATe/IbHOCTH UeI0BeKa C BRICOKMM YPOBHEM Harpy3oK TICHX0JIOTMYeCKOro Tj1aHa, TpedyeT
BHUMare/IbHOCTH, BEIHOCTMBOCTH U BBICOKOH TPyZ0COCOOHOCTH. MeuLIMHCKOe 00pa30oBaHNe UMeeT CBOO CrielU(UKY, Jaxke
Ha 3Tarie 00yueHHs C epBbIX KypcoB paboTaet He MeHee 80 % CTYZeHTOB, KOTOPbIe CTAJIKUBAIOTCS C LIe/TbIM PSZI0M TPYAHOCTEIH:
CTPEeCCHI, JIUILIEHHe CHA, YCTaJOCTh U /Ip. KOTOPble MMEIOT HeTaTHBHbIe MOC/IeACTBYS IPH 00yUyeHNH, ToBeJeH!H, 00IIeHNH,
BJIMSIFOT Ha COCTOSIHYE 3710POBbs. II0CTpOeHre CUCTeMbI MOTHUBALIUK OAWH W3 Ba)KHBIX I1aroB NMpU 00y4eHWH B MeULIHHCKOM
By3e. BEICOKO MOTHBUPOBaHHEIN 00yJaromuiicss OyieT BOBiedeH B MPOLeCC TOyYeHuUs 3HaHWH, a CJiefl0BaTeNbHO, YIUThCS
10 coBCTBEHHOMY JKeJIaHHI0, aKTHBHO OCBaMBaTh yueOHy0 rporpammy. [103ToMy nM3ydeHHe MOTHBALIMM CTYAEHTOB, 00yUaroIMXCsl
T10 MeAWIMHCKHM CITeLMabHOCTSM B MEAWIMHCKMX By3aX SIB/ISIETCS aKTyaIbHOU. L]enb uccne0osaHus — IpoOBeCTH CPaBHUTE/bHbIN
aHaJIM3 B3aUMOBJIMSIHUS. MOTUBALMU K 0OYYEHHIO ¥ COCTOSTHHS 37[0POBbsI 00YUArOLMXCsl TI0 MEIULIMHCKUM CIelManbHOCTIM
B MeJULMHCKUX By3ax JampHero BocToka. Mamepuanbt u memoodbl. B pamkax yueOGHO-HayuHO-ITPOM3BOACTBEHHOTO K/lacTepa
«JansHeBOCTOYHBIN» Ha OCHOBe JOTOBOPOB O COTPYAHUYECTBe, B PAMKAX COL[MA/TBLHOTO apTHepCTBa 06pa3oBaTeTbHbIX
opraHM3alyii BeICIIEro 00pa30BaHus U B3aMMOZEeHCTBUS By30B [la/IbHEBOCTOUHOTO PerroHa B UCC/IeJOBaHUH YUaCTBOBAIH:
[lanbHeBOCTOUHBIN TOCY/apCTBeHHBIM MeANLMHCKUH yHUBepcuTeT (IBI'MY), AMypcKasi rocyapCcTBeHHast MeAMLIMHCKAs
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akagemusi (AT'MA), CeBepo-BocTounslii deepanbhbiii yHuBepcuteT uMeHH M. K. AMMocora (CB®Y), [lalbHEBOCTOUHBIN
tenepanbHblil yHUBepcuTeT (IB®Y), TuxookeaHCKUM rocyiapCTBeHHbIN MeIULIMHCKMI YHUBepcuTeT (TT'MY). M3yueHo
COCTOsIHUE 3710pOBbsi 2676 cTyzeHTOB 1-5 KypcoB B Bo3pacTe 17—24 roza. B paboTe ncnosib30BaHHbIe JaHHbIE TPYIII 3J0POBbS,
BBICTaB/IeHHBIE B pe3y/IbTaTe IPOBeIeHus AUCTIaHCePHU3aLiK ¥ IPOUIaKTIYe CKUX 0CMOTPOB, OMPOCHUK «IIIkasb! akajeMuueckoin
motuBaluu — [IIAM», caMmoo1|eHKa 10 pa3paboTaHHOM UHAMBU/ya bHON aHKeTe. AHKeTHpOBaHue obyuaroiuecs: TTMY,
OB®Y, ABI'MY npoxoauso B ayJUTOPHHY By3a Ha pacrieyaTaHHbIX OaHKax aHkeT, o0ydaroiuecs CBOY u ATMA yvacTBoBam
B aHKeTUPOBaHUHM C TIoMoIibio ¢popm Google online. [t cTarucTuueckoit 06paboTKH MCIOMb30BaIUCh TPOrPAMMHBIH MakeT
«Crarrcruka 12.0» u aHamTHyeckue QyHKImy nporpammel Microsoft Office Excel. Pesyrbmambi u obcyscoeHue. TIpoBeneHHast
CpaBHUTE/bHAs XapaKTePUCTUKA MOTHUBALIMU K 00yU4eHHI0 00yUaroIuxcs 1o MeULUHCKAM CIeLMaJbHOCTSM B MEAULIMHCKUX
By3ax JlaspHero BocToka BBIsSIBU/IA BBICOKYHO OT 3,4 70 4,9 BHYTPeHHIOIO MOTHBALIMIO K 00y4yeHnt0. CaMbIMH BBICOKMMU
3HaYeHWsIMH B OLieHKe MOTHBALIUSI JOCTH>KeHus ObuTH y obyuatoryxcs CBOY — 4,07, B TTMY u ATMA faHHBIN KpUTepHid
coctaeun 4,0. BrisiBsieHa B3aMMOCBSI3b YPOBHsI BHELIIHEH Y BHYTPEHHeH MOTHUBAL[UU C COCTOSTHUEM 3[0POBbsS 00yYaroIUXCs.
Y o6yuaromuxcsi ¢ 3 TPYIIO 3[0POBbs Ompe/iesieHa cyiiectBeHHas (3b rpymma p = 0,55) mo3HaBare/TbHasi MOTHBAIWs, CHJTHHAS,
TIpaKTUUeCKU TTpUOIKeHHast K abcosmtotHoM (p = 0,9) — 3KCcTepHa/IbHAash MOTHBALIUS U BBICOKAs MOTUBALIMS [JOCTKEHUS.
WHTpoelpoBaHHasi MOTHBaLUs Oblta cnaboti (ot p = 0,2 1o p = 0,344) v He 3aBUCeNa OT IPYIIbI 30POBbs1. Bbi6oObl. BhisiBieHa
Y M3yueHa B3aUMOCBSI3b BHEIIIHEW ¥ BHYTPEHHEeH MOTUBALIUK K 00yUYeHHIO Y 00yJaroIuXcs 10 MeJULIMHCKUAM CIeLHMaTbHOCTIM
B Me/IUL[MHCKHX By3aX C COCTOSTHUEM 37I0pOBbSL.
KiroueBble c/10Ba: BHELIHSS U BHYTPEHHSs1 MOTUBALIUSA, CTYZeHThl, [lansHuii BocTok
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Motivation comparative characteristics of students studying
in medical specialties in medical universities
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Abstract. Relevance. The Far Eastern Federal District is a territory of advanced development, requiring a large number
of specialists. Healthcare work is one of the most complex and demanding jobs, with high psychological stress, requiring
attentiveness, endurance, and a high work ethic. Medical education has its own specifics; even in their first years, at least 80 %
of students face a range of challenges: stress, sleep deprivation, fatigue, and other factors, which have negative consequences
for learning, behavior, and communication, and impact their health. Building a motivational system is one of the most important
steps in studying at medical universities. A highly motivated student will be engaged in the learning process, and therefore will
study voluntarily and actively master the curriculum. Therefore, studying the motivation of medical students at medical schools
is relevant. The aim of this study was to conduct a comparative analysis of the interaction between motivation to learn and the
health status of medical students at medical universities in the Far East. Materials and Methods. Within the framework of the
educational, scientific and industrial cluster «Far Eastern» on the basis of cooperation agreements, within the framework of social
partnership of educational organizations of higher education and interaction of universities of the Far Eastern region, the following
universities participated in the study: Far Eastern State Medical University (FESM), Amur State Medical Academy (ASMA),
North-Eastern Federal University named after M.K. Ammosov (NEFU), Far Eastern Federal University (FEFU), Pacific State
Medical University (TSMU). The health status of 2,676 first- to fifth-year students aged 17-24 was studied. The study utilized
health group data obtained as a result of medical examinations and preventive checkups, the academic motivation scales (AMS)
questionnaire, and self-assessment using a developed individual questionnaire. Students from Tver State Medical University, Far
Eastern Federal University, and Far Eastern State Medical University completed the survey in the university classroom using
printed questionnaires, while students from North-Eastern Federal University and Altai State Medical Academy participated
in the survey using Google forms online. The Statistica 12.0 software package and the analytical functions of Microsoft Office
Excel were used for mathematical and statistical processing. Results and Discussion. The conducted comparative characteristics
of motivation for learning of students in medical specialties in medical universities of the Far East revealed a high intrinsic
motivation for learning from 3.4 to 4.9. The highest values in assessing the motivation to achieve were among students of
NEFU —4.07, in TSMU and ASMA this criterion was 4.0. A relationship between the level of external and internal motivation
with the health status of students was revealed. Students with health group 3 showed significant (group 3B p = 0.55) cognitive
motivation, strong, almost absolute (p = 0.9) — external motivation and high motivation for achievement. Introjected motivation
was weak (fromp = 0.2 top = 0.344) and did not depend on the health group. Conclusion. The relationship between extrinsic
and intrinsic motivation for learning and health status among medical students at medical universities was identified and studied.

Keywords: extrinsic and intrinsic motivation, students, Russian Far East
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BesepeHue

YenoBeueCKUM KamuTasl MpefcTaBisieT co6oi
Ba)KHbIM (DaKTOp pa3BUTHsI SKOHOMUKHU, B KOTOPBIH
3HAUMTe/IbHBIM BK/IaJ BHOCAT YUpeXXJeHHs BbICLIe-
ro obpa3soBanus. [JanbHeBOCTOUHBIN (heJepanbHbIA
OKpyT 00/1a/laeT OOMBIITUMHU 3arlacaMH TTPUPOIHBIX
pecypcoB, MHOTMe perOHbl UMEIOT MOPCKYHO I'pa-
HUL]Y, YTO TIpeJoTpesie/isieT pa3BUTHe OMNpe/e/IeHHbIX
oTpacJieli MPOU3BO/CTBA M BO3HUKHOBEHHe MOTpeOHO-
cTell B KBaAM(ULMPOBAaHHBIX Ka/ipaxX y3KOW HarpaB-
JIEHHOCTH, B TOM 4uCJjle U MeJULIMHCKOW. CuTyanus
yCyry0OsisieTCst MaCCOBBIM OTTOKOM Ueji0BeueCKOro
karnutana u3s IB®O. B ces3u ¢ sTum danbHuii Boctok
WCIIBIThIBAET OCTPYIO HEXBATKy KaJPOBbIX PeCypCOB
J1si obecrieueHus1 CTaOUTBHOTO Pa3BUTHSI peTUOHa.
Hecmotpst Ha T0, uto ¢ 2018 roga B [I®0O Habmomanach
TeH/eHLUS K CHU)KeHUIO TeMITIOB OTTOKA HaceJ/leHus,
MeJMLIMHCKAasi 0TPac/ib MPOJ0/DKAeT UCIIBITHIBATh Jle-
GbuLUT MeULIMHCKUX KaZipoB. CoBpeMeHHbIe TPeH/[bl
B 0011]eCTBe Ha TMOBBIIIIEHHe KaueCcTBa 00pa3oBaHuUs,
TIPUBE/IM K M3MeHeHHsIM 00pa30BaTe/IbHOTO TIpoLiecca,
MHTeHCU(pUKALIUYA 00yUueHUs], yBeTMUeHUI0 yueOHOH
HarpysKH, UTO He MOKeT He OTPaKaTbCsl Ha COCTOSIHUU
3[I0POBbs YUaCTHUKOB 00pa30BaTeIbHOTO MPOIiecca,
0co6eHHO 00yuaroIMXxcsi 0 MeAULIMHCKUM CITeLiy-
anbHOCTSAM B MeIULIMHCKUX By3ax [1, 2]. OOyuenue
10 MeZIMLIUHCKHM CIeLiUa/IbHOCTAM B MeZULIMHCKUX
By3aX UMeeT psiJ] ocobeHHOCTel. [Tomumo demepassb-
Horo (06s13aTenbHOT0) KomrioneHTa OOIT, iporpamMMeI
copiep>kaT 00JIbIIIOe KOJTMUeCTBO MeKTUBHBIX TUCLIH-
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TUIVH, TI03BOJISIOLMX (POPMHUPOBAaTh UHAUBU/YaTbHYIO
obpa3oBare/nbHYI0 TpaeKTopuro. VHAWBYUAyammM3auys
00yJeHUs1 TECHO COTIPSDKEHA C MHTerpupOBaHUEM Ha-
YUHOM COCTaB/IsItoIIel B 06pa3oBaHMe 1 BLINOTHEHUEM
HAy4HO-UCCJIeZIOBaTeIbCKOW paboThl. [I0MOTHUTeTbHbIe
BO3MOKHOCTH UHVBUya/Inu3aiuy 00yueHust CBsi3aHbI
C TIPAaKTHUKaMH CUMYJISILIMOHHOTO 00yueHus. CTyeHThbI
CTaJIKUBAKOTCS C OOBIINM 00beMOM yueOHBIX MaTe-
pHaJioB, TIPaKTUUeCKUMU 3aJaHUSIMU, IK3aMeHaMH1
U KJIMHAYeCKOU TIPAaKTUKOM, UTO MOYKEeT HeraTUBHO
CKa3bIBaThCsl HA UX (PU3UUECKOM U SMOLMOHATEHOM
coctosiHuM [2, 3]. Obyuatoruecs 1, 2, 3 KypcoB pas-
JIMYHBIX CTielabHOCTeH 0COOeHHO TIO/JBEP)KEHBI PUCKY
ripo¢heCCHOHATFHOTO BHITOPAHUS H3-3a TTOCTOSTHHOTO
KOHTaKTa C 00/IbHBIMU, SMOLIMOHAIBHOW Harpy3Ku
Y BBICOKMX TpeboBaHuii K cebe [4].

K ktoueBbIM (pakTOpaMm, BAUSIOIIMM Ha akafe-
MUYeCKYyI0 yCIIeBaeMOCThb U yCIeIHOCTh 00yueHus
B 1]€JIOM, OTHOCSIT COCTOSTHHME 3[]J0POBbsSI U MOTHBAL[MIO
K 00yuenuto [5-9]. [TocTpoeHne crucTeMbl MOTHUBALIUN
SBJIIETCS] OJHUM W3 Ba)KHBIX I11ar0OB TIPU 00yUYeHUH.
BricOKO MOTHBHpOBaHHBIN oOyuaroruiics Oyzer
BOBJIeUeH B MPOLiecc ToyueHust 3HaHUM, a CJiefj0-
BaTe/bHO, YUUTHCSI IO COOCTBEHHOMY >KeJTaHUIO,
CTPEMUTBCSI PUOOPECTH HOBbIE 3HAHMSI, UTO TIOMOXKET
JOCTUYB 1iesiel 00yueHHs ¥ BBITyCTUTb TPaMOTHOTO
CrierjMaaucTa.

Bo/MbIIMHCTBO aBTOPOB, 00CY>XAar0IUX TIpobJie-
MbI MOTUBAL[MH, OMTMPAIOTCS Ha TEOPHI0 MOTUBALIUU
Macoy A. Teopust camosieTepMmyHariuu Paitana P.M.
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u Jecu 3.J1. u3 University of Rochester moaTBep»x«aa-
€T, UYTO COCTOSIHHE 3[J0POBbSI, B TOM UHCJIe HaJInune
3a00/1eBaHUH, HETTOCPEICTBEHHO BJIHSIIOT Ha MICUXOJIO0-
TMUeCKYH0 TOTOBHOCTh 00ydJaromuxcs K 3hheKTHBHOMY
BOCIIPUATHIO 0Opa3oBare/ibHOro rporecca [3, 10, 11].
HocraTtouHast palioHaIbHasi MOTUBALMs K 0Opa3oBa-
TeJIbHOMY TPOLIeCCY SIB/ISIETCSl BaKHBIM (haKTOPOM ero
3¢ (PeKTUBHOCTH U JIOCTU)KEHUS] ICKOMOTO pe3y/ibTa-
Ta [12-14]. OgHako uccieqoBaHusi MOTUBOB, TIPUBO/S-
1MX K (POPMHUPOBAHUIO ONTUMA/ILHOTO MOBEIEHUECKOTO
PHCYHKa, HarpaB/eHHOT0 Ha JOCTHKeHe KOHeUHOU
LleJid, B3aMMOCBSI3b YCIIeBaeMOCTH, aKaJeMUueCKOM
MOTUBALIMU U MIPOdheCCHUOHATBHOTO BHITOPAHUS C CO-
CTOSTHAEM 3/10POBbsi 00yUarOL[UXCsl 110 MeAULUHCKUM
CTeLIaIbHOCTSM B MEIULIUHCKUX By3ax, a 0COOeHHO
Ha [JanbHeM BocCToke He10CTaTOuHO, UTO U SBUIOCH
1[eJIbI0 Halllei paboThl.

MaTepMan bl ® METOADbI

Bce pecrioHzieHTBI ObI/TH TPOUH(OPMUPOBAHBI
0 L|eJI ¥ 3aJja4ax paboThl, MOYYeHO UX MUCbMEHHOe
MH(OpPMUPOBaHHOE COTJIacue.

Kputepun BK/IH0UeHus1 B BBIOOPKY: 00yJaroIIyxcst
0 MeIULIMHCKUM CIelIMaTbHOCTSIM B MeAULMHCKUX

By3ax [anbHero Bocrtoka; Bo3pacTt 17-24 roga.
KpuTtepun ucKroueHUs U3 BEIOOPKU: 00yJarOmmuxcst
T0 IPYTYM CITeLaJTbHOCTSAM B MeJULMHCKUX By3ax;
oOyuJaromuxcst U3 Ipyrux peruoHoB Poccuiickoit Pe-
JilepaLiuy; Ipyroit Bo3pacT obyyvarommuxcs. B uccneny-
eMYI0 TPYIINY BK/IKOUeHbI 2676 CTyaeHTOB 1-5 KypCoB
B Bo3pacte 17-24 roga (Tabsuiia 1), 1o 1oy rpymrsl
OB pernpe3eHTaTHUBHEI.

B pabore rcmnonbp30BaHHbIE JaHHbBIE TPYII 3710-
POBBS, BBICTAaB/IeHHBIX B pe3yJbTare MpPOBeJeHUs
JycraHcepu3aluu ¥ npouaakTHyecKUux OCMOTPOB
B COOTBETCTBUH C NMPUKa30M MUHHCTEPCTBA 3[paBo-
oxpaHeHnusi Poccutickont ®@efepanuu ot 27.04.2021
Ne 4041 «O6 yTBepk/ieHUHU MOPs/IKa MPOBeJeHuUs
npo¢MIaKTHYeCKOro MeIMLIMHCKOT0 0CMOTpa U [JUC-
raHCepu3aliy OTe/bHBIX IPYMI B3pOC/I0TO Hace-
JeHus», Ilpukasa MuHucTepcTBa 3paBOOXpaHeHus
P® or 26 okTsi6pst 2017 1. Ne 8691 «O6 yTBep)KAeHUM
TIOpsiiKa IPOBeZleHNs] JUCTIaHCepU3aLiiy Orpe/ie/leHHbIX
IPYIII B3POC/IOTO HaCeJIeHHUsT».

J1ns1 AMarHOCTUKY BHYTPEHHe! 1 BHeIlIHel MOTHBa-
1Y yueOHOM IesITeIbHOCTH CTYAE€HTOB MCII0/Ib30BasICS
onpocHUK «llIkanbl akajeMuyeCKOd MOTHUBALIUK —
HTAM>» (Topaeesa, CerueB, Ocun, 2014), paspaboran-
HbIM Ha OCHOBE OTPOCHUKA aKaZeMuueCcKol MOTHUBaLU

PacnpepeneHue obyyaiolmxcs No MeAULIMHCKUM CreLuabHOCTAM
B MeAVLIMHCKUX By3ax [lanbHero BocToka no nony (a6e. / %)

Mon My OBy ATMA CBry OBrMmy Bcero
[JeByLiku 302 (56,4 %) 368 (69,2 %) 325 (60,5%) 270 (49,9 %) 391 (73,6 %) 1656 (61,9 %)
OHoLWM 233 (43,6 %) 164 (30,8 %) 212 (39,5%) 271 (50,1 %) 140 (26,4%) 1020 (38,1 %)
Bcero 535 (19,9 %) 532 (19,9 %) 537 (20,1 %) 541 (20,2 %) 531 (19,8 %) 2676 (100 %)
Distribution of students in medical specialties in medical universities of the Far East by gender (abs. / %)

Gender TSMU FEFU AGMA SVSuU DVSMU Total
Girls 302 (56,4%) 368 (69,2%) 325 (60,5%) 270 (49,9%) 391 (73,6%) 1656 (61,9%)
Boys 233 (43,6%) 164 (30,8%) 212 (39,5%) 271 (50,1%) 140 (26,4%) 1020 (38,1%)
Total 535 (19,9%) 532 (19,9%) 537 (20,1%) 541 (20,2%) 531 (19,8%) 2676 (100%)
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P. Bannepanga (AMS-C). OnpocHUK COCTOUT U3 28
YTBEP>K/IEHUH, COCTABJISIFOIIMX 7 1IKas (1o 4 yTBepxK/e-
HUS B Ka)K/[01): TPU LLIKa/bl BHYTPEHHE MOTHBaLIUU
(mo3HaBare/IbHOM, [J0CTH)KEHUECKOM Y CaMOPa3BUTHS),
TPU LIKaJIbl BHEILlIHe MOTHBALIUM (CaMOyBakeHUs,
VHTPOELMPOBAaHHOW U SKCTEPHA/TbHOI), @ TaKKe LLIKaia
aMOTHBaLMY KaK OTCYTCTBUSI MHTepeca U OLyIeHUs]
OCMBIC/IEHHOCTH TeKylel yueOHOU fesTeTbHOCTH.
O6yyaromuymcst rpefsiaraeTcsi Mo 5-6annpHoM 1IKane
OLIeHUTh Pa3/IMYHble BapUAHThI OTBETA Ha BOMPOCHI.
Bcero B 28 (7,1 %) aHKeTax 13-3a [OMYIIEHHBIX OIMO0K
b0 r3-3a 0TKa3a PeCroH/IeHTOB MbI He TIOTYUYU/IH
TMOJTHBIX OTBeTOB. Tak Kak JjaHHast paboTa siB/isieTCs
OO/TBITION ¥ KOMIJIEKCHOM paboToH, B Ie/IsiX Uccre-
Jl0BaHUsl Ba/JMJHOCTH OIIPOCHUKA UCII0/Ib30BaIUCh
METOZMKM U aHKeThl, OLleHeHHbIe paHee. AKajemuue-
CKYe [JOCTWKEeHHUsI OLIeHUBA/IMCh C TIOMOLL[bIO CPeHUX
OLIeHOK, TIOTyYeHHBIX B pe3y/bTaTe CaMOOLIEHKHU CTY-
JleHTaM{ B UHJUBU/lya/IbHOW aHKeTe. AHKeTUpOBaHNe
obyuatomuecss TTMY, AB®Y, IBI'MY npoxoguno
B ay/IMTOPYU By3a, IT0JIHOM THUILIMHEe Ha pacreyaTaHHbIX
bnankax aHket. Obyuaromuecsi CBOY u AT'MA yua-
CTBOBA/IM B aHKETUPOBAHUH C ITOMOLLbI0 g0ogl dopm on
lain. [TosmyueHHbIE pe3ynbTaThl BHOCUINUCH B CBOAHYHO
Tabnmily B mporpamme Microsoft Excel gist yno6ctBa
pacueTa rokasareseil. Paccuntanbl — Moja, MeiaHa
Y cpefiHee apu¢MeTHUeCKoe 10 OTBeTaM Ha BOIPOCHI.
1711 cpaBHUTENBHOTO aHau3a (TOKCK B3aUMOCBsI3€ei)
MOTHUBALUY CTYAEHTOB U COCTOSIHUS 3[J0POBbSI IPUMeHeH
KOPPeJISILIMOHHBIN aHa/Iu3 /151 HellapaMeTpUueCKUX
ToKa3aresieli C UCI0/Ib30BaHeM Ko3(duLiieHTa apHOii
paHroBoi koppessituu CriupmeHa, yC/I0BUeM TIPOBe/ie-
HUS1 KOTOPOTO SIBJIsSIeTCsl HOpMa/bHOe pacripefiesieHue
IaHHbIX. OLleHUBaIOCh:

1) Ha Ha;IMuKe UIY OTCYTCTBUE CBSI3ed MeXAy
JByMsI UCC/IelyeMbIMH CTaTUCTUYECKUMU COBOKYII-
HOCTSMHU X U Y, 10 KaXXZ,0MYy [10Ka3aTeJl0 BHellIHel
Y BHYTPEHHE MOTUBALIMW U IPyNIlaMU 3[,0POBbS;
TO eCTb BbIYMC/IeHHe KO3 duLiieHTa KoppessiLiuy rpej-
roJiaraeT UCMO/Ib30BaHHe JByX COBOKYITHOCTH paBHOM
MOLLHOCTH (W/IU C OAMHAKOBBIM YMCJIOM 3/1IEMEHTOB),
YTO METOZ0/IOTUYECKH CYLIECTBEHHO (N = X = y);

2) Ha HarpaBJ/leHYe CBsi3ei — I0JI0KUTe/IbHOe WU
OTpHLIaTesIbHOe: MOXKeT ObITh (+1>p>0) wmm (-1<p< 0),
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HO BeJTMYMHA MOJY/IsS |p| MPUHLIUITUAIBHO HEe MOXKeT
MpeBbIIIATh 3HaUeHue 1;

3) Ha CcTerneHb TeCHOTHI CBSI3U («CHJIa CBSA3U»):
orcytcTBue cBs3u (p = 0), «cmabas» (p = 0,2-0,3),
«cywectBeHHas» (p = 0,5), «cunbHas» (p = 0,7-0,9),
«abcomoTHas» (p ~ 1,0).

Pe3ynbraTtbl M 06CyXAeHMe

B uccienyemoti BIOOpKe 00ydJaroIuxcst 1o mMe-
OULMHCKYM CITeLIaJTbHOCTAM B MeZIMLIMHCKUX By3ax
Hanenero Bocroka II rpymmy 3n0poBbst umenu 49,1 %
oOyuatoruxcs, 22,1 % cTygeHToB — umesu I rpymma
370pOBbs U 28,7 % — TpeThi0. YIyOIeHHbIM aHan3
B pa3pe3se By30B [lasibHero BocToka nokasas, 4To
«CaMbIMU 37I0pOBBIMU» ObuTH 0Oyuatoiuecs CBIY,
uMetolye I rpyry 310poBbd B 22,1 % ciyvaes, a Hau-
6onbinee kKomuuecTBo obyuatomuxcs ¢ 111 rpymmoi
310poBbst Ob110 B [IBOY — 47,6 %, uTO 3aKOHOMEPHO
ripu Bbibope 00ydJaroMMUcs ¢ XpOHHUUe CKUMH 3a00-
NleBaHUSIMU JJAHHOW 00pa3oBaTe/bHOM OpraHM3aLuH,
HMeIoIIel HaWTydllyr0 MeJULIMHCKYI0 0a3y U BbICO-
KOKaueCTBEHHOe MeJULIMHCKOe 00CTy)KUBaHKe.

AHanu3 u3yueHus ypoBHS 3/J0POBbsI TIOKa3aJl, uTo
B CTPYKType 3ab0/1eBaeMOCTH B UCC/Ie[yeMOU IpyTi-
Tie epBoe U BTOPOE PAHTOBble MeCTa MIPUHAZJIeKaT
XI kaccy 3abosneBaHuii — 6oe3HM OpraHOB THIIIeBa-
penust (K00-K93), y 7,3+2,4 nipeobnagam — 6omne3Hu
JKe/TueBBbIBOZSALUX MyTel HeyTouHeHHbIe (K83.9),
y 0,8+0,5 xponuyeckuii xoneuuctut (K81.1), y 6,5+1,4
XPOHWYEeCKWH MOBePXHOCTHBIN racTput (K29.3). TpeThe
paHroBOe MeCTO 3aHMMaJ/Ii OCTPhble peClUpaTOpHbIe
VH(eKLUY BepXHUX JbixaTesbHbIX yTei (J00-JO6)
(6,1+0,7). Hamu He BBISIB/IEHO [JOCTOBEPHBIX Pa3IAUMA
3a60/1eBaeMOCTH 10 JaHHBIM YTTyOIeHHBIX MeULIUH-
CKHX OCMOTPOB B 3aBUCUMOCTH OT 110718, aHa13 3a60-
JIeBaeMOCTb B 3aBUCHMOCTH OT BO3pacTa BbISIBU/I JJOCTO-
BepHoe (p<0,01) Hapactanue ot 17 K 23 rogam umucia
ciydaeB 3abosieBaHU XpOHUYECKHUM TTOBEPXHOCTHBIM
ractputoM (K29.3), 60/1e3HIMU >KeTUeBBIBO/SAIINX
nyteit (K83.9) u pucronusimu (G24.9).

Hamu npoaHanv3vpoBaHa BHYTpPeHHsIs1 yueOHast
MOTHBaIMs (OCHOBaHHAs Ha MHTepece K caMoi yueb-
HOU JiesiTe/IbHOCTH) Y BHEIIHsS yueOHasi MOTHUBALHs
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(ocHOBaHHas Ha CTpeMJ/IEHUU K NTOJIyYeHUI0 Pa3HOro
po/ia BO3HArpakIeHWI 1 MOOIPeHUH Uiy n3beraHuto
HeraTUBHBIX MOC/eACTBUM). AHa/IU3 BHYTPeHHEU
MOTHBALIMU [M03BOJIWJ TAaK)Ke MPOaHaIUu3upOBaTh
II03HAaBaTe/IbHYI0 MOTHBALIUI0 U MOTUBALIUIO [JOCTHU-
>)keHHs. CpaBHUTe/IbHAs XapaKTePUCTUKAa MOTUBAL[N
K 006yueHHI0 00yJaromuxcs o MeAULIMHCKUM CTIeL-
aJbHOCTAM B MeJULIMHCKUX By3ax [lanpHero BocToka
BBISIBU/IA Y 00YYarOLIUXCS 10 MeJULIMHCKUM CTIeLu-
aIbHOCTSIM B MEIULIMHCKUX By3aX BBICOKYO OT 3,4
1o 4,9 BHYTpeHHIOK MOTUBaLUi0. CTyAeHTbl UMEeIOT
Oosiee BBICOKMIA BHYTPeHHUI CTUMYII, Obln Oostee ca-
MOCTOSITeTbHBIMH, UyBCTBOBaJIN Cebsi MHULMAaTOpaMHt
COOCTBEHHBIX JeHCTBHM, TOTPeOHOCTh B POCTE CBOUX
KoMmreTeHjUi. CamMasi BbICOKas [T03HaBaTe/bHast MO-
THBAaLYA BbIsIBJIeHA Y CTyZeHTOB [IBDY — 4,44, camas
Hu3ka B TTMY- 4,2. Hanbosiee BbICOKHE OL[€HKH
ot 4,7 1o 4,9 6buK Ha Borpoc «MHe MPOCTO HPaBUT-
Csl YYUTBCS U Y3HaBaTh HOBOe». CaMbIMU BHICOKUMHU
3HaueHUsSMH B OLJeHKe MOTHUBALUS [JOCTVKeHUs ObLIH
y obyuatomuxcs CBOY 4,07, 8 TTMY u ATMA
JaHHBINA KpuTepuid coctaBun 4,0. Hanbosee BbICOKO
CTYZI€HTBI OLIEHU/IA BOTIPOC «Yueba JOCTaB/IsSET MHe
YAOBOJBCTBUE, 51 JIFOOIO pelaTh TPYAHbIE 3a[jaumn»,
ClefjoBaTe/IbHO, Y 0OyyJarolrecs JOMUHUPYET MO-
TUB JOCTH)KEHUsI, OHM He CKJIOHHbI CHW)KaTh CBOM
YPOBEeHb NPUTSA3aHUM, OTKa3bIBaThCSI OT BO3MOXXHOI'O
ycrnexa. AHalu3 «BHEIHsISI MOTHBaLUs» Obu1 Oostee
muddepenpoBaH. VIHTpoeljMpoBaHHas MOTUBALUS
JIOCTAaTOYHO BBICOKOH Oblnia y cTyseHToB [IBDY —
4,05 u TTMY - 4,0, xapakTepu3sys BbICOKOe COLU-
aJlbHOe CpaBHEHHWE U MOoJJlep)KaHue CaMOOLIeHKH
(pagocThb 1 TOpAOCTD 3a cebst MO0 BUHA U CTHIJ).
Y obyuatoujuecss B AI'MA mnipu hopmMupoBaHuU OT-
BETCTBEHHOCTH 3a COOBITHS B KU3HH (ITPU 00yUYeHUH)
He CKJIOHHBI TPUMNMUCBIBATH TTPUUHHBI IPOUCXOJALETO
BHEIIHUM (haKTopaM — OKpYKarolieil cpeze, cyapoe
W/ CJIy4alo, TO 3TO FOBOPUT O HA/IMUMK Y HETO BHeLl-
Hero (3KCTepHasIbHOT0) JIOKyca KOHTPOJIsi U Haubosee
HM3Kasl SKCTepHa bHas MoTuBarug 3,71.

B pe3synbrare npoBe/jeHHOr0O aHa/iu3a BhIsIBIIe-
Ha B3aMMOCBsI3b YPOBHS BHYTPEeHHElN U BHeIIHel
MOTHBAIL[UU — K 00yUeHUIO U COCTOSTHUS 3/10POBbBSI
y 00y4aroLuxcs 1o MeIULUHCKUM CIIeLMaabHOCTSIM

HEALTH POLICY AND PUBLIC HEALTH

B MeJUI[MHCKUX By3ax /lasbHero BocToka B o61meit
rpyte obyuaromuxcs (PUcyHoK).

Y 00yuarouuxcsi ¢ 3 rpyImnou 30poBbs BhIsIB/IEHA
cyjectBerHas (3b rpymnma p = 0,55) mo3HaBare/ibHas
MOTUBALIMS], CU/TbHAS, TTPAKTUYECKU TTPUO/IM)KeHHAsT
K abcosroTHOM (p = 0,9) — 3KCTepHa/IbHasi MOTUBAL[US
Y BBICOKasi MOTHMBALUs JOCTHKEHUS T. €. 3710pOBbe 00y-
YaIOLI[erocsl BJUsieT KaK Ha BHYTPEHHIOI MOTHBALIUIO,
TaK ¥ Ha BHeIIHIO. VIHTpoeLMpoBaHHasi MOTUBALUS,
T.e. oOy>kzieHre K yuebe, 00yC/IOB/IEHHOE OIIyITIeHHeM
CTBIZIa U UYBCTBA /I0/ra repes CO00M U IpyrvMMH 3HAUH-
MBIMH JTFOIbMU Obl1a c1aboit (ot p = 0,2 1o p = 0,344)
Y He 3aBHCeJIa OT TPYIIIbI 3[0POBbS

BbiBOAbI

PesynbTarel NpoBejeHHOTO UCC/Ie/0BaHMS BbISBU-
JI B3aUMOCBSI3b COCTOSTHUSI 3/10POBBsT 00y JarOLIXCsT
110 MeIMLIMHCKKM CITeLIMa/IbHOCTSIM B MeIULIMHCKUX
By3aX C YPOBHEM BHYTpPeHHeU 1 BHeIITHel MOTHBAI[1H.
ITpoBezieHHOE KCCIIe[OBaHKE [TOKA3bIBAKOT, YTO YPOBEHb
MOTHBALMU CBSI3aH C COCTOSIHUEM 3/J0POBbSI U JIJIS1 XO-
potiieif ycrieBaeMoCTH 00yJaroIuxcsi BbICOKast MOTH-
BaLIMs Ba’KHA HAPSy C UHTE/UIEKTOM. Y 00yJaroImyxcst
¢ 3 rpynrmnou 340pOBbs BhIsiB/ieHa cyliecTBeHHast (3b
rpynmna p = 0,55) mo3HaBaTe/ibHasi MOTUBALS, CA/IbHAS,
TPAKTUYEeCKY NMPUO/IKeHHast K abconmotHow (p = 0,9) —
9KCTepHa/ibHasi MOTUBALYs U BbICOKasi MOTHBAL[US
JOCTIKeHMs], T.e. 3l0pOBbe 00yUYarol[erocs BIUseT
KaK Ha BHYTPEHHIOK0 MOTHBALIMIO, TaK U Ha BHEIIIHIOKO.
VHTpOoepoBaHHasi MOTHBALUA, T.e. TOOyKJeHue
K yuebe, 00yC/I0BIEHHOE OITyIIeHUEeM CThIZla U UyBCTBA
Jonra niepes; coboii ¥ JPYrUMHy 3HAUMMBIMU JTIOBMH,
6b11a cmaboii (ot p = 0,2 1o p = 0,344) u He 3aBUCeNa
OT rpyNIbl 3710POBbsi. AHa/INM3 COCTOSHUS 3/0POBbS
00yyJaroIMxcs Mo pe3y/ibTaTaM MpoQUIaKTHUe CKIX
OCMOTPOB U JUCIMIaHCepH3aLiyy BbISIBUI, YTO B CTPYKTY-
pe 3ab0/1eBaeMOCTH TIepBO€ 1 BTOPOE PAaHTOBbIe MeCTa
3aHMMaroT 60s1e3HM opraHoB nuiieBapeHus (K00-K93),
y 7,3+2,4 nipeo6nagam — 0o0s1e3HU )KeT4eBbIBOSIINX
nyTei HeyTouHeHHbIe (K83.9), y 0,8+0,5 xpoHuue-
ckuid xonenuctut (K81.1), y 6,5 + 1,4 XxpoHHUUe CKuit
rnoBepxHOCTHBIU racTput (K29.3). TpeThe paHroBoe
MeCTO 3aHMMaJId OCTPbIe peCclpaTopHble NH(EKIUN
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BKCTepHaHBHaﬂ MOTHBaLUsA

I/IHTpOGHI/IpOBaHHaﬂ MOTHBaUA
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B3anMoCBA3b ypOBHS BHYTPEHHEN 1 BHELLHE MOTUBALIMM K OBYYEHWIO 1 FPYNbl 3[0POBbS Y 06YYatoLLMXCS
No MeAMLUHCKUM CreuuanbHOCTAM B MeIMLMHCKMX By3ax [JanbHero Boctoka
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The relationship between the level of internal and external motivation for learning and the health group of students
in medical specialties in medical universities of the Far East
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BepXHUX AbixarenbHbix myteit (JOO-JO6) (6,1+0,7).
Amnanu3 3a60/eBaeMOCTh B 3aBUCUMOCTH OT BO3pacTa
BbISSBUJ focToBepHOe (p<0,01) HapacTaHue oT 17
K 23 rofiam uncsia cnydaeB 3a001eBaHHI XPOHUYECKAM
TIOBEPXHOCTHBIM racTputoM (K29.3), 6osie3HsIMu >KeJl-
yeBbIBOAMX nyTeid (K83.9) u quctonusamu (G24.9).
Hamu He BBISIB/IEHO [JOCTOBEPHBIX pa3/inuuii 3abose-
BaeMOCTH TIO [JaHHBIM yT/Ty0/IeHHbIX MeIULIMHCKUX
OCMOTPOB B 3aBUCHMOCTH OT Iosia. CpaBHUTe/IbHAS
Ol[eHKa MOTHBAaLMU K 00yueHUI0 0Oyuarommuxcs
110 MeIMLIMHCKUM CITeLIia/IbHOCTSIM B MeIULIMHCKUX
By3ax JlanbHero BocToka BeISIBU/IA BEICOKYIO — OT 3,4
[0 4,9 — BHYTPeHHIOI0 MOTUBALMI0. CTyjeHTbl UMEIOT
Oosee BBICOKHMI BHYTPEHHHI CTUMYI, Obu Gostee
CaMOCTOSITe/TbHBIMH, UyBCTBOBAJIN Ce0st THULIIAaTOpaMy
COOCTBEHHBIX ZIeUCTBUIM, TOTPeOHOCTH B POCTE CBOUX
KoMmreTeHIIMU. Camasi BbICOKas I103HaBaTe/IbHast MO-
THBALY BhIsAB/IEHA y CTyZeHTOB [IBDY — 4,44, camas
Hu3Kas B TTMY — 4,2. AHanu3 BHellTHeld MOTHUBAl[UU
o611 6onee auddepenupoBaH. IHTpoelpoBaHHast
MOTHBALIYS OCTAaTOYHO BBICOKOM ObINa y CTY/I€HTOB
OB®Y 4,05 u TTMY — 4,0, xapakTepu3ysi BEICOKOe
coLa/IbHOe CpaBHeHYe U NojiepyKaHre CaMOOLIeHK!
(pazocTh U TOPAOCTH 3a cebst MO0 BUHA U CTHIA).
¥ obyuatomuecss B ATMA nipu opMHpOBaHUU OT-
BeTCTBEHHOCTH 3a COOBITHS B KU3HU (TIpH 00yueHHN)
He CKJIOHHBI [IPUITUCBIBaTh PUUMHBI ITPOUCXOZALLIEr0
BHeIITHUM (paKTopaM — OKpYy»KarolLeii cpezie, CyabOe
WY CJIy4aro, TO 3TO FOBOPUT O HA/IMYUU y HEro BHelll-
Hero (9KCTepHa/IbHOT0) JIOKyCa KOHTPOJIS U Hauboiee
HU3Kas SKCTepHa/bHas MoTuBaLus 3,71. [losyueHHb1e
JlaHHBIe TI03BOJIM/IM HaM pa3paboTaTh peKoMeHAaluu
47151 00y JaroLXCs TI0 MeAULIMHCKUM CIeL{HaTbHOCTSIM
B MeJMLIMHCKUX By3aX, BHECTU NPeJJI0KeHHUs 10 Op-
raHu3aluy yueGHOTO rpoliecca B MeJULMHCKHUX By3aX
JansHero Bocrtoka.
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