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UspaTenbckun pom Cubupckoro
rocyfapcTBeHHOro MeguLMHCKOro
YHUBEpPCUTETa NPeaAcCTaBAfAeT CepUo KHUT

«Hacnepue
TOMCKOM METIMLIMHbL»

KHura nocesileHa namatm
_ [OKTOpa MEAULIMHCKMX Hayk,
o o =51 secheave npodeccopa Bnagummpa
ﬂ i JembsiHoBu4a Cyxoaomno
A.M. Benreposckuii, O.E. Bansosa, T.M. Iaotankosa - - (1919-2000), y4acTHuKa 060POHBI
JleHuHrpaga, nHsanvnga Benukon
AKAQEMHK OTeuecTBEHHOM BOWHbI, pabo-
HHKONAHA BACHNLEBHY BOCHOMHAARNS TaBuero 8 CUBMPCKOM rocynap-
BEPILUHMHHUH CTBEHHOM MEAMLMHCKOM YHUBEP-
e — 0 NMPOMECCOPE CYX0MO0I0 cutete (CnbIrMY, Tomckom meau-
LIMHCKOM MHCTUTYTE) B 1948—
2000 rr. C yBaxxeHMeM, BOCXMLLE-
HveMm 1 nbosbio Npodeccopa
B.[. Cyxoqono BCNOMUHAMT yye-
HVKW, KOMnerun, apy3bsi, YneHbl
cembW, pofgHble.
[Ina Tex, KTO UHTepecyeTcs
NCTOPUEN MeaULMHBI,
Cunbupckoro rocyaapcTBEHHOrO
MEAULIMHCKOIO YHUBEPCUTETA,
Tomcka.

B kHure npeactaeneHbl Guorpadusa n [ | e
0630p Hay4HOW, Neaarornyeckon u
06LLeCTBEHHO AeATeNbHOCTU M.P. Kapriosa, C.A. Hexpriaos
BblAatoLLerocsi hapmakosnora, akagemuka
AMH CCCP, 3acny»eHHOro AesiTens Hayku ARANEMHAK
PC®CP, naypeata CtanuHckon CEPIEA NMETPOBHY
(FocynapcTBeHHOM) npemun Hukonas KAPIOB
BacunbeBuya BepLumHuHa (1867—1951). . i

[ins Bpayeii, CTYAEHTOB, Y4eHbIX, BCEX

VHTEPECYIOLMXCH NCTOPUEN MEANLIMHBI. B kHure npeacTasieHs!
Buorpacus n 063op

Hay4YHOW, Negarornyeckom u
obLLecTBeHHON AeaTenb-
HOCT BblAOLLIErocst
MUKpobuonora, Bupycorora
1 anugemMuornora, akagemuka
AMH CCCP, 3acnyeHHoro
aesAtensi Haykn PCOCP
Cepres NeTpoBuya Kapnosa
(1903-1976).

[ns Bpayen, CTyAEHTOB,
YY€EHBbIX, BCEX MHTEPECYIO-
LLIMXCS UCTOPUE MEQULINHDI.
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ABSTRACT

Aim. To evaluate the association of insulin resistance and secretion of neuropeptide Y with dynapenia in patients
with ulcerative colitis (UC).

Materials and methods. A single center, observational, cross-sectional study included 80 patients with UC.
Participants were divided into two groups: patients with dynapenia and patients with normal hand grip strength. The
body mass index (BMI), dietary habits, and stress levels were studied, patients underwent dynamometry. C-reactive
protein (CRP), TNFa, interleukin-6, leptin, adiponectin, soluble leptin receptors (sOb-R), neuropeptide Y and
peptide YY, insulin and glucose were measured in blood serum. We determined the index of insulin resistance
HOMA-IR. Median (Me) of the upper and lower quartiles (P,; P,;), proportion and standard error of the proportion
were calculated. We also applied the Mann — Whitney and Kruskal — Wallis tests, Yates chi-squared test, and two-
tailed Fischer’s test. The Spearman’s correlation coefficient was calculated.

Results. We found that 54 + 5.6% of patients with dynapenia were overweight or obese. It should be noted
that patients with dynapenia were relatively young (35 (32; 51) years). Dynapenia is associated with increased
CRP levels, insulin resistance, and higher values of neuropeptide Y. We found a positive correlation between
neuropeptide Y and the consumption of simple carbohydrates and alcoholic beverages. The study did not reveal
a relationship between the concentration of neuropetide Y and the intensity of UC, the localization of the
pathological process, and the course of the disease. A positive association between neuropeptide Y and the level of
sOb-R, peptide YY, was established.

Conclusion. Long-lasting chronic inflammation leads to the premature development of dynapenia and insulin
resistance in patients with UC at a young age. In patients with dynapenia, the level of neuropeptide Y is significantly
higher than in patients without dynapenia, which is probably due to the regulation of energy balance, glucose, and
insulin homeostasis.
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dakTopbl, accOLMNPOBaHHbIE C pa3BUTUEM ANHANEHUN

Yy NayneHTOB C A3BEHHbIM KOJINTOM

Bbuk6aBoBal.P.', JIuBzaH M.A.", JiuciotreHko H.C.", PomaHiok A.E.', bBoHpapeHkKo A.A.?

T Omckuti 2ocyoapcemesennviii meouyunckuu yrueepcumem (Oml MY)

Poccus, 644099, 2. Omck, ya. Jlenuna, 12

2 O6nacmuas knunuuecxas 6ononuya (OKB)
Poccus, 644111, 2. Omck, yn. Bepezosas, 3

PE3IOME

Leab: OUEHUTH CBSI3b MHCYJIMHOPE3UCTEHTHOCTH M CEKpelMu Hedponentuia Y ¢ JUHANEHUEH Y MalueHTOB C
si3BeHHBIM KosuToM (AK).

Marepuajbl 1 MeTOABI. B 0HOIIEHTPOBOE 0OCEpBALMOHHOE KPOCC-CEKIMOHHOE HCCIIEI0BAaHKE BKIIIOUEHO 80
6ospHEIX SIK; yuacTHUKH pa3zeneHbl Ha IBe TPYIIIBL: MAIUESHTHI ¢ JUHANICHUEeH U allUeHThl ¢ HOPMAJIBHOH CHITON
KHCTEeBOTO xBarta. MccnenoBan unneke mMaccol tena (MMT), npoBeneHa qUHAMOMETPHS, H3YYCHBI 0COOCHHOCTH
IIUTaHUS ¥ OTIpeJielieH YPOBeHb cTpecca. B criBopoTke kpoBu nccnenoBansl C-peaktuBnelii 6enok (CPB), ®HO-a,
UHTEpIJICUKUH-0, ISNITUH, aAUIIOHEKTHH, pacTBOpHMbIe perentopst jentuHa (PPJI), neifponentun Y, nentun YY,
UHCYJIUH U Iioko3a. Ompenensiics uHIeKe uHCynuHopesucTeHTHocTh HOMA-IR. PaccunThiBasniach MeauaHa
(Me) BepxHero u HUXKHETO KBapTwieH (P, ; P.J); JOJISL M CTAaHNAPTHAs omunbKa 10J1; KpuTepuit Manna — Yutau;
kputepuit Kpackena — Yomnuca; x“ ¢ nonpaskoit Merca; kputepuit duiepa, 18BycTOpoHHUH BapuaHT. PaccuuTsl-
BaJICsl KOPPEJIALMOHHBIN kpuTepuil CiupMeHa.

Pe3yasTatsl. MMenn n30bIToUHYIO Maccy Tena 1ubo oxupenue 54 + 5,6% maruentos ¢ quHanenneid. O6parmaer
Ha ce0s BHIMaHUE OTHOCHTEIHPHO MOJIOZOH BO3pacT mamueHToB ¢ aumHamenued (35 (32; 51) ner). Junamenus
CBsI3aHa C MoBEIIIeHHeM ypoBHS CPB, HHCYTHHOPE3UCTEHTHOCTHIO U 00JIee BRICOKMMHE 3HAYCHUSIMI HEHPOTIETITH-
na Y. BersiBiena monoxuTenbHas KOPpPEISIHOHHAS CBSI3b Helporentuaa Y ¢ MOTpeOIeHHeM IPOCTHIX YTIIEBO-
JIOB ¥ aJIKOTOJIBHBIX HANMUTKOB. CBS3M MEXTY cojiepskaHneM Helporetuaa Y ¢ akTuBHOCTHIO SIK, moxanmm3armeit
MaTOJOTHYECKOrO IPOIecca U XapaKTepOM TeUeHHs 3a00JIeBaHUs HE BBIBICHO. Y CTAHOBICHA ITOJIOKUTENbHAS
cBa3b HellponenTuaa Y ¢ yposHeM PPJL, mentugom YY.

3akaouyenne. IlponomkuTeTbHOE XPOHHYECKOE BOCIHATIECHHE MPUBOAUT K MPEKAECBPEMEHHOMY IOSBICHHIO
JUHANECHUH ¥ Pa3BUTHIO MHCYJIMHOPE3UCTEHTHOCTH y manueHTtoB ¢ SIK B MoiomoM Bo3pacTe. Y MHaIHEHTOB C
JMHAIeHNEeH ypoBeHb HeliporenTua Y 3Ha4MMO BBIIIE, UM Y MAI[HEeHTOB Oe3 JMHAIIEHHH, YTO, BEPOATHO, CBSI3aHO
C pEryJIsIMel SHEPTeTHIEeCKOro OanaHca, FTOMEOCTa30M IIIFOKO3bI M HHCYJIMHA.

KaroueBble ¢j10Ba: SI3BCHHBIN KOJIUT, CapKONICHUA, TUHATICHUA, NHCYJIMHOPE3UCTECHTHOCTD, HeﬁpOHCHTHZ[ Y

KOH(bJ'II/IKT HUHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE ABHBLIX W NOTCHLHAJIbHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’[PIKaIlPIeI>i HaCTOS[U.IefI CTaTbu.

Hcrounnk unancupoBanus. MccienoBaHue BBITIOIHEHO 32 cueT rpaHta Poccuiickoro Hay4Horo ¢hosia (mpoexT
Ne 23-25-10035, https://rsctf.ru/project/23-25-10035/).

CooTBeTcTBHE NPUHIUIIAM 3THKH. Bee nuiia nonucani MHGOPMUPOBAHHOE COTTIACHE Ha y4aCTHE B UCCIICIOBAHHN.
HccnenoBanue 0100peHO JTOKaIbHBIM 3THYECKUM KomuTeToM OMI'MY (mmpotokon Ne 97 ot 12.10.2017).

Jns uurupoBanus: bukbasosa I'.P., Jluzan M.A., Jluctorenko H.C., Pomantok A.E., bornaperko A.A. dak-
TOPBI, ACCOLMUPOBAHHBIC C PAa3BUTHEM TUHANICHUU Y TALUCHTOB C SI3BCHHBIM KOJHUTOM. broiemers cubupckoil
meouyunwt. 2025;24(1):6—13. https://doi.org/10.20538/1682-0363-2025-1-6-13.

INTRODUCTION

The number of patients with inflammatory bowel
diseases (IBD) is increasing, the maximum rate
has been observed recently in developing countries
[1]. A common feature of geographically unrelated

regions with a rapidly growing incidence of
ulcerative colitis (UC) is the transition to the Western
pattern diet, which includes processed foods, foods
containing preservatives, animal fat and protein, and
increased consumption of foods with a high glycemic
index [2]. These dietary features not only trigger the
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occurrence of IBD, but also promote the development
of obesity [3, 4].

Recent studies show that from 15 to 40% of IBD
patients are obese, and 20—40% are overweight [5].
Thus, a study conducted in Australia showed that
within two years after the diagnosis of UC or Crohn’s
disease and the start of therapy, the proportion of
obese patients increased from 23 to 31%, and these
growth rates are higher than those of the country’s
population over a given period [6].

Modern therapeutic and diagnostic approaches
have led to a significant pathomorphosis of IBD: the
life expectancy of patients increases [7, 8] with the
formation of a new type of associative multimorbidity
with an increasing proportion of patients with
metabolic syndrome, cardiovascular pathology [8, 9],
and sarcopenic obesity [10]. It has been established
that sarcopenia and sarcopenic obesity are not just
conditions and a consequence of pathology, but a
predictor of adverse outcomes of IBD [11]. The
mechanisms of sarcopenia development in patients
with UC include chronic inflammation, malnutrition,
malabsorption with insufficient protein intake, as
well as low physical activity [12].

Studies have demonstrated that insulin resistance
contributes to the pathogenesis of sarcopenia and
sarcopenic obesity, namely increased degradation of
muscle mass, since insulin and insulin-like growth
factor-1 are responsible not only for glucose uptake,
but also for maintaining muscle mass by stimulating
muscle protein synthesis and inhibiting its breakdown.
The second mechanism of the association of insulin
resistance and sarcopenia includes a number of
pathogenetic events: insulin resistance — decreased
absorption of cellular calcium — impaired muscle
contraction [13].

Diagnosis of sarcopenia and sarcopenic obesity
is a time-consuming multi-step process [14]. From a
practical point of view, dynapenia (decrease in muscle
strength) [15], one of the three criteria for sarcopenia,
is not difficult to diagnose and at the same time is a
significant indicator in predicting adverse outcomes
for patients with UC. In a previously published
article [16], we reported that dynapenia is present
in 32.5% of UC patients, most of whom are women.
Overweight or obesity were observed in 54 + 5.6% of
patients with dynapenia.

The aim of the study is to evaluate the association
of insulin resistance and secretion of neuropeptide Y
with dynapenia in patients with UC.

MATERIALS AND METHODS

A single-center, cross-sectional, observational
study included 80 patients with UC. The diagnosis,
treatment, and follow-up of patients were carried out
according to the clinical guidelines for the diagnosis
and treatment of UC ofthe Russian Gastroenterological
Association and the Russian Association of
Coloproctology [17]. The study was conducted on the
basis of Omsk Regional Clinical Hospital (clinical
base of the Department of Advanced-Level Therapy,
Endocrinology of Omsk State Medical University)
and on the basis of the Academic Medical Center of
Omsk State Medical University.

The study included patients who were followed
up on an inpatient and outpatient basis by a
gastroenterologist at these healthcare facilities in
2020-2023. BMI was calculated using the formula:
weight (kg) / height’ (m?). The World Health
Organization classification was used to interpret
the obtained BMI values. The presence or absence
of dynapenia in patients was determined using
dynamometry. The hand grip strength measured in
Newtons was considered a dynapenia when it was
less than 16N in women and less than 27N in men
[15]. The study of dietary habits was carried out
using a standardized questionnaire of the World
Health Organization CINDI program [18]. The
questionnaire includes 12 questions regarding the
frequency and amount of consumption of meat,
fruits, vegetables, and simple carbohydrates. The
Reeder Stress Inventory was used to determine the
stress level [19]. All the questions were combined
into one questionnaire, and respondents were asked
to complete it.

The blood serum of patients was examined on
an iMark tablet photometer (Bio-Rad, USA) by
enzyme immunoassay of inflammatory parameters:
C-reactive protein (CRP), tumor necrosis factor a
(TNFa), interleukin-6 (IL-6); adipose tissue hormones
(adipokines) — leptin, adiponectin, soluble Ileptin
receptors (sOb-R); peptides (neuropeptide Y and
peptide YY); indicators of carbohydrate metabolism —
insulin and glucose. The study of TNFa and IL-6
concentration was carried out using test systems
(Vector-Best, Russia). Leptin was assessed using
the ELISA test system (DBC, Canada), adiponectin
using the ELISA test system (Mediagnost, Germany),
neuropeptide Y — using the Cloud-Clone test system
(China) and YY peptide — using the ELISA test
system (VMA, Switzerland), insulin — using the
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Vector-Best test systems (Vector-best, Russia).
Insulin resistance was assessed by the HOMA-IR
indicator (Homeostatic Model Assessment of Insulin
Resistance) according to the formula HOMA-IR =
fasting insulin, mcU/ml X fasting glycemia, mmol/l/
22.5. The HOMA-IR value of more than 2.7 indicated
the presence of IR.

The median (Me) age of all patients included
in the study was 38 (32; 48.5) years, among whom
there were 45 women, Me age was 34 (32; 45) years
and 35 men, Me age 42 (34; 52) years. Acute course
of UC was observed in 16 (20 = 4.5%) patients,
chronic recurrent course — in 45 (56 £+ 5.5%) patients,
19 (24 £ 5.5%) patients had a chronic continuous
course. Overweight and obesity in UC patients were
observed in 46 £ 5.6% of patients.

Inclusion criteria were as follows: the presence of
diagnosed UC, asigned informed consentto participate
in the study. Exclusion criteria included participation
in a clinical trial of unregistered medicines; age
under 18 years; pregnancy; professional athletics; the
presence of diseases of the musculoskeletal system
and systemic connective tissue diseases.

The study is observational and does not involve
additional medical interventions. To conduct the
study, all participants were divided into two groups:
26 patients with dynapenia (32.5%) and 54 individuals
(67.5%) with normal hand grip strength. The study
was approved by the local Ethics Committee of
Omsk State Medical University (Protocol No. 97 of
12.10.2017).

The Statistica 10.01.1011 program was used to
analyze the results of the study. Median (Me) of the
upper and lower quartiles (P,,, P,;) was calculated to
describe quantitative features. The proportion and the
standard error of the proportion were calculated to
describe the frequency of occurrence of a binary feature.
The Mann — Whitney test was conducted to compare
the two groups by quantitative criteria. The Kruskal —
Wallis test was used to compare several groups based
on quantitative characteristics. Spearman’s rank
correlation (R) was calculated to identify a statistical
relationship between quantitative features.

RESULTS

As can be seen from the Table, patients with
dynapenia and patients without dynapenia did not
differ in age, duration of the disease, and BMI (Table).

At the same time, 14 out of 26 patients with
dynapenia had a body weight corresponding,

according to WHO criteria, to excess weight or
obesity (17.5 + 4.2% of the total number of patients
with UC, 54+ 05.6% of patients with UC and
dynapenia). In the subgroup of patients without
dynapenia, 24 patients were overweight or obese
(30 £ 5.1% of the total number, 37.5 + 6.1% of
patients without dynapenia).

Table

Comparison of patients with dynapenia and patients without
dynapenia by age, duration of the disease, and BMI,
Me (P, P.)

Patients with  [Patients without] p for th?
Parameter . . Mann — Whitney
dynapenia dynapenia test
Age 35(32;51) 41 (34; 52) 0.237
Duration
of the disease 428 6.5(2;9) 0.642
BMI, kg/m? | 25.6(20.0;29.0) | 24 (21.5; 28.4) 0.856

We studied the relationship of neuropeptide Y
concentration with dietary habits (the amount of
vegetables, fruits, meat consumed per day, g), alcohol
consumption (g per week) and stress levels (the number
of points according to the Reeder Stress Inventory)
in patients with UC. The data obtained indicate that
there is no connection with the amount of vegetables
(Spearman’s rank correlation coefficient R = —0.008;
p = 0.946) and fruits (R = 0.154; p = 0.170), meat
(R=-0.177;p=0.113) consumed by patients. A positive
correlation was established between the neuropeptide
Y concentration with alcohol consumption (R =0.232;
p =0.037) and simple carbohydrates (R = 0.230; p for
R =0.039). According to the results of questionnaires
of patients with UC, the analysis of associations of
neuropeptide Y concentration with stress levels did
not confirm the relationship (in all statements, for the
Kruskal — Wallis test p > 0.05).

The blood concentration of neuropeptide Y is
significantly higher in patients with dynapenia (0.021
(0.019; 0.0237)) than in patients without dynapenia
(0.019 (0.017; 0.021); for the Mann—Whitney test
p = 0.014). The range of fluctuations in the
neuropeptide Y concentration in UC patients did
not exceed the reference values (0—10 ng/ml) and
amounted to 0.014—0.050 ng/ml, 0.02 (0.018; 0.023).
The level of neuropeptide Y was higher in young UC
patients (R =-0.251; p = 0.024).

Gender differences in the neuropeptide Y
concentration in patients with UC were revealed.
Thus, the level of neuropeptide Y in women (0.021
(0.014; 0.043)) was significantly higher than in men
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(0.019 (0.018; 0.022); for the Mann — Whitney test
p = 0.041). There were no differences in the level of
neuropetide Y in patients with varying degrees of
UC activity (the Kruskal — Wallis test = 2.058; p =
0.560), localization of the pathological process in the
colon (the Kruskal — Wallis test = 1.126; p = 0.569)
and the course of the disease (the Kruskal — Wallis
test = 2.342; p = 0.310). The study established a
positive association of neuropeptide Y with sOb-R
(R = 0.331; p = 0.002), peptide YY (R = 0.529;
p <0.001). The correlation analysis revealed a trend
toward a higher neuropeptide Y concentration in
patients with low levels of adiponectin, however, this
relationship was not statistically significant (R = p
for R = 0.068). The study did not reveal a statistical
relationship between the concentration of the studied
neuropeptide hormones and inflammatory laboratory
markers: peptide YY with TNFa (R = 0.197;
p = 0.234), IL-6 (R = —0.022; p = 0.892), CRP
(R =0.105; p = 0.524); neuropeptide Y with TNFa
(R = 0.006; p = 0.824), IL-6 (R = 0.13; p = 0.430),
CRP (R=-0.014; p = 0.898).

The level of HOMA-IR in patients with dynapenia
(0.8 (0.2; 1.7)) was significantly higher compared
with patients without dynapenia (0.2 (0.1; 0.5); for
the Mann — Whitney test p = 0.026).

As demonstrated in previous work [16], the
CRP level in patients with dynapenia (10.7 (4.020;
14.400)) was significantly higher than in patients
without dynapenia (3.430 (0.860; 11.198); for the
Mann — Whitney test p = 0.006) (Figure).
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Figure. The concentration of C-reactive protein in UC patients
with and without dynapenia

DISCUSSION

The study demonstrated that 54 + 5.6% of patients
with UC and dynapenia are overweight or obese,
while among patients with dynapenia 65.4 = 9.3%
of patients were young according to the WHO
criteria (younger than 45 years). Dynapenia in
younger patients is associated with increased CRP
levels, insulin resistance, and higher concentrations
of neuropeptide Y. A positive correlation between
neuropeptide Y and the consumption of simple
carbohydrates and alcoholic beverages was revealed.
The study did not reveal a dependence between
the neuropetide Y concentration and the activity of
UC, the localization of the pathological process in
the colon and the course of the disease. A positive
association of neuropeptide Y with the level of leptin
receptors, peptide YY, has been established. The
correlation analysis revealed a trend toward a higher
neuropeptide Y concentration in patients with lower
adiponectin, but this relationship was not statistically
significant.

In the results of the previous study, we
demonstrated a correlation between dynapenia in
UC patients with malnutrition, low physical activity,
formula in infancy and inflammation in the form
of increased CRP levels [16]. The results of this
study complement the previous one as it revealed
the association of dynapenia with insulin resistance.
We focus on the fact that most of the examined
patients with dynapenia are overweight or obese.
When patients suffer from the disease, their’ physical
activity decreases, which, in combination with an
autoimmune inflammatory process, leads not only
to the premature onset of dynapenia, but also to the
possible development of insulin resistance. A major
imbalance in energy exchange due to malnutrition,
consumption of foods with a high glycemic index,
decreased physical activity and chronic systemic
inflammation trigger protein degradation mechanisms
[21].

An increase in the level of neuropeptide Y
in patients with UC and dynapenia, sarcopenia,
and sarcopenic obesity requires research and
substantiates the need for further comprehensive
analysis, in particular, analysis of the contribution
of neuropetide Y to the mechanisms of protein
degradation, lipogenesis, and homeostasis of
metabolism, which can further be used in effective
strategies for the management and treatment of
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patients. To date, it is known that neuropeptide Y is
a powerful appetite stimulant and pro-inflammatory
neurohormone/mediator, the secretion of which
takes placet not only in the hypothalamus, but also
in the peripheral nervous system and, in particular,
in enteric neurons.

Literature describes the physiological effects of
neuropeptide Y in reducing the energy expenditure
of the body [22], reducing the motility of the
gastrointestinal tract (neuropeptide Y and peptide
YY are mediators of the ileal brake); inhibition of
gastric, biliary, and pancreatic secretion; interaction
of the immune and enteric nervous systems [23]. We
assume that in patients with dynapenia, significantly
higher levels of neuropeptide Y are associated
with a body’s need to reduce energy expenditure.
The correlation between neuropetide Y in patients
with dynapenia and the consumption of simple
carbohydrates indicates the orexigenic effect of this
peptide with the possibility of rapid recovery of
energy balance.

Our study demonstrates that the serum neuropetide
Y concentration does not exceed the reference values
in patients with UC both with and without dynapenia.
This is consistent with the results of a study by
scientists from the Regensburg Hospital (Germany)
[24], which indicate the absence of activation of the
hypothalamus through the autonomic nervous system
as a result of an autoimmune inflammatory process
in UC.

Literature presents another point of view. For
many years, a research group led by M. El-Salhy
has studied the role of neuropeptide Y in the
pathogenesis of functional and organic pathology
of the colon [25, 26]. According to the researchers,
changes in the expression of neuropeptides in
IBD play a key role in the pathogenesis due to an
increase in the density of neuropeptide Y-positive
fibers and neurons of the enteric nervous system,
which when interacting with immune cells has a
pro-inflammatory effect. The researchers suggested
that affecting the expression of neuropeptide Y may
become an effective strategy for IBD therapy. A
study conducted in Korea [27] demonstrated that an
increase in the expression of neuropeptide Y in IBD
may reflect a counterregulatory response to anorexia
caused by inflammation, since neuropeptide Y
is one of the most powerful orexigenic peptides.
A review by M. Botelho provides data on the anti-
inflammatory effect of neuropeptide Y [28].

CONCLUSION

This study demonstrated the association between
dynapenia and insulin resistance in patients with UC
for the first time. It is noteworthy that the majority
of patients with UC and dynapenia were young,
which indicates its premature development in this
pathology. The relationship of neuropeptide Y with
pro-inflammatory cytokines (CRP, TNFa, and IL-6),
disease activity, localization of the pathological
process, and the course of the disease has not been
established.

According to our study, the neuropeptide Y
concentration in patients with dynapenia is higher
than in patients without dynapenia, which is probably
due to the regulation of energy balance, glucose and
insulin homeostasis. The contribution of central
metabolic regulation and expression of neuropetide
Y to the pathogenesis of sarcopenia, dynapenia, and
sarcopenic obesity in general and in patients with UC
in particular requires further studying.
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Radionuclide imaging of HER2/neu expression in metastatic axillary
lymph nodes in breast cancer patients: comparing the efficacy
of [99mTc]Tc-ADAPT6 and [*"Tc]Tc-(HE) -G3
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ABSTRACT

Aim. To conduct a direct comparative analysis of single-photon emission computed tomography (SPECT-CT)
with [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3 in patients with HER2-positive breast cancer (BC) with axillary
lymph node metastases.

Materials and methods. The analysis included 8 patients with HER2-positive BC with axillary lymph node me-
tastases before the systemic treatment. All patients were injected with [*™Tc]Tc-ADAPT6 (500 pg) and [*mTc]
Te-(HE),-G3 (3,000 pg) with an interval of 3—4 days. The SPECT-CT scans of the chest and upper abdomen were
performed after 2 hours for [*"Tc]Tc-ADAPT6 and after 4 hours for [*"Tc]Tc-(HE),-G3. The accumulation of
radiopharmaceuticals was assessed by measuring the maximum standardized uptake values (SUV_ ) in metastatic
axillary lymph nodes, projections of the contralateral axillary lymph nodes, liver, latissimus dorsi muscle, and
spleen. Additionally, mALN-to-background and mALN-to-reference organs ratios were calculated for each patient.

Results. Comparison of the mALN-to-background ratio revealed the advantage of [99mTc]Tc-ADAPT6 (38.93
(16.56-56.02)) over [*"Tc]Tc-(HE),-G3 (19.39 (8.43-34.52)), p = 0.0391. The comparative analysis of the
accumulation of the studied radiopharmaceuticals in the reference organs demonstrated higher SUV __ for [*™Tc]
Tc-(HE),-G3 in the liver and spleen (4.44 (2.85-9.08) and 2.47 (1.28-4.41), respectively) than for [99mTc]Tc-
ADAPT6 (2.98 (1.96-3.65) and 0.43 (0.14-0.62), respectively), p = 0.01 and p = 0.04. Comparison of the SUV
ratios in mALN and reference organs showed higher values of mALN / spleen for [99mTc]Tc-ADAPT6 (5.93
(1.04-11.85)) compared to [*"Tc]Tc-(HE),-G3 (1.83 (0.46-4.54)), p = 0.02.

Conclusion. According to the results of the performed analysis, the diagnostic advantage of [99mTc]Tc-ADEPT6
for the detection of HER2/neu expression in metastatic lymph nodes in breast cancer patients was revealed.

Keywords: breast cancer, ADAPT6, DARPinG3, radionuclide diagnosis
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PapgnoHyknugHaa susyanusauyma skcnpeccumn HER2/NEU

B MeTacTaTUUYeCKNX aKCWIIAPHbIX InM¢paTnyecknx ysnax y 6onbHbIx
pPaKoM MOJIOYHON XKene3bl: CpaBHeHNe 3P PeKTNBHOCTN NpenapaToB
[*°MTCITC-ADAPT6 u [*"TCITC-(HE) -G3

BparunHa O.4." 2, Tawupesa JI.A.', Fap6ykoB E.}0.", BoctpukoBa M.A.’, PomaHoBa A.A.",
Dees C.M.235, bopoaunHa M.E.*, YepHoB B.1." %>

Hayuno-uccnedosamenvckuii uncmumym (HUH) ouxonocuu, Tomckull HAYUOHANbHBII UCCIE008AMENLCKULL
meouyunckutl yenmp (HUML]) Poccutickoii akademuu Hayk
Poccus, 634009, 2. Tomck, nep. Koonepamuenuwiil, 5

2 Hayuonanvuwiii uccredosamenvckuti Tomckuil norumexnudeckuti ynusepcumem (HHU TITY)
Poccus, 634050, . Tomck, np. Jlenuna, 30

3 Hnemumym 6uoopeanuueckou xumuu (UBX) um. axao. MM, lemsxuna u FO.A. Oguunnuxoea Poccutickotl
axademuu nayx (PAH)
Poccus, 117997, 2. Mocksa, I'CII-7, yn. Muxnyxo-Maxnas, 16/10

4 Mockoeckuti nayuno-ucciedosamenvckuti onkonrocudeckutl uncmumym (MHUHOHW) um. I1.A. I'epyena — punuan
HMUI] paouonocuu
Poccus, 125284, 2. Mocksa, 2-u Bomxunckuii np-0, 3

3 Hayuonanohulil uccieoosamenvckuil yenmp (HUL]) «Kypuamosckuii uncmumym»y
Poccus, 123098, . Mockea, ni. Axademuxa Kypuamosa, 1

PE3IOME

Hemns. [TpoBecT mpsiMoii CpaBHUTENBHBIA aHAIN3 JaHHBIX OTHO(POTOHHOH IMUCCHOHHOW KOMITBIOTEPHOH TOMO-
rpaduu ¢ npenaparamu [*"Tc]Tc-ADAPT6 u [*"Tc]Te-(HE),-G3 y GonbHbix pakoM MostouHo# sxenesbt (PMXK) ¢
HER2-103UTHBHBIME METacTa3aMH B aKCHJUISIPHBIE IMM(AaTHIECKHE Y3IIBL.

Marepuajbl M MeToAbl. B ananu3 BkiodeHs! BoceMb 0ombHBIX PMIK ¢ HER2-no3uTHBHBEIMU MeTacTa3aMu B
aKCHIUTApHBIC MuMbatndeckue y3isl (MAJIY) 10 Hayana CHCTEMHOTO Je4eHus. BceM OONBHBIM MOCIeJ0BAaTEILHO
IIPOBOAMIIOCH BBeAeHHE IpenapaToB [P Tc]Tc-ADAPT6 (500 mkr) u [*"Tc]Te-(HE),-G3 (3 000 mkr) ¢ uHTepBa-
oM 3—4 gaa. OgHOpOTOHHAS SMUCCHOHHAS KOMIIBIOTEpHAs TOMOrpadus OpraHoB IpyJHOM KIETKA M BEPXHETO
STaXka GPIOIMIHOM MONoCcTH MpoBoaMIack yepes 2 u ans [*Tc]Tc-ADAPT6 u uepes 4 4 aus [*"Tc]Te-(HE),-G3.
OueHKa HaKOIUICHUS COCJMHEHMIl BBINOJHANACH ITyTEM HM3MEPEHHs MAaKCHMaJbHOTO CTaHAAPTHOTO 3aXBaTa
(SUV__) B METaCTaTUECKMX aKCHILIAPHBIX TUM(OY3IIax, IIPOSKIMH KOHTPAIaTepaIbHON akCHILIAPHOH 0baacTy,
MPOCKIMH MMeYeHH, MNPOYAHIIel MBIIIIBI CIIUHBI U CENIE3eHKH. JJOTOTHUTENBHO Y KaXkKI0i OONBbHON pacCUUTHIBaA-
JIUCh Takue mapaMeTpsl, kKak MAJIY/don nu MAJIY/pedepeHcHbIe OpraHbl.

Pesyabtarsl. CpaBHenue cootHomeHuss MAJIY/(oH BbsIBUIO mpenmymiecTBo mpenapara [*"Tc]Tc-ADAPT6
(38,93 (16,56-56,02)) nan [*"Tc]Tc-(HE),-G3 (19,39 (8,43-34,52)), p = 0,0391. CpaBHuTenbHbIH aHAIU3 ak-
KYMYJISLMH M3y4aeMbIX paauo(apMIipenapaToB B peepeHCHBIX OpraHax MpoJIeMOHCTPUPOBAI 0oJiee BHICOKHI
SUV_ B neuenu u cenesenxe 1s [*"Tc]Tc-(HE),-G3 (4,44 (2,85-9,08) u 2,47 (1,28-4,41) cooTBETCTBEHHO),
yeMm npu ucnonb3oBanuu ["Tc]Tc-ADAPT6 (2,98 (1,96-3,65) u 0,43 (0,14-0,62) coorBercTBeHHO), p = 0,01
u p = 0,04. CpaBHenue cootHorreHrit SUVmax B MAJIY u pedepeHCHBIX opraHax mokaszaio 00jee BBICOKHE
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3HaueHus napamerpa MAJIY/cenesenka s npenapara [*"Tc]Tc-ADAPT6 (5,93 (1,04-11,85)) no cpaBHeHHIO
¢ [*"Tc]Te-(HE),-G3 (1,83 (0,46-4,54)), p = 0,02.

3aximodenne. [1o pesynabTaTaM BBINOJHEHHOIO aHAIM3a BBIBICHO AMAarHOCTUYECKOE IPEHMYIIECTBO MpenapaTa
[*"Tc]Tc-ADAPT6 mnst nerekiun HER2 craTyca B MetacTaTH4eckux uMdaTHuecKux y3nax y 6oipHbx PMK.

KitroueBble ciioBa: pak Monounoii sxenes3bl, ADAPT6, DARPinG3, paanonykinaHas [MarHocTuka

KOHq).]'IPIKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq;).IH/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6III/IKaIII/IeI71 HACTOSIIEH CTaThH.

Hcrounuk ¢punHancupoBanus. PaboTsl monaepkansl rpaHTOM MUHHCTEPCTBA HAYKH M BBICHIETO 00pa30BaHUs
PD Ne 075-15-2024-536.

CooTBeTcTBHE TNPHHOMNAM JTHKH. Bce smia moamucann nHGOPMHPOBaHHOE CcOIJIACHE HA ydyacTHe B
uccienoBanun. VccnemoBanue o100peHO KOMUTETOM Mo Ouomenuiuackoi struke HUUW onkomorun Tomckoro
HUMLI] (mpotokon Ne 26 ot 15.02.2022, npotokon Ne 4 ot 04.03.2022).

Jns uutupoBanus: bparuna O.[1., Tammpesa JI.A., I'apOykos E.1IO., BoctpukoBa M.A., PomanoBa A.A., Jle-
eB C.M., bopoguna M.E., Uepnos B.1. Pagnonyxmuanas susyanusanus skcripeccun HER2/NEU B meracratu-
YECKUX aKCHIUIIPHBIX TUM(ATHISCKUX y371aX y OOTBHBIX PAKOM MOJIOYHOM JKeNe3bl: CpaBHEHUE () (EKTHUBHOCTH
npenaparos [*MTC]TC-ADAPT6 u [*MTC]TC-(HE),-G3. boemens cubupckoi meduyunst. 2025;24(1):14-21.

Radionuclide imaging of HER2/neu expression in metastatic axillary lymph nodes

https://doi.org/10.20538/1682-0363-2025-1-14-21.

INTRODUCTION

Determining the status of regional lymph nodes
is a mandatory step in the pre-hospital diagnosis of
patients with breast cancer (BC). This information is
primarily needed for planning the optimal scope of
local and systemic treatment to achieve better overall
and relapse-free survival rates [1]. Unfortunately,
existing diagnostic methods, such as ultrasound (US),
mammography, and computed tomography (CT), are
not optimal and have a relatively high probability of
false-positive and false-negative results [2—4].

For example, it has been proven that the
sensitivity and specificity of US directly depend on
the biological subtype of the tumor. According to R.
Helfgott et al., the minimum sensitivity level of US
in assessing the lymph node status was observed in
patients with luminal HER2-negative BC (less than
40%), while the maximum sensitivity was noted for
triple-negative and HER2-positive subtypes (68.8 and
71.4%, respectively) [3]. Moreover, rapidly evolving
technologies and demands in clinical medicine create
the necessity not only for anatomical detection, but
also for the assessment of the molecular profile of the
tumor to personalize systemic therapy in BC patients
[1,2].

Studying the molecular profile of identified
metastatic changes is particularly relevant not only
due to the need for additional invasive (sometimes
difficult) diagnostic procedures, but also in light of
existing intertumoral heterogeneity, which causes

differences in the molecular characteristics of the
primary tumor and metastatic foci [5]. According to
the literature, the discrepancy in the receptor status
between the primary tumor and regional lymph
nodes can reach 30% for estrogen receptors, 20% for
progesterone receptors, and 15% for HER2/neu [6].

One of the potential solutions to this clinical
problem is exploring the capabilities of targeted
radionuclide imaging for a specific molecular target
[7]. Among “targeting” modules, alternative scaffold
proteins have demonstrated the highest efficacy.
These proteins are characterized by high specificity
and affinity for the target antigen, low toxicity,
and rapid clearance from the patient’s body after
administration, thereby significantly reducing the
time from the injection to the start of the diagnostic
procedure [8]. One of the options for this targeted
interaction could be human epidermal growth factor
receptor 2 (HER2/neu), whose overexpression occurs
in 20-30% of BC patients and requires the use of
targeted therapy [9].

Phase II clinical trials with [*"Tc]Tc-ADAPT6
(ClinicalTrials.gov Identifier: NCT05412446) and
[*"Tc]Te-(HE),-G3  (ClinicalTrials.gov Identifier:
NCT15122022) were conducted at the Department
of Radionuclide Therapy and Diagnostics of Cancer
Research Institute of Tomsk NRMC and assessed
HER2/neu expression in metastatic axillary lymph
nodes (MALNSs) in patients with BC. The results
indicated the efficacy of both agents (p < 0.05,
Mann — Whitney test) [10, 11].
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The aim of this study was to conduct a direct
comparative analysis of SPECT-CT data using
[*"Tc]Tc-ADAPT6 and [*™Tc]Tc-(HE),-G3 in
patients with HER2-positive BC and mALNS.

MATERIALS AND METHODS

The analysis included 8 patients with HER2-
positive BC and metastases in the axillary lymph
nodes prior to the initiation of systemic treatment.
All patients were injected with [*™Tc]Tc-ADAPT6
and [®"Tc]Tc-(HE),-G3 with an interval of 3—4 days.

Morphological and immunohistochemical studies
of biopsy material obtained from the axillary lymph
node tissue were performed in all patients. HER2/
neu expression was considered positive if the
immunohistochemistry (IHC) showed a score of 3+
or a score of 2+ with positive fluorescence in situ
hybridization (FISH). Cases with receptor expression
of 0 and 1+ by IHC were classified as negative, in
accordance with the ASCO/CAP (American Society
of Clinical Oncology and the College of American
Pathologists) criteria from 2018 [12]. The size of
the lymph nodes was measured using US before the
initiation of systemic treatment and biopsy collection.

[*"Tc]Tc-(HE),-G3 and [*"Tc]Tc-ADAPT6 were
prepared using the previously described tricarbonyl
radiolabeling method under sterile conditions at the

Department of Radionuclide Therapy and Diagnostics
of Cancer Research Institute of Tomsk NRMC,
immediately before intravenous administration. The
dosage was 3,000 pg for [*"Tc]Tc-(HE),-G3 and
500 pg for [*Tc]Tc-ADAPTO.

SPECT-CT of the chest and upper abdomen was
performed in all patients 2 hours after the [*™Tc]
Tc-ADAPT6 injection and 4 hours after the [*™Tc]
Tc-(HE),-G3 injection. The accumulation of the
radiopharmaceuticals was assessed by measuring
the maximum standardized uptake values (SUV_ )
in metastatic axillary lymph nodes and projections of
the contralateral axillary lymph nodes and reference
organs, such as liver, latissimus dorsi muscle, and
spleen. Additionally, mALN-to-background and
mALN-to-reference organs ratios were calculated for
each patient. SUV__ was determined in the largest
mALN, corresponding in anatomical location to the
US description and biopsy material collection (Table).

Data analysis and visualization were performed
using Prism 10 software (GraphPad, USA). The
accumulation values of the agents were presented as the
median and the interquartile range (Me (Q ~Q,)). The
non-parametric Wilcoxon signed-rank test was used to
determine the significance of differences between the
accumulation values of the two agents. The differences
were considered significant at p < 0.05.

Table
Accumulation of [*"Te]Te-(HE),-G3 and [*"Tc] Tc-ADAPT6 in metastatic HER2-positive axillary lymph nodes (SUV, )
and reference organs and mALN / reference organ ratios in patients with breast cancer
No. | SUY,.. (Coig;{;gral mALNs/back- | SUV, SuvV__ UV, | intive | MALN/ | mALN/
(mALN) ALN) ground (liver) (LDM) (spleen) LDM spleen
[*mTc]Te-(HE),-G3

1 1.8 0.3 6.7 9.1 0.3 4.0 0.2 6.2 0.5
2 2.6 0.2 15.2 5.2 0.3 2.5 0.5 8.6 1.0
3 22 0.2 13.5 3.0 0.3 1.3 0.7 6.2 1.7
4 10.7 0.3 33.3 4.7 0.4 2.5 2.3 26.0 4.3

5 8.7 0.3 34.9 5.7 0.4 2.1 1.5 21.3 4.2
6 2.4 0.4 5.9 4.1 0.2 1.7 0.6 10.9 1.5
7 14.0 0.3 41.2 2.9 0.5 3.1 4.9 25.9 4.5

8 8.7 0.4 23.5 34 0.3 44 2.6 27.2 1.9

[P Te]*" Te-ADAPT6

1 14.6 0.4 39.6 3.7 0.1 2.5 4.0 104.6 5.9
2 4.7 0.2 214 1.9 0.3 0.8 2.4 16.2 5.9

3 4.3 0.3 14.9 2.7 0.6 1.9 1.6 7 2.2
4 6.5 0.1 59.3 3.2 0.4 0.6 2.1 14.8 11.9
5 2.9 0.2 13.7 2.9 0.5 1.7 6 1.7 1.0
6 14.6 0.4 38.3 3.1 0.6 1.4 4.7 25.1 10.5
7 8.6 0.1 107.8 2.7 0.4 1.1 32 20.5 8.1

8 16.7 0.4 46.3 35 0.4 29 4.9 40.6 5.7

Note. mALN — metastatic axillary lymph node; LDM — latissimus dorsi muscle.
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RESULTS

The results of the immunohistochemical analysis
showed a HER2-positive status in the metastatic axil-
lary lymph nodes of all patients included in the study.
The obtained data were consistent with the results
of the radionuclide studies with both agents. The
average size of the lymph nodes was 20.5 = 4.2 mm.

SUVmax in mALNs
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Comparing the accumulation of the agents showed
comparable SUV _levels in the metastatic axillary
lymph nodes for [*Tc]Tc-ADAPTG6 at 7.57 (4.43—
14.62) and for [*"Tc]Tc-(HE),-G3 at 5.65 (2.22-
10.18) (p = 0.4609). The comparison of the mALNs
/ background ratio revealed an advantage of [*™Tc]
Tc-ADAPT6 (38.93 (16.56-56.02)) over [*™Tc]Tc-
(HE),-G3 (19.39 (8.43-34.52), p = 0.0391) (Fig. 1).

mALNS / background
150 =
0.0391
I |
o
100 =
.g
L
50 = °
o3
0= i|
ADAPT DARPinG3

Fig. 1. SUV__ in mALNs and the mALNs / background ratio using [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3 in patients with
HER2-positive breast cancer

The comparative analysis of the accumulation
of the studied radiopharmaceuticals (RPs) in the
reference organs demonstrated higher SUV__ in
the liver and spleen for [*"Tc]Tc-(HE),-G3 (4.44
(2.85-9.08) and 2.47 (1.28-4.41), respectively) than
for [*™Tc]Tc-ADAPT6 (2.98 (1.96-3.65) and 0.43
(0.14-0.62), respectively) (»p = 0.01 and p = 0.04).
The analysis of [*™Tc]Tc-ADAPT6 (0.43 (0.14—
0.6)) and [*™Tc]Tc-(HE),-G3 (0.33 (0.22-0.54))
accumulation in the projection of the spleen did not
reveal any significant differences (p = 0.5) (Fig. 2).

Liver
0.0156

ADAPT

DARPinG3

ADAPT

Comparison of the SUV__ ratios in the mALNs
and reference organs showed higher values for
mALNs / spleen for [*"Tc]Tc-ADAPT6 (5.93
(1.04-11.85)) compared to [*"Tc]Tc-(HE),-G3
(1.83 (0.46-4.54), p = 0.02). The comparison of
the mALNs / liver (3.58 (1.58-6.00) and 1.12
(0.20-4.91), respectively) and mALNs / latissimus
dorsi muscle ratios (18.37 (1.70-104.6) and 16.12
(6.17-27.22), respectively) did not show significant
differences between the studied agents (p = 0.06 and
p = 0.55, respectively) (Fig. 3).

Spleen

LDM 0.0391
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Fig. 2. SUV__in the liver, latissimus dorsi muscle, and spleen using [*Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3 in patients with
HER2-positive breast cancer
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Fig. 3. Ratios of mALNSs / liver, mALNs / latissimus dorsi muscle (LDM), and mALNs / spleen using [*™Tc]Tc-ADAPT6 and
[*"Tc]Tc-(HE),-G3 in patients with HER2-positive breast cancer

DISCUSSION

Despite advancements in imaging technology, the
challenge of assessing the status of regional lymph
nodes in BC patients remains unresolved. This issue
is particularly critical at the pre-hospital diagnostic
stage, where obtaining the most accurate information
is essential for determining appropriate local and
systemic treatment strategies. One approach to
anatomical detection and molecular typing of detected
lesions (both primary tumors and metastatic sites) is
to expand the use of radioisotope methods and focus
on targeted molecular imaging. This approach, based
on the use of RPs that are tropic to specific molecular
targets, has gained significant popularity over the
past 10 years. It was during this period that the active
use of alternative scaffold proteins as “targeting”
modules began, along with their clinical testing for
the theranostics of cancers.

The Department of Radionuclide Therapy and
Diagnostics at Cancer Research Institute of Tomsk
NRMC has extensive experience in conducting clinical
trials on the diagnosis of malignant tumors using
labeled scaffold proteins [13]. Studies involving RPs
targeting the human epidermal growth factor receptor
2 (HER2) have been particularly widespread. Phase 1
clinical trials of [*"Tc]Tc-ADAPT6 (ClinicalTrials.
gov Identifier: NCT03991260 and NCT05412446),
[*"Tc]Te-(HE),-G3  (ClinicalTrials.gov Identifier:
NCT05695859), and [*"Tc]Tc -ZHER2:41071
(ClinicalTrials.gov Identifier: NCT05203497) were
conducted in patients with BC in collaboration with
Tomsk Polytechnic University (Tomsk), Shemyakin—
Ovchinnikov Institute of Bioorganic Chemistry
(Moscow), and Uppsala University (Sweden) and
demonstrated the feasibility of determining the
HER2/neu status in the primary tumor [14, 15].

The results obtained and the accumulated
experience have allowed for the expansion of
the scope of clinical characteristics studied with
[*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3. This
expansion aims at defining diagnostic algorithms in
the anatomical staging of metastatic axillary lymph
nodes and assessing their molecular characteristics
[10, 11].

The results obtained in this study almost
completely replicate the direct comparison of [*™Tc]
Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3 performed
within phase II clinical trials on the effectiveness
of detecting the HER2/neu status in primary breast
tumors [16, 17]. At the same time, it is obvious
that the compound [*™Tc]Tc-ADAPT6 has greater
diagnostic accuracy in typing the HER2/neu status
in primary tumors and metastases to regional lymph
nodes, which can be widely used in clinical practice.
In the meantime, the agent [**Tc¢]Tc-(HE),-G3 could
be used for the dynamic assessment of the malignant
process during neoadjuvant treatment, as it does not
have competing characteristics with targeted agents,
such as trastuzumab and pertuzumab.

CONCLUSION

Therefore, [*™Tc]Tc-ADAPT6 has greater
efficacy in determining the HER2/neu status in
primary tumors and regional lymph node metastases.
The clinical use of [*"Tc]Tc-(HE),-G3, upon further
study, may be possible for assessing tumor dynamics
during preoperative treatment.
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Features of integrin subunit 34 expression depending on clinical
and morphological parameters of breast cancer
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ABSTRACT

Aim. To study the features of the expression of the integrin subunit B4 in primary tumor tissue depending on the
clinical and morphological parameters of breast cancer.

Materials and methods. We examined biopsy samples from 49 patients with TI-4N0—-3MO breast cancer; the
median age was 51.0 [44.0; 60.0] years. Patients did not receive neoadjuvant therapy. Surgical intervention involved
resection of the mammary gland with axillary lymph node dissection or radical mastectomy. The expression of
markers of estrogen receptor, progesterone receptor, c-erB-2 (Her2/neu), Ki67, CD104 (integrin subunit 4) was
assessed using immunohistochemistry. Statistical processing of the results was carried out using the Statisctica 10.0
software package.

Results. In the group of patients with stage N3, cases with positive cytoplasmic/membrane colocalization of
integrin subunit 4 expression were more frequently detected (45%), compared with observations where no such
expression was found (8%; p = 0.002).

Conclusion. Positive cytoplasmic/membrane colocalization of integrin subunit 34 expression is associated with the
prevalence of lymphatic metastasis, which corresponds to Stage N3.
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Oco6eHHOCTU 3KCNpeccun cy6beanHNLbI MHTErpuHa 34 B 3aBUCMMOCTH
OT K/IMHNKO-Mop¢onornyecKnx napameTpoB paka MOJIOHHOMN XKene3bl

3aBbanoBa M.B."? Ky3Heuos '.A.%, TpuropbeBa E.C.', TawmpeBa JI.A.',
3aBbanos A.B.%, Nonosa B.E.?, Ann¢anos B.B.", MncbmeHnuHbin A.C." 2,

AnppioxoBa E.C."?, NMepenbmyTtep B.M.’

! Hayuno-uccnedosamenvcrutl uncmumym (HHUH) onxonozuu, Tomckutl HayuoHabHulil
uccredosamenbckull MeOuyurckull yeump Poccutickoil akademuu Hayk

Poccus, 634009, 2. Tomck, nep. Koonepamugnuiii, 5

2 Cubupcxuii 2ocyoapemeennwlii meouyunckutl ynusepcumem (Cubl MY)

Poccus, 634050, 2. Tomck, Mockogckuti mpakm, 2

PE3IOME

Hens uccnenoBaHus — U3yYUTh 0COOCHHOCTH YKCIIPECCUH CYyOBEIUHHUIBI HHTETPHHA 4 B TKAHU NEPBUYIHON OITy-
XOJIU B 3aBHCHUMOCTH OT KIIMHHKO-MOP(}OIOTHUECKUX ITapaMeTPOB paKa MOJIOYHOMN JKeJIe3bl.

Marepuajbl 1 MeToabl. V3yuaincs OuoncuifHelii Matepuan oT 49 GOJIBHBIX PaKOM MOJIOYHOM skene3bl T1-4N0—
3MO, cpennuii Bozpact coctaBui 51,0 [44,0; 60,0] roa. HeoanproBanTHOI Tepanuu 6onbHbIE He moayvaiu. Ome-
pPaTHBHOE BMEMIATEIbCTBO BHINOIHANIOCH B 00beME PE3eKIIMH MOJIOYHOHM JKeNe3bl C MOAMBIIIeYHOH TuMbaaeHIK-
TOMHEH WK pauKaIbHON MacTIKTOMUH. DKcpeccust MapkepoB Estrogen receptor, Progesteron receptor, c-erB-2
(Her2/neu), Ki67, CD104 (cyObeanHuna HHTErpruHa f4) orieHuBalaCh UMMYHOTHCTOXUMHYECKHM MeTo1oM. Cta-
TUCTHYECKast 00padoTKa pe3yabTaTOB IIPOBOAMIACH C IPHMEHEHNEM MaKeTa mporpamm Statistica 10.0.

PesyasTatsl. B rpynne 6ompnbix ¢ N3 garme (45%) oOHapyXuBaaHuCh CIIydau ¢ MO3UTUBHOM LUTOIIa3MaTHye-
CKOI/MeMOpaHHO! KOJIOKAJIM3aI[M1 IKCIIPECCUH CyObeIMHULIBI HHTErpHHA 34 B CpaBHEHUH C HAOJIIOACHHUIMH, KOT-
Jia mo1o0Hoi#t sKcpeccuu He 6510 (8%; p = 0,002).

3akaouyenne. [lo3nTHBHAS IUTOIIA3MAaTHIECKas/MEMOpaHHAs KOJIOKAIU3aUs SKCIIPECCHH CyObeTMHUIEI HHTE-
rpuHA 4 accOMMMpPOBaHa C PACIPOCTPAHESHHOCTHIO TMM(OTEHHOTO METacTa3HpOBAHHS, COOTBETCTBYIOIIEH Kpu-
Teputo N3.

KuroueBrble ciioBa: paxk MOJIOUHOM JKEJIE3bI, IICPBUYHAs OIyXO0Jib, Cy6’beI[I/IHI/IHa HUHTErprHa B4, MeTacTa3bl

Kondaukt uHTepecoB. ABTOPHI 3asBJISIOT 00 OTCYTCTBHUHM KOH(IMKTa HHTEPECOB, CBS3AaHHBIX C MyOJIUKaIuei
HACTOSAIIEH CTAaTbH.

HUcTounuk q)ﬂHchHpOBaHﬂﬂ. ABTOpLI 3asIBIISIOT 00 OTCYTCTBUU (bl/IHaHCI/IpOBaHI/ISI py MPOBCACHUUN UCCIIEN0-
BaHUA.

CooTBeTcTBHE NPUHIMNIAM 3THKH. Bee sina moamicany nHGOPMUPOBAHHOE COTIIACHE Ha yJacTHE B HCCIIEJOBa-
Hun. VcenenoBanue 0100peHO JTIOKATBHBIM dTHYeckuM koMuteToM CHOI' MY (potoxoi Ne 8952 ot 24.01.2022).

J1a nutuposanus: 3asbsnoBa M.B., Kysuenos I A., I'puropsesa E.C., Tamupesa JI.A., 3aBbsuio A.B., ITono-
Ba B.E., Amudanos B.B., [Tucemennsriii JI.C., Aagproxosa E.C., [Tepeasmytep B.M. OcobeHHOCTH SKCIIpEecCuu
CyOBEeIMHUILBI MHTETPUHA 34 B 3aBUCHMOCTH OT KIMHHKO-MOP(OJIOTHYECKUX ITapaMeTpOB paka MOJIOYHOM jKe-
nessl. broanemens cubupcrou meduyunsl. 2025;24(1):22-28. https://doi.org/10.20538/1682-0363-2025-1-22-28.

INTRODUCTION

Breast cancer is the number one cancer in patients
with malignant neoplasms. It is also the leading cause
of death among women, accounting for 16.2% [1].
Most often, mortality from malignant neoplasms
is due to metastasis. The study of metastasis

mechanisms is one of the key areas of modern
oncology. For metastasis, the nature of intercellular
and parenchymal-stromal interaction is important,
which are largely mediated by integrins.

In this regard, studying the integrin profile
of tumor cells seems promising. Integrins are
transmembrane receptors that are macromolecules
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consisting of two subunits — alpha and beta. Each
subunit in turn has three parts: free extracellular
N-terminal domain, a transmembrane segment, and
intracellular tails.

In addition, there is evidence that the expression
of some integrins can provide selectivity for distant
metastasis. Thus, metastatic lung damage has been
observed with the expression of integrin a6p4, and
distant metastasis to the liver and brain — with the
expression of integrin avB5 [2, 3]. Among the various
integrins, much attention is paid to integrin p4 [4,
5]. This integrin is part of the heterodimer a6p4,
which fixes epithelial cells to basement membranes.
There is evidence linking the expression of a6p4 to
metastasis and the invasion of lung cancer stem cells
into the brain [2, 6].

The ability of integrin a6p4 to prevent the
development of apoptosis (anoikis) of tumor cells
that have detached from the basement membrane
has been described in the literature [7, 8]. The
expression of integrin a6pf4 and laminin ligand
underlies the matrix-independent existence of tumor
cells. It is believed that expression of integrin a634
autocrinely activates laminin synthesis, then the
integrin binds to the ligand, and a cascade of events
is triggered, including increased cell proliferative
activity, invasive growth, and metastasis [9-11].
Such cell subpopulations have the most pronounced
resistance to anoikis and are most capable of
becoming seed cells initiating regional and distant
metastases.

The aim of this study was to investigate the
expression patterns of the integrin subunit B4 in
primary tumor tissue depending on the clinical and
morphological parameters of breast cancer.

MATERIALS AND METHODS

All stages of the study comply with the legis-
lation of the Russian Federation and regulatory
documents of scientific organizations. All indivi-
duals signed a voluntary informed consent to
participate in the study in accordance with the
requirements of the local Ethics Committee of
Siberian State Medical University (Protocol No.
8952 of January 24, 2022). We examined biopsy
samples of primary tumor tissue from 49 patients
with T1-4NO-3MO breast cancer who received
treatment as needed at the Cancer Research Institute
of Tomsk National Research Medical Center from
2013 to 2020.

Biopsy samples were collected before patients
began to receive therapy. The median age of the
patients was 50.0 [44.0; 60.0] years. The patients
did not receive neoadjuvant therapy. The surgical
intervention involved resection of the mammary
gland and axillary lymph node dissection or
radical mastectomy. The primary tumor tissue and
the removed lymph nodes were examined. The
diagnosis was established according to the 2019
WHO classification and the TNM Classification
of Malignant Tumors, 8" edition, of the Union for
International Cancer Control.

Immunohistochemistry and histologic
examination were performed using standard
methods. Only cases with invasive ductal carcinoma
of the mammary gland were included in the study.
The degree of malignancy was determined using the
Scarff — Bloom — Richardson histologic grading.

For immunohistochemistry, the following
antibodies were used: progesterone receptor (clone
PgR636, Dako), estrogen receptor (clone 1DS5,
Dako), c-erB-2 (Her2/neu) (Polyclonal Rabbit,
Dako), Ki67 (clone SP6, Cell Marque), CD104
(integrin subunit B4, clone JM11-06, Invitrogen,
dilution 1:200). Molecular subtypes of breast cancer
were determined by assessing the expression of
receptors to estrogen, progesterone, Ki67, and
HER2. Luminal A, luminal B HER2 negative,
luminal B HER2 positive, HER2 positive (non-
luminal), and basal-like (triple negative) molecular
subtypes have been established.

The whole slide image (WSI) method was
used to digitize the histologic preparations using
the Pannoramic Mirax Midi scanning micro-
scope (Carl Zeiss, Germany). The analysis of
the digitized sections was performed using the
Panoramic Viewer 1.15.4.43061 software. The
cytoplasmic expression and cytoplasmic/membrane
colocalization of the expression of the integrin
subunit 4 (CD104) were assessed in primary tumor
cells (Figure).

The Statistica version 10.0 software package
was used for statistical data processing. Due to the
non-normal distribution of the studied wvariables,
significant differences in medians between two
independent samples were assessed using the non-
parametric Mann — Whitney test. The t-test was used
to compare the frequency of the detected features.
The results were considered statistically significant
at p <0.05.
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Figure. Expression of the integrin subunit 4 (CD104) in the primary tumor: a — cytoplasmic expression, b — cytoplasmic/membrane
colocalization of expression. x400

RESULTS

A study was conducted to examine the expression
patterns of the integrin subunit 4 (CD104) in the cells
of invasive ductal carcinoma of the mammary gland
depending on various clinical and morphological
manifestations of the tumor process.

The age of the patients did not differ depending
on the presence or absence of positive cytoplasmic
expression or cytoplasmic/membrane colocalization
of the integrin subunit 4 expression. Positive and
negative cytoplasmic expression of the integrin
subunit B4 was detected with approximately the
same frequency both in the group of patients with
preserved menstrual function and in menopause.
Positive  cytoplasmic/membrane  colocalization
of integrin subunit B4 expression was detected
more frequently (73%) in the group of patients
with preserved menstrual function compared to
cases without expression of this marker (42%;
p =0.032).

The presence of cytoplasmic or cytoplasmic/
membrane colocalization of integrin subunit (4
expression was not associated with the characteristics
of the primary tumor corresponding to different T
criterion values. No significant differences were
found in the frequency of cases with negative and
positive expression of the studied marker in the
groups of patients with T1, T2, T3 and T4 cancer.

The frequency of negative and positive
cytoplasmic expression or cytoplasmic/membrane
colocalization of integrin subunit 4 expression did

Bulletin of Siberian Medicine. 2025; 24 (1): 22-28

not differ according to tumor grade G1, G2, or G3.
There were also no differences in the percentage
of cases with negative and positive cytoplasmic
expression or cytoplasmic/membrane colocalization
of integrin subunit B4 expression depending on the
molecular subtype of breast cancer.

The prevalence of Ilymphatic metastasis,
characterized by the N criterion, turned out to be
associated with the features of expression of the
integrin subunit B4 in the cells of invasive ductal
breast cancer. Namely, in cases with the presence of
metastases in the displaced axillary lymph nodes on
the affected side, corresponding to the N1 criterion,
positive  cytoplasmic/membrane  colocalization
of the expression of the integrin subunit 4 was
detected less frequently compared with cases
without such localization of studied marker
expression.

In cases with diffuse lymphatic metastasis with
metastatic infraclavicular lymphadenopathy on the
affected side, or with a combination of the internal
mammary lymphadenopathy with metastases to
the axillary lymph nodes or with metastases to the
supraclavicular lymph nodes on the affected side,
corresponding to stage N3, positive cytoplasmic/
membrane colocalization of expression of the
integrin subunit 4 was detected more often (45%)
compared with cases without this type of expression
localization (3/38 (8%; p = 0.002). The frequency
of negative and positive cytoplasmic expression of
the integrin subunit 4 did not differ between groups
with stage NO, N1, N2, and N3 (Table).

25



Zavyalova M.V., Kuznetsov G.A., Grigorieva E.S. et al.

Features of integrin subunit 4 expression depending on clinical

Table

Features of cytoplasmic and cytoplasmic/membrane colocalization of integrin subunit 4 expression depending on the clinical and
morphological parameters of invasive ductal carcinoma

Cytoplasmic expression of the integrin subunit 34

Cytoplasmic/membrane colocalization of integrin
subunit 4 expression

Parameter No (1= 28) Yes (n =21) No (1 = 38) Yes (n = 11)
1 2 3 4
. . 48.0 [42.0; 56.0] . 47.0 [35.0; 56.0]
Age, Me [Q;; 0] 51.0 [45.0; 60.0] o 0.464 51.0 [45.0; 61.0] proc0143

Menstrual function status, abs. (%)

Preserved

12/28 (43%)

12/21 (57%) 8/11 (73%)

16/38 (42%)

p,,=0.166 p,,=0.032
9/21 (43%) 3/11 (27%)
0, 0,
Menopause 16/28 (57%) p,.=0.166 22/38 (58%) Py, =0.032
Characteristics of the primary tumor node, abs. (%)
5/21 (24%) 3/11 (27%)
0, 0,
1 7/28 (25%) Py, = 0468 9/38 (24%) py,= 0419
8/21 (38%) 4/11 (37%)
0, 0,
™ 15/28 (54%) .= 0.133 19/38 (50%) p.,=0223
3721 (14%) 1/11 (9%)
0, 0,
™ 128 (4%) .= 0.104 3/38 (8%) Py,=0.458
5/21 (24%) 3/11 (27%)
0, 0,
T4 5/28 (17%) p,.=0272 7/38 (18%) p,,=0.256
Cancer Grade, abs. (%)
1/21 (5%) 1/11 (9%)
V) V)
Gl 1/28 (3,5%) b= 0359 138 (3%) p.,=0.195
19/21 (90%) 9/11 (82%)
0, 0,
G2 26/28 (93%) p..=0353 36/38 (94%) p,,=0.107
1721 (5%) 1/11 (9%)
0, 0,
G3 1/28 (3,5%) P~ 0359 1/38 (3%) p,,=0.195
Molecular genetic type, abs. (%)
. 3/21 (14%) 1/11 (9%)
0, 0,
Luminal A 6/28 (21%) P, 0.264 8/38 (21%) p,,=0.182
. . 9/21 (43%) 4/11 (36%)
0, 0,
Luminal B HER2 negative 15/28 (54%) .= 0223 20/38 (53%) po.=0.160
. . 4/21 (19%) 3/11 (27%)
0, 0,
Luminal B HER2 positive 3/28 (11%) p,.—0215 4/38 (10,5%) po,=0.150
. 4/21 (19%) 2/11 (18%)
0, 0,
HER?2 overexpression 2/28 (7%) .= 0.102 4/38 (10,5%) p.,=0234
. . 1/21 (5%) 1/11 (9%)
0, 0,
Triple negative 2/28 (1%) p,,=0386 2138 (3%) p,,=0310

Characteristics of lymphatic metastases, abs. (%)

8/21 (38%) S/11 (45%)

0, 0,
NO 13/28 (46.5%) p,.= 0288 16/38 (42%) po.= 0429
6/21 (29%) 0/11 (0%)
0, 0,
N1 11/28 (39%) p,.= 0233 17/38 (45%) p..=0.003
2/21 (10%) 1/11 (10%)
0, 0,
N2 1/28 (3.5%) 7,.=0.154 2/38 (5%) o= 0271
5/21 (23%) 5/11 (45%)
0, 0,
N3 3/28 (11%) P =0.129 3/38 (8%) P = 0,002
DISCUSSION colocalization of integrin subunit 4 expression and

A study of the expression patterns of the integrin
subunit B4 ininvasive breast carcinomacellsrevealed a
relationship between positive cytoplasmic/membrane

26

the prevalence of lymphatic metastasis corresponding
to stage N3.

Determining the localization of expression was
important. Given that integrins consist of three parts
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(free extracellular N-terminal domain, transmembrane
segment, and intracellular tails), we decided to
differentiate between cytoplasmic expression and
cytoplasmic/membrane colocalization of the integrin
subunit f4 expression when determining expression.
Only membrane/cytoplasmic colocalization of
integrin subunit B4 expression was found to be
associated with the most advanced lymphatic
metastasis corresponding to stage N3.

The study did not reveal significant associations
between the frequency of positive cytoplasmic
expression and cytoplasmic/membrane colocalization
of integrin subunit 4 expression and other clinical
and morphological patterns of breast cancer.

The integrin subunit B4, a member of the integrins
that recognize laminin, plays the main role in
maintaining epithelial differentiation and structure.
Under physiological conditions, loss of epithelial
cell contact with the basement membrane results in
cessation of proliferation and induction of apoptosis,
known as anoikis. However, in malignant tumors,
cells can adapt to a lack of adhesion, allowing them to
avoid anoikis and contributing to their invasiveness
and metastatic potential [12]. One of the mechanisms
is the synthesis of basement membrane molecules.
Such surrogate substitution of the basement
membrane bond restores the ability to proliferate and
avoids anoikis [13].

As a result, such tumor cells acquire the ability
to grow independent of attachment to the stroma.
The integrin subunit f4 mediates tumor growth
independent of the matrix by activating the Shp2-
Src signaling pathway. It is believed that acquisition
of matrix-independent growth ability promotes
metastatic spread [14, 15]. Apparently, the ability for
matrix-independent existence is one of the necessary
factors that ensures metastasis. Studying the key
processes responsible for the role of integrin subunit
B4 in lymphatic metastasis can be useful both for
understanding the metastasis mechanisms and for
identifying potential targets for targeted therapy.

CONCLUSION

The obtained data indicate the role of integrin
subunit PB4 expression in the mechanisms of
lymphatic metastasis development in breast cancer.
Positive cytoplasmic/membrane colocalization of
integrin subunit 4 expression is associated with the
predominance of lymphatic metastasis corresponding
to stage N3 cancer.
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Association of single nucleotide variants of the SLCO1B1 gene with
the Gilbert syndrome phenotype

Ivanova A.A.', Apartseva N.E.', Kashirina A.P.', Nemtsova E.G.%, Ivanova Ju.V.',
Kruchinina M.V.’, Kurilovich S.A.", Maksimov V.N.’

! Research Institute of Internal and Preventive Medicine — Branch of the Institute of Cytology and Genetics, Siberian
Branch of the Russian Academy of Sciences
175/1, B.Bogatkova Str., Novosibirsk, 630089, Russian Federation

2 North-Western State Medical University named after 1.I. Mechnikov
41, Kirochnaya Str., Saint Petersburg, 191015, Russian Federation

ABSTRACT

The aim of the study is to investigate the association of 152306283 and rs4149056 variants of the SLCOIBI gene
with benign unconjugated hyperbilirubinemia.

Materials and methods. A case-control study design was employed. The group with the Gilbert syndrome (GS)
phenotype comprised 414 individuals (mean age 36.7 £+ 15.9 years, 49.8% men). The control group consisted of
429 individuals (mean age 38.5 £ 14.3 years, 52.2% men) randomly selected from DNA banks of MONICA project
participants, young adults aged 25-44 years, and participants in a cross-sectional study of schoolchildren in Novo-
sibirsk. Genotyping of the groups for nucleotide sequence variants rs2306283 and rs4149056 of the SLCO1B1 gene
was performed using real-time polymerase chain reaction.

Results. No statistically significant differences were found between the GS and control groups regarding the
frequencies of genotypes and alleles of rs2306283 (p > 0.05). Carriers of the TT rs4149056 genotype were less
common (OR = 0.67, 95% CI 0.51-0.89, p = 0.005), while carriers of the TC genotype were more prevalent
(OR = 1.46, 95% CI 1.1-1.94, p = 0.009) in the GS group compared to the control group. The frequency of the
C allele rs4149056 was higher in the GS group compared to the control group (OR = 1.35, 95% CI 1.07-1.7, p =
0.012). These differences persisted for carriers of the 6TA/7TA genotype but not for the 6TA/6TA and 7TA/7TA
genotypes of rs3064744 in the UGT14 gene.

Conclusion. The single nucleotide variant rs2306283 of the SLCOIBI gene is not associated with benign
unconjugated hyperbilirubinemia. The TC genotype and C allele of the single nucleotide variant rs4149056 of
the SLCO1B1 gene are the genotype and risk allele of Gilbert syndrome, while the TT variant genotype exhibits
a protective effect against the development of the syndrome, particularly for carriers of the 6TA/7TA genotype of
1$3064744 in the UGTIA gene.

Keywords: Gilbert syndrome, gene, rs2306283, rs4149056, SLCOI1B1, unconjugated hyperbilirubinemia
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Accoumauma oqHOHYKNeOoTUAHbIX BapnaHToB reHa SLCO1B1
c peHoTMNOM cMHApoma Kunbbepa

MBaHoBa A.A.', AnapueBa H.E.", KawunpuHa A.IN.', Hemuoga E.l'.2, UBaHoBa |0.B.",
KpyunHuna M.B.', Kypunosuu C.A.', Makcumos B.H.'

! Hayuno-uccineoogamensckutl uncmumym mepanuu u npoguiaxmuyeckou meouyunvl (HUUTIIM) — ¢punuan
Hnemumyma yumonoeuu u cenemuxu Cubupckozo omoenenus Poccuiickoti akademuu nayx (MLul” CO PAH)
Poccus, 630089, 2. Hosocubupck, yia. b. boeamkosa, 175/1

2 Cesepo-3anaonuvlii 2ocyoapcmeennwiii meouyunckutl ynusepcumem (C3IMY) um. H.U. Meunuxosa
Poccus, 191015, 2. Cankm-Ilemep6ype, yn. Kupounas, 41

PE3IOME

Hean uccnenoBanus — npoBepka accormanyu rs2306283 u rs4149056 rena SLCOI1BI1 ¢ noOpokavyecTBEeHHOH He-
KOHBIOTHPOBAHHOW TUTICPOMITHPYOUHEMUEH.

MatepuaJbl 1 MeTobI. J[U3aifH Hcce10BaHus «CiTydaii — KOHTpoby. ['pymma ¢ perotunom cuaapoma XKusoe-
pa (CX) Bxmrowana 414 genosek (cpeanuit Bozpact 36,7 + 15,9 ner, 49,8% myxxunn). ['pynmna xortpomst (429 de-
JIOBEK, cpepHuit Bo3pacT 38,5 + 14,3 ner, 52,2% MyxunH) — cirydaiiHas BeIOopka nun u3 6ankos JJHK yuactan-
koB poekta MONICA, ckpiHHHTa MOJOIBIX JfoAeH 25—44 1eT 1 OAHOMOMEHTHOTO HUCCIICIOBAHUS IIKOJIHLHUKOB
r. HoBocubupcka. ['eHoTHIMpOBaHME TPyl MO BapuaHTaM HYKJICOTHIHOH mociemoBarenbHOCTH 152306283
154149056 rera SLCO1B1 BBIIOTHEHO METOIOM TTOIMMEPA3HOM LIEMTHON PEaKINH B PeXKAME PEaTbHOTO BPEMEHH.

Pe3syabTatsl. [1o yactotam reHoTumnos u amienei rs2306283 He HaliIeHO CTATUYECKU 3HAUUMBIX Pa3IUUUil MEXIY
rpynnoit CXK u xoHTponbHOU rpymnmnoi (p > 0,05). Hocurenu renotuna TT rs4149056 BcTpeuaroTes pexe (OTHO-
menue mancos (OL) = 0,67, 95%-it nosepurensHbiii uHTEpBan (95%1M1) 0,51-0,89, p =0,005), a HOCUTEeNHU reHo-
tuna TC vame (OLI = 1,46, 95%/U 1,1-1,94, p = 0,009) B rpynmne CX no cpaBHEHHIO ¢ KOHTPOJIBHOH IPyIIION,
yacrora ajutenst C rs4149056 6onbure B rpynne CXK 1o cpaBHeHHIo ¢ KOHTpoubHOI rpynmoi (O = 1,35, 95% U1
1,07-1,7, p = 0,012). ITony4eHHbIe pa3nuyus COXpaHsOTCs il Hocutenei reHotuna 6TA/7TA, HO He reHoTHIIA
6TA/6TA u TTA/TTA 133064744 rena UGT1A.

3akaouenne. OnHOHYKI€OTHIHEIH BapHaHT 152306283 rena SLCO1B1 He accOMUPOBaH C JOOPOKaYEeCTBEHHOH
HEKOHBIOTMPOBaHHOH runepOmmmpyounemueii. I'enorun TC, ayutens C ogHOHYKIIEOTHIHOTO BapuaHTa 154149056
reHa SLCOIBI sBISIOTCS TEHOTUIIOM M ajulelieM pucka cuHiapoMa JKuibbepa, a reHotun TT — mpoTeKTHBHEIH
B OTHOILIEHHH Pa3BUTHS CHHIPOMA, IIpex e Bcero Juist Hocutenei renotuna 6TA/7TA rs3064744 rena UGTIA.

KimoueBble ciioBa: cunapom XKunsoepa, ren, rs2306283, rs4149056, SLCO1B1, HeKOHBIOTUPOBAHHAS THITEPOH-
JIMpyOUHEMUS

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIUKaKeil HACTOSIIEH CTaThH.

Hcrounuk punancuposanusi. VccnenoBanue BBIIOIHEHO 3a cueT rpaHTa Poccuiickoro HaydHoro ¢onma Ne 23-
25-00062.

CooTBeTcTBHE MPUHIMIAM 3THKH. Bee yuacTHHKY nojnucany 100poBoIbHOE HHPOPMHUPOBAHHOE COTIIAcHe Ha
ydactue B HcclieioBannu. MccnenoBanue onoopeno stndeckuM komureroM HUWUTIIM — ¢unman ULul" CO PAH
(mpotokoi Ne 4 ot 14.02.2023).

Jas umtupoBanusi: Msanosa A.A., Anapuesa H.E., Kammmpuna A.I1., Hemuosa E.I'., iBanosa FO.B., Kpyunnu-
Ha M.B., Kypuosuu C.A., Makcumor B.H. Acconunanus oTHOHYKJICOTHAHBIX BapuanToB reHa SLCOIBI ¢ ¢peHo-
tunom cuuapoma XXunwoepa. Broanemens cubupcroi meduyunst. 2025;24(1):29-35. https://doi.org/10.20538/1682-
0363-2025-1-29-35.
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INTRODUCTION

The most common genetic cause of benign
unconjugated hyperbilirubinemia (Gilbert syndrome,
GS)in adultsis anincrease in the number of TA repeats
in the promoter of the UGT1A1 gene (rs3064744)to 7
in the homozygous state (7TA/7TA). However, some
individuals with clinical symptoms of GS do not have
an increased number of TA repeats in the homozygous
state (6TA/6TA), or are heterozygous carriers of the
rs3064744 variant (6TA/7TA), which may indicate
the contribution of other singlenucleotide gene
variants to the development of pathology [1].

In a genome-wide association study on the Mayo
Genome Consortium cohort, two loci were identified
that are associated with total bilirubin levels — 2q37
(corresponding to the UGTIAI gene) and 12pl2
(corresponding to the SLCOIBI gene) [2]. A meta-
analysis of three genome-wide association studies
showed a strong genetic effect on serum bilirubin
levels of the UGT1AI gene and the 12p12.2 locus. At
the same time, the peak signal in the 12p12.2 region
was a variant of 154149056 in the SLCOIBI gene,
which leads to the replacement of the amino acid
valine with alanine, which leads to a decrease in the
activity of a carrier protein in the liver with a known
affinity for bilirubin [3]. Therefore, we suggested that
variants of the SLCO1B1 gene may be associated with
benign unconjugated hyperbilirubinemia. To test this
hypothesis, we selected two variants of the SLCO1B1
gene, 152306283 and rs4149056, which were the
most studied in relation to bilirubin concentration,
hyperbilirubinemia.

MATERIALS AND METHODS

The study design is a case-control study. The group
of people with the Gilbert syndrome (GS) phenotype
(n=414; average age 36.7 = 15.9 years, 49.8% were
men) was formed by gastroenterologists and included
people with unconjugated hyperbilirubinemia
who underwent a standard clinical examination.
Individuals with known causes of unconjugated
hyperbilirubinemia, except for genetic ones, were
excluded from the group. DNA was isolated from
venous blood wusing either phenol chloroform
extraction or the express method (PREP-RAPID-
GENETICS, DNA-Technology LLC, Moscow).

The control group (n = 429; average age 38.5 +
14.3 years, 52.2% were men) was a random sample
of individuals from DNA banks of participants in

the MONICA project (Multinational MONItoring
of trends and determinants in CArdiovascular
disease), a screening of young people aged 25-44
years, and a cross-sectional study of schoolchildren
in Novosibirsk. Information on the level of total
or unconjugated bilirubin, liver and gallbladder
diseases, and diagnosis of GS was not available for
these studies, which is a limitation of this study since
isolated cases of the diagnosed or undiagnosed GS
may be present in the control group. The DNA of
the individuals included in the control group was
isolated from venous blood using phenol chloroform
extraction. The GS group and the control group did
not differ in terms of gender and age.

In previous studies, we determined the genotypes
of the rs3064744 variant (the number of TA repeats
in the promoter) of the UGT1A1 gene for individuals
included in the GS group and the control group.
In the GS group, the distribution of genotypes
according to rs3064744 of the UGTIAI gene was:
73.3% — TTA/TTA, 20.3% — 6TA/TTA, 5.8% —
6TA/6TA, 0.2% — STA/TTA, 6TA/8TA, TTA/STA.
In the control group, the distribution of genotypes
according to rs3064744 of the UGTIAI gene was:
11.7% — TTA/TTA, 42.9% — 6TA/TTA, 45.0% —
6TA/6TA, 0.2% — STA/6TA, 6TA/9TA.

Genotyping of groups according to variants of the
nucleotide sequences rs2306283 and rs4149056 of the
SLCO1B1 gene was carried out by real-time polymerase
chain reaction using kits from NPF SINTOL LLC
(Russia) on Light Cycler 96 (Roche, Switzerland/
Germany) (rs4149056) and CFX96 Touch Real-Time
PCR Detection System (Bio-Rad, USA) (rs2306283).

Comparison of groups by frequencies of
genotypes and alleles and calculation of a relative
risk for a specific allele or genotype were carried out
using cross tables, the Pearson chi-square criterion
(x2), and the exact two-sided Fisher criterion with
Yates correction for continuity. The normality of the
distribution of the level of total and unconjugated
bilirubin was checked using the Kolmogorov —
Smirnov test, and then the Kruskall — Wallis test and
the Mann — Whitney test were used. Quantitative
data are presented as median and interquartile range
Me [0,~Q.]; p < 0.05 was also used as the
significance level.

All participants in the study signed a voluntary
informed consent. The study was approved by the
Ethics Committee of [IPM — Branch of IC&G SB
RAS (Protocol No. 4 of 14.02.2023).
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RESULTS

The obtained frequencies of genotypes and
alleles of variants rs2306283 and rs4149056 of the
SLCOIBI gene are presented in Table 1.

Table 1

The frequencies of genotypes and alleles of variants rs2306283
and rs4149056 of the SLCO1B1 gene in the GS
and control groups

Single g: v GS group Control group
nucleotide ‘é 2 p
variant 8 © n % n %

TT 181 43.7 184 42.9
TC 148 35.7 173 40.3 0.25
1s2306283 CcC 85 20.6 72 16.8
T 510 61.6 | 541 63.1
C 318 38.4 | 317 36.9
TT* 228 55.1 277 64.6
TC* 164 39.6 133 31.0 | 0.02
CcC 22 5.3 19 4.4
T 620 749 | 687 80.1

0.54

rs4149056

C 208 25.1 171 19.9 0.01

Note: n — number of individuals, p — significance of differences
between groups. * — statistically significant differences when using the
genotype 1 vs genotype 2 + genotype 3 model. No differences were
found in the frequencies of rs2306283 genotypes and alleles between
the GS group and the control group (p > 0.05) (Fig. 1).

%
50 -

40
30 -
20

10

0 4+—

Control group

BTT mTC =mGS

Fig. 1. The frequencies of rs2306283 genotypes of the
SLCOI1B1 gene in the GS group and the control group

However, we found differences in the frequencies
of 14149056 genotypes (p = 0.02) between the
two groups: carriers of the TT genotype were less
common (TT vs TC+CC: odds ratio (OR) = 0.67,
95% CI 0.51-0.89, p = 0.005), and carriers of the TC

genotype were more common (TC vs TT+CC: OR =
1.46, 95% CI 1.1-1.94, p = 0.009) in the GS group
compared to the control group (Fig. 2). Significant
differences were also found in allele frequencies.
C allele was more frequent in the GS group (0.25)
compared to the control group (0.2) (OR =1.35, 95%

CI1.07-1.7, p = 0.012).
%
70

60 -
50 -
40 +—

Control group
BTT* ®mTC* mCC

Fig. 2. The frequencies of rs4149056 genotypes of the

SLCOI1B1 gene in the GS group and the control group

When dividing the GS group and the control group
by genotypes of the rs3064744 variant of the UGTIA41
gene (excluding rare genotypes STA/7TA, 6TA/8TA,
5TA/6TA,6TA/9TA, 7TA/8TA) into three subgroups —
carriers of the genotype 6TA/6TA, 6TA/7TA, and
TTA/TTA — significant differences in the frequencies
of the rs4149056 genotype of the SLCOIBI gene
were only observed in the subgroup of the 6TA/7TA
genotype carriers (p = 0.005). In carriers of the
6TA/TTA 133064744 genotype of the UGTIAI gene,
the TT rs4149056 genotype of the SLCOIBI gene
is protective against GS (TT vs TC+CC: OR = 0.41,
95% CI10.24-0.71, p = 0.002), while the TC genotype
and the C allele are the genotype and allele that
increase risk of GS (TC vs TT+CC: OR = 2.36, 95%
CI 1.35-4.14, p = 0.004; C vs T: OR = 1.91, 95%
CI 1.23-2.97, p = 0.005, respectively).

There was no association between the genotypes
of the rs4149056 variant and the concentration of
total or unconjugated bilirubin (p > 0.05, Table 2).

Table 2

The concentration of total and unconjugated bilirubin based
on the genotype rs4149056, Me (0, 0..), umol/l

S:?:;%};Z Total bilirubin Unconjugated bilirubin
TT 36.8 (27.0-31.3) 30.0 (20.6-35.0)
TC 35.0 (26.2-40.2) 27.9 (20.5-33.6)
cC 36.8 (27.9-40.2) 30.1 (21.3-40.2)
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The concentration of total or unconjugated
bilirubin with which the association was searched is
a randomly detected concentration with which the
patient went to see a doctor. During the life of patients,
more severe hyperbilirubinemia could be observed.
The average concentration of total bilirubin in the GS
group was 36.9 umol/l (27.2-42.2), and unconjugated
bilirubin level was 29.9 umol/l (21.0-36.1). At
the same time, there is a statistically significant
difference in the concentration of bilirubins based
on the genotypes of the variant rs3064744 of the
UGTIAI gene. The concentration of total (p < 0.01)
and unconjugated (p < 0.01) bilirubin is higher in
carriers of the UGTIA1 gene genotype 7TA/7TA
rs3064744 compared to carriers of the genotypes
6TA/6TA and 6TA/7TA (carriers of rare genotypes
were not included in the calculations) (Table 3).
Thus, even the randomly detected concentration of
total and unconjugated bilirubin is higher in carriers
of the 7TA/7TA 153064744 genotype of the UGTI1A1
gene, which suggests that if there was an association
of bilirubin concentration with the genotypes of the
rs4149056 variant, it would have been detected.

Table 3

The concentration of total and unconjugated bilirubin
based on the genotype rs3064744 of the UGT1A41 gene,
Me (Q,—-0Q.,), umol/l
Genotype rs3064744 | Total bilirubin
TTA/TTA 38.2 (28.1-44.6)
6TA/6TA + 6TA/TTA | 31.7 (22.2-37.9)

Unconjugated bilirubin
31.1(22.2-37.9)
24.9 (18.5-28.7)

DISCUSSION

The SLCOIBI gene (solute carrier organic anion
transporter family member 1B1, 12p12.1) encodes
a transmembrane receptor specific to liver cells,
which mediates the sodium-independent absorption
of numerous endogenous compounds, including
bilirubin, and participates in the excretion of medicinal
compounds, such as statins, bromosulfophthalein,
and rifampicin from the blood into hepatocytes [4].

Both of the studied variants belong to the missense
variants resulting in the substitution of amino acids in
the amino acid sequence of the protein (rs2306283 —
c.388A>G, p.Asnl30Asp; rs4149056 — c.521T>C,
p-Vall74Ala).

The obtained frequencies of rare alleles of the
studied variants in the control group do not differ
from the GnomAD data: the frequency of the rare
allele C rs2306283 according to GnomAD data for
the European population is 0.37, rs4149056 is 0.2.

The 152306283 variant according to ClinVar
is benign for GS, and Rotor syndrome. It has been
shown that the expression of the SLCO1B1 protein
is significantly associated with the rs2306283 variant
[5]. Studies of the rs2306283 variant have been
conducted regarding changes in the metabolism of
certain drugs (statins, sorafenib, rocuronium and
others) [6—10]. In China, an association of rs2306283
with the risk of pulmonary tuberculosis was found
in a group of women [11]. The association of
rs2306283 with hyperbilirubinemia was not detected
in newborns in China [12]. Our study also did not
find an association of the rs2306283 variant with the
GS phenotype.

According to ClinVar, the rs4149056 variant is
benign for Rotor syndrome, pathogenic for GS, and is
related to the metabolism of simvastatin, atorvastatin,
and rosuvastatin. There is evidence that the rs4149056
variant reduces the transport activity of the SLCO1B1
protein, which increases the plasma concentration of
a number of substances whose transport is associated
with this protein [13]. Numerous studies have been
conducted on the association of the rs4149056 variant
with the development of statin-induced myopathy [ 14,
15]. In Korea, the relationship of the variant with the
pharmacokinetics of rifampicin used in the treatment
of tuberculosis has been shown [16]. Carriers of the
rs4149056 C allele have an increased risk of bleeding
compared to carriers of the TT genotype when
taking the drug edoxaban [17]. A study on patients
with HIV infection showed the effect of rs4149056
on the concentration of lopinavir (an antiretroviral
drug) [18]. Another study found an association
between the level of SLCO1BI1 protein, allele C and
genotype TC rs4149056 with exudative age-related
macular degeneration [19]. A Chinese study revealed
the association of the CC genotype and C allele of
rs4149056 with the risk of pulmonary tuberculosis in
women [11]. According to a large meta-analysis in
2009, rs4149056 affects the level of total bilirubin,
explaining about 1% of the variability [3]. However,
a study in Chile did not find a correlation between
rs4149056 and total bilirubin levels or the phenotype
of the GS [20].

According to our data, the allele with rs4149056
is a risk allele for unconjugated hyperbilirubinemia,
which was also observed in a study in newborns
with neonatal hyperbilirubinemia in India. In this
case-control design study, carriers of rare alleles
of the studied variants, including the rs4149056
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variant, were more common in the case group
compared to the control group. At the same time, the
carriage of more than three of the studied variants
(rs4124874, 18175347 of the UGTIAI gene,
rs2306283 and rs4149056 of the SLCOIBI gene)
was also more common in the case group, and the
average levels of total bilirubin in the blood and the
need for phototherapy increased with the number of
coexpressed variants [21]. The association between
rs4149056 of the SLCOIBI gene and neonatal
hyperbilirubinemia was also shown in Chinese
newborns: carriers of the CC genotype had a higher
risk of neonatal hyperbilirubinemia compared to
carriers of other genotypes [22]. According to our
data, the TC genotype is a risk genotype for benign
unconjugated hyperbilirubinemia.

CONCLUSION

Thus, according to the results of the study, the
single nucleotide variant rs2306283 of the SLCOIBI
gene is not associated with benign unconjugated
hyperbilirubinemia. The TC genotype and allele
C of the single nucleotide variant rs4149056 of the
SLCOIBI gene are the genotype and allele with a
risk for GS. The TT genotype of the SLCOIBI gene
is conditionally protective against the development of
the syndrome, primarily for carriers of the 6TA/7TA
rs3064744 genotype of the UGTIA gene.
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ABSTRACT

Aim. Using statistical modeling techniques, we aim to develop a model that optimizes the prediction of severity
of sarcoidosis that affects the respiratory system (SRS) based on the identification and determination of signs
(anamnestic, clinical, laboratory, instrumental examination data, etc.) associated with disease severity and
subsequent stratification of the long-term risk for pulmonary hypertension (PH) development.

Materials and methods. The 12-year observational cohort comparative study included 298 participants, both male
and female, who had SRS. More than 200 different patient examination parameters were analyzed. The models
were built using logistic regression and linear discriminant analysis. The quality of the models was assessed by
constructing a classification matrix, calculating sensitivity and specificity as well as calculating the area under ROC
curve.

Results. As a result of the study, optimal classification models were developed for predicting SRS severity,
constructed using various methods of statistical modeling. The models demonstrated that several characteristics,
including parameters of echocardiography examination of patients (including indicators that allow for indirect
diagnosis of PH), are associated with disease severity. A set of characteristics associated with particular sarcoidosis
severity will allow for its prediction upon confirmation of diagnosis (individual prognosis), as well as patient
management (observation or requiring the prescription of pathogen-specific immunosuppressive therapy).

Conclusion. Such a complex model for predicting disease severity in patients with non-cardiac diseases (SRS) is
of great importance for risk stratification in terms of PH development in patients with severe sarcoidosis. Further
analysis of the features identified during model construction can help clinicians to contribute to more accurate
predictions of SRS severity in real-world clinical practice.

Keywords: pulmonary hypertension, respiratory sarcoidosis, transthoracic echocardiography, prognosis of
pulmonary hypertension
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CraTncrnyeckoe MoaennpoBaHne gnAa onpepeneHna Tnuna reyeHnA
capKongosa opraHoB AbiIXaHUA N NapaMeTpPoOB, aCcCOLNNPOBaHHDbIX

c nopa>xeHnem cepaua, Kak cnoco6 CTpaTI/I(I)I/IKaIJ‘I/IIII PUCKa pa3BNTNA
NleroyHon rmneprTeHsnn

KanaueBa T.M.", leHncoBa O.A.', bpasoBckasa H.I'.", ®epocenko C.B.', KapHaywkuHa M.A.?,
OcraHko B.J1.', YepHasckasa I M.', KantoxxuHa E.B.’, YepHoropiok I'.2.', ManbunkoBa U.A.3,
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PE3IOME

Hens. C moMOIBIO METOJOB CTaTHCTHYECKOTO MOJIEIMPOBAHMS pa3paboTaTh ONTHMAIBHYIO MOJENb IIPOTHO-
3UPOBAHMS THUIIA TeUeHHs capkoumo3a opranos jasixanus (COJl), OCHOBaHHYIO Ha BBISIBICHHH U OIpEICIICHUH
HPU3HAKOB (AHAMHECTUYECKUX, KIIMHUKO-Ta00paTOPHBIX, TAaHHBIX HHCTPYMEHTAIBHOTO 00CIIEIOBaHUS U APYTHUX),
ACCOLMMPOBAHHBIX C TSHKECTHIO TEUCHHS 3a00JICBaHMS U MOCIIEYIOMEH cTpaTu(UKaIyeil 10IroCpOYHOro pUCKa
pa3BuTHs JlerouHo# runeprensuu (JIIN).

Marepuajbl 1 MeToAbl. B 12-netHee HabOmiomaTenbHOE KOTOPTHOE CPAaBHUTEIHHOE MCCIEAOBAHHE BKIIOYCHO
298 6ompHBIX CO/] 060ero nona. [IpoananusupoBano 6oxee 200 pa3muUHBIX TapaMeTPOB 00CICIOBaHMUS MAlCH-
TOB. Moziei1 NoCTpOeHbl METOIAMU JIOTUCTHUECKON PErpecCcuu U JIMHEHHOI0 IMCKPUMUHAHTHOTO aHanu3a. Kaue-
CTBO MOJIEJIEH OI[EHMBAIOCH C IIOMOIIBIO IIOCTPOEHHS MAaTPUIIBI KIACCH(UKALNK U pacdeTa TyBCTBUTEILHOCTH U
cnenu(pUIHOCTH, a TAKKE MIOCTPOSHHUS U pacdeTa miomanu nox ROC-kpuBoii.

PesyabTaThl. PazpaboTanbl onTHMalibHbIE KiIacCH(PUKAIIMOHHbBIE MOJIENH TporHo3upoBanus tuma tedenus CO/I,
NOCTPOSHHBIE C MPUMEHEHUEM Pa3HBIX METOAOB CTATHCTHYECKOTO MOACIUpOBaHMs. MoJenu mpoaeMOHCTPUPO-
BaJIH, YTO PSIJI XapaKTEPHUCTHK, BKIIIOYAs MapaMeTphl SX0KapaAnorpaduueckoro o0caeI0BaHus MalMeHTOB (B TOM
YrCIIe TIOKA3aTe I , MO3BOJISIOIIIE KOCBEHHO AMAarHOCTUPOBATh JII'), MIMEIOT CBSI3b C TUIIOM TEUCHHS 3a00JICBaHNU.
COBOKYIHOCTb XapaKTEPUCTHK, aCCOLIMMPOBAHHBIX C TUIIOM T€YEHUsI CApKOUI03a, TO3BOJIUT MIPOTHO3UPOBATH TUII
teueHust COJl y»xe mpu MOATBEPXKICHUU TUarHo3a (MHAMBUYaIbHbIA MPOrHO3), @ TAK)XKE TAKTUKY BEAEHUS Mallu-
€HTOB C JaHHOM maToyiorueil (HabmoaaTe pHast Wi TpeOyolas Ha3HAuYeHHUsI MaTOreHETHYECKO MIMMYHOCYTIpec-
CHUBHOM Teparum).

3axaouenne. [TogoOHast KOMIUTEKCHAS MOZEINb IPOTHO3UPOBAHYS THIIA TEUEHHS 3a00JIeBaHMs Y OONBHBIX HEKap-
nuonornaeckoro npoduinst (COJMl) umeeT BakHOE 3HAYCHUE B OTHOIICHWH cTpaTHUdukanny pucka paszsurus JII
JUIS TALIEHTOB C HEOIAronpusITHHIM TUIIOM TeUeHUs capkono3a. JlansHeHImii aHaIu3 BEIIEICHHBIX IIPH ITOCTPO-
SHHMHU MOJieNIed IIPH3HAKOB MOXKET ITOMOYb KJIMHHINCTaM B PealbHOH KIMHWYECKOH NMpaKTHKE CII0COOCTBOBATH
Goiiee TouHOMY Iporao3uposanuio Tuna TedeHus COJl.

KitroueBble cjioBa: jierovHast TUIIEPTEH3MUsI, CAPKOKI03 OPraHOB JBIXaHHs, TPAHCTOpaKaIbHas dXOKapaAuorpadus,
IPOTrHO3UPOBAHUE JIETOYHOM I'MIIEPTEH3UN

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH(OINKTOB HWHTEPECOB,
CBSI3aHHBIX C MyOMUKaNneil HaCTOSIIEH CTaThH.
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UcTtounnk (puHaAHCHpPOBaHMsI. ABTODBI 3asBJISIOT 00 OTCYTCTBUH (MHAHCHPOBAHUS MPU MPOBEACHUU HCCIIEN0-

BaHMU.

CooTBeTCTBHE HOPMAM H MPUHIUNAM 3THKHU. Bce nanueHTs noanucan nHpOPMUAPOBAHHOE COTIIACUE HA yYa-
cTHe B uccuenoanuu. MccienoBanue 0100peHO JTOKAIBHBIM 3THUECKHM kKoMuTeToM Cubl' MY (3akmroucHue Ne

5045 ot 28.11.2006).

Jas uurtupoBanus: Kanauesa T.I1., [lenucosa O.A., Bpazosckas H.I'., ®enocenko C.B., Kapnaymkuna M.A.,
Ocranko B.JI., Yepnsisckas .M., Kamoxuna E.B., Uepnoroptok I'.D., [Tanpuukosa 1U.A., Pomanos [1.C., Ilyp-
muk W.JL., Kynymaesa K.A., Kamtoxxun B.B. Cratucruyeckoe MoenupoBaHue ISl ONPEISICHUS] TUIIA TSUSHUSI
CapKOM/103a OPTaHOB JIBIXaHUSI U NMApaMETPOB, ACCOLMUPOBAHHBIX C MOPAXKCHUEM CEP/Illa, KaK Crocod cTpaTudu-
KaI[K PUCKA PAa3BUTHSI JICTOUHOU TUIEPTEH3UH. brotemens cubupcrou meduyunot. 2025;24(1):36—44. https://doi.

0rg/10.20538/1682-0363-2025-1-36-44.

INTRODUCTION

Pulmonary hypertension (PH) is a hemodynamic
and pathophysiological condition that complicates
the course of various respiratory and cardiovascular
disorders [1]. The issue of predicting PH course in
various nosological subtypes at different stages is a
significant challenge, which is particularly true when
employing clinical, laboratory, and instrumental
examination techniques available to clinicians [2—4].

Pulmonary hypertension in sarcoidosis of the
respiratory system (SRS) belongs to clinical group V
according to the clinical classification of pulmonary
hypertension (2020), which includes unclear and/
or multifactorial mechanisms of the disease as well
as pulmonary hypertension developed in patients
with systemic and metabolic disorders. At the same
time, sarcoidosis can be caused not only by damage
to the lung parenchyma but also by heart damage
(pathology of left chambers) and granulomatous
arteriopathy [2].

Right heart catheterization (RHC) is necessary
to determine the pressure in the pulmonary artery
(PA) and is the basis for the diagnosis of pulmonary
hypertension. The diagnosis of PH is set when the
mean pressure in the pulmonary artery (mPAP)
is more than 25 mm Hg at rest and more than 30
mm Hg during exercise [2, 5]. The assessment of
hemodynamic parameters, as well as the diagnosis
of PH, is most often one of the main indications for
RHC. Despite the fact that the RHC is a minimally
invasive procedure that requires careful medical
monitoring to ensure patient safety, its use is limited
in clinical routine.

The limitations include the availability of
specialized equipment and units in a hospital,
as well as the mandatory hospitalization of the

patient 4-6 hours prior to heart catheterization;
limited research due to a lack of staff qualified in
interventional cardiology with specific research
skills; invasive risks and potential development of a
number of complications (including risk of infection
at catheter insertion sites, bleeding, etc.); patient’s
refusal to undergo the procedure, etc. Literature
does not present a unanimous opinion on the use of
the RHC in the monitoring of patients with PH over
time [2, 4-6].

In this regard, a worthy alternative to the RHC is
transthoracic echocardiography (echo), whose doppler
techniques make the most significant contribution to
the assessment of PH. According to the 2020 clinical
guidelines on PH of the Ministry of Healthcare of
the Russian Federation, echocardiography is the only
widely available non-invasive method which makes
it possible to assess blood pressure in patients with
suspected PH [2]. All patients at risk of developing
PH should undergo thorough examination using
echocardiography, which makes it possible to non-
invasively assess intracardiac hemodynamics and
calculate blood pressure in the chambers of the heart
and in the PA in real time [4-7]. Echocardiography
helps not only assess the systolic blood pressure in
the PA, but also obtain important information on
the cause and complications of PH. This diagnostic
method helps exclude the heart valve damage,
myocardial diseases, and congenital heart disorders
with left-to-right cardiac shunts leading to the
development of PH [4, 8].

It is still difficult to predict the life expectancy of
a patient with PH since the disease may progress very
quickly, leading to sudden deterioration and death, or
slowly over several years. It can only be noted that
usually the patient’s life expectancy depends on the
type and causes of PH [9-11].
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Sarcoidosis is a systemic inflammatory disease
of unknown etiology with a wide range of clinical
manifestations involving immune system activity.
Given the absence of specific clinical manifestations
of this pathology, its diagnosis is rather complicated
[12]. A characteristic feature of sarcoidosis is the
formation of non-caseating granulomas, affecting
almost all organs, causing their dysfunction and
altering the tissue structure [11-13].

The number of patients with severe sarcoidosis
and complications is increasing every year. A
specific treatment strategy is chosen based on SRS
severity. When sarcoidosis is mild, drug treatment
is not required, while the prescription of systemic
glucocorticoids (SGCS) and cytostatics is necessary
for patients with severe sarcoidosis. The degree of
activity of this pathology can be different and depends
on both the severity of the general inflammatory
symptoms and on the number of organs involved in
the pathological process and the degree of structural
and functional disorders [14—16].

It is highly important to predict the severity
of the pathological process, which implies that a
promising approach is to analyze the obtained data
on clinical and laboratory tests and instrumental
examinations and identify signs that directly affect
sarcoidosis severity [16]. As arule, PH in sarcoidosis
is associated with severe disease. Despite the fact
that it is most common in patients with later stages
of sarcoidosis, it can sometimes develop without
lung parenchyma damage. Among patients with
end-stage sarcoidosis awaiting lung transplantation,
PH occurs in approximately 75% of cases, which
indicates a high mortality rate. PH may be an early
manifestation of sarcoidosis in patients without
indications for transplantation. This is the reason for
significant interest in the interdisciplinary problem
of PH formation associated with mortality in
SRS [17, 18].

The aim was to develop optimal classification
models for predicting SRS severity based on the
identification and determination of signs (anamnestic,
clinical, laboratory, instrumental examination data,
etc.) associated with the severity of sarcoidosis and
subsequent risk stratification of PH development.

MATERIALS AND METHODS

The study was carried out in 2007-2019 in
Tomsk Regional Clinical Hospital. We analyzed
298 sarcoidosis cases in patients aged 19 to 74 years

(107 (35.9%) men and 191 (64.1%) women) at the
pulmonary hospital and in the outpatient sarcoidosis
room of the consultative and diagnostic polyclinic.
At the time of diagnosis, 145 patients underwent
echocardiography.

The average age of the SRS onset was 42 (34; 52)
years. The average duration of sarcoidosis at the time
of inclusion in the study was 5.6 + 0.2 years, with the
longest history of the disease in the patient aged 30
years. The diagnosis of sarcoidosis was established
based on the criteria set by the statement of the World
Association for Sarcoidosis and Other Granulomatous
Disorders (1999), confirmed morphologically and/or
in the presence of a typical clinical presentation and
radiological data, provided that other diseases with
similar manifestations are excluded [19].

According to the results of the assessment of the
features of chronic sarcoidosis, two groups of patients
were formed: group 1 included 163 patients with
mild sarcoidosis; group 2 — 135 patients with severe
sarcoidosis. Mild sarcoidosis was determined in the
presence of spontaneous regression of the disease,
including spontaneous, without SGCS or during
short-term administration of small doses of SGCS,
in the absence of relapses of the disease, weight loss,
and generalized sarcoidosis. Patients with progression
and recurrence of sarcoidosis or its generalized forms
have severe sarcoidosis [4, 7, 8]. When describing
the nature of the disease severity, we used concepts
such as the active phase (progression), the regression
phase (spontaneous or after treatment), and the
stabilization phase (inpatient), which are mentioned
in the Federal Clinical Guidelines for the Diagnosis
and Management of Sarcoidosis 2022 [4].

The work analyzes more than 200 different
parameters and characteristics obtained during
examination of patients. Thus, the following data were
collected and analyzed from all patients with SRS:
complaints, medical history, assessment of laboratory
parameters over time (complete blood count and
blood biochemistry, general urinalysis, Diaskintest),
data from functional and instrumental examination
(spirometry, radiography, and high-resolution
computed tomography (CT scan) of the chest and lungs,
abdominal and kidney ultrasound examination, ECG,
transthoracic echocardiography), and the presence of
granulomas in internal organs. Histologic examination
of biopsy samples from the affected lesions in the lungs
and/or intrathoracic lymph nodes was used to confirm
the diagnosis of sarcoidosis.
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Statistical data analysis was performed using the
RStudio v. 4.3.1 software package and the Statistica
13.3 software package. Descriptive statistics of
quantitative parameters that do not fit a normal
distribution are presented as the median and the upper
and lower quartiles of Me (Q, Q). The comparison
of differences between the groups was performed
using the nonparametric Mann — Whitney test. The
results were considered statistically significant at
p < 0.05. The mathematical forecasting model was
developed using the logistic regression with stepwise
selection. The quality of the models was assessed
by constructing a classification matrix, calculating
sensitivity and specificity as well as calculating the
area under ROC curve [9].

RESULTS AND DISCUSSION

Among all types of sarcoidosis severity, the
combination of changes in the lungs with cardiac
involvement is a difficult issue in managing this
patient group due to severe SRS and difficulties
encountered at the stage of diagnosis of the disease
[13, 14]. Currently, diagnosing sarcoidosis is rather
difficult, as the etiology, pathogenesis, and risk
factors for the development of the disease itself are
not fully understood [15, 16]. Literature contains
different opinions about the dependence of the
frequency of PH detection on the stage of sarcoidosis
and the activity of the pathological process [8, 15].
The intravital diagnosis of cardiac sarcoidosis is quite
difficult due to the low specificity of clinical signs
and the low (20-30%) sensitivity of endomyocardial
biopsy results [18].

According to the results of of Doppler echo-
cardiography, changes in the morphometric
parameters of the left and right sides of the heart were
noted in patients with SRS. Thus, dilation of the left
atrium (LA) was noted in 10.3% of patients and the left
ventricle (LV) in 3.4% of cases. To diagnose dilation
of the right ventricular outflow tract, trunk, and
branches of the LA, measurements were performed
from a parasternal approach along a short axis at the
level of the aortic root [5, 6]. LV dilation was detected
in 17.9% of patients, of which the majority (65.3%)
belonged to the group with severe sarcoidosis. The
analysis did not reveal any statistically significant
differences between the groups in terms of parameters
reflecting the functions of the right heart, as well as
when comparing them with those in the control group,
with the exception of mPAP.

According to the standard echocardiography
protocol, the generally accepted diagnostic criterion,
which makes it possible to diagnose PH, is the
predicted value of the mean pulmonary artery pressure
(pmPAP) > 35 mm Hg [1, 6-8]. As a result of the
study, a predicted value of mPAP > 35 mm Hg was
detected in 11 (7.6%) patients with SRS, which was
2.7% of SRS cases with mild sarcoidosis and 12.7%
(more than 4 times more often) in the group with
severe disease (y 2 = 409.5; p = 0.01). On average,
patients were diagnosed with PH after 2.6 years of
SRS. To assess the pressure in the LA during Doppler
echocardiography, the tricuspid regurgitation rate
(TR) was assessed. The breakpoint in this case is >
2.8m/s. [1,5, 6, 8]. The TR value in group 1 (2.4 m/s)
did not differ from that in group 2 (2.6 m/s), p = 0.18.

Given the absence of specific PH symptoms in
patients without cardiac involvement, its diagnosis
requires strict adherence to a diagnostic algorithm
with a gradual transition from the most common
causes of PH to the rarer ones in order to consistently
eliminate them. In this regard, the main purpose of a
comprehensive examination of a patient with suspected
PH is to diagnose it at an early stage, as well as to
assess the functional and hemodynamic status [14, 16].

We compared patients with mild and severe
sarcoidosis to develop models for predicting its
severity. Next, a model was developed based on
the parameters of transthoracic echocardiography,
which indirectly reflect the damage to the heart in
sarcoidosis, which is difficult to verify in clinical
practice [1, 5, 6, 8].

The following predictors were used in the model:
gender, age at the onset of the disease, the presence of
extrapulmonary localizations of sarcoidosis, computed
tomography (CT) data: quantitative assessment of
the lung parenchyma lesion, areas of pronounced
pulmonary fibrosis, new elements of the disseminated
sarcoidosis, interstitial component, lymphopenia,
predominant lesion area, and skin manifestations.

The model was obtained by binary logistic
regression using stepwise elimination of predictors.
The final model included: the presence of
extrapulmonary localizations in the patient (odds
ratio (OR) 2.99, 95% confidence interval (CI)
(1.32; 7.03)), skin manifestations (OR 3.19, 95%
CI (1.12; 9.46)), severe pulmonary fibrosis (OR
4.50, 95% CI (1.38; 16.24)), new elements of the
disseminated sarcoidosis (OR 8.84, 95% CI (3.32;
26.72)), interstitial component (OR 3.76, 95% CI
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(1.20; 12.55)), lymphopenia (OR 1.88, 95% CI (0.87;
4.15)), as well as quantitative assessment of changes
in the lungs (OR 1.65, 95% CI (1.21; 2.31)), gender
(OR 2.51, 95% CI (1.06; 6.32)).

The sensitivity of the model was 84%, the
specificity was 86%, and the percentage of correct
solutions was 85%. The area under ROC curve was
0.9, which indicates the high quality of the model.

The equation of the model was the following:

1

p= 1_;’_8*(*4.916 +1.097* EP+ 1.159*SM+ 1.504*SPF+ 2.180*NEDS+ 1.329*/C+

+0.633*L+ 0.500*QACL+ 0.919*Gender)

If the value of the function for the variable p is
greater than 0.5, then severe sarcoidosis is predicted,
if less — mild sarcoidosis.

Then, a model was developed based on the
parameters of transthoracic echocardiography,
radiographic findings, and CT scan. We chose the
binary logistic regression method to develop the
model. The model included: hypokinetic zones
detected during echocardiography, the LV posterior
wall thickness (LV PWT, mm), stage of sarcoidosis
based on the pattern of chest radiographic findings,
and the presence of few lesions in the lungs based on
the high-resolution CT scan (Table).

Table
Predictors of sarcoidosis severity
CI
P t Rati OR
arameter atio 25% 97 5% P
Intercept term -39 <0.025
LV PWT, mm 0.1 1.16 0.84 1.62 0.383
Few lesions in the lungs —0.8 0.43 0.16 0.91 0.049
Hypokinetic zones based on echocardiography 1.3 3.51 0.52 69.28 0.265
Stage of sarcoidosis based on the pattern of chest radiographic findings 1.4 4.15 1.79 10.94 0.002

The logistic regression equation is as follows:
1

p - 1+ef( —3.886 + 1.255%HZ + 0.145*LVPWT + 1.423*RS — 0.839*FLL) ° ( )

where HZ is hypokinetic zones identified based on
the echocardiography data (yes / no); LV PWT is the
LV posterior wall thickness (mm); RS is the stage of
sarcoidosis based on the pattern of chest radiographic
findings (stage 0, 1, 2, 3); FLL is the presence of few
lesions in the lungs (yes / no).

The standard value of 0.5 is used as the cut-off
point. The decision rule (1) is as follows: if the
probability p, calculated by formula (1), is greater
than 0.5, then the disease is classified as severe, if
less than 0.5, then mild.

Example of applying model 1. Patient M. had
verified stage 3 SRS based on the patterns of
radiological findings, absence of hypokinetic zones
based on echocardiography, no lesions in the lungs;
LV PWT was 11 mm. The calculated p value was
0.99, which is more than 0.5. Therefore, sarcoidosis
is classified as severe. The predicted value is the same
as the actual value set after 13 months of follow-up.

The quality of the model was assessed using a
test sample. The sensitivity was 80%, the specificity
was 73%, and the percentage of correct solutions was
77%. The area under ROC curve was 0.81.

Most of the parameters assessed in patients in
clinical practice relate to signs that are determined
by physicians. Therefore, models developed using
quantitative features can be assumed to have a greater
diagnostic value. Linear discriminant analysis is the
method of statistical modeling, in which quantitative
features are predictors.

Using this method, a model was developed that
included the following predictors: age at the time
of the onset of the disease, blood calcium levels,
the Tiffeneau — Pinelli index (prebronchodilatory),
as well as some echocardiographic parameters.: LV
PWT (mm), interventricular septal thickness (IST,
mm), volume of the right ventricle, LV ejection
fraction (LVEF) (%), and AST level (U/1).

All the listed predictors of the model are very
diverse and non-specific. The size of the right
ventricle may indicate the development of a
chronic pulmonary heart. In addition, the detection
of structural changes in the heart, primarily in its
right side (enlarged right atrium and ventricle), is
important in the echocardiographic diagnosis of PH
[5, 6]. The presence of hypokinetic zones, LVEF of
less than 50%, and LV IST (< 4 mm at a distance of
10 mm from the aortic fibrous ring or its hypertrophy
in the basal parts) may also indicate the onset of early
signs of PH [4, 16].
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These data also allow us to imply heart damage in
sarcoidosis, which is very difficult to prove in clinical
practice, given that the intravital diagnosis of SRS in
the heart is quite difficult due to the non-specific clinical
signs [19]. The AST level can also indicate damage
to the heart muscle or myositis (clinically rarely
diagnosed), as well as liver damage in sarcoidosis.

The resulting model is statistically significant
(Wilks’ lambda is 0.83; F (8.143) =3.7; p <0.001).

The equation was as follows:

y = 0.380*Ca**+0.096*RV~0.941* TP+
+0.349*LV PWT — 0.173*IST—0.098*L VEF+
+0.407*AST+0.063*4, 2)

where Ca?"is the calcium level in the blood (mmol/l);
RV is the volume of the right ventricle (ml); TPI
is the the Tiffeneau — Pinelli index (%); LV PWT
is the LV posterior wall thickness (mm); IST is the
interventricular septal thickness (mm); LVEF is the
LV ejection fraction (%), AST (U/l); A is the age of
the onset of the disease (years).

The decision rule (2) is the following: if the y
value calculated by formula (2) is less than 0.01, then
the disease is classified as severe, if it is greater than
0.01, then mild.

Example of applying model 2. Patient K. was
diagnosed with SRS and was 50 years old (0.56)
when the diagnosis was verified, had the following
indicators: blood calcium level of 2.54 mmol/1 (0.36),
the Tiffeneau — Pinelli index (prebronchodilatory)
of 100% (-3.21), LV PWT — 10 mm (-0.40), IST —
9 mm (-0.21), the RV volume was 22 ml (1.06),
LVEF was 69% (—0.20), and the AST level was
36 U/l (—0.71). The calculated value of y = 2.93,
which is greater than —0.01, therefore, the disease is
classified as mild. The predicted value is the same as
the actual value set after 10 months of follow-up.

The quality of the model was assessed using a test
sample. The sensitivity was 86%, the specificity was
87%, and the percentage of correct solutions was 85%.

CONCLUSION

To date, itis very difficult to identify the phenotype
in SRS, as well as to assess disease severity.
According to various literature data, it may take at
least 1 to 10 years to establish the duration and assess
severity of sarcoidosis in patients due to completely
different reasons, including anything from the lack
of a universal marker of sarcoidosis activity to a
tendency to chronic intermittent course [20, 21].

As a result of the study, models were developed
using various statistical modeling methods to predict
sarcoidosis severity.

1. Patients with severe SRS developed PH more
than 4 times more often than those with mild one
(x*=409.5; p=0.01).

2. The first model, based on the signs used in
clinical practice, has a high quality of prediction
and includes predictors such as gender, age of the
onset, the presence of extrapulmonary localization
of sarcoidosis, CT data, lymphopenia, predominant
lung lesion area, and skin manifestations. Model 1 is
characterized by 84% sensitivity and 86% specificity.

4. The second model, based on the parameters of
transthoracic echocardiography, including indicators
that indirectly assess the development of PH and heart
damage in sarcoidosis, depending on its severity, has
a sensitivity of 80% and a specificity of 73%.

Both models include different groups of features
that allow us to assess the relationship of various
factors with SRS severity from different points of
view. The application of the proposed models in
clinical practice will make it possible to predict SRS
severity already upon confirmation of the diagnosis,
which may be useful for deciding on the patient
management strategy (observation or requiring the
prescription of pathogenetic immunosuppressive
therapy). In addition, the set of characteristics
associated with sarcoidosis severity includes some
echocardiographic indicators (LV PWT, IST, RV
volume, LVEF), taking into account the higher risk
of developing PH in patients with severe sarcoidosis.

Thus, complex prediction models combining a
variety of parameters associated with sarcoidosis
severity are crucial for making prognosis regarding
disease severity, including taking into account the
higher risk of developing PH.
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The impact of the hypothalamic-pituitary-thyroid axis hormone levels
on suicide risk in patients with schizophrenia
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ABSTRACT

Aim. To assess the impact of thyroid stimulating hormone (TSH), free triiodothyronine (FT3), and free thyroxine
(FT4) concentrations in the blood serum of patients with schizophrenia with suicide risk.

Materials and methods. A total of 120 patients with schizophrenia (75 women and 45 men) were examined.
Suicide risk was assessed using the Beck Hopelessness Scale (BHS). Serum levels of FT3, FT4, and TSH in
patients with schizophrenia were determined using enzyme immunoassay kits. Multiple linear regression analysis
and one-way analysis of variance (ANOVA) were used to identify the relationships between the studied indicators.

Results. Among 120 patients with schizophrenia, 11 patients (9.2%) had elevated serum TSH values (> 4.0 mU /1),
108 (90%) had decreased FT3 levels, (< 4.0 pmol / 1), 42 (35%) had decreased FT4 levels (< 10.3 pmol / 1). The
study revealed statistically significant differences in the level of hopelessness between the groups of patients with
normal and elevated TSH (F (1.118) = 5.160, p = 0.025), as well as with normal and decreased FT3 (F (1.118) =
4.568, p =0.035).

Conclusion. It was found that TSH and FT3 concentrations in blood serum significantly affect the level of
hopelessness assessed using the Beck scale in patients with schizophrenia. The results of this study confirm the
need for regular dynamic monitoring of hormone levels of the hypothalamic—pituitary—thyroid axis in patients with
schizophrenia in order to maintain its normal functioning, as well as prevent adverse effects in the form of suicide
attempts and suicide.
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BnuaHne ypoBHell rOPMOHOB runoTtasnamo-runodpunsapHo-TupeongHom
OCU Ha CynuMaanbHbI PUCK Yy NALMEHTOB C WwnsodpeHmnen

KopHeTtoBa E.I'.", TankuH C.A., Jlo6aueBa O.A.', MegHoBa U.A.",
KopHetoB A.H.', boxaH H.A."?

I Hayuno-uccneoosamenvckuii uncmumym (HHH) ncuxuuecko2o 300po6bsi, ToMckull HayUoHA bHbLI
uccreoosamenvckutl meduyurckuil yeump (HUMIL]) Poccutickoul akademuu Hayk
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

2 Hayuonanvuwiil ucciedosamenvekutl Tomcxuil 2ocyoapemeennulil ynusepcumem (HU TI'Y)
Poccus, 634050, 2. Tomcxk, np. Jlenuna, 36

PE3IOME

ean. OuenuTs BiusHME ypoBHEH TUpeoTponHoro ropmona (TTI), ceoboanoro tpuiioaruponnna (T,cs.) u cBo-
6oxHoro THpokcuna (T,CB.) B CHIBOPOTKE KPOBH MALMEHTOB C MHU30(QPEHUEN ¢ CyMIIUAATBHBIM PHCKOM.

Marepuais! u MmeToasl. O6cienoBano 120 6onpHBIX (75 sxeHmuH u 45 MyxunH). CyHIMIAaNbHBI PUCK OLCHU-
BaJics 1o mkane 6e3nanexnocth beka (Beck Hopelessness Scale, BHS). Ypoenu T,cg., T cB. u TTI" B chiBOpoTKE
KPOBH y NMAIIMEHTOB ONPEEIISUTN ¢ MOMOIIBI0 HAOOPOB Ui IMMYHO(GEPMEHTHOTO aHaian3a. /IS BBISBICHHS CBSI-
3ell Mex Ty HCCllelyeMbIMHU OKa3aTeIIIMU HCIIOIb30BaJICS MHOKECTBEHHBIN JTMHEHHBIH perpeCCHOHHBIIN aHAIN3 1
oIHO(AKTOPHBIH AucriepcHoHHbIH ananmu3 (ANOVA).

PesyabraThl. Cpenu 120 nauuenToB ¢ muzodpenueii y 11 (9,2%) Obun BbIsIBICHBI MOBBINICHHBIE 3HaueHuss TTT
B cbIBOpOTKe KpoBu (>4,0 MME/m), y 108 (90%) cHmxensl nokasatenu T,ce. (<4,0 nkmons/n), y 42 (35%) —
cHmkenbl mokasarenu T,cs. (<10,3 nxkmomb/m). O6HapyKeHbI CTATHCTHYECKH 3HAYUMBIC PA3IM4Hsl YPOBHS Oe3Ha-
JISKHOCTH MEX1y I'pyIIaMu MalMeHTOB ¢ HOpMaJIbHBIM U MOBbIIeHHBIM nokaszarenem TTI (F (1,118) = 5,160,
p = 0,025), a Takxe ¢ HOPMAILHLIM U CHIKEHHBIM TIoKasatenem T, cB. (F (1,118) = 4,568, p = 0,035).

3ak/i04eHne. YCTaHOBIICHO, YTO HAa YPOBEHb OE3HAAEKHOCTH IO mKane beka y OONpHBIX MHM30(peHueil oka-
3BIBAIOT 3HAUMMOE BimsHuE Tokasatenu TTI u T,cB. B CHIBOPOTKE KPOBH. PE€3yNbTaThl JAHHOTO MCCIENOBAHASA
MOATBEP)KAAI0T HEOOXOANMOCTh PEryIsIPHOTO TUHAMHYIECKOT0 MOHHTOPHHIA ITOKa3aTeneil TOpPMOHOB THUIIOTalla-
MO-THIO(U3aPHO-THPEOUAHON OCH y MAIMEHTOB C IIU30(PPEHUEH C ENbI0 COXPAHEHUS €€ HOPMAIBHOTO (YHK-
IHOHNUPOBAHMS, a TaKXKe MPEJOTBPAIICHHST HEOIArONPHUATHBIX MOCICICTBUH B BHIE CYHIUAAIBHBIX MOMBITOK H
CYHUIIU/IOB.

KuroueBble ciioBa: HIHSO(i)peHI/IH, TUPCOUTHBIE TOPMOHBI, TTF, 6C3Haﬂe)KHOCTL, CyPILIPII[aIILHLII)‘I PUCK

KOH(I)JIHKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHIJ.[efI CTaTbHU.

Hcrounux ¢punancuposanus. MccnenoBaHue npoBeJeHO B paMKax BBIINOJHEHUS FOCYJaPCTBEHHOTO 3a/laHus
Ne 075-01392-23-00 «Ilepconanu3upoBaHHasi AUATHOCTHKA M Tepaus OONBHBIX MOJTUMOPOUIHBIMH PacCTPOH-
cTBaMH H30(ppeHnIecKoro 1 aheKTHBHOTO CIeKTpay», perucrpaunoHHsii Homep 123041900006-4.

CooTBeTcTBHE NPHHIMNAM THKH. VccnenoBanue ono0peHo 6mostmyeckuM komureroM HUU nenxmueckoro
3p0poBbst Tomckoro HUMI] (mpotokon Ne 157 ot 18.11.2022).

Jas muruposanus: Kopuerosa E.I'., I"'ankun C.A., JlobaueBa O.A., Mennoa 1. A., Kopuetos A.H., Boxan H.A.
Bnusinue ypoBHe# rOpMOHOB FHITOTaIaMO-THIIO(U3apHO-THPEONTHOM OCH Ha CyHIMAATBHBIH PUCK Y MAIUEHTOB C
um3odpenuneit. browiemens cubupcrou meduyunst. 2025;24(1):45-51. https://doi.org/10.20538/1682-0363-2025-
1-45-51.
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INTRODUCTION

Schizophrenia is a severe mental disorder that often
begins with a catastrophe experienced by the patient.
It usually has a chronic course, is accompanied by
anhedonia, leadsto disability and asignificant decrease
in the duration and quality of patient life [1, 2]. The
comorbid somatic-symptom disorder (cardiovascular
diseases, obesity, diabetes mellitus, etc.) and suicide
are the main causes of early mortality and reduce the
life expectancy of patients with schizophrenia by an
average of 10 years [3, 4]. Despite the fact that the
pathophysiological mechanisms of schizophrenia
are still poorly understood, studies have shown that
neuroendocrine disorders can play an important role
in its development, determine its course, clinical
manifestations, as well as in the occurrence of
concomitant pathology, complications, and adverse
effects of antipsychotics [5—7].

The functional state of the hypothalamic—
pituitary—thyroid axis is of great importance for the
development and normal functioning of the brain [6].
Previous studies have shown a connection between
fluctuations in thyroid hormone levels and various
manifestations of mental disorders and response
to therapy [5-9]. Our recent studies revealed a
significant decrease in serum levels of thyroid
hormones and thyroid-stimulating hormone (TSH)
in patients with schizophrenia compared to healthy
individuals [7, 10].

The role of various thyroid conditions in the
formation of psychopathological symptoms as part
of schizophrenia has already been reflected in the
literature [6,7, 10, 11]. This fact once again emphasizes
the multifactorial nature of not only the disorder
itself, but also the leading symptoms in the clinical
pattern. Thus, the predictive role of thyroid hormones
and TSH in relation to the schizophrenia prognosis is
now obvious. For example, there is a strong negative
correlation between negative symptoms that have an
unfavorable course and the TSH level [12]. In addition,
changes in the thyroid hormone level are associated
with antipsychotic treatment, in which subclinical
hypothyroidism often develops [13]. However, the
role of the hypothalamic—pituitary—thyroid axis in
the development of suicidal behavior in patients with
schizophrenia remains poorly understood, and the
available data are ambiguous.

For example, it was found that individuals with
and without a history of suicide attempts differed

only in the level of free triiodothyronine (FT3) [14].
Moreover, patients with a history of suicide attempts
were more likely to have low levels of free T3 [14].
Another study showed that suicidal thoughts were
more common in patients with schizophrenia only
with higher levels of free thyroxine (free T4) [11]. Itis
also assumed that low TSH levels may be associated
with a predisposition to depression and suicidal
behavior [15, 16]. This led us to the hypothesis of
a “pessimistic” relationship between TSH, thyroid
hormones, schizophrenia, and suicide risk.

The aim of the study was to evaluate the TSH, free
T3, and free T4 concentrations in the blood serum of
patients with schizophrenia at a risk of suicide.

MATERIALS AND METHODS

The study was conducted according to the
protocol approved by the local Bioethics Committee
at the Mental Health Research Institute of Tomsk
National Research Medical Center (Protocol No. 147
of 22.11.2021). During the study, we examined 120
patients with schizophrenia (75 (62.5%) women and
45 (37.5%) men, F20.0 according to ICD-10) aged 43
[36; 52] years and with a disease duration of 15 [9;
23] years, who were treated at the clinic of the Mental
Health Research Institute. The inclusion criteria
for this study were as follows: age 18-55 years,
confirmed diagnosis of schizophrenia according
to ICD-10 criteria, signed voluntary consent to
participate in the study. The exclusion criteria were
the following: clinically evident dependence on
psychoactive substances except for tobacco, mental
retardation or dementia, no known neurological
disorders (brain injury, stroke), thyroid disease,
hormone replacement therapy.

At the beginning of the study, all patients received
basic therapy, 95 (79.2%) of them were receiving
first-generation antipsychotics: haloperidol,
zuclopenthixol, chlorpromazine, chlorprothixene,
25 (20.8%) — second-generation antipsychotics:
quetiapine, clozapine, olanzapine, risperidone
in therapeutic doses approved by the Russian
Ministry of Healthcare, which were recalculated
to chlorpromazine equivalent (CPZeq). This
recalculation made it possible to calculate the median
of the total antipsychotic load, which ultimately
amounted to 482.5 [271; 758.5] mg/day, while the
duration of therapy was 11 [5; 19] years.

Individual registration cards were filled out for
all patients included in the study. The card included
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general information, a set of sociodemographic,
clinical, and therapeutic characteristics, as well
as psychometric examination data. An objective
assessment of the severity of psychopathological
manifestations was performed using the Positive
and Negative Syndrome Scale (PANSS) [17] in the
adapted Russian version — SCI-PANSS [18]. The
total PANSS score for the entire sample was 107
[96; 116], the severity of positive symptoms was 25
[22; 28] points vs. 24 [22; 29] negative with general
psychopathological symptoms — 56 [51; 61]. Suicide
risk was assessed using the Beck Hopelessness Scale
(BHS) [19], which measures the severity of negative
attitude towards one’s own perceived future and
makes it possible to indirectly determine suicide
risk [20]. Studies using this scale have shown that it
can be used to assess suicide risk [21], including in
patients with schizophrenia [22].

Blood was collected from fasting patients in
the morning from the cubital vein into Vacuette
vacuteiner tubes, and the blood serum was obtained
by centrifugation at 2,000 rpm for 30 minutes.
Concentrations of TSH, FT3, and FT4 in the blood
serum were determined by solid-phase enzyme
immunoassay using Vector-Best reagent kits
(Novosibirsk, Russia). In accordance with the manual
of the kits, the reference intervals for FT3, FT4, and
TSH in the blood serum were 4.0-8.6 pmol / 1, 10.3—
24.5 pmol /1, and 0.4—4.0 mU / |, respectively.

The statistical analysis was performed using
the Statistica 12.0 software package (Dell). The
Shapiro-Wilk test was used to check for the
normality of the data sample. It showed that all the
data we obtained did not fit the normal distribution.
Therefore, the quantitative data are presented as
the median (Me) of the lower and upper quartiles
[O,; O,]. Qualitative data are presented as frequency
indicators in absolute (n) and relative units (%).
Multiple linear regression analysis and one-way
analysis of variance (ANOVA) were used to identify
the relationships between the studied indicators.
The results were considered statistically significant
at p =0.05.

RESULTS

Using multiple linear regression, we verified the
effect of each hormone on the level of hopelessness in
patients (Table). It turned out that the model obtained
during the calculations was statistically insignificant
(F (3.116) = 1.166, p = 0.325). R* was 0.029, which

indicates that TSH and thyroid hormone levels explain
2.9% of the variability in the level of hopelessness
according to the Beck scale. All studied predictors of
hopelessness (TSH (¢ = —1.676, p = 0.096), FT3 (¢ =
—0.607, p = 0.544), and FT4 (t = -0.224, p = 0.822))
were statistically insignificant.

Table

Values of the coefficients in the multiple linear regression
model for the dependence of hopelessness on TSH and thyroid
hormone levels

Indicator | Coefficient (B) Standard error t-test p

Constant 9.012 2.711 3.323 | 0.001
TSH -0.426 0.254 —-1.676 | 0.096
FT3 —0.397 0.654 —0.607 | 0.544
FT4 —0.045 0.203 —0.224 | 0.822

Then, TSH and thyroid hormone levels were
transformed into categorical variables (0 — normal,
1 — abnormal) based on the reference values.
Thus, among 120 patients with schizophrenia, 11
patients (9.2%) had elevated serum TSH levels
(> 4.0 mU /1), 108 (90%) had decreased FT3 levels
(< 4.0 pmol / 1), and 42 (35%) had decreased FT4
level (<10.3 pmol / 1). Accordingly, based on the
categories obtained, the effect of the hypothalamic—
pituitary—thyroid axis hormone levels on the level of
hopelessness was assessed using one-way ANOVA
(Fig.).

The results of one-way ANOVA test revealed
statistically significant differences in the level of
hopelessness between the groups of patients with
normal and elevated TSH (F (1.118) = 5.160,
p = 0.025), as well as with normal and reduced
FT3 (F (1.118) = 4.568, p = 0.035). The presented
groups of patients were comparable in terms of
sociodemographic, clinical, and therapeutic indicators
(p > 0.05). Thus, the level of hopelessness according
to the Beck scale in patients with schizophrenia was
significantly affected by TSH and FT3 concentrations
in the blood serum.

DISCUSSION

The study assessed the effect of the hypothalamic—
pituitary—thyroid axis hormone levels on the risk of
suicide in patients with schizophrenia. During the
analysis of variance, we found a significant effect of
serum TSH and FT3 in these patients on the level
of hopelessness, which confirms the role of thyroid
function in the suicidal behavior of patients with
schizophrenia.
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Figure. Boxplots of the level of hopelessness depending on the indicators of the hypothalamic—pituitary—thyroid axis hormones

Many authors associate TSH with psychotic
symptoms, anxiety and depression [15, 16]. TSH can
increase the risk of suicide by exacerbating anxiety,
depression, and psychotic symptoms [23]. However,
our study showed that patients with elevated TSH
values (subclinical hypothyroidism) had a lower
level of hopelessness and, as a result, a lower risk of
suicide. On the other hand, in patients with reduced
FT3, we observed a significantly more pronounced
level of hopelessness. Our findings regarding the
effect of triiodothyronine on suicide risk in patients
with schizophrenia comply with the results of
previous studies presented in the systematic review
and meta-analysis of F.J.K. Toloza et al. [24].

As is known, TSH and thyroid hormones interact
with each other using a negative feedback mechanism
[25]. A decrease in thyroid hormones (hypofunction)
entails an increase in the synthesis of TSH by the
pituitary gland. Thus, we assume that patients with
schizophrenia and hypothyroidism have increased
synthesis of TSH, which has a compensatory effect
on thyroid function and on the concentrations of FT3
and FT4, in particular, and can also contribute to
reducing the suicide risk.

CONCLUSION

This study has shown the need for continuous
dynamic monitoring of the hypothalamic—pituitary—
thyroid axis hormone level in individuals with
schizophrenia in order to preserve and maintain
normal neuroendocrine balance, as well as to prevent
suicide attempts and suicide.

It should be emphasized that our study does not
directly assess the cause-and-effect relationships
between suicide risk and hypothyroidism, which
dispels the initial pessimistic assumptions, however,

in accordance with the results obtained, monitoring
of these indicators is extremely important for patients
with schizophrenia, especially in regions with iodine
deficiency.
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ABSTRACT

Background. A study of the mechanisms of infarct size-limiting effects of lithium chloride (LiCl) on a model of
myocardial infarction in vivo. Myocardial infarction is one of the main causes of death among the adult working
population in economically developed countries. Currently, there are no drugs in clinical practice that would
effectively protect the myocardium against ischemia — reperfusion injury, so there is a need to develop new drugs
that can limit infarct size and reduce mortality.

Aim. To study the mechanisms of infarct size-limiting effects of lithium chloride.

Materials and methods. A study was performed in anesthetized Wistar rats with coronary artery occlusion (45
min) and reperfusion (120 min). The molecular mechanism of the protective effects of LiCl was examined in
this model using appropriate blockers, including non-selective and selective blockers of ATP-sensitive potassium
channel and NO synthase.

Results. Administration of LiCl before ischemia significantly reduced infarct size as well as the as the incidence
of ventricular arrhythmias. Administration of LiCl after ischemia also promoted a decrease in infarct size. NO
synthase, cycloxigenase-2, protein kinase C, and endogenous opioids were not involved in the cardioprotective
effect of lithium. The cardioprotective effect of LiCl is mediated via sarcolemmal ATP-sensitive potassium channel
(sarcK, , channel) opening.

Conclusion. LiCl reduced infarct size and prevented reperfusion cardiac injury. The main cellular ways of the
infarct size-limiting effects of LiCl are mediated through the sarcK, , channel opening.

Keywords: lithium, myocardial infarction, cardioprotection, potassium channels, ischemia/reperfusion
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3 Cubupcruil 2ocydapemeennviii meouyunckuil ynueepcumem (Cubl’ MY)
Poccus, 634050, e. Tomck, Mockosckuii mpaxm, 2

* Hayuno-uccnedosamenvckuti uncmumym (HUH) ncuxuueckozo 300poewst, ToMCKUIL HAYUOHAIbHbILLL
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Poccus, 634021, Poccus, Tomck, yn. Aneymckas, 4

5 Hayuno-uccnedosamenvckuti uncmumym (HUH) onxonozuu, ToMCKUll HAYUOHATbHBLI UCCLE008AMENbCKULL
meduyunckuu yeump (HUMIL]) Poccuiickou akadoemuu HayK
Poccus, 634009, 2. Tomck, nep. Koonepamugnwiii, 5

¢ Unemumym meduko-ouonocuueckux npobrem (UMBII) Poccuiickoti akademuu nayx (PAH)
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PE3IOME

Hens. VccnenoBanne MexaHn3MOB MH(ApKTa — JUMUTUpYIomiero aeictsust xinopuzaa autust (LiCl) Ha monenn
nHpapkTa MuOKapna in vivo. IHpapkT MuOKap/a sBISETCS OJHOM U3 OCHOBHBIX MIPUYMH CMEPTH B3POCIIOTO TPY-
JIOCTIOCOOHOTO HACeJIeHHsI B 9KOHOMHUYECKH Pa3BUTHIX CTpaHaxX. B HacTosmee BpeMs B KIIMHUYECKOI PaKTHKE He
CYIIECTBYET IpenapaToB, KOTOPbIE ¢ BEICOKOW 3(peKTHBHOCTHIO 3aIlUIIaiy ObI MHOKAp]] OT MileMuu/penepdy-
3HH, II03TOMY HMEETCsl HEOOXOIMMOCTh B Pa3pabOTKe HOBBIX JIEKAPCTBEHHBIX CPEACTB, CIOCOOHBIX OrPaHUYUTh
pa3Mep HH(APKTA U CHU3UTh CMEPTHOCTb.

MarepuaJjbl ¥ MeToAbl. MoenupoBanue HH(papKTa MHOKapa MPOBOJWIN HA KpbIcax JHHUM Bucrap mytem
OKKITFO3UH KOPOHApHOI apTrepuu (45 MuH) U periepdysun (120 MuH). MonekyIsipHBIA MEXaHU3M 3aIIUTHOTO JeH-
CTBHS XJIOPHJA JINTHS MCCIICIOBAIN HA MOJCIN MH(APKTa C MOMOIIBI0O COOTBETCTBYIONIUX OJIOKATOPOB, B TOM
YHCIIe HECENEKTUBHBIX U CEeNeKTHBHBIX O1okatopoB ATd-uyBcTBHUTENBEHOTO KaneBoro kaHana 1 NO-CHHTa3HI.

PesyabTatel. Beenenne LiCl 1o nmemnun 3HaYUTENFHO YMEHBLIATO pa3Mep HHbapkTa, npu 3ToM NO-cuHTa3a,
LUKJIOKCUT'€HA3a-2, IpoTeMHKHHa3a C, SHAOTCHHBIE OIMHOM/BI HEe OBUIM BOBJICYEHBI B KapIUONPOTEKTOPHBINA (-
ekt autus. Kapauonporexropusiit 3¢ dext LiCl omocpenoBan yepe3 oTkpbiTHE capkoneMManbHOro AT®d-uys-
CTBHUTENBHOTO KanueBoro kanana (capkKATd-kanana).

3akaoyenne. XJIOpH] JUTHS MOXET IPEJOTBPATUTh MIIEMHYECKOe U pernepdy3nOHHOE TOBPEKICHUE Cep/la.
OCHOBHBIE KJIETOYHBIE ITyTH UHDapKT-muMuTHpYoniero aeiicteus LiCl peanu3yroTcs B OCHOBHOM 4Yepe3 OTKpPbI-
tue capkKATP-kanabl.

KnroueBble ciioBa: muThii, HHGapKT MHOKAp/a, KapAUOIPOTEKIIHS, KaTNEeBbIe KaHAIIBI, HIIeMUst/penepdy3ust
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KoHpankT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(IIUKTOB UHTEPECOB,

CBSI3aHHBIX C MyOIUKanueil HacTOsIeH CTaThU.

Hcrounux punancuposanus. [Iporpamma «IIpuoputer 2030%.

CooTBeTcTBHE MPpUHIMMIAM 3THKH. VccnenoBanue onodpeHo stndeckuM komurerom HUU xapamomnornn Tom-

ckoro HUMII (mporokon Ne 207 ot 23.12.2020).

Ja nutupoBanusi: MyxomenssHos A.B., ITnoraukos E.B., Macnos JL.H., Ueprnos B.1., Hapsixuas H.B., Ciun-
nesckast A.C., FOcy6oB M.C., Jlappkuna M.C., ApramoHOB A.A., beroycos M.B. MexaHn3mbl KapAHOIIPOTEKTOP-
Horo (dekra smtnst. brorremens cubupcroii meouyunsl. 2025;24(1):52-59. https://doi.org/10.20538/1682-0363-

2025-1-52-59.

INTRODUCTION

Acute myocardial infarction (AMI) is one of
the main causes of death among patients with
cardiovascular diseases [1, 2]. Lethality in ST-
segment elevation myocardial infarction (STEMI) is
4.6-6.8% [3,4],and in patients with cardiogenic shock
within 30 days, it exceeds 20% [5, 6]. The probability
of death in patients with AMI is primarily related to
infarct size, concomitant rhythm disturbances, and
the time of pharmacologic or surgical reperfusion.
Reperfusion provides restoration of coronary blood
flow, but also contributes to reperfusion damage of
the heart.

Currently in clinical practice, there are no drugs
that can significantly increase cardiac resistance to
reperfusion and, consequently, reduce infarct size.
The most effective method of treatment of AMI is
percutaneous coronary intervention; nevertheless,
mortality remains at a high level [3, 4, 7, 8]. Therefore,
there is an urgent need to develop new drugs that can
reduce infarct size. Lithium (Li* ) and its salts are of
particular interest in this regard. Lithium has a wide
range of biological activities, including normothymic,
cytoprotective, antioxidant, and antiapoptotic effects
[9-11].

It has been previously reported that Li* can
increase the resistance of rat heart to ischemia —
reperfusion injury in vitro [12, 13]. However, it
was unclear whether Li* could limit infarct size in
vivo. The receptor and signaling mechanisms of the
infarct size-limiting effect of Li* have not yet been
studied in detail. A number of studies have shown
that the cardioprotective effect of LiCl depends on
the activation of cyclooxygenase [12, 13]. There are
data that indicate the participation of opioid receptors
(ORs) in the antinociceptive effect of Li*, and that Li*
is able to activate ATP-sensitive K™ -channels (K, -
channels) [14, 15]. K, -channels, ORs, protein

kinase C (PKC), cyclooxygenase-2 (COX-2), and
NO synthase (NOS) are known to play important
roles in the mechanisms of cardiac tolerance to
ischemia — reperfusion [16-20]. In the present study,
we investigated the infarct size-limiting effect of
lithium and determined the molecular mechanism of
cardioprotection in in vivo models.

MATERIALS AND METHODS

The study design was planned according to
ARRIVE guidelines 2.0 for reporting animal studies
[21]. Outbred male Wistar rats weighing 250-300 g
were used. One animal was considered as one
experimental unit. The animals were maintained
under standardized conditions at 24 + 2 °C. The rats
received pellets of normal feed and drinking water
ad libitum. Division of animals into groups was
done randomly. Simple randomization was used,
with animals numbered and assigned to groups by
selecting a set of numbers for each group using a
random number generator. Twelve experimental
animals were included in each experimental group
and were processed by parametric statistical methods.

The control group (ischemia — reperfusion injury
model without pharmacologic treatment) consisted
of 12 experimental rats. The study was conducted
using the blinding strategy. Surgical procedures
and infarct size measurements were performed by
different specialists who did not know to which
group the animal belonged. Experimental procedures
were performed in accordance with Directive
2010/63/EU of the European Parliament and the
Guidelines for the Care and Use of Laboratory
Animals. Pharmacologic effects in the experimental
groups included the use of lithium salts and other
pharmacologic agents described in detail below. LiCl
solution was administered intravenously as a bolus in
avolume of 1 mL of saline solution. Lithium solution
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was administered 15 minutes before coronary
occlusion. Other pharmacologic agents were
administered intravenously 25 min before coronary
artery occlusion.

The animals were anesthetized with a-chloralose
(50 mg / kg, intraperitoneally) and connected to a
SAR-830 ventilator (CWE Inc., Ardmore, USA).
Blood pressure (BP) was recorded using an SS13L
pressure transducer (Biopac System Inc., Goleta,
USA) paired with an MP35 electrophysiologic study
device (Biopac System Inc., Goleta, USA). This
device was also used for ECG recording. Coronary
occlusion (45 min) was performed according to the
method of Neckar et al [22]. The animals underwent
thoracotomy and pericardium removal, then ligature
was applied to the coronary artery. After 45 minutes
of'ischemia, the ligature was removed, the restoration
of blood flow was confirmed by the appearance of
epicardial hyperemia. The duration of reperfusion
was 2 hours.

After completion of the reperfusion period, the
hearts were removed and flushed with saline solution
through the aorta. The risk zone was determined
by staining the myocardium through the aorta with
5% potassium permanganate solution. Then slices
perpendicular to the longitudinal axis of the heart
(1 mm thick) were made. The area of necrosis was
distinguished from the area at risk by staining with
1% 2,3,5-triphenyltetrazolium chloride solution
[22]. Heart slices were scanned and infarct area was
calculated using the Imagel] program (NIH, USA).
Myocardial infarct size was expressed as a percentage
from the risk area size as the ratio of infarct area to
risk area.

The compounds used were lithium chloride,
L-NAME, glibenclamide, naltrexone, 5-GD and
celecoxib (Sigma-Aldrich, USA), chelerythrine
(MedChemExpress, USA), and hydroxypropyl
B-cyclodextrin (Tocris Bioscience, UK). HMR
1098 was synthesized and provided by Sanofi-
Aventis Deutschland GmbH (Frankfurt, Germany).
Drug solutions for administration were prepared

in saline ex fempore. Water-insoluble compounds
(glibenclamide, chelerythrine, celecoxib) were first
dissolved in 0.1 ml of dimethyl sulfoxide, and then
0.9 ml of 20% hydroxypropyl B-cyclodextrin was
added.

We have previously found that hydroxypropyl
B-cyclodextrin  has no effect on animal
hemodynamics, heart rhythm, and infarct size.
Lithium chloride was used at doses of 40 mg / kg
and 200 mg / kg intravenously. The other drugs
were also administered intravenously. Naltrexone
(a nonselective OR antagonist) was administered
at a dose of 5 mg / kg. Chelerythrine (a selective
PKC inhibitor) was administered at a dose of 5 mg
/ kg. The NOS inhibitor L-NAME was administered
at a dose of 10 mg / kg. The non-selective K,
-channel blocker glibenclamide was administered at
a concentration of 1 mg / kg. 5-Hydroxydecanoate
(5-HD, a blocker of mitochondrial K, , (mitoK,
) channels) was administered at a dose of 5 mg /
kg. HMR 1098 (a selective blocker of sarcolemmal
(sarK, ) channels) was administered at a dose of 3
mg / kg. The selective COX-2 inhibitor celecoxib
was administered at a concentration of 0.24 mg / kg.
A.M. Stevens et al. demonstrated that celecoxib at
this dose inhibits COX-2 [23].

The results of the study were processed using the
Statistica 13.0 program (Stat Soft, USA). Data were
presented as the mean and the standard deviation M
+ 0. Normality was checked by the Shapiro — Wilk
test. One-factor analysis of variance (ANOVA)
with the Bonferroni correction was used to compare
differences between the groups. The differences
between the groups were considered statistically
significant at p < 0.005.

RESULTS

No significant changes in hemodynamic
parameters were detected in animals of the control
group (Table). L-NAME increased systolic blood
pressure and decreased heart rate. The other drugs
had no effect on hemodynamic parameters (Table).

Table

HR (beats / min) and BP (mm.Hg) in rats during coronary occlusion (45 min) and reperfusion (120 min)

Group Dose, Before ischemia 45 min of ischemia 30 min reperfusion 120 min reperfusion
mg/ kg HR AD HR AD HR AD HR AD

Control 363+4 124+3 357+4 120+ 3 352+5 117+3 342+ 6 113+ 4

LiCl 200 364+4 126 +3 359+4 121 +4 355+3 116 +4 346 £5 111+6

LiCl 40 361 +4 122+3 355+5 118 +3 350+ 4 114 +3 341 +5 110+ 6

Celecoxib 0.24 364+3 121+3 357+4 117+3 350+ 4 113+£3 340+ 5 109 + 4

Bulletin of Siberian Medicine. 2025; 24 (1): 52-59
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Table (continued)

Group Dose, Before ischemia 45 min of ischemia 30 min reperfusion 120 min reperfusion

mg / kg HR AD HR AD HR AD HR AD
L-NAME 10 364 +4 125+3 334+ 5" 145+ 3" 326+ 6" 147 £ 4* 320+ 6" 149 + 6"
Chelerythrine 5 363 +4 123+3 357+3 120+ 4 353 +4 115+5 340+ 6 109 +4
Glibenclamide 1 367+3 122+4 3634 119+3 357+4 115+5 347+ 4 110+4
HMR 1098 3 365+4 122+3 359+5 119+4 355+5 120+ 4 34745 112+5
5-HD. 5 362+5 124 +4 358+3 120+ 3 353+4 117+4 341 +4 114+5
Naltrexone 5 365+4 126+ 4 361 +£4 122+3 356+3 118+ 4 345+4 1135

Note: LiCl - lithium chloride; 5-HD — 5-hydroxydecanoic acid; HR — heart rate, BP —blood pressure; * p <0.005 compared to the control group.

Necrosis zone / risk zone, %

Control LiCl LiCl LiCl +
(200 mg/kg) (40 mg/kg)  Celecoxib

Fig. 1. Participation of COX-2, NO synthase, protein kinase C, K

* * #*
30 4
* * “ *
20
10
0 } + " " N - - T Ve +

LiCl + LiCl + LiCl +
L-NAME  Chelerythrine Glibenclamide 1098 5-HD

LiCl+ HMR  LiCl + LiCl +
Naltrexone

-channels, and opioid receptors in the infarct size-limiting effect

of LiCl. Here and in Fig.2, the data are shown as M = 6. * p <0.005 compared to the control group

Pre-injection of LiCl (40 mg / kg) statistically
significantly (p = 0.00045) reduced the necrosis zone /
risk zone ratio by 48% compared to the controls
(Fig. 1). Increasing the dose of lithium chloride
to 200 mg / kg did not significantly enhance the
cardioprotective effect (Fig. 1). Therefore, in further
studies, lithium chloride was used at a concentration
of 40 mg / kg.

As shown in Fig. 1, the COX-2 inhibitor celecoxib
and the NOS inhibitor L-NAME did not affect the
infarct size-limiting effect of LiCl, i.e., there was
a statistically significant reduction in the infarct
size compared to the controls (p = 0.00088 and p =
0.00021, respectively). A similar result was observed
with the PKC inhibitor chelerythrine (p = 0.00011).

60 4
40

30 4

Necrosis zone / risk zone, %

However glibenclamide (a non-selective blocker of

K, ,-channels) and HMR 1098 (a selective blocker
of sarcK  -channels) abolished the cardioprotective
effect of lithium chloride (Fig. 1), in both cases
the infarct zone size was not significantly different
from the control values (p = 0.303 and p = 0.206,
respectively). Pre-administration of the selective
mitoK, -channel inhibitor 5-HD did not affect
lithium-induced cardiac tolerance to ischemia —
reperfusion injury (a statistically significant reduction
in infarct area was observed, p = 0.00041). The OR
antagonist naltrexone also did not affect the infarct
size-limiting effect of lithium chloride (p = 0.0035)
(Fig. 1). All inhibitors used had no significant effect
on the size of the infarct area (Fig. 2)

]

Control Celecoxib L-NAME

Chelerythrine

Glibenclamide HMR 1098 Naltrexone

Fig. 2. Estimation of the intrinsic effect of the drugs used (inhibitors) on myocardial infarction size
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DISCUSSION

The cardioprotective effect of lithium was
previously shown in ex vivo studies [12, 13].
Cyclooxygenase may be involved in the realization
of the infarct size-limiting effect of lithium [13].
Several studies have shown that COX-2 activation
improves cardiac tolerance to ischemia [19, 20, 24].
We found that celecoxib (COX-2 inhibitor) did not
eliminate the cardioprotective effect of LiCl. This
may be due to the fact that M.Faghihi et al. conducted
their studies on the isolated rat heart and used the
non-selective COX inhibitor indomethacin, which
also inhibits COX-1 [13].

We hypothesized that COX-1 is involved in
the cardioprotective effect of LiCl. However, this
hypothesis contradicts the current opinion that
COX-2 activation increases cardiac tolerance to
ischemia [19, 20]. Activation of PKC definitely
plays an important role in the cardioprotective effect
of ischemic preconditioning [16] and opioids [25].
Therefore, it was surprising that PKC is not involved
in the infarct size-limiting effect of LiCl, since
chelerythrine exposure did not affect the efficacy
of lithium. NOS has been reported to be involved
in the development of delayed (24 h) ischemic
preconditioning [20]. However, the NOS inhibitor
L-NAME did not affect the LiCl-induced increase in
cardiac tolerance to ischemia — reperfusion.

The results of our study are in agreement with
the data of Y. Terashima et al. who showed that
the infarct size-limiting effect of LiCl ex vivo is
independent of PKC activation [12]. Our data are in
agreement with the work of M. Faghihi et al. [13],
where it was shown that L-NAME does not attenuate
lithium cardioprotection in vitro.

K, -channels are known to be involved
in cardioprotection due to ischemic pre- and
postconditioning [16, 17]. It has been reported that
LiCl can induce the opening of K, -channels [15].
Summarizing the obtained results, we concluded that
the infarct size-reducing effect of LiCl is partially
realized through K, -channels. This version is
confirmed by the revealed effects of non-selective
blocker of K, _-channels glibenclamide and selective
blocker of sarcK, -channels HMR 1098, which
completely eliminated the cardioprotective effect of
LiCl. Hence, sarK, -channels are involved in the
infarct size-limiting effect of LiCl. In this case, it
remains unclear whether activation of the sarK

ATP
channel is the result of a direct action of Li* on this

channel or whether its opening is mediated by the
effect of kinases.

In our study, lithium chloride demonstrated an
infarct size-limiting effect. The antinociceptive
effect of lithium chloride depends on the release
of endogenous opioids [17]. However, the results
showed that endogenous opioids were not involved
in the cardioprotective effect of LiCl. Lithium
carbonate is used orally in psychiatry with achieving
blood concentrations of 0.4—1.2 mmol / 1 in patients
[26]. This concentration is comparable to the dose of
LiCl used in our study. Consequently, these results
indicate the feasibility of conducting a clinical trial
on the treatment of AMI with lithium salts.

CONCLUSION

It has been shown that lithium chloride reduces
the myocardial infarction zone in vivo and increases
cardiac resistance to ischemia — reperfusion. The
infarct size-limiting effect of LiCl is associated with
the opening of sarK , . -channels. PKC, NOS, COX-2,

ATP
endogenous opioids, and mitoK,. -channels are not

ATP
involved in the cardioprotective effect of LiCl. The

obtained data indicate the need for further study of
the mechanism of cardioprotective effect of lithium.
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Interleukin-4 and interferon gamma in bronchial remodeling
in asthma patients with cold airway hyperresponsiveness

Pirogov A.B., Prikhodko A.G., Pirogova N.A., Gassan D.A., Naumov D.E., Perelman J.M.

Far Eastern Scientific Center of Physiology and Pathology of Respiration
22, Kalinina Str., Blagoveshchensk, 675000, Russian Federation

ABSTRACT

Interleukin-4 (IL-4) and interferon gamma (IFNy) are key participants in the polarization of the immune response
toward Th1 or Th2 types in bronchial asthma. However, their role in bronchial remodeling in patients with asthma
and cold airway hyperresponsiveness (CAHR) remains unclear.

Aim. To study the involvement of IL-4 and IFNy in the disorganization of bronchial epithelium and the regulation
of airway remodeling in asthma with CAHR.

Materials and methods. A total of 47 patients with mild persistent asthma were examined. Induced sputum
collection, blood sampling for biochemical studies, spirometry, and the isocapnic hyperventilation test with cold
(-20 °C) air (IHCA) were performed. The sputum was analyzed for cellular composition (in %), and the cytokine
profile (IL-4 and IFNy in pg / ml) was evaluated in peripheral blood.

Results. The patients were divided into groups with CAHR (group 1, 17 patients) and without cold-induced
bronchoconstriction (group 2, 30 patients). Forced expiratory volume in 1 sec. (FEV ) and maximal mid-expiratory
flow (MMEEF) in group 1 were lower compared to group 2: 84.0[83.0; 93.0]% and 99.0 [85.0; 105.0]% (p = 0.012);
55.0[51.0;67.0]% and 76.0[59.0;88.0]% (p = 0.021), respectively. The blood content of IL-4 and IFNy in group
1 was 11.48[10.82;22.48] pg / ml and 26.98[17.24; 73.5] pg / ml, while in group 2, it was 1.88 [0.66; 5.96]
(» = 0.003) and 7.24[1.5; 26.98] pg / ml (p = 0.047), respectively. In group 1, an association was found between
blood IL-4 and IFNy levels (Rs = 0.65; p = 0.016), between FEV, and the number of epithelial cells in sputum
(Rs = —0.74; p = 0.0003), and between IL-4 and airway response (AFEV /Vital Capacity) after the IHCA
(Rs =-0.70; p = 0.007).

Conclusion. The escalation of the proinflammatory and pro-oxidant function of IFNy indicates a shift from Th2
immune response activation, regulated by IL-4, toward a Th1 response, which stimulates bronchial remodeling in
patients with asthma and CAHR.

Keywords: bronchial asthma, cold airway hyperresponsiveness, 1L-4, IFNy, bronchial epithelium, airway
remodeling
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WHTepnenknH-4 n niteppepoH-ramma B pemogenupoBaHnn 6poHxoB
y 60nbHbIX 6pOHXMaNbHON aCcTMOI C XO/I0A40BOI rMNeppeakTUBHOCTbIO

AblXaTeNbHbIX NyTen

Muporos A.B., NMpuxoabko A.l'., Muporosa H.A., Faccan [.A., Haymos J.E., lepenbman 10.M.

Jlanvresocmounviii HayuHwlil yewmp Quzuonocuu u namonoeuu ovixarus (JJHI] @I1/])

Poccus, 675000, e. bnazosewenck, yr. Karununa, 22

PE3IOME

Untepneiikun-4 (IL-4) u uarepdepon-ramma (IFNy) — otH1 n3 OCHOBHBIX YYaCTHHKOB MOJISPU3ALMH UMMYHHOTO
orsera o Th1 wim Th2 Tuny npu 6porxuansHoii actme (BA). HensBecTHa ux poJib B peMo/IeMpOBaHUN OPOHXOB
y 6oibHBIX BA ¢ X01710/10BO#i THIIEppeaKTUBHOCTBIO AbIXaTesbHbIX myTei (XIIT).

Hens. N3yuyenue myreii yuactust IL-4 u IFNy B nesopranuzanun OpOHXHAIBHOTO SITUTENNS U PETryJISIIUE PEMOJIe-
JIMpOBaHUsl AbIXxaTenabHbIX myTel npu bA ¢ XTII.

Marepuanasl u Metoabl. O0cieoBaHbl 47 MAIMEHTOB C JIETKOW nepcuctupytomeii BA. [IpoBoamics coop uHIy-
IIUPOBAHHON MOKPOTHI, 3200p KPOBH ISl GHOXUMHYECKHX HCCIETOBAHUH, BBIIOIHINCH CIIMPOMETPUS X OPOHXO-
MIPOBOKAIIMOHHAS MPo0a N30KAMHUYEeCKOW rurepBeHTIIIHN XonoaHbM (—20 °C) Bo3myxom (UI'XB). B mokpore
HCCIIeIOBAITH KJICTOUYHBIH cocTaB (B %), B mepudepudeckoil KpoBH — MUTOKUHOBBIH npoduis (IL-4, IFNy, B ir/mir).

Pesyabrarel. IlauuenTsl pasneneHbl Ha TPYMNIbl C XOJOJOBOM TI'MIIEPPEAKTUBHOCTBIO JABIXaTEJBbHBIX IyTeH
(1-s1 rpymnna, 17 4enoBeK) U ¢ OTCYTCTBHEM XOJOAOBOW OpOHXOKOHCTpUKLUH (2-s rpymnma, 30 genosek). O0beM
bopcuposannoro Beinoxa 3a 1 ¢ (OPB,) u cpennss oobemuas ckopocth Beioxa (COC,, ) Ha yposHe 25-75%
sku3HeHHOH eMkoctu Jerkux (PKEJI) B 1-it rpynme Oblin HIDKE 1O CpaBHEHUIO co 2-i rpynmoit: 84,0 [83,0;93,0] u
99,0 [85,0;105,01% (p =0,012); 55,0 [51,0;67,0] u 76,0 [59,0;88,0]% (p = 0,021) coorBercTBeHHO. COmEpxKaHHe
B kpoBH IL-4 u IFNy B 1-it rpynmne cocrasmsuio 11,48 [10,82;22,48] u 26,98 [17,24;73,5] nr/mi, Bo 2-ii rpymie
1,88 [0,66;5,96] (p = 0,003) u 7,24 [1,5;26,98] nr/ma (p = 0,047) coorBeTcTBeHHO. B 1-ii rpynme HalizeHa cBs3b
Mexay conepxanneM B kposu IL-4 u IFNy (Rs = 0,65; p = 0,016), mesxxny ODB, 1 KOIMYECTBOM SMUTENHOLUTOB B
Moxkpote (Rs =—0,74; p = 0,0003), a Taxkxe mexay IL-4 u peakuueit npixarensusix myteit (AODB /KEJI) B oteT
Ha mpody UI'XB (Rs =-0,70; p = 0,007).

3akT04enne. DcKaalys NPOBOCHAINTEIBHON M TPoOKcHAaHTHON GyHKunu [FNy cBHIeTensCTBYeT 0 cMeneHNH
GayaHca akTuBanuu Th2 IMMYHHOTO OTBeTa, peryiupyemoro curnaiamu [L-4, B cropory Th1 ummyHHOTO OTBeTa,
CTHMYJIUPYIOIIETo peMoJieTpoBanue OpoHxoB y 6osbHbIX BA ¢ XT'ATI.

KioueBble ciioBa: OpoHXHambHAs acTMa, XOJOAOBas THIIEPPEAKTUBHOCTH IbIXaTesbHBIX myTeil, 1L-4, IFNy,
OpOHXHMANBHBIA ITUTENNH, PEMOJCTNPOBAHNE JbIXaTeNbHbIX ITyTeH

Kondaukt nHTEpEeCcOB. ABTOpHI 3asBJISIFOT 00 OTCYTCTBUHM KOH(IUKTa HHTEPECOB, CBSI3AHHBIX C MyOJUKaIMCH
HACTOSIICH CTAThH.

Hcrounnk ¢punancupoBaHus. ABTOPHI 3asBISIIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS P IPOBEICHUH HCCIIE0-
BaHMSI.

CooTBeTcTBME MPUHIMIAM ITUKH. Bce manueHTs! moanucamn HHGOPMHPOBAHHOE COTJIacHEe HAa y4acTHE B HC-
cinenoBannu. MccaenoBanue og00peHO JIOKaJIbHBIM KOMUTETOM 1o OnoMeauackoit atuke JHL] ®OI1/] (mpoto-
kot Ne 148 ot 24.05.2023).

Jast uurupoBanms: [Tuporos A.b., Ilpuxoasko A.I'., ITuporosa H.A., I'accan J[.A., Haymos [I.E., Ilepeinn-
maH }0.M. Unreprneiikun-4 n unTepdepoH-raMma B peMOICIMPOBAHNN OPOHXOB y OOJBHBIX OPOHXHANBHOM acT-
MO C XOJIOZI0BOM TMITEPPEaKTUBHOCTBIO JIBIXaTENbHBIX MyTeH. Broiemens cubupckou meduyunot. 2025;24(1):60—
68. https://doi.org/10.20538/1682-0363-2025-1-60-68.

INTRODUCTION

Airway remodeling in patients with bronchial
asthma (BA) appears as a change in the structural
and functional organization of the parenchymal and
stromal elements of the bronchi, induced by damage

and impaired restoration of the epithelial barrier.
Under the influence of various triggers, such as
allergens, viruses, alarmins, and low temperatures,
signaling pathways of inflammation are initiated in the
disrupted epithelium, involving immunocompetent
cells. Epithelial — mesenchymal units of the bronchi
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are activated and proinflammatory cytokines are
secreted, leading to persistent chronic inflammation,
airway hyperresponsiveness, and obstruction [1-4].

The sources of inflammatory mediators in the
bronchi of patients with BA are granulocytes,
lymphocytes, macrophages, mast cells, interstitial
cells, and smooth muscle cells. However, primary
producers of cytokines and growth factors are
damaged parenchymal cells. Activated epithelium
generates alarmins, such as TSLP, IL-25, and 1L-33,
which stimulate the polarization of naive T-helper
cells into Th2, the expression of IL-4, IL-5, and IL-
13, and eosinophilic inflammation. IL-5 and GM-CSF
together with eotaxins, CCL5/RANTES and MCP,
regulate the production, maturation, recruitment,
and activation of eosinophils. IL-9 and IL-13
induce the metaplasia of ciliated epithelial cells into
secretory mucocytes. CCL17/TARC and CXCLS8/
IL-8 recruit Th17 cells and neutrophils, respectively.
Proinflammatory  cytokines and chemokines,
such as IL-1B, IL-2, IL-6, IL-12, IL-18, IL-36,
TNFa, CXCLS, CCL20, CCL22, CCL5/RANTES,
CXCL10, interferons I (IFNa/p), IIT (IFNA1, 2, and
3), and IFNy, are secreted [1, 3, 5, 6].

The expression of CXCL2, CXCLS, IL-12,
CCL20, IFNy, IL-6, IL-18, IL-36, and TNFa is
associated with activation of epithelium by viruses
and other infectious agents, leading to the mobilization
of neutrophils, neutrophil-macrophage infiltration of
the bronchi, and neutrophil response to IL-12 and
IFNy signals in the form of proinflammatory cytokine
release [6]. This Thl variant of the immune response
is characteristic of cold airway hyperresponsiveness
(CAHR), which is associated with a mixed pattern
of bronchial inflammation, neutrophil destruction,
and cytolysis, accompanied by the escalation of
proinflammatory cytokine synthesis and structural
signs of epithelial dysfunction [7]. Clinically, this
manifests as uncontrolled asthma with increased
symptoms during the cold season, requiring higher
doses of medication and/or the inclusion of systemic
glucocorticoids in therapy [7].

Given that the central cytokine responsible for the
differentiation, growth, and effector functions of Thl
cells, polarizing the immune response toward the
Th1 type, is IFNy [8-10] and IL-4 is one of the main
activators of the Th2 immune response and allergic
inflammation in the bronchi [5, 11], a study was
planned to investigate the involvement of 1L-4 and
IFNy in the disorganization of bronchial epithelium

and the regulation of airway remodeling in patients
with BA and CAHR.

MATERIALS AND METHODS

The study included 47 patients who sought
outpatient care at the clinic ofthe Far Eastern Scientific
Center of Physiology and Pathology of Respiration
(FSCPPR) with a diagnosis of mild persistent BA
[12] and who had not previously received inhaled
glucocorticoid therapy on a regular basis.

This clinical study was conducted with the
approval of the local Bioethics Committee of
FSCPPR (Protocol No. 148 of 24.05.2023). All
patients were familiarized with the clinical study
protocol, the procedure for functional testing was
explained, and they signed an informed consent to
participate in the study.

The study design included a period to assess the
patient’s clinical condition and asthma severity,
and a visit for induced sputum collection (day 1),
blood sampling for biochemical studies and the
isocapnic hyperventilation test with cold air (day 2).
Patients were then divided into groups based on the
presence or absence of CAHR (group 1 and group 2,
respectively).

Inclusion criteria for the study were: forced
expiratory volume in one second (FEV,) > 75% of
the predicted value according to spirometry; absence
of a documented cold allergic reaction as confirmed
by an allergist (Douglas method).

Patients with obstructive ventilatory disorders
(FEV, < 75% of the predicted value), concomitant
respiratory diseases (acute bacterial or viral infections
at the time of testing, COPD, etc.), clinically
significant comorbidities in other organs and systems,
pregnant women, as well as those taking medications
that could affect the interpretation of study results
were excluded from the study.

Instrumental testing was performed by qualified
medical staff in the Laboratory of Functional
Research of the Respiratory System at FSCPPR.

Induced sputum collection was performed using
a standard method under the control of FEV, which
was evaluated by spirometry at the beginning of
the collection and after each inhalation of 3, 4, and
5% sodium chloride (NaCl) solution. Before each
sputum collection procedure, the patient rinsed their
mouth with distilled water. The sputum samples were
analyzed no later than two hours after the collection.
Sputum smears were dried (5-10 minutes at 37 °C)
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in a TM-2 thermostat, fixed in formaldehyde vapors
(40% solution, 10 minutes), and stained with aqueous
Romanowsky — Giemsa stain (4—5%, pH 6.8). A light
optical immersion microscope was used to analyze
the cellular composition by counting at least 400 cells
in the fields of view (central and peripheral regions);
the number of cellular elements was expressed
as a percentage of the total content. In order to
differentiate goblet epithelial cells, a cytochemical
reaction was performed by staining formalin-fixed
preparations with Alcian blue, which selectively
binds mucins (acidic glycosaminoglycans) present in
the cytoplasm of goblet cells [13].

Blood samples were collected from the median
cubital vein in the morning hours (9:00 AM) into a
vacutainer (5 ml) and stored frozen at —80 °C until
the biological sample analysis was performed. The
cytokine profile (IL-4, IFNy, in pg / ml) was studied
using a flow cytometer (BD FACSCanto II, BD,
USA) with LEGENDplex HU Essential Immune
Response Panel kits (BioLegend, USA), following
the manufacturer’s protocols precisely.

All tests involving spirometry were performed
using the Easy on-PC device (NDD Medizintechnik
AG, Switzerland). The following lung function
parameters were measured: vital capacity (VC),
forced expiratory volume in one second (FEV,,
in liters), mean mid-expiratory flow at 25-75% of
forced VC (MMEF, % of predicted), and maximal
expiratory flow rates at 50% (MEF,, % of predicted)
and 75% (MEF,,, % of predicted) of forced VC.
Predicted values according to ECSC standards were
used for individuals of European descent older than
18 years.

Isocapnic hyperventilation cold air test (IHCA)
was conducted in a mode of submaximal
hyperventilation (60% of the predicted maximum
ventilation) with an air mixture containing 5%
CO: for three minutes with individual selection
of breathing depth and frequency during the load.
Before and after IHCA (at 1 and 5 minutes), FEV,
was recorded (in liters). The maximum changes in
this parameter after IHCA relative to baseline were
analyzed. The difference between the obtained
values was expressed as a percentage of the baseline
(AFEV , %). A decrease in FEV, by 10% or more
indicated the presence of CAHR in the patient [14].

Statistical analysis of the obtained results
included testing for normality of distribution using
the Kolmogorov — Smirnov and Pearson — von

Mises criteria. Variables with normal (Gaussian)
distribution were compared using the Student’s
t-test (when homogeneity of group variances was
confirmed by the Fisher’s test). Variables with non-
Gaussian distribution were compared by the Mann —
Whitney test. Quantitative variables were presented
as M + m (M — arithmetic mean, m — standard error of
the mean) or as Me [Q; O.] (median and interquartile
range). The nonparametric Spearman’s rank
correlation coefficient (Rs) was used to determine
the degree of correlation between two variables. The
differences were statistically significant at p < 0.05.

RESULTS

Of the 47 patients included in the study,
17 were included in group 1 with cold airway
hyperresponsiveness, while 30 were in group
2 without a cold trigger response. The patients in
both groups were comparable in terms of gender and
key physiological parameters: age 37.1 + 3.5 and
43.2 £ 2.9 years (p = 0.188), respectively; height
1743 + 2.6 and 170.1 = 1.5 cm (p = 0.151); body
mass index 26.0 = 1.5 and 27.6 £ 1.2 kg / m?
(p = 0.419), respectively. Smokers comprised 35%
of group 1 and 23% of group 2 (%> = 0.29, p > 0.05).

The groups differed significantly in several flow
parameters recorded during the initial evaluation
(Table 1). Median FEV and MMEF values in patients
with CAHR were significantly lower, indicating
bronchial obstruction. These patients also had lower
MEF, (60 [56;87]%) and MEF., (46 [42;54]%)
compared to group 2 patients (76 [66;94]%,
p=0.021, and 61 [49;83]%, p = 0.012, respectively),
suggesting the persistence of chronic inflammation in
the small airways.

Table 1

Initial lung ventilation parameters and bronchial response
to IHCA, Me [Q;; O.]

FEV, % FEV/ MMEF %
Group predi(I:ted vC ‘% predicted AFEV, %
Group 1 84.0 [83.0; [ 73.0[70.0; 55.0 -16.0 [-19.0;
93.0] 76.8] [51.0; 67.0] —-12.0]
Group 2 99.0 [85.0; | 78.1 [72.8; 76.0 -2.2[-3.5;
105.0] 82.4] [59.0; 88.0] 0.2]
p between
group 1 and 0.012 0.165 0.021 0.0001
group 2

When assessing the cytokine content in the blood
serum of patients in group 1, higher median values of
IL-4 and IFNy were registered compared to group 2
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(Table 2). In the group of patients with CAHR, there
was a positive correlation between IL-4 and IFNy in
the blood (Rs = 0.65; p = 0.016). Additionally, IL-4
was inversely correlated with the airway response
to the bronchoprovocation test (AFEV /VC) (Rs =
—0.70; p = 0.007).

In the sputum of group 1 patients, a greater number
of neutrophils and desquamated epithelial cells was
observed (Table 3), and the levels of neutrophils,
eosinophils and macrophages directly influenced the
severity of the bronchoconstrictor response (AFEV)
during the IHCA test (Rs = —0.50; p = 0.029; Rs =
—0.51; p=10.027; Rs = 0.56; p = 0.013, respectively).
It is important to note that in this group there was
an inverse correlation between the baseline FEV,
value, reflecting bronchial patency, and the number
of epithelial cells found in sputum (Rs = —0.74; p
= 0.00003). Figures 1 and 2 illustrate the various
degrees of destructive changes in epithelial cells.

Table 2
IL-4 and IFNy content in the blood serum of asthma patients,
Me[Q;; O,], pg/ ml
Group 1L-4 IFNy IL-4/IFNy

11.48 [10.82; 26.98 )

Group 1 22.48] [17.24:73.51] 0.43[0.31;0.70]
1.88 [0.66; 7.24 .

Group 2 5.96] [1.54:26.98] 0.16[0.22;0.40]
pbetweengroup | 5 0.047 0.049

1 and group 2 ’ ’ ’

Fig. 1. In the center of the preparation, goblet cells show

varying degrees of cytoplasmic and nuclear destruction.

Toward the peripheral areas, there are fully destroyed epithelial

cells with disintegration of the nucleus and cytoplasm,

containing mucins. Here and in Fig.2, induced sputum smear

from a patient with BA and CAHR. Stained with Alcian blue.
Magnification x 1,250.

Table 3
Cellular composition of induced sputum in asthma patients,
Me[Q; 0.], %
Grou Neutro- Macro- Eosino- Epithelial
P phils phages phils cells
Group 1 22.5[19.5; | 54.7[45.6; | 19.8[12.6; | 1.6[1.2;
P 26.3] 66.8] 21.2] 2.7]
169 [15.4; | 60.4[56.9; | 17.0[3.0; | 0.2[0.1;
Group 2 20.0] 67.6] 21.3] 1.0]
p between
group 1 and 0.049 0.119 0.112 0.0013
group 2

Fig. 2. Goblet cells containing large amounts of mucoproteins
are located within an abundance of mucus exhibiting signs of
biocrystallization

DISCUSSION

Airway remodeling in BA, affecting all parts
of the walls of small bronchi, involves changes
in the connective tissue due to fragmentation
and homogenization of its fibrous framework
by metalloproteinases, hyperproduction and
accumulation of proteoglycans, increased fibroblastic
synthesis, decreased extracellular matrix protein
degradation, fibrillogenesis, and the development
of subepithelial fibrosis and diffuse sclerosis. This
process affects smooth muscle cells, transforming
them from a contractile to a secretory and proliferative
phenotype due to hypertrophy and hyperplasia
occurring against the background of myofibroblast
differentiation and enhanced angiogenesis mediated
by wvascular endothelial growth factor (VEGF)
release. Additionally, epithelial lining disruptions
occur in the form of desquamation and destruction of
cells, exposing the hyalinized basement membrane,
destroyingciliated epithelium, goblet cell hyperplasia,
and metaplasia [2, 4].
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IL-4 and IFNy, whose main functions include
mutual inhibition, belong to a wide range of cytokines
involved in the disruption of the structural integrity of
the epithelial barrier and causing the development of
epithelial dysfunction of the bronchi [3]. In this study,
we observed an increase in IL-4 and IFNy levels in
patients with CAHR compared to those who did
not respond to cold air provocation (Table 2). [FNy
activity is linked to the weakening of the atopic
phenotype of BA [6, 9] due to significant antagonistic
role of the IFNyY/STATI] signaling pathway
(T-bet pathway) against GATA-3 expression,
which suppresses Thl development and activates
Th2 proliferation [8-10]. IL-4 induces GATA-
3 expression via the STAT6-dependent pathway,
which suppresses Thl-specific transcription factors
and stimulates Th2 cytokine synthesis, resulting in
Th2-associated eosinophilic inflammation, epithelial
destruction, secretory hyperplasia, and ciliary
dysfunction, accompanying hyperresponsiveness and
airway remodeling in BA [2,11,15].

A well-studied effect of Th2 cytokines, induced
by IL-4, on the bronchial epithelium in BA is
mucus hypersecretion [3, 15]. Increased expression
and secretion of mucins MUCSAC, produced by
goblet cells, and MUCS5B, synthesized by glandular
epithelium, intensifies as the disease progresses. This
is accompanied by impaired tissue fluid circulation in
the bronchi, dehydration of the mucin gel, increased
viscosity due to elevated chondroitin sulfate levels,
and decreased hyaluronic acid and heparin content
in mucins, resulting in firmer adhesion of the gel to
the epithelial surface. It has been shown that cold
air induces MUCSAC hypersecretion by bronchial
epithelium through TRPMS ion channels [16].

In our previous studies, we demonstrated
that BA patients with CAHR have an elevated
baseline concentration of glycoproteins and
glycosaminoglycans (GAGs) in the bronchial
lining. After the IHCA test, simultaneously with
the increase in the number of goblet cells and the
generation of mucopolysaccharides, disorganization
and desquamation of the epithelium, destruction
and cytolysis of mucocytes intensify. [17]. During
prolonged exposure to cold air in vitro, pronounced
destructive changes were observed in ciliated
epithelial cells, with positive staining for mucins
and an abundance of mucus secretions containing
high amounts of GAGs and microorganisms on the
surface of the epithelial layer [17, 18].

It is suggested that mucous ciliated cells represent
a molecular phenotype unique to the respiratory
tracts of BA patients, wherein ciliated epithelial cells
can express MUCSAC and other goblet cell-specific
genes. These metaplastic cells, whose formation is
induced by IL-4/IL-13 signaling, express IL-4/IL-13-
induced genes and are considered transitional from
the ciliated epithelium phenotype to the secretory cell
phenotype [2]. In BA, IL-4/IL-13 signaling is linked
to the stimulation of the Notch signaling pathway
and high levels of Notch signaling, which lead to the
activation of differentiation and an increase in the
number of goblet cells that produce mucus [15].

Among our patients with CAHR, varying degrees
of destructive changes were observed in epithelial
cells synthesizing and secreting glycoproteins: from
mild, with partial (no more than 1/2) cytoplasmic
destruction and preservation of normal nuclear
structure, to complete destruction with disintegration
of the cytoplasm and nucleus (Fig. 1). In cases
where fully destroyed cells containing mucins were
found in the induced sputum smears (Fig. 1), it was
difficult or impossible to differentiate them as goblet
cells or ciliated epithelial cells that had undergone
secretory metaplasia. The presence of goblet cell
clusters containing large amounts of mucoproteins
in abundant, viscous mucus (Fig. 2) in patients from
group 1 indicated the development of pronounced
mucociliary dysfunction, which exacerbated airway
remodeling and obstruction and was associated with
increased IL-4 levels in the cytokine profiles of these
patients.

Epithelial desquamation in BA patients with
CAHR was more intense compared to patients
without cold-induced bronchoconstriction: a greater
number of desquamated epithelial cells were found
in the induced sputum of group 1 patients (Table 3),
indicating increased damage to intercellular junctions
and heightened epithelial barrier permeability in
the bronchi in CAHR. Intercellular junctions in
the bronchial epithelium include tight junctions
(TJs), located at the apical surface, which contain
proteins, such as claudins, occludins, and junctional
adhesion molecules (JAMs), forming a multi-protein
complex known as the zonula occludens (ZO);
adherens junctions (AJs), which contain cadherins
and catenins; desmosomes, connecting intermediate
filaments of adjacent cells; and hemidesmosomes,
anchoring basal cells and other epithelial cells to the
basement membrane [6, 15].
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The loss of several proteins from intercellular
TJs and Als is considered a key feature of airway
hyperreactivity and remodeling in BA [2, 6].
Deficiency of E-cadherin, as the main membrane
protein of Als, is associated with desquamation of
ciliated cells, exposure of the basement membrane,
induction ofproliferation of club cells, and suppression
of their differentiation, leading to impaired epithelial
repair and the development of proinflammatory and
non-regenerative reactions in the airways [2].

It has been shown that IL-4 and IL-13 play a
central role in inhibiting the surface expression of
Z0-1, occludin, a-catenin, $-catenin, and E-cadherin
in bronchial epithelial cells, with decreased levels
of E-cadherin in sputum correlating with BA
severity [6]. Clinical findings regarding role of
IL-4 in disruption of the epithelial barrier in the
airways align with in vitro studies, which show that
the cytokine inhibits the expression of membrane
components of AlJs: when acting on the apical
and basolateral monolayers of cultured epithelial
cells, IL-4 increases paracellular permeability and
decreases transepithelial resistance [19].

Higher IL-4 concentrations detected in group
1 patients compared to group 2 suggest that 1L.-4
is a triggering factor for barrier dysfunction and
bronchial remodeling in patients with CAHR,
associated with Th2-type allergic inflammation.
In addition, the bronchial response to cold stimuli
is linked to Thl immune response, and the role
of IFNy in the development and exacerbation of
bronchial remodeling and its connection to the
neutrophil count, which was higher in the induced
sputum of CAHR patients, should not be overlooked
(Table 3).

IFNy marks the Thl immune response in non-
allergic BA phenotypes, which is associated
with chronic inflammation persistence, increased
neutrophil survival, and activation of the neutrophil
inflammatory component, while reducing atopic
activity, a factor that contributes to the development
of glucocorticoid resistance [20]. Neutrophil pool
mobilization in CAHR patients was associated
with induction of proinflammatory cytokines and
chemokines that recruit neutrophils to the bronchial
infiltrate. Neutrophil infiltration stimulated the
persistence of chronic inflammation, culminating
in diffuse interstitial sclerosis, leading to structural
modification of the bronchi and progression of airway
obstruction and remodeling.

IFNyinvolvementinbronchialepithelialdestruction
was also linked to the impact of proinflammatory
cytokines expressed under its influence, along with
oxidative damage caused by reactive oxygen species
(ROS) and other toxic metabolites. A critical factor
in free-radical epithelial damage is the activation of
the respiratory burst in macrophages, stimulated by
IFNy through the induction of cytosolic components
of NADPH oxidase [8, 10, 21, 22], associated with
IFNy-regulated phagocyte differentiation. When
IFNy interacts with its receptor on macrophages,
the T-bet signaling pathway is activated, which
induces STAT] target genes [22, 23] and polarizes
lung interstitial macrophages, which interact with
neutrophils in the Th1/Th17 cytokine cascade, into
the classic M1 inflammatory phenotype [23, 24].

A possible reason for the lower median
macrophage values in the sputum of CAHR patients
(Table 3) may have been cytolysis resulting from the
intensification of the respiratory burst induced by
IFNy. The escalation of proinflammatory and pro-
oxidant functions of IFNy in these patients indicates
a shift in the balance of Th2 cytokine activation,
regulated by IL-4, towards the Th1 immune response,
which, alongside Th2 immune responses, contributes
to airway remodeling in BA patients with CAHR.

CONCLUSION

Patients with BA and CAHR exhibit higher levels
of IL-4, associated with increased desquamation,
destruction, and marked secretory activity of bronchial
epithelial cells, and IFNy, linked to neutrophil
pool mobilization and an increase in neutrophil
counts in the inflammatory pattern of the bronchi.
Desquamation, destruction, goblet cell hyperplasia
and metaplasia, and mucus hypersecretion in the
bronchial epithelium, stimulated by IL-4 activation
and exacerbating mucociliary and barrier dysfunction,
contribute to more pronounced airway obstruction in
BA patients with CAHR.

The escalation of the proinflammatory and pro-
oxidant functions of IFNy in BA patients with
CAHR indicates a shift from IL-4-regulated Th2
cytokine activation, traditionally responsible for
structural reorganization of the bronchial walls in BA,
toward a Thl immune response, which stimulates
bronchial remodeling in CAHR.
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The influence of the criterion of abnormal DLco value on the prediction
of impaired lung diffusion capacity after SARS-CoV-2 infection
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ABSTRACT

Aim. To predict impaired lung diffusion capacity after SARS-CoV-2 infection depending on the criteria of
pathological deviation of DLco value (carbon monoxide transfer factor).

Materials and methods The retrospective study included 341 patients (median age was 48 years, 76.8% of the
participants were men) after SARS-CoV-2-associated lung injury. The median volume of lung injury during the
acute phase of COVID-19 was 50%. All patients underwent a diffusion test. Descriptive statistics, logistic regression
analysis were applied, taking into account the previously obtained model for prognosis of abnormal DLco (<80% of
the predicted value (%pred.)) [11]. In the present study on the same sample of patients, the prognosis of abnormal
DLco was studied depending on the criterion 1: DLco < 80%pred. or criterion 2: DLco < predicted — 1.645SD
(SD - standard deviation). ROC analysis was used to assess the quality of the binary classifier models.

Results. The coefficients of the logistic regression equations were obtained on the training sample with regard to
the chosen criterion of pathological deviation of DLco. The ROC analysis procedure showed that, when applying
criterion 1, area under curve (AUC) was 0.776, p < 0.001 (0.707-0.824 95% confidence interval (CI)), sensitivity
and specificity of the training model were 81 and 66%, respectively. When applying criterion 2, AUC was 0.759,
p<0.001(0.701-0.817 95% CI), sensitivity and specificity of the training model were 83.4 and 59%, respectively.

Conclusion. The criterion for determining the lower limit of normal DLco (LLN, ) does not significantly affect
the quality of the model for impaired lung diffusion capacity prognosis after SARS-CoV-2-associated lung injury.
It is advisable to give preference to a method that is easier to apply in practice.

Keywords: criteria for abnormal DLco, binary classifier model, SARS-CoV-2 infection
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BnnaHmne Kputepuna naTtonornyecKoro oTkiioHeHus nokasarens DLco
Ha NPOrHo3npoBaHne HapyweHua aAndpPy3noHHON CNOCOBHOCTU Nerknx
nocne nepeHeceHHon nHpexkuymm SARS-CoV-2

CasywkunHa O.U."?, MypasbeBa E.C.3, laBbigos [.B.', Kpiokos E.B.*

! Tnaenviit soennviil kaunuueckutl 2ocnumane (I'BKT) um. akao. H.H. Bypoenxo
Poccus, 105229, 2. Mockea, I ocnumanvuas ni., 3

? Hayuno-uccreoosamenscruii uncmumym (HHUH) nynomononozuu
Poccus, 115682, 2. Mockesa, Opexosviti Oynveap, 28

3 Poccutickutl HayuoHanbHblil uccie0osamenvckul meouyunckuil ynusepcumem (PHUMY) um. H.U. TTupozosa
Poccus, 117997, e. Mockea, yn. Ocmposumsanosa, 1

* Boenno-meouyunckas axademus (BMeoA) um. C.M. Kuposa
Poccus, 194044, 2. Canxm-Ilemepbype, yn. Akademuxa Jlebeoesa, 6

PE3IOME

Henw. [IporHozupoBanue HapyiieHus T} Y3MOHHOH CIOCOOHOCTH JIETKHMX MOCIE MEPeHECEHHONW HH(EKINH
SARS-CoV-2 B 3aBUCUMOCTH OT BEIOPaHHOTO KPUTEPUS MATOJIOTHYECKOr0 OTKIIOHeHHs noka3aTernst DLco (TpaHc-
(dep-dakTopa MOHOOKCHIA YTIIEPOAA).

Marepuajbl 1 MeToIbI. B peTpocriekTHBHOE HccieqoBaHue BKIOUeH 341 mamueHT (MequaHa Bo3pacTa 48 e,
76,8% myxurH) niociie nepeaeceHHoro SARS-CoV-2-acconupoBaHHOTO MOpaKeHHs JerkuX. Meauana oobemMa
MOpa)keHMs! JIETOYHOM TKaHH B OCTPHII mepuox 3aboieBanns cocrasmia 50%. Becem manmenTam ObUT BEITIONHEH
1 dy3nonnsnii Tect. AHamM3 DLco mpoBezieH ¢ TOMONIBI0 ONUCATETBHON CTATUCTUKY M JIOTHCTHYECKOTO perpec-
CHOHHOTI'0O aHaJIM3a C y4eTOM IOJIy4YeHHOH paHee MOJEIH NPOorHo3uposanus cHwkeHus DLco [11], B koTopoii 3a
HIDKHIOIO TpaHuIly HopMbI DLco Guto puHATO uKcupoBanHoe 3HaYeHHe 80% OT T0KHOTO 3HaYeHUS (Yo I0IDK. ).
B HacrosmeM uccire1oBaHuN Ha TOH ke BEIOOPKE IAIlMeHTOB POBEICH CPAaBHUTEIBHBII aHaIN3 Ka4ecTBa MOJIeeH
MIPOTHO3UPOBAHMS CHIDKeHHsT DLco B 3aBHCHMOCTH OT KPHTEPHEB €T0 MAaTOJI0TNIECKOT0 OTKIOHEHHUS (KpUTepHi 1:
DLco < 80%gomx.; kpurepuit 2: DLco < gomxzoe — 1,6455SD, SD — crannapTHOe KBaJpaTUYHOE OTKIOHEHUE OT
cpenHero). [l olleHKH KadecTBa MoJieniel OMHapHOTo KitaccugukaTopa ncroib3oBaics ROC-anamms.

PesyabTathl. Ha o0y4atonieii BHIOOpKe MOMydeHBI KOAQPHUIUESHTH YPaBHEHUI JIOTUCTUIECKON PErPecCHH ¢ yue-
TOM BBIOPaHHBIX KpUTEPHEB maTonoruueckoro otkiaoHenuss DLco. [Iponenypa ROC-ananu3a mokasana, 4To npu
npuMmeHeHnn kputepus 1 3Hauerne AUC (mmomans mof kpuBoif) coctasuio 0,776; p < 0,001 (95%-i noBepurens-
ubIit naTepsan (AW) 0,707-0,824), ayBCTBUTENBHOCTS U CHENU(HUIHOCTS 00ydaromeil mogemu — 81 n 66% coot-
BETCTBEHHO, ITpU npruMeHeHnH kpurepus 2 3Havenne AUC cocrasuio 0,759; p < 0,001 (95%-it AN 0,701-0,817),
qyBCTBHTENIBHOCTH U cHelu(uaHOCTs 00y4atomei Moaenu — 83,4 u 59% COOTBETCTBEHHO.

3akmiouenne. BoiGop KpHTEpHs OIpeelIeH s HIDKHEl rpaHuisl Hopmsl mokasarens DICO He okassiBaer cy-
[IECTBCHHOTO BIMSHUS Ha KAUECTBO MOJICITH ITPOTHO3UPOBAHNUS HAPYIICHUS TUPPY3UOHHON CITOCOOHOCTH JIETKUX
nociie nepeHeceHHOro SARS-CoV-2-accounupoBanHoro nopaxxeHus Jierkux. LlenecooOpasHo oTaaBath npearno-
YTEHHE METOY, KOTOPBIH MpPOIle MPUMEHSITh Ha IPAKTHKE.

KiroueBble ciioBa: KpUTEPUH MATOIOTHIECKOro OTKIoOHeHHss DLco, Moens OunapHoro kinaccudukaropa, HHpeK-
musa SARS-CoV-2

KOHq)JIPlKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/ICﬁ HaCTOHU.Ieﬁ CTaTbHu.

Hcrounuk (bﬂHaHCPlpOBaHl/lﬂ. HccnenoBanne BBIIIOJIHEHO 0e3 ydacTusd CliIOHCOPOB.

CooTBeTcTBHE NMPHHIMIIAM 3THKH. Bce marueHTsl noamucany 100poBoJIbHOE MHOOPMHUPOBAHHOE COTJIAcHE
Ha ydacTue B uccienoBaHud. MccnemoBanue omoOpeHo He3aBUCHUMBIM dTHYecKUM KomuTeToM PI'BY «I'BKIT
um. H.H. Bypneaxo» Muno6opons! P® (mpotokon Ne 254 ot 20.04.2022).
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Jns untupoBanus: Casymxkunaa O.U., Mypassea E.C., JlaBeinos /1.B., Kprokos E.B. Bausaue kpurepus mato-
JIOTMYECKOT0 OTKJIOHEHH 1oka3aTtens DLco Ha mporHo3upoBanue HapymeHust AuQQy3HoHHOIT CTIOCOOHOCTH JIeT-
KuX ociie nepereceHHor nHpexmu SARS-CoV-2. bronremens cubupcroil meouyunst. 2025;24(1):69-76. https://

doi.org/10.20538/1682-0363-2025-1-69-76.

INTRODUCTION

Pulmonary function tests (PFTs) reflect the
physiological properties of the lungs and are used
to diagnose lung diseases, determine the cause of
shortness of breath, monitor disease progression
and response to treatment. The key aspect of
interpreting PFT results that are accurate from a
technical perspective is the classification of observed
values — understanding whether they are within the
normal range in relation to the healthy population.
It was previously found that values of lung function
parameters depend on the patient’s age, height, and
gender [1]. Currently, it is also considered important
to take into account the patient’s race [2, 3]. Taking
all these factors into consideration, reference equations
were created to calculate the predicted values of lung
function parameters in a particular patient. Thus, the
evaluation criterion for lung function parameters is to
compare the actual obtained value with the predicted
value.

Additionally, in a population of healthy subjects,
there is a range of normal values, the lower limit of
which is defined either as a fixed value equal to 80%
of predicted (80%pred.) [2, 4] or as the difference
between the predicted value and 1.654 SD (SD —
standard deviation) [3, 5]. Initially, it was decided
to determine the range of normal values of the lung
function parameters within the 95% confidence
interval (CI). However, A.O. Navakatikyan [6] took
into account the unidirectionality of pathological
changesinlung function parameters and recommended
using a one-sided criterion for assessing the limits of
the norm. Thus, values that deviate from the limits
of the norm by more than 1.645 SD were proposed
to be considered pathology. This concept was later
adopted by other Russian scientists [1].

Regarding the recent COVID-19 pandemic
(COronaVlrus Disease 2019 — coronavirus infection
2019) caused by the SARS-CoV-2 virus (Severe
Acute Respiratory Syndrome-related COronaVirus
2), assessing lung function in patients with SARS-

CoV-2-associated lung injury plays an important role
in creating individual medical rehabilitation programs
for patients after hospital discharge. Additionally,
restoring lung function parameters to normal is one
of the criteria for recovery.

Impaired lung diffusion capacity is the most
common and long-lasting defect in lung function
associated with SARS-CoV-2-related lung injury,
as shown in various studies [7-9]. The criterion for
impaired lung diffusion capacity is a decreased DLco
(carbon monoxide transfer factor) [10].

In a previous study, a multifactorial logistic
regression analysis was used to determine a decision
rule for predicting decreased DLco using a fixed value
of the lower limit of normal equal to 80%pred. [11].
However, no convincing evidence of the advantage
of any proposed criteria for assessing pathological
changes of DLco has been found in the available
literature.

The aim of this study is to compare models for
predicting impaired lung diffusion capacity after
SARS-CoV-2-associated lung injury depending on
the selected criterion for pathological changes of
DLco.

MATERIALS AND METHODS

A retrospective study was conducted on
341 patients after COVID-19 with virus-associated
lung injury. The maximum volume of lung tissue
damage in the acute phase of COVID-19 according
to high-resolution computed tomography of
the chest (CT_ ) and DLco were analyzed. The
median age of the patients was 48 (41.5-57) years,
76.8% (262/341) were men. The median CT__was
50 (31-75)%.

A diffusion test (evaluation of DLco) was
conducted according to international standards [12].

Hauath ¢ It is worth noting that (221/341) of
patients — underwent diffusion test within 90 days,
23.5% (80/341) of patients between 90 and180 days,
and 11.7% (40/341) of patients — within more than
180 days from the onset of COVID-19.
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Pathological deviation of DLco (the lower limit of
the normal — LLN) was assessed using the following
criteria:

Criterion I: LLN .
of LLN) [2, 4];

Criterion 2: LLN ., = predicted — 1.645 SD
(SD — standard deviation) (the individual value of
LLN) [3, 5].

The predicted value of DLco was determined
according to the European Community of Coal and
Steel prediction equations (ECCS, 1993) [5].

Statistical analysis was performed via SPSS 21
and MS Excel 2016 programs. The results were
analyzed using descriptive statistics and multivariate
logistic regression analysis.

Quantitative data with a skewed distribution
were described using the median and interquartile
range Me (Q —Q,), where Q, is the lower quartile
and @, is the upper quartile. To compare three
independent samples, the Kruskal — Wallis
test and Mann — Whitney test with Bonferroni
correction were used. Differences were considered
statistically significant at p < 0.05, where p is the
significance level.

In the previous study [11], multivariate logistic
regression analysis was used to create a binary
classifier model to predict abnormal DLco.

The decision rule for predicting abnormal
DLco was built on a training sample. For this
purpose, via a random number generator, the
total sample was divided into a training and a test
(validation) sample in a 3:1 ratio. The coefficients
ofthe logistic regression equation Z were obtained
on the training sample.

Z is the regression equation, which has the
following form:

= 80%pred. (the fixed value

Z=o,toxt...tax,
where o, o, ... — are model parameters
(coefficients), and X .... X — are predictors.
P — represents the probability of abnormal
o1
DLco, where © 1 +e*

Logistic regression predicted a decrease in
DLco when the Z value was greater than or equal
to 0, while DLco was in the normal range if Z <0.

Using the above algorithm, a decision rule was
found to predict decreased DLco after SARS-
CoV-2-associated lung injury in patients without
underlying lung diseases . The logistic regression
equation included a single predictor of CT__ [11]:

Z= ot 0 XX, (1)
where Z is the regression equation, o, o, — are
model parameters (coefficients), and x, — is the
predictor of CT_ .

The decision rule described by equation (1)
was used in this study to compare the results
of the binary classifier model depending on the
selected LLN criterion of DLco.

To assess the quality of the binary classifier
model and find the optimal cut-off value for dividing
objects into classes, a ROC analysis was performed.
The criterion for choosing the cut-off value was the
requirement of the maximum sum of sensitivity
and specificity. The ability of the created model to
recognize the presence or absence of abnormal DLco
was assessed by the value of AUC (area under the
curve) and the difference between the ROC curve and
the diagonal reference line.

RESULTS
The analysis of the Dlco parameter in the study
sample is presented in Table 1.

Table 1

DLco parameter at different time intervals (days) from the COVID-19 onset, complicated by virus-associated lung injury,
in patients without underlying lung diseases, Me (Q,-0,)

Parameter

Total sample
n =341

Sample 1
<90 days
(n=221; 64.8%)

Sample 2
90-180 days
(n=280;23.5%)

Sample 3
>180 days
(n=40; 11.7%)

p-value:
pmm/plfz/pl,g/ng

DLco, Y%pred.

75 (61.7-88.3)

72 (54-84)

81 (67-93.5)

83 (75-95.5)

<0.001'/<0.001%/
<0.001%/0.45*

Note. The data are presented as median (lower quartile — upper quartile). p,_  — significance level between samples 1-3, p, , — significance level
between samples 1 and 2, p, , —significance level between samples 2 and 3, p, , — significance level between samples 1 and 3. 1 — Kruskal — Wallis
test, 2 — Mann — Whitney test with Bonferroni correction for multiple comparisons.
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Table 1 demonstrates that the median DLco in the
total sample was decreased. Depending on the time
interval between the onset of COVID-19 and the
diffusion test, the median DLco tended to increase.
Pairwise comparison revealed statistically significant
differences between samples 1 and 2, as well as
between samples 1 and 3. However, no statistically
significant differences in DLco medians were found
between samples 2 and 3.

To compare criteria 1 and 2 for determining
pathological deviation of DLco, the total sample on
which the decision rule was obtained in the previous
study [11] was re-divided via a random number
generator into a training (z = 262) sample and a
validation (n = 79) sample. Further research was
conducted in two stages.

Stage 1. Building a binary classifier model if
LLN,, = 80%pred.

Using equation (1), the coefficients of the logistic
regression equation were obtained from the training
sample:

Z=-1.793 + 0.044xx, 2)

The classification results are presented in Table 2.

Table 2

Classification results of DLco in the training sample
(CT,,.is the predictor)

0,
DL, > 80%pred. DL, < 80% Classified
Parameter Eoredicted) pred. correctly, %
p (predicted) Y, 70
0,
Dleo= 80%pred. 66 37 64.1
0,
nDLCO< 80%pred., 27 132 83.0
Overall 75.6
Table 2 demonstrates that the sensitivity,

specificity, and accuracy for the training sample using
equation 1 were 83, 64.1, and 75.6%, respectively,
respectively.

The quality of the model described by equation 2
was verified using the ROC analysis procedure. The
ROC curve for the training sample is presented in
Fig. 1.

Predicting decreased DLco (<80%pred.), the AUC
value was 0.776, p < 0.001 (95% CI 0.707-0.824),
with sensitivity and specificity (at a cut—off point of
0.165) being 81 and 66%, respectively. Testing the
binary classifier model obtained at this stage from a
validation sample yielded sensitivity and specificity
of 76.6 and 78%, respectively.

ROC curve
1.0 —.

0.8 A

o
o
Nl
1

Sensitivity

o
~
L

024/

0.0 T T
0.0 0.2 0.4 0.6 0.8 1.0

1 — Specificity

Diagonal segments are produced by ties

Fig. 1 — the ROC curve of the training sample (CT__ is the
predictor) to predict abnormal DLco (< 80%pred.), AUC 0.776
(95% CI1 0.707-0.824, p < 0.001). The cut—off point was 0.165

Stage 2. Building a binary classifier model if
LLN,, = predicted — 1.645 SD.

Similar to stage I, the coefficients of the logistic
regression equation were obtained on the training
sample using equation (1):

=-1.997 + 0.043xx, 3)

The classification results are presented in Table 3.

Table 3

Classification results of DLco in the training sample
(CT_, is the predictor)

Parameter DL,> .LLN, n | DL, < VLLN, n | Classified
(predicted) (predicted) correctly, %
DL ,>LLN, n 73 44 62.4
DL, <LLN, n 34 111 76.6
Overall 70.2

Note. LLN is lower limit of normal, equal to predicted — 1.645SD,
SD — standard deviation.

Table 3 demonstrates that the sensitivity,
specificity, and accuracy for the training sample
using equation 1 were 76.6, 62.4, and 70.2%,
respectively.

The quality of the model described by equation 3
was verified using the ROC analysis procedure. The
ROC curve for the training sample is presented in
Fig. 2.
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Fig. 2. The ROC curve of the training sample (CT__ is the

predictor) to predict an abnormal DLco (< predicted —

1.645SD), AUC 0.759 (95% CI 0.701-0.817, p < 0.001). The
cut—off point was —0.191

Predicting decreased DLco (<predicted —
1.645SD), the AUC value was 0.759, p < 0.001
(95% CI 0.701-0.817), with sensitivity and
specificity (at a cut—off point of —0.191) being
83.4 and 59%, respectively. Testing the binary
classifier model obtained at this stage from
a validation sample yielded sensitivity and
specificity of 76.2 and 67.6%, respectively.

According to the literature, abnormal lung
function can be found in >50% of patients
during the follow-up after COVID-19-related
hospitalization. Lung diffusion capacity is the
most common COVID-19-related complication
[13]. M. Bellan et al. revealed that DLco was
decreased (<80%pred.) in 51.6% (113/219) of
patients and was less than 60%pred. in 15.5%
(34/219) of patients after severe COVID-19 [14].

The present study also demonstrated a decrease
in DLco within up to 90 days after the onset of
COVID-19 and a gradual improvement of lung
diffusion capacity as the period of time from the
disease onset increases, which is consistent with
data obtained in other patient populations [15,
16]. The issue of the lung function parameters

dynamics remains important to this day and is
being studied both in cases of mild/moderate and
severe/extremely severe COVID-19 [17, 18].

In many studies devoted to the lung function
after a SARS-CoV-2 infection, LLN of DLco
80%pred. was applied [19-21]. At the same
time, in 2022, the American Thoracic Society
and European Respiratory Society recommended
using the 5th percentile or 1.645SD from the
predicted value (Z-score =—1.645) as LLN for all
lung function parameters [3]. This is not a new
idea, as it was proposed and supported by Russian
researchers in the 1960-1980s [1, 6]. However,
the lack of appropriate software at that time did
not allow this approach to be widely used in
clinical practice. In turn, the approach proposed
by the American Thoracic Society to use a fixed
value of 80%pred. as LLN of the lung function
parameters [2] was easy to use and proved itself
well in clinical practice.

It should be noted that in a few studies
dedicated to the study of the lung function after
COVID-19, Z-score = —1.96 was taken as LLN
of the lung function parameters [22]. At the same
time, no justification was found in the literature
for the advantage of any of the proposed criteria
for LLN DLco and its effect on the accuracy of
diagnosing impaired lung diffusion capacity.

In the present study, via a binary classifier
model that includes a single predictor (CTmax),
the effect of the pathological DLco deviation
criterion on the prediction of lung diffusion
capacity was analyzed in an examined group of
patients. The study was conducted on a sample
of patients without underlying lung diseases
who had suffered SARS-CoV-2-associated lung
injury. There are no similar studies found in the
literature.

In the present study, the analysis of the
classification results of the obtained models
did not demonstrate significant differences in
predicting impaired lung diffusion capacity
depending on the criterion for LLN of DLco.
Thus, the accuracy of the obtained models was
75.6 and 70.2% for criterion 1 (LLN, = 80%
pred.) and criterion 2 (LLN_, ~ = predicted
—1.645SD), respectively. The ROC analysis on a
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training sample demonstrated that the sensitivity
of the model was slightly higher when using
criterion 2 in comparison with criterion 1 (83.4
and 81%, respectively).

However, the specificity was higher when
using criterion 1 in comparison with criterion
2 (66 and 59%, respectively). In the validation
sample, the sensitivity of the models was almost
the same (76.6 and 76.2% for criterion 1 and 2,
respectively), while the specificity was higher
when using criterion 1 (78 and 67.6% for criterion
1 and 2, respectively).

The limitations of this study include the
insufficient number of enrolled patients in the
period from 6 months to 1 year from COVID-19
onset. Additionally, the ECCS 1993 reference
value system was used to determine the predicted
value of DLco, while the GLI (Global Lung
Function Initiative) system is being widely
introduced into clinical practice [3]. However,
the effectiveness of the GLI system in clinical
practice, its consistency with the ECCS 1993
system, as well as the correspondence of DLco,
the predicted value of which is calculated using
the GLI system, clinical and X-ray data, has not
yet been studied in Russia.

CONCLUSION

For patients without underlying lung diseases,
it was shown that the choice of the criterion for
assessing LLN of DLco does not significantly
affect the sensitivity of the prediction model of
DLco decrease after suffering SARS-CoV-2-
associated lung injury. However, the specificity
of the prediction model was higher when using
a fixed value of LLN of DLco (LLN, = 80%
pred.). In this regard, the authors do not see
the advantages of determining LLN of DLco
according to any of the criteria considered. In
such cases, it is advisable to give preference to a
method that is easier to apply in practice.
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ABSTRACT

Aim. To determine how genetic factors of innate immunity influence the risk of development and features of the
course of COPD.

Materials and methods. The study included 103 patients diagnosed with chronic obstructive pulmonary disease
and 47 apparently healthy people without any chronic bronchopulmonary pathologies. The expression level of TLR
genes and alleles of rs5743551 (TLR1), rs5743708 (TLR2), 1s3804100 (TLR?2), rs3806790 (TLR4), rs5743810 (TLRG),
rs3804880 (TLRS) single nucleotide polymorphisms were analyzed via real-time polymerase chain reaction (PCR).

Results. Several trends were observed: an increase in the proportion of GG homozygotes in the rs5743810 (TLR6)
locus in patients with severe COPD and a negative correlation between 7LR2 and TLR6 gene expression level and
oxygen saturation in blood, dyspnea and COPD severity.

Conclusion. No statistically significant association with rs5743551 (TLR1I), rs5743708 (TLR2),1s3804100 (7LR2),
154986790 (TLR4), 15743810 (TLR6), 1s3764880 (TLRS) single nucleotide polymorphisms was found. The
observed trend toward an increase in TLR gene expression may be associated with the remodeling of lung tissues
and activation of the immune response that occur during COPD.
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OOGCTPYKTUBHOM 60NE3HN Nerknx

Canamankuna C.A."? KopuaruH B..', MupoHos K.O.', KapHaywkunva M.A.?

I Henmpanvnwlii Hayuno-uccreoosamenvcekuil uncmumym (HHH) snudemuonozuu

Poccus, 111123, 2. Mockea, yn. Hogoeupeesckas, 3a

2 Mockoeckuil pusuxo-mexnuyeckuti uncmumym (MOTH)
Poccus, 141701, 2. Jloneonpyonuiii, Hucmumymckuii nep., 9

3 Poccutickuil ynusepcumem opyoicowl Hapooos (PYIIH) um. [lampuca Jlymymbol

Poccus, 117198, 2. Mockea, yn. Mukayxo-Maxknas, 6

PE3IOME

Ienn: onpeneneHue BKiiaa reHETHIECKUX (PaKTOPOB BPOXKASHHOIO MMMYHHTETA B PUCK Pa3BUTHS U OCOOCHHOCTH
TEUSHHUS] XPOHUIECKOH 00CTpyKTUBHOM O0se3nu jerkux (XOBJI).

Marepuajnl u MeToabl. B nccinenosanue Bruntouens! 103 manueHTa ¢ JUarHO30M «XpPOHHYECKAsk 00CTPYKTHBHAS
60J1e3Hb JIETKUX» U 47 YCIIOBHO 3/J0POBEIX YeJIOBEK 0e3 XpOHMUECKOH OpOHXO0IerouHoi matonoruu. OnpeneneH
YPOBEHb SKCIPECCHU TeHOB TLR W ajienn OXHOHYKICOTHIHBIX ToIuMopdu3MoB 1s5743551 (TLRI), rs5743708
(TLR2), 13804100 (TLR2), rs3806790 (TLR4), rs5743810 (TLR6), rs3804880 (TLRS) meTomoM MoIMMepa3sHOH

[IETTHON PpCaKlu B pEKUME p€AJIbHOTO BpEMEHU.

Pe3yabTaThl. BrisiBieHa TeHACHIHA K yBenndeHHIO 1o roMo3uroT GG B nokyce 1s5743810 (7LR6) y mamueH-
TOB ¢ TsoxenbM TeueHrneM XOBJI u oOpatHas koppensanus ypoBHs skcripeccur reHoB 7LR2 u TLR6 ¢ catypanmeit
KHUCJIOpOJia B KPOBHU, BHIPAXKEHHOCTBIO OZIBIIIKH M TSKECTHIO TeUCHHs 3a00JICBaHHs.

3akaouenne. J{1s OqHOHYKICOTHIAHBIX mnonumopdusmoB rsS743551 (TLRI), 1s5743708 (TLR2), rs3804100
(TLR2), rs4986790 (TLR4), rs5743810 (TLR6), 133764880 (TLRS) He 00HAPY>KEHO CTATUCTUUECKH 3HAYMMOMN acco-
muanyi. HabmroqaeMple TeHEHINY MOBBIIEHHS YPOBHS 3KCIPECCUH T'eHOB 7LR MOTYT OBITh CBSI3aHBI C BO3HUKA-
fomnM B niporiecce TeueHuss XOBJI pemonenpoBanrem nerouyHbIX TKaHEeH 1 aKTHBAIMEH yTH IMMYHHOTO OTBETA.

Kirouessie cioBa: XOBJI, TLR, oqHOHYKICOTHAHBIE TOIUMOP(PHU3MBL, IKCIIPECCHS TEHOB

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,

CBA3aHHBIX C Hy6J'II/IKaIII/IeI71 HaCTOHH.ICﬁ CTaTbHU.

Hcrounuk ¢unancupoanus. lccrenoBanme BHMONHAIOCH B pamkax Tembl HWOKP rocymapctBeH-
HOro 3amaHus «lI3ydeHne TeHETHUECKOW TPepacloNOKEHHOCTH K MyJbTH(HAKTOPHBIM 3a00JICBAHHSIMY

(Ne AAAA-A21-121011890130-7).

CooTBeTCTBHE NPHMHIUIAM 3THKH. Bce manyeHTs! noanucant MHGPOPMUPOBAHHOE COIJIaCHE HAa ydacTHE B HC-
cnenoBanuu. VccnenoBanue oqoopeHo sTudeckuM komureroM MenuuuHckoro uaerutyta ®I'AOY BO «Poccuii-
CKUI YHUBEPCUTET ApY>KObI HapoaoB» (mpoTtokoa Ne 30 ot 17.06.2021).

Jas uutupoBanus: Canamaiikuaa C.A., Kopuarun B.U., Muponos K.O., Kapraymkuna M.A. Acconnanus no-
muMopdusma u ypoBHs sKcripeccuu reHoB Toll-mo1o0HEIX PErenToOpoB ¢ PUCKOM Pa3BUTHA U TSHKECTHIO TCUCHUS
XPOHUYECKOU 0OCTPYKTHBHOW 00JIE3HU JIETKUX. brorremens cubupckoti meouyunwvt. 2025;24(1):77-85. https://doi.

org/10.20538/1682-0363-2025-1-77-85.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
heterogeneous lung disease characterized by progressive
airflow limitation due to the development of obliterative
bronchiolitis, chronic bronchitis, emphysema, and lung
tissue remodeling in response to inhaled particles and

gasses [1]. These processes have a progressive course
associated with the development of inflammation.
COPD exacerbations lead to a progressive decrease
in lung capacity, increasing respiratory insufficiency,
disease progression and are one of the most frequent
reasons for patients to seek emergency medical care,
which is associated with significant economic costs [1].
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Smoking is a major risk factor for COPD, although
not all smokers develop clinically significant lung tissue
damage, which indicates that apart from pollutants there
are also other factors (including genetics) that influence
the development of COPD. According to the literature,
Toll-like receptors (TLRs) mediate many cellular
immunity responses, including the cytokine response [2].
Activation of these receptors occurs due to the binding
of pathogen molecular structures (pathogen-associated
molecular patterns, PAMPs) and tissue damage products
(damage-associated molecular patterns, DAMPs). Innate
immunity activation caused by chronic inflammatory
respiratory diseases could be associated with the immune
system gene polymorphisms. Specifically, with single
nucleotide polymorphisms (SNPs) in TLR genes.

TLRs are mediators of smoking-induced inflam-
mation. Smokers have an increased TLR2 expression in
monocyte cells [3]. Increased expression levels of TLR4
and TLRY are associated with inflammatory processes
of the lower airway tissues in patients with COPD [4].
Cigarette smoke-induced oxidative stress and DAMP-
induced inflammation are important mechanisms of the
immune response[5].

Organic dust-stimulated IL-6 production may be
associated with one or more synonymous SNP variants
inthe TLR1 gene [6]. rs1898830 (TLR2) and rs11938228
(TLR2) are associated with accelerated FEV-1 decline
and higher inflammatory cell counts in sputum [7].
A population-based study reported an association
between rs4986790 (TLR4), rs4986791 (TLR4), and
rs5743708 (TLR2) polymorphisms and the development
of COPD [8]. A slight association was found between
the rs5743810 (TLR6) polymorphism and the risk of
developing chronic lower respiratory tract diseases [9].
Further studies are needed to clarify the role of TLR
gene polymorphisms in COPD.

Thus, the aim of this study was to determine how
genetic factors of innate immunity influence the risk of
development and features of the course of COPD..

MATERIALS AND METHODS

A case-control study was conducted using biological
material obtained during the period from January
2022 to February 2024 at the V.V. Vinogradov City
Clinical Hospital of the Moscow Health Department.
The study complies with the ethical principles
developed in accordance with the Ethical Principles
for Medical Research Involving Human Participants
in WMA Declaration of Helsinki (with amendments of
2000) and the Rules of Good Clinical Practice of the
Russian Federation approved by Order No. 266 of the
Ministry of Health of the Russian Federation dated 19
June 2003.

The COPD group included patients aged 40 to 70
with a clinically confirmed diagnosis established by
a pulmonologist 12 or more months prior to inclusion
in the study, smokers at the time of inclusion in the
study (smoking index of more than 10 pack-years),
hospitalized patients with a COPD exacerbation. All of
the participants signed an informed consent.

The study did not include those patients with COPD
who also suffered from severe concomitant pathologies,
oncological or mental diseases, patients taking medications
that may cause lung tissue damage as a side effect,
patients who were vaccinated against pneumococcus,
as well as patients with other chronic diseases of the
bronchopulmonary system, including bronchial asthma.

Exclusion criteria were clinical, laboratory
or instrumental signs discovered during medical
examination that indicated the absence of COPD or were
indicative of other causes for lung tissue damage.

Allpatients with COPDunderwentphysical examination
and participated in spirometry with a bronchodilator
reversibility test (in accordance with ATS requirements)
[10]. The severity of COPD was assessed using the
BODE index (B — body mass index, O — obstruction, D —
dyspnea, E — exercise tolerance) and the scale proposed
by the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) [1]. To exclude other bronchopulmonary
pathologies and to clarify the nature of changes in the
lung tissue, multispiral computed tomography of the chest
organs (MSCT CO) was performed.

The control group included patients with a smoking
history of at least 10 pack-years with SatO, > 95%
saturation who showed no evidence of any respiratory
diseases during spirometry with a bronchodilator test
and MSCT CO, as well as showed no signs of the right
ventricular dysfunction or elevation of mean pulmonary
arterial pressure during echocardiography (ECHO CG).

Whole blood samples were collected anonymously in
vacutainers with K,EDTA as anticoagulant for genetic
studies. Biological material was stored for no more than
4 hours before the nucleic acid mixture was isolated.
The study used reagents and kits manufactured at the
Central Research Institute of Epidemiology (AmpliSens,
Moscow, Russia). SNP alleles and TLR gene expression
levels were determined via real-time polymerase chain
reaction (PCR). Allele detection of rs5743551 (TLR1),
rs5743708 (TLR2), rs3804100 (7LR2), r1s4986790
(TLR4), 1s5743810 (TLR6), 153764880 (TLRS)
polymorphisms was performed in accordance with the
previously described methodology [11].

Reverse transcription reaction was performed using
the REVERTA-L reagent kit. Method of normalization
of genes with relatively stable expression (housekeeping
genes) — HPRTI, SDHA, GAPDH and TBP — was used
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to calculate the expression level of target genes (TLRI,
TLR2, TLR4, TLR6, TLRS). Normalization index was
formed using the BestKeeper algorithm [12] in order to
select genes with the smallest spread of cycle threshold
(Ct) values. Information about the development and
optimization of the method for determining expression
level was described in earlier studies [13].

Statistical analysis was performed using the R
environment (version 4.4.0), including standard
contingency table analysis functions: Pearson’s x2 test
and Fisher’s exact test. Association analysis and odds
ratio (OR) estimation were performed using SNPassoc
[14] and epitools [15] packages. The Holm — Bonferroni
method was used to correct multiple comparisons. Results
were considered statistically significant at p < 0.05. All
graphical results were obtained using ggplot2 [16] and
ggstatsplot [17] packages.

RESULTS

The COPD group (n = 103) included patients with
a diagnosis confirmed by a pulmonologist. There was
an irregular distribution among the study participants
by sex (80 men and 23 women), the mean age of the
participants was 67.5 + 11.6 years, and the mean smoking
history was 71 (43; 88) pack-days. In the control group
of apparently healthy smokers (n = 47), the mean age
was 61.6 + 9.4 years and the mean smoking history was
65 (32; 79) pack-days. A comparison of clinical and
demographic characteristics revealed that the groups
differed significantly in age (p = 0.0025). Clinical and
demographic characteristics of the study groups are
presented in Table 1.

Table 1
Characteristics of the studied groups
Parameter COPD Control
(n=103) (n=47)
Sex, n (%)
male, 117 (72.2%) 80 (77.7%) | 36 (76.6%)
female, 45 (27.8%) 23(22.3%) | 11 (23.4%)
Age, years 69 (60.5-74) | 61 (54-68)
Dyspnea, mMRC score 3(23) -
Smoking index, pack-years 71 (43; 88) | 65(32;79)
FEV1, % of predicted (after . .
bronchodilator test) 47.45;,59) | 92/(86;98)
FVC, % of predicted (after . .
bronchodilator test) 73(68;82) | 88 (31;97)
. 0.52(0.41; | 0.83 (0,76;
FEV1/ FVC (after bronchodilator test) 0.64) 0.91)
Saturation 93 (90-95) | 97 (95; 98)
Obstruction severity on the GOLD scale 3(2-3) 0
Severity on the BODE scale 2 (1-3) 1(0;1)

Note. FEV1 — forced expiratory volume in 1 second; FVC — forced
vital capacity.

rs5743551 (TLRI), rs3804100 (TLR2), rs4986790
(TLR4), rs5743810 (TLR6), and 1s3764880 (TLRS)
polymorphic loci were analyzed in order to determine
whether there was an association between them and the
risk of development and severity of COPD. The studied
groups were not significantly different in the frequency of
alleles of the studied SNPs (Table 2). rs5743708 (TLR2)
locus was the exception. For this locus, frequency of a
rare A allele was significantly lower (0.5%) in the COPD
group than in the control group (9%). Thus, a rare allele
may be associated with a protective effect — the risk of
COPD 1in its carriers is lower than in carriers of a wild-
type allele (odds ratio (OR) = 0.05; 95% confidence
interval (CI) = 0.01-0.43; p = 0.0005).

The COPD group was stratified into four subgroups
by disease severity according to the spirometric
classification of the severity of bronchial obstruction and
recommendations [1]. An analysis of the allele frequency
distribution in the studied subgroups was carried out.
There were no statistically significant differences between
the groups in allele frequency for the studied polymorphic
loci. For the 15743810 (7TLR6) polymorphism, the
number of GG homozygotes tended to increase from the
group with moderate disease severity to the group with
severe COPD, while the number of rare AA homozygotes
decreased and the frequency of heterozygotes remained
the same. Table 3 shows the distribution of genotypes in
the rs5743810 (TLR6) locus and the statistical significance
of differences between groups 1 and 3.

During the next stage of the study, the expression
levels of TLR genes in the control group (n = 47) and
the COPD group (n = 33) were analyzed. Based on the
stability analysis of housekeeping genes in the analyzed
samples, a complex BestKeeper index was formed. The
index was based on the geometric mean Ct value of the two
most stable genes — HPRTI and SDHA. Normalization
allows, to a certain extent, to exclude the influence of the
quality and quantity differences of the source material on
the obtained values. In order to determine the expression
level differences between patients with different disease
severity, they were divided into subgroups for each
analyzed parameter. In the group of patients with a
saturation level (SatO,) below normal (<95%), there was
an increased expression of the 7LR2 and TLR6 genes. The
results are shown in Figure 1. There was a similar trend
for the other 7LR genes but the comparison results were
not statistically significant (p > 0.05).

Analysis of the TLR gene expression level between
subgroups of patients using the modified Medical
Research Council Dyspnea Scale (mMRC) [18] showed
an increase in the expression of 7LR2 and TLR6 genes
with increasing severity of dyspnea. The results of the
analysis are shown in Figure 2.
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Fig. 1. Comparison of TLRI (a), TLR2 (b), TLR4 (c), TLR6
(d) and TLRS (e) gene expression level in the COPD group of
patients with normal and reduced saturation (SatO,)
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Table 2
Allele frequencies of polymorphic TLR loci associated with the risk of development and severity of COPD
Groups .
Locus Allele Fisher’s exact test, p (p,, ... )
COPD (n=103) Control (n =47) onferront
1$5743551 A 167 (81%) 73 (78%) 0.5346
(TLRI) G 39 (19%) 21 (22%) M
1s5743708 A 1(0.5%) 8 (O%) 0.0005
(TLR2) G 205 (99.5%) 86 (91%) (0.003)
1s3804100 C 9 (4%) 7 (%) 0.2781
(TLR2) T 197 (96%) 87 (93%) Q)]
154986790 A 187 (91%) 88 (94%) 0.5033
(TLR4) G 19 (9%) 6 (6%) (1
1rs5743810 A 77 (37%) 35 (37%) 1
(TLRo6) G 129 (63%) 59 (63%) (1)
1s3764880 A 160 (78%) 73 (78%) 1
(TLRS) G 46 (22%) 21 (22%) (D
Table 3
Distribution of genotype frequencies in the COPD group by severity of the disease (according to FEV1)
Severity of COPD according to FEV1 ) ,
Locus Genotype n 3 3 2 Fisher’s exact test, p (pHolm_BWmm)
A/A 0 (0%) 7 (20%) 6 (15%) 1 (8%)
15743810 > S 0 > .
(TLR6) A/G 12 (75%) 16 (46%) 15 (39%) 6 (46%) 0.034 (0.20%)
G/G 4 (25%) 12 (34%) 18 (46%) 6 (46%)

* with correction for multiple comparisons (Holm-Bonferroni)

82

BlonneTteHb cMbupckon meguumHel, 2025; 24 (1): 77-85




Original articles

(2)=11.33, p=3.46¢-03, &2 =0.15, Cl,, [0.05, 1.00], n,, =79

Ve Kruskal-Wallis din

Prioimaai = 2-30e-03

Relative expression
i
L]
o
B

Control
(n=47)

Group 1
(n=17)

Group 2
(n=15)

a)

(2)=9.36,p=9.28¢-03, 8, =0.12,Cl,, [0.04, 1.00], n,, = 80

X kruskal-watii

din

Prioimasi ~ 6.71e-03

=il 1.1 ||

.fff /
—
.

Group 1
(n=18)

AN LY W] (R BT

o [

,_F--__-_\
gl

Control
(n=47)

Group 2
(n=15)

b)

Fig. 3. Expression of TLR2 (@) and TLR6 () genes in the control group and in subgroups with mild and severe COPD according
to the severity scale (GOLD) [1]

Considering that the studied indicators were part of
the COPD severity assessment according to the severity
scale (GOLD) [1], the COPD group was divided into
subgroups according to COPD severity. Subgroups 1 and
2 were combined into a subgroup with mild/ moderate
COPD, and subgroups 3 and 4 were combined into a
subgroup with a more severe COPD. The results of the
analysis are shown in Figure 3. There was an increased
expression of TLR2 and TLR6 genes in patients with
severe COPD and in the control group.

When the patients were divided according to the
severity of COPD using the A, B, E scale (assessment
of the FEV1 level, mMRC, and the frequency of
exacerbations), only subgroups with mild and severe
COPD significantly differed in the level of TLR2 and
TLR6 gene expression.

DISCUSSION

The absence of a statistically significant association
between alleles and genotypes of the studied
polymorphisms is not consistent with the previously
obtained data on the associations of the studied alleles
with other pathologies of the lower respiratory tract.
In previous studies, the rs5743551-G (TLRI) and
rs4986790-G (TLR4) alleles were identified to have an
association with the risk of developing NETosis [19] —a
marker of the inflammatory process severity. There was
also an association discovered between the rs4986790-G

(TLR4) allele and the risk of developing tuberculosis
[20]. Although COPD exacerbations may be associated
with the development of inflammation in the lungs caused
by bacteria, earlier findings on the connection between
the rs5743551-G (TLR1) allele and the development of
acute bacterial infection in patients with pneumonia [11]
were not confirmed in this study. Such a result may be
explained by the predominance of non-bacterial reasons
for COPD exacerbations in the study group. This is tied to
the specific features of the disease: the main pathogenetic
mechanism of COPD is a combination of modifiable
environmental factors (smoking, ecology), that are a
lot more influential than genetics. Viral infections are
also a common factor for COPD exacerbations and the
immunologic defense mechanisms to them are different
from bacterial infections.

The findings in this study are consistent with those
previously published; however, most studies have
focused on the TLR2 and TLR4 genes. In the study
published by S.E. Budulac et al., an association of FEV1
with several SNPs in the 7LR2 gene was identified, while
the results for the rs5743708 and rs3804100 loci were
not statistically significant [7]. Another study analyzed
the contribution of the rs5743836 (TLRY9) allele to the
development of alveolar macrophage dysfunction and
the progression of COPD [21].

Studying the connection between gene polymorphic
variants and expression level allows not only to better
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understand how genetic factors influence the emergence
and the development of multifactorial diseases, but
also how polymorphic variants affect gene functions.
This study did not find an association between SNPs
in TLR genes and changes in expression levels, but the
observed trends towards increased expression levels
may be explained by other factors. TLR molecular
patterns activate not only in response to pathogens
but also in response to lung tissue damage [22]. Since
COPD development is usually associated with long-term
exposure to cigarette smoke, COPD patients tend to have
non-infectious damage to the lung tissue.

According to the literature, exposure to cigarette
smoke can activate signaling cascades of DAMPs and
oxidative stress [23]. Similar to TLR activation, oxidative
stress is closely linked to interleukin production [24, 25].
Increased TLR2 and TLR6 expression levels, low blood
oxygen saturation, and severe dyspnea may be associated
with activation of oxidative stress and production of
interleukins in response to smoking-induced lung tissue
damage. High levels of interleukins may also contribute
to decreased TLR2 and TLR6 gene expression in patients
with COPD, which requires further studying.

CONCLUSION

This study investigated the connection between
polymorphic variants of TLR genes and the likelihood
of COPD development and its course. No statistically
significant  association with rs5743551 (TLRI),
rs5743708 (TLR2), 1s3804100 (TLR2), rs4986790
(TLR4), 1s5743810 (TLRG6), rs3764880 (TLRS8) single
nucleotide polymorphisms was found. The observed
trend toward an increase in TLR gene expression may
be associated with the remodeling of lung tissues and
activation of the immune response by DAMPs that occur
during COPD.
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ABSTRACT

Aim. To assess the osteogenic potential of mesenchymal stem cells (MSCs) of epicardial adipose tissue (EAT) in
patients with stable coronary heart disease based on obtaining gene profiles (osteogenesis markers).

Materials and methods. In EAT MSCs, the expression levels of the RUNX2 (RUNX transcription factor encoding
gene), BGLAP (osteocalcin encoding gene), SPP1 (osteopontin encoding gene), SP7 (Osterix encoding gene)
genes were determined using real-time polymerase chain reaction (PCR). Using immunofluorescence staining, the
amount of RUNX2, osteocalcin, osteopontin, and Osterix proteins was determined in the supernatant of cultured
MSCs.

Results. It was found that the expression of RUNX? in cells cultured in a medium with osteoinducers was 1.88
times higher than in undifferentiated MSCs (p = 0.012). The level of RUNX2 protein was also higher in a differ-
entiated cell culture (p < 0.05). Similar results were obtained regarding the level of SPP/ mRNA expression (p =
0.012). BGLAP expression did not differ between differentiated and undifferentiated MSC cultures. The level of
SP7 gene expression did not differ in cells either with or without an osteoblastic medium. It is worth noting that us-
ing immunofluorescence staining, there were no differences detected in the expression of Osterix and OCN between
cultures of differentiated and undifferentiated cells.

Conclusion. It was found that EAT MSCs have osteogenic potential, which was manifested by the expression
of osteogenesis genes in both differentiated and undifferentiated MSCs. The increase in the expression level of
SSPI and RUNX2 mRNA on day 15 of cultivation with osteoblastic medium indicates that the studied cells are
preosteoblasts and are at the stage of extracellular matrix synthesis.
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OcTeoreHHbI NOTEHUMaN Me3eHXMaNbHbIX CTBOJIOBbIX KNeTOK
3NUKapANANbHOI }KUPOBOW TKaHW Y NALMEHTOB C NLLIEeMUNYeCcKom
6onesHblo cepaua

YvyacoBa E.l'.", ibineBa l0.A.", CnecapeBa T.A."?, benuk E.B.",
MoHaceHko A.B.', BenukaHoBa E.A.', MaTBeeBa B.I'.", iBaguaTtoB U.B.',
TapacoBa 0.J1.%, I'py3geBa O.B."2

! Hayuno-ucciedogamensckull UHCIUmym KOMALEKCHbIX NPOOLeM cepOeyHo-coOCYOUCHbIX 3a601e8anuil
(HHUH KIICC3)
Poccus, 650002, 2. Kemeposo, 6ynveap umenu akaoemuxa J1.C. bapbapawa, 6

2 Kemeposckuii 2ocyoapemeeniviil meouyunckuil ynusepcumem (Keml MY)
Poccus, 650000, 2. Kemeposo, Bopowunosa, 22a

PE3IOME

Henw. Ha ocHOBe mosyueHus mpoQuiIs FeHOB — MapKepPOB OCTEOr€He3a — OLIEHUTh OCTEOTeHHBII MOTEHIHAT Me-
3eHXHMMabHBIX CTBOJIOBBIX KieToK (MCK) snukapauansHoii sxupoBoit Tkanu (DXKT) y marueHToB co cTabMIbHOM
HIIeMHYEeCKOl 00JIEe3HBIO CepaLa.

Martepnaisl 1 metoabl. B MCK DXKT meronom nonumepasnoit nentoii peakiun (I1L[P) B peansHOM BpemeHH
OIIpEe/IeIISUIN YPOBHU dKcIpeccuu reHoB RUNX?2 (reH, koaupyroumii TpanckpunuuoHHbH Gaktop RUNX), BGLAP (ren,
koaupytommii ocreokansiima OCN), SPPI (reH, xomupyromuii ocreonontiud OPN), SP7 (ren, koaupyrornuid Osterix).
C moMoI1IbI0 IMMYHO(ITyOPECLIEHTHOTO OKPAIIMBAHU B CylepHaTanTe KynbruBupyemMsix MCK onpenernsimg koimdecTBo
oenxa RUNX2, OCN, OPN u Osterix.

PesyabTarhl. YcraHoBieHoO, 4To 3kcnpeccuss RUNX2 B kieTkax, KyJIbTUBUPOBaHHBIX B CPEJi€ C OCTEOMHIYKTO-
pamu, 6bu1a B 1,88 pasa Beimre, uem B Hemuddepennuposanasix MCK (p = 0,012). Yposens 6emxa RUNX Takke 65T
BBIIIE B TU((epeHIMPOBaHHON KyIbType KieTok (p < 0,05). AHaIornyHsle pe3yabTaThl ObLIH IOJyYEHE! B OTHOMICHUH
yposus 3xcnpeccun MPHK SPPI (p = 0,012). Oxcnpeccust BGLAP He oTiidanack B Ju(depeHIpOBaHHbIX U Heaud-
¢epennupoBanHbIX KyabTypax MCK Tak ke, kak ypoBeHb dKcIpeccur TeHa SP7 B KIIeTKax ¢ 0cTeo0IacTHOH cpeloi u
6e3 Hee. CTOUT OTMETUTB, YTO METOZOM NMMYHO(ITyOPECICHTHON OKPacK/ HAMH HE BBIABICHO Pa3IM4Ui B SKCIPECCHH
Osterix 1 OCN Mexny KynsTypamu audpepeHInpoBaHHbIX U HeqU(p(HepeHIPOBAHHBIX KIETOK.

3aximouenne. MCK DXKT uMEIOT OCTEOreHHBIH MOTEHIMAN, YTO MPOSBIIOCH 3KCIIPECCHEN TEHOB OCTEOTreHe3a
Kak 1udpepeHInpOBaHHBIX, TaK U HenudpeperuupoBanHsix MCK. YBenmuuenue yposas sxcnpeccun MPHK SSP/
u RUNX2 nHa 15-¢ cyT KyTbTHBUPOBAHUS C OCTEOOTACTHOM CpeZioi CBUAETENBCTBYET O TOM, UTO U3ydaeMble HAMHU
KIIETKH SIBIISIOTCS IIPEOCTe00IaCTaMH M HAXOAATCS Ha CTa[MH CHHTE3a BHEKJIETOYHOTO MaTPUKCA.

KnaroueBble ¢/10Ba: ME3eHXHUMAIbLHBIC CTBOJIOBBIE KJICTKH, JXKHUPOBas TKaHb, HIIIEMUYCCKasd 0oJe3Hb cepana, reHbl
OCTCOrcHe3a, Ka.HI)L[I/I(i)I/IKaHI/Iﬂ

KOHq)JIl/lKT HUHTEPECOB. ABTOpLI 3asBJISAIOT 00 OTCYTCTBHUHU SIBHBIX W NMOTCHIHAJIbHBIX KOHQ)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'lPlKaIIHeI>i HaCTOS[U.[efI CTaTbu.

Hcrounnk punancuposanus. Pabora BrmonneHa B pamkax ¢ynnamentansHoi Temsl HUM KIICC3 Ne 0419-
2022-0002 (mepuox BemonHeHust 20222026 rT.) «Pa3paboTka MHHOBAaIMOHHBIX MOZENEH yNpaBIeHHUs! PHCKOM
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pa3BuTHs 6OJIe3HEl CHCTEMbI KPOBOOOPAILIEHHUS C Y4eTOM KOMOPOHIHOCTH HAa OCHOBE W3y4YeHHs (yHAaMeHTab-
HBIX, KIIMHUYECKHX, STUAEMHUOJIOTHUECKUX MEXaHU3MOB M OPraHH3aL[OHHBIX TEXHOJIOT Uil MEAMIIMHCKO ITOMOIIN

B YCJIOBHSIX MPOMBIIUIEHHOTO perrnoHa Cuoupmy.

CooTBeTCTBHE IPUHIINNIAM dTHKH. Bee manmeHTs! noanucany HHGOPMUPOBAHHOE COTIIACUE HA MCIIOIB30BaHUE OHO-
JIOTHYECKOTO MaTepuana B HccieoBaHuu. McenenoBanue 000peHo JIoKanbHbIM dTHYeckuM komutetoM HUM KIICC3

(mpotokoi Ne 12 ot 20.03.2023).

Jast uurupoBanusi: Yuacosa E.I'., JlpumeBa FO.A., CnecapeBa T.A., benuk E.B., Ilonacenko A.B., Benuka-
HoBa E.A., MatseeBa B.I'., JIsaguaros 1.B., Tapacosa O.J1., ['py3aeBa O.B. OcTeoreHHbli noTeH1nan ME3eHXH-
MaJIbHBIX CTBOJIOBBIX KJICTOK 3MUKAPAHATbHON KUPOBOU TKAHH y MAI[MEHTOB C MIIEMUYECKOW OOJIE3HBIO Ceplia.
Bioanemens cubupcrou meouyunwt. 2025;24(1):86-95. https://doi.org/10.20538/1682-0363-2025-1-86-95.

INTRODUCTION

Atherosclerosis and its associated pathology —
coronary heart disease (CHD) are leading causes
of mortality in economically developed countries,
despite significant advancements in treatment.
A common complication accompanying CHD is
calcification of the coronary arteries [1]. Although
vascular calcification was recognized as a form of
extra-skeletal ossification over a century ago, it is
now understood to be a strictly regulated process. Its
stages are similar to bone morphogenesis, including
the expression of major pro-osteogenic factors such
as osteocalcin, osteoprotegerin, osteopontin, and
other markers [2]. The exact mechanisms underlying
the pathogenesis of coronary artery calcification
remain unclear.

For a long time, it was believed that at least 4
types of cells can lead to vascular calcification: 1)
pericytes in microvessels; 2) pericyte-like calcifying
vascular cells in the intima of the aorta; 3) smooth
muscle cells in the media; and 4) myofibroblasts
in adventitia. Along with resident cells, circulating
cells, including bone marrow-derived mesenchymal
stem cellss, can migrate into the vessel wall and
contribute to calcification [3, 4]. However, adipose
tissue (AT) surrounding the heart and blood vessels
may also be the source of mesenchymal stem cells
(MSC:s). [5]. It is assumed that the main function of
AT MSCs is to regenerate damaged areas surrounding
the organ, as well as to produce biologically active
substances, including anti-apoptotic, growth, and
immunomodulatory factors. At the same time, AT
MSCs are multipotent cells, possessing the ability
to differentiate into osteogenic, chondrogenic, and
adipogenic lines [6]. Information regarding the
function of AT MSCs surrounding the heart and
blood vessels is limited. Existing literature on this
topic indicates that the AT surrounding the heart and
blood vessels is a source of MSCs that are capable

of differentiating into various cell types [7, 8]. It is
also known that the paracrine activity of AT MSCs,
which involves the production of growth factors and
cytokines, has an effect on inducing angiogenesis and
increasing the survival of cardiomyocytes [5].

The ability of AT MSCs to differentiate
into osteoblasts secreting calcium salts into the
extracellular space may be a link in the pathogenesis
of vascular wall calcification. Currently, the role of
AT MSCs in the formation of vascular calcification
remains understudied. However, this area holds
significant promise from both fundamental and
clinical perspectives, since MSCs may not only
be one of the key participants in the development
of pathological calcification but also serve as
a therapeutic target for regulating osteoblastic
potential. Existing literature presents contradictory
information regarding the osteogenic ability of
AT MSCs. For example, A.B. Malashicheva et
al.compared subcutaneous fat MSCs from healthy
donors and patients with aortic valve calcification,
revealing a reduced osteogenic potential in the
MSCs of patients with aortic valve calcification [9].
Conversely, there is evidence that the ability of AT
MSCs to undergo osteogenic differentiation depends
on the tissue localization [10].

The aim of this study is to evaluate the osteogenic
potential of MSCs derived from epicardial adipose
tissue by assessing the expression levels of osteoblastic
differentiation genes and their corresponding proteins
in patients with stable coronary heart disease.

MATERIALS AND METHODS

The study included 5 patients with CHD, all
under the age of 75,who signed a voluntary informed
consent to participate. All patients had indications
for open-heart surgery, specifically direct
myocardial revascularization via coronary artery
bypass grafting (CABG). The study did not include
patients over the age of 75 and those with clinically
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significant concomitant pathologies (such as type 1
and type 2 diabetes mellitus, myocardial infarction
(MI), anemia, renal and liver failure, oncological
and infectious-inflammatory diseases during
exacerbation, autoimmune diseases). Epicardial
adipose tissue (EAT) stem cells were isolated from
biopsies of epicardial localization, with each biopsy
weighing from 3 to 5 grams.The source of EAT was
the right parts of the heart, particularly the regions
with the highest presence, namely the right atrium
and right ventricle. The obtained EAT samples
were thoroughly washed with a sterile phosphate-
buffered saline (PBS) (Gibco, USA) to remove
erythrocytes, blood clots, and local anesthetics
from the surface. Subsequently, the EAT was cut
into small, irregularly shaped pieces (1-3 mm?)
using scissors, with an average weight of about 4 g
per piece. The tissue pieces were then placed in 20
ml of PBS supplemented with penicillin (600 U/ml)
(Gibco, USA) and streptomycin (300 mg/ml, Gibco,
USA) in a 50 ml test tube for 5—10 minutes at room
temperature to remove remnants of connective
tissue and/or dermis, blood vessels. Following this,
the small pieces of adipose tissue were pipetted into
25 cm? culture vials (Biologix, Germany). The cells
were incubated in a CO, incubator (5% CO,, 95%
air, 37 °C), in a medium supporting the growth of
MSCs (MesenCult Proliferation Kit, STEMCELL
Technologies, Canada) with the addition of 100 U/
ml penicillin and 100 U/ml streptomycin (Gibco,
USA). When the primary cells reached 80-90%
confluence, they were treated with 0.25% trypsin
solution (Trypsin, PanEco, Russia) and transferred
into 75 cm? culture vials (Biologix, Germany). The
cells were then cultured to 80-90% cell fusion.

IMMUNOPHENOTYPING OF CELLS
(FLOW CYTOMETRY)

To confirm that the resulting cell culture consisted
of mesenchymal stem cells, their phenotype
was assessed using a combination of conjugated
monoclonal antibodies: CD90 FITC (BC, IM1839U),
CD 34 APC (BC, PN IM2472U), CD73 APCCy7
(Biolegend, 344022), CD 105 PE (Biolegend,
323206). The phenotype CD34-, CD73+, CD 90+,
CD 105+ was regarded as corresponding to the AT
MSC according to the definition of the International
Society for Cell Therapy (ISCT). The results are
presented as a percentage of the number of cells
exhibiting the corresponding antigens.

The gating strategy included the removal of
duplicates on the FSC-H/FSC-A histogram, followed
by the isolation of the studied population based on
FSC/SSC parameters. According to the expression
level of CD90 and CD73 receptors, the main cell
population was isolated: CD90+CD73+ (79.47%).
This population was subsequently examined for the
presence of CD105 and CD34 membrane antigens.
CD105 and CD90 were detected in 79.71% of the
cells, while CD105 antigenic marker was present in
17.54% of the cells, and CD34 was found in only
3.76% of the cells. Thus, the phenotype of the cell
culture obtained from the EAT was determined to be
CD73+CD 90+CD105+CD34-/+

OSTEOGENIC DIFFERENTIATION OF MSCS
OF EPICARDIAL ADIPOSE TISSUE

To perform osteogenic differentiation, cells from
the 3" passage of EAT were transferred into two T-75
vials. At the preparatory stage, human fibronectin
(PanEco, Russia) was diluted to a concentration of
20 pg/ml in a single-use PBS and introduced into a
6-well tablet (for RNA isolation) and an 8-well Ibidi
chamber (Germany) to ensure that the protein covered
the culture plastic. Following this, the fibronectin was
removed, and the PBS wells were washed (Gibco,
China), cells were added in an appropriate volume. To
start osteogenic cell differentiation, the MesenCult™
Osteogenic Differentiation Kit (Human, STEMCELL
Technologies, Canada) was used. Cell differentiation
process was conducted over a period of 15 days,
with the osteogenic medium being replaced every
2-3 days. Cells that did not undergo osteogenic
differentiation served as control samples.

DETERMINATION OF OSTEOGENIC
POTENTIAL OF AT MSCS BY GENE
EXPRESSION LEVEL VIA PCR

Total ribonucleic acid (RNA) extraction from
MSCs was performed on day 15 of osteogenic
differentiation to assess expression levels of a
screening panel of osteogenic differentiation genes
(quantitative polymerase chain reaction (PCR)
after reverse transcription), including RUNX2
(which encodes the transcription factor of the same
name), SP7 (which encodes Osterix transcription
factor), BGLAP (which encodes osteocalcin), and
SPPI (which encodes osteopontin). To do this, the
medium was removed from the 6-well tablet, and
each well was washed with 1 ml of single-use PBS.
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Subsequently, 1 ml of Trizol was added to each well
for 5 minutes and the MSC lysate was collected using
a scraper. In total, there were three wells designated
for osteogenically differentiated MSCs, while two
wells were allocated for undifferentiated MSCs.

To isolate the RNA, the samples were placed
in a cooled Trizol (Extract RNA Reagent,
Eurogene, Russia) for 5 minutes. RNA was then
extracted using guanidine-thiocyanate-chloroform
extraction with Trizol (Extract RNA Reagent,
Eurogene, Russia) according to the manufacturer’s
instructions. The amount and purity of the isolated
RNA were determined using a NanoDrop 2000
spectrophotometer (Thermo Scientific, USA), while
its quality was determined on a Qubit 4 fluorimeter
(Invitrogen, USA) by evaluating the RIQ index
(RNA Integrity and Quality) using a set of reagents
QubitRNA IQ Assay Kit (Invitrogen, USA). Reverse
transcription and synthesis of complementary DNA
(cDNA) from the isolated RNA were conducted

using the OT-M-MuLV-RH kit (Biolabmix, Russia).
The amount of synthesized cDNA was determined
using a NanoDrop 2000 spectrophotometer
(Thermo Scientific, USA). All samples were diluted
in RNase and DNase-free water (Sterile water
treated with diethylpyrocarbonate (DEPC, DEPC),
without RNase and DNase, Biolabmix, Russia) to a
volume of 1.5 ml, achieving a cDNA concentration
of 20 ng / 1.

The results of the analysis are presented as a
relative expression values. To calculate these values,
the ACt method (a variant of the Livak method)
was used. This method is based on determining the
difference between the Ct values of the reference
genes and the target Ct values for each sample.
Normalization of PCR results was performed
relative to the geometric mean of the Ct values of
three reference genes: ACTB (B-actin), GAPDH
(glyceraldehyde-3-phosphatedehydrogenase),  and
B2M (beta-2-microglobulin).

Table 1
Primers used to evaluate the expression of osteogenic differentiation genes
Gene name Primer
Forward Reverse
Genes used for normalization in calculating expression levels
GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC
B2M TCCATCCGACATTGAAGTTG CGGCAGGCATACTCATCTT
ACTB CATCGAGCACGGCATCGTCA TAGCACAGCCTGGACAGCAAC
Genes of interest

RUNX2 AGATGGACCTCGGGAACCCA TGAGGCGGGACACCTACTCT
SP7 TGCTTGAGGAGGAAGTTCAC AGGTCACTGCCCACAGAGTA
BGLAP TCACACTCCTCGCCCTATTG TAGCGCCTGGGTCTCTTCAC
SPPI CATCACCTGTGCCATACCAGTT TTGGAAGGGTCTGTGGGGCTA

Note: ACTB — B-actin, GAPDH-glyceraldehyde-3-phosphatedehydrogenase, B2M-beta-2-microglobu-
lin, RUNX2 (encodes the transcription factor of the same name), SP7 (encodes Osterix transcription
factor), BGLAP (encodes osteocalcin), SPP1 (encodes osteopontin).

IMMUNOFLUORESCENCE STAINING
OF AT MSCS AND OSTEOBLASTS

For immunofluorescence staining, rabbit and
mouse antibodies were selected as primary antibodies,
including RUNX2, osteopontin, osteocalcin, Osterix,
(Abcam, UK). Cells were stained with a blue
fluorescent dye for nucleic acids (DAPI) (dilution
1:100), the detection of the results of the study was
performed using a confocal microscope. Fluorescence
intensity was analyzed using the ImageJ software.
Ten visual fields were analyzed from each sample,

and the results are presented as conventional units of
fluorescence intensity.

Statistical analysis. Statistical data processing and
graphical representation of the results were conducted
using the standard package of statistical methods of
IBM SPSS Statistics 27. The data are presented as
median values along with the 25th and 75th percentiles:
Me [25%; 75%]. The nonparametric Mann — Whitney
U-test was used to evaluate differences in quantitative
characteristics when comparing two independent
groups with distributions that deviate from normality.
A critical significance level of p is <0.05.
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RESULTS

Evaluation of the immunophenotype
of the EAT cell culture

The analysis revealed that CD105 and CD90
were expressed in 79.71% of the cells in the EAT
of a patient with CHD. Notably, the surface marker
CD105 was present in 17.54% of the cells (Fig. 1).
Antigenic markers CD73 and CD90 were found in
79.47% of the cells, with CD73 being expressed on

the surface of 18.26% of the cells. In contrast, CD34
was present only in 3.76% of the cells. Thus, the
phenotype of the main cell culture derived from the
EAT was CD34-/+, CD73+, CD 90+, CD 105+, which
corresponds to one of the criteria of the AT MSC [11].
In addition to the main cell population, two minor
populations were identified within the EAT culture:
1. CD90+,CD34+,CD73+,CD105 — presumab-
ly representing an endothelial population, 2. CD90+
CD105-CD34-CD73 — the smallest cell population.
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Fig. 1. Flow cytometry of cells derived from epicardial adipose tissue of a patient with coronary heart disease.
Note: Blue color in the figure indicates the largest cell population according to the immunophenotype belonging to the MSC, green
and pink are two minor cell populations.

Expression of osteoblastic differentiation genes

The activation of transcription of genes involved
in osteogenic induction was assessed on day 15 of
culture, since during this period MSCs acquire
specific properties of preosteoblasts and actively
synthesize bone matrix proteins. Real-time PCR
analysis revealed that the expression of the key
osteogenic factor, the RUNX2 gene, in cells cultured
in a medium with osteoinducers was 1.88 times
higher than in undifferentiated MSCs (Fig. 2).

Similar results were obtained for the expression
level of SPPI mRNA (OPN, osteopontin), which,
like RUNX2, is expressed at the early stages of
mesenchymal cells differentiation into osteoblasts.
Thus, the expression of the SPPI gene was found
to be 1.35 times higher in MSCs cultured in the
presence of an osteogenic medium compared to the
control sample.

The expression of BGLAP, which encodes
osteocalcin (OSN) and is responsible for the
formation of mature osteoblasts, did not differ
between differentiated and undifferentiated MSC
cultures. The expression of the SP7 (Osterix) gene,
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Fig. 2. Expression levels of osteogenic genes in differentiated
and undifferentiated mesenchymal stem cells of epicardial
adipose tissue of patients with coronary heart disease on day
15 of culture. Note: MSC — Mesenchymal stem cells, EAT —
epicardial adipose tissue, RUNX2 — encodes the transcription
factor of the same name, SP7 — encodes the transcription
factor Osterix, BGLAP — encodes osteocalcin, SPPI — encodes

osteopontin

responsible for the differentiation of cells into mature
osteoblasts and finally into osteocytes during bone
formation, did not differ between cells cultured in
osteoblastic medium and those without it.
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Immunofluorescence staining

Based on the results of staining cells with specific
antibodies, an analysis was conducted to evaluate
the effect of directed osteogenic differentiation
on the culture of MSCs derived from EAT. It was
shown that a significant (p < 0.05) increase in
half of the studied markers was observed in the
culture of MSCs of EAT obtained on day 15 after
incubation with an osteoblastic medium compared
to control MSCs (Fig. 3, 4). Thus, the key regulator
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DISCUSSION

The study of the osteo-cardiovascular continuum
represents a relatively new and promising area of
contemporary scientific research. Recent studies
have shown that during vascular calcification, various
signaling pathways associated with bone formation

Oslevin Osierix«DAPI the

and marker of osteogenic differentiation — RUNX2
— was 1.6 times higher in osteogenic-induced
MSCs than in intact (control) cell cultures. Another
marker of early osteogenic differentiation — OPN
— was also increased by 1.6 times in differentiated
MSCs. It is worth noting that by the method of
immunofluorescence staining, there were no
differences detected in the expression of Osterix
and OCN between cultures of differentiated and
undifferentiated cells (Fig. 3, 4).

Fig. 3. Quantitative analysis of osteogenic differentiation

markers of MSCs of EAT in the 3" passage (day 15) by

immunofluorescence staining: MSC — Mesenchymal stem

cells, EAT — epicardial adipose tissue, OCN — osteocalcin,
OPN - osteopontin

MSC EAT with osteogenic environment
RUNXT

RUNXI+DAP]

DN =DAP

Fig. 4. Immunofluorescence staining of
studied osteoblastic differentiation
markers. Note: DAPI — nuclear dye
(4’,6-diamidino-2-phenylindole), OCN —
osteocalcin, OPN — osteopontin.

and repair are activated in cells. For example,
G. Fadini et al. have shown that cells derived from
bone marrow can migrate from blood circulation
to blood vessels, transform into osteogenic cells,
and then contribute to the development of vascular
calcification [12]. With the potential for osteogenic
differentiation and recruitment of damaged vessels,
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MSCs play a crucial role in the “circulating calcifying
cell theory,” suggesting that they may serve as a
source of osteoblast-like cells. However, the role of
MSC in the process of vascular calcification remains
unclear and controversial. The question of whether
MSCs contribute to or inhibit the development of
vascular calcification is still to be determined.

In this study, we focused on the activation of
transcription genes involved in osteogenic induction
on day 15 of culturing MSCs derived from EAT,
since it is known that multipotent cells acquire
specific properties of preosteoblasts and begin to
actively synthesize bone matrix proteins during this
period [13, 14].

It is known that the maturation and function of
osteoblasts are directly related to the expression
of two main transcription factors of osteogenesis:
RUNX?2 and SP7 transcription factor (Osterix). The
RUNX2 transcription factor is an important regulator
of bone formation and the osteogenic differentiation
of MSCs; it initiates differentiation of MSCs into
preosteoblasts and suppresses adipogenic and
chondrogenic differentiation [15]. During osteoblast
differentiation, RUNX2  expression increases
in preosteoblasts, reaches a maximum level in
progenitor cells, and decreases in mature osteoblasts
[16]. RUNX2 activates the expression of calcification-
related proteins such as osteopontin, bone sialoprotein
I, and osteocalcin, thus inducing extracellular bone
matrix synthesis and mineralization.

According to the literature, RUNX2 is slightly
expressed in undifferentiated MSCs and increases
during the proliferation of preosteoblasts, which
corresponds to day 7 of culture in an osteogenic
medium. Its expression level is maintained at a
relatively low level throughout the entire period
of osteocyte differentiation. RT-PCR analysis
has shown that the expression of the RUNX2 gene
increases after the day 7 of cultivation and reaches
peak values on day 21 [17]. In this study, it was
shown that the level of RUNX2 mRNA in cells
cultured in an osteogenic medium was 66% higher
than in undifferentiated MSCs. According to the
results of the immunofluorescence study, it was also
shown that RUNX2 protein levels were higher in
differentiated cell culture.

The second most important factor (after RUNX2)
inducing osteoblast differentiation and the synthesis
of bone-specific proteins is Osterix [18]. Both of
these factors regulate the activation cascade of genes

encoding bone-specific proteins that form bone
tissue. [19]. The expression of SP7 is necessary for
the differentiation of preosteoblasts into mature and
functional osteoblasts. However, one of the most
important functions of this protein is its ability to
inhibit the differentiation of chondrocytes in RUNX2-
expressing osteoblast precursors [20]. In this study,
the expression level of the SP7 gene did not differ
between differentiated and undifferentiated MSCs.
Immunofluorescence staining of this osteogenesis
marker also revealed no significant difference in
Osterix levels between cultures of differentiated
and undifferentiated cells. At the same time, the
expression levels of SP7 mRNA and Osterix
protein were relatively high in MSCs incubated
both with and without osteoblastic medium. It is
possible that the absence of a significant difference
between differentiated and undifferentiated MSCs
may be attributed to the fact that, according to the
literature, an increase in SP7 gene expression is
noted at a later stage, approximately on day 16-21
of osteoblast formation (the phase of extracellular
matrix synthesis) [21].Osteopontin (OPN) is one of
the main non-collagenous bone proteins and plays
an important role in bone remodeling. OPN not
only mediates the early differentiation of osteoblasts
but also activates the function of osteoclasts during
resorption. A high level of expression of the SPPI
gene encoding OPN synthesis indicates an active
process of bone extracellular matrix formation, since
OPN is the main non-collagenous bone protein. The
maximum activity of OPN corresponds to the stage
of mineralization in the process of osteogenesis [22].
The results of this study are consistent with existing
data indicating that the peak of SPPI expression
during osteoblast differentiation is achieved twice:
during proliferation and mineralization, which
corresponds to days 3 and 14 of differentiation.
Using confocal microscopy on day 15 of osteoblastic
differentiation, it was also found that OPN levels
were higher in differentiated cells. In addition, the
SSP1I gene expression and the OPN level obtained
by immunofluorescence test were higher than other
studied osteogenic markers. These data may indicate
that the process of osteogenesis in cell cultures is in
the initial stage of extracellular matrix synthesis.
The next step was to evaluate the expression of
the BGLAP gene encoding OCN. Its level was lower
than that of other studied markers, which is consistent
with the literature. OCN performs a mechanical
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function in the bone matrix due to its ability to
firmly bind hydroxyapatite and form a complex with
collagen through the osteopontin matrix protein [23].
OCN is used as a late marker of bone formation,
as it is expressed at the later stages of extracellular
matrix mineralization by mature osteoblasts, which
corresponds to day 16-21 of differentiation. This may
explain why, in this study, we did not observe an
increase in the levels of the BGLAP gene and OCN
protein in cultures of differentiated MSCs.

CONCLUSION

It was found that MSCs derived from EAT have
osteogenic potential, which is manifested by the
expression of osteogenic differentiation genes in both
differentiated and undifferentiated MSC cultures.
These data can be the basis for further study of EAT-
derived MSCs from the perspective of their role in
the formation of vascular calcification in patients
with coronary heart disease. The high level of SPPI
expression, along with relatively low levels of
RUNX2 and BGLAP in differentiated cultures, may
indicate that on day 15 of incubation, EAT-derived
MSC:s are preosteoblasts and are at the initial stage of
extracellular matrix synthesis.
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Analysis of the relationship between low-grade inflammation markers
and the severity of atherosclerotic coronary bed lesions
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ABSTRACT

Aim. To study serum concentrations of low-grade inflammation markers and the severity of atherosclerotic
processes in the coronary artery in patients with coronary heart disease (CHD) in the context of their clinical and
instrumental characteristics.

Materials and methods. The study included 264 participants (161 men and 103 women), with 220 of them
being diagnosed with CHD. Subgroups were identified among the participants, including those with a history of
myocardial infarction (110 patients) and angina pectoris (152 patients). A control group consisted of healthy volun-
teers (44 persons). The patients underwent coronary angiography, echocardiography, duplex ultrasound scanning
of the extracranial segments of the brachiocephalic arteries. The level of C-reactive protein (CRP (mg / 1)), tumor
necrosis factor alpha (TNFa (pg/ml)), growth differentiation factor 15 (GDF-15 (pg/ml)), and endothelial cell spe-
cific molecule-1 (ESM-1 (ng/ml)) in the blood serum were measured. Statistical significance was considered at p
<0.05.

Results. A significantly higher concentration of all laboratory markers of low-grade inflammation in the CHD
group of patients compared to the control group, as well as a significant increase in their values with enhanced
severity of coronary atherosclerosis (p < 0.0001) was found. Significant differences in marker levels were also
found between patients with angina pectoris and a history of myocardial infarction compared to those without
these conditions. A correlation was revealed between the value of markers and various clinical and instrumental
characteristics of the patients. Multivariate linear regression analysis revealed a statistically significant association
of SYNTAX score with the concentration of GDF-15 and ESM-1, but not with CRP and TNFao.

Conclusion. The simultaneous measurement of multiple laboratory parameters may be a more effective method
for assessing the risk of CHD progression. The study also showed that endocan and GDF-15 have high prognostic
significance in evaluating the severity of atherosclerotic processes in the coronary arteries.

Keywords: inflammation, C-reactive protein, tumor necrosis factor alpha, growth differentiation factor 15, specific
molecule of endothelial cells-1, endocan, atherosclerosis, coronary heart disease
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AHanuns B3aMMOCBA3N MapKepOB HN3KOUHTEHCMBHOIO BOCMaNeHuns C
BbIPa)KeHHOCTbIO aTePOCKIepPOTNUYECKOro NopaXkeHNs KOPOHapPHOro pycna

Ywakos A.B.', 3axapbsaH E.A.", puropbes MN.E.> 3, Manbiin K.4."

! Opoena Tpyoosoco Kpacrozo 3namenu Meouyurckui uncmumym um. C.H. I'eopeuesckoeo,
Kpviuckuii pedepanvruiii ynusepcumem um. B.U. Bepuadckoeon (MU KDY)
Poccus, 295051, 2. Cumgheponons, 6yrveap Jlenuna, 5/7

2 Cesacmononvckutl 2ocyoapcmeentulil yuugepcumem (Cegl'y)
Poccus, 299053, 2. Cesacmonons, yn. ¥Yuusepcumemckas, 33

3 Axademuneckuti HAyUHO-UCCICO0BAMENLCKUTL UHCTMUTY I (DUSUYECKUX MEMOO08 NeUeHUsl, MEOUYUHCKOU
xkaumamonozuu u peaburumayuu um. U.M. Ceuenosa (AHUH um. U.M.Ceuenosa)
Poccus, 298603, 2. Anma, ya. Myxuna, 10/3,

PE3IOME

Iesnb. M3yyeHue CHIBOPOTOUHBIX KOHLIEHTPALUI MapKepOB HU3KOMHTEHCUBHOIO BOCIAIEHUs Y AIIEHTOB C UIlIle-
Mmuyeckoit 6ose3nbto cepana (MBbC) B KOHTEKCTe UX KIMHUKO-MHCTPYMEHTAIBHBIX XapaKTEPUCTHUK, a TAKXKE OLICH-
Ka UX NPEeJUKTUBHON LIEGHHOCTH B BBIPAXKEHHOCTH aT€POCKIIEPOTHYECKUX IIPOLIECCOB KOPOHAPHOIO pyciIa.

MartepuaJjibl 4 MeTOABI. B nccienosanue BmoueHs! 264 genoseka (161 my>xunaa u 103 xeHIUHb), n3 HUX 220 —
nanueHTsl ¢ quarsozoM MBC. Cpenn nanueHToB OBUTH BBIAENICHBI MOATPYIIIEI ¢ HATMYHEM MH(apKTa MHOKapaa
B aHamHe3e (110 genoBex) u creHokapaueit (152 genoseka). ['pymma KOHTPOIIS IpeaCcTaBIeHA 3J0POBEIMH T0OPO-
BoJbIaMu (44 genoBeka). [lanuenTaM BEINOIHEHE! KOPOHAPOAHTHOTpadus; HXoKaparorpaduaeckoe ucciegoBa-
HHeE; TyIUIEKCHOE yIbTPa3ByKOBOE CKaHUPOBAHNE BHEUCPEITHBIX OTAENIOB OpaxuonedanbHbIx aprepuil. [Iposene-
HO HuccnenoBanue ypoBHsi C-peaxruBHoro 6enka (CPB, mr/m), dakropa Hexposa omyxonu ansgpa (PHO-a, r/mi),
(axropa nuddepennuposku pocrta 15 (GDF-15, nr/Min) u cienuduaeckoil MOIEKyIIbl SJHAOTEIHATBHBIX KIETOK-1
(ESM-1, ur/mi) B cIBOpOTKE KpoBU. CTaTHCTHIECKH 3HAYMMBIMH CUHTAIH pasnuaust npu p < 0,05.

Pe3yabTarhl. BersiBieHa 3Ha4nMo O0JIbIIIas KOHLEHTPALHKS BCeX JIaO0paTOPHBIX MApKEPOB CYOKIMHUYECKOTO BOC-
najeHus B rpymnie nanuenToB ¢ UBC B cpaBHEHHH ¢ KOHTPOJIEM, a TAKKe 3HAUMMOE MOBBILICHHE UX 3HAYCHUH 110
Mepe yBEIHUYCHHUS BRIPAXKEHHOCTH KOPOHApHOTO atepockieposa (p < 0,0001). [Toka3ana crarucTudeckas 3Ha4n-
MOCTb Pa3JIMuMil YPOBHS MapKEPOB MEXy rpyIIaMy MAMEeHTOB C HATMYUEM CTCHOKapIu 1 nH(}apKTa MUOKap/a
B aHAMHE3€ B CPAaBHEHHH C NAllEHTaMH 03 JaHHBIX IPU3HAKOB. BbIABICHA KOPPENALIMOHHAS CBA3b PA3HON CHJIbI
U 3HAYUMOCTH MEXy 3HAUCHHEM MapKepOB M PSJOM KIMHHKO-MHCTPYMEHTAIBHBIX XapaKTEPUCTHK IAllHEHTOB.
ITpu mpoBeCHUH JTMHEHHOTO MHOTO(AKTOPHOTO PErPECCHOHHOTO aHaIM3a BBISBICHA CTATHCTUYECKH 3HAYUMAs
cBs3b 6amutos 1o mkaine SYNTAX ¢ konuentpanueit GDF-15 u ESM-1 npu orcyrctBuu TakoBoii ¢ CPb u ®HO-o.

3akaouyenne. OTHOBpEMEHHOE KOJIMYESCTBEHHOE OIPE/ICIICHNE HECKOIBKUX J1a00paTOPHBIX MMOKa3aTeNneil MOXeT
ObITH OOJIee MOIIHBIM MHCTPYMEHTOM /Ul OLeHKH pucka mporpeccupoBanusi MBC. IToka3aHo, 4To SHOOKaH U
GDF-15 umeroT BbICOKYIO NPESIUKTUBHYIO 3HAUMMOCTb B OLIEHKE BBIPAKEHHOCTH aTEPOCKICPOTUYECKHUX MPOLEC-
COB B KOPOHAPHBIX apTepHsIX.

Kiouessble cioBa: Bocrianenue, C-peakTHBHBIN 0€JIOK, (hakTop HEKpo3a omyxonu anbha, Gpakrop auddepeHun-
poBkHM pocta 15, crerdudeckas MOJIEKyJIa SHIOTEIHAIBHBIX KICTOK-1, SHIOKaH, aTepoCKIepO3, HIIEMUYCCKast
0oIe3Hb cepaia

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U IOTCHIUAJIbHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[PIKaIlPIeI>i HaCTOSIU.[efI CTaTbu.

HcTounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM ()HHAHCHUPOBAHUS IPH NPOBEICHHN HUCCIEN0-
BaHMSI.

CooTBeTCTBHE NPHHIMIIAM ITHKH. [JanmeHTs! 1aau 100poBoibHOE HHGOPMHUPOBAHHOE COIJIACHE HA y4acThe
B nccienoBanun. Mccnenosanue ogoopeno stuueckuM komuretoM ®I'AOY BO «K®Y um. B.1. Bepraackoro»
(nportokon Ne 5 ot 19.05.2022).

Bulletin of Siberian Medicine. 2025; 24 (1): 96-104 97



Ushakov A.V., Zakharyan E.A., Grigoriev P.E. et al.

Analysis of the relationship between low-grade inflammation markers

Jns uurupoBanusi: YmakoB A.B., 3axapesa E.A., I'puropses [1.E., Mansrit K.JI. AHann3 B3anMocBS3H MapKe-
POB HH3KOMHTEHCHBHOTO BOCIAJICHUS C BBIPAYKEHHOCTHIO aTEPOCKIEPOTHIECKOTO MOPAKEHHsT KOPOHAPHOTO pycC-
na. Bronnemens cubupckou meouyunsl. 2025;24(1):96—-104. https://doi.org/10.20538/1682-0363-2025-1-96-104.

INTRODUCTION

In recent years, inflammation has been recognized
as a critical component in the pathogenesis of
cardiovascular diseases. Numerous studies have
explained the complex relationship between
inflammation and coronary heart disease (CHD) [1].
Chronic low-grade inflammation, in particular, has
been recognized as a factor contributing to the onset
and progression of various cardiovascular diseases,
including atherosclerosis, acute coronary syndrome,
and heart failure [ 1]. Moreover, arterial hypertension,
dyslipidemia, diabetes, and obesity are associated
with low-grade inflammatory processes [2].

Numerous studies have demonstrated the role of
C-reactive protein (CRP) and tumor necrosis factor-
alpha (TNFa) as markers of low-grade inflammation
in diseases of the circulatory system [1-7]. There are
also isolated studies devoted to the study of a similar
role of such indicators as growth differentiation
factor 15 (GDF-15) and endothelial cell specific
molecule-1, or endocan (endothelial cell specific
molecule-1, ESM-1) [8-11].

GDF-15, a member of the transforming growth
factor beta superfamily, is a marker of inflammation
and apoptosis of cells, primarily atypical ones.
Its expression is induced in macrophages by
interleukin-1 and TNFa, leading to inhibition of both
their activation and the inflammatory reaction itself
[8]. In turn, a number of studies have shown that
ESM-1, being a surrogate marker of inflammation
and endothelial dysfunction, plays a crucial role in
the processes of angiogenesis, inflammation, and
vascular permeability [11].

As evidenced by the foregoing, it seems relevant to
study the relationship between serum concentrations
of the listed laboratory markers in patients with CHD
and to assess their predictive ability in the progression
of coronary atherosclerosis.

The aim of the study was to investigate the
relationship between serum concentrations of low-
grade inflammation markers and the severity of
atherosclerotic processes in the coronary bed in
patients with CHD in the context of their clinical and
instrumental characteristics.

MATERIALS AND METHODS

The inclusion criterion for the patients into the
study was the presence of clinically and instrumentally
verified CHD. The exclusion criteria were:
myocardial infarction (MI) or stroke occurred within
the past 6 weeks; any acute and chronic inflammatory
diseases that can affect serum concentrations of CRP,
TNFa, GDF-15 and ESM-1; chronic kidney disease
> stage III (glomerular filtration rate <60 ml/min/1.73
m?); primary and secondary cardiomyopathy,
inflammatory heart diseases; oncological diseases,
blood diseases and immune system diseases;
pregnancy or lactation; mental disorders that hinder
the contact with the patient during the cancer; and
violation of the protocol or patient’s refusal to
participate in the study.

A total of 264 people (161 men and 103 women)
were enrolled in this study, including 220 patients
with an established diagnosis of CHD and 44 healthy
volunteers (the control group).

All patients underwent coronary angiography
using the General Electric Optima IGS 330
angiographic system. The SYNTAX score, an online
calculator  (https://officialsyntaxscore.com), was
used for an objective quantitative assessment of the
severity of atherosclerotic lesions in coronary arteries
(CA). Considering that this score is a reliable tool
for determining the severity of CA atherosclerosis,
all patients were divided into the following groups:
Group 1 — with moderate atherosclerotic CA lesions,
having a SYNTAX score of 22 or less (124 patients);
Group 2 — with severe CA atherosclerosis, having
a score of 23-32 (53 patients); Group 3 — with
extremely severe CA lesions, having a score of 33
or more (43 patients). Among the participants with
CHD, several subgroups were identified: patients
who underwent percutaneous coronary intervention
(stenting) within the past 4 months to 6 years —
45 persons, patients with multifocal atherosclerosis
(MFA) — 46 persons, patients with a history
of MI —110 persons, and patients with angina
pectoris — 152 persons. The control group (Group
4) consisted of 44 healthy volunteers, in whom
cardiovascular pathology was excluded due
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to the absence of any clinical, anamnestic, or
electrocardiographic signs of heart disease. All
groups were comparable in terms of sex and age.

Echocardiographic ~ examination  (EchoCG)
was performed using the Samsung Accuvix A30
ultrasound scanner (Samsung-Medison, South
Korea), using two-dimensional EchoCG, Doppler
EchoCG in pulsed and continuous wave modes,
and color Doppler scanning. Standard structural
parameters of the ventricles and atria, contractile
and diastolic function of the left ventricle (LV),
and valvular apparatus competency were evaluated.
The intima-media thickness (IMT) was measured
using duplex ultrasound scanning of the extracranial
sections of the brachiocephalic arteries with the
Samsung UGEO H60 ultrasound scanner (Samsung-
Medison, South Korea).

The study of the concentrations of CRP, TNFa,
GDF-15, and ESM-1 in the blood serum was also
performed. For this purpose, venous blood was
collected on an empty stomach before coronary
angiography. Commercial test systems manufactured
by Cloud Clone, USA (TNFa, pg/ml; GDF-15, pg/
ml), Biomerica, USA (CRP, mg/l), and Aviscera,
USA (ESM-1, ng/ml) were used.

The statistical processing of the study results
was carried out using the STATISTICA 12.0 and

MedStat programs. The data were presented as
a median (Me) and interquartile interval (Q -
25th and 75th percentiles). The Mann-Whitney
U-test was used to test statistical hypotheses when
comparing two independent groups. The Kruskal —
Wallis test was used for multiple comparisons in
independent samples for quantitative or ordinal
data. The Mann — Whitney test with the Bonferroni
correction was used as a posteriori criterion for
pairwise comparisons. The multiple comparisons of
the proportions of nominal features in independent
samples were performed using the Pearson’s chi-
square test. The Marascuilo procedure was used
as a posteriori criterion for pairwise comparisons.
The statistical relationship between two features
was measured using Spearman’s rank correlation.
The multivariate linear regression analysis
was performed to estimate the dependence of
atherosclerotic lesions in the CAs according to the
SYNTAX score on laboratory parameters of low-
grade inflammation. The critical significance level
p for all used analysis procedures was set at 0.05.

RESULTS

The clinical, anamnestic, and laboratory-
instrumental characteristics of the patients enrolled
in the study are presented in Table 1.

Table 1
Clinical, anamnestic, and laboratory-instrumental characteristics of the patients

Parameter (’}fiulpzi’ Grfo:u];zZ, Gnr(fz;, p P,y Py Py
Age (years), Me (Q,; O.,) 64.0 [58.0; 69.0] | 66.0[60.0; 70.0] | 66.0 [60.0; 70.0] | 0.882 0.961 0.778 1.000
SYNTAX, (score), Me (Q,; O,) 12.25[5.0; 17.0] | 27.5[24.0;29.5] | 36.25 [34.0; 40.5] | <0.001 | <0.001 | <0.001 | <0.001
LVEF, %, Me (Q,; Q. 57.0[49.0; 62.0] | 54.0[47.0; 59.0] | 52.0 [44.0;59.0] | 0.063 0.419 0.091 1.000
Angina, n (%) 73 (58.9) 42 (79.2) 37 (86.0) 0.004 0.063 0.026 0.973
Angina class 2, n (%) 25(20.2) 12 (22.6) 6(14) 0.547 - - -
Angina class, 3 n (%) 49 (39.5) 29 (54.7) 27 (62.8) 0.016 0.237 0.047 0.840
Angina class 4, n (%) - - 4(9.3) <0.001 1.000 0.039 0.174
NYHA class II, n (%) 44 (35.5) 14 (26.4) 6 (14.0) 0.110 - - -
NYHA class 111, n (%) 80 (64.5) 39 (73.6) 31 (72.0) 0.793 - - -
NYHA class IV, n (%) - - 6 (14.0) <0.001 1.000 0.003 0.033
History of MI, n (%) 45 (36.3) 41 (77.4) 25 (58.1) <0.001 | <0.001 0.069 0.198
IMT, cm, Me (Q,; O, 0.8 [0.8; 0.9] 1.05[0.9; 1.1] 0.9 [0.8; 1.0] 0.024 0.030 0.641 0.972

Note. IMT — intima-media thickness; LVEF — left ventricular ejection fraction; MI — myocardial infarction.

The study revealed a significantly higher
concentration of all laboratory markers of low-grade

inflammation in patients with CHD compared to the
control group (Table 2).
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When examining the levels of laboratory markers
in the blood serum of patients in three groups
according to the SYNTAX score, a statistically
significant enhance in the concentration of CRP,
TNFa, GDF-15, and ESM-1 was found as the severity
of coronary atherosclerosis increased (Table 3).

It is necessary to note the statistical significance
of the differences in the concentration of low-

grade inflammation markers in the blood serum
depending on the presence of certain clinical signs
(Tables 4, 5).

Also noteworthy are the discovered -cor-
relations between the concentration of low-
grade inflammation markers in the blood serum
and several clinical and instrumental indicators
(Table 6).

Table 2

Laboratory values in patients with coronary heart disease and the control group

Parameter Patients with CHD (n = 220) Control group (n = 44) p
CRP, mg/1 7.73 [6.29; 9.21] 3.22[2.15; 3.76] <0.001
TNFo, pg/ml 4.6 [3.6; 5.8] 1.4[1.1;2.7] <0.001
GDF-15, pg/ml 723 [579; 912] 405 [291; 591] <0.001
ESM-1, ng/ml 18.95 [11.51; 26.13] 5.97 [4.38; 8.25] <0.001
Table 3
Laboratory values in patients of three groups
Parameter Group 1 (n=124) Group 2 (n=53) Group 3 (n=43) P P, P D,
CRP, mg/1 7.23 [5.64; 7.86] 8.49 [7.99; 9.15] 9.99[9.32; 11.63] <0.001 | <0.001 | <0.001 | 0.023
TNFo, pg/ml 4.0[3.2;4.8] 5.5[4.7,5.9] 7.05[5.2;7.8] <0.001 | <0.001 | <0.001 | 0.102
GDF-15, pg/ml 613.0 [422.5; 695.5] 891.0 [800; 944] 1245.0 [1100; 1400] <0.001 | <0.001 | <0.001 | <0.001
ESM-1, ng/ml 14.40[10.19; 19.91] 20.31[12.75; 24.12] 32.10 [22.12;38.21] <0.001 | 0.039 | <0.001 | <0.001
Note. The Kruskal-Wallis test was used for comparisons of the quantitative or ordinal data.
Table 4
Laboratory values in patients depending on the presence of angina
Parameter Patients with angina (n = 152) Patients without angina (n = 68) 2
CRP, mg/1 8.15[6.84; 9.56] 7.44 [5.24; 8.12] 0.003
TNFa, pg/ml 5.0 [3.8; 6.1] 4.2[3.4;5.4] 0.006
GDF-15, pg/ml 789 [632; 979] 656.5 [500; 842] <0.001
ESM-1, ng/ml 20.05 [13.38; 29.57] 13.29 [9.23; 20.05] <0.001
Table 5
Laboratory values in patients depending on the presence of a history of myocardial infarction
Parameter Patients with history of MI (n = 110) Patients without history of MI (n = 110) p
CRP, mg/l 8.33 [6.89; 9.32] 7.44[6.21; 8.45] 0.039
TNFa, pg/ml 5.1[3.9;6.1] 4.3[3.3;5.4] 0.004
GDF-15, pg/ml 866 [690; 980] 633 [497; 800] <0.001
ESM-1, ng/ml 20.605 [14.78; 30.10] 12.105 [6.78; 19.21] <0.001
Table 6

Evaluation of statistical relationships between clinical, instrumental, and laboratory parameters using the Spearman’s
R rank correlation coefficient

Parameter R (p-value)
CRP TNFa GDF-15 ESM-1
SYNTAX score +0.487 (<0.001) +0.573 (<0.001) —0.830 (<0.001) +0.474 (<0.001)
IMT +0.178 (0.184) +0.288 (0.030) —0.499 (<0.001) +0.436 (<0.001)
LVEF —0.092 (0.174) —0.125 (0.064) —0.210 (0.002) —0.197 (0.003)
FC of angina +0.236 (<0.001) +0.233 (<0.001) +0.434 (<0.001) +0.443 (<0.001)
FCHF by NYHA +0.153 (0.023) +0.220 (<0.001) +0.307 (<0.001) +0.110 (0.106)
Mounts passed after MI +0.222 (0.625) +0.198 (0.102) +0.367 (0.683) +0.261 (0.270)

Note. HF — heart failure.
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The multivariate linear regression analysis
was performed to estimate the dependence of the
atherosclerotic lesions of the CAs according to
SYNTAX score on laboratory indices of low-
grade inflammation. This model was shown to be
acceptable for prediction. This is evidenced by the
highly significant value of the Fisher’s criterion:
F=176.138 (p <0.00001). The multiple correlation
coefficient was 0.7686, while the adjusted
determination coefficient was 0.5830. The Dur-
bin — Watson coefficient was 1.9168, which is close
to 2 and indicates the absence of autocorrelation in
the residuals and the adequacy of the constructed
model.

While analyzing the regression results, it should be
noted that among the measured laboratory markers,
a statistically significant relationship between the
SYNTAX score was found only for GDF-15 and, to
a lesser extent, for ESM-1 (Table 7), in contrast to
CRP and TNFa.

Subsequently, after recalculating everything
with the inclusion of only two indicators (GDF-
15 and ESM-1), the model still appears acceptable
for forecasting, The Fisher’s criterion value was
F =126.30, (p < 0.00001); the multiple correlation
coefficient was 0.7358; the adjusted coefficient of
determination was 0.5371; and the Durbin — Watson
coefficient was 1.9605.

Table 7

Results of the multivariate linear regression analysis of the relationship between SYNTAX score and laboratory parameters

Parameter B Standard error b Standard error b p
Intercept — — —6.00057 1.694136 0.000489
GDF-15, pg/ml 0.650666 0.051819 0.02600 0.002070 <0.000001
ESM-1, ng/ml 0.136217 0.049111 0.15113 0.054489 0.006040
CRP, mg/1 0.075386 0.045461 0.20774 0.125274 0.098748
TNFa, pg/ml 0.071769 0.046442 0.23795 0.153976 0.123760

Table 8

Results of the multivariate linear regression analysis of the relationship between SYNTAX score and GDF-15 and endocan values

Parameter B Standard error 3 b Standard error b p
Intercept — - —2.35452 1.546611 0.129391
GDF-15, pg/ml 0.652809 0.051894 0.02430 0.001932 0.000000
ESM-1, ng/ml 0.154705 0.051894 0.17061 0.057228 0.003204
DISCUSSION lipoproteins ratio [12]. In particular, the Reynolds

When studying cardiovascular risk factors, the
relationship between atheroscleroticand inflammatory
processes becomes obvious. A persistent increase in
inflammation markers is closely associated with the
development of adverse cardiovascular events caused
by the rupture of atherosclerotic plaques [2].

It is necessary to note a significant number of
studies examining the role of CRP and TNFa as
representative laboratory markers for predicting
major cardiovascular events [3]. Thus, more than
twenty years ago, P.M. Ridker et al. showed that
the inclusion of CRP and lipids is more effective in
predicting the risk of MI compared to models using
lipids only. Additionally, initial CRP levels predicted
the risk of MI even in individuals with low total
cholesterol or a high total cholesterol/high-density

scales were developed to estimate the risk of adverse
cardiovascular events during a 10-year period in both
women (Reynolds Risk Score) and men (Reynolds
Risk Score for men), which included, among other
things, the CRP level [13]. Of particular interest is a
2018 study involving 7,382 persons to confirm a new
risk scoring system that incorporated factors such
as CRP levels and quantification of calcium in the
coronary arteries. This model, known as Astronaut
Cardiovascular Health and Risk Modification (Astro-
CHARM), surpassed traditional scales, making it
a potentially valuable tool for making risk-based
decisions for the prevention of cardiovascular
diseases [14].

In turn, it is well known that TNFo activates
endothelial cells and induces the expression
of cytokines and chemokines by monocytes/
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macrophages, which lead to the progression of
atherosclerotic processes. Apoptosis of endothelial
cells plays an important role in the development
of atherosclerosis [15]. TNFa induces apoptosis
of endothelial cells by enhancing autophagy
and promotes their premature aging [16]. It has
been extensively studied that TNFa suppresses the
regulation of the eNOS gene, leading to a decrease
in the production of nitric oxide (NO) and, as
a result, endothelial proliferation and inhibition of
endothelium-dependent vasodilation [17].

A number of studies have demonstrated that
TNFa causes endothelial dysfunction, promotes the
formation of foam cells, angiogenesis, proliferation
of smooth muscle cells, and thrombosis [18, 19].

However, there is growing interest in studying
new laboratory markers of low-grade inflammation,
such as GDF-15 and endocan. It is the ability of
cardiomyocytes to produce GDF-15 in response
to stress that underlies the diagnostic value of this
marker. L. Lind et al. [20] studied the intima-media
thickness and the plaque height in the carotid arteries
using ultrasound and found that the proportion of
thickened atherosclerotic plaques increased with
the higher levels of GDF-15. A. Rohatgi et al. [21]
demonstrated a positive correlation between GDF-
15 and signs of subclinical coronary atherosclerosis
and mortality. The data obtained in eight studies from
an examination of 4,126 patients with heart failure
demonstrated an association between excessive
expression of GDF-15 and an increased risk of death
[22]. Moreover, GDF-15 meets the criteria of R.S.
Vasan (2006) as a biological marker of increased
cardiovascular risk [23].

In turn, endocan expression in endothelial cells
increases in response to inflammatory triggers
such as lipopolysaccharides and cytokines (TNFa,
transforming growth factor B1, fibroblast growth
factor 2, interleukin-1p, hypoxia-inducible factor 1a),
and decreases with interferon y [24, 25]. Endocan
also enhances the production of proinflammatory
cytokines by endothelial cells, the expression of
adhesion molecules, and the adhesion between
monocytes and endothelial cells. In addition,
endocan-activated adhesion molecules can secrete
potent chemokines such as IL-8 and monocyte
chemoattractant protein-1, which are necessary for
the inflammatory response and contribute to the
progression of atherosclerosis [26]. Several studies
have investigated the role of endocan as a biomarker

for predicting the severity of CHD using the Gensini
and SYNTAX score, which take into consideration
the anatomy, morphology, and severity of coronary
artery stenosis and are widely used in clinical practice
to choose the optimal type of treatment and predict
overall cardiovascular risk. However, there have
been conflicting results regarding the correlation of
endocan with both scales, with some studies reporting
significant, independent, and positive correlations
[27, 28], while others did not find any significant
associations [29, 30].

The present study has revealed higher
concentrations of all low-grade inflammation markers
in patients with CHD compared to the control
group (p < 0.0001). There was also an increase in
their values with the progression of the CA lesions
(» <0.0001). Statistically significant differences were
found depending on the presence of such clinical
signs as angina pectoris and a history of MI, as well
as a number of correlations between their values and
a number of clinical and instrumental characteristics.
Subsequently, using the multivariate linear regression
analysis, an attempt was made to assess the predictive
significance of serum concentrations of CRP, TNFa,
GDF-15, and ESM-1. The last two indicators
demonstrated an independent relationship with the
severity of atherosclerotic processes in the coronary
bed. It should be noted, that GDF-15 turned out to
be the most significant in this model (f = 0.651; b =
0.026; p <0.0001).

CONCLUSION

The study demonstrated that simultaneous
quantitative measurement of several laboratory
parameters may be a more powerful tool for estimating
the risk of coronary heart disease progression. This
approach allows for a more accurate assessment of
multiple aspects of pathogenesis. Furthermore, it was
shown that endocan and, to a greater extent, GDF-
15 are associated with the severity of atherosclerotic
processes in the coronary arteries.
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ABSTRACT

Aim. To analyze the taxonomic composition of the intestinal microbiota in patients with cholangiocarcinoma
(CCA) and compare it to individuals without oncopathology.

Materials and methods. The study included patients with histologically verified cholangiocarcinoma (n = 30)
and a control group (n =27). An integrated approach was used, including clinical and anamnestic, laboratory, and
instrumental methods. The intestinal microbiota was studied through amplicon sequencing of the bacterial 16S
rRNA gene.

Results. The assessment of alpha- and beta-diversity of the microbiota in patients with CCA did not show any sig-
nificant differences compared to the control group. However, a comparative analysis revealed changes in the rep-
resentation of a number of microorganisms at different taxonomic levels, including a higher content of Bacteroides
and Lachnospiraceae NK4A136_group in patients with CCA. Additionally, bacteria that influence the change in
the global balance of microorganisms were identified in both groups, such as [Ruminococcus] torques_group,
Subdoligranulum, Parasutterella, unclassified Firmicutes in samples of patients with CCA and Oscillospiraceae
and Erysipelotrichaceae UCG-006 in the control group.

Conclusion. The study found a number of significant differences in bacterial representation between patients with
cholangiocarcinoma and control group participants. Further research on the intestinal microbiota has the potential
to develop non-invasive tools for early diagnosis of CCA.
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PE3IOME

Ienb uccsieq0BaHMs: IPOAHATINZUPOBAT TAKCOHOMUYECKUH COCTAB KUIIEYHOH MUKPOOUOTHI Y MALUEHTOB € XO-
narrunokapruuaoMoil (XK) mo cpaBHEHUIO ¢ HHANBHIAYYMaMH 0€3 OHKOIATOJIOTHH.
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MatepuaJbl 4 MeToAbl. B HccliejoBaHNe BKIIOYEHBI MAIMEHTHI ¢ THCTOJIOTHYECKH BepH(UIIUPOBAHHON XOJaH-
rrokapiuHOMoit (n = 30) u koHTpodBHAS Tpynma (n = 27). Jlns pemeHus 3agad JaHHOTO MPOEKTa HCIOIb30BaH
KOMIIJIEKCHBIH TOJX0/I, BKIIOYAOIINH KIMHUKO-aHAMHECTHYECKUE, JTabOpaTOpHbIC U HHCTPYMEHTAIBHbIC METO-
np1. VccnenoBanue MUKPOOUOTHI KHIIIEYHHKA BBIITIOJHEHO METOJIOM aMIUTMKOHHOTO CeKBEHUPOBAaHHs TeHa OakTe-
puanbHOit 16S pPHK.

Pe3yasratsl. [Ipu onenke anbda- 1 6eTa-pasHoodpasust MUKpOOHOTHI y nanueHToB ¢ XK B cpaBHEHHH C KOH-
TPONBHOU TPYNIIONW 3HAYMMBIX PA3TUYUi HE BBIABIEHO. CpaBHUTENBHBIM aHANNW3 MOKA3aJl MU3MEHEHUS B Ipe-
CTaBJIEHHOCTH PsiJa MUKPOOPTaHU3MOB Ha PAa3HBIX TAKCOHOMHUYECKUX YPOBHSAX, B TOM YHCIE Ooiee BBICOKOE CO-
nepxanue Bacteroides u Lachnospiraceae NK4A136 group y nmanmentoB ¢ XK. Taxxe onpezneneHsl 0akTepuu,
OKa3bIBAIOIIHE BIUSHUE Ha U3MEHEHHE II00albHOro OanaHca MUKPOOPTaHM3MOB B 00pa3slax AJs MalUeHTOB C
XK ([Ruminococcus]_torques_group, Subdoligranulum, Parasutterella, nexnaccubuunposaunsie Firmicutes), u
koHtpons (Oscillospiraceae u Erysipelotrichaceae UCG-006).

3akawuenne. B pesynbprate ucciae0oBaHUs BBIABICH Pl 3HAUMMBIX PA3IMUUil B TPEICTABICHHOCTH OaKTepUit
Yy MalUeHTOB C XOJIAHTMOKAPLIMHOMOMN B CpaBHEHUH C YYaCTHHUKaMH KOHTPOJbHOW rpynmnsl. JlanpHeimue uccie-
JIOBaHUS KUIICYHOW MHKPOOHOTHI TPEICTABISIOT MEPCICKTHBY JJIsl pa3paOOTKH HEMHBA3HBHBIX HHCTPYMCHTOB
panHeii quarsoctuku XK.

KinroueBble ¢j10Ba: XOJaHTHOKAapLUUHOMA, KUIIEYHAss MUKpPOOUOTa, aMIUIMKOHHOE CEKBEHHPOBaHHE OaKTepHasb-
Ho#t 16S pPHK, pak neuenu

KoH(pIuKT HHTEpecoB: aBTOPHI 3asBIIIOT 00 OTCYTCTBHU KOH()INKTAa HHTEPECOB.

Hcrounuk puHancupoBanus. VccienoBaHue BHIIONHEHO IpH moaepxkke Poccuiickoro HayuHoro gonzaa, rpasr
«VI3MeHeHne MUKPOOMOTHI KMIIEYHUKA KaK (aKTOp NPOrPecCHUpOBaHUS MEPUIYKTIBHOrO (Hudpo3a U pa3BUTHUS
XOJIaHTUOKapUUHOMBD) (Ne 23-25-00432).

CooTBeTcTBHE MPUHIMIAM 3THKHU. Bce ManMeHThl moanucand WHPOPMUPOBAHHOE COTJIACHE HA y4yacTHE B
nccnenopanun. VccnenoBanue 0100peHO JIOKATBHBIM dTHUeCKHM kKomuTeToM Cu6I' MY (mpotokon Ne 9389 ot
27.02.2023).

Jas uutupoBanusi: egoposa O.C., Kosmmpuna A.E., Cokonosa T.C., Kynenuu B.B., Oroponosa JI.M. Uc-
Clle/IoBaHNE MUKPOOHMOTHI KHUIIEYHUKA y OOJIBHBIX XOJIAHTHOKAPLUHOMOW. Broinemens cubupckou meouyumbl.
2025;24(1):105-113. https://doi.org/10.20538/1682-0363-2025-1-105-113.

Study of gut microbiota in cholangiocarcinoma patients

INTRODUCTION

According to world statistics, liver cancer
holds the sixth position among the most common
localizations of malignant neoplasms. The incidence
of hepatobiliary cancer is increasing worldwide,
accounting for 15% of all primary liver cancers and
3% of malignant neoplasms of the digestive tract [1].
Cholangiocellular carcinoma (cholangiocarcinoma,
CCA) is one of the leading causes of mortality in
oncology due to its aggressive nature, lack of specific
symptoms, prolonged asymptomatic course and
methods of preclinical diagnosis, and resistance to
therapy [2].

The highest incidence of CCA in the world
is registered in the countries of Southeast Asia
and North Africa, with more than 20 cases per
100 thousand people annually [2]. In the Russian
Federation, the highest incidence of CCA is observed
in the regions of Western Siberia, where it is more

than twice the world average (more than 9 cases per
100 thousand people annually) and poses a significant
socioeconomic burden [2, 3].

CCA belongs to multifactorial diseases, in
the development of which genetic, infectious,
environmental, and epidemiological risk factors
are involved. The most significant risk factors
include primary sclerosing cholangitis/ulcerative
colitis, chronic viral hepatitis C and B, hepatic
trematodoses, Epstein-Barr virus carrier, non-
alcoholic fatty liver disease, cholelithiasis, and
(or) malformations of the biliary system, food
carcinogens (N-dinitrosodimethylamine), deposits
of X-ray contrast agents (thorotrast) in bile ducts
[4-6]. Immune mechanisms play a crucial role
in carcinogenesis: chronic inflammation leads
to increased exposure of cholangiocytes to
proinflammatory mediators — interleukin-6, tumor
necrosis factor, cyclooxygenase-2 and activation of
Whnt signaling pathway with progression of mutations
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in tumor suppressor genes, proto-oncogenes and DNA
repair genes, and increased risk of carcinogenesis [7].

According to clinical and experimental studies,
the intestinal microbiota is the most important factor
in the development of liver diseases along the gut —
liver axis [8, 9]. Inflammatory reactions resulting
from changes in the gut microbiome are associated
with the development of a number of chronic non-
communicable diseases and are also considered
as a potential carcinogenic mechanism [10-13].
However, the fundamental mechanisms underlying
this relationship are still unclear. Thus, it is essential
to study the taxonomic composition of the intestinal
microbiota in patients with CCA and individuals
without cancer.

MATERIALS AND METHODS

To solve the set tasks, the study was conducted
in a case-control design in parallel groups. The
study protocol was approved by the Local Ethics
Committee of Siberian State Medical University
(Protocol No. 9389 of 27.02.2023).

The study included the following groups:
patients with histologically confirmed CCA (n = 30)
and participants without cancer and/or clinically
significant changes in the hepatobiliary system
(control group, n = 27). Among the patients with
CCA, 16.6% received chemotherapy, 13.3% received
a short course of antibiotic therapy (up to 7 days), and
33.3% underwent surgical intervention on the organs
of the hepatobiliary system within 2-4 weeks prior
to inclusion in the study. The control group did not
receive any of these treatments during the specified
periods.

CCA was diagnosed through the histologic and/
or immunohistochemical examination of biopsy
or postoperative liver material, according to the
following ICD-10 codes: C22.1 — cancer of the
intrahepatic bile duct; C24 — malignant neoplasm
of other and unspecified parts of the biliary tract
(n = 29); C24.0 — malignant neoplasm of the
extrahepatic bile duct (n = 1). The inclusion criterion
for all participants was a signed informed consent to
participate in the study.

During the study, the medical histories and
physical examination data of the participants were
analyzed, including vital signs, anthropometric data,
and system and organ examination data.

All  participants underwent  ultrasound
examination of the hepatobiliary system using a

high-resolution mobile ultrasound scanner (Mindray
M7, Shenzhen Mindray Bio-Medical Electronics Co,
Ltd, PRC) in accordance with the protocol proposed
within the framework of epidemiologic studies of
opisthorchiasis previously conducted in Southeast
Asia [14]. We evaluated the liver size and structural
features of the liver parenchyma, including echo
signs of CCA and periductal fibrosis (defined as an
increase in periportal echogenicity of more than 3
mm around the intrahepatic bile ducts of the second
order), as well as dilation and thickening of the bile
duct walls. The presence of liver masses was verified
by computed tomography (CT) and/or magnetic
resonance imaging (MRI) in patients with CCA.

To assess the composition of the intestinal
microbiota, stool samples were collected in special
sterile containers and stored at minus 80 degrees
Celsius until analysis. Additionally, stool samples
were evaluated for the presence of O. felineus
infection through microscopy of two stool samples
using Parasep concentrators (DiaSysLtd, UK).

To isolate DNA from the stool samples, we used
the Nobias DNA Extraction Kit (Nobias Technologies
LLC, Russia) with the extraction protocol, including
the stage of stool sample homogenization with the
help of solid particles (bead beating) and precipitation
of inhibitors.

The microbiota of stool samples from patients
with CCA and the control group was studied through
amplicon sequencing of the V3-V4 fragment of the
16S rRNA gene. As a result of sample preparation
and sequencing, 6 samples were excluded due to
inadequate quality for analysis, and data from 51
patients’ samples were included in the microbiota
study data analysis. Sequencing of the V4 region of
the bacterial 16S rRNA gene was performed on an
[llumina MiSeq instrument.

Bioinformatic analysis of the obtained reads
was performed using Qlime 2 software. Data were
aggregated into ASVs (amplicon sequence variants)
using the DADA?2 plugin, and taxonomic analysis
was performed using the RDP classifier plugin and
the Silva taxonomy database. Statistical analysis was
performed using R 4.3.3. Alpha diversity was assessed
using the total number of operational taxonomic units
(OTUs), Shannon, Chaol, and Simpson diversity
indices (rbiom 1.0.3). Alpha diversity between
groups was compared using the non-parametric
Mann — Whitney test. Beta diversity was analyzed
throughnonparametric permutationanalysisofvariance
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(PERMANOVA) using distance matrices based on
the Eitchison distance and Jaccard’s measure. Beta
diversity differences were analyzed using the adonis
test (vegan 2.6-4). Microbial representation between
groups was compared using the nonparametric Mann —
Whitney test and compositional analysis through
the balance selection method (selbal 0.1.0) for two
groups, and the Kraskell — Wallis criterion followed by
Dunn’s test (dunn.test 1.3.6) for three or more groups.
Correlation analysis was performed using Spearman
rank correlation (Hmisc 5.1-2). Benjamini — Hochberg
multiple comparisons correction was applied to all
statistical tests. The level of statistical significance
was chosen at 0.05.

RESULTS

During the study, two clinical groups of patients
were formed: patients with histologically verified
CCA (n = 30) and a control group (n = 27). In the

CCA group, 96.7% of cases were diagnosed with
intrahepatic localization of cholangiocarcinoma,
and only 1 patient had an extrahepatic Klatskin
tumor; 46.7% of patients were diagnosed at stage
I-II and 53.3% — at stage III-IV according to the
TNM classification. Chemotherapy was given
to 16.7% of patients and surgical treatment —
to 30% of participants, while 53.3% received only
palliative care.

The most frequent symptoms in patients with
CCA were abdominal pain, bloating, positive bladder
symptoms of Ker and Ortner, liver pain on palpation,
as well as significantly higher levels of bilirubin,
aspartate aminotransferase, alanine aminotransferase
and detection of hepatomegaly, periductal fibrosis,
and bile duct dilatation on ultrasound.

Neoplasms were detected by ultrasound and
confirmed by abdominal MRI / CT.. All clinical data
for the studied groups are presented in Table 1.

Table 1.
Clinical characteristics of the studied groups
Parameter | Patients with CCA (n = 30) | Control group (n =27) | P
Demographic and anamnestic characteristics
Gender, 1 (%)
male 18 (60.0) 14 (51.8) p>0.05
female 12 (40.0) 13 (48.2)
Age, years (N (Q;; Q) 59.96 (54.0 ; 67.0) 62,8 (58.0 ; 68.0) p>0.05
Smoking, n (%) 21 (70.0) 11 (36.7) p<0.05
Average history of smoking (years) 12.2 (0.0 ;20.0) 10.8 (0.0 ; 20.0) p>0.05
Alcohol consumption, n (%) 15 (50,0) 11 (36.7) p>0.05
Gastric and/or duodenal ulcer disease, n (%) 8(26.7) 4(14.8) p <0.05
Hypertension, n (%) 15 (50.0) 19 (70.4) p>0.05
Chronic heart failure, n (%) 4(13.3) 9(33.3) p<0.05
Type 2 diabetes mellitus, n (%) 3(10.0) 4 (14.8) p>0.05
Cholelithiasis, n (%) 8 (26.7) 2(7.4) p<0.05
Clinical characteristics
Body mass index (kg/cm?2) 26.6 (21.0;28.4) 29.1(23.0; 33.5) p>0.05
Fever, n (%) 4(6.7) —
Jaundice of the skin and visible mucosae, n (%) 11 (36.7) -
Hepatomegaly on the liver palpation, n (%) 14 (43.3) 4(15.4) p <0.05
Positive gall bladder symptoms,
() & ymp 10 (33.3) -
Biochemical markers
Total protein, g/l 67.2 (62.0 ; 73.0) 68.7 (63.0 ; 75.0) p>0.05
Total bilirubin, mcmol/l 54.2(8.9;41.0) 11.7 (6.0 ; 14.2) p<0.05
Conjugated bilirubin, mcmol/l 28.4(2.3;32.0) 1.8 (0.0;2.3) p <0.05
ALT, TU/T 61.8 (25.0;73.0) 30.2 (14.0 ; 33.0) p <0.05
AST, 1U/1 58.2(32.0; 73.0) 30.5(17.0 ; 42.0) p<0.05
Ultrasound examination of the hepatobiliary system
Hepatomegaly, n (%) 8(26.7) 2(7.4) p <0.05
Dilation of the bile ducts, 1 (%) 14 (46.7) —
Thickening, irregular walls of bile ducts, n (%) 7(23.3) 1(3.7) p <0.05
Periductal fibrosis, n (%) 12 (40.0) -
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BIOINFORMATICS AND STATISTICAL
ANALYSIS OF GUT MICROBIOTA
COMPOSITION DATA

The most represented types in the microbiota
of stool samples from patients with CCA were
Firmicutes  (70.1%), Bacteroidota (18.9%),
Proteobacteria (5.1%), Patescibacteria (2.9%),
and Actinobacteriota (1.6%). The control group
had a higher proportion of Firmicutes (72.6%),
Bacteroidota (13.4%), Proteobacteria (4.7%),
Patescibacteria (3.6%), and Verrucomicrobiota
(2.5%, Fig. 1, a). At the family level, patients with
CCAweredominated by Ruminococcaceae (38.0%),
Lachnospiraceae(12.5%), Bacteroidaceae (10.7%),
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Prevotellaceae (5.9%), and Peptostreptococcaceae
(4.1%). In the control group, the most represented
families of microorganisms were the following:
Ruminococcaceae (42.9%), Bacteroidaceae (8.3%),
Lachnospiraceae (7.3%), Peptostreptococcaceae
(4.7%), and Oscillospiraceae (4.5%, Fig. 1, b).

At the genus level, patients with CCA had a pre-
dominant rate of Faecalibacterium (34.7%), Bactero-
ides (10.7%), Prevotella (5.2%), unclassified genera
of the families Lachnospiraceae (3.1%) and Peptos-
treptococcaceae (2.3%). In the control group, the most
represented genera of microorganisms were Faecali-
bacterium (40.5%), Bacteroides (8.3%), Prevotella
(3.0%), UCG-002 (2.7%) and unclassified genera of
the family Peptostreptococcaceae (2.7%, Fig. 1, ¢).
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Fig. 1. The bar graph shows the most represented microbial taxa in stool samples from patients with cholangiocarcinoma (CCA) and
control groups (Control): a — at the order level, b — at the family level, ¢ — at the genus level

The comparative analysis of alpha diversity of the
microbiota of stool samples showed no statistically
significant differences between the group of patients
with CCA and the control group. (Fig. 2). Similarly,
no differences were found between the groups when
beta diversity was assessed.

The Mann — Whitney test was used to identify
bacteria (28 taxa) whose abundance was statistically
significantly different in the group of patients with
CCA compared to the control group. The results
showed that CCA is associated with an increase in
the abundance of bacteria from the following orders:

Lachnospirales, Clostridiales, Rhodospirillales,
CEeMEHCTB Lachnospiraceae, Tannerellaceae,
Clostridiaceae, unclassified Rhodospirillales, and
Bacteroidales, compared to the control group. The
intestinal microbiota of the control group participants
was characterized by a higher content of bacteria
from the Staphylococcaceae family and the genera
of Staphylococcus, and Finegoldia. At the genus
level, the microbiota samples of CCA patients were
characterized by a higher content of [Ruminococcus]
torques group, Dorea, unclassified Lachnospiraceae,
CAG-56, Agathobacter, Clostridium sensu stricto
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1, uncultured Rhodospirillales, Subdoligranulum,
CAG-352, Anaerostipes, Parabacteroides, uncultured
Bacteroidales, Anaerovoracaceae  Family XIII
AD3011 group, Oscillospiraceae NK4A214 group,
and Lachnospiraceae NK4A4136 group.

We also used the method of selecting balances
with sex as a covariate to reduce the detection of false
positives. Only bacteria that were in global balance
(R? = 0.726, p = 0.006, Fig. 3) were considered
significant.

Wilcoxon, p = 0.25 Wilcoxon, p=0.2
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Fig. 2. The graph shows comparison of alpha diversity between cholangiocarcinoma (CCA) and the control group (Control) of
patients in terms of number of operative taxonomic units (OTUs), Shannon, Chaol and Simpson diversity indices. The p-value was
calculated using the nonparametric Mann — Whitney test
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Fig. 3. The selection plot of microbial balances in samples at the genus level. The bacteria presented in the upper part of the graph
influence the variation of the global balance of microorganisms in the samples. The middle and bottom parts show box-and-whisker
type plots and density distribution curves of the balance for the groups of CCA patients (blue) and the control groups (orange)

Additionally, we performed a correlation
analysis between bacteria in the global balance,
taking into account the joint influence of several
bacterial genera. We found a statistically significant
mean correlation between bacteria from the genera
[Ruminococcus] torques group and Subdoligranulum

(r=0.56, p <0.0001), which changed the balance of
microorganisms downward.

Within the group of patients with CCA, we
investigated the differences in the relative bacterial
representation based on clinical features such as bad
habits, concomitant diseases, ongoing treatment,
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tumor localization and histological characteristics,
and macroscopic characteristics of the liver and
bile ducts. Thus, in patients with intrahepatic tumor
localization, there was a significant increase in the
representation of bacteria from the genus Clostridia
UCG-014 (p = 0.023), while in patients with stage
3-4 of the disease, the content of bacteria of the
genus Odoribacter significantly decreased (p =
0.012). Patients with anaplastic cancer confirmed
by histologic examination had a significantly
increased content of the genus Saccharimonadaceae
(»p = 0.029), unclassified genera from the family
Rhizobiaceae (p = 0.036), and the genus Faecali-
bacterium (p = 0.043) compared to patients with
other types of cancer. We also observed a significant
increase in the abundance of bacteria from the genus
Agathobacter in patients with dilated hepatic ducts
(p =0.022).

DISCUSSION

This study is the first to investigate the
composition of the intestinal microbiota using 16S
rRNA sequencing in a Russian population of patients
with cholangiocarcinoma. In our study sample,
intrahepatic localization of CCA was diagnosed
in the majority of cases, more than half of the
patients were diagnosed at TNM stages III-IV. The
clinical symptoms corresponded to the course of the
disease.

The study revealed that the composition of
intestinal microbiota in patients with CCA in
comparison with the control group is characterized
by changes in the quantitative representation of
individual microbial communities without significant
differences in alpha- and beta-diversity.

The results of foreign studies demonstrated
differences in the composition of the intestinal
microbiota between patients with biliary tract cancer
and healthy participants. However, there is currently
no clear trend in changes in specific groups of
microorganisms or a characteristic microbial profile
in CCA, possibly due to differences in methodological
approaches. It should be noted that our study revealed
some modifications of microorganism representation
comparable to the results of similar previous studies.
Thus, in two studies, a change in the representation
of the genus Bacteroides was noted in patients with
CCA and hepatocellular carcinoma (HCC) [15, 16].
Bacteria of the genus Bacteroides are dominant
representatives of the normal intestinal microbiota

and perform various functions aimed at maintaining
intestinal homeostasis [17]. However, certain species
ofthe genus Bacteroides, such as Bacteroides fragilis,
may play arole in the pathogenesis of various diseases
and carcinogenesis [18, 19]. A study by Tuo Deng
et al, 2022, also found an association with increased
representation of the unclassified Lachnospiraceae
group NK4A4136 [15].

Another study also noted an increase in
Parabacteroides in intestinal microbiota samples
from patients with hepatocellular carcinoma [20]. The
gut microbiota of patients at early stages of HCC was
characterized by a decrease in butyrate-producing
bacteria and an increase in lipopolysaccharide-
producing microorganisms compared to control group
samples [20]. High levels of lipopolysaccharides
have been shown to activate the NF-kxB pathway,
produce pro-inflammatory cytokines (TNFa, IL-6
and IL-1) and lead to inflammatory and oxidative
damage to the liver, contributing to the development
of hepatobiliary cancers [21-23].

The results of gut microbiota diversity indices
assessment according to different studies are
heterogeneous. A systematic review of studies
investigating intestinal microbiota in patients with
CCA showed that in most publications, the alpha-
diversity index did not differ significantly from the
controls, while two studies reported a decrease and in
one study an increase in taxonomic diversity [24]. In
a study of liver biopsy specimens, it was shown that
samples from peritumor sites and HCC tissue had
greater bacterial diversity compared to unaffected
liver sites [25].

As a result of gut microbiota assessment using the
balance selection method, we identified a number of
bacteria that influence the change in the global balance
ofmicroorganismsinthe samples. A microbiotaprofile
with increased representation of [Ruminococcus]
torques_group, Subdoligranulum, Parasutterella,
unclassified Firmicutes was characteristic of patients
with CCA. In contrast, previous studies have noted
a decrease in the representation of bacteria of the
genus Subdoligranulum in patients with liver disease
compared to healthy participants [26-28]. Bacteria
of the genus Parasutterella are involved in bile acid
metabolism [29].

The study of the gut microbiota is a challenging
task due to the many internal and external factors
affecting the composition of microbial communities,
and it requires careful study design. The limitations
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of our study include a small sample size and a single
assessment of the microbiota in a stool sample.

CONCLUSION

This study revealed a number of significant
differences in bacterial representation in patients
with cholangiocarcinoma compared to control group
participants. Considering the results of previous
studies, microorganisms such as Bacteroides and
Lachnospiraceae NK4A4136_group may be potential
microbial markers of CCA development. Thus,
further studies of the gut microbiota hold promise for
the development of non-invasive tools for the early
diagnosis of CCA.
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ABSTRACT

Aim. To identify perinatal and social predictors that determine the health of premature infants in early childhood,
based on their birth weight.

Materials and methods. This publication is part of a cohort prospective observational study of premature infants
that was initiated in Tomsk in 2014 (Deev L.A., Kulikova K.V., Kobyakova O.S. et al., 2016). The main group
consisted of 226 premature infants: 78 infants with low birth weight (LBW), 76 — with very low birth weight
(VLBW), and 72 — with extremely low birth weight (ELBW), while a control group included 76 term infants. The
follow-up period was 3 years, with examinations conducted every 12 months.

Results. The study found that 57.1% (n = 36) of ELBW infants, 34.9% (n = 23) of VLBW infants, and 32.9%
(n=23) of LBW infants showed an “improvement” in their health during early childhood (transition from health
groups IV and V to 111, as well as transition from health group III to II at subsequent visits). The presence of siblings
(for the main group OR = 2.6 [95% CI 1.3-5.3], p = 0.006, for children with ELBW OR = 8.4 [95% CI 1.0-69.6],
p = 0.045) and the mother’s higher education (for children with VLBW OR =3.9 [95% CI 1.2-12.2], p=0.018 and
with LBW OR = 3.4 [95% CI 1.2-9.9], p = 0.025) were identified as predictors of a favorable clinical prognosis.
Perinatal and social predictors associated with the development of pathological abnormalities included intrauterine
growth retardation, intraventricular hemorrhage, severe anemia in the neonatal period, maternal obesity, maternal
smoking, parental age over 35 years, and lack of higher education for the mother.

Conclusion. To implement a health-preserving strategy for the group of premature infants, especially those with
ELBW, health improvement can be achieved by addressing controllable social factors.
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MepuHaTanbHble N coyManbHble NpeauKTOPbI, onpeaenalie CoOCToOAHNe
340pPOBbA HeOHOLIEHHbIX AileTell B paHHEeM [eTCKOM Bo3pacTe:
pe3ynbTaTbl KOFOPTHOrO MHOFOLLEHTPOBOro NCCIeA0BaHNA

Xopkesunu IN.E."?, ®epoposa O.C.', Kynukosa K.B., leeB U.A.*

I Cubupckuii 2ocydapcmeennbiii meouyunckuil ynusepcumem (Cubl’ MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

2 Temckas 6onvnuya Ne 1
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 4

3 O6nacmmnoii nepunamanvuoiit yenmp (OITL]) um. H.J]. Eemywenko
Poccus, 634063, 2. Tomck, ya. Heana Yepuwix, 96/1

4 Poccutickutl HayuoHaIbHblil ucciedosamensekull meouyunckuil ynusepcumem (PHUMY) um. H . [Tupozosa
Poccus, 117997, e. Mockea, yn. Ocmposumsnosa, 1

PE3IOME

I.Iem;. YcTaHOBHTH NEPUHATAIIBHBIC U CONUAJIBHBIC IIPEAUKTOPBI, OIIPEACIIAOIMNE COCTOAHUC 3J0POBbS HEAOHO-
IICHHBIX JETEH B PaHHEM OETCKOM BO3pPACTEC B 3aBUCUMOCTHU OT MACCHI TE€Jia IIPHU POKACHUU.

Matepuajbl 1 MeTobl. [TyOnuKarms SBiseTcs 4acTbi0 KOTOPTHOTO NPOCIIEKTHBHOTO HAOII0IATEIbHOTO HCCIe-
JIOBaHUsI HEJOHOLIEHHBIX HOBOPOXKICHHBIX, HHUIIMUpOBaHHOTO B I. Tomcke B 2014 1. (ee U.A., Kynukosa K.B.,
Kob6skoBa O.C. u ap., 2016). OcHOBHYIO TpymIly COCTaBHIM 226 HEJIOHOIIEHHBIX HOBOPOXIEHHBIX (C HHM3KOH
Mmaccoii Tena (HMT) — 78, ¢ ouens Hu3koil Maccoil Tena (OHMT) — 76, ¢ skcTpeManbsHO HU3KOW Maccol Tema
(OHMT) — 72 pebenka), B rpynily KOHTPOJIS BKIIOUYEHB! 76 3710pOBBIX MiajeHIeB. [leproa KaTaMHECTHYECKOTO
HaOroeHns — 3 Toz1a, MePUOJNYHOCTb 00caeoBaHus — 12 mec.

Pe3yabTathl. YcraHoBieHo, 4to 57,1% (n = 36) nereii ¢ DHMT, 34,9% (n = 23) nereit ¢ OHMT u 32,9% (n =
23) nereit c HMT npu posxaeHHN HMENH «yJIy4IIeHUEe» COCTOSHHMS 310poBbs (repexon u3 IV u V rpym 310poBbst
B III, a Taxxe nepexon u3 Il rpynmsl 310poBbst Bo Il Ha mocneayromux BU3UTAX) B PaHHEM JIETCKOM BO3pacTe.
IMpenykTopaMu 6IaroNpPHUATHOTO KIMHAYECKOTO IIPOTHO3a SIBISUINCH HAJWYUE CHOCOB (JUIsi OCHOBHOI IPYIIIBI OT-
Horenue mancos (OIL) 2,6 [95%-it noBepurensublii naTepsai (1) 1,3-5,3], p = 0,006, nis nereit c SHMT npu
poxnenunn OLI = 8,4 [95%-ii 1N 1,0-69,6], p = 0,045) u HamuuKe BbICIIEr0 00pa3oBaHUs y MaTepu (Ui neTeit
¢ OHMT npu poxxaenuu OLI = 3,9 [95%-it 1N 1,2-12,2], p = 0,018 u ¢ HMT npu poxnenun OIL = 3,4 [95%-i1
JI1 1,2-9,9], p = 0,025). Taxxe yCTaHOBIICHBI IEPUHATATBHBIC U COIHATBHBIC MTPEIUKTOPHI PA3BUTHUS MATOJIOTH-
YECKUX OTKJIOHEHMH IO pa3HbIM (pyHKIHOHAIBHBIM CHCTEMaM B 3aBHCHMOCTH OT MAcChl Tella IIPH POXKIACHUH B
paHHEM JIeTCKOM BO3pacTe: 3aiepKKa BHYTPUYTPOOHOTO Pa3BUTHS, BHY TPHIKEITYJOUKOBOE KPOBOUBIIUSIHHUE, TSDKE-
Jasi aHeMHsl B HEOHATaJIbHOM IIepUoJie, OKUPEHUE y MaTepH, KypeHHe MaTepH, BO3pacT poxutelnei 6onee 35 ier,
OTCYTCTBHE BBICIIIEr0 00pa30BaHus y MaTePH.

3akaoyenne. TakuMm 06pa3oM, B IENSX PeaH3aliy CTPATEeruH 37J0pOBbecOepeKEeHHs B IPyIIIe HEeJOHOMEHHBIX
nereit, ocoberHo ¢ DHMT mpu poxaeHun, yaydIIeHHEe COCTOSHUS 3M0POBBSI MOXKET OBITh JOCTHTHYTO BO3EH-
CTBHEM Ha YIpaBIsIeMBbIE COIIMANIbHEIE (PaKTOPHI.
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CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.
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INTRODUCTION

Health preservation strategy is a priority area of
medicine. This approach promotes the need for pre-
gravid preparation, since human health is largely
determined by the course of the ante-, intra- and
neonatal periods of life, and according to the theory of
“fetal programming”, is the result of a combination of
the genetic program under the influence of perinatal
factors [1-3]. Premature infants, especially those with
very low birth weight (VLBW) and extremely low
birth weight (ELBW), are particularly vulnerable to
developing various diseases both in the neonatal period
and later in life [4—7]. Several studies have identified
laboratory, instrumental, and clinical predictors of an
unfavorable clinical prognosis for premature infants
in the neonatal period have been established [8, 9].
Additionally, some studies have examined perinatal
risk factors for chronic health issues in children born
with VLBW and ELBW. However, these studies
are limited in number and often only focus on one
aspect of the body’s functioning [5]. At the same
time, identifying predictors of a favorable clinical
prognosis associated with a decrease in morbidity
and the absence of chronic disease exacerbations can
be an effective tool in strengthening the health of the
population of premature infants.

Thus, we planned and conducted a study to
determine perinatal and social predictors that
influence the health of premature infants in early
childhood, based on their birth weight.

MATERIALS AND METHODS

This study is part of a cohort prospective
observational study of premature infants initiated in
Tomsk in 2014 [10]. The study included data from 302
children born in 2014-2020 at the [.D. Evtushenko
Regional Perinatal Center and the Tomsk Maternity
Hospital No. 4. Once the legal representatives signed
the informed consent for their child to participate
in the study, the child was included in one of
the observation groups. The study methodology,
inclusion and exclusion criteria, results of the ethical
review, study design, and clinical characteristics
of the children during the neonatal period were
previously published [7, 11]. Four in-person visits
were conducted: visit 0 (during the neonatal period),
visit 1 (at one year of age), visit 2 (at two years of
age), and visit 3 (at three years of age).

This article presents an analysis of the anamnestic
data of parents (socioeconomic status, education,

health status, anthropometric data, presence of bad
habits, and medication intake) and the health groups of
the children according to the Order of the Ministry of
Health of the Russian Federation dated December 30,
2003 No. 621 “On a comprehensive assessment of the
health of children”. Additionally, conclusions from
narrow medical specialists and medical commissions
based on medical documentation (forms 112/u) were
used to established medically verified diagnoses (such
as malnutrition, obesity, transient hypothyroidism,
bronchopulmonary dysplasia, myopia, astigmatism,
patent ductus arteriosus, psychomotor retardation,
hearing loss, etc.). When assessing the health
dynamics of the observed children, a comparison was
made between the current visit and the previous visit.
A favorable clinical outcome was recorded when
a child was assigned to a more “favorable” health
group (for example, transitioning from IV to III health
group or from III to II health group) or maintained
their I, II, or III health group without exacerbation or
decompensation of chronic diseases. An unfavorable
clinical outcome was recorded when a child was
assigned to a less favorable health group (from I
and II health groups to Il group) or experienced
decompensation or exacerbation of chronic diseases.
Statistical analysis was performed using the
Statistica for Windows, 13.0 software package.
Quantitative data were described using the arithmetic
mean and standard deviation (M£SD). For qualitative
data, the absolute value and percentage were
determined. The Mann-Whitney U-test was used
to assess the differences in quantitative data. The
Pearson y2 test (with Yates’ correction for values
less than 10) was used to compare the frequencies
of qualitative features. The difference in values was
considered statistically significant at p < 0.05.

RESULTS

The study included the main group of 226
premature infants (low birth weight (LBW) — 78
children, VLBW — 76 children, and ELBW — 72
children), and a control group of 76 healthy infants.
At the beginning of the study, the main group
consisted of 123 boys (54%) and 103 girls (46%),
while the control group had 57 boys (75%) and 19
girls (25%). There were statistically significant
differences in anthropometric parameters and gender
between the main and control groups, but the groups
of premature infants were comparable in terms
of gender [7].
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When the children were divided into health
groups based on their birth weight, it was found
that at the visit 0, health group II was predominant
among premature infants with LBW (n =46, 58.9%)
than among those with VLBW (n = 24, 31.6%, p
< 0.001). In the ELBW group, children with health
groups III-IV were more common than in the

other groups. Throughout the observation period,
children with a birth weight of less than 1,000
grams were less likely to be in health group II than
children in other observation groups, and more
often belonged to regular health check-up groups
II-IV compared to children with LBW and VLBW
(Table 1).

Table 1

Distribution of children by health groups based on their birth weight and age, % (n)

Age Health group LBW VLBW ELBW Control group
I 0 (0) 0 (0) 0 (0) 67.1(51)
11 58.9 (46) 31.6* (24) 0(0) 32.9 (25)
Visit 0 111 37.1(29) 61.8* (47) 45.8 (33) 0 (0)
v 1.3 (1) 5.3 (4) 37.5%* (27) 0 (0)
\Y% 2.6(2) 1.3 (1) 16.7** (12) 0 (0)
I 7.1(5) 1.5(1) 0 (0) 57.1%* (40)
11 58.6 (41) 33.3(22) 7.9% (5) 31.8 (20)
Visit 1 111 28.6 (20) 53.0% (35) 55.6% (35) 4.8 (3)
v 5.7 (4) 12.2 (8) 33.37(21) 0 (0)
\Y% 0 (0) 0 (0) 3.2(2) 0 (0)
I 9.8 (4) 5.6(2) 0 (0) 8.3 (1)
11 53.7 (22) 41.7 (15) 20.5%(9) 83.3 (10)
Visit 2 111 26.8 (11) 30.6 (11) 43.2 (19) 8.3 (1)
v 9.8 (4) 19.4 (7) 36.4* (16) 0 (0)
\Y% 0 (0) 2.8(1) 0 (0) 0 (0)
I 10.5 (4) 8.6 (3) 0 (0) 8.3 (1)
11 60.5 (23) 45.7 (16) 27.3%(12) 75.0 (9)
Visit 3 111 21.1 (8) 31.4 (11) 47.7* (21) 16.7 (2)
v 53(2) 14.3 (5) 22.7 (10) 0 (0)
A% 0(0) 0(0) 2.3(1) 0(0)

* p <0.05 when compared with the LBW group (Pearson 2 test); ** p <0.05 when compared with the LBW and VLBW
groups (Pearson %2 test); * — p < 0.05 when compared with the LBW, VLBW, and control groups (Pearson 2 test);
# p < 0.05 when compared with the LBW and control groups (Pearson y2 test).

The study also analyzed the prevalence of
pathological deviations in the main functional
systems of the body. It was found that at the age
of one year, children with VLBW (n = 9, 13.6%,
p = 0.017) and ELBW (n = 18, 28.6%, p < 0.001)
were more likely to have malnutrition than children
in the control group (n =1, 1.6%). At the age of two
and three years, statistically significant differences
in the presence of malnutrition between premature
infants based on birth weight were not found. This
deviation was not recorded at visits 2 and 3 (Table 2)
among children in the control group.

The study also found that children with ELBW
were more likely to have abnormalities in the nervous
system (such as delayed psychomotor development,
movement  disorder syndrome, hypertension
syndrome, and cerebral palsy) than children in other

groups at the age of one and two years. At the age of
three, there were no differences in the prevalence of
neurological pathology between the groups.

Children with ELBW were also more likely
to have endocrine pathology (mainly transient
hypothyroidism) throughout the observation period
compared to children in other groups (Table 2).

When analyzing data on the presence of visual
organ deviations, children with ELBW (n = 31,
49.2%) were more likely to have ophthalmic
pathology (such as retinopathy of prematurity,
severe myopia, astigmatism, and others) at the first
visit compared to children with LBW (n =9, 12.9%,
»<0.001)and VLBW (n=7, 10.6%, p <0.001). At
the age of two, no differences were found between
the groups. At visit 3, ophthalmic pathology was
statistically significantly more common among
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children with ELBW (n = 12, 27.3%) than among
children with LBW at birth (n =2, 5.3%, p =0.019).

The main lung pathology among premature
infants included in the study throughout the
entire observation period was bronchopulmonary
dysplasia (BPD). Children with ELBW were more
likely to have this diagnosis than premature infants
of other groups throughout early childhood (Table
2). At the age of one year, according to the results
of the study, 26 children (37.1%) with LBW, 29
children (43.9%) with VLBW, and 21 children
(33.3%) with ELBW had anemia of varying
severity, which was more common than that in the
control group — 4 (6.4%, p <0.001).

When studying the prevalence of cardiovascular
diseases (congenital heart defects, except for patent

tract (chronic constipation, biliary tract diseases,
functional bowel disorders, etc.), and genitourinary
system (hypospadias, congenital kidney defects,
spermatic cord cysts, labia minora adhesions, etc.),
no statistically significant differences were found
between the groups in early childhood [7].

At the end of the follow-up, 27.3% (n = 12) of
children with ELBW had a disabling disease, which
was significantly more common than among children
with LBW (n =2, 5.3%, p =0.019) and VLBW (n =
1, 2.9%, p = 0.010). According to our study, having
a birth weight of less than 1,000 grams increased
the odds of having a disability at the age of three by
9 times compared to premature infants with birth
weights between 1,000 and 2,500 grams (OR = 8.8
[95% CI2.3-3.2], p <0.001). No child in the control

ductus arteriosus, arrhythmia), gastrointestinal group had a disabling disease.
Table 2
Structure of pathological abnormalities in children based on their birth weight in early childhood
. L. Main group LBW VLBW ELBW Control group
Pathological deviations 5 5 5 5 5
n % n % n % n % n %
1 year
Malnutrition 34# 17.1 7 10 9* 13.6 18% 28.6 1 1.6
Pathology of the cardiovascular system 42 21.1 15 21.4 12 18.2 15 23.8 0 0
Pathology of the nervous system 48 24.1 15* 21.4 12 18.2 21*% 333 4 6.4
Endocrine pathology 104 52.3 15 214 | 37* 56.1 52%* 82.5 3 4.8
Ophthalmic pathology 47% 23.6 9 12.9 7 10.6 31** 49.2 6 9.5
Lung pathology 38 19.1 1.4 4 6.1 33xk* 52.4 0 0
Pathology of the genitourinary system 27 13.6 10 14.3 12 18.2 5 7.9 0 0
Gastrointestinal tract pathology 10 5.0 3 43 3 4.6 4 6.4 0 0
Anemia 76" 382 | 26* 37.1 29* 43.9 21* 333 4 6.4
2 years
Malnutrition 20 16.5 5 12.2 3 8.3 12 27.3 0 0
Pathology of the cardiovascular system 16 13.2 5 12.2 2 5.6 9 20.5 0 0
Pathology of the nervous system 48 39.7 11 26.8 12 333 25%** 56.8 0 0
Endocrine pathology 51 422 7 17.1 13 36.1 31** 70.5 2 16.7
Ophthalmic pathology 21 17.4 4 9.8 3 8.3 14 31.8 1 8.3
Lung pathology 16 13.2 0 0 4 11.1 12 273 0 0
Pathology of the genitourinary system 9 7.4 2 4.9 4 11.1 3 6.8 1 8.3
Gastrointestinal tract pathology 22 18.2 7 17.1 7 19.4 8 18.2 1 8.3
3 years
Malnutrition 8 6.8 0 0 4 11.4 4 9.1 0 0
Pathology of the cardiovascular system 11 9.4 2 5.3 3 8.6 6 13.6 0 0
Pathology of the nervous system 40 342 10 26.3 10 28.6 20 45.5 3 25.0
Endocrine pathology 40 342 7 18.4 10 28.7 24%* 54.6 2 16.7
Ophthalmic pathology 18 15.4 2 5.3 4 11.4 12% 273 0 0
Lung pathology 5 43 0 0 1 2.9 4 9.1 0 0
Pathology of the genitourinary system 10 8.6 3 7.9 4 11.4 3 6.8 3 25.0
Gastrointestinal tract pathology 17 14.5 6 15.8 4 11.4 7 15.9 1 8.3

# p < 0.05 relative to the control group (Pearson y2 test); * p < 0.05 relative to the LBW group and the control group (Pearson y2 test);
** p < (.05 relative to the control group, LBW and VLBW groups (Pearson y2 test); ¥** p < 0.05 relative to the LBW and VLBW groups at birth

(Pearson 2 test).
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Social predictors of a favorable clinical prognosis
for premature infants in early childhood

During the follow-up, some children were
a posteriori assigned to a group of infants with
improved health. This group consisted of children
who moved to a more favorable health group during
subsequent visits, for example, from IV to III health
group, from III to II health group. It was found that
57.1% (n = 36) of children with ELBW, 34.9% (n =
23) of children with VLBW, and 32.9% (n = 23) of
children with LBW at birth had improved health in
early childhood.

An analysis of possible social predictors (such
as age, anthropometric data, education and social
status of parents, income, presence of bad habits, and
chronic diseases) of a favorable clinical prognosis
(assignment to a more favorable health group at

subsequent visits or maintenance of I, II or III
health group in the absence of exacerbation and
decompensation of chronic diseases) for premature
infants included in the study was conducted during
the follow-up period (Fig).

A statistically significant predictor associated with
improved health status of premature infants in early
childhood, according to the results of our study, was
the presence of siblings. The probability of a positive
clinical prognosis increased 3-fold among children in
the main group (OR=2.6[95% CI 1.3-5.3], p=0.006)
and 8-fold among children with ELBW at birth (OR =
8.4 [95% CI 1.0-69.6], p = 0.045). At the same time,
according to the logistic regression model, with each
subsequent child born in the family, the probability of
a favorable clinical prognosis for premature infants
increased (OR =14.2[95% CI 1.7-118.8], p = 0.007).
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Fig. Social predictors of a favorable clinical prognosis: ** for premature infants in early childhood based on their birth weight.

* higher education; ** assignment to a more favorable health group (e.g. transition from IV to III health group, from III to II health

group) at subsequent visits or maintenance of I, IT or III health group in the absence of exacerbation and decompensation of chronic
diseases.

According to the results of the study, a positive
predictor of the health status of children in the
main group was the presence of higher education
for the mother. This factor statistically significantly
increased the chance of a favorable clinical prognosis
in premature infants with VLBW at birth by 4 times
(OR = 3.9 [95% CI 1.2-12.2], p = 0.018) and with
LBW at birth by 3 times (OR =3.4 [95% CI 1.2-9.9],
p =0.025).

The data analysis using the logistic regression
method revealed that a decrease in the number of
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cigarettesconsumedperdaybythefatherwasassociated
withafavorableclinical prognosis of premature infants
in the groups with LBW (OR = 0.1 [95% CI 0.0-0.6],
p = 0.012) and ELBW (OR = 0.001 [95% CI 0.0-
0.9], p = 0.009).

Perinatal predictors determining the health
status for premature infants in early childhood

The study analyzed the contribution of several
perinatal factors (such as anthropometric data at
birth, gestational age, presence of intrauterine growth
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retardation, intraventricular hemorrhage, severe
asphyxia and seizures in the neonatal period, presence
of lateral ventricular dilation, invasive ventilation,
and infectious diseases in the neonatal period). A
number of predictors associated with an increased
likelihood of developing pathological abnormalities
in individual functional systems and individual
nosological units depending on birth weight at the
age of one, two, and three years were identified.

According to the results of the study, one of the
significant perinatal factors worsening the prognosis
for several systems among premature infants of
all groups was severe anemia requiring blood
transfusion in the early neonatal period. The presence
of this deviation increased the probability of nervous
system pathology (OR = 6.2 [95% CI 1.4-25.5],
p = 0.008) and ophthalmic pathology (OR = 5.5
[95% CI 1.1-28.9], p = 0.029) by 6 times at the age
of one year among children with LBW at birth. It
also increased the probability of having 4 or more
pathological deviations in different functional systems
of the body among children with VLBW at birth by
4 times at the age of one year (OR = 4.3 [95% CI
1.3-13.9], p = 0.012) and the probability of having
neurological pathology by 5 times at the age of two
years (OR =4.7[95% CI 1.1-22.7], p = 0.043).

The study established that for premature infants
with low birth weight (LBW) who experienced
intraventricular hemorrhages (IVH) and intrauterine
growth retardation (IUGR) were more likely to
develop pathological abnormalities in multiple
functional systems during early childhood.

IVH increased the likelihood of developing
transient hypothyroidism among premature infants
with LBW by 4 times at the age of one year (OR =
4.1[95% CI 1.0-16.0], p = 0.034) and by 10 times at
the age of two years (OR=10.3 [95% CI 1.7-64.0], p
= 0.020), as well as anemia at one year by 11 times
(OR=11.1[95% CI 2.2-56.9], p <0.001). Premature
infants with a birth weight of 1,500 to 2,500 grams
with [UGR were statistically significantly more likely
to have malnutrition at the age of one year (OR =
5.1[95% CI 1.0-25.8], p = 0.033) and psychomotor
developmental delay (OR =16.0[95% CI 1.6-155.0],
p = 0.003). IUGR also increased the likelihood of a
neurological diagnosis among children with LBW by
9 times at the age of three years (OR=8.7 [95% CI
1.3-58.9], p=0.014).

When analyzing the results of instrumental
studies among premature infants in the studied

cohort, it was revealed that a significant predictor
of nervous system pathology in early childhood
was dilation of the lateral ventricles, as identified by
neurosonography (NSG) during infancy (from 1 to
12 months of age), even without the development
of hydrocephalus and hypertension syndrome. This
deviation increased the likelihood of a neurological
diagnosis among children with LBW by 5 times at
the age of one year (OR =5.0 [95% CI 1.2-20.5],p =
0.017)and two years (OR=5.4[95% CI 1.1-26.5],p=
0.028). Additionally, dilation of the lateral ventricles
according to neurosonography results increased the
chance of persistent transient hypothyroidism among
children with ELBW by 5 times (OR = 4.6 [95% CI
1.1-20.2, p = 0.034) at the age of two years.

Social predictors determining the health status
of premature infants in early childhood

The study analyzed a number of socioeconomic
risk factors (such as age, anthropometric data,
education and social status of parents, bad habits,
chronic diseases, and income of parents) and identified
several predictors associated with an increased
likelihood of developing pathological abnormalities
in individual functional systems among premature
infants.

When analyzing the anthropometric data of
parents, it was found that one of the significant
predictors of nervous system pathology among
premature infants in all groups included in the study
was the mother’s body mass index (BMI) > 25. At
the age of one year, among premature infants with
ELBW at birth, whose mothers had a BMI over 25 at
the beginning of pregnancy. There was a statistically
significant increase in the occurrence of a combination
of four or more pathological deviations in different
functional systems (OR = 3.8 [95% CI 1.1-13.3]),
p = 0.047), psychomotor developmental delay
(OR = 3.7 [95% CI 1.0-13.1]), p = 0.037), visual
pathology (OR = 6.6 [95% CI 1.8-23.2]), p = 0.002),
and the course of bronchopulmonary dysplasia (BPD)
(OR =5.4[95% CI 1.5-19.0]), p = 0.013). At the age
of two years, among premature infants, regardless of
birth weight, whose mothers had a BMI over 25, there
was astatistically significantincreasein delayed speech
development (OR =2.5[95% CI 1.0-5.9], p = 0.041).
This predictor was also associated with the likelihood
of a longer course of transient hypothyroidism at
the age of two years among children with LBW
(OR =9.7 [95% CI 1.1-89.9]), p = 0.022).
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The study established that one of the significant
factors in maternal history, as a predictor of an
unfavorable clinical prognosis for the group of
children with a birth weight of less than 1,000 grams,
is maternal smoking before and during pregnancy.
This bad habit in the mother increased the likelihood
of BPD persistence by 5 times (OR = 4.7 [95% CI
1.5-15.3], p = 0.007), visual pathology (OR = 4.1
[95% CI 1.3-12.6], p = 0.013), and the development
of anemia at the age of one year (OR = 3.5 [95% CI
1.2-10.7], p = 0.023) by 4 times among premature
infants with ELBW at birth.

Another significant social predictor of the
development of pathological deviations in premature
infants with a birth weight of less than 1,500 grams,
according to the results of our study, was the
mother’s lack of higher education. Children with
VLBW, whose mothers did not receive a higher
education before the child’s birth, were significantly
more likely to have BPD at the age of one year (OR
=5.4[95% CI 1.8-15.8]), p = 0.002). The lack of
mother’s higher education increased the likelihood
of a neurological diagnosis in a child with VLBW
at the age of two years by 6 times (OR = 6.1 [95%
CI 1.2-30.1]), p = 0.021) and a combination of four
or more pathological deviations among children with
VLBW at the age of three years by 4 times (OR =4.2
[95% CI 1.2-15.4], p = 0.026).

One more significant factor in parental anamnestic
data associated with the clinical prognosis of
premature infants in the study sample was age over
35 years. This predictor, both on the mother’s and
father’s side, increased the likelihood of transient
hypothyroidism among children with LBW at the age
of two and three years.

DISCUSSION

The study found that children born with ELBW
have different health statuses and are more likely
to have pathological abnormalities in their nervous,
endocrine, respiratory, and visual systems compared
to premature infants with a birth weight of over
1,000 grams. This is consistent with previous studies
[12,13].

These pathological deviations that occur in the
neonatal period largely determine the health status
of premature infants at an older age. According to
our study results, significant perinatal risk factors for
the development of diseases of the nervous system,
visual pathology, anemia, persistence of pulmonary

pathology in premature infants depending on birth
weight in early childhood include IUGR, IVH,
severe anemia in the neonatal period, and dilation of
the lateral ventricles. According to A.I. Safina et al.
(2020) and A.K. Mironova et al. (2023), predictors
of the development of disabling conditions in
early childhood include gestational age less than
28 weeks, extremely low birth weight, oxygen
dependence for more than 28 days after birth, grade
3 intraventricular hemorrhage, and periventricular
leukomalacia [5, 13, 14].

A long-term cohort study by Yu.E. Shmatova
et al. (2022) examined risk factors for children’s
health from the mother before and during pregnancy
and found that maternal age over 40, smoking,
single mother status, and mother’s thyroid pathology
can worsen the clinical prognosis in healthy full-term
children in early childhood and primary school age
[15]. During our study, for the first time in Russia,
we obtained the data on the role of socioeconomic
predictors associated with the clinical prognosis of
premature infants based on birth weight. We found
that the age of the parents over 35 years, the mother’s
BMI over 25, the level of mother’s education, and
parental smoking affect the health of premature
infants throughout early childhood. A number of
international studies have noted that maternal obesity
affects the perinatal development of the brain in
premature infants according to diffusion tensor
imaging, which may be a pathogenetic rationale
for the indirect effect of maternal obesity on the
neuropsychic development of children [16, 17]. J.T.
Bangma et al. (2020) in a systematic review found
that maternal obesity and low socioeconomic status
increase neonatal systemic inflammation and disrupt
placental programming, which further worsens the
health prognosis of premature infants with ELBW
[18]. Our results can be used to carry out preventive
measures among women planning pregnancy, pre-
gravid preparation, as well as to create an individual
plan for regular health check-up of premature infants
whose mothers have these risk factors [19].

As a result of our study, it was established for the
first time that the mother’s higher education and the
presence of siblings were significant predictors of a
favorable clinical prognosis for premature infants,
especially with ELBW, during a three-year follow-
up. It was also established that the more children in
the family, the greater the likelihood of improving
the health of the premature infant in early childhood.
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This fact may be associated with a fact that woman
with higher education and experience raising her
own children is more aware of the importance
and possibility of regular health check-up and
rehabilitation measures.

CONCLUSION

The conducted cohort prospective observational
study of premature infants has provided unique data
on the health status of children during the follow-up
period. The study has also allowed us to identify key
perinatal and social predictors of prognosis.

To implement a health-preserving strategy for the
group of premature infants, it is crucial to improve
not only the methods of nursing and neonatal care,
but also to promote the principles of pre-conception
preparation. This includes increasing awareness
among the female population of childbearing age
about the need to quit smoking, prevent and treat
obesity, promote higher education among women,
and support large families.
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Study of the spectrum of unsaturated fatty acids in the blood of men
with diabetes mellitus in Novosibirsk (ESSE-RF3 in the Novosibirsk region)
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ABSTRACT

Aim. To study the content of unsaturated fatty acids (FAs) in blood plasma in men from Novosibirsk (ESSE-
RF3 in the Novosibirsk region) with established type 2 diabetes mellitus (DM2), newly diagnosed diabetes, and
prediabetes, as well as to evaluate the associations of various types of FAs with the presence or absence of diabetes
and fasting glucose levels.

Materials and methods. Within the framework of the multicenter, single-stage epidemiological ESSE-RF3 study
in the Novosibirsk region, 1,200 residents of Novosibirsk (600 men, 600 women) aged 35—74 years were examined.
The present study included 563 men with an average age of 54.4 + 11.48 years, comprising: 61 individuals diagnosed
with DM2 based on anamnestic data (Group I); 65 men with newly diagnosed diabetes (Group II); 46 men with
conditional prediabetes (Group III); and 391 men without diabetes — (Group IV). The levels of unsaturated FAs in
blood plasma were determined via high-performance liquid chromatography.

Results. An increase in omega-3, -6, and -9 FA levels was revealed in Group I compared to Group IV. An increase
in the level of oleic acid (p = 0.040) was found in Group II compared to Group IV. The relative chance of DM2 is
directly associated with an increase in the levels of omega-3 alpha-linolenic acid (odds ratio (OR) = 1.030, 95 con-
fidence interval (CI) 1.002—-1.058; p = 0.034) and omega-6 gamma-linolenic acid (OR =1.026, 95 CI 1.001-1.051;
p =0.044). Newly diagnosed diabetes is inversely associated with the level of linoleic acid in blood plasma (OR =
0.545, 95 CI1 0.301-0.996; p = 0.048), as well as directly associated with the level of oleic acid (OR = 1.961, 95 CI
1.054-3.648; p = 0.034). Prediabetes is inversely associated with the level of hexadecenoic acid (OR = 0.969, 95
CI 0.943-0.996; p = 0.025).

Conclusion. Detection of changes in the profile of unsaturated FAs in blood plasma can be used as an additional
prognostic biomarker to identify patients at risk of developing DM.
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UccnepoBaHme cnekTpa HeHacbIWEeHHbIX XKVUPHbIX KUCNIOT KPOBU
Yy MY>KUUMH € caxapHbim gunabetom r. HoBocnbmpcka («<3CCE-PO®3»
B HoBocnb6upckom obnacrtn)

LWWpamko B.C.", CumonoBa ..}, LLlep6akoBa J1.B.", ApaHacbeBa A.[l.", BanaHoBa 10.A.%,
Mmaesa A.3.%, llanbHoBa C.A.%, ParuHo 10.1."

I Hayuno-ucciedosamensCKutl UHCMumym mepanuu u npopuiaxmuyeckoi meouyunsl — uauan Hnemumyma
yumonoeuu u 2enemuxu CO PAH (HUUTIIM — ¢punuan UL{ul” CO PAH)
Poccus, 630089, 2. Hosocubupck, ya. b. boeamxosa, 175/1

2 Hayuonanvhwlil MEOUYUHCKUL UCCIe008AMENbCKULL Yyermp mepanuu u npoguiakmuyecko meouyunwvt (HMHUL] TIIM)
Poccus, 101990, 2. Mocksa, I[lemposepueckuii nep., 10/3

PE3IOME

Heaw. M3yunts conepxanue HeHaChIIEHHBIX XKUpHBIX KucioT (JKK) maa3Mel kpoBu y MyxunH . HoBocuGupcka
(«DCCE-P®3» B HoBocubupckoit 061acTi) ¢ yCTaHOBICHHBIM caxapHbIM quadetom 2-ro tuma (C/2), BrepBbie
JMarHOCTUPOBaHHbBIM JHa0EeTOM H «IpeanadeToM», a TakKe OLICHUTh accolManuy pasnuuHblx Tunos JKK ¢ namu-
ypeM mwin orcytetBueM CJI ¥ ypOBHEM IJIIOKO3bI HATOIIAK.

Marepuajbl 1 MeTOABI. B paMkax MHOTOLIEHTPOBOTO OJJHOMOMEHTHOTO 3ITHJIEMHOJIOTHYECKOTO MCCIIET0BAHUS
OCCE-P®3 no HoBocudupckoit obiaactn 6butn o6cmenoBansl 1200 sxuteneit r. HoBocubupcka (Myxunn — 600,
skeHmnmH — 600) B Bo3pacte 35-74 ner. B uccienoBanue ObLIM BKJIFOUSHBI 563 MyKYHHBI (CpeTHHN BO3pAcT
54,4 + 11,48 ner), u3 Hux: 61 yenosek ¢ nuarHozom CJ/I2 Ha OCHOBaHWM aHAMHECTUYECKUX JAaHHBIX — rpymma (I);
65 My>X4HH ¢ BIepBbIe BEIIBIEHHBIM anabetoM — rpynma (II); 46 My>KYUH ¢ yCIOBHBIM «IpeIHadeToM» — IpyI-
ma (III); 391 genosek 6e3 CJ] — rpymma (IV). B mna3me kpoBu BceM ONMpeaessUTd ypoBeHb HeHachIeHHbIX KK
METOJIOM BBICOKOA(()EKTHBHOI XKHUAKOCTHOH XpoMaTorpaduu.

PesyabTatel. B rpynne () BeisiBiIeHO yBennueHue copepkanus omera-3, -6, -9 XXK mpu cpaBHeHHH C TPYIIIOH
(IV). B rpymme (II) ycranoeneno yeenndenue ypoHs onernHoBoi XKK (p = 0,040) npu cpaBHeHnu ¢ rpymmoi (IV).
Hamane C/12 npsiMo accoMUpOBaHO € MOBHIIICHHEM YPOBHS OMeTra-3 alb(a-ITHHOIEHOBOH (OTHOIICHHE NIAHCOB
(OIL) = 1,030; 95-i1 noBepurensHbIi uaTepBat (A1) 1,002—-1,058; p = 0,034) u omera-6 ramma-nuHOIeHOBOMH KK
(OIL = 1,026; 95-i1 N 1,001-1,051; p = 0,044). Hanuune BriepBbie BosiBieHHOT0 CJ] 00paTHO accomuupoBaHO
¢ coJep>KaHHeM B IUIa3Me KpoBH JMHOJIEBOH kucnotsl (OLL = 0,545; 95-it AN 0,301-0,996; p = 0,048) u npsimo
acconuupoBaHo ¢ ypoHeM onenHoBoi JKK (OLI = 1,961; 95-it 1N 1,054-3,648; p = 0,034). Hanuuue «mpenua-
Oetay» 00paTHO aCCOLMMUPOBAHO C ColepKaHUeM rekcaneneHoBor kuciotel (OL = 0,969; 95-it 1IN 0,943-0,996;
p =0,025).

3akuiouenue. BrisiBneHue n3meHeHuit npopuinsa HeHachieHHbIX JKK B ruia3Me KpoBH MOXKET UCIIONB30BAThCS B

Ka4€CTBE NONOJHUTEJIBHOI'O IPOTHOCTUIECKOTO 6H0Map1<epa JUIS BBISIBJICHHUS MAITUEHTOB C PUCKOM Pa3BUTUA CI[

KnroueBble cioBa: caxapHbIil [uadeT, )KUPHBIE KHCIIOTHI, KPOBb, (PaKTOPhI pUCKa

KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThU.

Hcrounnk ¢punancupoBanus. Pabora mposenena B pamkax «9CCE-P®3» mo Hosocmbupckoir obmactin u
OIO/KETHOH TEMBI 110 TocyaapcTBeHHOMY 3anaHmio Ne FWNR-2024-0004.

CooTBeTcTBHE NMPUHIHIAM 3THKH. Bce y4acTHHUKM MCCIIENOBaHMS HOJUCAIH MHGOPMHPOBAHHOE COTJIACHE.
HccnenoBanue on00peHo TOKanbHbIM dTH4YeckuM komutetoM HUUTIIM — ¢unman ULul" CO PAH (nmpotokon
Ne 69 ot 29.09.2020).

Jst uutuposanus: Illpamko B.C., Cumonosa I'.U., Illepdakosa JI.B., AdanaceeBa A.Jl., bananosa 10.A., Nma-
esa A.D., llansuoBa C.A., Paruno 10.1. MccaenoBanue CrieKTpa HEHACHICHHBIX AKUPHBIX KUCIOT KPOBU Y MYX-
9uH ¢ caxapHbIM quaberom r. HoBocubupcka («9CCE-P®3» B HoBocubupckoit obnactu). broaremens cubup-
cxoui meouyunsl. 2025;24(1):124-133. https://doi.org/10.20538/1682-0363-2025-1-124-133.
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Study of the spectrum of unsaturated fatty acids in the blood of men

INTRODUCTION

According to the International Diabetes
Federation, by 2021 there were about 537 million
patients with diabetes mellitus (DM) in the world,
and by 2045 their number is expected to increase
to 783 million [1]. At the same time, type 2 DM
(DM2) accounts for 90-95% of all cases of diabetes
[2]. DM2 poses a significant risk to people’s health
and life expectancy. For example, the average
life expectancy of a 50-year-old person with
DM2 is six years shorter compared to people without
DM2 [3].

According to the hypothesis of lipotoxicity,
chronically elevated levels of free fatty acids (FA)
may cause dysfunction of pancreatic B-cells and,
thereby, disrupt insulin secretion, accelerating two
major defects underlying the pathophysiology of
DM2 [4]. However, the data on the association
between different types of FA (omega-3 /-6 /-9) and
the risk of developing DM2 are quite contradictory.
For example, in the study by J. Shanta etal. [5], a direct
effect of arachidonic acid (20 : 4, omega-6), and not
its metabolites, was noted on the regulation of insulin
secretion by B-cells. In the study by M.A.Lankinen
et al. [6] levels of digomo-y-linolenic acid (20 : 3,
omega-6) in phospholipids and cholesterol esters, but
not in triglycerides, were positively associated with
the risk of developing DM2. In contrast, according
to a recent meta-analysis, higher intake of linoleic
acid (18 : 2, omega-6) and its higher concentrations
in adipose tissue and blood are associated with a
decrease in the risk of developing DM2 [7].

Inexperimental studies, with regard to supplements
and/or a diet high in omega-3 polyunsaturated fats
(PUFA), it has been shown that omega-3 FA (in
particular, a-linolenic acid 18 : 3) can increase fasting
glucose levels [8] and is directly associated with the
risk of developing DM2 [9]. However, in a number
of meta-analyses, the level of docosahexaenoic acid
(20 : 3, omega-3) was lower in patients with DM2
compared with the control group of healthy subjects
[10]. In total, it can be said that the composition of
FA, rather than their total level, has a greater effect
on insulin-glucose homeostasis.

The aim of the study was to study the levels
of unsaturated FA in blood plasma in men from
Novosibirsk  (Epidemiology of Cardiovascular
Diseases and Their Risk Factors in the Regions of the
Russian Federation (ESSE-RF3) in the Novosibirsk

region) with an established DM2 diagnosis, newly
diagnosed diabetes, and prediabetes, as well as
to evaluate the associations of various types of
unsaturated FA with the presence/absence of DM and
fasting glucose levels.

MATERIALS AND METHODS

The recruitment and examination of participants
took place within the framework of the multicenter
single-stage  epidemiological ESSE-RF3  study
in 2020-2022. The study was approved by the
Independent FEthics Committee of the National
Medical Research Center for Therapy and Preventive
Medicine [11]. Within the framework of this study,
1,200 residents of the Novosibirsk region aged 35-74
years (600 men, 600 women) were examined at the
premises of the IIPM — Branch of IC&G SB RAS.

The diagnosis of DM2 was established on the basis
of anamnestic data and included the study participants
who positively answered the questions: “Has your
doctorevertoldyouthatyouhave/hadthefollowingdise-
ases — diabetes mellitus?” and “Is the type of diabetes
mellitus type 2?”. The individuals with fasting
glucose levels in plasma of > 7.0 mmol/l, without a
previous history of diabetes, and who were not taking
hypoglycemic drugs were classified as patients with
newly diagnosed diabetes. The respondents who
answered positively to the question: “Has a doctor
or other medical professional told you that you have
an elevated sugar level in blood?”, but whose blood
glucose level at the moment of screening was <
7.0 mmol/l and who were not taking hypoglycemic
drugs, were classified as patients with conditional

prediabetes.
The blood samples for laboratory tests (namely,
levels of total cholesterol, cholesterol, high-

density and low-density lipoprotein cholesterol,
triglycerides, and glucose) were collected from all
participants under fasting conditions by venipuncture
from the cubital vein. The tests were performed in the
laboratory of the National Medical Research Center
for Therapy and Preventive Medicine (Moscow)
[12]. The levels of the parameters in blood serum
were determined using an Abbot Architect ¢8000
biochemical analyzer (USA) and diagnostic kits from
Abbot Diagnostic (USA). Recalculation of serum
glucose into plasma glucose was carried out using
The European Association for the Study of Diabetes
(2005) formula: plasma glucose (mmol/l) =—-0.137 +
1.047 x serum glucose (mmol/1).
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Additionally, the following levels of omega-3
PUFA were determined in the blood plasma: alpha-
linolenic acid (C 18 :3 ), eicosapentaenoic acid (C
20 : 5), docosahexaenoic acid (C 22 : 6); omega-6
PUFA: linoleic acid (C 18 : 2), gamma-linolenic acid
(C 18 : 3), dihomo-gamma-linolenic acid (C 20 : 3),
arachidonic acid (C 20 : 4), docosatetraenoic acid (C
22 : 4), docosapentaenoic acid (C 22 : 5); omega-9
FA: hexadecenoic acid (C 16 : 1), oleic acid (C
18 : 1), mead acid (C 20 : 3), nervonic acid (C 24 : 1).
These levels were determined by the method of high-
performance liquid chromatography at the premises of
the IIPM — Branch of IC&G SB RAS (Novosibirsk).

The values obtained during the study were
statistically processed using the SPSS 13.0 statistical
software package. The Kolmogorov — Smirnov
test was used to assess the distribution of features.
Due to their abnormal distribution, descriptive
statistics for continuous features is presented in
the form of Me [25%; 75%]. The nonparametric
Mann — Whitney U-test was used to compare the
groups. The Pearson Criterion (y2) was used to

determine the statistical significance of differences
in qualitative characteristics. The associations of FA
with DM/newly diagnosed DM/prediabetes were
studied using a multifactorial logistic regression
model (with standardization by age, body mass index
(BMI), and plasma glucose levels). The results are
presented as the odds ratio (OR) and 95% confidence
interval (CI). The differences were considered
statistically significant at p < 0.05.

RESULTS

The present study included 563 men, with
an average age of 54.4 + 11.48 years. The study
participants were divided into four groups,
depending on the presence/absence of a DM?2
diagnosis and fasting glucose levels above/below
7.0 mmol/l: group (I) — 61 men with an established
diagnosis of DM2; group (II) — 65 men with newly
diagnosed diabetes; group (III) — 46 men with
conditional prediabetes; group (IV) — 391 people
without diabetes. Table 1 shows the distribution of
blood plasma FA by groups.

Table 1
The content of FA in blood plasma in men of the study groups

G- | Gron D T G @0 T G T T [ pue
?;rzl;a-;;rllgggc el [64.?;6i(i4.5] [55.65?'32.0] [52.(3;4;31.25] [54.?)?82.0] 0.001 0.581 0.955
125(1)0:0261&?1?;:?3010 weid [24.‘;(;).22.0] [22.%)1 .;)2.5] [19.735?.22.75] [1 9.%)(;)-4(1)8.0] 0.002 0169 0270
ZD;?ZS?;T;;:—%OIC el [80.1)?41.’?1.5] [55.15?1;)8.5] [52.295?.1576.0] [53.(};0;;9.0] 0.040 0230 0899

: o acid *
%én:oée;;zcégé [3.3&?23.8] [1.931.;133.72] [1.2;' 134.‘98] [1.839.;23%.76] 0.021 0823 0.738
?;r:n;n:r_r?eng(:zuc weid [48.?;%? 2.0] [37.65‘;‘.38.0] [27.7‘;?.?0 1.5] [33.?)??6.0] 0.001 0.480 0786
2D(;}to3ni)or;1geagr:—rga-lmdemc el [74.1)?92.?6.5] [54.59;8i(;3.0] [49.()1;111§(3).25] [53.3;1i(;5.0] 0.001 0712 0805
donic acid *
ZA(;%C}; fg;gailgld [0.712.;113.33] [0412(,)61 3] [0.3%;9?.32] [0.4?.;917.26] 0.015 0374 0.783
?;?Zszziggz?gw weid [1 9.5%;752.75] [19.%)?;)4.0] [12.7251;.(;3.0] [14.%)?-;)3.0] 0.086 0118 0.499
QD;?(;S?I::;Z?EOIC weid [20.%)?.4(1)4,0] [8.(?;84.1(;.5] [7.752;44.101.25] [8.(?;64(()).0] 0.041 0427 0839
1{166’:‘211(1;0;:;_09301(1 [29.@?'35.0] [19.4(‘)(;)'28.0] [17.3;25%.25] [19.?)?.22.0] 0.004 0994 0330
o acid *
(1)§e:1c1 icr;dega@ [1 6%,0 29.88] [1 .129.;1;04] [0.717.;4 ;.51] [0.916-;626.64] 0.007 0.040 0204
2073 oz (25330) | (553400 | @00 | oo | 007 | 0072 | 06w
ZN:r:vlogi;:gc;(_ig [56.?)? '35.5] [43.65?34.5] [42.765(;).85.25] [46.?)?.;3)9.0] 0.025 0.602 0845
* units of measurement for FA in pmol/ml.
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In group (I) of men with established DM2, an
increase in the relative content of omega-3 PUFA
was revealed: alpha-linoleic acid by 26% (p =
0.001), eicosapentaenoic acid by 33% (p = 0.002),
docosahexaenoic acid by 17% (p = 0.040); omega-6
PUFA: linoleic acid by 9% (p = 0.021), gamma-
linolenic acid by 49% (p = 0.001), dihomo-gamma-
linolenic acid by 52% (p = 0.001), arachidonic acid
by 16% (p = 0.015), docosapentaenoic acid by 23%
(»p = 0.041); and omega-9 FA: hexadecenoic acid
by 18% (p = 0.004), oleic acid by 26% (p = 0.007),
mead acid by 38% (p = 0.017), nervonic acid by 15%
(p = 0.040), when compared with group (IV) of men
without diabetes (Table 1).

In group (II) of men with newly diagnosed
diabetes, an increase in the relative content of only
omega-9 oleic acid by 29% (p = 0.040) was found,
when compared with group (IV) of men without
diabetes (Table 1).

The levels of unsaturated FA in men with
conditional prediabetes (group III) were similar to
the levels in samples obtained from men of the same
age without diabetes (group IV). When comparing
groups IIl and IV, no significant difference was found
(Table 1).

Table 2

The results of a multifactorial logistic regression analysis
of DM2 association depending on the level of FA, pmol/ml

Fatty acid

Alpha-linolenic acid, 18 : 3
omega-3

OR (95% CI for OR), p

1.030 (1.002-1.058), 0.034

Then, the probability of having DM2 was estimated
via the Model 1 of multivariate logistic regression
analysis (Table 2). The dichotomous parameter —
the presence or absence of DM2 (according to the
anamnestic data) was used as a dependent variable;
the studied unsaturated FA were used as independent
variables. The analysis of Model 1 was carried
out with standardization by age, BMI, and plasma
glucose content.

According to the results, the relative odds of
having DM2 are directly associated with an increase
in the levels of omega-3 alpha-linolenic acid
(OR = 1.030, 95% CI 1.002—1.058; p = 0.034) and
omega-6 gamma-linolenic acid (OR = 1.026, 95% CI
1.001-1.051; p = 0.044). With an increase in their
level by 1 nmol/ml, the probability of having DM2 in
men increases by 3 and 2.6%, respectively.

The subsequent stepwise multivariate logistic
regression analysis showed independent associations
of some of the FA studied with the odds of
having newly diagnosed diabetes (Model 2), with
standardization by age and BMI (Table 3).

Table 3
The results of a multivariate logistic regression analysis

of associations of newly diagnosed diabetes depending
on the level of FA, pmol/ml

OR (95% CI for OR), p

Fatty acid

Alpha-linolenic acid, 18 : 3

1.013 (0.995—1.031), 0.161
omega-3

Eicosapentaenoic acid, 20 : 5
omega-3
Docosahexaenoic acid, 22 : 6
omega-3

0.987 (0.961—1.014), 0.342

1.004 (0.990—1.019), 0.553

Eicosapentaenoic acid, 20 : 5
omega-3

0.993 (0.962-1.025), 0.685

Docosahexaenoic acid, 22 : 6
omega-3

0.986 (0.967-1.006), 0,.60

Linoleic acid, 18 : 2 omega-6

0.639 (0.287-1.422), 0.272

Linoleic acid, 18 : 2 omega-6

0.545 (0.301—0.996), 0.048

Gamma-linolenic acid, 18 : 3
omega-6

1.004 (0.989—1.020), 0.590

Dihomo-gamma-linolenic acid,
20 : 3 omega-6

0.998 (0.989—1.008), 0.744

Gamma-linolenic acid, 18 : 3
omega-6

1.026 (1.001-1.051), 0.044

Dihomo-gamma-linolenic acid,
20 : 3 omega-6

1.003 (0.990-1.015), 0.680

Arachidonic acid, 20 : 4 omega-6

1.002 (0.999-1.005), 0.300

Docosatetraenoic acid, 22 : 4
omega-6

0.956 (0.874-1.045), 0.319

Docosapentaenoic acid, 22 : 5
omega-6

1.019 (0.971-1.068), 0.447

Hexadecenoic acid, 16 : 1 omega-9

1.007 (0.971-1.045), 0.694

Oleic acid, 18 : 1 omega-9

1.848 (0.691-4.940), 0.221

Mead acid, 20 : 3 omega-9

0.943 (0.861-1.032), 0.200

Arachidonic acid, 20 : 4 omega-6

1.431 (0.147—3.896), 0.757

Docosatetraenoic acid, 22 : 4
omega-6

1.001 (0.937—1.069), 0.979

Docosapentaenoic acid, 22 : 5
omega-6

0.994 (0.958—1.032), 0.760

Hexadecenoic acid, 16 : 1 omega-9

0.988 (0.962—1.016), 0.401

Oleic acid, 18 : 1 omega-9

1.961 (1.054—3.648), 0.034

Mead acid, 20 : 3 omega-9

0.998 (0.939—1.061), 0.949

Nervonic acid, 24 : 1 omega-9

1.002 (0.985—1.019), 0.841

Note: CI - confidence interval; OR — odds ratio.

Nervonic acid, 24 : 1 omega-9

0.998 (0.973-1.023), 0.885

Note: CI - confidence interval; OR — odds ratio.
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Newly diagnosed diabetes in men aged 35-74
years is inversely associated with the level of
linoleic acid in blood plasma (OR = 0.545, 95%
CI 0.301-0.996; p = 0.048), as well as directly
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associated with the level of oleic acid (OR =
1.961, 95% CI 1.054-3.648; p = 0.034). Thus,
with a decrease in the concentration of omega-6
linoleic PUFA by 1 umol/ml, the chance of having
newly diagnosed diabetes increases by 45%; with
an increase in the level of omega-9 oleic acid by 1
umol / ml, the chance of having newly diagnosed
diabetes is 1.96 times higher.

In the Model 3 of multivariate logistic
regression analysis, the probability of having
prediabetes depending on the level of the
studied unsaturated FA was estimated (Table 4).
The analysis of Model 3 was carried out with
standardization by age and BMI.

Table 4

The results of a multivariate logistic regression analysis
of associations of prediabetes depending on the level of FA,
pmol / ml

Fatty acid OR (95% CI for OR), p
Alpha-linolenic acid, 18 : 3 omega-3 | 1.001 (0.984—1.019), 0.887
Eicosapentaenoic acid, 20 : 5 omega-3 | 1.023 (0.997—1.049), 0.080
Docosahexaenoic acid, 22 : 6
omega-3
Linoleic acid, 18 : 2 omega-6
Gamma-linolenic acid, 18 : 3 ome-
ga-6
Dihomo-gamma-linolenic acid,

20 : 3 omega-6

1.007 (0.994—1.020), 0.278

1.042 (0.606—1.793), 0.881

1.004 (0.990—1.017), 0.592

1.002 (0.994—1.011), 0.579

Arachidonic acid, 20 : 4 omega-6 0.814 (0.102—3.510), 0.846

Docosatetraenoic acid, 22 : 4 ome-

-6 0.951 (0.895—1.010), 0.100

Docosapentaenoic acid, 22 : 5
omega-6

Hexadecenoic acid, 16 : 1 omega-9
Oleic acid, 18 : 1 omega-9

Mead acid, 20 : 3 omega-9
Nervonic acid, 24 : 1 omega-9

0.996 (0.962—1.031), 0.827

0.969 (0.943—0.996), 0.025
0.657 (0.344—1.256), 0.204
1.007 (0.953—1.064), 0.801
1.008 (0.992—1.024), 0.334

Note: CI - confidence interval; OR — odds ratio.

When studying the results, it was found that
prediabetes, regardless of age and BMI, was
inversely associated with the level of hexadecenoic
acid (OR = 0.969, 95% CI 0.943-0.996;
p = 0.025). A decrease in the level of omega-9
hexadecenoic FA by 1 nmol / ml increases the
chance of having prediabetes by 3.1%.

DISCUSSION

Presently, almost one in eleven people
between the ages of 20 and 79 years suffers from
diabetes [1]. Moreover, diabetes often remains

undiagnosed for a long time, since an increase
in blood glucose levels develops gradually. In
addition, clinical manifestations in the early
stages are often not severe enough for the patient
to notice the classic symptoms of diabetes.
Nevertheless, even undiagnosed patients have
an increased risk of developing macro- and
microvascular complications [2]. This, in turn,
stresses the expediency of conducting an early
diagnostic examination to detect diabetes, as well
as timely initiation of drug treatment to reduce the
risk of complications.

There is evidence that DM is closely associated
with lipid metabolism disorders, especially with
the involvement of free FA. Increased levels of
free FA in blood can cause insulin resistance,
disruption of insulin signaling pathways, and
destruction of B-cells. However, different types
of FA have different and even opposite effects
during the development and course of insulin
resistance and DM2 [4]. Therefore, studying the
relationship between specific types of FA and
DM is more important than studying the general
level of FA.

Linoleic acid (18 : 2) belongs to the family
of essential omega-6 PUFAs. It is found in
significant amounts in vegetable oils and nuts [13].
It is known that linoleic PUFA is a biochemical
precursor of pro-inflammatory metabolites,
especially eicosanoids and endocannabinoids.
Therefore, it is generally accepted that its excess
in the diet is directly or indirectly associated with
markers of inflammation and metabolic diseases
(such as obesity). However, pro-inflammatory
effects may depend on the complex interaction of
metabolic factors and have not been definitively
proven [14].

Similar contradictions are also observed in
the studies of linoleic acid as a biomarker. Some
studies show that higher 18 : 2 levels in blood or
adipose tissue are associated with a lower risk
of developing DM2 [15, 16]. Other studies do
not show any significant association, or contain
contradictory data about the association between
linoleic acid in blood and DM2 [17, 18]. In
this study, in men aged 35-74 years, the level
of linoleic acid was inversely associated with
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newly diagnosed diabetes and was significantly
higher in the group with an established diagnosis
of DM2 (based on anamnestic data). According
to a meta-analysis of prospective studies by
S.M. Mousavi et al. [7], each 5% increase in
linoleic PUFA intake is associated with a 10%
decrease in the risk of developing DM2, while a
15% decrease in the risk of developing diabetes
is observed with an increase in the 18 : 2 level
as a biomarker. The results of the EPIC-InterAct
Case-Cohort Study [15] also provide convincing
evidence of a strong inverse association between
linoleic FA levels in blood and DM2. In this
study, we only analyzed linoleic acid levels at
baseline and did not assess changes over time
from newly diagnosed to established diabetes,
which could have led to these differences. In
addition, it is necessary to take into account the
total amount of dietary intake of linoleic PUFA,
which was not evaluated in this study and needs
further confirmation.

Gamma-linolenic PUFA (18 : 3, omega-6)
belongs to the class of essential omega-6 FA. It
usually gets to the human body as part of dietary
supplements. Due to the rapid conversion to
omega-6, dihomo-gamma-linolenic PUFA is
found in low concentrations in blood and tissues
[19]. Therefore, the increased content of gamma-
linolenic acid cannot be associated with high food
consumption. In a prospective study by Z. Miao
et al. [17], it was found that baseline levels of
18 : 3 (omega-6) in erythrocytes were positively
associated with DM2, regardless of BMI and
other potential factors influencing the result. The
authors suggested that high levels of circulating
gamma-linolenic acid may be a risk factor for
developing DM2.

As part of the Kuopio Ischaemic Heart Disease
Risk Factor Study [20], it was also found that higher
concentrations of gamma-linolenic and dihomo-
gamma-linolenic PUFA may be associated with a
higher risk of developing DM2. In this study, the
levels of gamma-linolenic acid were the highest
in people with an established diagnosis of DM2.
In addition, regardless of risk factors (age, BMI,
plasma glucose levels), direct associations were
found between gamma-linolenic acid and DM2,

which may indicate the importance of this PUFA
in the development of the disease.

Alpha-linolenic acid (18 : 3, omega-3) is the
most common PUFA of omega-3 class. However,
the human body cannot synthesize this PUFA;
therefore, it must be obtained from food [13].
Among the well-known edible oils, linseed oil
has the highest content of alpha-linolenic acid
and is an excellent source of supplements. In
experimental animal studies, it has been shown that
alpha-linolenic acid intake can improve the lipid
profile, treat diabetes and reduce complications
caused by diabetes, as well as reduce the risk
of developing diseases of the circulatory system
[21]. However, one large systematic review
registered on PROSPERO found no evidence that
alpha-linolenic PUFA alters glucose metabolism
or affects the risk of developing diabetes [8].

According to 20 prospective cohort studies
(https://force.nutrition.tufts.edu/), the levels
of alpha-linolenic acid in blood/adipose tissue
(of plant origin) also were not significantly
associated with DM2 [22]. However, some of
the data presented in large meta-analyses on the
effects of alpha-linolenic acid are either limited
or of low quality. We established a higher level of
alpha-linolenic PUFA in the group of men with
DM2 (based on anamnestic data), and in Model-1
of the regression analysis it was a significant
indicator affecting the presence of diabetes, which
contradicts most literature data and, of course,
requires further study.

Oleic acid (18 : 1) is one of the most common
omega-9 monounsaturated FA (MUFA), found
in both animal and vegetable oils. It accounts for
approximately 80% of MUFA in the composition
of total plasma lipids [13]. It is believed that oleic
acid can stimulate the secretion of glucagon-like
peptide-1, thereby showing its protective effect in
patients with DM2 [23]. Moreover, it can increase
insulin sensitivity by suppressing the production
of reactive oxygen species and regulating the
activity of matrix metalloproteinases-2 [24]. In
contrast, a large prospective cohort study [25]
did not show any significant overall association
between circulating oleic acid and diabetes. The
study by T. Plotz et al. [26] records the toxicity of
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oleic acid and its inability to neutralize the toxic
effects of palmitic acid. A cross-sectional study
by M. Kang et al. [27] found that an increase
in 18 : 1 and desaturase activity can lead to
impaired metabolism of FA (including MUFA)
and dysfunction of adipose tissue. Consequently,
this promotes hypersecretion of proatherogenic,
proinflammatory, and prodiabetic adipocytokines
that contribute to the development of DM2. In
this study, higher levels of oleic acid in men with
established and newly diagnosed diabetes, as well
as direct associations with the chance of having
newly diagnosed diabetes are probably associated
with the characteristic accumulation of fat in the
anterior abdominal wall and viscerally, which is
often found in men.

Hexadecenoic FA (16 : 1 omega-9) is another
omega-9 MUFA that can be produced by partial
B-oxidation of oleic acid. It is mainly found in
neutral lipids (triglycerides and cholesterol esters)
and monocytes [28]. Very little information is
available about the hexadecenoic FA. This MUFA
is either barely mentioned in studies or occurs in
epidemiological articles, where FA are simply
indicated as a secondary component of certain
tissues, without taking into account possible
biological or biochemical phenomena [29]. Recent
studies have shown that omega-9 hexadecenoic
FA exhibits a strong anti-inflammatory effect in
vitro and in vivo, which differs from the effect
of omega-7 palmitoleic acid (16 : 1), and is
comparable in magnitude to the effect of omega-3
PUFA [29]. In our case, the concentrations of
hexadecenoic MUFA did not differ in the studied
groups, however, in the Model-3 regression
analysis, an inverse association with prediabetes
was revealed. Despite the fact that we did not
evaluate the activity of this omega-9 MUFA,
the results obtained can be used in new areas of
research.

CONCLUSION

In the course of the comparative study, it
was shown that the levels of unsaturated FA
in the blood plasma of men with established
DM2 significantly differ from the levels of
FA in individuals with newly diagnosed DM,

prediabetes, and without diabetes. In men aged
35-74 years, DM2 is directly associated with
the level of alpha-linolenic and gamma-linolenic
PUFA in blood plasma. Newly diagnosed DM
is inversely associated with the level of linoleic
acid and directly associated with the level of oleic
acid. Prediabetes is inversely associated with the
content of hexadecenoic acid. Thus, detection of
changes in the profile of unsaturated FA can be
used as an additional prognostic biomarker for
identifying patients at risk of developing DM.

Limitations. Insulin sensitivity and secretion,
which are important mechanisms contributing to the
risk of developing DM2 and/or worsening glycaemia,
were not assessed.
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Efficiency of two available kits for amplification of three EGFR SNPs
in patients with NSCLC: 181946 G/A (rs2293347),-191 C/A (rs712830)
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ABSTRACT

Aim. To conduct a comparative analysis of two available kits that contain all necessary reagents and additives
in a single reaction mixture, including 100 mM Tris-HCl, 100 mM KCL, 4 mM MgS04, 0.2% of Tween 20, for
the amplification of the three most common EGFR (epidermal growth factor receptor) gene polymorphisms in
patients with non-small cell lung cancer (NSCLC): 181946 G/A (rs2293347), -191 C/A (rs712830), and -216G/T
(rs712829).

Materials and methods. The protocol for genotyping 181946C>T, 191C>A and -216G/T was refined according
to previously reported data. Polymerase chain reaction (PCR) products measuring 197 bp were detected using
electrophoresis in a 2% agarose gel, followed by staining with ethidium bromide.

Results. The Biomaster HS Taq-PCR Color 2x and Biomaster LR HS PCR 2x reagent kits were effective for ampli-
fication of 181946 G/A polymorphism located in the intron of the EGFR gene. Additionally, polymorphisms -191
C/A (rs712829) and -216G/T (rs712829), located in the promoter region and containing a high GC content, were
successfully amplified using the Biomaster LR HS PCR 2x kit.

Conclusion. The present study shows that the Biomaster HS Taq-PCR Color 2x and Biomaster LR HS PCR 2x
reagent kits are effective for amplification of 181946 G/A polymorphism located in the intron of the EGFR gene.
Furthermore, the EGFR SNP -191 C/A, located in the promoter region with a high GC content, was successfully
amplified using the Biomaster LR HS PCR 2x reagent kit.
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3¢ PpeKTUBHOCTb ABYX AOCTYNMHbIX HA60POB ANA amnanduKaLum Tpex
HYKNeoTUAHbIX nonumopPpunsmos, cogepxkawmx GC-6orarbie yyacTkm:
181946 G/A (rs2293347),-191 C/A (rs712830) n -216G/T (rs712829),

y 60/1bHbIX HEMEJNIKOK/IeTOYHbIM PaKOM JIErKOro

IOpuwny B.', O6pagosuy 1.2, NMasnosunu C.2, Towmnuy H.?, Fl'ynsesa J1.0.%,
FepwrenH E.C.°, Kywnunckni H.E.*

! @axynemem meduyunckux nayx, Kpazyesayxuil ynueepcumem
Cepbus, 34000, e. Kpazyesay, yr. Ceemosapa Mapxosuua, 69

2 Unemumym buonoeuu u sxonozuu, Kpazyesaykuii ynusepcumem
Cepous, 34000, e. Kpacyesay, yi. Paoos /Jomanosuua, 12

3 Unemumym MOAeKyiapHol 2eHemuKy U 2eHHolU undicenepuu, Berepadckuil ynusepcumem
Cepous, 11000, 2. benepao, yr. Cmydenueckuii np., 1

* @edepanbubiil UCCACO08AMENLCKUL YEHMP HYHOAMEHMAILHOU U MPAHCAAYUOHHOU Meduyunbl (OHUL] OTM)
Poccus, 630117, e. Hogocubupck, ya. Tumakosa, 2

3 HayuonanoHulii meduyunckuil ucciedosamenvckuti yeump (HMHUL]) onxonroeuu um. H H. Broxuna
Poccus, 115522, 2. Mockea, Kawupckoe wocce, 24

PE3IOME

Ilesn nccnenoBaHus — CPABHUTENBHBIN aHANU3 JBYX JOCTYITHBIX HAOOpPOB, COAEPKAIIUX B OJHOH pEaKIMOHHOM
CMeCH Bce peareHThl u 100aBku, Bkitoyas 100 mM Tris-HCI, 100 mM KCL, 4 mM MgS04, 0,2% of Tween 20,
HCOGXO}IU/IMI)IX JUIA aMl'lIIPI(l)I/IKaLlI/II/I Tpex Han60nee YacCcTO BCTpEYAIOUIUXCA Y OOJIbHBIX HEMEIKOKIETOYHBIM pa-
koM Jerkoro (HMPJI) nonmumopdu3moB rena perentopa snunepmansHoro gakropa pocra EGFR: 181946 G/A
(rs2293347), -191 C/A (rs712830) u —216G/T (rs712829).

Marepuaisl u MeToasl. [Iporokon s renornnmposanus 181946C>T, 191C>A u -216G/T 6b11 yTOUHEH B CO-
OTBETCTBUY C paHee NMPEACTaBICHHBIMH NaHHbIMU. [IpoayKThl monnmepasHoi nenHoi peakuun (ITLP) pasmepom
197 bp neTekTUpOBaIK ¢ MOMONIBIO AeKTpodopesa B 2%-M arapo3HoM relie ¢ MOCICIYIONMM OKpaIIHBaHUEM
TUANYM OPOMHIOM.

PesyabTatel. Habops! peaktuBoB Biomaster HS Tag-PCR Color 2% u Biomaster LR HS PCR 2x 6putn 3¢ dextus-
HBI U1 ammuindukanuu 181946 G/A, mokanu3oBaHHOM B HHTpoHE reHa EGFR. Kpome Toro, monmMopdusmser —191
C/A (1s712829) u —216G/T (rs712829), pacnonokeHHbIE B IPOMOTOPHOM y4acTKe U COAEprKalllie Ype3BhIUaifHO
BEICOKOE KomdecTBO GC, ycremHo aMmiiUIPOBAINCH ¢ TIOMOIIBI0 Habopa Biomaster LR HS PCR 2x.

3akiaovyenne. B HacTosiieM ucciaeoBaHUM MMOKa3aHo, 4To Habopel peakTnBoB Biomaster HS Taq-PCR Color
2x u Biomaster LR HS PCR 2x addexruBusl mis ammuindukannu 181946 G/A, nokain3oBaHHOTO B MHTPOHE
reda EGFR. Kpome toro, EGFR SNP -191 C/A, nokanu3oBaHHbIi B IPOMOTOPHOM Y4acTKe C KpaiHe BBICOKHM
copepxanreM GC-nap, yCrnemHo aMminUIUpoBacs ¢ moMolIsio Habopa peaktnBoB Biomaster LR HS PCR 2x.

Kiouessle ciioBa: no6asku, ammmmdukanus, EGFR, HMPJIL, nomamopdusm, I1LP, pearenTs

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[PIKaIIPI€I71 HaCTOS{H.[eﬁ CTaTbu.
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Hcrounuk ¢uHaHcHpoBaHus. OTa paboTa 4aCTHYHO IMOJJIEPKHUBajIach MHUHHCTEPCTBOM 00pa3oBaHus, Hay-
KH W TexHoyormdeckoro paszsutus PecmyOmmku CepOust (Ne 451-03-137/2025-03/200111, 451-03-136/2025-

03/200378).

CooTBeTcTBHE NPUHIMIIAM 3THKH. Bce manueHTs! noamucanti HHOOPMUPOBAHHOE COTIacHe Ha y4acTHE B HC-
cnenoBanuu. MccnenoBanue ogo0peHo okaabHbIM 3TH4ecKuM KoMmuteroM HMUIL onkonoruu um. H.H. biroxuna

(mportoxon Ne 5 ot 02.10.2022).

Jas uurupoBanus: IOpummy B., O6panosuu f., [TaBnosuy C., Tomwa H., I'ynsesa JI.®., eprureiin E.C., Kym-
nmuHckuid H.E. DddekTHBHOCTD JBYX TOCTYIHBIX HAOOPOB JUIS aMIUTH(UKALIMU TPEX HYKJICOTH/HBIX HOIMMOP(U3-
MOB, conepkamux GC-6orateie yaactku: 181946 G/A (rs2293347), -191 C/A (rs712830) u -216G/T (rs712829),
y OONBHBIX HEMEIKOKIETOYHBIM PAKOM JIETKOTO. broatemens cubupckot meouyunsl. 2025;24(1):134-140. https://

doi.org/10.20538/1682-0363-2025-1-134-140.

INTRODUCTION

The epidermal growth factor receptor (EGFR)
belongs to the receptor tyrosine kinase family. It has
a strong impact on cell growth and differentiation of
both healthy and lung cancer cells and its oncogenic
potential is recognized and established [1-3]. Several
previously described EGFR single nucleotide
polymorphisms (SNPs) are associated with regulation
of receptor protein synthesis [1, 2, 4]. Based on the
EGFR role in carcinogenesis, proliferation, and
differentiation, it is important to study EGFR SNPs
in non-small cell lung cancer (NSCLC) patients
[3]. However, EGFR promoter region that we have
studied is one of the extremely guanine-cytosine
(GC) rich regions with up to 75.45% GC base pairs
[5], so it required special amplification conditions.

Polymerase chain reaction (PCR) is a worldwide
used technique for EGFR mutation detection.
However, unique optimization of each PCR protocol
is required, especially when GC rich regions are
amplified, because they tend to form secondary
structures that interrupt standard PCR amplification
[6-8]. We have shown previously that a laborious
PCR optimization strategy was especially necessary
for SNPs amplification in the promoter region of
EGFR [5, 9]. Until recently, there was no available
complete reagent mixtures for amplification of these
complex GC rich regions. In this study, for the first
time, we have tested Biomaster LR HS PCR 2x
(BiolabMix, Russia) and HS Taq-PCR Color 2x
(BiolabMix, Russia) kits with reaction mixtures
for amplification of three SNPs: 181946 G/A, —191
C/A, and 216 G/T. The tests were conducted
via a polymerase chain reaction with restriction
of fragment length polymorphism (PCR-RFLP)
method.

MATERIALS AND METHODS

The protocol for genotyping 181946C>T, 191C>A
and —216 G/T was refined according to previously
reported data. PCR products measuring 197 bp were
detected using electrophoresis in a 2% agarose gel,
followed by staining with ethidium bromide.

Sample preparation. QIAamp DNA Blood Mini
Kit (Qiagen, Germany) and DNA Kits (Invitrogen/
Life Technologies, Carlsbad, CA, USA) where used
for isolation of DNA sample from blood of healthy
volunteers and formalin-fixed paraffin-embedded
(FFPE) blocks from NSCLC tumor tissue. At least
three analyses were performed in each group of
respondents. An identical sample from each group is
the sample used to determine the same polymorphism.
The material was divided so that the test reagents
were always tested on the same sample in order to
avoid errors or false findings.

Concentration of both DNA samples was
measured by Qubit® Fluorometer (Invitrogen/Life
Technologies, Carlsbad, CA, USA). Local Ethics
Committee approved of this study and the usage of
tissue samples for scientific study.

Genotyping protocol. The protocol for 181946C>T
genotyping was adjusted according to the previously
reported data [4] with a few modifications. Namely,
the temperature profile of PCR using KAPA Taq Hot
Start PCR Kits was as follows: initial denaturation
at 95 °C for 5 min; denaturation at 94 °C for 30s;
annealing at 55 °C for 30s; extension at 72 °C for 60 s
(in 45 cycling steps); and final extension at 72 °C for
7 min. The total volume of the PCR reaction mixture
was 25 pl, with 0.5 pl of genomic DNA, 0.4 uM of
each primer, 0.2 mM of each dNTPs, magnesium
concentration was adjusted for 1.7 mM MgCl,, and
1 U KAPA Taq DNA polymerase in 1x PCR buffer
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A. 244 bp PCR products of were detected via 2%
agarose gel electrophoresis with ethidium bromide
staining.

For 191C>A and 216 G/T EGFR polymorphisms
genotyping, we have applied the previously
described protocol [1] with several modifications
[5, 9]. All PCR reactions were performed via KAPA
Taq Hot Start PCR Kits (Kapa biosystems, Boston,
MA, USA). The temperature profile of PCR was
as follows: initial denaturation at 95 °C for 5 min;
denaturation at 94 °C for 30 s, annealing at 63 °C for
30 s, extension at 72 °C for 60s (in 45 cycling steps);
and final extension at 72 °C for 7 min. The total
volume of the PCR reaction mixture was 25 pl, with
0.4 pl genomic DNA, 0.4 pl of each primer, 0.2 mM
of each dNTPs, 1.5 M betaine, and 1U KAPA Taq
DNA polymerase in 1 x PCR buffer A (with 1.5 mM
MgCl)). 197 bp PCR products were detected via 2%
agarose gel electrophoresis with ethidium bromide
staining.

Biomaster HS Taq-PCR Color 2x (BiolabMix,
Russia) and Biomaster LR HS PCR 2x (BiolabMix,
Russia) containing 100 mM Tris-HCI, 100 mM
KCL, 4 mM MgS04, 0,2% of Tween 20 and DMSO
were tested according to recommendations of the
manufacturer and adjusted via the same PCR-RFLP
protocols for both SNPs. PCRs were performed in
total volume of 25 ul, with 0.4 or 0.5 pul genomic
DNA and 0.4 uM of each primer. Temperature profile
of the reaction was the same as previously described.

PCRs performed with this mixture had initial
denaturation at 94 °C for 4 min, and the rest of the
temperature profile of the reaction was the same and
previously described.

Cfr42I restriction enzyme, (Fermentas/Thermo
Fisher Scientific, Vilnius, Lithuania) was used
for —191C>A RFLP digestion. Fast Digest Tfil,
(Pfel) restriction enzyme (Fermentas/Thermo
Fisher Scientific, Vilnius, Lithuania) was used
for 181946C>T RFLP digestion. Products of
the reaction were detected via a 3% agarose gel
electrophoresis.

RESULTS

This study showed effectiveness of the studied
kits for amplification of three most important EGFR
SNPs in tissue samples of NSCLC patients contai-
ning GC rich region. For 181946 G/A, PCR analyses
with both Biomaster kits produced 244 bp sized
fragments (Fig. 1). Neither of the tested Biomaster

kits affected subsequent RFLP analyses. Namely,
RFLP products were as follows: 244 bp for 181946G
and 171 bp for 181946 A (Fig. 2).

s B8 e 6 7
o

Wi M

[Zip]

Fig. 1. PCR products of 181946G/A (D994D) (rs2293347)
polymorphism amplification using Biomaster HS. Taq-PCR
Color (2x) and Biomaster LR HS PCR (2x) in separate reaction
mixtures. Lane 1 — markers, lane 2 — control DNA, lane 3 —
NSCLC DNA, lane 4 — control DNA with Biomaster HS Tag-
PCR Color (2x), lane 5 — NSCLC DNA with Biomaster HS
Tag-PCR Color (2%), lane 6 — control DNA with Biomaster
LR HS PCR (2x), lane 7 — NSCLC DNA with Biomaster LR
HS PCR (2x)

£}

244 bp
171 bp

L

-

- - -

Fig. 2. PCR-RFLP products for 181946G/A (D994D)
(rs2293347) polymorphism with Biomaster HS Taq-PCR.
Color (2x) and Biomaster LR HS PCR (2x) in separate reaction
mixtures. Lane 1 — standard, lane 2 — control DNA, clane
3 — NSCLC DNA, lane 4 — control DNA with Biomaster HS
Tag-PCR Color (2%), lane 5 — NSCLC DNA with Biomaster
HS Tag-PCR Color (2x), lane 6 — control DNA with Biomaster
LR HS PCR (2x), lane 7 — NSCLC DNA with Biomaster LR
HS PCR (2x)

Biomaster LR HS PCR 2x was tested for —191
C/A and the appropriate PCR amplification was
detected (Fig. 3). Biomaster HS Taq-PCR Color
2x produced no desired 197 bp PCR products
(Fig. 3). Instead, a lot of smears and extra bands
above the expected band size were visible in the
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agarose gel. Since there was no amplification
for Biomaster HS Taq-PCR Color 2%, we have
performed RFLP analysis only with Biomaster LR
HS PCR 2x kit and visualized the 191 bp fragment
that corresponds to wild type homozygote for
both DNA samples (—191GG) (Fig. 4). Results
of PCR-RFLP products for -216G/T (rs712829)
polymorphism using Biomaster LR HS PCR (2x)
reaction mixture are shown in Fig. 5.

A - G5 13

. #
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- -

Fig. 3 PCR products for —191C/A (rs712830) and —216G/T
(rs712829) polymorphisms with Biomaster HS.Taq-PCR
Color (2x) and Biomaster LR HS PCR (2X) in separate
reaction mixtures. Lane 1 — standard, lane 2 — control DNA
with Biomaster HS Taq-PCR Color (2x), lane 3 — NSCLC
DNA with Biomaster HS Taq-PCR Color (2x), lane 4 — control
DNA with Biomaster LR HS PCR (2x), lane 5 — NSCLC DNA
with Biomaster LR HS PCR (2x), lane 6 —control DNA lane
7 —NSCLC DNA
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Fig. 4 PCR-RFLP products for —191C/A (rs712830)
polymorphism with Biomaster LR HS PCR reaction. Lane
1 — control DNA with Biomaster LR HS PCR (2x), lane 2 —
NSCLC DNA with Biomaster LR HS PCR (2x), lane 3 —
control DNA, lane 4 — NSCLC DNA, lane 5 — marker

159 bp

86 bp

73bp

I

Fig. 5 PCR-RFLP products for —-216G/T (rs712829)

polymorphism with Biomaster LR HS PCR reaction mixture

(2x). Lane 1 — control DNA with Biomaster LR HS PCR (2x),

lane 2 — NSCLC DNA with Biomaster LR HS PCR (2x), lane
3 — control DNA, lane 4 —- NSCLC DNA, lane 5 — marker

DISCUSSION

Conventional PCR protocol is essential for a wide
range of biological experiments, including the study
of EGFR, but every single PCR requires specific
set of conditions. Although it might be time- and
cost-consuming — from designing primers, setting
up materials, reagents, reaction mixtures, thermal
cycling conditions etc. to troubleshooting strategy —
optimization of PCR is inevitable, especially when
GC rich regions are amplified [3, 5, 10]. These regi-
ons with a high number of GC base pairs form
secondary structures, show resistance to denaturation,
and lead to incorrect primer attachment.

Several attempts were made to resolve these
problems, including modification of primers or
temperature conditions [11], and usage of different
additives [7, 9]. Enhancing reagents are usually used
to increase yield and specificity of the reaction in such
complex DNA templates [6, 8, 11-13]. Previously
we have adjusted appropriate DNA template
concentration, thermal cycling conditions, and
optimal MgCl, concentration for PCR amplification
of EGFR SNPs in promoter regions with GC content
up to 75.45% [3, 5] and tested the effects of different
additives that enhance PCR specificity [7, 9].
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In this study, we reported the benefits of Biomaster
kits usage since both of them include all of the
components necessary for PCR reaction including
additive and all reagents in one mixture and, thus,
minimize the risk of contamination. In addition, the
master mix preparation time is reduced. The results
of this study showed that both of the Biomaster kits
produced a more successful PCR reaction when
compared to PCR reactions without them. Biomaster
LR HS PCR 2% has a combination of HS-Taq and
Pfu DNA polymerases with stabilizers of DNA
polymerases and appropriated additives that help to
conduct a PCR reaction. It even contains 0.2% of
Tween 20 that was shown to reduce the number of
unspecific bands [14]. The manufacturer suggested
adding a little more DMSO if necessary, as it was
previously confirmed to be an important part of a
PCR reaction. PCR buffers used for master mix
usually include MgCl,, while Biomaster LR HS PCR
2x buffer contains MgSO,, which might increase
polymerase activity [8].

This kit is suitable for long, complex regions and
for GC rich fragments. We also demonstrate that
the expected PCR-RFLP products for —191C>A
from lung cancer sample were visualized via gel
electrophoresis (Fig. 3 and 4). It was not even a long
PCR fragment (244 bp). This kit, as well as Biomaster
HS Tag-PCR Color 2%, worked properly for 181946
G/A (Fig. 1 and 2).

Biomaster HS Taq-PCR Color 2% is used for
conventional PCR and for templates up to 5 kbp in
length. It already contains dyes so there is no need
to load a buffer during gel electrophoresis. Due to
its high density, reaction mixture sinks in the well
of the agarose gel easier. This kit is not suitable for
—191C>A because it lacked to produce desired PCR
products (Fig. 3).

CONCLUSION

In this study, we have shown that Biomaster HS
Taq-PCR Color 2x and Biomaster LR HS PCR 2x
are effective for 181946 G/A amplification located
in the introne of the EGFR gene. In addition, EGFR
SNP —191C/A, located in the promoter region
with extremely high GC content, was successfully
amplified with Biomaster LR HS PCR 2x.
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ABSTRACT

Atherosclerosis and atherosclerosis-related cardiovascular diseases are a significant public health concern and a
rapidly evolving area of research in both fundamental and clinical medicine. Despite the extensive history of
studying, many aspects of atherosclerosis etiology and pathogenesis remain unclear.

Traditionally, the pathogenesis of atherosclerosis has been viewed in terms of the localized accumulation of
specific lipoprotein fractions in the arterial wall. However, both innate and adaptive immunity play active roles
in atherogenesis. Cells and mediators of the immune system engage in intricate interactions with cellular and
extracellular components in all layers of the vascular wall. For this reason, scientific community have reached a
consensus on the crucial role of inflammation in the onset, progression, and destabilization of an atherosclerotic
plaque.

Therefore, atherogenesis can be considered not only as a metabolic disorder, but also as an immunoinflammatory
process. The aim of this lecture was to summarize contemporary data regarding the role of inflammation at various
stages of the atherosclerotic continuum.
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PE3IOME

ATepocKIepo3 U aCCOLMUPOBAHHBIE ¢ HUM OOJE3HU CHCTEMBI KPOBOOOPAIECHHS SBIISIOTCS aKTyaJlbHOH mpoOlite-
MOii OOLIECTBEHHOTO 3/[paBOOXPAHCHUs, @ TaK)Ke aKTUBHO Pa3BHMBAIOLIMMCS HANPABICHUEM HCCIIEIOBAaHUH KaK B
(yHIaMEHTANIbHOM, TaK M KIMHAYECKOH MeaunuHe. HecMOTpsi Ha MHOTOJIETHIOIO UCTOPHIO M3y4eHHs 3aboneBa-
HMS, 10 CHX TTOP MHOTHE aCIIeKThl STHONIOTHH M IIATOTEHE3a aTePOCKIIEPO3a OCTAIOTCS HESCHBIMU.

TpaAuIHOHHO [TATOTEHE3 aTEPOCKIICPO3a PACCMATPHUBAIOT C MO3HUI[MH 0YaroBOr0 HAKOIUICHHS OTACIbHBIX (PPAKIHit
JIMTIOTIPOTEHHOB B COCYIHMCTON CTEHKEe apTepuil. OIHAKO B aTeporeHese akTUBHOE y4acTHE MPUHHUMAKOT (akTo-
PBI KaK BPOX/ICHHOTO, TaK W aJalTHBHOTO MMMyHHTETa. KIIETKH M MeIHaTopbl HMMYHHOM CHCTEMBI BCTYIAIOT
B CIIO)KHOE B3aMMOJICHCTBHE C KJIETOYHBIM W BHEKJICTOYHBIM KOMIIOHCHTAMH BCEX CIIOCB COCYAHCTON CTEHKH.
BenencTue 3Toro GONBIIMHCTBO UCCIIENOBATENCH MPUILTH K KOHCEHCYCY O KIIFOUEBOM POJIM BOCTIAJICHHS B HHH-
[UALINH, IPOrPECCHPOBAHUH, a TAKKE AeCTAOMITH3AIMHI aTePOCKIEPOTHIECKON OIISIIIKH.

Takum 06pa30M, ATEPOreHE3 MOXKHO pacCMaTpuBaTh HE TOJIBKO KaK Z[I/ICMeTa(SOJ'H/I'{eCKPIﬁ, HO M KaKk UMMYHOBOCIHIA-
JIATETBHBIA mpouecce. HCJ'[I)IO HaCTOHIHeﬁ JICKOWHU ABJIIACTCSA O606II_ICHI/IG HOBEWIITNX JJAHHBIX O PO BOCHIAJICHUA Ha
Pa3HbIX 3Tanax aTepoCKICPOTUIECKOIO KOHTUHYYMaA.

KiiroueBbie ¢j10Ba: aTepOCKIEPO3, aTePOreHes, JIUIONPOTEHHBI, BOCTIAJICHHE, ATEPOCKICPOTHYECKas OJIsIKa, aTe-
poma
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KoHpaukT uHTEpecoB. ABTOPHI 3aiBIAIOT 00 OTCYTCTBHH KOH(IINKTA HHTEPECOB, CBSI3AHHBIX ¢ MyOnmKkanuen

HACTOSIIEN CTAThH.

Hcrounuk ¢puHAHCHPOBAaHUA. ABTOPBI 3asBIAI0T 00 OTCYTCTBMU (PUHAHCHPOBAHMUS IPU IPOBEACHUH HCCIIENIO-

BaHUA.

s uurupoBanusi: ABarumsa A.A., Kakrypckuii JI.B., Ypazosa O.U., Tpopumenko A.U., Cykuacsa JL.M.,
Koran E.A., lemypa T.A., [lorocoBa H.B. Atepockiepo3 i BocmaieHue — IyTh OT MaTOTeHe3a K Tepanuu: 0030p
COBPEMEHHOTO COCTOSIHUS TpoOieMbl (dacTh 1). bromremens cubupckou meouyunsl. 2025;24(1):141-153. https://

doi.org/10.20538/1682-0363-2025-1-141-153.

INTRODUCTION

Cardiovascular diseases (CVD) are the
leading cause of premature death and disability in
economically developed countries,and impose a
significant burden on healthcare systems, resulting in
substantial economic consequences [1].

Diseases associated with  atherosclerosis
contribute significantly to CVD mortality [2-4].
Despite advancements in modern lipidology,
including the implementation of high-intensity
statin therapy, its combination with ezetimibe
and proprotein convertase subtilisin / kexin type
9 (PSCK9) inhibitors in clinical practice, the
challenge of achieving target lipid profile values
and addressing residual cardiovascular risk remains
pertinent [5]. Notably, approximately half of the
patients receiving high-intensity statin therapy in
combination with ezetimibe continue to exhibit an
elevated risk of adverse cardiovascular outcomes [6].
As of 2024, atherosclerosis remains an idiopathic,
multifactorial disease. Concurrently, a consensus
has been reached among researchers regarding the
pivotal role of inflammation in the pathogenesis of
atherosclerosis [7].

Historically, the initiation of atherogenesis was
conceptualized through the lens of endothelial
dysfunction within the framework of the «endothelial
response to injury» hypothesis. However, subsequent
investigations revealed no damage, but rather
activation of the endothelium due to biomechanical
stress and the initiation of associated molecular
cascades [8]. These findings do not negate but rather
complement and expand upon the involvement of
inflammation in the pathogenesis of all stages of
atherogenesis [9].

CVD prevention encompasses a complex
algorithm comprising a set of measures aimed at
lifestyle modification and management of modifiable

risk factors [10]. However, optimal pharmacological
intervention and reduction of low-density lipoprotein
cholesterol (LDL-C) and blood pressure (BP) do
not provide comprehensive protection against
cardiovascular complications [11].

It is imperative to consider comorbid conditions
represented by relatively novel (non-classical) risk
factors for CVD, such as cancer and associated
chemotherapy [12], HIV infection (irrespective of
viral load levels) [13], Helicobacter pylori [14], and
oral microbiome dysbiosis [15].

Observational studies have demonstrated the
potential anti-atherogenic properties of disease-
modifying and/or targeted anti-inflammatory drugs
used to treat autoimmune diseases [16]. It has been
established that the beneficial effect of statins in
reducing cardiovascular risk is associated not only
with their primary lipid-lowering effect, but also with
anti-inflammatory effects [17].

In contemporary clinical lipidology, the critical
importance of inflammation in atherogenesis is
directly confirmed by the inclusion of colchicine in
the clinical guidelines for cardiovascular prevention
prepared by the Russian National Society of
Preventive Cardiology in collaboration with the
Russian Society of Cardiology [5]. Low-dose
colchicine therapy in patients with coronary artery
disease has been approved by the U.S. Food and Drug
Administration as an efficacious method for reducing
residual cardiovascular risk [18].

A subsequent step in improving therapeutic
algorithms is the use of nanotechnology to produce
novel dosage forms of drugs that can be delivered
to specific tissues or cell populations. Thus, a
comprehensive study of the pathogenesis of
atherosclerosis in combination with the application
of a multi-omics approach is highly relevant, as a
detailed understanding of the molecular mechanisms
of atherogenesis forms the basis for developing
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a «signature,» the impact on which will provide
more precise control of atherogenic inflammation
and facilitate the development of a vaccine against
atherosclerosis [19, 20], which will likely require
more than one decade.

The aim of this lecture was to synthesize
potentially clinically significant data on the role of
inflammation at different stages of atherogenesis,
including destabilization of atherosclerotic plaques.
An international multidisciplinary team of experts
prepared the materials. Within the concept «from
pathogenesis to therapy,» the presented lecture is
divided into two parts.

CONTRIBUTION OF IMMUNE CELLS TO
THE DEVELOPMENT OF ATHEROGENIC
ENDOTHELIAL DYSFUNCTION

Advances in fundamental scientific research have
enabled to reevaluate traditional perspectives on
the endothelium, which was previously regarded in
the scientific community solely as a conventional
layer of flat cells of mesenchymal origin lining the
inner surface of blood and lymphatic vessels as
well as cardiac cavities [21, 22]. Contemporary
understanding considers the endothelium as an
active morphological subunit (or, according to some
authoritative scientific schools, a distinct organ)
that produces a diverse array of biologically active
substances with autocrine, paracrine, and juxtacrine
activity [23, 24].

Under physiological conditions, the endothelium
predominantly  exhibits  antithrombotic, anti-
inflammatory, and vasoactive properties, regulating
vascular wall permeability for circulating biologically
active molecules and vascular tone through the
balance between the release of vasodilators (e.g., nitric
monoxide (NO) and prostaglandin E2 (PgE2)) and
vasoconstrictors (e.g., endothelin-1 and thromboxane
(Tx) A2) [25]. The development of proinflammatory
and vasospastic endothelial dysfunction leads to a
pathological increase in vascular permeability and
a decrease in the bioavailability of atheroprotective
NO, contributing to the subendothelial accumulation
of atherogenic (ApoB100-containing) lipoprotein
fractions (primarily low-density lipoproteins [LDL] )
and the development of so-called sterile inflammation
[26-30].

Recent research has led to a re-evaluation
of the role of perivascular adipose tissue. It has

been demonstrated that perivascular adipose
tissue produces a diverse group of cytokines and
biologically active substances, including tumor
necrosis factor o (TNFa), interleukins (IL) IL-1,
IL-6, and IL-8, adipocyte-derived relaxing factor,
macrophage chemotactic protein-1, plasminogen
activator inhibitor-1, complement component C3,
apelin, leptin, resistin, visfatin, carbon monoxide
(CO), and hydrogen sulfide (H,S). These biologically
active substances can modulate the endothelial
state and vascular tone, and exhibit both pro- and
antiatherogenic effects [31-34]. Considering the
contribution of perivascular adipose tissue to
atherogenesis, it is important to note the role of the
inflammatory microenvironment in its metabolic
reorganization as well as in the development of
structural and functional dysfunction of the vasa
vasorum and significant dystrophic changes in the
perivascular nerve plexus [35, 36]. Furthermore,
functional dysregulation of stem/progenitor cells of
perivascular adipose tissue (a stem cell niche located
at the medial-adventitial interface) has been observed,
including adipocyte progenitor cells, smooth muscle
cells (SMCs), endothelial cells, mesenchymal stem
cells (MSCs), and myeloid progenitor cells [37].

Chronic low-grade inflammation of the vascular
wall also induces accumulation of senescent cells.
In this context, the inflammatory microenvironment
acquires asenescence-associated secretory phenotype,
which plays a crucial role in the development of both
early vascular aging syndrome and aging heart [38].
Senescent cells are characterized by mitochondrial
damage, telomere shortening, epigenetic alterations,
metabolic  dysregulation (particularly  protein
metabolism), stem cell dysfunction, and impaired
intercellular communication. The key molecules
associated with the initiation of aging processes are
NF-kB, C/EBPbeta, GATA4, mTOR, and p38MAPK,
as well as disturbances in the functioning of signaling
mechanisms involving cyclic GMP-AMP synthetase
(cGAS) and cyclic GMP-AMP (cGAMP) [39]. The
accumulation of senescent cells leads to a decrease
in the activity of antioxidant systems, particularly
the inactivation of the Nrf2/ARE/sestrin-2 cascade
[40]. These alterations underlie the development of
the early aging syndrome of blood vessels, which
presents a significant challenge in the field of internal
medicine [41].

As a consequence of the interaction between
positively charged amino acids, specifically
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arginine and lysine in LDL, and negatively charged
proteoglycans in the arterial wall, atherogenic
lipoproteins are retained within the vessel wall [42].
Acute activation of the endothelium induces the
expression of cell adhesion molecules, resulting in
the attachment of monocytes to the endothelial cells
[43-45].

Monocytes adhere to endothelial cells via
PSGL-1/CD162 receptors (receptors for P-selectin
and E-selectin on the surface of endothelial cells),
CD11b and CD18 (subunits of the Mac-1 receptor
for ICAM1), LFA-1/CD11a (receptor for ICAMI1),
CD29, and CD49d (subunits of the VLA-4 receptor
for VCAM1) [46]. Following cell adhesion, MCP-
1 stimulates monocyte migration and infiltration.
Upon migration into the endothelium, monocytes
differentiate into macrophages under the influence
of  macrophage  colony-stimulating  factor
(M-CSF) [47].

Upon entering the subendothelial space, LDL
undergoes not only oxidation, but also aggregation.
In the context of an inflammatory microenvironment
and the accompanying decrease in pH within the
vascular wall, the composition of lipoproteins shifts
from the large and medium fractions to the small
and dense subfractions. These subfractions exhibit
lower affinity for LDL receptors (which impede their
removal), greater mobility in the extracellular matrix,
and consequently, higher atherogenicity [48].

The accumulation of atherogenic LDL in the
subendothelial space of monocytes and resident
macrophages that have migrated from circulating
blood results in the release of a wide range of
proinflammatory cytokines (IL-1p, IL-6, 1L-12, IL-
15, IL-18, and TNFa) [49]. It is worth noting that
under the pathological conditions of an atherogenic
microenvironment, macrophages can acquire both
proinflammatory and anti-inflammatory phenotypes,
characterized by the release of corresponding
molecules (IL-4, IL-10, IL-13, and transforming
growth factor 1B (TGF-1p)) [50].

Therefore, irrespective of the causal relationship
between oxidized LDL and atherosclerosis,
atherosclerotic changes in arterial walls can develop
in the presence of a normal lipid profile. The
increasing prevalence of type 2 diabetes mellitus and
metabolic syndrome in the population, coupled with
the control of LDL levels through lipid-lowering
therapy, has altered the lipid risk profiles. Notably,
a significant contribution is observed from elevated

levels of desialylated, electronegative, small dense,
and multiply modified LDL [51, 52].

In the subendothelial space, modified lipoproteins
are captured by macrophages and dendritic cells,
which are mononuclear phagocytes that are resident
in the normal arterial wall since fetal development.
Additionally, circulating monocytes originating from
the bone marrow or spleen adhere to the endothelial
layer, migrate into the intima via diapedesis, and
differentiate into macrophages [50]. In addition,
endothelial cells can migrate into the intima and
undergo endothelial — mesenchymal transition,
thereby promoting thickening (intimal remodeling)
and exacerbating inflammation [53].

The endothelial reaction, a key component of the
inflammatory response, encompasses the coordinated
activation of both innate immunity (macrophages)
and adaptive immunity (T- and B lymphocytes).
Upon entering the subendothelial space, recruited
monocytes differentiate into macrophages and
polarize, adopting diverse functional phenotypes in
response to alterations in the microenvironment [54].

T lymphocytes transform monocytes into
proinflammatory M1 macrophages, which produce
proinflammatory cytokines (IL-la, IL-1p, IL-6,
IL-12, IL-15, IL-18, and TNFa) involved in the
progression of atherosclerosis, or into «alternative
anti-inflammatory M2 macrophages, which produce
anti-inflammatory cytokines (IL-4, IL-10, IL-13,
and TGFp) capable of modulating the inflammatory
response. Consequently, T lymphocytes regulate the
continuum of inflammation resolution [55]. Although
macrophages are the primary source of cytokines,
other cells, such as lymphocytes, polymorphonuclear
leukocytes, and endothelial cells, which play a
significant role in atherosclerosis, also contribute to
cytokine production.

Neutrophilic granulocytes are directly implicated
in the development of oxidative stress in endothelial
cells and the formation of erosion on plaque surfaces
[56]. Furthermore, neutrophils directly activate
neighboring cells, such as macrophages and T
lymphocytes, thereby intensifying the inflammatory
reaction in atheroma [57].

T lymphocytes are present in atherosclerotic
plaques to varying degrees at nearly all stages of
their formation and associated complications. The
process of atheroma development and weakening
is accompanied by an immunoallergic reaction
of delayed-type hypersensitivity, associated with
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significant activation of the CD4+ T lymphocyte
subpopulation and secretion of interferon y (IFNy)
by the latter [13]. Direct receptor-mediated contact
occurs between T lymphocytes and macrophages,
promoting activation of the latter and increased
production of proinflammatory cytokines and
proteolytic enzymes, potentiating the development
of destructive processes in the plaque [58].

IFNy and TNFa mediate atherosclerotic changes,
affecting macrophages and the endothelium and
increasing the level of fractalkine (CX3CL1),
a chemokine that regulates the migration and
adhesion of leukocytes [59]. IFNy destabilizes
atherosclerotic plaques by inhibiting collagen
synthesis, promoting SMC apoptosis, and increasing
endothelial permeability [60]. By activating matrix
metalloproteinases (MMPs), [FNy and TNFa promote
the degradation of collagen and extracellular matrix,
thereby disrupting the stability of atherosclerotic
plaques [61].

Typical atheromas contain a lipid core, dying
macrophages that form a necrotic core, and a
developing thick fibrous cap, which is facilitated by
the production of collagen, elastin, fibronectin, and
other components of the extracellular matrix by SMC
[62]. Macrophage activation results in the release of
numerous cytokines and their transformation into
foam cells [63]. Activated macrophages release
additional inflammatory stimuli and stimulate the
formation of the necrotic core in the atherosclerotic
plaque. Unstable atheromas are commonly classified
into three types [64]:

1. Lipid type — fibroatheroma with a massive lipid
core and a thin fibrous cap.

2. Inflammatory and erosive — atheromas with an
increased content of proteoglycans and inflammatory
or erosive damage to the cap.

3. Dystrophic necrotic type — atheromas with
a calcified core and pronounced dystrophic and
necrotic changes in the cap.

THE ROLE OF MACROPHAGES
IN ATHEROSCLEROSIS

Macrophages catabolize oxidized LDL in
the arterial wall to form foam cells. The fate of
macrophages varies depending on the concentration
of cytokines and their combination as well as the
quantity of oxidized LDL [65, 66]. Deceased
macrophages coalesce, forming a lipid-rich necrotic
core that stimulates the migration of smooth muscle

cells from the media to the intima, encapsulated
by a collagen cap, with subsequent formation of
fibroatheroma [67]. Under conditions of chronic
low-grade inflammation, macrophages exhibit
catabolic effects, degrading and thinning the fibrous
cap, thereby thinning the fibroatheroma (< 65 um)
[68]. These pathological changes, characterized
by the presence of a large lipid-rich necrotic core
separated from the arterial lumen by a thin fibrous
cap, render the plaque unstable and susceptible to
rupture [69].

M1 macrophages are classically activated by
proinflammatory cytokines, particularly INFy and
bacterial lipopolysaccharides, and produce, as
previously mentioned, proinflammatory cytokines,
such as IL-1B, IL-6, and TNFaq, as well as inducible
nitric oxide synthase (iNOS) and NADPH oxidase,
with subsequent development of nitrosative and
oxidative stress [70]. M2 macrophages, conversely,
are alternatively activated by anti-inflammatory
cytokines, such as IL-4 and IL-13, and produce
elevated levels of IL-10 and TGF-1B [71]. M2
macrophages also express scavenger receptors,
such as CD163 and CD206, which play a significant
role in atherogenesis [72]. Notably, macrophages
in the fibrous capsule of an atherosclerotic plaque
express both proinflammatory and anti-inflammatory
cytokines, indicating a mixed M1/M2 phenotype
[73].

IL-6 plays a crucial role in atherogenesis;
specifically, it stimulates the production of acute-
phase response proteins and enhances the proliferation
and differentiation of lymphocytes [74]. Furthermore,
IL-6 activates cyclooxygenase-2 (COX-2), which
increases the concentration of IL-1f, TNFa, and
high-sensitivity C-reactive protein (hs-CRP) in blood
plasma by augmenting the activity of NF-xB, JAK/
STAT3, and MAPK transcriptional cascades [75].

Recent studies have identified several novel
subtypes of macrophages that may be present in
atherosclerotic plaques, including MMe, Mox,
M(Hb), Mhem, M4, and HA-mac macrophages.
Metabolically activated (MMe) macrophages
predominantly reside in the adipose tissue. Their
primary function is to eliminate the dead adipocytes
[76].

Mox macrophages are inflammatory macrophages
that produce high levels of the enzyme Hmox 1 (heme
oxygenase 1). The M1, MMe, and Mox macrophages
are activated by LDL and INFy [77].
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M4  macrophages are  proinflammatory
macrophages that mature and are activated by the
platelet chemokine CXCL-4 (arterial thrombosis
companion) and can participate in the degradation of
the fibrous cap and plaque rupture by producing the
enzyme MMP-12 [78].

Macrophages HA-mac, M(Hb) (hemoglobin-stimu-
lated), and Mhem are anti-inflammatory macro-
phages with pronounced atheroprotective effects acti-
vated by the hemoglobin — haptoglobin complex (hb —
hp), which is involved in the clearance of hemoglobin
from the hemorrhagic zones [79]. Macrophages with
the Mhem phenotype, in addition to participating
in erythrophagocytosis, suppress the development
of oxidative stress, accumulation of lipid droplets,
and formation of foam cells [80]. The role of M(Hb)
macrophages in the pathogenesis of atherosclerosis is
also associated with the induction of cholesterol efflux,
leading to a sharp decrease in foam cell formation [81].

MMe macrophages are characterized by high
activity of NADPH oxidase-2 and iNOS, which
play important roles in inflammation and generation
of reactive oxygen species [65]. In turn, the Mox
macrophage phenotype, which is often found in
already developed atherosclerotic plaques, activates
the expression of Srnx-1 and Txnrd-1 [82].

PLAQUE DESTABILIZATION FACTORS

The main mechanism through which existing
atherosclerotic lesions begin to shrink is through a
decrease in circulating plasma lipid concentrations
and stabilization of inflammatory cascades [83—
85]. In animal models, this is often followed by an
increase in cholesterol efflux from foam cells via
the ATP-binding cassette transporter (ABCA)1
into apoA1/HDL (high-density lipoprotein) via the
reverse cholesterol transport pathway.

When cholesterol efflux is induced in high-HDL
environments, atherosclerotic plaque macrophages
adopt a pro-resolving M2-like phenotype, producing
anti-inflammatory cytokines, such as IL-10 and TGF-
1B, supporting connective tissue cell proliferation and
angiogenesis [86]. The pro-resolving phenotype also
enhances phagocytosis of debris and efferocytosis of
apoptotic cells, which contributes to the reduction of
the necrotic core. Indeed, efferocytosis and apoptosis
of atherogenic field cells enhance macrophage
proliferation, increasing the number of macrophages
available for efferocytosis and potentiating the plaque
regression process [87].

Polyunsaturated fatty acids (PUFAs) have
been shown to have pronounced atheroprotective
properties, which are associated with their anti-
inflammatory action [88]. Linoleic acid suppresses
the expression of proinflammatory genes in
macrophages and inactivates NF-kB, CCL2, and
COX-2 through PPARY receptors, thereby reducing
the progression of atherosclerosis [89]. In addition,
PUFAs can modulate the atherogenic effects of
saturated fatty acids, such as palmitate-induced
expression of the lectin-like receptor for oxidized
LDL-1 (LOXT1) [90].

The atheroprotective functions of HDL are
associated with stimulation of cholesterol catabolism
and efflux. The antioxidant and anti-inflammatory
properties of HDL and its anti-apoptotic effects on
endothelial cells and endothelial progenitor cells are
worth noting [91]. HDL enhances the proliferation
and migration of endothelial cells and endothelial
progenitor cells, thereby contributing to the
restoration of endothelial integrity [92].

At the same time, the atheroprotective effect of
HDL is partly mediated by its anti-inflammatory
effect. Studies using a mouse model of atherogenesis
have shown that HDL promotes the polarization
of macrophages from the M1 phenotype to the M2
phenotype and inhibits the reverse polarization of
cells to the M1 phenotype [79].

The migration of monocytes through the
endothelium into atherosclerotic plaques is
mediated by chemokines (CCR2—-CCL2 (or MCP-
1), CX3CRI-CX3CRL1, and CCR5-CCL510)
secreted by endothelial cells, intimal macrophages,
and smooth muscle cells [93]. Vascular endothelial
adhesion molecules CD31 (also known as von
Willebrand factor) and VCAMI are involved in
monocyte transmigration [93].

It is worth noting that neural guidance signals
are involved in the recruitment of monocytes in
atherosclerosis; in particular, netrins, semaphorins,
and ephrins are expressed by endothelial cells in
the arterial wall [94]. Their effects depend on the
vascular wall microenvironment. For example, ephrin
B2 expression increases under proatherosclerotic
conditions and enhances leukocyte recruitment
to atherosclerosis-prone areas of the arterial wall,
even in the absence of additional chemokines [95].
In contrast, netrin 1 and semaphorin 3A expression
inhibits chemokine-directed migration of human and
mouse monocytes in vitro [96].
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The uptake of lipoproteins by monocyte-derived
macrophages is considered as one of the earliest stages
of atheroma development, leading to the formation of
foam cells. Although macrophages can clear ApoB-
containing lipoproteins via the LDL receptor, the
expression of this receptor is reduced early in foam
cell formation, owing to increased cholesterol levels
in the cells [97]. These observations have led to the
well-established hypothesis that lipoproteins must
undergo modification of the arterial wall and be taken
up by alternative mechanisms.

Macrophage-expressed scavenger receptors, a type
of pathogen pattern recognition receptor (PRR), play
a significant role in atherosclerosis and were initially
described for their ability to recognize and process
modified LDL. Numerous members of the scavenger
receptor family include scavenger receptor A (SRA;
encoded by MSR), MARCO, CD36, scavenger
receptor class B member 1 (SRBI), lectin-type
oxidized low-density lipoprotein receptor 1 (LOX1),
scavenger receptor class 1 member 1 (SRECI),
and scavenger receptors for phosphatidylserine and
oxidized low-density lipoprotein (SRPSOX; also
known as CXCL16). These receptors bind oxidized
LDL and promote foam cell formation [98]. These
receptors internalize lipoproteins; in lysosomes,
lipoprotein-cholesterol esters are hydrolyzed to free
cholesterol and fatty acids [99]. Free cholesterol
from the endolysosomal apparatus is subsequently
transported to the endoplasmic reticulum, where it is
re-esterified by cholesterol ester acyl-CoA transferase
to fatty acid esters, which constitute the «foam» of
foam cells [77].

Modification of LDL by various proteases and
lipases present in the intima can also mediate its
aggregation. Glycoproteins of the extracellular matrix
contribute to this process by retaining lipoproteins and
modulating the activity of various lipolytic enzymes
(secretory phospholipase A2 group I1A and secretory
sphingomyelinase), which produce modified forms
of LDL that are taken up by a scavenger receptor-
independent pathway [100].

In understanding the concept of atherogenesis,
the necrotic core is of great importance, playing a
major role in the vulnerability of atherosclerotic
plaques. It is essential to consider the role of primary
and secondary inflammation, cell death, and debris
removal as well as other factors that may be involved
in the formation of the necrotic core, such as MMP
activation and diapedetic hemorrhage [101]. The

free cholesterol content in the necrotic cores of
high-risk plaques is significantly higher than that in
low-risk plaques [102]. Free cholesterol is deposited
largely because of the extravasation of erythrocytes,
which increases with intimal neovascularization, as
new vessels are highly permeable, and erythrocyte
membranes are rich in free cholesterol [103].

CONCLUSION

Inflammation plays a crucial role in all stages of
atherogenesis. Elucidating and investigating intricate
cellular and subcellular interactions in atherogenesis
in greater detail will provide a foundation for the
development of novel strategies for targeted anti-
inflammatory therapy of atherosclerosis aimed at
mitigating primary cardiovascular and residual
cardiovascular risk.
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Sleep disordered breathing and its impact on the course
of chronic non-communicable lung diseases

Bespalova I.D., Mitrichenko U.M., Koshchavtseva Yu.l., Kapitanova D.V., Badmaev A.Z.,
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Bukreeva E.B., Boyarko V.V., Nesterovich S.V., Vinokurova D.A., Kalyuzhin V.V.
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ABSTRACT

The lecture synthesizes and analyzes the findings of research concerning the impact of sleep disordered breathing
(SDB) on the progression of the most prevalent chronic non-infectious lung diseases (CNLDs). SDB, including
conditions, such as snoring, sleep hypoventilation syndrome, and obstructive and central sleep apnea syndrome,
constitutes a significant medical concern due to its high prevalence and adverse health consequences. SDB
is regarded as an independent risk factor for the development and progression of a range of CNLDs. Timely
diagnosis and management of SDB may serve as an effective preventive measure against severe manifestations and
complications associated with this group of diseases.
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HapyweHusa gbixaHnA BO CHe N NX BIUAHME Ha TeYeHNe XPOHNYeCKNX
HenHPEeKLMNOHHbIX 3aboneBaHU Ierknx

becnanosa U.[., Mutpunuenko Y.M., Kowjasuena l0.U1., Kanutanosa [1.B., bBagmaes A.3.,
AraeBa C., XKykoBckas 0.B., Konmakosa B.M., benakosa T.B., TereHeBa A.B.,
bykpeeBa E.b., bosapko B.B., Hecreposuu C.B., BuHokypoBa [1.A., KanioxvH B.B.

Cubupckuii cocyoapcmeennblil MeOuyurckuu ynugepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

B nexumn 0000IIEHBI M IPOAHATM3UPOBAHBI PE3YJIbTAaThl HCCICA0BAHUH, KACAIOIINXCS H3YyUCHHS BIIHSHUS Hapy-
menuit nerxanus Bo cHe (H/IC) Ha TedeHne Hanboee pacipoCTpaHEHHBIX XPOHNIECKUX HEMH(PEKIIMOHHBIX 3200~
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neBanuil nerkux (XH3JI). Hapymenuns npixanust Bo cHe, TaKHe Kak Xpal, CHHAPOM I'MIOBEHTUISLIUH BO CHE, CHH-
JPOM 0OCTPYKTHBHOTO M LIEHTPAIBHOTO allHO3 CHA, MPEJICTABIISIOT COO0M aKTyanbHyI0 MEAUIMHCKYIO MpobieMy
BBUJ1y UX BBICOKOM pacIpOCTPaHEHHOCTH M HEOMaronpusTHBIX MOCIEACTBUI A 310poBbs. Hapyiienus npixanus
BO CHE PacCMaTPHBAIOTCS KaK HEe3aBHCUMBIN ()akTop pUCKa Pa3BUTHS U IporpeccupoBaHus menoro psaa XH3JL
CaoeBpemeHHas quarnoctrka u koppekuust HIIC moxer ObITh 3G (QeKTHBHON Mepoll MPOQHIAKTHKN TIKEIOTo
TEUSHUSI U OCJIOKHEHHIA 3TOi Pyl 3a001eBaHuUiA.

KnroueBble c10Ba: HapyIIeHUs JbIXaHUS BO CHE, Xparl, alTHO, THITOKCHS, XPOHUUECKNE HENH(EKIOHHBIE 3200-
JIeBAHMS JIETKUX

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 Hacro;{meﬁ CTaTbHu.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (\HHAHCHPOBAHUS TPH NMPOBEICHHN UCCIEN0-
BaHMSI.

Jast uuruposanus: becnanosa W.J1., Murpuuenko ¥.M., Komasnesa F0.U., Kanuranosa /I.B., bagmaes A.3.,
AraeBa C., Xykosckas O.B., Koamakosa B.M., benskosa T.B., TereneBa A.B., bykpeesa E.b., bospko B.B.,
Hecreposuu C.B., Bunokyposa JI.A., Kamoxxun B.B. Hapymienust npixanust Bo CHe M MX BJIMSHHUE HA TEUCHHE
XPOHUYECKNX HEMH(EKIMOHHBIX 3a00JIeBaHUN JIETKUX. broinemens cubupckoi meouyunsl. 2025;24(1):154-163.

https://doi.org/10.20538/1682-0363-2025-1-154-163.

INTRODUCTION

The beginning of the twenty-first century has
set new challenges for medical science and clinical
medicine related to the epidemic level of prevalence
of chronic non-communicable diseases and the
need to search for mechanisms underlying their
progression and effective methods of elimination. A
special place in the profile of morbidity is occupied
by chronic non-communicable Iung diseases
(CNLDs), which represent a serious problem for the
health care systems of most countries. CNLDs are
characterized by persistent inflammation, damage to
the lung parenchyma, and progressive deterioration
of the functional activity of external respiration,
which underlies disability and high mortality and
contributes to a significant decrease in the quality of
life.

The accumulation of clinical and experimental
knowledge, the development of modern medical
technologies, and a new branch of practical medicine
—somnology, have made it possible in recent years to
identify new aspects of the pathogenesis of a number
of pathological conditions and to consider sleep
disordered breathing (SDB) as one of the mechanisms
underlying the progressive course and complications
of chronic non-communicable diseases. SDB is a
heterogeneous group of syndromes characterized
by periodic or persistent changes in the breathing
pattern during sleep, which may include episodes

of apnea (short-term pauses in breathing), hypopnea
(decreased respiratory activity), and other disorders.
These conditions lead to hypoventilation, hypoxemia
and can be associated with various somatic symptom
and mental disorders, which, along with the high
prevalence, determines their medical significance.
According to the mechanism of occurrence,
obstructive apnea/hypopnea, caused by upper airway
closure, and central apnea/hypopnea, associated with
collapse of the respiratory center, are distinguished
[1].

The most studied type of SDB is obstructive sleep
apnea (OSA)—a condition in which episodes of a lack
of pulmonary ventilation with pauses in breathing
during sleep for more than 10 seconds (apnea/
hypopnea) are recorded, accompanied by snoring,
periodic pharyngeal collapse, hypoxemia, excessive
daytime sleepiness, and gross fragmentation of sleep
[2]. The prevalence of OSA in the Western population
is 5-7% of the entire population over 30 years of age.
Severe forms of the disease affect about 1-2% of this
group. In people over 60 years of age, the frequency
of OSA increases significantly and is about 30% in
men and about 20% in women. The prevalence of
clinically pronounced SDB reaches 15% in patients
with internal diseases and increases with cooccurring
comorbidities.

According to a number of studies, the incidence
of OSA in overweight patients exceeds 30%,
reaching 50-98% in patients with morbid obesity

Bulletin of Siberian Medicine. 2025; 24 (1): 154-163 155



Bespalova I.D., Mitrichenko U.M., Koshchavtseva Yu.l. et al.

Sleep Disordered Breathing and Its Impact on the Course of Chronic

[3]; the prevalence of OSA and other forms of SDB
are observed in 35-80% of patients with arterial
hypertension (AH) [4], 38-65% of patients with
coronary heart disease (CHD) [5], 38-72% of patients
with a previous stroke [6], 35-40% of patients with
heart failure (HF), and 56-74% of patients with
rhythm disturbances [4]. Given the current trend
towards population aging and the obesity pandemic, a
steady increase in the prevalence of SDB is expected,
since obesity and old age are recognized as the main
risk factors for OSA [7].

Unfortunately, the level of awareness of patients
and primary care specialists about the problem of
SDB is low; OSA often remains undiagnosed in a
large part of the population due to the low specificity
of complaints and the unavailability of instrumental
diagnostic methods [8].

The disappointing values for morbidity,
disability, and mortality from respiratory diseases
are largely determined by the epidemic level of
prevalence of metabolic syndrome components in
the general population and a high cardiovascular
risk in different population groups [9, 10]. In view
of the fact that SDB is an independent risk factor
for cardiovascular diseases [1], there is a need to
consider it as a significant mechanism for a severe
course and development of complications in the most
common CNLDs.

SLEEP DISORDERED BREATHING AND
BRONCHIAL ASTHMA

Despite significant advances in the diagnosis
and treatment of bronchial asthma (BA), high
morbidity and low control levels in the presence
of comorbid pathologies, including SDB, require
studying the mechanisms underlying syntropy
and finding effective treatment approaches. The
incidence of OSA in patients with BA is higher
than in the general population, regardless of
body mass index (BMI), gender, age, or smoking
status [11-13]. According to various data, the
prevalence of SDB in patients with BA varies
from 23 to 46% and depends on the severity of
the disease. The prevalence of OSA in patients
with BA ranges from 19 to 60% in mild BA and
reaches up to 95% in severe asthma.

BA was shown as an independent risk factor
for habitual snoring, which is the mildest form
of SDB. The wide range of epidemiological

parameters is associated with the peculiarity
of the study design, with the use of different
diagnostic criteria for pathological conditions,
and with patient inclusion criteria. Researchers
from Saudi Arabia revealed high prevalence of
BA in patients with SDB (35.1%), which is also
significantly higher than in the general population.
Patients with OSA with BA had higher BMI
and greater apnea / hypopnea index compared
to patients with OSA without BA, while BMI >
35 kg / m? was a significant predictor of BA in
patients with OSA [14]. The authors believe that
such high prevalence of the association of two
diseases (OSA and BA) cannot be a coincidence
and is determined by the pathophysiology of the
diseases [15].

OSA and BA have some common
characteristics. Both diseases are obstructive
respiratory  diseases, but with different
mechanisms and anatomy of obstruction. In
patients with co-occurring OSA and BA, there
is obstruction of both upper and lower airways
during sleep. Both pathological processes have
the same comorbidities, such as obesity, allergic
rhinitis, and gastroesophageal reflux disease
(GERD). It was also noted that smoking, obesity,
GERD, and allergic rhinitis should be considered
as important risk factors for OSA in patients
with BA. A comparative analysis of parameters
characterizing sleep quality in groups of patients
with BA demonstrated that patients with OSA had
higher BMI, higher incidence of allergic rhinitis,
a more severe course, and worse predicted forced
expiratory volume in the first second (FEV ).
This category of patients has poor sleep quality,
which is often associated with high morbidity and
mortality. Researchers agree that BA and OSA
are characterized by a bidirectional interaction.

On the one hand, the severity and duration
of BA affect the predisposition to OSA. The
mechanisms of this phenomenon are considered
to be systemic inflammation and neuroimmune
interactions due to their involvement in the control
of breathing, as well as the negative effects of
inhaled glucocorticoids (ICS) on smooth muscles
and fat content, changing the anatomy of the upper
respiratory tract. On the other hand, OSA affects
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airway inflammation, promotes their remodeling
and dysfunction in such a way that it determines
resistance to standard therapy, which explains the
relationship between OSA and BA with worse
clinical outcomes at all stages of medical care.
Moreover, the prevalence of OSA correlates not
only with the duration and severity of the disease,
but also with the dosage of glucocorticoids taken
[15]. Thus, the absence of OSA treatment can
lead to increased ICS therapy, which, in turn, will
accelerate this vicious circle and contribute to
irreversible dysfunction of the lower respiratory
tract [16, 17].

There is growing evidence of a relationship
between SDB and BA based on common
pathophysiological factors and mutual influence.
The exact mechanisms by which these diseases
interact are not fully understood. SDB is believed
to stimulate inflammatory responses through
hypoxia, hypercapnia, and sleep fragmentation,
leading to a reversible increase in C-reactive
protein (CRP) levels and TNFa production and
is associated with airway collapse. At the same
time, the level of both proinflammatory cytokines
usually decreases after CPAP therapy, positively
affecting the course of BA, pulmonary function
parameters, and quality of life.

OSA, in turn, aggravates nocturnal
manifestations of BA due to reflex
bronchoconstriction associated with  upper
airway irritation during snoring. Inflammatory
infiltration of the upper airways in BA, increased
fat deposition in the pharyngeal walls due to
steroid use [18], or the presence of comorbidities,
such as obesity, lead to a decrease in the cross-
sectional diameter of the upper airways. The
frequent association of BA with allergic rhinitis,
nasal polyps, and adenoid hypertrophy contributes
to airflow resistance and creates high negative
pressure during inspiration, which increases the
risk of upper airway collapse [19]. BA is thought
to affect pharyngeal muscle function either
directly by affecting neural sensory pathways
due to inflammation, or indirectly by muscle
weakness due to ICS therapy [15]. Pharyngeal
muscle myopathy increases the ability of the
upper airways to collapse, increasing the risk

of OSA. Japanese scientists established that the
severity of OSA, estimated by the value of the
apnea’/hypopnea index in BA, is determined by
the thickness of the mediastinal adipose tissue
and the severity of bronchial hyperreactivity [20].

The practical significance of studying the
mechanisms of mutual aggravation of the two
diseases is determined by the fact that BA with
co-occurring SDB is characterized by a low level
of control, has a worse prognosis, is associated
with a high risk of repeated hospitalizations due
to exacerbation, and, as a result, is associated with
high treatment costs [21, 22].

Currently, there is an obvious need to diagnose
SDB in patients with BA, especially in cases
with refractory BA, frequent night attacks,
concomitant obesity, GERD, and atopic rhinitis.
Timely diagnosis of SDB in patients with BA and
appropriate treatment will stop the vicious circle
of OSA and eliminate associated adverse effects
of basic therapy, which will also help reduce
cardiovascular risk in this category of patients,
improve their quality of life, and naturally reduce
the economic burden of medical care.

SLEEP DISORDERED BREATHING AND
CHRONIC OBSTRUCTIVE PULMONARY
DISEASE

Chronic obstructive pulmonary disease (COPD)
is a progressive disease characterized by persistent
airflow limitation, which is a consequence of the
chronic inflammatory response of the airways and
lung tissue to the effects of inhaled harmful particles
or gases. COPD is an urgent medical and social
problem, being, according to experts from the World
Health Organization, one of the leading causes of
death in the world, ranking third.

SDB and sleep disorders are an extremely common
and often underestimated problem in patients with
COPD. It is assumed that each form of SDB in
COPD is associated with adverse clinical outcomes,
including an increased risk of exacerbations,
hospitalizations, cardiovascular events, decreased
survival, and deterioration in the quality of life [23].
Due to the high incidence of OSA, much attention
has been paid by researchers to the study of co-
occurring COPD and OSA, which is called overlap
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syndrome. Given the high prevalence of COPD and
OSA separately, researchers have suggested that the
coexistence of both disorders may arise solely based
on chance association [24]. The prevalence of overlap
syndrome in the general population has been reported
to range from 1 to 3.6% [25].

However, this figure increases significantly when
the prevalence of overlap syndrome is assessed in
patient populations from specialized clinics for the
diagnosis and treatment of OSA or COPD. Studies
including patients with diagnosed OSA have shown
that the prevalence of overlap syndrome ranged from
7.6 to 55.7%. The presence of comorbid OSA in
populations with established COPD has also been
assessed, and again a wide prevalence range from 2.9
t0 65.9% was observed [25]. However, smaller studies
have reported significantly higher prevalence of
overlap syndrome, which may indicate the possibility
of incidental findings or higher-risk patient cohorts
[26]. The reasons for these contradictory results
are unclear, but they may reflect differences in the
study populations, recording methods, and diagnostic
methods for OSA and COPD.

Intermittent upper airway obstruction in OSA
may worsen the course of COPD, leading to more
pronounced hypoxemia and hypercapnia, which,
in turn, accelerates the development of pulmonary
hypertension and chronic respiratory failure [27].
Chronic inflammation and airway remodeling in
COPD create the prerequisites for the development
of OSA by reducing the tone of the upper airway
muscles and increasing their collapsibility. There
is a correlation between the severity of obstructive
respiratory disorders and sleep disorders in patients
with overlap syndrome [28]. Patients with COPD have
a deterioration in sleep quality due to a decrease in its
efficiency and reduction in the REM phase, which is
an additional factor in the potential association with
OSA [29].

The manifestations of systemic inflammation
and oxidative stress observed in COPD and
OSA indicate a deep pathogenetic relationship
between these pathologies and their impact on
the development of cardiovascular diseases [30].
Systemic inflammation is a major factor in the
pathogenesis of atherosclerosis, and intermittent
(periodic) hypoxemia associated with recurrent
episodes of apnea/hypopnea in OSA significantly
affects this inflammatory response. Hypoxemia,
both intermittent and persistent, is more pronounced

in co-occurring OSA and COPD compared to each
disease separately and, therefore, is expected to
increase the inflammatory response. Patients with
overlap syndrome have higher sympathetic and
lower parasympathetic activity compared to patients
with OSA or COPD alone.

Thus, it can be expected that cardiovascular
diseases will be more common in patients with a
combination of OSA and COPD. Retrospective
studies have shown higher prevalence of AH,
diabetes mellitus, metabolic syndrome, and atrial
fibrillation in patients with co-occurring OSA and
COPD compared to patients with OSA alone [31, 32].
From a cardiovascular perspective, the importance
of recognizing concomitant OSA in patients with
COPD is supported by a study in a rodent model,
which found that cardiovascular changes caused by
chronic intermittent hypoxia can be reversible under
normoxia [33].

The overlap syndrome is associated with a more
severe disease course, a high risk of exacerbations,
hospitalizations, and mortality compared to the
isolated course of each of these diseases. In
particular, a research team from Uzbekistan showed
that patients with COPD in the presence of OSA
are characterized by an increase in the intensity of
dyspnea, the severity of obstructive disorders, and a
decrease in exercise tolerance. In addition, the course
of the disease was accompanied by an increase in the
number of exacerbations requiring hospitalization
[34].

According to the latest data, different phenotypes
of COPD suggest the participation of diverse,
different pathophysiological mechanisms in the
formation of SDB [35]. In particular, patients with
a predominantly bronchitis phenotype of COPD are
most often diagnosed with OSA, which leads to an
increase in mortality rates, the risk of cardiovascular
complications, hospitalizations, and the frequency
of exacerbations [36]. In addition, there is growing
evidence that hyperinflation of the lungs associated
with emphysema reduces the likelihood of
developing OSA [37]. However, in practice, the vast
majority of patients with COPD have a combination
of emphysema and chronic bronchitis, and thus the
likelihood of developing OSA is likely to depend on
the balance of protective and contributing factors in
individual patients [24].

Therefore, early diagnosis of SDB in patients with
COPD allows foridentifying concomitant pathologies,
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which, in turn, contributes to the development of
adequate treatment strategies and improvements in
the patient’s quality of life. In addition, a correct
assessment and monitoring of sleep can contribute
to more accurate control of clinical manifestations
of COPD. Consequently, the diagnosis of SDB in
this category of patients becomes an integral part of
a comprehensive approach to treatment and health
maintenance.

SLEEP DISORDERED BREATHING
AND INTERSTITIAL LUNG DISEASES

Interstitial lung diseases (ILD) are parenchymatous
lung diseases characterized by a chronic, sometimes
rapidly progressive course and a high mortality rate.
ILD includes about 130 nosological entities of known
and unknown etiology. One of the most unfavorable
diseases of this group is idiopathic pulmonary
fibrosis (IPF). However, with the development
of inflammation and fibrosis of the pulmonary
interstitium and air spaces, other interstitial diseases
can acquire a progressive course and be very close
to IPF in severity, progression of respiratory failure,
and mortality prognosis.

The patient’s life expectancy from the
moment of IPF diagnosis is 2 to 5 years. Hypoxic
vasoconstriction, obliteration, and remodeling of the
vascular endothelium contribute to the development
of pulmonary hypertension, which is an unfavorable
prognostic sign for the course of ILD. The most
common cause of death in this group of patients is
progressive respiratory failure [38]. Factors that
determine the course and prognosis of patients
with ILD include age, forced vital capacity (FVC),
diffusing capacity of the lungs for carbon monoxide
(DLCO), and exercise tolerance [39, 40].

It is known that due to ventilation dysfunction
and gas exchange limitations, SDB is a very
common concomitant pathology of ILD, varying
from 45 to 90% depending on the diagnostic
methods used. Most of the studies on co-occurring
ILD and SDB are devoted to IPF and lung damage
in systemic connective tissue diseases. Despite
the small number of studies, it was shown that
OSA and nocturnal hypoxemia are associated with
progression and adverse outcomes of the disease.
In the study by N.I. Laz et al., 69 patients with
ILD identified by high-resolution chest computed
tomography were divided into groups with and

without OSA. Patients were assessed using the
STOP-BANG questionnaire, Epworth Sleepiness
Scale, and nocturnal polysomnography to diagnose
and classify SDB. More than half of the patients
(60.9%) had SDB, of which 57.1% had OSA, the
incidence of mild OSA was only 21.7% [41].

In a prospective study of 46 patients with ILD
that lasted for 18 years, a multivariate regression
analysis showed that exercise desaturation (hazard
ratio (HR) 8.2; 1.8-36.5 95% confidence interval
(CD; p = 0.006) and apnea/hypopnea index > 30,
namely the threshold for severe OSA (HR 7.5; 1.8—
30.6; p = 0.005), were the only independent variables
associated with disease progression [42].

In another prospective observational study,
102 patients with ILD who did not have daytime
hypoxemia underwent a home sleep study for 1 year.
Nocturnal hypoxemia was defined as > 10% of the total
sleep time with SpO, < 90%, and OSA was detected
if the apnea/hypopnea index was > 15 events / hour.
Nocturnal hypoxemia was detected in 20 (19.6%) of
them, and OSA in 32 (31.4%). Nocturnal hypoxemia
was associated with a significant deterioration in
the quality of life and a higher risk of death from all
causes within one year (HR 8.21; 95% CI 2.4-28.1;
p <0.001). A similar association was not found for
OSA [43].

According to some authors, treatment of SDB
in patients with IPF can improve the quality of life
and disease prognosis. In a prospective pilot study,
50 patients with IPF and SDB were systematically
monitored and received CPAP therapy and/or
nocturnal oxygen therapy depending on the type of
SDB. Sleep studies revealed some type of SDB in
70% of patients: OSA —in 36% of cases, central sleep
apnea — in 22% of cases, and nocturnal hypoxemia
—in 12%. Over the course of one year of therapy,
polysomnography revealed an improvement in
the morphological parameters of IPF, while no
significant changes in the functional parameters
were noted. The authors conclude that episodes of
apnea/hypopnea in patients with IPF contribute to
recurrent traction lung injury and enhance fibrotic
changes [44].

Future prospective randomized studies with a
longer follow-up period will allow to study in detail
the mechanisms of interaction between ILD and
SDB, assess their impact on the quality of life of
patients, and develop effective methods for treating
this combined pathology.

Bulletin of Siberian Medicine. 2025; 24 (1): 154-163 159



Bespalova I.D., Mitrichenko U.M., Koshchavtseva Yu.l. et al.

Sleep Disordered Breathing and Its Impact on the Course of Chronic

SLEEP DISORDERED BREATHING AND
RESPIRATORY CANCER

Recent studies have shown that there is a link
between SDB and an increased risk of cancer
development and progression [45]. According
to modern scientific data, there are a number of
mechanisms that contribute to this link. The key
pathogenetic factor is the presence of intermittent
hypoxia at night [46]. Hypoxia is an important
component of carcinogenesis; it can enhance the
malignant properties of tumor tissue: promote
more aggressive tumor growth, active proliferation,
invasion and metastasis, reduce the effectiveness
of radiation therapy or chemotherapy; increase the
frequency of cancer recurrence and mortality [47].

In 2012, according to the Wisconsin Cohort Study,
which lasted more than 20 years, a link was shown
between SDB and cancer mortality, and this link
remained significant after adjusting for possible
concomitant variables, including age, gender, smoking,
BMI, physical activity, diabetes mellitus, waist
circumference, and sleep duration [48]. A study
by N. Marshall et al. published in 2014 showed that
moderate or severe OSA (apnea’hypopnea index > 15)
was associated with a relative risk of 2.5 for cancer
incidence and 3.4 for cancer mortality [49]. A later
Israeli cohort study of 5,243 patients found that patients
under 45 years of age with severe OSA had significantly
higher incidence of all types of cancer than the general
population [50]. It was shown that the presence of
severe OSA was associated with a 15% increased risk
of developing cancer of various localizations compared
to those who did not have OSA [51].

The association between SDB and lung
malignancies deserves special attention. A meta-
analysis published in 2022, which included seven
large studies, showed that the presence of SDB was
independently associated with higher incidence of
lung cancer [adjusted odds ratio (OR): 1.28; 95% CI
1.11-1.47; p < 0.001; 12 = 37%] [52]. The results
indicate not only high incidence of malignant
neoplasms in the context of SDB, but also wide
prevalence of SDB among cancer patients. It was
found that the prevalence of OSA among this category
of patients was 46% (95% CI, 27-67), and in patients
with OSA, the incidence of cancer was 1.53 (95%
CI 1.01-2.31) times higher than in patients without
OSA, and it depended on the severity [53]. There
are data confirming significant prevalence of SDB

among patients with tumors of both upper and lower
respiratory tract.

Thus, according to the results of a cross-sectional
study conducted by Spanish researchers among 66
patients with a confirmed diagnosis of lung cancer,
the overwhelming majority (80%) were diagnosed
with OSA (apnea/hypopnea index > 5) during the
examination, and 50% had moderate or severe
OSA (apnea/hypopnea index > 15) [54]. A recent
study by a team of scientists from New Delhi also
demonstrated high prevalence of SDB in patients
with lung cancer. The researchers set themselves
the goal of establishing the prevalence of SDB in
patients with newly diagnosed lung cancer. Among
30 such patients, SDB and OSA were confirmed
in 66.6 and 56.6% of patients, respectively, using
polysomnography [55].

SDB is quite common in patients with tumors
of the head and neck (namely, the upper respiratory
tract — nasopharynx, oropharynx, larynx). The high
prevalence of OSA before treatment in patients
with head and neck tumors can be explained, on
the one hand, by structural abnormalities due to
growing tumor tissue with airway obstruction; on
the other hand, the development/worsening of OSA
occurs during treatment due to structural changes
in the upper respiratory tract due to surgery and/or
radiation therapy [56]. The authors suggest that the
main reason for the worsening of OSA in patients
after radiation therapy is a decrease in the function
and control of the pharyngeal dilator muscle, which
can affect the compliance and resistance of the upper
airways [57]. It was found that the clinical cancer
outcome (recurrence of the disease or mortality) in
patients with head and neck tumors was significantly
associated with the apnea/hypopnea index [58].

Recent publications emphasize the importance of
further research on the development of OSA in patients
with respiratory cancer aimed at identifying the
mechanisms and developing effective pathogenetically
substantiated methods of correction [59]. Timely
diagnosis and treatment of SDB will reduce the
potential risk of developing cancer and help improve
the prognosis and course of existing tumor processes.

CONCLUSION

Thus, SDB should be considered as a risk factor
for a severe course and complications of socially
sensitive chronic non-communicable lung diseases.
The prevalence of SDB of varying severity in
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respiratory diseases is extremely high, especially in
the context of comorbid pathology. In the context
of the obesity epidemic and the trend towards
population aging, a widespread increase in the
prevalence of SDB is expected in the coming years.
Timely diagnosis and elimination of SDB can be an
effective measure for preventing a severe course and
complications of this group of diseases.
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ABSTRACT

In this lecture, we presented current clinical studies on targeted radionuclide imaging of breast and prostate tumors
with overexpression of the gastrin-releasing peptide receptor (GRPR). GRPR is a transmembrane receptor, the
activation of which promotes the growth and proliferation of tumor cells. The highest level of GRPR expression is
observed in malignant pathologies of breast and prostate, which is of particular interest for radionuclide diagnostics.

The conducted clinical studies assessed the safety, pharmacological properties, and effectiveness of imaging
using radiopharmaceuticals based on peptide agonists and antagonists of GRPR labeled with technetium-99m
and gallium-68 radionuclides. The results clearly demonstrate the advantage of GRPR antagonists over GRPR
agonists, since they have optimal pharmacological properties, good tolerability, rapid elimination by organs with
a physiological level of receptor expression, and high imaging efficiency of mammary and prostate tumors with
overexpression of GRPR.

Keywords: GRPR, targeted radionuclide diagnosis, breast cancer, prostate cancer
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PE3IOME

B nexuun npezacraBieHbl akTyalbHble KIMHUYECKUE UCCIIEIOBAHUS OTHOCUTEIBHO TapreTHOM paauoHYKINIHOM
BU3YyaIM3allMK OIlyXOJIel MOJIOYHOM M MpEeACTaTeNbHON Kelle3 ¢ TUIep3KCIIpeccHell pelienTopa racTpuH-BbICBO-
o6oxmaromero nentuaa (GRPR). Penenrtop GRPR npencrasisier coboii TpaHCMeMOpPaHHBIH PELENTOP, aKTHBALUS
KOTOPOTO CIIOCOOCTBYET POCTY U HPONU(Epaly OMyX0JeBbIX KieTok. Hanbosee BBICOKHI yPOBEHb SKCIPECCHU
GRPR Habnronaercs npy Takux 3710Ka4eCTBEHHBIX IIATONIOTHSX, KAK paK MOJIOYHOMU U MPEACTATEIbHOM XKene3, 4To
npecTaBisieT 0coOblit MHTEpeC VIS paJHOHYKIMIHOW THarHOCTHKY.

B mpoBeseHHBIX KIMHIYECKNX MCCIIEI0BAHUSIX OIEHUBAIICH 0€3011aCHOCTD, ()apMaKOIOTHYECKHe CBOHCTBA, (-
(heKTUBHOCTh BU3yaJH3alMK pagrodapMIIpenapaToB Ha OCHOBE IENTHAOB-arOHUCTOB M aHTaroHHcToB GRPR,
MEUEHHBIX paJUOHYKINIaMH TeXHeeM-99m u ramuem-68. Pe3ynbTaTsl HCOIBITAHUI HAMIATHO JEMOHCTPUPYIOT
npenmytiectBo antaronnctoB GRPR nepen aronncramun GRPR, mockonsky 06:1agatoT onTHMansHBIMA (hapMako-
JIOTHYECKUMH CBOMCTBAMH, XOpOIIeH MepeHOCUMOCTBIO, OBICTPEIM BEIBEAEHHEM OpPraHaMy ¢ (H3HOIOTHYECKUM
YPOBHEM 3KCIIPECCHH PELENTOPA, BEICOKOH () (EeKTHBHOCTHIO BU3YaIH3AIIH OITyX0JIeH MOJIOYHOM U IIpeJICTaTeb-
Ho >xene3 ¢ runepakcnpeccueil GRPR.

Kauessbie ciioBa: GRPR, tapreTHas paimoHyK/IMIHas IUarHOCTHKA, PAK MOJIOYHOH JKeJe3bl, paK MpecTaTesb-
HOI 7KeJIe3bl

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHQ)INKTOB HWHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEH CTaThH.

Hcrouynuk ¢punancupoBanus. Pabora BblnonHeHa B paMKkax rpanTa Poccuiickoro Hay4anoro ¢onma Ne 22-15-00169
no eme «®enornn BRCA-nonoGHBIX omyxouieii B porecce KaHIIeporeHes3a U JeUSHUsD).

[ untupoBanus: bparuna O.J]., BanoBa A.I'., Yceinuna E.A. Pangnonykmunnas Busyanusauus GRPR npu
3JI0KaUE€CTBEHHON MATOJOTMM MOJOYHOM U IMPENCTATENbHON JKEJIe3: OINBbIT KIMHUYECKOrO NMPUMEHEHus. bioae-

mens cubupckou meouyunsl. 2025;24(1):164—172. https://doi.org/10.20538/1682-0363-2025-1-164-172.

INTRODUCTION

Breast cancer (BC) and prostate cancer (PC) are
the most common malignancies among the female
and male populations, respectively [1]. The rapidly
developing fields of molecular biology and oncology
continue to seek new promising targets to optimize
the diagnosis and treatment of oncological diseases,
including gastrin-releasing peptide receptors (GRPR,
BB2, Gastrin Releasing Peptide Receptor) [2].

GRPR belongs to the bombesin receptor family
(BB1, BB2, BB3) and is a 7-transmembrane receptor
coupledtoa Gprotein. Its endogenous ligand is gastrin-
releasing peptide (GRP), a regulatory molecule
involved in stimulating gastrin release from gastric G
cells and a number of other processes by binding to
GRPR and activating the phospholipase C signaling
pathway. In the human body, GRPR is expressed in
neuroendocrine cells of the gastrointestinal tract (GI

tract), brain, lungs, prostate, exocrine cells of the
pancreas and mammary glands providing exocrine
and endocrine functions, contraction of smooth
muscles of the GI tract and genitourinary system,
effects on immune cells, thermoregulation, circadian
rhythm, and the growth and proliferation of both
normal and pathological cells [3].

Literature data show that GRP and other
peptides analogs of bombesin act as a growth factor
contributing to proliferation of various cell types
[4]. The binding of GRP to GRPR stimulates the
phosphorylation of tyrosine kinase receptors, causing
cross-talk of G-protein-coupled receptors (GPCR)
[5]. Similarly, faster activation of the epidermal
growth factor receptor (EGFR) is provided, through
which subsequent signaling occurs via the mitogen-
activated protein kinase (MAPK) signaling pathway
in cells of head and neck carcinoma and non-small
cell lung cancer [6]. In addition, GRPR is capable
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of increasing the expression of cyclins, such as D1
and E, while simultaneously reducing p27 (cyclin-
dependent kinase inhibitor) and hyperphosphoryla-
ting retinoblastoma protein (pRb), resulting in the
cell transition from the G1 phase of the cell cycle

to the S phase. Another effect may be the effect of
GRP on cell survival and the involvement of PI3K-
Akt signaling pathways after GRPR activation. This
assumption has not been fully studied yet and requires
further research (Figure) [7].

GRP/ Bombesin

E?’C) GRPR
(ot o
: PI3K
+ +
a D1 E p27 ’
MAPK a1, o Akt

Proliferation and survival

Figure. The role of GRPR in cell proliferation

Overexpression of GRPR has been found in
a variety of malignant neoplasms, such as non-
small cell lung cancer, kidney cancer, gastrinomas,
gastrointestinal stromal tumors, head and neck
cancers, and neuroblastomas. However, the highest
expression of the GRPR is most often observed
in prostate and breast cancers [4]. According to
literature data, GRPR expression is found in 75.8%
of malignant breast tumors and is largely associated
with the expression of estrogen receptors (ER) [8,
9]. A greater number of GRPR expression cases are
observed in luminal A — 86.2%, 70.5% — in luminal
HER2-negative, 82.8% — in luminal HER2-positive,
21.3% —in HER2—positive (non-luminal), and 7.8% —
in triple-negative (TNBC) subtypes of breast cancer
[4]. According to the literature , the GRPR expression
in prostate cancer is 63—100% [10].

Currently, several techniques are used to determine
the level of GRPR expression in tumors, such as
autoradiography of frozen sections, quantitative
reverse transcription polymerase chain reaction (RT-
gqPCR); however, immunohistochemistry (IHC) of
formalin-fixed and paraffin-embedded material, or
matrix RNA (mRNA) are used more often [11]. As a
rule, rabbit or mouse recombinant human polyclonal

antibodies are used for IHC, as they form an antigen —
antibody complex with the desired GRPR receptor.
The expression of this receptor is evaluated in the
form of an immunoreactivity index (II), which
takes into account the intensity of staining (0 — no
detectable staining, 1 — weak staining, 2 — moderate
staining and 3 — strong staining) and the percentage
of stained tumor cells (0 — no positive cells, 1 — <
10% of positive cells, 2 — 11-50% positive cells, 3 —
51-80% positive cells and 4 —> 80% positive cells).
Thus, the final assessment of II (staining intensity x
percentage of positive cells) varies from 0 to 12:
0-1 — no GRPR expression, 2-3 — weak GRPR
expression, 4-8 — moderate GRPR expression,
9-12 — strong GRPR expression [12].

Despite its accessibility, high sensitivity and
specificity, IHC has a number of disadvantages.
They include the necessity of an invasive procedure,
the failure to obtain tumor samples due to tumor
localizationn, violation of the methodology, for
example, the molecular characteristics of the antigen
may change during the fixation of histological
material under the influence of fixing agents and
different factors (such as long delivery of the material
to the laboratory, the choice of a fixing agent,
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failure to observe the fixation time), as a result of
which the antigen — antibody reaction will be
disrupted [13, 14].

Targeted radionuclide diagnosis. Currently, one
of the areas in the diagnosis of malignant tumors
is targeted radionuclide imaging, where synthetic
proteins are increasingly used as a targeting
module. Proteins are characterized by their small
size, structure stability, affinity for antigen, optimal
pharmacological and pharmacodynamic properties,
and low cost of production due to expression in
the bacterial system. Intravenous administration of
this type of radiopharmaceuticals makes it possible
to detect not only the primary tumor, but also the
possible metastatic sites in in regional lymph nodes
and distant organs and tissues. It also allows to
detect the molecular biological characteristics of the
identified tumor sites [15-18].

There are two main methods of radionuclide
diagnostics — single-photon emission computed
tomography (SPECT) and positron emission
tomography (PET), which allow to detect areas of
pathological hyperfixation of radiopharmaceuticals
in metabolically active neoplasms in vivo [16]. Due
to the high level of GRPR in mammary and prostate
tumors compared with normal tissues (in particular in
the pancreas and neuroendocrine cells of the GI tract),
SPECT and PET are considered to be promising
methods to detect GRPR expression [19, 20].

RADIONUCLIDE DIAGNOSIS OF PROSTATE
CANCER WITH GRPR OVEREXPRESSION

Labeled peptides — bombesin analogues. Over
the past two decades, studies with bombesin receptor
agonists have been actively conducted as it was
assumed that targeting GRPR using bombesin
receptor agonists in radionuclide diagnosis of
prostate cancer would allow for visualization of a
primary tumor with high specificity due to its high
affinity for this receptor. One of the first compounds
which underwent clinical trials was the protein
RP527, labeled with technetium-99m (/*"Tc]Tc-
RP527). The study conducted in 2001 involved 10
patients: six patients had breast cancer, and four
patients had prostate cancer. After the administration
of [*"Tc]Tc-RP527, its pathological accumulation in
the tumor was observed in 4 out of 6 cases of breast
carcinomas and in one out of four cases of prostate
carcinomas [21]. This analysis was the starting point

for further GRPR-targeted radionuclide imaging and
allowed for further studies in that direction.

A clinical trial with the N-terminal modified
BBN protein (1-14) labeled with *™Tc¢ (/*"Tc]Tc-
BN) conducted in 2003 involved ten patients: eight
patients had prostate cancer, two — benign prostate
adenoma. According to the results of SPECT, there
was high tumor uptake of radiopharmaceuticals in all
8 patients with prostate cancer after the administration
of [*"Tc]Tc-BN [22].

The DB4 protein labeled with *"Tc (/*"Tc]
Tc-DB4) at the preclinical stage demonstrated high
accumulation in PC3 xenografts of human prostate
cancer in combination with its rapid excretion by the
kidneys [23]. In the subsequent phase I of the clinical
trial involving eight patients with prostate cancer, two
individuals had a primary tumor and did not receive
hormone therapy, and six patients had metastatic
prostate cancer and received hormone therapy. After
intravenous administration of [*"Tc]Tc-DB4, the
primary tumor node in the prostate was visualized on
SPECT in all patients who did not receive systemic
treatment, while in patients with metastatic prostate
cancer, the accumulation was extremely low [24].

Another bombesin receptor agonist that was
studied in a clinical trial was the molecule AMBA
(DOTA-Gly-4-aminobenzoyl-BBN (7-14)), which is
a BBN protein modified at the side ends of amino
acids. The analysis of ten patients with IHC confir-
med tumors of various localizations (prostate cancer,
breast cancer, medullary thyroid cancer, uterine
and colon tumors) and yielded visualization of the
primary tumor, regional and distant metastases
after the administration of the [**Ga/Ga- AMBA to
patients with prostate and breast cancer. At the same
time, the results in patients with thyroid cancer and
tumors of the colon and uterus were unsatisfactory
(Table 1) [25].

Labeled peptides — bombesin antagonists. Despite
the satisfactory data from clinical research (Table
1), it was noted that the use of bombesin analogs as
a targeting module has a number of disadvantages,
which include receptor activation and subsequent
cascade reaction, mitogenic effect on tumor cells,
significant side effects in the form of nausea and
vomiting, abdominal cramps (which is apparently
associated with the activation of GRPR not only in
tumor cells, but also in neuroendocrine cells in the GI
tract and in the pancreas), and rapid desensitization of
receptors to the ligand. The identified disadvantages
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allowed to consider alternative compounds that
exhibit antagonism towards GRPR [19].

The results of preclinical trials performed by
R. Cescato et al. demonstrated a greater advantage
of GRPR antagonists compared to agonists in aiming
at a target due to the neutralization of the receptor
activation effects, including side effects [26].

SB3 molecule was developed for diagnostic and
therapeutic purposes. Radiolabeling was carried
out using isotopes “*Ga and '"'In, '""Lu was used
for radiotherapy. According to the results of in vivo
studies, /'/’In]In-SB3 and [’ Lu]Lu-SB3 were rapidly
catabolized and subsequently were not admitted to
clinical trials. A clinical trial with the [*Ga]Ga-SB3
involved 17 patients with a disseminated process
(eight patients with breast cancer and nine — with
prostate cancer) and allowed to visualize breast
tumors in four out of eight patients and prostate
cancer in five out of nine patients. [27].

Another GRPR antagonist [**Ga/Ga-RM2 was
studied in tumor models in vivo and demonstrated
good tolerability, specificity and sensitivity to GRP
receptors, optimal pharmacological properties, and
a high degree of accumulation in tumor tissue. The
subsequent clinical study involved 32 patients with
IHC-confirmed prostate cancer recurrence with
elevated levels of prostate-specific antigen, in whom
standard diagnostic methods (computed tomography
and magnetic resonance imaging) did not prove to
be effective. According to the study, recurrence of
tumors in the prostate gland was detected in 71.8%
of cases (23 out of 32 cases) [28]. [%Ga]Ga-RM2
was also studied in 2022 in 41 patients with moderate
and high-risk prostate cancer. The PET data after
[%Ga]Ga-RM?2 administration were comparable with
the results of histologic examination of subsequent
surgical material after prostatectomy performed in 32
patients and with the results of multivariate magnetic
resonance imaging of 36 patients [29].

Another GRPR antagonist, the RM26 molecule
labeled with %Ga and **"Tc, demonstrated similar
results. The first RM26 clinical trial was conducted
in 2018 by J. Zhang et al., and included five healthy
individuals and 28 patients diagnosed with prostate
cancer (17 patients with diagnosed prostate tumors
who did not receive treatment and 11 patients
who underwent treatment). The /[*Ga/Ga-RM26
administration did not have any side effects and was
well tolerated. Visualization of the primary tumor
was noted in 15 out of 17 patients, metastatic lymph
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nodes were observed in three out of eleven patients
with previous treatment, and distant bone metastases
were detected in eight out of eleven cases [30].

Phase I clinical trial of the /[*"Tc]Tc-maSSS-
PEG,-RM26 was carried out at the Department of
Radionuclide Therapy and Diagnostics of Cancer
Research Institute of Tomsk NRMC in 2023. The
study included six patients with prostate cancer and
seven patients with breast cancer who did not receive
specialized treatment. Images of the primary tumor
were obtained in four out of six cases of prostate
cancer, a correlation was noted with the prostate-
specific antigen (PSA) level (optimal visualization
was achieved in the patient with the highest PSA
value) and the size of the tumor. In breast cancer
patients, the effectiveness of primary tumor imaging
was observed in all seven participants. Additionally,
accumulation of the [*"Tc/Tc-maSSS-PEG -RM26
in metastatic regional lymph nodes was noted in
three out of seven cases [31].

The antagonist of the gastrin-releasing peptide
receptor NeoBOMB 1 is one of the solutions developed
over the last decade. The first results of the study of
the /®*GaJGa -NeoBOMBI including four prostate
cancer patients demonstrated good tolerability and
high levels of accumulation of radiopharmaceuticals
in tumors, regional lymph nodes, and metastatic
lesions of the liver and bones [32]. Another study
focusing on [®*Ga]Ga-NeoBOMBI involved 19
patients with solid tumors of various localizations
with overexpression of GRPR (tumors of the
mammary and prostate glands, colorectal cancer,
and lung cancer). The overexpression of GRPR was
confirmed by the data of the IHC in all cases. The
results of this clinical study demonstrated satisfactory
tolerability of the /**Ga]Ga-NeoBOMBI, as well as
visualization of primary and metastatic tumors based
on PET data [33].

Table 1

Clinical trials of bombesin analogs and antagonist peptides
for radionuclide diagnosis of prostate cancer with GRPR

overexpression
Analog . . Visualization
GRPR Radionuclide method Researcher, year
Bombesin analog peptides
RP527 mTe SPECT Van de Wiele, 2000
BBN mTe SPECT Scopinaro, 2003
AMBA %Ga PET Baum, 2007
DB4 9OmTe SPECT Mather, 2014
Bombesin antagonist peptides

SB3 | ®Ga |  PET Maina, 2016
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Table 1 (continued)

Analog . . Visualization
GRPR Radionuclide method Researcher, year
Nock, 2017
68, il
NeoBOMBI1 Ga PET Diaileb, 2020
RM2 $Ga PET Minamimoto, 2018
%Ga PET Zhang, 2018
RM26 PmTe SPECT Chernov, 2023

RADIONUCLIDE DIAGNOSIS OF BREAST
CANCER WITH GRPR OVEREXPRESSION

Due to successful applications of labeled peptides
that are bombesin analogs and its antagonists for
prostate cancer, researchers concluded that this area
should be studied in terms of targeted radionuclide
imaging of breast tumors (Table 2).

Labeled peptides — bombesin analogs. In 2008,
C. Van de Wiele et al. studied the /**"Tc]Tc-RP527 in
14 breast cancer patients, five of whom had negative
expression of estrogen and progesterone receptors.
The tumor process was visualized in all patients
who had not previously received tamoxifen hormone
therapy. In addition, metastasis to regional lymph
nodes was also detected in all ER-positive patients.
Imaging of tumors with a negative hormonal status
was negative in all five patients [34].

Table 2

Clinical trials with bombesin analog peptides and antagonist
peptides for radionuclide diagnosis of breast cancer
with GRPR overexpression

Analog BBN | Radionuclide Visualization Researcher, year
method
Bombesin analog peptides
Van de Wiele, 2000
RP527 e SPECT | Van de Wiele, 2008
BBN PmTe SPECT Scopinaro, 2002
AMBA %Ga PET Baum, 2007
Sestamibi 9mTe SPECT Urbano, 2020
Bombesin antagonist peptides
SB3 %8Ga PET Maina, 2016
RM2 %Ga PET Stoykow, 2016
%8Ga PET Zhang, 2018
RM26 mTe SPECT Chern(g)v, 2023
NeoBOMBI %Ga PET Djaileb, 2020
DBI15 9mTe SPECT Nock, 2021

A clinical study of [*"Tc]Tc-BBN and [*"Tc]
Tc-Sestamibi with three breast cancer patients
showed the high specificity of [**"Tc]Tc-BBN and
the possibility of using it to detect metastatic lymph
nodes due to selective uptake by tumor cells and no
uptake by nonspecific inflammatory cells [35, 36].

Labeled peptides — bombesin antagonists. Clinical
trials focused on studying antagonists that have shown
promising results in prostate cancer trials, as well as
new molecules, are presented in Table 2.

A study of the [%Ga]**Ga-RM2 conducted by
C. Stoykow et al. in 2016 and included 15 patients
with unilateral (» = 12) and bilateral (n = 3) breast
cancer. Results demonstrated high accumulation of
[%Ga]®Ga-RM?2 in the pathological sites in 73% of
cases (in 13 out of 15 patients). In all patients, the
diagnosis was confirmed by histologic examination
of the biopsy material: 14 tumors were classified as
invasive ductal carcinoma, three — as invasive lobular
carcinoma, and one — as mucinous carcinoma. At the
same time, lobular carcinoma was also detected during
the study, but was not visualized using standard PET
with 18F-fluorodeoxyglucose. In addition, the use
of the [%Ga]*®*Ga-RM2 showed its accumulation in
axillary lymph node metastases with a diameter of <
5 mm. Visualization of lymphatic metastases using
SF -fluorodeoxyglucose may be difficult due to the
metabolic activity of nonspecific cells (macrophages,
adipocytes, etc.) [37, 38].

Another molecule with antagonist properties was
assessed in a prospective clinical trial involving 35
breast cancer patients. The administration of /[**Ga]
Ga-NOTA-RM26 demonstrated a positive correlation
between its accumulation in tumor tissue expressing
GRPR and estrogen receptors (estrogen-independent
tumors were visualized worse). The authors
considered the dependence of the accumulation of
[%Ga]Ga-NOTA-RM?26 on the phase of the menstrual
cycle as another important result of the study. In this
case the maximum value of SUV was observed in
the secretory phase of the menstrual cycle, which can
lead to distortion of the results and should be taken
into account when planning further studies [39].

The DB15 peptide labeled with technetium-99m is
one of the latest advances. According to the results of
preclinical in vivo studies, the [*"Tc]Tc-DB15 made
it possible to accurately visualize primary tumors and
metastatic cancer and had optimal pharmacological
characteristics [40]. Two patients with advanced
breast cancer participated in the first clinical trial
of the [*"Tc]Tc-DB15. No adverse effects were
observed after [*"Tc]Tc-DB15 administration.
According to the SPECT results, distant metastases
were visualized in bones, lungs, and pleura. However,
accumulation was not observed in intra-abdominal
metastatic sites, which were later confirmed using
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standard diagnostic methods (PET with FDG and
histologic examination) [41].

CONCLUSION

The rapid development of radionuclide diagnosis
demonstrates its unquestionable advantages over
standard  diagnostic  procedures, significantly
increasing the diagnostic value and reducing the
cost of research. The requirements for optimizing
the diagnosis of malignancies (in particular, breast
cancer) contribute to expanding the scope of research
to seek additional molecular targets, one of which is
gastrin-releasing peptide receptors.

The results of preclinical and clinical trials have
demonstrated the advantage of radiopharmaceuticals
based on bombesin antagonist peptides compared
with agonist peptides in the visualization of
primary malignant breast tumors, as well as
regional and distant metastases. At the same time,
radioactively labeled GRPR antagonists showed
a higher cumulative effect directly in the tumor
tissue expressing this target, rapid elimination from
the pancreas and other tissues with physiologically
normal GRPR levels. The positive characteristics of
bombesin receptor antagonists may contribute to the
introduction of this method into clinical practice and
consider GRPR not only as a diagnostic, but also as
a therapeutic target.
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ABSTRACT

Chronic opisthorchiasis is recognized as a precancerous condition that can present similarly to other diseases of
the hepatopancreatoduodenal zone. Statistically, there is a proven correlation between the duration and intensity
of parasitic invasion and the development of carcinogenesis, with the manifestations of opisthorchiasis often
obscuring the early symptoms of cancer. Many researchers are working to find methods for the early diagnosis
of pancreatic cancer against the background of chronic opisthorchiasis, which may enable timely treatment of the
disease in the early stages.

The authors of this lecture present a literary review of the data on the incidence of pancreatic cancer in patients
with chronic opisthorchiasis. Additionally, some factors contributing to cholangiocarcinoma carcinogenesis are
discussed, since the exact mechanisms leading from the introduction of a trematode to the formation of a malignant
process are multifunctional. Certain phenomena regarding the effect of opisthorchis on the human body currently
lack explanation and require further study and clarification.
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PE3IOME

I/I3BCCTHO, 4uTo XpOHI/I‘{GCKI/Iﬁ OIMCTOPXO03 pacCMaTPUBACTCA KaK IIPEAPAKOBOEC 3a6OHeBaHI/Ie, NPOTEKAOIIEE MO/
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Haa MOMCKOM METO10B paHHeﬁ JAUarHOoCTHUKHU paka HOH)KCJ'IyHO‘IHOﬁ JKCJIC3bI HA (1)0H€ XPOHUYECKOI'O OIMMCTOPXO03a,
YTO MOXKET 1aTb BO3MOKHOCTb CBOCBPEMEHHOI'O JICUCHUA 3a00JIeBaHuUs HA paHHUX CTaausX.
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INTRODUCTION

The increase in the incidence of pancreatic and
bile duct cancer is one of the most pressing issues
of modern abdominal surgery. At the same time,
according to a number of authors, the 5-year survival
rate in this category of patients is about 10% [1, 2].
Research in the field of surgical oncology determines
a clear correlation of the development of malignant
processes with a long-term parasitic infection of the
biliary system. The aim of this lecture is to provide
a literature overview of the data on the incidence
of pancreatic cancer in patients with chronic
opisthorchiasis. In addition, the lecture presents some
factors in the carcinogenesis of cholangiocarcinoma,
since the exact mechanisms leading from the
introduction of a trematode to the formation of a
malignant process remain unclear.

As is known, human infection with Opisthorchis
felineus occurs when eating raw or undercooked
freshwater fish from the carp family, which contain
metacercarial cysts in the muscles [3]. After
metacercariae excyst in the jejunum or duodenum,
they migrate to the bile ducts, where they mature
into adult worms that remain viable for more than 10
years [4]. The clinical pattern of the disease caused
by the invasion of Opisthorchis felineus is usually

characterized by signs of damage to the hepatobiliary
system, but it is often not limited to symptoms
reflecting the pathology of the parasite host organs,
which allows us to consider opisthorchiasis as a
systemic disease [5, 6].

According to the World Health Organization,
trematodoses are estimated to cause 2 million life
years lost to disability and death worldwide every
year, and opisthorchiasis is one of the most common
helminthiases transmitted through infected fish [7].
About 40 million people in the world are infected
with opisthorchiasis. At the same time, most of them
are in Russia, and the incidence rate varies by region
and often correlates with the level of consumption of
freshwater fish, which is traditionally higher in rural
areas [8].

According to the Federal Service for the Oversight
of Consumer Rights and Welfare of the Russian
Federation, parasitic infections in fish have been
proven in 26 regions of the Russian Federation and
cases of human infection are regularly recorded. The
most endemic regions are located near large rivers
where infected fish is caught for commercial sale.
Thus, in the Ob-Irtysh river basin with the world’s
largest opisthorchiasis case number, up to 1,000
cases per 100,000 people are recorded, with 95% of
the rural population infected [8].
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In Russia, the highest incidence rate is recorded in
the Tyumen and Tomsk regions, while the incidence
rate is average in the rest of the regions. In her
research, E.N. Ilyinskikh has established a trend
toward an increase in the incidence of opisthorchiasis
in Russia as a whole. During the analyzed period,
opisthorchiasis was not registered only in the Pskov
and Lipetsk regions. As a result of the analysis
of territorial trends in the changes of morbidity
growth, the authors concluded that in 22 territories
there was a trend toward an increase in the number
of cases, and only in two regions morbidity growth
decreased. At the same time, the discussed indicators
have remained at the average level for many years.
Presumably, such dynamics could be explained by
the fact that people in these regions do not usually eat
raw or pickled fish [9].

O.S. Fedorova et al. believe that the increase in
the incidence of opisthorchiasis in Russia is also
influenced by the active migration of the population
from Western Siberia to other territories. And if
we take into account that in some areas of the Ob-
Irtysh river basin, almost 100% of the population
is diagnosed with opisthorchiasis, then there is a
real threat of an increase in the number of patients
throughout Russia. The authors draw attention
to an increase in the incidence in areas where this
helminthiasis was not previously detected, and in
some territories of the Ob-Irtysh river basin, on the
contrary, there is a decrease in the incidence rate [10].

In 2009, the International Agency for Research on
Cancer (IARC) of the World Health Organization has
identified O. viverrini among the definitive causes of
bile duct cancer or cholangiocarcinoma, classifying
this helminthiasis as a group 1 carcinogen [11].

A group of scientists including J.M. Banales,
J.J.G. Marin, A. Lamarca, P.M. Rodrigues, S.A. Khan,
L.R. Roberts and others in their study note that
about 3% of all cases of malignant lesions of the
gastrointestinal tract are cholangiocarcinoma, and
among primary liver cancers, the incidence of this
form reaches 15% [12]. Clinically, this pathology is
also characterized by high mortality, which accounts
for 2% of all deaths from cancer. Such statistics are
explained, first of all, by the ineffectiveness of early,
including non-invasive, diagnosis, and the need for
histological confirmation of the diagnosis. In addition,
this form of malignant liver damage is highly resistant
to various treatment methods due to its properties at
the genomic, epigenetic, and molecular levels. A

number of authors draw attention to the fact that in
inoperable forms of the disease, the median survival
is only 3—13 months. The prognosis is usually poor,
after treatment there is a high risk of relapse, and
the five-year survival rate does not exceed 25-43%
[12, 13]. All of the above determines the need to find
methods for early diagnosis of cholangiocarcinoma,
which may be one of the ways to improve treatment
outcomes in patients with this serious pathology.

It is believed that the combination of mechanical
damage caused by the attachment and nutrition of
fluke and exposure to excretory/secretory products
of flukes occurs over a long period of time and
ultimately leads to the development of inflammation
and chronic hepatobiliary disorders [14]. These
processes cause oxidative stress, lead to DNA damage
and gene mutation, as well as impaired regulation
of cell growth in the form of goblet cell metaplasia,
adenomatous dysplasia and epithelial hyperplasia,
all of which creates the basis for carcinogenesis
[10, 15, 16].

G.A. Maksimova et al. studied the effect of
O. felineus on carcinogenesis. As a result of the
conducted research, the authors concluded that the
effect of O. felineus on the development of liver
pathology is comparable with that of O. viverrini
[17]. The results obtained may indicate the need to
change the group of carcinogens to which O. felineus
belongs according to the IARC classification.
M.N Lvova et al. note that despite the similarity
of these two parasites in morphology, significant
differences in the timing of the histopathological
profile and the very nature of these changes allow
us to conclude that opisthorchiasis invasion caused
by the European liver fluke O. felineus is more
pathogenic than that caused by the Asian fluke O.
viverrini [18].

According to the group of authors — O.A. Bayko-
va, N.N. Nikolaeva, E.G. Grishchenko, L.V. Nikola-
eva—similarity of pathogens of opisthorchiasis and the
morphological identity of their damaging effects on the
hepatobiliary system suggest that the model of cancer
development by representatives of the Opisthorchidae
family is similar [19]. The multifactorial nature of
cancer development in opisthorchiasis is determined
by three main components of carcinogenesis. These
components include mechanical damage to the
mucous membrane by parasites, toxic, anti-apoptotic,
and hyperproliferative effects of secretory parasitic
proteins, immunopathological processes (oxidative
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stress). Mechanical damage to the epithelium of
the bile ducts occurs as a result of the action of
suckers, which allow the parasite to attach to the
mucous membrane of the biliary system. The
constant inflammatory process is accompanied by
a regenerative reaction of the wound, which leads
to cell proliferation and, ultimately, DNA damage,
followed by the manifestation of carcinogenesis [17].

Currently, O. felineus is not recognized as a group 1
biological carcinogen due to insufficient evidence [20].
However, there are reports in the available literature
on the results of some studies proving the role of
O. felineus in the development of cholangiocarcinoma
and carcinogenic potential in laboratory animals.
A recent case-control study conducted in Western
Siberia showed that people with a confirmed diagnosis
(according to microscopy of fecal eggs and/or serum
IgM or IgG ELISA) were at a significantly higher
risk of developing cholangiocarcinoma than healthy
people [21]. An increased risk of malignancy was also
found in patients who were diagnosed with current or
past O. felineus invasion [21].

O.S. Fedorova et al. analyzed the relationship
between the incidence of opisthorchiasis and
malignant neoplasms of the hepatobiliary system
in residents of the Russian Federation using official
medical reports [10]. According to the authors, the
incidence of liver and intrahepatic bile duct cancer in
20112013 was 4.8+0.2 cases per 100,000 people in
the population. The highest rates were recorded in the
regions of the Far East, Siberia, and the Volgograd
region. The authors obtained statistically significant
data on the presence of a direct correlation between the
incidence of opisthorchiasis (O.felineus invasion) in
residents of endemic areas and malignant neoplasms
of the duodenum, pancreas, and liver.

In their study [22], V.G. Bychkov, E.D. Khadieva,
V.P.Zuevskiy, S.D. Lazarev, A.P. Baryshnikov,
A.V. Simonov distinguished the following patterns
of carcinogenesis in superinvasive opisthorchiasis:

1. superinvasive opisthorchiasis is a strong
promoter of carcinogenesis in the parasite econiches
and stomach;

2. the development of cholangiocarcinomas
and adenocarcinomas in the pancreas is formed on
the territory of proliferation of its own stem cells,
committed cells, i.e., outside the ductal organ systems;

3. superinvasions significantly increase the
mitogenic activity of tumor cells in the liver, pancreas,
and stomach.

Opisthorchiasis is characterized by both local
morphological changes in the parasitic organs
and general, systemic, pathological processes.
T.A. Khabelova et al. define acute opisthorchiasis as
a hyperergic reaction to the antigens of the parasite
[16]. The authors consider chronic opisthorchiasis as
a systemic disease, which is accompanied by damage
to the organs infected by parasites and involvement
of intact organs and systems in the process. The
authors note that the immunosuppressive, mutagenic
effect of opisthorchis, as well as epithelial metaplasia,
can collectively contribute to the development of
cholangiogenic cancer.

O. felineus can parasitize the bile ducts of the
liver for decades. In 20—40% of cases, parasites are
also found in the ducts of the pancreas. The result of
the presence of opisthorchis in the pancreatic ducts
are papillitis, dactylitis, cholangitis, pancreatitis,
and a number of other inflammatory processes of
the duodenum, liver, and pancreas. The presence of
parasites themselves, and obstruction of the ducts
by opisthorchis detritus lead to the formation of
cholangiectasis, strictures of the bile and pancreatic
ducts. The mechanisms of development of these
pathological processes are different. Thus, V.Yu.
Rayn., V.P. Ionin, N.A. Kolmachevskiy distinguish
four main components of the damaging effect of
opisthorchis [23] including:

1. irritating effect of waste products of living
opisthorchis and lysis of dead parasite bodies;

2. mechanical obstruction of the bile ducts by
mature parasites and during egg deposition;

3. stimulation of lithogenesis;

4. translocation of bacteria during migration of
opisthorchis from the duodenum to the bile ducts.

According to B.I. Alperovich et al., chronic
proliferative cholangitis, stenosis of the large
duodenal papilla, and extended strictures of the
biliary tract contribute to the development of biliary
hypertension and impaired outflow of pancreatic
juice [24]. With massive invasion, the pancreatic duct
can be obstructed by parasites and opisthorchiasis
detritus, which leads to the development of
inflammation in the pancreas, and is also often the
cause of complications in the postoperative period
following pancreatic cancer surgery [25].

The presence of opisthorchis invasion
significantly increases the likelihood of developing
ductal adenocarcinoma of the pancreas to low
tumor differentiation [10]. The authors note that
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a correlation has been established between the
association of opisthorchiasis and the formation
of foci of pancreatic intraepithelial neoplasia. The
development of ductal pancreatic carcinoma is due to
the progression of these processes. Interestingly, in
the case of the development of highly differentiated
neoplasia in opisthorchiasis, the life expectancy of
patients is on average 2 months longer than without
opisthorchiasis. But since low-grade forms of
malignant lesions often develop in the presence of
opisthorchiasis, the prognosis is less favorable.

According to the publication by N.A. Brazhnikova
and M.V. Tolkaeva opisthorchiasis is a precancerous
condition, which is confirmed by a number of
clinical, pathomorphological, and epidemiological
studies [25]. It has been statistically proven that in
hyperendemic areas, the incidence of liver cancer
is 2-3 times higher than average, the incidence
of pancreatic cancer is 2 times higher, and that of
extrahepatic bile duct cancer is 13 times higher.
The urgency of the problem of earlier detection and
surgical treatment of liver and pancreatic cancer in
the context of chronic opisthorchiasis invasion is
due to both the high incidence and the peculiarities
of the clinical course of this pathology — a long
asymptomatic period. Early manifestations of the
malignant process mimic exacerbation of chronic
opisthorchiasis, hepatocholecystitis, pancreatitis, and
infectious hepatitis. Patients are admitted for surgical
treatment already in the presence of complications,
including jaundice more than three weeks.

When taking the medical history, in some cases,
it is possible to identify changes in the nature of pain
even before the clinical signs of jaundice, namely,
an increase in the intensity of pain in the right
hypochondrium and epigastrium, its constant nature,
especially at night, the appearance of pronounced
dyspeptic disorders, decreased appetite, weight loss
for no particular reason, flatulence, unstable stool.
In pancreatic cancer, weakness, progressive weight
loss, and vomiting are more often detected, which
in some patients is associated with impaired gastric
emptying as a result of compression by a tumor or
invasion into the wall of the duodenum. The nature
of jaundice also changes, which is determined by
etiopathogenetic factors.

Jaundice syndrome becomes persistent with a
trend toward an increase in intensity, cholangitis may
develop, which is accompanied by hyperthermia and
chills, debilitating itching. All this is accompanied

by apathy, adynamia in the lack of effect from
therapy. The long-term asymptomatic course of
the disease is one of the most important reasons
for late hospitalization of patients and, as a result,
unsatisfactory outcomes of surgical treatment. The
presence of opisthorchis invasion disguises the clinical
picture of the malignant process, which significantly
complicates timely diagnosis and radical surgical
intervention. According to the authors, only 10.6%
of the surgeries were radical. Palliative treatment was
provided to 57.7% of patients, exploratory surgeries
were performed in 13% of cases, and in 19% of
cases, surgical treatment was impossible due to the
prevalence of the pathological process.

0.V. Reshetnikov, T.G. Openko, and S.A.
Kurilovich provide data from the pancreatic cancer
registry, which is one of the deadliest types of cancer.
The authors note that morbidity and mortality in
this form of malignant neoplasm are almost equal.
In recent years, there has been a trend towards an
increase in morbidity, which leads, respectively,
to an increase in mortality rates in some European
countries, the Baltic States, Japan, and the USA [15].

CONCLUSION

All of the above once again proves the need
and importance of early diagnosis and prevention
of opisthorchiasis, as well as deworming and
medical examination of patients in order to detect
opisthorchiasis and its complications earlier,
including malignant progression.

REFERENCES

1. Moiseenko V.E., Pavlovskiy A.V., Granov D.A., Kardano-
va 1.G., Kochorova L.V., Dodonova I.V. Incidence of pancre-
atic malignancies in the Russian Federation: a retrospective
cohort trial. Kuban Scientific Medical Bulletin. 2021;28(3):97—
111. (In Russ.). DOI: 10.25207/1608-6228-2021-28-3-97-111.

2. Mizrahi J.D., Surana R., Valle J.W., Shroff R.T. Pancreatic
cancer. Lancet. 2020;395(10242):2008-2020. DOI: 10.1016/
S0140-6736(20)30974-0.

3. Pozio E., Morales M.A.G. Clonorchiasis and Opisthorchiasis.
In: Bruschi F, editor. Helminth Infections and their Impact on
Global Public Health [Internet]. Cham: Springer International
Publishing, 2022:221-256. DOI: 10.1007/978-3-031-00303-
57

4. Saijuntha W., Sithithaworn P., Petney T.N., Andrews R.H.
Foodborne zoonotic parasites of the family Opisthorchiidae.
Research in Veterinary Science. 2021;135:404-411. DOL:
10.1016/j.rvsc.2020.10.024.

5. Pal’tsev A.I. Chronic opisthorchiasis from the standpoint of a
systemic approach. Clinic, diagnostics, pathomorphosis, treat-
ment. Russkiy meditsinskiy zhurnal. 2005;2:96—101. (In Russ.).

Bulletin of Siberian Medicine. 2025; 24 (1): 173-179 177



Ivanov V.V., Komkova T.B., Lyzko I.A. et al.

Opisthorchiasis and pancreatic cancer

6.

10.

11.

12.

13.

14.

15.

16.

Kalyuzhin V.V., Kulakov Yu.A. Correlations of vegetative,
emotional and somatic disorders in chronic opisthorchiasis.
Clinical Medicine (Russian Journal). 1996;74(6):27-29. (In
Russ.).

. Loboda V.N. Opisthorchiasis. The importance of knowl-

edge about parasitic diseases in surgery. Science Almanac.
2023;102(4-2):71-75. (In Russ.).

. Ter-Bagdasaryan L.V. Current biohelminthiasis: opisthorchia-

sis: study guide. Chelyabinsk: Publishing house Titul, 2023:74
(in Russ.).

. Ilyinskikh E.N. Actual issues of studying opisthorchiasis in

Siberia. Bulletin of Siberian Medicine. 2002;1(1):63-69. (In
Russ.). DOI: 10.20538/1682-0363-2002-1-63-70.

Fedorova O.S., Kovshirina Yu.V., Kovshirina A.E., Fedoto-
va M.M., Deev L.A., Petrovskiy F.I. et al. Analysis of Opist-
horchis felineus infection and liver and intrahepatic bile ducts
cancer incidence rate in the Russian Federation. Bulletin of
Siberian Medicine. 2016;15(5):147—-158. (In Russ.). DOI:
10.20538/1682-0363-2016-5-147-158.

IARC. Biological agents. IARC Monogr Eval Carcinog Risks
Hum. 2012;100B:1-475. URL: http://monographs.iarc.fr/
ENG/Monographs/vol100B/index.php (accessed May 12,
2015).

Banales J.M., Marin J.J.G., Lamarca A., Rodrigues P.M.,
Khan S.A., Roberts L.R. et al. Cholangiocarcinoma 2020:
the next horizon in mechanisms and management. Nature Re-
views Gastroenterology & Hepatology. 2020;17(9):557-588.
DOI: 10.1038/s41575-020-0310-z.

Prachayakul V., Chaisayan S., Aswakul P., Deesomsak M.
Clinical characteristics and treatment outcomes of patients
with unresectable cholangiocarcinoma in Thailand: are there
differences dependent on stent type? Asian Pacific Journal of
Cancer Prevention. 2013;14(1):529-532. DOI: 10.7314/ap-
jcp.2013.14.1.529.

Loilome W., Dokduang H., Suksawat M., Padthaisong S.
Therapeutic challenges at the preclinical level for targeted drug
development for Opisthorchis viverrini-associated cholangio-
carcinoma. Expert Opinion on Investigational Drugs. 2021;
30 (9): 985-1006. DOI: 10.1080/13543784.2021.1955102.
Reshetnikov O.V., Openko T.G., Kurilovich S.A. Pancreatic
cancer (data of the Registry in Novosibirsk, risk factors, pre-
vention options). Problems in Oncology. 2016;62(3):433—439.
(In Russ.).

Khabelova T.A., Valishin D.A., Kutuev O.I. Complicated
forms of chronic opistorchiasis. Infectious Diseases: News,

178

Author information

18.

19.

20.

21.

22.

23.

24.

25.

Opinions, Training. 2023;12(2):113-119. (In Russ.). DOI:
10.33029/2305-3496-2023-12-2-113-119.

. Maksimova G.A., Zhukova N.A., Kashina E.V., L’vova M.N.,

Katokhin A.V., Tolstikova T.G. et al. Experimental model of
opisthorchiasis in hamsters (Mesocricetus auratus). Bulletin
of Siberian Medicine. 2012;11(6):59—63. (In Russ.). DOI:
10.20538/1682-0363-2012-6-59-63.

Lvova M.N., Tangkawattana S., Balthaisong S., Katokhin
A.V., Mordvinov VA, Sripa B. Comparative histopathology
of Opisthorchis felineus and Opisthorchis viverrini in a ham-
ster model: an implication of high pathogenicity of the Eu-
ropean liver fluke. Parasitology International. 2012; 61 (1):
167-172. DOI: 10.1016/j.parint.2011.08.005.

Baykova O.A., Nikolaeva N.N., Grishchenko E.G., Nikolaeva
L.V. Cholangiocarcinoma associated with chronic opisthor-
chiasis and clonorchiasis. The Journal of scientific articles
“Health and Education Millennium”. 2018;20(4):27-32. (In
Russ.). DOI: 10.26787/nydha-2226-7425-2018-20-4-27-32.
Pakharukova M.Y., Correia da Costa J.M., Mordvinov V.A.
The liver fluke Opisthorchis felineus as a group III or group [
carcinogen. 4open. 2019;2(23). DOI: 10.1051/fopen/2019016.
Fedorova M.G., Komarova E.V., Tsyplikhin N.O. Analysis
of the patients’ life quality with senile asthenia syndrome
and chronic kidney disease during renal replacement thera-
py. University Proceedings. Volga Region. Medical Scienc-
es. 2022;(1):179-92. (In Russ.). DOI: 10.21685/2072-3032-
2022-1-1.

Bychkov V.G., Khadieva E.D., Zuevskiy V.P., Lazarev S.D.,
Baryshnikov A.P., Simonov A.V. et al. Regularities of car-
cinogenesis against the background of a superinvasive opist-
horchiasis. Tyumen Medical Journal. 2015;17(3):11-13. (In
Russ.).

Rayn V.Yu.,, Ionin V.P., Kolmachevskiy N.A. Experi-
ence of pylorus-preserving pancreatoduodenectomy in the
Khanty-Mansiysk Autonomus District. Nauchnyy Med-
itsinskiy Vestnik Yugry. 2019;(4):38—44. (In Russ.). DOIL:
10.25017/2306-1367-2019-22-4-38-44.

Alperovich B.I., Kurysko Zh.A. Treatment of the chronic
opisthorchious pancreatitis. Bulletin of Siberian Medicine.
2003;2(1):62—66. (In Russ.). DOI: 10.20538/1682-0363-
2003-1-62-66.

Brazhnikova N.A., Tolkaeva M.V. Cancer of liver, bili-
ary tracts and pancreas in chronic opisthorchosis. Bulletin
of Siberian Medicine. 2002;1(2):71-77. (In Russ.). DOI:
10.20538/1682-0363-2002-2-71-77.

Ivanov Vladimir V. — Cand. Sci. (Biol.), Associate Professor, Head of the Preclinical Research Center, Siberian State Medical
University, Tomsk, ivanovvv1953@gmail.com, https://orcid.org/0000-0003-3326-729X

Komkova Tatyana B. — Dr. Sci. (Med.), Professor, Head of the Surgical Conditions Division with a Traumatology and Orthopedics
Course, Siberian State Medical University, Tomsk, tatyana.bkomkova@gmail.com; http://orcid.org/0000-0003-1622-2356

Lyzko Ilya A. — Cand. Sci. (Med.), Associate Professor, the Surgical Conditions Division with a Traumatology and Orthopedics
Course, Siberian State Medical University, Tomsk, ilya5S0@yandex.ru, https://orcid.org/0009-0000-0151-8029

Perina Ekaterina A. — Junior Researcher, Preclinical Research Center, SibMed, Tomsk, catherineperina@gmail.com, https://orcid.
org/0000-0002-4273-8228

BionneteHb cmbupckoit MeguumHbl. 2025; 24 (1): 173-179



0O630pbI U 1eKLUM

Popov Igor A. — Cand. Sci. (Phys. and Math), Head of the Laboratory for Molecular Medical Diagnostics, Moscow Institute of Physics
and Technology Dolgoprudny, hexapole@gmail.com, https://orcid.org/0000-0002-5904-2470

Udut Elena V.- Dr. Sci. (Med.), Head of the Central Research Laboratory, Siberian State Medical University, Tomsk, udut.ev@ssmu.
ru, https://orcid.org/0000-0002-6104-4782

Khmelevskaya Ekaterina S. — Cand. Sci. (Med.), Researcher at the Center for Biological Research and Bioengineering of the Central
Research Laboratory, Siberian State Medical University, Tomsk, catherineperina@gmail.com, https://orcid.org/0000-0003-1776-4149

(B<) Lyzko Ilya A., ilya50@yandex.ru
Received 31.10.2024;

approved after peer review 06.11.2024;
accepted 28.11.2024

Bulletin of Siberian Medicine. 2025; 24 (1): 173-179 179



YK 616.13-007.64:616.13-004.6]-03
https://doi.org/10.20538/1682-0363-2025-1-180-192

Epidemiologic basis for the comorbidity of aortic aneurysm
and atherosclerosis

Kucher A. N., Koroleva lu.A., Nazarenko M. S.
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ABSTRACT

Aortic aneurysm and atherosclerosis are characterized by high clinical heterogeneity. The uncertainty in their
comorbidity evaluations may be related to polyetiology of these diseases and the presence of not only common but
also specific risk factors, as well as the complex pathogenesis of these conditions.

The aim of this review is to summarize information on the prevalence and risk factors of aortic aneurysm and
atherosclerosis, explaining the possible mechanisms underlying the comorbidity of these pathologies. We conducted
a search for scientific publications in Russian (¢eLIBRARY.RU) and international (PubMed) electronic libraries,
prioritizing works published in the last 10 years.

Aortic aneurysm and atherosclerosis exhibit an age-dependent pattern of prevalence. The high prevalence of
atherosclerosis compared to aortic aneurysm, along with the approximately similar age ranges for the manifestation
of these pathologies,is related to their comorbidity. Conversely, these diseases share some common risk factors,
albeit with varying contributions to atherosclerosis and aortic aneurysm of different localizations. Type 2 diabetes
mellitus and lipid metabolism profiles are examples of risk factors with multidirectional influences. To understand
the reasons for the discordant estimates of comorbidity between aortic aneurysm and atherosclerosis from an
epidemiological perspective, a comprehensive approach to patient characterization, including a detailed analysis of
risk factors recorded in the analyzed groups, is essential.
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PE3IOME

AHeBpHu3Ma aoOpTHI W aTepPOCKICPO3 COCYIOB XapaKTEPU3YIOTCS BBICOKOW KIMHHYECKOH T€TePOTEeHHOCTHIO.
HeomHO3HaYHOCTD B OL[EHKaX KOMOPOUIHOCTH JIAaHHBIX 3a00J€BaHUI MOXKET OBITh CBSI3aHA C MX MMOJIUITHOIOTHY-
HOCTBIO W HAIMYHEM HE TOJILKO OOLIMX, HO M Crelu(pHIHBIX (HAKTOPOB PHCKA, CIOKHBIM TATOr€HE30M JTaHHBIX
3a00JIeBaHMH.

Ieas HacTosimero 063o0pa 3axio4aeTcsd B 0000IMEeHNN HHPOPMAIIMK O PACHPOCTPAHEHHOCTH U (aKTopax pucKa
AQHEBPHU3MBbI a0PThI M aTEPOCKIIEPO3a COCYAOB C TOYKU 3PEHUSI OOBICHEHUSI BO3MOXHBIX MEXaHU3MOB (OpMHUPO-
BaHUA KOMOPOMIHOCTH JIaHHBIX matosioruii. IIpu mpoBeJeHHH NOMCKa Hay4HbBIX MyONUKAIMil B OTE€UECTBEHHOIT
(Hayunast anektponnas 6ubnnorexa — eLIBRARY.RU) u 3apy6exnoii (PubMed) snekTpoHHBIX OHOIHOTEKaX B
Ka4yecTBe MPUOPUTETHBIX pacCMaTPUBAIMCh pabOThI, ONlyOIMKOBaHHBIE 3a ocneanue 10 yer.

AHeBpHU3Ma aopTHl U aTepOCKIIepO3 COCYI0B UMEIOT BO3PACT-3aBUCHMBIN XapaKTep pacripocTpaHeHHs. Brico-
Kasl paclpOCTPaHEHHOCTh aTePOCKIIepO3a COCYAOB 10 CPABHEHHIO C aHEBPU3MOI aOpTHl M IPUMEPHO pPaBHEIE
BO3paCTHBIC TPAHMIIEI MaHU(ECTAMU TAaHHBIX MATOJOTHIA CBA3aHBI C MX KOMOPOUAHOCTBIO. C ApYyroi CTopo-
HBI, TaHHBIC 3200JICBAHIS XapaKTEPU3YIOTCSI HEKOTOPOH OOIIHOCTEIO (haKTOPOB PUCKA, HO C Pa3HBbIM HMX BKJIa-
JIOM B pa3BUTHE aTepOCKIIepO3a COCYIOB M aHEBPH3MBI aOpPTHI pa3Hoil jJokann3anuu. CaxapHbli quader 2-ro
THTIA W TTOKA3aTeNU JUIMUIHOTO 0OMEHAa OTHOCSTCS K Kareropuu (akTOPOB C pa3sHOHANPABICHHBIM BIIMSHUEM
Ha PUCK Pa3BUTHS JAHHBIX MATONOTHA. [IJis MOHMMAHUS MPUYUH MPOTHBOPEUYUBBIX OIICHOK KOMOPOHHOCTH
aHEBPHU3MBI a0PThI M aTEPOCKIIEPO3a COCYIOB C TOYKU 3PCHHS SMHIESMHUOJIOTHH BaXKCH KOMIUICKCHBIA TOIXOT
K XapaKTEPUCTHKE MAIUCHTOB C JCTATbHBIM aHAIN30M (PAKTOPOB PUCKA, PETUCTPUPYEMBIX B aHATU3UPYEMBIX
BBIOOpKaX.

KuioueBble c1oBa: aHeBpU3Ma aopThl, aTEPOCKIICPO3 COCYI0B, KOMOPOUIHOCTD, (PaKTOPHI PUCKA

KoHduuKT HHTEpecoB. ABTOPHI 3asBIIAIOT OTCYTCTBHE SBHBIX U IIOTCHIMAIBHBIX KOH(IMKTOB HHTEPECOB, CBS-
3aHHBIX C MyONUKaIMel TaHHOM CTaThH.

Hcrounnk ¢punancupoBanus. Pabota BeinonHeHa npy puHaHCHpOBaHUU ['oc3ananuss MUHHCTEPCTBA HAYKH U
BhIciero oopasosanus (Ne 122020300041-7).

Jst murupoBanmst: Kyuep A.H., Koponéra 10.A., Hazaperko M.C. Drmiemuosiornyeckasi 0CHOBa KOMOPOUTHO-
CTH QaHEBPU3MBI a0PTHI M aTEPOCKIIepo3a cocy10B. boinemens cubupcroii meouyunst. 2025;24(1):180-192. https://
doi.org/10.20538/1682-0363-2025-1-180-192.

INTRODUCTION

Aortic aneurysm (A A) and atherosclerosis (AS)
are two vascular pathologies that are characterized
by polyetiology and clinical heterogeneity.
There are thoracic aortic aneurysms (TAA),
abdominal aortic aneurysms (AAA) and mixed,
thoracoabdominal aortic aneurysms, when the
pathological process affects both sections of the
aorta [1, 2]. TAA can develop in the aortic root,
ascending thoracic aorta or descending thoracic
aorta, as well as in several segments of thoracic
aorta simultaneously. Atherosclerosis can also
affect various arteries, and in most cases, the
pathological process observed in an individual
patient affects multiple vascular territories [3—
6]. Both AA and AS are asymptomatic for long
periods of time, but they are life-threatening

conditions that can lead to disabling complications
and represent a major issue for society and the
healthcare system [7—11].

Both AA and AS are characterized by a
number of common risk factors and some
similarity in the development of the pathological
process, which is accompanied by disruption of
the structure of blood vessels [1, 2, 12—18]. At the
same time, there are different, often completely
opposite, evaluations of AA and AS comorbidity,
irrespective of the location of pathological changes
in the aorta. In some studies, AS is considered as
a significant risk factor for AA development [19,
20], in others its contribution to the risk of AA
is estimated as insignificant [21]. Some authors
have proposed that AS may be associated with
slower AA growth [22] and may even serve as
a protective factor against complications of
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AA, such as dissections [23]. It is frequently
postulated that AA may have a protective effect
on the development of atherosclerotic vascular
lesions [24-28]. There are some opinions
about the mutual influence of AS and AA on each
other [29]. Additionally, there are publications
that do not find a correlation between these
pathologies [30].

The uncertainty in the evaluations of the
comorbidity of AS and AA may be related to
their polyetiology and the presence of not only
common but also specific risk factors, and the
complex pathogenesis of these diseases [1, 2,
31, 32]. In general, despite decades of research
into the comorbidity of AA and AS [24, 30,
33], many issues remain unresolved. A more
thorough analysis of the relationship between AA
and AS is of interest since it would clarify the
pathogenesis of these diseases, the mechanisms of
comorbidity formation (direct or inverse), and the
clinical heterogeneity of individual pathological
conditions, which is important for the formulation
of criteria for identifying risk groups, determining
the conditions for a severe disease course, and
optimizing patient management based on the
presence of a single pathology or comorbid
pathologies [23, 26]. To do this, it is necessary
to consider the data from epidemiological and
clinical studies devoted to the analysis of AA
and AS risk factors and assessment of their
comorbidity, as well as ideas about the specific
features of the pathogenesis of these diseases at
the cellular and molecular levels.

The aim of this review is to summarize
information on the prevalence and risk factors of
AA and AS in terms of explaining the possible
mechanisms of comorbidity formation of
these pathologies. We conducted a search for
information in Russian (Scientific Electronic
Library — eLIBRARY.RU) and international
(PubMed) online libraries. During the search for
scientific publications, we gave priority to works
published in 2013-2024. However, in certain
cases, we also considered studies from earlier
periods, which are important for understanding
the development of concepts regarding the
comorbidity of AA and AS.

PREVALENCE OF AORTIC ANEURYSMS
AND ATHEROSCLEROSIS

There is a notable contrast in the prevalence
of AA and AS. A meta-analysis of population-
based studies indicates that the average incidence
of TAA globally is 5.3 per 100,000 individuals/
year, and the prevalence is 0.16% [10].
Aneurysms of the aortic root, ascending aorta,
or of both these segments are most frequently
documented in TAA, whereas aneurysms of the
descending aorta, aortic arch, and mixed forms
are less prevalent [1, 10, 34]. In a study of 844
patients with TAA, isolated ascending thoracic
aortic aneurysms were found in 74.4% of cases,
isolated descending thoracic aortic aneurysms
were detected in 15.4% of cases, and combined
ascending and descending aortic aneurysms —
in 10.2% of cases [34]. Other studies provide
slightly different estimates for the location of
AA in the thoracic segment. In the study, S. Ito
et al. noted that 15% of TAA cases occurred in
the ascending aorta, 60% — in the aortic arch, and
25% — in the descending thoracic aorta [35]. In
the study conducted by L.K. Bickerstaff et al.,
the corresponding indicators were 51.3, 11.1, and
37.5%, respectively [36]. These data demonstrate
the clinical heterogeneity of the studied samples
of patients with TAA. The meta-analysis revealed
that aneurysms of the ascending aorta, aortic
arch, and descending thoracic aorta are present
in 45.5, 21.3, and 34.6% of patients with TAA,
respectively [10]. At the same time, the authors
of the cited publication [10] highlighted the lack
of well-designed population-based studies to
assess the prevalence of TAA and the necessity
to continue epidemiologic studies in the future.

Patients with TAA display a moderately
elevated prevalence of AAA and cerebral
aneurysms [1, 36]. For example, 15% of patients
with TAA of nonhereditary (Marfan syndrome
and other monogenic connective tissue disorders
were excluded) and non-inflammatory etiology
were found to have aneurysms of other locations —
in abdominal aorta, brachiocephalic arteries, etc.
[37]. In another study, AAA was registered in
25% of patients with TAA [36]. On the other hand,
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among patients with AAA, 15.2% of men and
30.7% of women (on average, every fifth patient)
had synchronous or metachronous TAA [38].

The prevalence of AAA in the age cohort
of 64-83 years varies between different
populations, with a reported range of 1.4 to 8%
[39—41]. However, regional variations exist,
with a higher prevalence of AAA in developed
countries compared to developing ones [42]. The
lowest estimates of AAA annual incidence rate
per 100,000 were documented in Central Asia
(105.92 in 1990, 114.7 in 2005, and 113.43 in
2010), and the highest estimates were reported in
Australia (382.65,318.83, and 310.27 in the years
indicated, respectively) [42]. Despite a decrease
in the global prevalence of AAA between 1990
and 2010, certain regions observed an increase
in the incidence of this condition (Oceania,
tropical Latin America, the Asia-Pacific with
high income, Southern, Central and Western Sub-
Saharan Africa, South, West and Central Asia)
[42]. Temporal dynamics in the prevalence of
TAA were also observed [36].

The abdominal aorta is also characterized by
differences in the incidence of aneurysms across
different segments, with the infrarenal segment
being most often affected [35, 43]. In the study
by S. Ito et al., up to 96% of AAAs were located
in the infrarenal, 2% — in the juxtarenal, and
1% — in the suprarenal segments of the abdominal
aorta [35]. At this time, no data are available on
the prevalence of AAA in Russia, which can be
explained by the long-term asymptomatic course
of AAA, as well as the absence of mandatory
screening and population-based studies designed
to detect this pathology [44].

In contrast to AA, AS is a more prevalent
condition across various populations, but
estimates of its prevalence also vary between
studies, potentially due to different approaches
to diagnosing AS. One of the approaches to
estimating the prevalence of AS is the analysis
of the prevalence of cardiovascular diseases
associated with atherosclerosis, which include
coronary heart disease (CHD), atherothrombotic
ischemic stroke, transient ischemic attacks,
peripheral atherosclerosis with atherosclerotic

plaques causing > 50% stenosis [45], previous
acute myocardial infarction, acute coronary
syndrome, coronary revascularization and other
arterial revascularization procedures, as well as
aortic aneurysm [44]. In recent years, estimates
of AS prevalence in populations (including
subclinical forms) have been made on the basis
of histologic analysis and data from instrumental
examination of arteries [3, 6, 46].

A cross-sectional, population-based study was
conducted in five cities of the Vladimir region of
Russia between May 2018 and March 2020. The
study included 1,350 men and women aged 30—
69 years, and cardiovascular diseases associated
with atherosclerosis were found in 17% of
individuals [47]. A population-based prospective
cohort study conducted in China (including more
than 3,000 people aged 50 to 75 years, of whom
53.5% were women) revealed atherosclerotic
plaques in at least one vascular territory in 93.6%
of cases. Atherosclerotic plaques in more than
one blood vessel were found in 82.8%, and in four
or more vascular territories — in 46.8% of cases.
Atherosclerotic plaques were mostly (79.6%)
detected in the aorta [6]. A random sample of
the middle-aged population (25,182 individuals
without CHD, of whom 50.6% are women) was
examined using coronary computed tomography
angiography, and AS was found in 42.1% of
individuals [46].

As indicated by various researchers, the
prevalence of subclinical AS in various groups
ranges from 36 to 63% (cited according to [48]).
A total of 318 individuals (51% women), aged
between 36 and 78 years (mean age 60 years),
were examined as part of the Framingham
Heart Study. In patients who were free of
overt cardiovascular disease, the presence of
AS was observed in 38% of women and 41%
of men, as evidenced by the results of cardiac
magnetic resonance (CMR) imaging [3].
Atherosclerosis of variable degree in one or
more vessel segments was observed in 95.6% of
Korean women who died from external causes.
A total of 90 aortic samples were analyzed,
each divided into 7 segments. AS was common
in the distal infrarenal, proximal thoracic, and
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proximal ascending segments of the aorta [4].
At the same time, for both men and women
across all age cohorts, atherosclerotic plaques
were more prevalent in the abdominal aorta
than in the thoracic aorta, particularly in its
ascending segment [3]. These data suggest that
atherosclerosis-related diseases, particularly
CHD, are not always detected in patients with
atherosclerotic vascular lesions.

Thus, the estimates of the prevalence of AS and
AA differ, but both pathologies are characterized
by unequal lesions of different vascular territories,
heterogeneity of prevalence estimates in different
populations and age cohorts. The reasons for
such heterogeneity of the prevalence of these
pathologies may be attributed to inter-population
(geographical) differences in the profile of AA and
AS susceptibility in different sections of the aorta,
differences in the significance of risk factors,
peculiarities of sample formation, diagnostic
methods, as well as the temporal dynamics of

prevalence (since the studies were performed in
different years).

RISK FACTORS FOR THE DEVELOPMENT
OF AORTIC ANEURYSM AND
ATHEROSCLEROSIS

Despite differences in prevalence, a number
of common risk factors for AS and AA are known
(Table). These factors include: old age, smoking, male
sex, as well as arterial hypertension, hyperlipidemia,
vascular wall injury, and inflammation [1, 49, 50].
Genetic factors, represented by both monogenic
and polygenic components, also contribute to the
risk of developing both AS and AA [1, 31, 51-57].
In general, risk factors can be divided into non-
modifiable (genetic factors, malformations, sex, age,
ethnicity) and modifiable ones. At the same time,
the relative importance of common modifiable and
non-modifiable factors may differ for AS and AA,
for pathological conditions of vessels of different
locations and in representatives of different sexes [1,
31, 34] (Table).

Table

Common and specific risk factors for the development of atherosclerosis and aortic aneurysm of different locations*

Risk factors

Significance of risk factors for AA and AS

Age hereditary — familial — sporadic.

Both AA and AS are age-dependent diseases. In the case of AA, the age of diagnosis increases based on the type:

Women tend to develop both AA and AS later in life.

Sex The risk is increased in men.

Genetic factors

In 20-30% of cases, pathogenic variants are found in genes that cause syndromes (Marfan, Loeys—Dietz, Ehlers-
Danlos, etc.), the Mendelian forms of TAA (ACTA2, MYHI11, PRKGI, MYLK, etc.). These variants are more often
registered in aneurysms of the aortic root and ascending aorta, less often in aneurysm of the descending aorta.
Pathogenic variants in some genes leading to the development of TAA can be detected in AAA.

For AS, the risk increases in monogenic forms of hypercholesterolemia (pathogenic variants in the LDLR, APOB,
PCSK9, LDLRAPI genes, etc.).

AS and AA are also characterized by a polygenic predisposition. Family history increases the risk of developing AA
and AS.

Congenital defects

Congenital anomalies (bicuspid aortic valve, coarctation of the aorta, complex congenital heart defects) are the cause
of TAA development, in some cases the defects are genetically determined.

Ethnicity

It contributes significantly to the risk of AAA development (the risk of developing pathology is higher in Caucasians),
but it is less significant for AS development.

Arterial hypertension

It is characteristic of both AS and AA. It is less common in sporadic aneurysms of the aortic root and ascending aorta
compared to the descending aorta.

Hyperlipidemia

It is more significant for AS and AAA and is also associated with TAA of the descending aorta.

Type 2 Diabetes Mellitus

It is not specific for AA and acts as a protective factor; it is sometimes considered to be a risk factor for AAA as well
as TAA of the descending aorta.
It is a significant risk factor for AS.

Obesity

It is characteristic of AAA and AS, but not of TAA.

Inflammatory diseases

Giant cell arteritis (Horton disease), Takayasu arteritis, Behcet’s disease, sarcoidosis, etc. increase the risk of TAA, but
these diseases are rarely reported in AAA.
The inflammatory component is significant in the development of AS.
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Table (continued)

Risk factors

Significance of risk factors for AA and AS

Infectious diseases

Bacterial, fungal infections, and syphilis increase the risk of TAA development.
The pathogenesis of AS is affected by viral and bacterial infections.

Traumatic aortic injury | It is registered in AA and AS.

Atherosclerosis

* compiled from sources [1, 3, 33, 43, 46, 50, 58-65].

Among the non-modifiable risk factors of AA
and AS, genetic factors are of particular interest.
Monogenic forms account for 20-30% of all TAA
cases, and a family history without an established
genetic cause is found in another 20% [1, 66, 67].
Pathogenic variants in genes of syndromic and
monogenic forms of TAA are more often registered
in aneurysms of the aortic root and ascending aorta,
and less often — in aneurysms of the descending aorta
[1, 68].

Some studies have shown that family history is less
important in relation to the risk of TAA development.
For example, according to O. Leone et al. [69], in
ascending TAA family history of aortic disease was
rare, accounting for about 6% of cases [69]. Among
the patients with a degenerative histotype of TAA,
3.9% had TAA-associated syndromes (Turner
syndrome in 0.5% of cases, Marfan syndrome in 2.9%,
Loeys—Dietz syndrome in 0.5%), and more than 30%
of patients had bicuspid aortic valve (BAV), which is
also highly heritable [1, 30, 70]. The association of
genetically determined TAAs with certain histotypes
has also been observed by other researchers [71].

BAV is considered as an independent risk factor
for the development of TAA [1]. In some populations,
this pathology is registered in 30% or more of TAA
patients [69, 71-73]. BAV has also been identified in
samples of non-TAA patients undergoing diagnostic
tests (for example, computed tomography) for one
reason or another, with a frequency comparable
to that of TAA patients [73]. Such samples can
potentially be used as control groups, including
in the studies of AA and AS comorbidity. BAV is
also characterized by genetic determination, and the
monogenic component of BAV partially overlaps
with that of TAA [1, 30, 70].

For AAA, genetic risk factors are not considered
to be the most important, but pathogenic variants
characteristic of TAA are sometimes registered in
patients with this pathology [10, 74]. In addition,

Atherosclerosis of various locations is registered more often in AAA than in TAA.
AS with an atypical clinical pattern has been described in individuals with TAA.

family history is noted in AAA [58, 75, 76]. It has
been shown that the chance of developing AAA
increases significantly with a family history (odds
ratio OR = 1.9; 95% CI: 1.9-2.2; p < 0.0001) [75].
According to N. Sakalihasan et al. [58], a family
history (taking into account ultrasound screening
data) was recorded in 13% of AAA patients, and
the highest (25%) prevalence of this pathology was
found in brothers. In another study, more than 20% of
patients with AAA had a family history [76].

A polygenic component is also known in the
profile of the genetic predisposition to TAA and
AAA [77]. According to the data of A. Gyftopoulos
et al. [57], genes related to AS, lipid metabolism, and
tumor development are associated specifically with
sporadic AAA, while genes controlling extracellular
matrix structure (remodeling), and tumor growth
factor B function are associated with both AAA
and TAA. Contractile element genes uniquely
predispose to ascending TAA [57]. In other words,
both common (but with different significance for the
risk of AA development) and specific (and they are
the majority) genetic factors are known for AAA and
TAA[57,77].

Dyslipidemia plays a leading role in the
development of the atherosclerotic process, and
the risk profile of both hypercholesterolemia and
AS (as in the case of AA) also includes polygenic
and monogenic components [52, 56, 77]. Familial
hypercholesterolemia, which is a risk factor
for AS development, is registered in various
populations with a frequency of 1 per 200-500
people [51, 78]. At the same time, the prevalence
of familial hypercholesterolemia in individuals
with cardiovascular diseases associated with
AS is 10-20 times higher than in populations
[78]. In some regions, the family history of
atherosclerosis-related diseases reaches 30% [47],
and patients with atherosclerosis-related diseases
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in most cases have four or more chronic diseases
at the same time [79]. Despite the presence of a
monogenic component in the determination of
both AS and AA, the spectrum of causative genes
for these diseases is specific [61].

AS and AA are age-dependent diseases,
but they can occur at any age. A younger age
of manifestation is typical of hereditary and
familial TAAs, an older age is typical of sporadic
AAs [1, 68, 76, 80]. At the same time, even
genetically determined TA As manifest in patients
aged from 17 to 89 years [68], indicating the
presence of additional factors contributing to the
clinical manifestation of pathogenic variants of
monogenic and syndromic TAA genes.

The prevalence of AAA also increases with
age: the incidence per 100, 000 population was
55 in men aged 65 to 74 years, increased to 112
at 75 to 85, and to 298 at 85 years and older
[59]. Estimates of AAA prevalence (per 100,000
people) in 1990 varied from 8.43 cases among
individuals in the age group of 4044 years to
2,422.53 in the age group of 75-79 years, and in
2010 they were 7.88 and 2,274.82, respectively
[42]. For familial AAA cases, the age at diagnosis
is younger than in the case of sporadic forms
(67.8 and 70.2, respectively); 38.8% of patients
with familial forms and 28.8% of patients with
sporadic AAA were diagnosed before the age of
65 years [76].

The age at which AS is diagnosed also varies
greatly. As in the case of monogenic AA, in
hereditary hypercholesterolemia, signs of lipid
metabolism disorders — and, consequently, AS —
are seen at a young age (and even in children)
[81]. In addition, the use of modern diagnostic
techniques has shown that the first signs of AS
can be detected in the population at a young
age [65], but in general, the prevalence of AS
increases with age [3].

The incidence of AA (TAA and AAA) and
AS differs between the sexes [30, 42, 46, 69, 71,
76]. According to M.H.C.Pham et al., while the
overall prevalence of AA among participants in
the Copenhagen General Population Study was
2.1%, the incidence of this pathology was 4.0%
in men and 0.7% in women [82]. The incidence

of AAA is 4.1-14.2% in men and 0.35-6.2% in
women [49]. Among patients with TAA, men
account for 70% or more in some studies [34, 69,
71, 83]. AS manifests in women later than in men
(10 years later on average in some populations)
[46]. At the same time, earlier reports have shown
no differences in the incidence of TAA between
the sexes, but differences were recorded in the
mean age of men and women (the age of patients
ranged from 47 to 93 years, with a mean age of
65 years for men and 77 years for women) [36].

It should be noted that the combination of
various risk factors in patients with AA may vary
between different age cohorts, geographic regions,
between sexes, between groups with familial
and isolated forms of AA, with the presence or
absence of syndromic or monogenic forms of
AA, and even between AA of different locations.
For example, compared with isolated ascending
TAA, descending and mixed types of TAA are
more often registered in men, in older individuals
who smoke more often, have hypertension, type 2
diabetes mellitus (T2DM), and AAA [34].

The analysis of the published data showed a
strong positive correlation between ascending
TAA and genetic causes and a negative correlation
with dyslipidemia, atherosclerosis, and diabetes,
whereas the last three pathologies as well as
hypertension are risk factors for descending
AA [60]. According to the authors of the cited
study, the data presented in the review support
the hypothesis that ascending TAA is genetically
mediated, and descending TAA is predominantly
an acquired pathology [60]. The samples of
patients with and without syndromic forms
of TAA differ in the frequency of registration
of risk factors, such as arterial hypertension,
hypercholesterolemia, and diabetes mellitus [69].
Among patients with thoracic aortic dissection,
the carriers of pathogenic variants in the genes
of Mendelian forms of TAA had significantly
lower rates of hypertension and smoking [68].
Despite the high heritability of BAV (from 47
to 89%), its incidence is higher in men than in
women (9.2 vs. 3.5%, respectively) (cited in
[84]). In the study by S. Ito et al., risk factors
such as AS (intima-media thickness of carotid
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arteries), smoking, hypertension, and type 2
diabetes mellitus were less significant for familial
forms of AAA compared to sporadic forms [35].
Aortitis was more common in Asia, whereas in
Western countries, inflammatory AAAs were
commonly associated with AS [85]. At the same
time, ethnicity is more significant as a risk factor
in the AAA development (the risk of pathology
is higher among Caucasians) than in the AS
development [31].

TAA and AAA are also characterized by
varying degrees of significance of different risk
factors. CHD, chronic obstructive pulmonary
disease, and diabetes mellitus are associated
with the risk of AAA, while body mass index,
arterial hypertension, and cerebral infarction are
associated with TAA [35]. A recent population-
based study [82] showed that common risk factors
for TAA and AAA were sex, age, and body
surface area; the specific risk factor for TAA was
hypertension, and specific risk factors for AAA
were hypercholesterolemia and smoking.

Additionally, there are also known risk factors
not only with different significance for AA and
AS, but also with multidirectional effects on the
risk of their development, which some researchers
find debatable. For example, diabetes mellitus,
hypercholesterolemia, and obesity are highly
significant for the development of AS, but their
effects are not as expressed in AAA, whereas
smoking, sex, and ethnicity are highly significant
risk factors for AAA, but have a lesser effect on
the risk of AS (cited in [31]).

In anumber of studies, type 2 diabetes mellitus,
which is a risk factor for the development of AS
[31, 32], has been considered as a protective
factor for AA [32, 64, 73, 86]. In patients with
ascending aortic aneurysm (both with BAV and
TAV), diabetes mellitus was documented at a
frequency that was more than twofold lower
than in individuals with a normal aorta [37].
Additionally, T2DM was less often identified in
individuals with isolated ascending TAA (5%)
compared to those with descending TAA (12%)
and mixed type (13%) [34]. [t is interesting to note
that the presence of diabetes mellitus in patients
with AAA was associated with a 43% reduction

in the risk of developing both synchronous and
metachronous TAA [38]. According to 1.Y.Cho
et al., this endocrine pathology led to a decreased
risk of AAA development [64]. During dynamic
follow-up (mean follow-up period was 23.1
years) of 5,381 individuals from Malmo Diet
and Cancer Study cardiovascular cohort, no
participant with diabetes mellitus at baseline
developed isolated AAA [32]. At the same time,
in some publications, type 2 diabetes is classified
as a risk factor for both TAA and AAA [35].

Dyslipidemias may be regarded as one of
debatable risk factors for AA and AS. A number
of  dyslipidemia-specific  lipid parameters
(higher levels of low-density lipoprotein (LDL)
cholesterol and lipoprotein (a), lower levels of
high-density lipoprotein cholesterol), have been
demonstrated to correlate with the presence of
such a risk factor for TAA as BAV [87]. In turn,
hyperlipidemia is usually considered as a risk
factor for AS and AAA [88]. However, according
to different researchers, the lipid profile of
patients with AAA is highly variable, particularly
the levels of lipoprotein A [88]. Moreover, a
higher probability of developing ascending TAA
was identified in patients with relatively low LDL
levels (at 75 mg/dl, OR = 1.21; 95%CI: 1.05-
1.38), and a lower risk of aneurysm development
was observed at high LDL levels (at 150 mg/
dl, OR = 0.62; 95%CI: 0.46—0.84; at 200 mg/dl,
OR =0.29, 95%CI: 0.14-0.65) [89]. In an earlier
study [21], the atherogenic lipid profile was found
to be negatively associated with the diameter of
the ascending aorta. Specifically, higher levels
of high-density lipoprotein cholesterol and
apolipoprotein A-I were associated with larger
diameters, while higher levels of triglycerides
and apolipoprotein B-100 were associated with
smaller diameters of the ascending aorta.

The list of risk factors for AA and AS, which
is presented in Table, is continually expanding.
Atrial fibrillation, degenerative scoliosis, type
1 diabetes mellitus, chronic kidney disease,
physical inactivity, and other factors have
been considered as risk factors [2, 63, 90]. For
example, adult degenerative scoliosis may act
as a risk factor for aortic dilation and aortic
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atherosclerosis [90]. The altered composition
of the gut microbiota, as well as air pollutants,
increases therisk of AAA, especially inindividuals
with a genetic predisposition [91, 92]. Sleep
disorders, microbiome alteration, air pollution,
environmental stress, etc. are considered as risk
factors for the development of AS [93, 94]. At
the same time, in some patients with AS, vascular
risk factors are not detected at all [6]. Thus, a
population-based study in China revealed no
traditional risk factors for AS in 16% of patients,
1 risk factor —in 41.4%, 2 risk factors —in 21.3%,
3 and more risk factors —in 21.3% [6].

The study of risk factors for both AS and AA
of different locations has recently undergone a
significant shift towards the search for biochemical
and molecular markers [89, 95-100]. However,
even on the basis of the analysis of classical risk
factors we can conclude the presence of both
common and specific factors for AS and AA,
as well as for AA of different locations, and, in
addition, some relationships between different
risk factors.

Thus, AA and AS differ in prevalence,
but in both cases the age-dependent nature of
the manifestation is found. Given the higher
prevalence of AS compared to AA and the
approximately equal age limits of manifestation
of these pathologies, a high level of comorbidity
of these diseases could be expected. On the
other hand, despite the differences in AA and
AS prevalence, they are both characterized by
some common risk factors for their development,
but with their different contribution to the risk
structure of AS and AA development, as well
as AA of different locations. Type 2 diabetes
mellitus and, potentially, lipid parameters can
be attributed to the category of factors with a
multidirectional influence.

CONCLUSION

Different combinations of risk factors in
patients may determine the features of the clinical
patterns of AS, AA and their comorbidity [69,
101]. O. Leone et al. [69] demonstrated that BAV
was more often registered in patients with TAA,
in the case of a degenerative histological type of

aorta; the group with atherosclerosis was older
and exhibited higher incidence of hypertension,
hypercholesterolemia, diabetes mellitus, current
smoking, and CHD; the group with aortitis
was the oldest, predominantly comprised of
women, and exhibited high prevalence of classic
cardiovascular risk factors, such as hypertension,
hypercholesterolemia, and diabetes mellitus.
Therefore, the inconsistency of comorbidity
estimates across different studies may be related
to the specific characteristics of the patient groups
used in each study. In view of the above, in order
to understand the causes for conflicting estimates
of AA and AS comorbidity, it is important to apply
an integrated approach to the characterization of
patients with these aortopathies (both isolated and
combined) with a detailed analysis of risk factors
registered in the analyzed groups.
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U3paTtenbckuu oM Cubupckoro rocyaapcTBeHHOro
MeAULMHCKOro YHUBEepcuUTeTa npeacTaBnsieT Ceputo KHUr

«Hacmemue TOMCKOM MEeIULMHbI»

Khura nocesiweHa 130-neTHemy tobuneto kaceapbl rocnuTanbHOM Xpyprim
Cubl'MY. MpuBeaeHbl Grorpaduyeckne gaHHble 79 COTPYAHMKOB KITMHUKM U

KA@EMPA kadeapbl rocnutanbHom xupyprum B nepuog ¢ 1892 no 2022 r. im npeplwecTtsyeT

O CNUT AN EHONBXUBYPLAM] I'IO,EI,DO6Haﬂ CTaTbd, Xapaktepusyruiasa OCHOBHbIE Hay4YHO-NMpaKTU4eckne
G PR G oS COCY ANCTON OOCTUXEHMUS KOMNMEeKTMBa Ha KaXaoM UCTopu4eckom oTpeske. B nsgaHum
_— YNOMAHYTbI HE TOJSIbKO BblAakowWwmnecsa Xxmpypru, 3sesabl MMpOBOlyl BENUYnHbI, HO U

H
" psiaoBble npodheccopa, AOLEHTbI, aCCUCTEHTbI, Bpaun-0pAMHaTOpbl, MHOTUe 13
KOTOpPbIX CBsi3anu ¢ kadheapor 1 KINMHUKON BCHO CBOK TpyaoByto buorpaduto. Mpu
N3NOXEeHUV maTepuana Hapsay ¢ TPaaULMOHHBIMU CTOYHUKaMK MHopMmaLum
MCronb3oBaHbl aBTobrorpadgryeckne JOKYMEHTbI, JaHHbIE N3 CEMENHbIX apXUBOB,
NPOV3BOACTBEHHbIE XapaKTEPUCTUKN HepeaKo C COXPaHEHNeM aBTOPCKOrO CTUNS.
370 No3BONSET NofHee oLwyTTb atTmocdepy B obLiecTBe 1 paboyem
KONMEKTUBE B pa3Hble roapl CyLEeCTBOBaHWS KNMHUKK. TekcToBas MHdopmaums
conpoBoxaeHa 6oraTbIM UNMIOCTPATUBHLIM MaTepuanom, MHorne cotorpacum
ony6nvKkoBaHbI BNepsble.
M3paHve npegHasHayeHo Ans XMpypros, CTYAEHTOB CTapLUMX KypcoB
BpayebHbIX hakynbTeToB, CNeuuanMcToB No NCTOPUN MEANLIMHBI.

TpéxTOMHasi UNNOCTPUPOBaHHas
NIeTONUCb OAHOIO U3 CTapenLmx
1 Hanbornee aBTOPUTETHbIX
MeaMLUMHCKUX By30B Poccum —
Cubunpckoro (Tomckoro) rocyAapCTBeHHOro S ———

MEOMLMHCKOrO YHUBEPCUTETA SIBMSIETCS MO CyTU NEPBON CEPbE3HON MOMbITKON AETOMCH
ocBeTUTb bornee Yyem 140-NeTHIO NCTOPUIO ATOTO NPOCAaBNEHHOTO
yHuBepcuteTa.OCobBEeHHOCTBI0 M3aaHNs SIBNSETCS ero 6oratenwnin MNncTpaTUBHbIN
matepwvan, BkrovatoLwwmii bonee Yetbipéx Toicsy dpoTorpacpuii (B Tom uncne paHee
NpaKkTU4YeCcky HEN3BECTHbIX), M HUKOTAA He Ny6GrmkoBaBLUMECS A0 3TOTO KpaniHe
NBOMNbITHLIE U MHTEPECHBIE (haKTbl O XWU3HU YHUBEPCUTETA, M0 CTYAEHTOB 1
npoceccopoB, BOCMOMUHAHWS 1 pacckasbl BbINMyCKHVMKOB U NpenogaBaTenen By3a.
[nsi camoro LWMpOKOro Kpyra
yuTaTenei, MHTepecyLMXCs
VNCTOPUEN POCCUNCKNX YHUBEP-

CUTETOB, OTEYECTBEHHOTO BbIC-

Rt s LLIEro MeaULIMHCKOro 06paso- frarees
BaHWS 1 HayKun, pasBUTMEM

KIMUHUYECKUX U Hay4Ho-meaun-
AKRANEMMK X

LMHCKMX LLKOJ, 34paBOOXpPaHEHUA,

n"“]‘p"ﬂ nHHTpHEBHq nctopuen TOMCKa,PCMGMpM,
INIOKOB iz

B kHUre npeacraeneHbl Guorpadus u 0630p Hay4How,
negarornvyeckon 1 obLeCTBeHHOM AeATeNbHOCTY
BbIJAIOLLIErocst y4EHOro, TepaneBsTa, KNMHULWUCTa, akageMuka
AMH CCCP, l'eposi Counanuctmnyeckoro Tpyaa, naypeara
CranuHckon npemun Amutpus [mutpuesuya HAbnokosa
(1896-1993).

[nsa Bpayen, CTyAEHTOB, BCEX UHTEPECYIOLMXCH UCTOPUEN
MEAULINHDI.
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