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UspaTtenbckuun pom Cubupckoro
rocyfapcTtBeHHOro MeaAuLLIMHCKOro
YHUBEpPCUTETA NMPeaAcTaBisieT Cepuio KHUT

«Hacmnepue
TOMCKOM MEJIMLIMHbL

KHura nocesilieHa namatm
[OKTOpa MEAMLIMHCKUX Hayk,
npodeccopa Bnagnmmpa
HembsiHoBUYa Cyxofono
AH. Benreporcrwii, O.E, Banzosa, T.M., ITiorinxona _— (1 91 9—2000)Y y4YacTHUKa 060p0Hbl
JlennHrpaga, nHsanuga Benukon
ARKAOEMHK OTeyecTBEHHOMN BOWHbI, pabo-
HUKONAH BACHNBLERHY BOCTOMHHAHHS TaBLlero B Cubupckom rocyaap-
BEPLLIHHHH CTBEHHOM MEAMULMHCKOM YHUBEP-
sl 0 NMPOBECCOPE CYX0M0M0 cutete (CMBIMY, ToMckom Meau-
LIMHCKOM MHCTUTYTE) B 1948—
2000 rr. C yBaxeHneM, BoCXuLLe-
HveMm u noboBblo Npodeccopa
B.[. Cyxogomno BCroMuHatoT yye-
HWKW, KOnneru, Apy3bsi, YreHbl
CEeMbM, POaHbIE.
[ns Tex, KTO MHTepecyeTcs
nctopuen MeaULMHbI,
Cwnbupckoro rocyaapcTBEHHOMO
MeaMLIMHCKOTO YHUBEPCUTETA,
Tomcka.

B kHure npenctaeneHsl Guorpadus n
0630p Hay4YHOW, Nefarornyeckon u
06LLEeCTBEHHON AEATENbHOCTM M.P. Kapnona, C.A. Hexpsison
BblAatoLLerocs hapmakonora, akageMuka
AMH CCCP, 3acny>eHHoro aesitensi Hayku ARAOEMHK
PC®CP, naypeata CtanuHckon CEPTEH NETPDBHM
(FocypapcTBeHHOM) NpemMun Hukonas KAPMOB
Bacunbesunya BepLunHuHa (1867—1951). = £
[insa Bpayein, CTYyAeHTOB, Y4EeHbIX, BCEX

VHTEPECYIOLMXCS MCTOPUEN MEAULIMHBI. B knure npeacTasneHbl
6uorpacusi n 063op

Hay4YHOW, Negarornyeckon n
06LLEeCTBEHHOW AeATeNb-
HOCTV BblAatoLLerocs
MUKpoburornora, Bupyconora
1 anuaemuornora, akagemuka
AMH CCCP, 3acny>xeHHoro
nestenst Haykn PCOCP
Cepres NeTpoBunya Kapnoea
(1903-1976).

[ns Bpayen, CTyAEHTOB,
YY€EHBIX, BCEX MHTEPECYI0-
LLMXCSA UCTOPUEN MEAULMHBI.
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ABSTRACT

Aim. To study the ex vivo effect of high temperature exposure (55-56 °C) combined with vancomycin on culture
behavior of pathogenic Staphylococcus aureus (S. aureus).

Materials and methods. Liquid cultures of methicillin-resistant S. aureus (MRSA) strain 43300 were heated ex
vivo at 55-56 °C for 0-60 min, either with or without vancomycin (20 pg/ml), followed by incubation at 37°C up
to 120 min. A control suspension (100 or 250 microbial cells per 1 ml of isotonic saline) was maintained at 37°C.
Then, cultures were seeded on solid agar medium, and colony-forming units (CFU) were calculated using computer
morphometry after 48-h growth. Each experimental subgroup (growth control, thermal ablation, antibiotic, and
thermal ablation + antibiotic) included at least three replicates.

Results. A semi-lethal heat exposure time (LD50) of 12.25 min was determined for a liquid microbial culture at
100 cells/ml. When the density was increased to 250 cells/ml, 30-min thermal ablation (55-56°C) was insufficient
for MRSA growth suppression. Vancomycin (20 pg/ml) alone did not affect CFU output. However, combined heat
and antibiotic treatment resulted in 28% bacteriostatic effect (p < 0.001) on agar medium.

Conclusion. The study revealed a bacteriostatic effect of combined use of high-temperature exposure with
vancomycin, which were ineffective when used separately. The obtained results have practical significance for
reconstructive surgery of bone tissue, but require additional studies to clarify the mechanisms of the discovered
phenomenon.

Keywords: MRSA, liquid culture, high temperature exposure, antibacterial therapy, colony-forming units,
bacteriostatic effect
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OueHKa KOMOMHNPOBAHHOIO ex vivo BO34eNnCcTBUA TepMmoabnaunm
1 BaHKOMMULIMIHA Ha POCT KynbTypbl Staphylococcus aureus

Fopoxosa A.B.", Hacu6os T.®.", MywtoBaTtoBa J1.C.', boukapesa O.Il.', AHucena U.N.*3,
CutHukos N.K.>3, bapueB Y.A.', JlewweHkoBa A.B.’, PbnkkoBa A.10.', Maxmypwun [.0."?,
XnycoB U.A."2

I Cubupckuil 2ocydapcmeennoiil meouyunckuil ynueepcumem (Cu6l’ MY)Poccus, 634050, 2. Tomck, Mockosckuil
mpaxm, 2° Tomcxuil 2ocyoapcmeeniwlil yrugepcumem cucmem ynpasietus u paouosnekmpornuxu (TYCYP)

Poccus, 634050, 2. Tomck, np. Jlenuna, 40° Hayuno-uccredosamenvckuii uncmumym (HUH) onxonrozuu Tomckozo
HAYUOHAIbHO20 UCCIe008AMenbCK020 Meduyunckozo yeumpa (HMHUL]) Poccuiickoti akademuu naykPoccus, 634009,
2. Tomck, nep. Koonepamugnwiii, 5

PE3IOME

Hean. U3yunts ex vivo BIUSHUE BBICOKOTEMIIEPATypHOTo Bo3eiicTBus (55-56 °C) B coueTaHNM ¢ BAHKOMUILITHOM
Ha TIOBE/ICHUE KYJIbTYPbI TATOI€HHOT'O 30JI0THCTOrO CTaduIIOKOKKa (S. aureus).

Matepuajbl U MeTOABI. JKUIKYIO KyJIbTYpy METHIMIUIMHpPE3UCTeHTHOTO S. aureus (MRSA) mrtamm 43300 Ha-
rpeBanu ex vivo (55-56 °C, 0-60 mun) ¢ uin 6e3 nqodasnenns BankoMunuHaa (20 MKr/mit), 3aTeM HHKYOHPOBaIH
(37 °C, no 120 muH). B kadecTBe KOHTpOJIS MCHOIb30BaNach MUKpoOHast B3Bech (100 mim 250 MUKPOOHBIX Tel
Ha 1 M1 m3oTOHMYeckoro xiuopunaa Hatpus) npu 37 °C. [locne sxcTpeManbsHOTO BO3ACHCTBHS KYJIbTYpHI S. aureus
BBICEBAJIN HA IUIOTHYIO MUTATEIBHYIO Cpeay, uepes 48 4 onpeaessii BIxoa KojaoHneoopasyromux equaul (KOE)
METO/IOM KOMIBIOTEPHOH MopdoMeTpun HUPPOBBIX M300paKeHNH GaKTepHANbHBIX KyJbTYp B uamkax Ilerpu.
JIns xaxmoit SKCepuMEHTaNbHON MOATPYHIBI (KOHTPOJIb POCTa; TEPMOAOIIAINS; aHTHONOTHK; TepMOoadIsaus +
AHTHOMOTHK) MIPOBOIMIN HE MEHEe TPeX MOBTOPEHUM.

Pesyastatel. OTpaboTaH BpPEMEHHOH HWHTEpPBaJl BBICOKOTEMIIEPATYPHOTO BO3JCHCTBHS JUIS ONpEIeICHHs
noxynetanbHol 10361 HarpeBanus (LDS50) B oTHOIIGHMH XHMAKOH MHKPOOHOH KyJIbTYpBbI, KOTOPBIH COCTaBHII
12,25 muH npu miotHoctH pasBesneHust 100 MUKpOOHBIX Ten/Mil pactBoputens. [Ipy yBeJMUEHUH IUIOTHOCTH
OakTepHanbHOI KyJnbTypbl 10 250 MUKpOOHBIX Ten/mi pactBopuresst 30 MuH ee HarpeBaHus 10 55-56 °C He-
JIOCTATOYHO Jisi TojaBieHus pocta MRSA na arape. BaHkoMHIIMH B TepaneBTHYECKOH n03¢ 20 MKr/Mil He
pauser Ha BbixoJ KOE wucnonbs3oBanHoro matorenHoro mramma 43300. B To ke BpeMsi KOMOMHHUPOBAHHOE €X
VIVO BO3JICHCTBUE TEPMOAOISIIINN M aHTHOMOTHKA OKa3bIBACT OAKTEPUOCTATHUCCKHIT 3P PeKT Ha ypoBHE 28% (p <
0,001) momaBieHus pocTa OAKTEPHil HA arapoOBOM MMUTATEIBHOU CpeJie.

3aka0uenne. BeisiBiien 6akrepuocraTnaeckuii 3 pexT KoOMOMHIPOBAHHOTO TPUMEHEHHS BRICOKOTEMITEPaTypHOTO
BO3JICHCTBHS C BAHKOMUIIMHOM, He()(pEKTHBHBIX 10 OTAETEHOCTH. [I0TydeHHbIC pe3yIbTaThl UMEIOT IIPAKTHYECKYIO
3HAYUMOCTD JUISl PEKOHCTPYKTUBHOW XUPYPTUH KOCTHOH TKAaHH, OZHAKO TPEOYIOT MPOBEACHHS JOTOJHUTEIBHBIX
HCCIIEIOBAHMHN JUISl YTOUHEHHSI MEXaHU3MOB 00HApYKEHHOTO (DeHOMEHa.

KoroueBbie cioBa: MRSA, xunjkast KyJabpTypa, BBICOKOTEMIIEpAaTypHOE BO3CHCTBHE, aHTHOAKTepHaIbHas Tepa-
I¥s1, KOJIOHHEOOpas3yIoIye eJMHHUIBI, OaKTeprHocTaTHIeCKuil A3 dexT

KoHduMKT nHTEpecoB. ABTOPBI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M ITOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEH CTaThH.

Hcrounuk ¢unancupoBanmsi. PaGora BeimonHeHa npu (MHAHCOBOW mOanepkKe MHHHCTEpCTBA HAyKH H
BhICIIero obpa3zoBanus Poccuiickoit @eneparyn (mpoext Ne FEWM-2024-0003).

CooTBercTBHe MpuHIHMNaM 3TukuU. Vccnenosanne onodpeno komuccueir IACUC Cu6I'MY (3axmoduenue No 1
or 03.04.2024).

Jas uutupoBanusi: ['opoxosa A.B., Hacu6os T.®., MymtoBarosa JI.C., boukapesa O.I1., Auucens U.U., Cut-
nukoB I[1.K., Bapues V.A., JlemenkoBa A.B., PeikkoBa A.1O., [Taxmypun [1.0., XnycoB U.A. Ornenka koMOu-
HUPOBAHHOTO €X ViVO BO3JCHCTBHS TEPMOAOJSIIMU ¥ BaHKOMUIIMHA HA POCT KyIbTYpbl Staphylococcus aureus.
Bronemens cubupcroti meduyunwl. 2025;24(3):5-13. https://doi.org/10.20538/1682-0363-2025-3-5-13.
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INTRODUCTION

Staphylococcus aureus (S. aureus) is the most
common pathogenic microorganism in surgical
hospitals. In diseases caused by S. aureus, the duration
of hospitalization, cost of treatment, and mortality
are 2 times higher than in infections caused by other
types of microorganisms. The frequency of isolation of
methicillin-resistant (or oxacillin-resistant) strains of S.
aureus (MRSA) from inflammation foci has increased
sharply (from 1-40 (according to various sources) to
54%) since the beginning of the 21% century [1].

The problem of treating MRSA-associated
infectious diseases attracts great attention worldwide.
For the query “MRSA and treatment”, the PubMed
database of the US National Institutes of Health
(https://pubmed.ncbi.nim.nih.gov/) showed 25,642
studies published from 1955 to 2024. The maximum
number of articles was published in 2021 (1,596
results).

S. aureus, including MRSA, are the main causative
agents of implant-associated infections (A,
up to 50-80%) [2-4], which include periprosthetic
infections [5, 6] and infections associated with bone
fractures [7]. According to other sources, S. aureus
and P. aeruginosa are isolated in 60% of clinical cases
of all 1Al [8].

Vancomycin (VMN) is one of the leading
antibacterial drugs used experimentally and
clinically for the prevention and pharmacotherapy of
osteomyelitis caused by MRSA [9]. In general, MRSA
strains are highly sensitive to VMN [1]. However, a
single administration of VMN, even in high doses (up
to 1 g), sometimes is insufficient to suppress MRSA-
associated infections [10].

Hyperthermia is considered as one of the
promising approaches in the combination therapy
of infections caused by MRSA [11]. Nevertheless,
only 69 publications related to the topic were found
in the PubMed database, starting from 2003 (https://
pubmed.ncbi.nlm.nih.gov/?term=mrsa%20and%20
hyperthermia&timeline=expanded; query date is
October 21, 2024). The query “MRSA and thermal
ablation” revealed only 3 results since 2016 related to
photodynamic therapy (https://pubmed.ncbi.nlm.nih.
gov/?term=mrsa+and+thermal+ablation; query date is
October 21, 2024).

In this regard, the in vitro study of the effect
of high-temperature exposure (thermal ablation at 55—
56 °C) in combination with vancomycin on the MRSA
culture is of absolute relevance.

MATERIALS AND METHODS

Freshly prepared (according to the attached
manufacturer’s instructions) nutrient agar for the
cultivation of microorganisms (NACM) (BTN-agar,
Biotekhinnovatsiya, Russia) in plastic Petri dishes
with a lid (MiniMed, Belarus) with a diameter of
90 mm was tested for sterility of the medium by a
thermostat programmed at 37 °C for 24 hours. NACM
showed the absence of microbial growth (sterility).

The original MRSA culture (strain 43300) was
obtained from the Bacteriological Laboratory of
Siberian State Medical University, which has a
sanitary and epidemiological inspection report (dated
July 20, 2015 No. 70.TS.06.000.M.000268.07.15) for
manipulations with pathogens of infectious diseases
of 111-1V pathogenicity groups.

The original MRSA culture was diluted to achieve
a bacterial concentration of 100 or 250 microbial
bodies in 1 ml of a sterile 0.9% sodium chloride
solution in plastic sterile conical tubes with a cap of
15 ml (MiniMed, Belarus).

General heating of the microbial suspension in test
tubes was carried out in two electric dry-air thermostats
ShS-80N (SG-term, Russia), set to the required
temperature of 37 °C or 55-56 °C. The exposure time
was selected based on the determination of the semi-
lethal time of heating the liquid MRSA culture in a
preliminary experiment.

After heating the liquid MRSA cultures, 0.2 ml
(20 or 50 microbial bodies) of the bacterial suspension
were transferred to the NACM in Petri dishes. At least
3 tubes/Petri dishes with staphylococcal culture were
used for each experimental subgroup (growth control
at 37 °C; thermal ablation at 55-56 °C; antibiotic at
37 °C; and thermal ablation at 55-56 °C + antibiotic
vancomycin (VMN, Belmedpreparaty, Belarus)
20 pg/ml).

MRSA agar cultures on Petri dishes showed an
increase in colony-forming units (CFUs) after just
24 hours of cultivation at 37 °C and 100% humidity.
However, small (dust-like) CFUs made morphometric
studies difficult. Therefore, microbial cultures were
left to grow for another 24 hours (total cultivation time
was 48 hours), after which the potential bacteriostatic
effect was assessed by reducing the area of CFUs
grown on NACM.

The relative area of bacterial cultures was assessed
according to the computer morphometry method
of digital images [12] using ImageJ software tools
version 1.38 (National Institutes of Health, USA;
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http://www.rsb.info.nih.gov/ij). Digital photographs
were taken using a Canon PowerShot A2200 camera
(Canon Inc., China) with a resolution of 14.1
megapixels.

Due to the massive but uneven growth of MRSA
on a solid nutrient medium (agar), the following
method was used for a more accurate calculation
of the relative (specific) area (RA) of bacterial
cultures:

1. Each Petri dish was conditionally divided into
8 segments (Fig. 1).2. In each segment, the area of
bacterial cultures (Sc) was calculated in square
millimeters.3. The area of each segment (Ss) was
calculated in square millimeters.4. The relative area of
bacterial cultures (Sr) was calculated for each segment
using the formula Sr = Sc/Ss, and the calculated shares
were summed up.

As a result of the calculations, the RA in the Petri
dish occupied by bacterial cultures was obtained.

Fig. 1. Examples of dividing a Petri dish into segments when
counting the area of grown MRSA colonies

The prepared liquid suspensions of MRSA in
isotonic NaCl solution after mixing were cultured
(with or without vancomycin) in the following time
interval (in the main experiment): 2 hours (120 min) at
37 °C; 30 min at 55-56 °C + 90 min at 37 °C.

The total time interval (120 min) for pre-incubation
of liquid cultures of Staphylococcus aureus was

chosen in accordance with previous studies [13], as
well as taking into account a preliminary study of the
semi-lethal dose of thermal ablation at 55-56 °C (see
below).

Statistical analysis of the data was conducted in
the RStudio environment (ver. 2024.04.2+764) in the
R programming language (version 4.4.1) using the
MVN [14], PMCMRplus [15], and brunnermunzel
[16] packages. The normality of distribution of
quantitative variables was checked by the Shapiro—
Wilk test with the Royston correction AS R94 for
large samples (3 < n < 5,000) [17]. The description
of normally distributed quantitative characteristics
is given as the mean value and standard deviation
(M + SD); non-normally distributed quantitative
variables and ordinal characteristics were in the
form of the median and the first and third quartiles
Me (Q;; Q).

For quantitative independent data that do not
comply with the normal distribution, the comparison
was performed using the Brunner—Munzel test [18, 19].
The peculiarity of the Brunner—Munzel test is that it
does not require the assumptions: (a) equal deviations
and (b) equal distributions, while the Mann-Whitney
U-test is quite sensitive to their violations. At the same
time, met, the Brunner—-Munzel test corresponds to the
Mann-Whitney U-test, which shows its reliability and
universality [20, 21].

For quantitative non-normal independent data,
multiple comparisons were performed using the Van
der Waerden test. The choice of the Van der Waerden
test is based on the fact that it provides high power
(at the ANOVA level, at which the assumptions of
normality are met) [22], and at the same time has
sufficient reliability [23, 24]. The Dunn’s post-hoc
test was used as a one-versus-all (control-versus-all)
a posteriori test.

RESULTS

The visual picture of bacterial CFU cultivation on
a solid nutrient medium (agar) showed a significant
inhibitory effect of thermal ablation on the growth of
MRSA (Fig. 2).

Statistical processing of the results of MRSA
colony growth on agar after preliminary heating of
liquid microbial cultures made it possible to establish
that at 55-56 °C, a statistically significant drop in the
CFU area was observed already after 15 minutes of
extreme exposure (5.5% (11/198 mm?dish) of the
control); and by minute 30, the growth of MRSA
colonies on agar was completely absent (Fig. 3).
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Fig. 2. Examples of 48-hour growth of MRSA colonies on agar in Petri dishes after preliminary extreme effects on liquid bacterial
culture (concentration of 100 microbial bodies per 1 ml of 0.9% sodium chloride solution; 20 microbial bodies per Petri dish) at
different temperatures: a — 37 °C, 120 min; b — 37 °C, 120 min; ¢ — 55-56 °C 15 min + 105 min at 37 °C

The exposure dose of thermal energy causing 50%
death of MRSA CFUs in vitro (LD50) was determined
using calculated curves with reliable (p < 0.001)
exponential (Fig. 3) approximation of the data. The
calculated LD50 when heating a liquid MRSA culture
(100 microbial bodies per 1 ml of 0.9% sodium
chloride solution) to 55-56 °C was 12.25 min (Fig. 3).

p 0,001

p 0,001

p<0,001

p=0,048

240

200
y = 198,08/(1+exp(x-LD50)), AUC = 0,81

160 LD50 = 12,25 min, p-value < 0,001

120

Mean area of CFU per segment, mm?
)
o

N
o

o

0 15 30 45 60
Time of heating, min

Fig. 3. Graphical approximation of experimental data on the
area of CFUs (mm?) grown in a 48-hour MRSA culture on
agar after heating the liquid bacterial culture at 55-56 °C to
determine (by the time of extreme exposure) the exposure
semi-lethal dose (LD50) of thermal energy. The results are
expressed as Me (Q,; Q,). Multiple comparisons, Van der
Waerden test (p<0.001); pairwise comparisons, Dunn’s test
(p = 0.048 between the time 0 and 15 min)

Thus, heating to 55-56 °C quickly inhibited the
vital activity of pathogenic bacteria at a concentration
of MRSA in a liquid culture of 100 microbial bodies
per 1 ml of 0.9% sodium chloride solution, which was
expressed in a significant bacteriostatic effect on a

solid nutrient medium (Fig. 2, ¢). At the same time,
when MRSA was seeded on an agar medium from
20 microbial bodies subjected to heating in a liquid
culture, only 11 CFUs germinated, there was a risk
of a false positive result with the combined inhibitory
effect of thermal ablation and antibiotic.

In addition, the control culture of staphylococcus
at a concentration of 100 microbial bodies and a
temperature of 37 °C gave an unstable yield of CFUs
(Fig. 2, a, b). At the control points (O min of liquid
culture thermal ablation; 2-hour preincubation of
bacteria in liquid culture, and 48-hour growth at 37 °C)
with the same bacterial culture seeding density
(20 microbial bodies per Petri dish), the CFU growth
density in the controls differed by 3.33 times (CFU
area 59.31 (20.47; 80.38) mm#dish (Fig. 2, a) and
198.08 (180.85; 216.97) mm?/dish, Fig. 2, b).

In connection with the listed circumstances, the
main experiment was carried out on the MRSA culture
with a density of 250 microbial bodies per 1 ml of
liquid suspension in 0.9% NaCl solution, 50 microbial
bodies in 0.2 ml on the agar medium of Petri dishes.
The thermal ablation time of liquid bacterial cultures
at 55-56 °C was 30 min, which corresponds to LD100
at a culture density of 100 microbial bodies per 1 ml
of sodium chloride (Fig. 3).

Nevertheless, a paradoxical effect of MRSA
growth stimulation on agar was obtained, since
after heating the liquid bacterial suspension, the
proportion of grown colonies increased to 0.22 (22%
of the Petri dish area) from 0.13 (13%) in the control
(37 °C), respectively (p < 0.001; Brunner—-Munzel
test, Fig. 4).

Perhaps the increased (from 100 mt/ml to 250 mt/
ml) density of the microbial liquid culture is important,
which during hyperthermia can lead to an increase in
the survival rate of MRSA due to a decrease in the
amount of absorbed heat flux (thermal energy per unit
surface area of microbial bodies).
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Fig. 4. Comparison of MRSA colony growth on agar in Petri

dishes after preliminary heating of liquid bacterial cultures to

different temperatures. Pairwise comparison, the Brunner—
Munzel test

Notably, VMN at a therapeutic concentration (20
pg/ml) under conditions of 2-hour co-cultivation with
a liquid bacterial culture at a temperature of 37 °C did
not have an inhibitory effect on the growth of MRSA
on agar. Visually, the number of CFUs did not differ
from that in the control culture (Fig. 5).

Computer morphometry of digital images of
MRSA CFUs on agar also did not show statistical-
ly significant changes after exposure to VMN to
a liquid microbial culture at 37 °C (Table). In other
words, the used MRSA culture was resistant to
a single 2-hour exposure to VMN at a dose of
20 pg/ml at 37 °C.

Table

Area (% of the Control) of MRSA Colony-Forming Units
after Extreme Effects in Liquid Culture Followed by 48-Hour
Cultivation on Agar in Petri Dishes at 37 °C

. Pairwise com-
Sample Relative area of :
Group, L . parison,
- size in each | bacterial culture,
n=3 i the Brunner—
group, n, Me(Q, Q) Munzel test
MRSA 37 °C, 24 100.00
growth control (87.58; 123.44) 5.13:
MRSA + VMN ” 97.23 p=016
37°C (81.95; 116.85)

Note. VMN is vancomycin, 20 pg/ml; n is the number of Petri dishes
in each group, divided into 8 segments in each dish (n,) for more
accurate determination of the parameter

> "
sy Y

s .
.

Fig. 5. Examples of 48-hour growth of MRSA colonies on agar

in Petri dishes after 2-hour cultivation of the liquid culture at

37 °C with antibiotic: a — MRSA growth control; 5 — MRSA +
VMN 20 pg/ml

In turn, under conditions of 30-minute heating of
the liquid bacterial culture at a temperature of 55—
56 °C, VMN at a therapeutic concentration (20 pg/ml)
visually reduced the number of CFUs grown on agar,
compared to the control culture (Fig. 6).

Computer morphometry of digital images showed
a statistically significant (p < 0.001) decrease in the
yield of MRSA CFUs on agar (by 28% compared to
the control) after the exposure to VMN on the liquid
microbial culture under conditions of its thermal
ablation at 55-56 °C (Fig. 7).

Thus, heating liquid cultures of MRSA for 30
minutes at a temperature of 55-56 °C significantly
increased the colony-forming ability of MRSA on a
solid nutrient medium (agar-agar, Fig. 4). Addition of
vancomycin (20 pg/ml) to the liquid culture without
heating did not affect the yield of microbial CFUs on
agar (Table).
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p 20,001
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MRSA + VMN 37°C MRSA + VMN 56°C

Fig. 7. Graphic representation (% of the control) of the areas
of MRSA CFUs after adding vancomycin (20 pg/ml) and
heating the liquid culture at 37 °C or 55-56 °C, followed by
culturing for 48 hours on agar in Petri dishes at 37°C. Pairwise
comparison, the Brunner—-Munzel test.

In turn, heating the microbial suspension to a
temperature of 55-56 °C (Fig. 7) in the presence
of VMN has a noticeable bacteriostatic effect in
comparison with the effect of the antibiotic at 37 °C.
Presumably, the use of high-temperature exposure
(above 55 °C) can improve the results of standard
antibacterial therapy in the treatment and prevention
of MRSA-induced osteomyelitis.

DISCUSSION

MRSA is resistant to all beta-lactam antibiotics,
including  inhibitor-protected  penicillins  and
cephalosporins of all generations. Another clinically
important feature of methicillin-resistant staphylococci
is the high frequency of associated resistance to
antibacterial drugsofdifferentgroups(aminoglycosides,
macrolides, and lincosamides) [1]. Due to the high

Fig. 6. Examples of 48-hour growth of MRSA
colonies on agar in Petri dishes after preliminary
thermal ablation of the liquid culture at 55-56
°C: a — MRSA growth control without antibiotic;
b—MRSA + VMN 20 pg/ml

frequency of antibiotic use in the complex treatment of
surgical patients, pathogenic MRSA strain 43300 was
chosen for in vitro experiments.

Vancomycin (VMN) at a therapeutic concentration
in human serum in the range of 10-20 pg/ml [25] is
one of the leading antibacterial drugs used for the
prevention and pharmacotherapy of osteomyelitis
caused by MRSA [9].

However, the MRSA strain 43300 used in the work
turned out to be insensitive to the therapeutic dose of
VMN (20 pg/ml) at a temperature of 37 °C (Table),
corresponding to the temperature of the human
body, especially during inflammatory processes. The
increased yield of bacterial CFUs at a relatively high
density of the microbial liquid culture (250 microbial
bodies per 1 ml) under conditions of 30-minute
heating of the microbial suspension to 55-56 °C,
which usually causes coagulation necrosis, turned out
to be unexpected (Fig. 4).

Apossibleexplanation for the obtained phenomenon
is the fact that an increase in genetic diversity with
an increase in the number of microbial bodies in the
culture leads to the emergence and accumulation of
bacteria carrying antibiotic resistance genes [26]. In
turn, this increases the overall chances of the bacterial
strain to survive in extreme conditions. In particular,
there is significant variability in the thermosensitivity
of S. aureus to 45 °C [27]. Similar to osteogenic cells,
which are activated by moderate hyperthermia (~42
°C) due to hyperexpression of heat shock proteins
[28], some “thermotolerant” MRSA may ensure the
survival of the strain at high temperatures.

CONCLUSION

Antibiotic therapy is considered to be themainstay in
the prevention and treatment of infectious complications
in bone fractures and their surgical treatment [7].
However, the increasing antibiotic resistance of bacterial
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strains and the increasing contribution of MRSA to
infectious inflammation make the development of new
approaches to the treatment of infectious complications
a key challenge in biomedicine.

In this regard, an important result of the in vitro
study is the practical feasibility of the simultaneous
administration of vancomycin and thermal ablation
of liquid MRSA cultures, which are ineffective
separately, but have an almost 30% bacteriostatic
effect when used together. The obtained data have
practical significance for specialists involved in the
treatment of diseases of the skeletal bones and their
complications. However, the obtained results require
additional research to clarify the mechanisms of the
discovered phenomenon.
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The effect of local injections of paricalcitol into the parathyroid glands
on parathyroid hormone levels, vascular calcification, and bone mineral
density in patients with chronic kidney disease
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ABSTRACT

Aim. To study the effects of local paricalcitol injections into the parathyroid glands on bone turnover in patients with
chronic kidney disease (CKD) and secondary hyperparathyroidism (SHPT) with moderately elevated parathyroid
hormone (PTH) levels (300-600 pg/ml).

Materials and methods. The study included 48 patients with end-stage CKD and SHPT with PTH levels of 300-600
pg/ml. All patients received standard medical therapy before the study, including correction of hyperphosphatemia,
hypocalcemia, and disorders of calcium-phosphorus metabolism. The main group (» = 14) comprised patients for
whom ultrasound-guided paricalcitol injections into the parathyroid glands were technically feasible. The dynamics
of PTH levels, vascular calcification, bone mineral density (BMD), and levels of PTH, b-CrossLaps, and FGF23
were assessed.

Results. Multivariate logistic regression analysis demonstrated that osteoporosis and vascular calcification were
significantly associated with age, PTH levels, dialysis duration, comorbidity index, b-CrossLaps, and FGF23.
Threshold values for age and PTH were 33 years and 301 pg/ml for the development of osteoporosis and 29
years and 301 pg/ml for vascular calcification. Correlation analysis revealed a statistically significant relationship
between FGF23 and dialysis duration, b-CrossLaps and PTH levels, as well as between FGF23 and b-CrossLaps.
The comorbidity index also increased with age and PTH levels. After 3 and 6 months of treatment, PTH levels
significantly decreased, while the volume of the parathyroid glands remained unchanged. No serious complications
were observed after the injections, and transient local pain was reported in only 8 (57%) patients.

Conclusion. Ultrasound-guided paricalcitol injections into the parathyroid glands contribute to reducing PTH
levels, improving bone remodeling parameters, and creating conditions for preventing cardiovascular complications.
These findings require further investigation in larger-scale studies.

Keywords: secondary hyperparathyroidism, chronic kidney disease, mineral and bone disorders, paricalcitol, local
injections
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BnusHne MeCTHbIX UHbEKLM NapuKanbLuUTOosa B OKONOWMNTOBUAHDbIE
»Kenesbl Ha YpOBeHb NapaTropmMoHa, COCYAUCTYIO Kanbuupukaymio
N MUHEpPaJiIbHYI0 NIOTHOCTb KOCTHOWM TKaHW Yy NaLIeHTOB C XPOHNYECKOMN

60ne3HbI0 NoYeK

Kynuna E.M., BpbikyH M.B., CanpuHa T.B., Bopoxuosa U.H., Lixan B.®., Komkosa T.b.

Cubupckuii cocyoapcmeenmbiil meouyurckuil yrusepcumem (Cubl’MY)

Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

PE3IOME

Hens. M3yunTts BAnsSHEE MECTHBIX HHBEKINH NAPUKAIBIIMTOJA B OKOJIOIMTOBU/IHBIC JKeJIe3bl HA KOCTHBIH 0OMEH
y HAlMEHTOB C XpOHUYECcKoit Oose3nbto nmouek (XBI1) u BTopuunsiM runepnapatupeosom (BITIT) npu ymepeHHOM
noBsieHny ypoBss napatropmona (ITTT) (300-600 rr/mur).

Martepuaisl u1 MeToAbl. B nccienoBanue BxitoueHsl 48 nanueHToB ¢ TepmuHanbHoi cragueit XbIT u BITIT ¢
KoHIIeHTpanueil maparropmona 300—-600 nr/mi. Bce manueHTsl 10 Hadyala HCCIICIOBAHUS TONTydYald CTaHAapT-
HOE MEIMKaMEHTO3HOE JICUECHHE, BKIFOYAIOIIee KOppeKIuio rumnepdochaTteMuu, THIOKAIBIUEMIAN U HApYIICHUS
KanbpIueBo-(ochopHoro oomena. B ocHoBHyI0 rpymnimy (7 = 14) BOILIM ManUEeHTHI, KOTOPBIM OBIIO TEXHUYECKH
BO3MOKHO TPOBEJCHUE WHBEKIUI MapUKAIBIMTONA MOJ YIbTPa3BYKOBBIM KOHTPOJIEM B OKOJIOIIUTOBHIHBIC
kene3sl. OuennBanuch quHamuka ypoBHs [ITI, xamprmukanms cocyIoB, MUHEpalbHas IUIOTHOCTH KOCTHOM
tkaHu, ypoBHH [1TT, b-CrossLaps n FGF23.

PesyabTarbl. MHOTOMEpHBIH JIOTHCTUUECKUN PErPECCHOHHBIN aHANIM3 MOKAa3all, YTO OCTEONOPO3 M COCYIUCTas
KanpIU(UKAIs JOCTOBEPHO CBs3aHBI ¢ Bo3pacTtoM, ypoBHeM IITI, mnanTenbHOCTBIO AMann3a, WHIEKCOM
komopouaHoctH, b-CrossLaps m FGF23. TloporoBsie 3nauenus Bo3pacta nmauuenrta u [ITI cocraBmmm 33 roma
u 301 nr/mi ans pazButHA octeonoposa u 29 ger u 301 nr/mu — ans cocyaucToit kansimdukanun. Koppens-
IMOHHBIN aHAIN3 BBISBUI CTATHCTHYECKH 3HAYMMYIO CBsi3b Mexkay FGF23 u mpomgomKkuTenbHOCTRIO AUATH3HON
tepanun, b-CrossLaps u yposaem IITT, a Taxke mexnay FGF23 u b-CrossLaps. lHIekc KoMOpOUIHOCTH TaKKe
yBenuuuBaics ¢ BopactoM U ypoHeM [ITI. YUepes 3 u 6 mec nedyenus yposens [ITI 3HaUNTENBHO CHHU3MIC,
a 00BEM OKOJOIIMTOBUAHBIX JKele3 ocrancs 0e3 m3MeHenwid. Ilocie mHBEKIMN HE HAOIIOJAIOCHh CEPHE3HBIX
OCJIO’KHEHHH, a KPaTKOBPEMEHHasi MeCTHast 00J€3HEHHOCTh OTMeUanach TOIbKO y 8 (57%) marueHTos.

3akiouenue. MHbEKIMU MapUKaIbLUTONA B OKOJIOIIMTOBUIHBIC JKEJIE3bl MOJ YJIbTPA3BYKOBBIM KOHTPOJIEM
croco0cTBYIOT cHkeHuto ypoBHs [ITI, yinyuiienuto nokaszateneil peMoIeIMpoBaHusl KOCTHOM TKaHU M CO3AAI0T
IPEAMOCHIIKH IS IPEIOTBPAIICHHS CEPACYHO-COCYTUCTBIX OCIOKHEHHH, UTO TPEOyeT AanbHEHIIIero U3yYCHHUS B
pamkax 6oJjiee MacIITaOHBIX UCCICIOBAHUIA.

KiioueBble cjI0Ba: BTOPUYHBIH THIIEpPIApaTHPEO3, XPOHUYECKas OOJE3Hb I0YEK, MHUHEPAJIbHbIC M KOCTHBIC
paccTpoiicTBa, MapUKAIBIUTON, MECTHBIC HHBEKIINH

Konpaukr unTepecoB. ABTOPHI IEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEeH CTaThH.

Hcrounuk ¢punancupoBanus. KoHKypc HaydHBIX MPOoeKTOB MojoabIX yueHbXx @PI'BOY BO Cubl'MY (Ne HU-
OKTP 21-22-07-03-42).

Jna nuruposanus: Xynuna E.M., bpeikyn M.B., Canpuna T.B., Bopoxkunosa W.H., I{xaii B.®., Komxosa T.b.
BnusiHue MeCTHBIX MHBEKLIUI NapUKaIbIUTONIA B OKOJIOIUTOBUIHBIC XKEIe3bl HA YPOBEHb IIAPaTTOPMOHA, COCY-
JCTYIO KaJbIU(UKAINI0 U MHHEPAJIbHYIO TNIOTHOCTh KOCTHOW TKAaHW y NMAIMEHTOB C XPOHHYECKOH OO0JIe3HBIO
nouek. Brouiemens cubupckou meduyunot. 2025;24(3):14-24. https://doi.org/10.20538/1682-0363-2025-3-14-24.

INTRODUCTION

(Ca) levels, phosphorus (P) levels,

fibroblast

The pathogenesis of secondary hyperparathyroi-
dism (SHPT) in patients with chronic kidney
disease (CKD) involves several factors related to
the effects of parathyroid hormone (PTH), calcium

growth factor 23 (FGF23), and the bone resorption
biomarker b-CrossLaps. These factors affect mineral
metabolism, osteoclast and osteoblast activity, and
bone tissue quality [1, 2]. In CKD, PTH is produced
by the chief cells of the parathyroid glands (PTG) in
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response to hypocalcemia and hyperphosphatemia.
It stimulates bone resorption, leading to elevated
calcium and phosphorus levels in the blood. A
decrease in glomerular filtration rate (GFR) results in
a significant reduction in phosphate clearance, causing
its accumulation in the body.

Phosphate ions form complexes with calcium,
lowering the concentration of ionized calcium in
the blood. This, in turn, activates calcium-sensing
receptors (CaSRs) on the parathyroid cells, stimulating
the secretion of PTH and leading to hypercalcemiaas a
compensatory response. A decrease in ionized calcium
disrupts the synthesis of calcitriol from vitamin D3,
which reduces calcium absorption in the intestine
and promotes metastatic calcification. Additionally,
phosphorus directly stimulates PTH secretion and
the hyperplasia of parathyroid cells, as well as
causes dysfunction of calcitriol receptors, leading to
resistance to this hormone. Hyperphosphatemia also
contributes to the reduction in the number of CaSRs,
impairing the ability of calcium to stimulate calcitriol
synthesis in the kidneys [3].

Furthermore, = phosphorus  stimulates  the
production of the growth factor FGF23, which
inhibits the activity of 1-alpha-hydroxylase and
lowers the level of the active form of vitamin D. The
regulation of vitamin D receptors in the parathyroid
glands deteriorates, leading to vitamin D resistance.
FGF23 affects the production and regulation of
PTH, osteoclast and osteoblast activity, and bone
remodeling. The bone resorption marker b-CrossLaps
reflects osteoclast activity and bone tissue destruction.
In SHPT elevated levels of b-CrossLaps are
associated with bone resorption and worsening
bone quality [4-8]. Renal osteodystrophy is the
cause of serious conditions, including fractures and
a decline in quality of life [8, 9]. Compared to the
general population, the risk of fractures among CKD
patients increases steadily as kidney disease progresses

[10, 11].
Extraskeletal calcification, particularly
cardiovascular calcification, predicts subsequent

cardiovascular mortality and all-cause mortality in
patients with end-stage renal disease [12].

Today, vascular calcification is considered an
actively regulated and cell-mediated process [13],
with a crucial aspect being the imbalance between
promoters and inhibitors of calcification. In CKD,
calcification inducers such as hyperphosphatemia,
hypercalcemia, oxidative stress, inflammatory
cytokines, and uremic toxins increase, while

calcification inhibitors like fetuin-A, albumin, and
ionized magnesium decrease. Moreover, in CKD, the
function of vitamin K-dependent proteins that prevent
calcification is impaired [ 14]. Vascular smooth muscle
cells, macrophages, endothelial cells, and vascular
interstitial cells are involved in the calcification
process [13, 15]. Osteoblast-like cells in the vascular
bed and heart valves synthesize and secrete bone-
related proteins, including osteopontin, osteocalcin,
and collagen, which collectively accelerate the
calcification of the extracellular matrix [14].

Several studies have shown that osteoporosis is a
risk factor for cardiovascular diseases [16]. Arterial
calcification and osteoporosis are often observed in
the same individuals and progress simultaneously in
patients with chronic and end-stage kidney diseases.
The associations between bone and arterial anomalies
suggest a direct or indirect effect of bone cells and
turnover on the arterial system. Understanding
these associations is crucial for developing effective
therapeutic strategies aimed at improving outcomes
for CKD patients [17].

Data obtained from dialysis patients with PTH
levels of 300-600 pg/ml, treated with cinacalcet and
vitamin D analogs, showed a lower risk of death and
cardiovascular complications with earlier treatment of
SHPT. This effect is observed when achieving lower
target PTH levels compared to higher ones [18].

A higher PTH concentration directly correlates
with a higher mortality rate from cardiovascular
diseases [19].

Recent studies show that an increase in PTH
levels before the start of dialysis predicts a higher
PTH level after 9-12 months [20]. Untreated SHPT
leads to a progressive increase in PTH levels [21,
22], and parathyroid hyperplasia with progressive
SHPT due to delayed treatment is accompanied
by a progressive decrease in sensitivity to calcium
and vitamin D regulation, leading to a subsequent
risk of treatment resistance in the later stages of
the disease [23].

Therefore, there remains a need to find a method
for early and sustained control of SHPT which would
not only ensure safety but also guarantee long-
term  effect on the system, minimizing patient
dependence on treatment adherence  [22].
This approach could significantly improve long-
term outcomes for bone tissue and cardiovascular
outcomes.

The aim of this research is to study the effect of
local paricalcitol injections into the parathyroid glands
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on bone remodeling markers in CKD patients with
SHPT and PTH levels of 300-600 pg/ml.

MATERIALS AND METHODS

The study sample consisted of 48 patients with
secondary hyperparathyroidism (SHPT) and end-
stage chronic kidney disease (CKD). All patients
were undergoing renal replacement therapy and
received conservative medical treatment for SHPT
prior to the study, which included correction of
hyperphosphatemia (Sevelamer, daily dose of 2,400
mg, administered to 41% of patients in the control
group and 50% in the main group, p > 0.05); use
of calcimimetics (Cinacalcet, daily dose of 30 mg,
prescribed to all patients in both groups); calcium-
phosphorus metabolism regulators (Alfacalcidol,
0.25-1 mcg 3 times a week; paricalcitol, 5 mcg 3 times
a week; prescribed to all patients in both groups);
correction of hypocalcemia (calcium carbonate, daily
doses of 4.0-6.0 g, administered to 28.5% of patients
in the main group and 17.6% in the control group).

The difference in calcium intake between the
groups may be attributed to individual patient
characteristics, including the level of hypocalcemia
and response to the therapy. The group with more
pronounced hypocalcemia required more extensive
correction with calcium-containing preparations. It is
also important to note that combined therapy, which
includes calcimimetics and vitamin D, may reduce
the need for calcium supplements. These differences
may reflect both clinical characteristics of the patients
and variability in the approaches to prescribing
medications.

It is worth noting that adherence to the prescribed
treatment among the patients was low. So, 64.2% of
patients in the main group and 67.6% of patients in the
control group took Cinacalcet as prescribed by their
doctor. Only 12 patients in the main group and 30
patients in the control group took vitamin D receptor
activators. Patients with CKD often experience apathy
and fatigue from prolonged medication use, leading
to treatment non-compliance despite having the
medications on hand. This may also be associated with
potential side effects of the drugs, such as dyspepsia,
nausea, or discomfort, which further reduce patients’
willingness to continue treatment. For some patients,
the high cost of medications or limited access to them
may also contribute to poor therapy adherence.

The Charlson Comorbidity Index (CCI) [24] was
used to assess the prognosis of the patients and the
impact of comorbidity on clinical outcomes. The use

of this index allowed for an objective evaluation of the
risk associated with comorbid conditions and ensured
comparability of results between the groups.

Inclusion criteria were as follows: end-stage CKD,
diagnosed SHPT, PTH concentration in blood of
300-600 pg/ml, and verified parathyroid glands based
on scintigraphy data combined with single-photon
emission computed tomography (SPECT).

Exclusion criteria were the following: planned
or previous surgical intervention on neck organs,
surgical treatment of SHPT in the medical history,
oncological diseases, pregnancy, and severe somatic
symptom disorder.

Patients were divided into two groups based on the
results of ultrasound examination of the parathyroid
glands (SonoScape equipment, S35, China, B-mode).
The main group consisted of patients (» = 14) in
whom the possibility of performing injections
into the parathyroid glands was identified after the
examination. The control group included patients (n
= 34) who presented one or more technical difficulties
in performing the procedure: the parathyroid glands
were not visualized by ultrasound, or they were
located atypically, or there was abundant blood flow
with a risk of bleeding during the puncture.

In the main group, patients received ultrasound-
guided paricalcitol (5 mcg/ml) injections into the
parathyroid glands, at a dosage of up to 0.5 ml. The
volume of the administered drug was determined
depending on the initial volume of the gland (1/3 of
its volume). Each patient in this group underwent
two punctures, with an interval of 1 day between
injections. In the control group, all patients continued
to receive standard conservative treatment for SHPT.

Echocardiography was used to evaluate vascular
calcification, including the presence of linear
calcifications, as well as valve calcification.

The blood tests included the following parameters.

Intact parathyroid hormone (PTH) was determined
using the chemiluminescent immunoassay method
(Cobas 6000, Roche Diagnostics, Switzerland).
Measurement range was 1.2-5,000 pg/ml. Reference
values were 15-65 pg/ml.

B-CrossLaps was determined using the Serum
CrossLaps reagent kit for enzyme-linked immuno-
sorbent assay (BioMedica, Serbia). Measurement
range was 0.020-2.494 ng/ml. Analytical sensitivity
was 0.020 ng/ml.

FGF23 was determined using the FGF23
(C-terminal) reagent kit for enzyme-linked immuno-
sorbent assay (BioMedica, Serbia). Measurement
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range was 0.1-20 pmol/l. Analytical sensitivity was
0.08 pmol/l.

Bone mineral density was measured by
densitometry of the lumbar spine and femoral neck
using a computed tomography scanner (General
Electric Optima CT660-128, USA).

The verification of the parathyroid glands was
conducted using scintigraphy combined with single-
photon emission computed tomography (SPECT)
(Symbia Intevo Bold system, Germany).

Statistical processing of the findings was carried
out using Statistica software (v 13.5.0.17, TIBCO
Software Inc.), and IBM SPSS Statistics (v 30.0.0,
IBM Corp.). The data were checked for normal
distribution using the Shapiro-Wilk test. None of
the studied parameters showed a normal distribution,
S0 non-parametric statistical methods were used for
the analysis. Descriptive data were presented as the
median and the interquartile range Me (Q,;;Q,)).
For all statistical methods, the corresponding null
hypothesis was tested. The critical level of significance
(p) was set at 0.05. A p-value < 0.05 was considered
statistically significant, indicating a rejection of the
null hypothesis. The Kruskal-Wallis test (Analysis
of Variance, ANOVA) and Dunn’s post-hoc test were
used to compare differences between groups.

Risk factors for osteoporosis and vascular
calcification were assessed using binary logistic
regression analysis. Univariate logistic regression
analysis was conducted first, calculating the odds
ratio (OR) and 95% confidence interval (95% CI)
to evaluate the effect of individual factors on the
likelihood of developing osteoporosis and vascular
calcification. Variables with a significance level of
p < 0.05 were included in the multivariate binary
logistic regression model to assess their independent
contribution to the development of osteoporosis
and vascular calcification. Predictor selection in the
multivariate model was performed using the backward
selection.

Toevaluate the diagnostic value of predictors for the
development of osteoporosis and vascular calcification,
ROC (Receiver Operating Characteristic) analysis was
used, with the construction of characteristic curves
and the calculation of the area under the curve (AUC).
The Youden’s J statistic was applied to determine the
optimal threshold for each parameter. Values greater
than 0.7 were interpreted as good predictive ability,
and values above 0.8 were interpreted as very good.

To identify relationships between quantitative
variables in the analysis of serum markers, the non-

parametric Spearman’s rank correlation coefficient
was used. The Mann-Whitney U-test was applied to
compare laboratory parameters between groups of
patients and to test the null hypothesis of no differences
between two independent samples. For the evaluation
of parameters over time and differences between them,
as well as for testing the null hypothesis of equality
of medians in dynamic changes within the group, the
non-parametric Friedman test (Friedman ANOVA)
[25] was used, followed by pairwise comparisons
using the Wilcoxon signed-rank test.

RESULTS

Characteristics of the Study Groups A total of 48
patients participated in this study.

In the main group (rn = 14), the median age of
the patients was 59 (49;65) years, with 71.4% being
men. All patients received renal replacement therapy
through hemodialysis. The median duration of
dialysis was 60 (27;96) months. The median baseline
PTH level was 504 (489;601) pg/ml. Osteoporosis
was present in 64.3% (9) of the patients, and vascular
calcification was present in 64.3% (9) of the patients.

In the comparison group (» = 34), the median
age of the patients was 56 (43;68) years, with 44.1%
being men. All patients received renal replacement
therapy through hemodialysis. The median duration of
dialysis was 36 (12;69) months. The median baseline
PTH level was 365 (320;425) pg/ml. Osteoporosis
was present in 85.2% (29) of the patients, and vascular
calcification was present in 58.8% (20) of the patients
(Table 1).

Table 1
Demographic and Laboratory Parameters in Both Groups
Main group | Comparison
Parameters (n = 14) group (n = 34) p
Age, years, Me (Q,5;Q.;) 59 (49;65) 56 (43;68) | 0.83
Male, % 71.4 44.1
Duration of dialysis, . .
months, Me (Q,:Q.) 60 (27;96) 36 (12;69) | 0.21
PTH level, pg/ml
' ' 504 (489;601) | 365 (320;425) | 0.17
Me (QQ) (489;601) | 365 (320:425)
b-CrossLaps level, ng/ml
' ' 1.1(0.9;2.2 1.9(1.1;25) | 0.19
Me (Q5Q.,) (09:22) | 1.9(11:25)
FGF23 level, pmol/l
’ ’ 14.8 (5;18 18.1 (5;20 0.50
Me (QQ,) (5:18) (5:20)
Presence of osteoporosis, % 64.3 85.2 0.83
Pres_ence_of vascular 643 58.8 0.78
calcification, %
\Volume of parathyroid . 15.5
glands, mm?, Me (Q,,;Q,;) 16 (152,16.5) (15.2;15.9) 0.23
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Factors Associated with Osteoporosis
and Vascular Calcification

According to the multivariate binary logistic
regression analysis, osteoporosis was significantly
positively associated with age, PTH levels, duration of
dialysis therapy, comorbidity index, b-CrossLaps, and
FGF23. The comorbidity index was identified as the
most significant factor. Vascular calcification was also
significantly positively associated with these factors
but to a lesser extent (Table 2).

Table 2

Association of Osteoporosis and Vascular Calcification with
Demographic Data and Biochemical Variables Based on
Multivariate Logistic Regression Analysis (Binary)

Osteoporosis Vascular calcification

Parameters
7 | OR cl » | OR cl
Age, years 000|584 | 1.7-6.2 | 0.02 | 1.05[0.97-1.12
Duration of

o 0.00| 1.63 |1.05-1.89| 0.01 | 1.01 |0.99-1.03
dialysis, months

PTH level, pg/ml | 0.01 | 1.01 |1.01-1.30| 0.03 | 1.37|0.78 - 2.41

For vascular calcification, the most significant
factors were the comorbidity index >3 (sensitivity
71%, specificity 60%; AUC =0.71; p =0.01), age >29
years (sensitivity 68%, specificity 61%; AUC = 0.71;
p = 0.01), dialysis duration >5 months (sensitivity
64%, specificity 55%; AUC = 0.64; p = 0.04), and
b-CrossLaps >0.19 ng/ml (sensitivity 60%, specificity
55%; AUC = 0.60; p = 0.04). Factors such as FGF23
>0.92 pmol/l (sensitivity 54%, specificity 61%; AUC
= 0.54; p = 0.01) and PTH >301 pg/ml (sensitivity
58%, specificity 65%; AUC = 0.58; p = 0.01) were
less significant (Table 3).

Table 3

Association of Osteoporosis and Vascular Calcification with
Demographic Data and Biochemical Variables Based on ROC

analysis
Osteoporosis Vascular calcification
Parameters -
» | Auc Threshold » AUC Thresh
value old value

Age, years 0.00 | 0.88 33 0.01 | 0.71 29
Duration

comorbidity |, 0| 550 |1.80-3.20| 0.02 | 1.00 0.9 - 1.00 of dialysis, |[0.00| 084 | 12 | 004 | 064 5
index months
- PTH level
b-CrossLaps 601 | 130 |1.10-1.50| 0.01 | 211 |0.80-5.67 *% |oo1|oe2| 301 |o01| 058 | 301
level, ng/ml pg/ml
Comorbidit
;ggﬁfkvel’ 0.01 | 1.25 |1.10-1.40| 0.03 | 1.01 [0.91-1.12 index Y 1000 092 3 001} 071 3
b-CrossLaps | 51 | 066 | 052 |004| 060 | 019
level, ng/ml
Based on ROC analysis, important predictive Eggﬁf level. 1001|073 | 078 |oo01| 054 | 092

factors for osteoporosis were age >33 years (sensitivity
88%, specificity 70%; AUC = 0.88; p = 0.00), dialysis
duration >12 months (sensitivity 84%, specificity
78%; AUC = 0.84; p = 0.00), comorbidity index
>3 (sensitivity 92%, specificity 89%; AUC = 0.92;
p = 0.00), and FGF23 >0.78 pmol/l (sensitivity 73%,
specificity 75%; AUC = 0.73; p = 0.01). The least
effective factors were PTH =301 pg/ml (sensitivity
62%, specificity 71%; AUC = 0.62; p = 0.01) and
b-CrossLaps >0.52 ng/ml (sensitivity 66%, specificity
64%; AUC = 0.66; p = 0.01).

Analysis of Serum Markers

The results of the univariate correlation analysis
between bone turnover markers and demographic
variables showed a direct statistically significant
correlation between FGF23 and dialysis duration,
b-CrossLaps and PTH concentration, as well as
FGF23 and b-CrossLaps. The Charlson Comorbidity
Index was also associated with age, and PTH level
exacerbated the comorbidity index (Table 4).

Table 4

Univariate Correlations between Bone Turnover Markers and Characteristics of Patients with CKD

Parameter Age, years | Dialysis duration, months | PTH, pg/ml | Comorbidity index | b-CrossLaps, ng/ml | FGF23, pmol/l
Age, years - 0.19 0.12 0.73* 0.14 0.09
Dialysis duration, months 0.19 - 0.06 0.20 0.26 0.43*
PTH, pg/ml 0.12 0.06 - 0.36* 0.35* 0.20
Comorbidity index 0.73* 0.20 0.36* - 0.16 0.03
b-CrossLaps, ng/ml 0.14 0.26 0.35* 0.16 - 0.34*
FGF23, pmol/l 0.09 0.43* 0.20 0.03 0.34* -

* — significance level p < 0.05.
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Dynamics of Bone Turnover Markers

After the ultrasound-guided paricalcitol injections
into the parathyroid glands, a persistent and
statistically significant reduction in PTH levels was
observed in the main group (p < 0.05). Within the first
3 months of treatment, the median PTH concentration
decreased from 504 (489.25;601) pg/ml to 426.55
(363.75;510.75) pg/ml, which is a reduction by

15.3% (p < 0.01). After 6 months of follow-up after
the injections, the PTH level also decreased to 171.9
(115.5;266.9) pg/ml, which was 65.8% of the baseline
level (p <0.01). In the comparison group, a statistically
significant increase in the median PTH concentration
was noted (p < 0.01) from 365 (320;425) to 498
(353;694), which represented a 36.4% increase from
the baseline level over 6 months (Fig. 1).
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Fig. 1. Dynamics of parathyroid hormone concentration in both groups over 6 months
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Baseline level After 3 months After 6 months

Fig. 2. Dynamics of b-CrossLaps concentration in both groups over 6 months, ng/ml. ANOVA Chi-Square in the main group was
24.03, and in the comparison group it was 38.80. Here and in Fig. 3, p < 0.01.
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Figure 3. Dynamics of FGF23 concentration in both groups over 6 months, pmol/l. ANOVA Chi-Square in the main group was
33.00, and in the comparison group it was 65.61

In the comparison group, during the 6-month
follow-up period, there was a trend towards an
increase in bone resorption markers. Specifically,
the level of b-CrossLaps increased significantly from
1.55 (0.9;2.2) ng/ml to 2 (1.3;2.4) ng/ml (» = 0.01),
and FGF23 increased from 14.75 (4.73;18) pmol/l
to 20 (7.2;20) pmol/l (» < 0.01).

In contrast, in the main group, b-CrossLaps
significantly decreased from 1.9 (1.19;2.5) ng/ml to
1.1 (0.98;1.59) ng/ml (p = 0.03), and FGF23 decreased
from 18.1 (5.3;20.0) pmol/l to 7.2 (3.0;16.4) pmol/l
(p <0.01) (Fig. 2, 3).

After local injections, the median volume of the
parathyroid glands in the main group did not change
significantly after 6 months and was 15.8 (15.2;16.0)
mm?3 (p = 0.24).

In our study, there were no cases of hoarseness,
bleeding, or intramuscular hematomas following
parathyroid gland injections in any of the observed
cases. Local pain occurred in 8 (57%) patients in the
main group during the procedure but resolved within
2-3 minutes after its completion.

DISCUSSION

Cardiovascular diseases are the leading cause
of death in patients with CKD. Among patients
with advanced CKD, cardiovascular diseases are

predominantly associated with poorly controlled
hypertension and left ventricular hypertrophy (LVH).
Common causes of mortality include heart failure,
stroke, and sudden cardiac death [26, 27]. Numerous
studies have shown that the highest serum FGF23
concentrations are linked to LVH and mortality
in CKD patients and those on dialysis [28, 29].
Furthermore, studies have demonstrated that a 30% or
greater decrease in serum FGF23 levels is associated
with lower rates of heart failure, sudden cardiac death,
and cardiovascular mortality [30].

Additionally, there is evidence linking the
progression of aortic valve stenosis to an imbalance
in bone resorption and an increase in PTH levels in
SHPT [31]. Patients with PTH levels exceeding target
values have a 29% higher risk of complications [32].
At the same time, both PTH levels below 150 pg/ml
and above 300 pg/ml are associated with all-cause and
cardiovascular mortality [33].

Surgical treatment is highly effective and remains
the mainstay for treating refractory SHPT with PTH
levels exceeding 800 pg/ml. However, this approach
has several drawbacks. A single-center retrospective
study demonstrated a high incidence (71.2%) of hungry
bone syndrome following surgical treatment of SHPT,
with no statistically significant differences between
total and subtotal parathyroidectomy [34]. Moreover,
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low PTH levels (<50 pg/ml) after parathyroidectomy
are associated with an increased risk of adynamic
bone disease, vascular calcification, and mortality in
hemodialysis patients [35].

The use of radiofrequency ablation (RFA) for
parathyroid glands is becoming increasingly common
asaminimally invasive treatment for SHPT. In patients
with PTH levelsabove 800 pg/ml, severe hypocalcemia
occurred in 22.1%, while recurrent laryngeal nerve
damage was reported in 5.77% after the first session
and 21.15% after the second session [36]. However,
when this method was applied in patients with lower
PTH levels (130-585 pg/ml), its effectiveness reached
70% at 6 months, with complications including a
higher incidence of hoarseness (20%), permanent
hypoparathyroidism (10%), and severe hypocalcemia
(40%) [37].

Our study presents findings comparable to those
of minimally invasive SHPT treatments but without
severe complications such as recurrent laryngeal
nerve paralysis, bleeding, or hematomas.

The dynamics of bone resorption markers
in minimally invasive SHPT treatments remain
unexplored. Currently, no literature data are available
on their changes in SHPT correction with PTH levels
up to 600 pg/ml. This gap highlights the need for
further research.

CONCLUSION

The study demonstrated that local ultrasound-
guided paricalcitol injections into the parathyroid
glands result in a sustained and statistically significant
reduction in PTH levels, a key factor in improving
patient outcomes and preventing cardiovascular
complications. Additionally, this approach positively
affects bone remodeling processes, preventing further
bone tissue degradation.

The absence of severe complications such as
hoarseness, bleeding, or hematomas confirms the
high safety of this procedure. Thus, this method can
be recommended for the early correction of secondary
hyperparathyroidism in CKD patients, potentially
improving their prognosis and quality of life.
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Cardiometabolic and echocardiographic characteristics of the
cardiovascular phenotype of post COVID-19 condition
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ABSTRACT

Aim. To study the cardiometabolic and echocardiographic characteristics of COVID-19 convalescents, including
patients with the cardiovascular phenotype of )post COVID-19 condition (PCC).

Materials and methods. The sample included 270 COVID-19 convalescents (62 without PCC and 208 with PCC).
In the subgroup with PCC, 16 convalescents had a cardiovascular phenotype. The study took into account the data
of anamnesis, anthropometry, several clinical and biochemical blood parameters, and instrumental diagnostic data
(electrocardiography and echocardiography).

Results. In COVID-19 convalescents with PCC (n = 208), fasting plasma glucose levels were 1.10 times higher
(p < 0.001), abdominal obesity (AO) was 5.52 times more common (p < 0.001), arterial hypertension (AH) was
4.96 times more common (p < 0.001), diastolic dysfunction grade I was 5.55 times more common (p = 0.002), and
left ventricular hypertrophy was 7 times more common (p = 0.005). The indices of maximum blood flow velocity
and pressure gradient in the pulmonary artery in convalescents with PCC were 1.08-fold (» = 0.020) and 1.14-fold
(p = 0.043) lower, respectively. In COVID-19 convalescents with PCC (n = 16) and a cardiovascular phenotype,
total cholesterol (TC) was 1.11 times higher (» = 0.039), low-density lipoprotein cholesterol (LDL-C) was 1.21
times higher (p = 0.004), high-density lipoprotein cholesterol (HDL-C) was 1.22 times lower (» = 0.040), non-high-
density lipoprotein cholesterol (non-HDL-C) was 1.24 times higher (» = 0.005) compared with patients without a
cardiovascular phenotype. An increase in TC, LDL-C, and non-HDL-C and a decrease in HDL-C are associated
with the cardiovascular phenotype of PCC regardless of gender, age, body mass index, and lipid-lowering therapy.

Conclusion. According to the study, echocardiographic changes and cardiometabolic risk factors, such as AO, AH,
and carbohydrate metabolism disorders, were more common in patients with PCC. The cardiovascular phenotype
of PCC is associated with an increase in TC, LDL-C, non-HDL-C, and a decrease in HDL-C.
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Kapanometabonuueckue n axokapauorpapuyeckne xapakrepncTukm
cepae4YHo-cocyamncToro ¢peHoTnna NnoCTKOBUAHOIo CMHAPOMa

3opuHa B.B.', Fap6y3oBa E.B.?, ApaHacbeBa A.[l.%, LllenuHa 10.B.%, NManexuvHa 10.10.%,
LWpamko B.C.%, llaxTwHengep E.B."?, JlorBuHeHko U.U.2

! Unemumym yumonoauu u 2enemuxu Cubupcko2o omoenenus Poccuiickoti akademuu nayx (MLul” CO PAH)
Poccus, 630090, e. Hosocubupck, np. Axademura Jlaspenmvesa, 10

2 Hayuno-uccie0osamensCkull uncmumym mepanuu u npoguiaxmuieckoil meouyunvl (HUHUTIIM) — ¢puauan
Hnemumyma yumonoeuu u eenemuxu Cubupckozo omoenenus Poccuiickoti akademuu nayk (MLul” CO PAH)
Poccus, 630089, 2. Hosocubupck, yi. bopuca boeamkosa, 175/1

PE3IOME

Henas. M3yuuts kapauomeTaboiiiueckue W OXOKapAHorpaguueckue XapaKTepHCTHKHA PEKOHBAIECIECHTOB
COVID-19, B TOM 4ncIie TAMEHTOB C CEPACYHO-COCYJUCTHIM (PeHOTHIIOM rocTKoBHAHOTO cuHapoma (TIKC).

MartepuaJjbl u MeToabl. Bribopka 270 pexonBanecrienToB COVID-19: 62 6e3 ITIKC u 208 ¢ TIKC. B moarpymme ¢
ITKC 16 pexoHBaIECIICHTOB UMENH CEPIeUHO-COCYAUCTHIN (heHOTHII. B X0/1e Hcce10Banust yIUTHIBAINCE JTAHHEIE
aHaMHe3a, aHTPONOMETPHH, PAa KIMHUYECKAX, OMOXMMHUYECKUX MTOKa3aTesIed KPOBHU, JAaHHBIX HHCTPYMEHTAIIb-
HOHM TUaTHOCTUKHY (JIEKTpOKapANOrpadun U HXOKapAnorpadum).

PesyabTartsel. Y pexonBanecuenToB COVID-19 ¢ ITIKC (7 = 208) ypoBeHb TTIOKO3BI ITa3Mbl KPOBH HATOIIAK OBLI
Boie B 1,10 pasa (p < 0,001), game Betpevanucs: abgomunansHoe oxupenne (AO) B 5,52 pasa (p < 0,001), ap-
tepuanpHas runeprensus (Al) B 4,96 pasza (p < 0,001), nnacronuueckast quchynkuus | crenenu B 5,55 paza (p =
0,002) nu runeptpodus geBoro xerynoudka B 7 pa3 (p = 0,005), mokazarenn MakCUMaJIbHOM CKOPOCTH KPOBOTOKA U
rpajiveHTa JaBJIeHHs B IETOYHOH apTepun y pekonBaiecienTos ¢ [IKC 6bumn vike B 1,08 (p = 0,020) u 1,14 pasa
(p =0,043) coorBerctBerHo. Y pexonsanecienToB COVID-19 ¢ ITKC (7 = 16), IMEIOIIUX CEpACUHO-COCYAUCTHIH
(henorumn, o6muit xonecrepun (OXC) Berme B 1,11 pasa (p = 0,039), XonecTepuH TUMONPOTEUHOB HU3KOH MIIOTHO-
ctu (XC-JIHIT) Berme B 1,21 pasa (p = 0,004), XxonecTepuH IMIONPOTEHHOB BEICOKOH MtoTHOCTH (X C-JIBII) HIKE
B 1,22 pasa (p = 0,040), xonecTepuH MUNIONPOTEeNHOB HeBbIcokol uioTHOCTH (XC-nelIBII) Boime B 1,24 pasa
(p = 0,005) o cpaBHEHHUIO C MalKEHTaMu 0e3 cepliedHO-cocyaucToro GpeHoruna. Yeennuenne OXC, XC-JIHII,
XC-neJIBII n ymensmerne X C-JIBIT acconumpoBansl ¢ cepaedno-cocynucteiM Gpenorunom [IKC HezaBucumo ot
ToJ1a, BO3pAcTa, MHACKCA MACChI TeJla M THIIOJIUINIEMHYECKOH Tepartiu.

3akiouenne. [To nannbv uccnenoBanus y nanueHtos ¢ [IKC yaie BcTpevanuch Xxokapauorpapuaeckie u3me-
HeHHs U KapanoMmerabosinueckue (pakTopbl pucka, Takue kak AO, AT u HapyuieHus yriieBogHoro oomena. Cep-
neuno-cocyauctbiit penotun [TKC accounuposan ¢ ysennuennem OXC, XC-JIHII, XC-ueJIBII 1 ymeHbIeHHEM
XC-JIBII.

Kirouessle ciioBa: pekonsanectueHTsl COVID-19, mocTKOBUIHBIN CHHIPOM, CEPACYHO-COCYTUCTHIN (peHOTHUIT

Kondaukt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcroynuk ¢punancupoBanms. VccnenoBanue BHIIONIHEHO B paMKkax OromkeTHol TeMbl Ne FWNR-2024-0002 u
npu noaaepxkke crunenauu [pesunenta PO CIT2974.2022.4.

CooTBeTCTBHE NMPUHOMIAM 3THKH. Bce yyacTHHKHM Moamucand HHGOPMHUPOBAHHOE COTJacHe Ha ydacThe
B HCCIECIOBaHUM M OOpabOTKY MEpPCOHANBHBIX MaHHBIX. lccrenoBaHue OJOOPEHO 3THYECKUM KOMHTETOM
HUUTIIM — ¢umuan ULul" CO PAH (nmportokos Ne 71 ot 10.11.2020).

Jlnst uutupoBanus: 3opuna B.B., T'apoy3osa E.B., AdanaceeBa A./l., lllenuna F0.B., [Tanexuna F0.10., HIpam-
ko B.C., lllaxtmmneiinep E.B., JlorBunenko U.W. Kapanomerabonuueckrne n 3XoKapAnorpapuuecKie xapakre-
PHMCTHKH CEpJICYHO-COCYAUCTOrO (DEHOTHIA IOCTKOBHIHOTO CHHAPOMA. bromiemens cubupckou MeouyuHoi.
2025;24(3):25-33. https://doi.org/10.20538/1682-0363-2025-3-25-33.
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INTRODUCTION

According to the World Health Organization
(WHO), 10-20% of new coronavirus infection
(COVID-19) convalescents have consequences that
manifest as new diseases, as well as decompensation
of existing chronic non-communicable diseases,
known as post COVID-19 condition (PCC).

In the acute course of COVID-19, the respiratory
system is mainly affected through target cells
having angiotensin-converting enzyme 2 (ACE2)
receptors. However, ACE2 receptors are found in the
cytoplasmic membrane of not only alveolar cells but
also enterocytes of the small intestine, smooth muscle
cells of the arteries, endothelial cells of the arteries
and veins, and cells of tissues of the brain, esophagus,
adrenal glands, bladder, etc. [1, 2].

Clinical cardiovascular manifestations are an
important aspect of PCC [3]. Their structuring will
greatly contribute to the search for a comprehensive,
targeted approach to COVID-19 convalescents in
order to diagnose and prevent complications early.

Aim. To study the cardiometabolic and echo-
cardiographic characteristics of COVID-19 con-

8(33.3%)

8(33.3%),

3(12.5%)

1(4.2%)

New onset of CVD n (%)
m dyslipidemia =AH = HF =TIA

valescents, including patients with the cardiovascular
phenotype of post COVID-19 condition (PCC).

MATERIALS AND METHODS

A one-stage observational study of COVID-19
convalescents was performed at the Research Institute
of Internal and Preventive Medicine, branch of the
Institute of Cytology and Genetics, Siberian Branch
of the Russian Academy of Sciences.

The study included 270 COVID-19 convalescents
whose average age was 53.2 £13.2 years. All the
subjects were divided into subgroups depending on
the presence of PCC: 62 without PCC (58.1% were
men) and 208 with PCC (45.2% were men). The
group of COVID-19 convalescents with PCC was
formed taking into account the WHO criteria [4].
In the group of people with PCC, a cardiovascular
phenotype was identified (16 people, 56.3% were
men), represented by new onsets of cardiovascular
diseases (CVD), as well as decompensation of
pre-existing diseases of the cardiovascular system
before COVID-19 infection. The structure of the
cardiovascular phenotype is shown in Figure 1.

2(8.3%)
1(4.2%)

Decompensation CVD n (%)
= AH = arrhythmia

Fig. 1. The structure of the cardiovascular phenotype

Acrterial hypertension (AH) was recorded at systolic
blood pressure (SBP) > 140 mm Hg and/or diastolic
blood pressure (DBP) > 90 mm Hg. Body mass index
(BMI) was calculated using the formula: BMI (kg/
m?) = body weight (kg)/height (m?) [5]. Abdominal
obesity (AO) was recorded

according to measurements of waist circumference
> 94 cm (men) and > 80 cm (women).

Echocardiography (Echo) was performed in all
patients using a Toshiba Aplio 500 color ultrasound
scanner (Japan). The left ventricular myocardial mass
(LVMM) was determined using the Penn Convention

Bulletin of Siberian Medicine. 2025; 24 (3): 25-33 27
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formula [6]: LVMM (g) = 1.04 x ((LVEDD +IVSD +
PWD]*-[LVEDD]J?) - 13.6. Body surface area (BSA)
according to the Du Bois and Du Bois formula:
BSA (m?) = 0.007184 x weight (kg)***® x height
(cm)®™ [7]. The calculation of the relative wall
thickness (RWT) of the left ventricle (LV) was
carried out according to the formula: RWT (units)
= PWD x 2 / LVEDD [8]. The LV myocardial
mass index (LVMI) was calculated using the
formula: LVMI (g/m?) = LVMM [/ BSA. The
criteria for left ventricular hypertrophy (LVH)
were the following parameters: (LVH (LVMM,
g/height, m), ASE formula for overweight and obese
patients: for men > 50 g/m?7, for women > 47 g/m?’,
and for patients with normal body weight, indexing
was carried out using BSA > 115 g/m? (men) and
> 95 g/m? (women) [9].

Left ventricular diastolic dysfunction (LVDD)
was assessed using Echo criteria: grade 1 LVDD
was established if the ratio of LV filling pressure in
the early diastole and atrial systole was (E/A) < 0.8,
and the LV filling pressure in the early diastole (E)
was < 50 cm/s; grade 2 LVDD was established if
two of the following three criteria were positive:
1) the ratio of the early LV diastolic filling pressure and
the left ventricular posterior wall in the early diastole
(E/e’ > 14); 2) left atrial volume indexed for body
surface area (> 34 ml/m?); 3) maximum tricuspid
regurgitation rate > 2.8 m/s. Grade 3 LVDD was
established when the E/A ratio was > 2 [10].

The erythrocyte sedimentation rate (ESR) was
determined by the indirect Panchenkov’s method (a
space-dependent neutron kinetics model utilizing an
integral representation of the Boltzmann equation).

Age

M without PCC B with PCC

Biochemical parameters of blood (aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), uric acid, fibrinogen, prothrombin index
(PTI), activated partial thromboplastin time (APTT),
C-reactive protein (CRP), fasting blood glucose,
creatinine, total cholesterol (TC), high lipoprotein
cholesterol densities (HDL-C), triglycerides (TG)
were determined using Thermo Fisher Scientific
kits (Finland) on a Konelab Prime 30i biochemical
analyzer (Thermo Fisher Scientific, Finland).
Low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald formula: LDL-C (in
mmol/l) = TC — HDL-C — TG/2.2. Non-high-density
lipoprotein cholesterol (non-HDL-C) was calculated
using the formula: TC — HDL-C [11].

Statistical processing of the obtained results was
performed using the SPSS software package (version
13.0). The results are presented as the median of the
lower and upper quartiles Me [25;75]. We used the
Mann-Whitney test to compare groups and univariate
logistic regression analysis to evaluate the odds ratio.
Spearman’s rank correlation coefficient was used
to assess correlations. The groups were compared
regarding frequency using conjugation tables and the
Pearson’s chi-squared test. When testing statistical
hypotheses, the critical level of significance was
at p <0.05.

RESULTS

According to demographic data, the age of
convalescents with PCC was 1.18 times higher
(p = 0.003) than that of convalescents without PCC
(Fig. 2). No statistically significant differences were
revealed regarding gender (p = 0.075).

B 1% 114(54.8%)
94(45.2%)
26(41.9%) I
withont PCC with PCC
m men = women

Fig. 2. Demographic data of COVID-19 convalescents with and without PCC
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The analysis of anamnestic data revealed that at
the outpatient and inpatient stages of treatment for the
acute period of COVID-19, patients received various
groups of medications. The analysis included records of
only those patients for whom it was possible to clarify
the data on medication intake. Thus, anticoagulant
therapy was received by 6 (9.7% of 19) convalescents
without PCC and 33 (15.9% of 72) convalescents
with PCC (p = 0.264), oxygen therapy — by 2 (3.2%
of 29) convalescents without PCC and 14 (6.7% of
84) with PCC (p = 0.193), glucocorticoid therapy —

Glucose
B without PCC  m with PCC

by 7 (11.3% of 25) convalescents without PCC and
30 (14.4% of 75) with PCC (p = 0.282), antibiotics —
by 17 (27.4% of 26) convalescents without PCC and
62 (29.8% of 83) with PCC (p = 0.353), antiviral
therapy — by 13 (21.0% of 25) convalescents without
PCC and 35 (16.8% of 78) with PCC (p = 0.534).

Statistical processing of laboratory data revealed
that in the group of people with PCC, fasting blood
glucose and fibrinogen levels were 1.10 times higher
(p < 0.001) and 1.13 times higher (»p = 0.007),
respectively (Fig. 3).

Fibrinogen
M with PCC

B without PCC

Fig. 3. Fasting blood glucose and fibrinogen levels in COVID-19 convalescents with and without PCC

According to Echo data, LVRWT was 1.07 times
larger in patients with PCC, grade 1 LVDD was 5.55
times more common, LVH was 7 times more common
compared with people without PCC. In individuals
with PCC, AO and AH were also more common — by

5.52 and 4.96 times, respectively, than in individuals
without PCC. When comparing the maximum blood
flow velocity and the pressure gradient in the pulmonary
artery in individuals with PCC, the parameters were
1.08 and 1.14 times lower, respectively (Table 1).

Table 1
Characterization of Morphofunctional Parameters of Individuals with and without PCC
Parameters COVID-19 convalescents without | Convalescents of COVID-19 with »
PCC,n=62 PCC, n = 208
QT, s 0.36 [0.33;0.37 0.35[0.34;0.37 0.565
QRS, s 0.08 [0.08;0.09 0.08 [0.08;0.09 0.975
Ao, mm 32.65 [30.00;35.00 32.00[29.73;35.00] 0.469
LA diameter, mm 37.10 [34.00;40.00 38.00 [35.00;42.00] 0.074
LA length, mm 49.00 [45.00;52.00 50.00 [46.00;55.00 0.069
RV, mm 27.50 [21.25;32.75 26.00 [21.00;31.00 0.537
IVSD, mm 10.15 [8.90;11.00] 10.50 [9.50;12.00] 0.075
LV, mm 50.10 [48.00;52.88] 51.00 [47.00;54.00] 0.347
LVESD, mm 31.00 [29.00;33.00] 31.90 [29.00;34.00] 0.429
PWd, mm 8.80 [8.00;9.48] 9.00 [8.30;10.00] 0.060
RA diameter, mm 35.00 [32.00;37.75 35.00 [32.00;38.00 0.679
RA length, mm 46.00 [43.00;52.00 48.00 [44.00;51.00 0.146
Mitral valve, m/s, Vmax 0.69 [0.52;0.82] 0.67 [0.55;0.75] 0.463
Mitral valve, gradient, mm Hg 1.90 [1.10;2.70 1.80[1.20;2.20 0.434
Aortic valve, m/s, Vmax 1.23[1.15;1.43 1.30[1.19;1.45 0.264
Aortic valve, gradient, mm Hg 6.05 [5.35;8.20 6.80 [5.70;8.40 0.284
Pulmonary artery, m/s, Vmax 0.90 [0.80;1.04 0.83[0.73;0.96 0.020
Pulmonary artery, gradient, mm Hg 3.20 [2.43;4.35] 2.80[2.10;3.63] 0.043
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End of Table 1

Parameters COVID-19 convalescents without | Convalescents of COVID-19 with »
PCC,n=62 PCC, n =208
EF by the Simpson method, % 67.00 [63.25;69.00] 67.00 [63.00;70.00] 0.564
Mean pulmonary artery pressure, mm Hg 19.50 [14.00;22.75] 20.00 [15.00;24.00] 0.408
LVDD (grade 1), abs. (%) 22 (35.50) 122 (58.70) 0.002
LVMM, g 176.00 [143.50;194.75] 182.50 [153.00;224.00] 0.100
LVMI, g/m? 88.23 [79.34;99.67] 92.15 [82.00;110.12] 0.052
LVRWT, U 1.51[1.28;1.89] 1.62 [1.38;1.93] 0.049
LVH, abs. (%) 11 (17.70) 77 (37.00) 0.005

Note. AO — the diameter of the aortic root, LA — left atrium, RV — size of the right ventricle in a four—chamber section, IVSD — interventricular
septum thickness during diastole, LVEDD - left ventricular end-diastolic diameter, LVESD - left ventricular end-systolic diameter, PWd — left
ventricular posterior wall thickness during diastole, RA — right atrium, LVDD - left ventricular diastolic dysfunction, LVMM - left ventricular
myocardial mass, LVMI - left ventricular myocardial mass index, LVRWT - relative wall thickness of the left ventricle, L\VH — left ventricular

hypertrophy

When analyzing demographic and anamnestic

parameters in the group of COVID-19 convalescents
with a cardiovascular phenotype, it was revealed
that those with this phenotype were younger than

Table 2

Comparative Characteristics of Drug Therapy for COVID-19
Convalescents with a Cardiovascular Phenotype and Other

COVID-19 Convalescents, abs. (%)

other convalescents with PCC. Before the debut of
COVID-19, blood pressure figures reached target
values in people with decompensated cardiovascular

phenotype, and optimal therapy was selected. The
comparative characteristics of drug treatment are

given in Table 2.

When analyzing cardiometabolic risk factors in the
group with the cardiovascular phenotype, TC was 1.11
times higher, LDL-C was 1.21 times higher, HDL-C
was 1.22 times lower, and non-HDL-C was 1.24 times
higher than in other convalescents (Table 3).

COVID-19 con- Other
valescents with | COVID-19
Parameter a cardiovascular | convalescents | p
phenotype, with PCC,
n=16 n =192
Angiotensin-converting | 4 g 39 51 (26.6%) | 0.070
enzyme inhibitors
Angiotensin Il receptor o o
blockers 0 (0.0%) 49 (25.5%) | 0.020
Beta-blockers 2 (12.5%) 59 (30.7%) | 0.121
Calcium channel o 0
blockers 0 (0.0%) 34 (17.7%) | 0.065
Diuretics 0 (0.0%) 54 (28.1%) | 0.013
Centrally acting o 0
antihypertensive agents 1(6.3%) 8 (4.2%) 0.698
Table 3

Cardiometabolic Risk Factors in COVID-19 Convalescents with a Cardiovascular Phenotype and Other COVID-19 Convalescents,

Me [25;75]
COVID-19 convalescents with a cardiovascular | Other COVID-19 convalescents with PCC,
Parameters -~ _ P
phenotype, n = 16 n=192
Age, years 46.00 [41.25;55.00] 56.00 [46.00;65.00] 0.016
Men, abs (%) 9 (56.30) 85 (44.30) 0.355
BMI 28.03 [24.73;32.78] 29.03 [25.07;33.47] 0.605
WC, cm 97.00 [88.50;106.00] 100.00 [88.00;110.00] 0.390
Smoking, years, abs. (%) 6 (37.50) 66 (34.40) 0.801
PA < 3 h/week, abs. (%) 12 (75.00) 134 (69.80) 0.621
SBP, mm Hg 129.75[118.13;140.00] 126.75 [115.63;135.00] 0.692
DBP, mm Hg 84.75 [73.13;90.00 80.00 [75.00;87.38 0.231
Heart rate, bpm 67.50 [57.25;71.50 67.00 [62.00;75.00 0.295
FBG, mmol/l 5.95 [5.50;6.45] 6.30 [5.70;7.00] 0.108
TC, mmol/l 5.86 [5.29;6.72] 5.27 [4.51;6.10] 0.039
LDL-C, mmol/l 4.05[3.62;4.71] 3.29 [2.50;3.99] 0.004
HDL-C, mmol/l 1.06 [0.82;1.40] 1.29[1.05;1.60] 0.040
Triglycerides, mmol/l 1.40[1.09;2.42 1.40 [0.96;2.09 0.515
non-HDL-C, mmol/I 4,90 [4.20;5.70 3.91[3.12;4.75 0.005
Fibrinogen, g/l 4.00 [2.88;4.61 3.55[2.88;4.00 0.198

Note. Here and in Table 4: BMI — body mass index, WC — waist circumference, PA < 3 — physical activity less than 3 hours per week,
SBP — systolic blood pressure, DBP — diastolic blood pressure, HR — heart rate, TC — total cholesterol, LDL-C —low-density lipoprotein
cholesterol, HDL-C — high-density lipoprotein cholesterol, non-HDL-C — high-density non-lipoprotein cholesterol.
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According to instrumental research methods, no
differences were revealed between the cardiovascular
phenotype and other individuals with PCC.

Logistic regression analysis identified the
correlations of the cardiovascular phenotype with

the level of TCH, LDL-C, HDL-C, and non-HDL-C
(Table 4). The odds of having a cardiovascular
phenotype increased twofold along with an increase
in atherogenic lipid fractions and by 12.5 times along
with a decrease in HDL-C.

Table 4

Logistic Regression Analysis of Parameters Associated with the Cardiovascular Phenotype of Post COVID-19 Condition

Parameter Model 1 » Model 2 » Model 3 » Model 4 »
Exp(B), Exp(B), Exp(B), Exp(B),

Age, in year 1 09050999 | ¥ | oviosss | % | oomtons | O | ossrossy | 08
Sex, MW (0.2252?004) 0.481 (0.24(1);—222.3196) 0574 (0.3222{.3156) 0989 (o.zgé{igiss) 0700
BMI, per 1 kg/™ (o.gllégqéloe) 0872 (0.911£(i(.)098) 0994 (o.sgsﬁ?osz) 0300 (o.9gi391?092) 0869
?e);?r?cl)ipidemic e oosioazg | % | oosrong | 9% | posmarss | ©19 | oosoresy | 020
TC, per 1 mmol/l (1.021;:2‘.1483) 0.039
LDL-C, per 1 mmol/l (1.212;2’?407) 0.007
HDL-C, per 1 mmol/I (0.0&%9524) 0.008
e | o
DISCUSSION M.R. Dweck et al. studied a sample consisting of

A number of studies reflect the cytotoxic effect
of SARS-CoV-2 on cardiomyocytes, which is
confirmed by increased markers of cardiovascular
damage [12-14]. However, it remains controversial
whether the long-term cardiovascular manifestations
of COVID-19 are caused by the direct action of the
virus on the heart tissue or are secondary due to the
formation of systemic inflammation and hypoxia [15].

In our study, individuals with PCC were statistically
more likely to have abdominal obesity. AO is known
to affect immune function and endocrine metabolism.
For instance, L. Shang et al. discussed obesity as a risk
factor for the development of PCC [16]. H.W. Kim et
al. described how, through the secretion of chemokines,
perivascular adipose tissue leads to endothelial
dysfunction, vasoconstriction, and proliferation of
smooth muscle cells, which potentially contributes to
the development of cardiovascular diseases [17].

Concomitant chronic diseases are well known to
be risk factors in the development of severe forms of
COVID-19. A number of studies confirm the association
of arterial hypertension in patients with severe and fatal
COVID-19 [18, 19]. However, high blood pressure is
associated with old age, as well as other cardiovascular
risk factors that affect the overall prognosis [3]

patients from 69 countries. As a result, changes in
Echo parameters were detected in 55% of patients
with acute COVID-19 [20]. Long-term studies of the
heart were reflected in the work of I. Yaroslavskaya et
al., which revealed a decrease in systolic and diastolic
function of the left ventricle due to the presence of
chronic heart failure and AH [21]. S.G. Kanorskiy et
al. found a relationship between PCC and DD of the
right ventricle, as well as a significant increase in the
maximum and average pressure gradients on the aortic
valve and the average pressure gradient on the mitral
valve [22]. In our study, convalescents with PCC had
grade 1 diastolic dysfunction of the left ventricle and
Echo signs of left ventricular hypertrophy, which may
be associated with heart damage according to the
modern concepts of the mechanisms of damage to the
cardiovascular system in COVID-19 [23].

When comparing the groups of convalescents with
the cardiovascular phenotype and other phenotypes,
we revealed a difference in the lipid profile. HDL-C
has an antioxidant and immunomodulatory function. It
also binds and neutralizes pathogenic lipids. However,
during the inflammatory process, HDL-C is modified,
which is accompanied by oxidative processes and the
accumulation of oxidized forms of lipids. As a result,
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accumulated LDL-C and TG lead to endothelial
dysfunction and the development of cardiovascular
complications [24].

Several studies have demonstrated an increase in
blood lipids, in particular TG and LDL-C, in the acute
and post-COVID period, regardless of the COVID-19
severity [25, 26]. In our study, high levels of TC, non-
HDL-C, and LDL-C were observed in convalescents
with a cardiovascular phenotype and a decrease in
HDL-C.

CONCLUSION

Patientswith PCC had changes in echocardiography
more often, as well as cardiometabolic risk factors
such as AO, AH, and impaired carbohydrate
metabolism compared with convalescents without
PCC. The cardiovascular phenotype of PCC is more
associated with changes in the lipid profile, namely,
an increase in total cholesterol, LDL-C, non-HDL-C,
and a decrease in HDL-C.
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Evaluation of the role of biochemical and biophysical parameters
of combined prenatal screening of the first trimester in the development
of fetal growth restriction
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ABSTRACT

Aim. To evaluate the role of biochemical and biophysical parameters in the combined first-trimester prenatal
screening for the development of clinical forms of fetal growth restriction.

Materials and methods. Group | (main) included 73 patients, whose pregnancies were complicated by the fetal
growth restriction. The main group was divided into two subgroups: la with 30 patients whose pregnancies were
complicated by fetal growth restriction (FGR) and Ib with 43 patients whose pregnancies were complicated by small
for gestational age fetuses (SGA). Group |1 (control) included 118 patients whose pregnancies resulted in the birth
of a live, full-term infant with normal height and weight. All patients underwent combined first-trimester prenatal
screening with calculation of biochemical (pregnancy-associated plasma protein A (PAPP-A), free f-subunit of
human chorionic gonadotropin (B-hCG) and biophysical (mean arterial pressure (MAP), uterine artery pulsatility
index (PI) parameters, the values of which were subsequently analyzed.

Results. The level of PAPP-A was statistically significantly lower in the FGR group (0.793 MoM) compared to the
control group (1.048 MoM), p = 0.005. The level of PAPP-A in the blood below 0.793 MoM increases the risk of
fetal growth restriction by 3.244 times (odds ratio (OR) = 3.244; 95% confidence interval (95% CI) 1.394-7.554,
p = 0.005). An increase in the pulsation index was found in Doppler ultrasound of the uterine arteries in patients
with FGR compared to the SGA group (OR = 2.254; 95% CI 0.990-5.129, p = 0.017). Statistically significant
differences were not found in the studied parameters of the combined first-trimester prenatal screening in relation
to SGA.

Conclusion. Differences in the biochemical and biophysical parameters of combined prenatal screening for the
clinical forms of FGR were identified. Further research is needed to identify new prognostic markers of FGR,
which will help reduce perinatal losses. Additional research is required to expand the sample size of the Russian
population to clarify the role of the prenatal screening components.
Keywords: fetal growth restriction, small for gestational age fetus
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PE3IOME

Iesb: OLEHNUTH POJIb OMOXUMHUYECKHX M OMO(PU3NUYECKHX TTapaMeTPOB KOMOMHUPOBAHHOTO MIPEHATAIBHOTO CKPHU-

HHHTa NIePBOTO TPUMECTPA B PA3BUTHHU KIMHUYECKUX (OPM HEJOCTATOUHOTO POCTA MIOAA.

Marepuasbl 1 MmeToabl. ['pynna [ (ocHOBHAsT) — 73 MAMEHTKH, YbH OEPEMEHHOCTH OBUIN OCIIOKHEHBI PA3BUTHEM
HEJI0CTaTOYHOTro pocTta rutoaa. OcHOBHas Tpymnna Obula pasjeseHa Ha qe nmoarpynmnsl: la — 30 nanueHTok, ubk Oe-
PEMEHHOCTH OBUIH OCIIOKHEHBI pa3BUTHEM 3asiep>kKku pocta mioza (3PIT), Ib — 43 manuenTtky, ubn 6epeMeHHOCTH
OBUIH OCJIOXKHEHBI Pa3BUTHEM MAJIOBECHOT'0 JUIsl recTalnoHHOro Bo3pacra roga (MI'B). I'pynma I1 (konTponsHas) —
118 manmeHToK, 4bM GEpPEeMEHHOCTH 3aKOHYHIIMChH POKICHHEM JKHBOTO JIOHOIICHHOTO peOeHKa ¢ HOPMAaJIbHBIMU
POCTO-BECOBBIMH IIOKa3aTeNsIMU. BceM HanMeHTKaM MpoBeieH KOMOWHMPOBAHHBIA INMpPEHATAIBHBIA CKPHHUHT
MEPBOTO TPUMECTPA C PACUETOM 3HAUCHUI OMOXUMUYECKHX (ACCOLMUPOBAHHBINA C OEPEMEHHOCTBIO TIA3MEHHbIN
6erox A — PAPP-A, cBoGoHast B-cyObeIMHUIIa XOPHOHNYECKOT0 roHanoTponuHa yenoseka — f-hCQG) u 6nodusu-
YyecKuX (CpeliHee 3HaueHue aprepuanbHoro aapieHust — CAJl, mysibcalluOHHBIN HHJEKC B MATOYHBIX apTepusix — Pl

MA) napaMeTpoB, 3HAYCHUSA KOTOPLIX B )Ia.]'ILHeﬁI_HGM ObLIH TNMOABEPTHYTHI aHAJIU3Y.

Pe3yasTatsl. Yposens PAPP-A 6511 cratuctiueckn 3naunMo Hipke B Tpymme 3PII (0,793 MoM) o cpaBHEHHIO ¢
KOHTpOJIBHOI rpynmoi (1,048 MoM), p = 0,005. Conepxanune PAPP-A B kpoBu menee 0,793 MoM yBenmuuBaer
PHCK pa3BUTHSA 3aAEPXKKH pocTa mioaa B 3,244 pa3za (ornomenne mancos (OR) 3,244; 95%-it noBepuTensHbIH HH-
tepBai (95% JAW) 1,394-7,554, p = 0,005). BersBineHo NoBBIICHNE MTYTECAIIMOHHOTO HHAEKCA MPH JONIIIepOMe-
TPUH MaTOYHBIX apTepuil y maruenTok ¢ 3PII mo cpaBrenuro ¢ rpynmoit MI'B (OR = 2,254; 95% 1111 0,990-5,129,
p = 0,017). CraTucTUecKkH 3HAYMMBIC Pa3JIMIMs N3y4YEHHBIX ITapaMeTpOB KOMOWHHPOBAHHOTO NPEHATAILHOTO

CKPUHHHTA epBOTO TpHMecTpa ¢ pa3ButieM MI'B He ObLIH BBHISBICHBL

3akiiloueHne. BBISBICHB pa3inyus MO OMOXUMHYECKMM M OMO(H3NYECKHM IMapamMeTpaM KOMOWHHPOBAHHOTO
NPEHATaIbHOT0 CKPUHUHTA [T KIIMHUYECKHX ()OPM HEOCTATOYHOro pocTa mioza. Heodxoamum pabHEHIIH mo-
MCK HOBBIX MPOTHOCTHYECKUX MApKEPOB HEJOCTATOYHOIO POCTa IUIOAA, YTO IPUBEACT K CHIKEHHIO epHHATAIIb-
HBIX IIOTepb. TpedyeTcs TOMOIHUTEIEHOE TPOBEICHHE UCCIISJOBAHMIA TS yBEIMYEeHHsI 00beMa BBIOOPKH POCCHIA-

CKOI TOMYJIAINYA C LHEJIBIO YTOYHECHHUSA POJIN COCTABIIAIONINX KOMIIOHEHTOB IIPEHATAJIBHOI'O CKPUHWHTA.

KiaroueBrble ciioBa: 3aI€pIKKa pocCTa 1jionaa, MAaJIOBECHBIN IS TE€CTAIIHOHHOTO BO3pacTa 1101

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIAPUPYIOT OTCYTCTBUE SIBHBIX U INOTCHUUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,

CBA3aHHBIX C Hy6J’[PIKaIlPIeI>i HaCTOS[U.IefI CTaTbu.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (PHHAHCHPOBAHUS TPH NPOBEICHHN HUCCIEN0-

BaHUA.
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INTRODUCTION

Reducing perinatal losses is one of the priority
areas in obstetrics. Fetal growth restriction (FGR)
is a pregnancy complication in which the fetus does
not achieve its optimal physical development for
the gestational age and is a probable risk factor for
complications such as neonatal respiratory distress
syndrome, hypothermia, hypoglycemia, pulmonary
hemorrhage, intraventricular hemorrhage, necrotizing
enterocolitis, and sepsis [1-3]. The development of
screening programs for early detection of pregnant
women with a high risk of FGR remains relevant.
The obstetric community continues to actively search
FGR predictors to create mathematical models and
algorithms that would have high prognostic significance
in stratifying the pathological gestation risk.

In 2020, with the support of the Fetal Medicine
Foundation (FMF, UK), a large-scale study was
conducted involving 60,875 pregnant women to
assess the predicting effectiveness of a birth of a
child weighing less than the 10th percentile based on
biochemical and biophysical parameters of prenatal
screening. According to the results of this study,
the best biophysical predictor was the uterine artery
pulsatility index (PI), and the best biochemical marker
was the placental growth factor (PIGF) [4]. The
evaluation of the parameters was conducted in many
countries around the world with their subsequent
implementation in wide clinical practice [5-8].

In the Russian Federation, the calculation of
biochemical (free P-subunit of human chorionic
gonadotropin (B-hCG) and pregnancy-associated
plasma protein A (PAPP-A)) and biophysical (uterine
artery pulsatility index (P1) and mean arterial pressure
(MAP)) marker values is performed as part of prenatal
screening for fetal developmental disorders in the first
trimester. In 2017, a group of Russian researchers
assessed the use of first-trimester biochemical
screening parameters and the uterine artery PT to form
arisk group for FGR. It was shown that the probability

of developing FGR is 68% with an increase in the PI
value > 2.5 MoM in combination with a decrease in
PAPP-A < 0.7 MoM. However, in our country at the
time of the study, a different clinical classification of
FGR was in effect, based on the fetometry parameter
lag from the norm by two or more weeks, which in
turn determined the inclusion criteria in this work [9].

In 2019, T.A. Yarygina et al. published the findings
of a study devoted to assessing the effectiveness of
biophysical and biochemical parameters of prenatal
screening in predicting the birth of a SGA child.
The analysis conducted in this work established an
acceptable quality of the model for predicting the
birth of a preterm low birth weight baby only for
the PAPP-A biomarker (area under the curve (AUC)
0.74). However, the inclusion criterion in the main
group was the value of the estimated fetal weight less
than the 10th percentile [10]. Given the small number
of studies assessing the effectiveness of biochemical
and biophysical parameters of prenatal screening in
the development of FGR, further research in this area
is required.

The aim of the study was to evaluate the role of
biochemical and biophysical parameters of combined
first-trimester prenatal screening in the development
of clinical forms of FGR.

MATERIALS AND METHODS

The study group consisted of 191 women who had
a singleton spontaneously conceived pregnancy that
resulted in a live birth at 24 weeks or more of gestation
between 2021 and 2023.

Inclusion criteria for the main group were as
follows: singleton pregnancy complicated by the
development of FGR. Inclusion criteria for the control
group were singleton normal pregnancy resulting in
the birth of a healthy newborn with a body weight
corresponding to the gestational age. Exclusion
criteria for both groups were the presence of severe
extragenital pathology in the woman; pregnancy

36 BlonneTteHb cMbupckomn meguuuHebl, 2025; 24 (3): 34-41



Original artick s

resulting from assisted reproductive technologies;
multiple pregnancy; hereditary diseases in the mother;
acute phase or exacerbation of chronic infectious
diseases; chromosomal abnormalities, and congenital
malformations of the fetus.

All patients underwent combined first-trimester
prenatal screening to diagnose fetal developmental
disorders at the Medical Genetic Center of the
Research Institute of Medical Genetics of Tomsk
National Research Medical Center and the I.D.
Evtushenko Regional Perinatal Center in Tomsk at a
gestational age of 11-13.6 weeks. Prenatal screening
included ultrasound examination (US) of the fetus and
biochemical examination of the mother’s blood with
an assessment of the concentration of free -subunit
of human chorionic gonadotropin (B-hCG) and
pregnancy-associated plasma protein A (PAPP-A)
[10]. Screening was supplemented by determination
of the uterine artery pulsatility index (P1) and double
measurement of blood pressure (BP) in both arms,
followed by the mean BP (MBP) value calculation.
The obtained values of Pl, MBP, serum protein
concentrations considering the crown-rump length of
the fetus and the body weight of the pregnant woman
were converted into MoM. The standard reference
values of 0.5-2.0 MoM were considered. All women
signed an informed consent to participate in the study,
which was approved by the Ethics Committee at
Siberian State Medical University.

Statistical analysis was performed in several stages.
The quantitative data were tested for compliance with
the normal distribution law using the Kolmogorov—
Smirnov test (for a sample size of » > 50) and the
Shapiro-Wilk test (for » < 50). In our study, the
distribution was not normal, therefore, quantitative
data are presented as the median and the interquartile
range Me (Q,; Q,). To compare differences between
groups, nonparametric statistical methods were used
including the Kruskal-Wallis and Mann-Whitney
tests. Differences were considered statistically
significant at p < 0.05. To adjust for multiple
comparisons, the Bonferroni correction was used
(D gjuste0r the adjusted p-value, was 0.017). The analysis
of four-field contingency tables was performed using
the Pearson’s chi-squared test, since the value of the
expected phenomenon was more than 10. In order to
assess the influence of biochemical and biophysical
parameters on the development of FGR, the odds
ratio (OR) was calculated with a 95% confidence
interval (95% CI). Statistical analysis was performed
using the statistical packages Excel and SPSS

Statistics 26.

RESULTS

All study participants were divided into two
groups. The main (1) included includes patients whose
pregnancy was complicated by the development FGR.
According to the clinical guidelines in force in the
Russian Federation, the group was divided into two
subgroups, depending on the clinical form of FGR.
Group la included patients with antenatally diagnosed
FGR (n = 30). FGR was defined as an ultrasound
value of the estimated fetal weight (EFW) less than
the 3" percentile or an EW less than the 10" percentile
in combination with abnormal blood flow according
to ultrasound Doppler data. Group Ib includes patients
whose pregnancy was complicated by the formation
of a small-for-gestational-age (SGA) fetus (n = 43).
SGA was defined when ultrasound values of the EFW
were in the range from the 3 to the 9" percentile
in combination with normal blood flow parameters
according to Doppler data.

The control (I1) group consisted of patients whose
pregnancy ended with the birth of a healthy full-term
newborn with normal weight and height (» = 118). The
postnatal assessment of weight and height in newborns
was carried out according to the INTERGROWTH-
21 centile tables to confirm the antenatal diagnosis
of FGR and SGA fetus, as well as to establish normal
growth and weight of newborns in the control group.
Data on the course and outcomes of pregnancy were
obtained from the primary medical documentation of
I.D. Evtushenko Regional Perinatal Center, Tomsk.

All patients participating in the study underwent
combined first-trimester prenatal screening with
calculation of biochemical and biophysical parameter
values, the results of which are presented in Table 1.

D, 18 the level of statistical significance of
differences between FGR and control groups;
P, 18 the level of statistical significance of differences
between SGA and control groups; p, , is level of
statistical significance of differences between FGR
and SGA groups; P~ 0.017.

It should also be noted that the median values of
all presented parameters did not exceed the reference
limits. The Kruskal-Wallis test revealed statistically
significant differences between the groups in such
parameters as PAPP-A and Pl levels (H = 9.113,
p = 0.010; H = 6.594, p = 0.37, respectively). There
were no significant differences between the groups
in the level of MAP and B-hCG content (H = 1.695,
p = 0.428; H = 0.905, p = 0.636, respectively).
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Table 1
Results of Biochemical and Biophysical Parameters of Prenatal Screening in the Study Groups, MoM, Me (Q,; Q,)
Biochemical marker Main (la) group, n = 30 Main (1b) group, n = 43 Control (1) group, n = 118 P
P, = 0.005
PAPP-A 0.793 (0.548; 0.997) 0.958 (0.524; 1.346) 1.048 (0.656; 1.346) Py = 0.062
plaflb: 0583
D, = 0.644
B-hCG 1.305 (0.605; 1.476) 1.088 (0.538; 1.301) 1.124 (0.603; 1.391) D= 0.437
Dyupy = 0.433
Prn™ 0.06
Pl 1.082 (0.801; 1.234 0.886 (0.691; 1.061) 0.956 (0.818; 1.126) Py = 0.155
Dy = 0017
P.n=0.698
MAP 1.075 (0.993; 1.099) 1.078 (0.976; 1.147) 1.042 (0.952; 1.133) P, = 0.185
Pran= 0.638

Note. PAPP-A is pregnancy associated plasma protein A; B-hCG is free f-subunit of human chorionic gonadotropin; PI is uterine artery pulsatility

index; MAP is mean arterial pressure.

If statistically significant differences between groups
were detected using the Kruskal-Wallis test, post-hoc
comparisons were then performed using the Mann-
Whitney test.

In both main groups, the median for PAPP-A was
lower compared with the control group. However,
statistically significant differences were obtained
only between the main la (FGR) group and the
control group (» = 0.005). Subsequent calculation
of the odds ratio showed that the values of PAPP-A
<0.793 MoM obtained during prenatal screening
increased the risk of developing FGR by 3.244 times
(OR = 3.244; 95% CI 1.394-7.554, p = 0.005) and
increased the risk of developing a SGA fetus by
2.049 times (OR = 2.049; 95% CI 1.010-4.157,
p = 0.045). The median for Pl was higher in group
la (FGR) compared with groups Ib (SGA) and the
control. However, statistically significant differences
were obtained only between groups la (FGR) and Ib
(SGA) (p = 0.017). Subsequent calculation of the odds
ratio showed that the values of PI MA >1.082 MoM
obtained during prenatal screening increased the risk
of developing FGR by 2.254 times (OR = 2.254;
95% CI 0.990-5.129, p = 0.017). For the remaining
indicators analyzed in this work, no statistically
significant differences were found using the Mann—
Whitney test.

DISCUSSION

Initially, maternal serum markers were studied
in the context of fetal chromosomal abnormalities
screening. However, research on its role in predicting
“major obstetric syndromes” is currently gaining

traction [11-13]. Of the parameters making up the
prenatal screening, statistically significant differences
between groups were found only for PAPP-A,
which is a metalloproteinase in the insulin-like growth
factor (IGF) system [14, 15]. It has been shown
that PAPP-A increases IGF bioavailability by
adjustable splitting of IGF-binding protein 4
(IGFBP4). This process promotes activation of cell
proliferation, migration, and differentiation, thereby
determining normal fetal growth and development.
During pregnancy, PAPP-A synthesis occurs mainly
in the syncytiotrophoblast [15].

The most recognized causes of FGR development
are inadequate trophoblast invasion into the uterine
wall, explaining low PAPP-A levels, which, in turn
reduce the IGF bioavailability, which, as noted above,
is an important determinant of fetal growth [15-17]. In
our study, the median PAPP-A in the FGR group was
0.793 MoM, which is significantly lower compared to
the control group.

It is known that abnormal placentation is the
main cause of FGR. In this regard, there is a justified
interest in studying the level of B-hCG synthesized
by syncytiotrophoblast in the blood, which may
indicate placental dysfunction and thereby predict
the development of complicated pregnancy [14, 15].
Despite a large number of studies devoted to the study
of B-hCG levels in FGR, there is still no consensus
on this issue. Some studies have noted a decrease in
this biomarker level at 11-14 weeks in pregnancies
that were subsequently complicated by FGR. For
example, P. Sirikunalai et al. showed that the risk
of the pathology under consideration increased
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significantly at a f-hCG level <0.5 MoM [18]. On the
contrary, other authors note an increased level of the
biomarker in FGR [11, 19]. These results confirm the
necessity of a more in-depth study of the -hCG level
in various forms of FGR. The B-hCG values in our
study were slightly higher in the FGR group compared
to the control, but the differences were not statistically
significant.

Ultrasound diagnostics is the mainstay in assessing
the fetus condition in modern obstetrics [1, 5, 6]. The
use of ultrasound equipment in antenatal diagnostics,
whose operation is based on the Doppler effect, allows
us to study the state of the uteroplacental, fetoplacental
and fetal blood flow. Since FGR is characterized by
a disruption of normal trophoblastic invasion and a
lack of uterine spiral arteries remodeling, leading to
highly resistant uteroplacental circulation, studying
blood flow in the uterine arteries at the end of the
first trimester of pregnancy is one of the methods for
predicting this pathology [20]. Most researchers agree
that PI in the first trimester above the 95" percentile
indicates a high risk of developing FGR, rather than
a SGA fetus, which is characterized by the absence
of increased resistance in the uterine arteries [21-23].

The results of our study showed that the PI value in
the FGR group, although not exceeding the reference
values, is significantly higher compared to the SGA
group, which confirms the idea of the formation of a
highly resistant type of blood flow. The absence of
significant differences with the control group may be
due to the small sample size in our work.

With the widespread implementation of combined
first-trimester screening, a significant amount of data
has accumulated on the MAP role in predicting the
preeclampsia development, which formed the basis
for studying the possibility of its use in FGR screening
[12, 24]. It should be noted that to date, the role of
MAP in terms of isolated FGR prediction has been
poorly studied. The median MAP values obtained in
our study do not allow us to identify risk groups for
the FGR and SGA development in the first trimester.

CONCLUSION

Fetal gowth restriction as a significant risk factor
for perinatal losses still requires a search for prognostic
criteria, since intrauterine development is determined
by a complex of factors. Researchers are trying to find
new prognostic parameters for the early prediction
of FGR, hoping that this will lead to a decrease in
perinatal losses. However, at present in the Russian
Federation, there is a limited number of studies

focusing on the use of biochemical and biophysical
parameters of prenatal screening to assess the birth of
children with insufficient body weight.

Our study showed that the values of biochemical
(PAPP-A and B-hCG) and biophysical (MAP and
P1) parameters of prenatal screening in the main and
control groups did not exceed the reference limits.
No significant differences in the values of PAPP-A,
B-hCG, MAP, and PI were found between the SGA
and control groups. It was shown that the PAPP-A
level was significantly lower in the FGR group (0.793
MoM) compared to the control group (1.048 MoM)
(p = 0.005), which is consistent with the findings
of extensive studies [4, 9, 16]. The median Pl was
higher in the FGR group (1.082 MoM) and there
were statistically significant differences with the
SGA group (p = 0.018). The values of B-hCG and
MAP between the FGR and control groups had no
significant differences.

Thus, further research is required to increase the
sample size of the Russian population in order to clarify
the data we obtained. It is necessary to study the role of
soluble fms-like tyrosine kinase-1 (sFlt-1) and PIGF
in the FGR development, the prognostic effectiveness
of which has been shown in foreign literature [21, 25].
It seems relevant to continue research to clarify the
role of combined prenatal screening parameters in
FGR development.
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ABSTRACT

Aim. To study the ultrastructural features of rectal cancer cells and to detect signs of mitochondrial translocation
from the tumor to the resection line area with an assessment of the possibility of the formation of new malignant cells.

Materials and methods. The present study encompassed the data obtained from 44 patients with an average
age of 66 (58-73) years, who underwent surgical intervention for rectal cancer T2-3NOMO with differentiation
grade G2. A portion of the tumor specimen and intestinal tissue along the resection line were preserved in a
formaldehyde-glutaraldehyde fixative solution. Standard methods of section preparation were employed. Sections
were subsequently examined using a Jeol JEM-1011 electron microscope (JEOL Inc., Japan).

Results. The ultrastructure of rectal adenocarcinoma was characterized by a high density of arrangement and varying
sizes and shapes of tumor cells with a large nucleus and deep invaginations of the nuclear membrane, as well as an
accumulation of multiple mitochondria at one of the cell poles. The process of pinching off a cytoplasmic fragment,
which was found to be densely packed with mitochondria, was observed. This phenomenon was subsequently
identified as a mitochondriome. Following this observation, the mitochondria were found to have translocated
into healthy intestinal tissues along the resection line. Electron diffraction data revealed the active movement of
mitochondria in the form of small spheroids and mitovesicles along the boundaries of the multilayer structure
of the rectal submucosa, and subsequent fusion into large organelles capable of implementing nuclear synthesis
from transported mitochondrial and nuclear DNA. We observed the presence of individual nuclear structures in
conjunction with groups of mitochondria, followed by the self-assembly of abnormal cells.

Conclusion. The ultrastructural analysis of rectal adenocarcinoma indicates the need for mitochondrial translocation
to free up intracellular space and prevent the metabolic threat of reactive oxygen species (ROS) accumulation in
tumor cells. It also points to the key role of mitochondria in initiating tumor energy and information transfer as
leaders of these processes. This observation suggests the possibility of early recurrence and metastasis in rectal
cancer cases.
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YnbTpacTpyKTypHbIe acneKTbl TpaHCIoKauum MUTOXOHAPUIA NpY pake
TOJICTON KNLWKWN KaK BO3SMOXHOI0 NyTN pacnpocTpaHeHNsA onyxonesBoro
npouecca

Kut O.W.', Winxnaposa A.W.", ®panunsaxy E.M.’, Unbuenko C.A.', Hecky6una U.B.’,
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I Hayuonanwnwiilt meouyunckutl uccredosamensckuti yenmp (HMHIL]) onxonozuu
Poccus, 344037, e. Pocmog-na-Z{ony, yn. 14-s aunus, 63

2 lonckoii 2ocyoapemeennviil mexnudeckuil ynusepcumem (I'TY)
Poccus, 344000, 2. Pocmoe-na-/{ony, na. I'acapuna, 1

3 FOoicnotil hedepanvuviii ynusepcumem (FODPY)
Poccus, 344006, 2. Pocmos-na-/lony, np. Cmauxu 194/1

PE3IOME

Hens. M3yuenne yapTpacTpyKTypHBIX OCOOCHHOCTEH KIIETOK paka MPsIMON KHIIKH M OOHapy>KeHHE MPH3HAKOB
TPAHCIOKAINH MUTOXOHJPHH M3 OIyXONHM B OOJACTh JMHHM PE3EKIMH C OIEHKOH BO3MOXKHOCTH 00pa30BaHUS
HOBBIX 3JI0KA9€CTBEHHBIX KIIETOK.

MarepuaJjibl 1 MeTObI. B rccienoBanne BKIIOUCHBI Pe3yIbTaThl, HOMy4eHHbIE OT 44 0OJBbHBIX (CpeIHHIA BO3PACcT
66 (58—73) net), mpoonepupOBaHHBIX MO MOBOAY paka npsiMoit kummku T2—3NOMO co crenensio nquddepeHaupos-
ki G2. YacTb OMyXo0JIeBOr0 MaTepuaja U TKAHW KUIIKH 110 JIMHUU PE3eKLMU MOMEIaIn B GUKCHPYIOLINiA pacTBOp
(dopmanbaeruaa/rnyrapansaeruaa. [IpuMeHsIM CTaHAapTHBIE METO/BI MOArOTOBKH CPE30B, KOTOPbIE HCCIIEI0BA-
JIM € TIOMOIIBIO 37eKTpoHHOTr0 Mukpockona Jeol JEM-1011 (JEOL Inc., SImonus).

Pe3yabTaThl. YIbTpacTpyKTypa aJeHOKapPLUHOMBI IIPSIMON KHUILIKU XapaKTepU30BaJlaCh BBICOKOH IUIOTHOCTBIO
pacIoyIoKeHHs: ¥ BapruadeIbHOCTEIO pa3MepoB M ()OPMBI OIYXOJIEBBIX KJIETOK C KPYNHBIM SIAPOM ¥ TIIyOOKMMHU
WHBarnHaIMsAMH SIIEPHOI MEeMOpaHBbl, CKOIUICHHEM MHOYKECTBA MHTOXOHAPHH 110 OJJHOMY U3 IIOJIOCOB KJIETKH.
Bb1I0 BBISIBIICHO OTIIHYPOBBIBAaHUE ()parMeHTa LUTOILIA3MBbI, IUIOTHO 3aM0JIHEHHOT'0 MUTOXOH/IPHUSIMH, B BUJIE MU-
TOXOHJAPHOMA C IOCJIEYIOIIeH TpaHCIOKaluMel MUTOXOHAPUN B 30POBbIC TKAaHU KUIIKY I10 JIMHUU PE3EKLHH.
ITo 1aHHBIM AJIEKTPOHOIPAMM MOXKHO OBLIO CYJMTh 00 aKTHBHOM IHEPEBHKEHHN MUTOXOHIPHI B popme MeKnx
ceporI0B 1 MUTOBU3HKYJI BJIOJIb I'PAHUL] MHOTOCIIOHHOM CTPYKTYPBI OACIU3UCTON 000JIOUKH NPSIMOI KUILIKH, a
3aTeM MX CIMSHHE B KPYITHBIE OPraHeIUIbl, CIOCOOHBIX K PealM3alii SepPHOI0 CHHTE3a U3 TPAHCIIOPTUPOBAHHBIX
MUTOXOHJpuaibHbIX U saepHbIX JJTHK. OTMeueHb! OTAeNbHBIC SEPHBIE CTPYKTYPBI B KOONEPALUK € TpyIIaMu
MHTOXOHJIPUH | TOCIIEAyIomeld caMOCOOPKOH aHOMAaJIbHBIX KIIETOK.

3aki0ueHue. yHBTpaCprKTypHBIfI aHaJIn3 aICHOKapIIMHOMBI Hp}IMOfI KHUIIKH CBUACTCIILCTBYET HE TOJIBKO O HE-
O6X0[II/IMOCTI/I MPITOXOHZ[pHaJIBHOﬁ TpaHCJIOKaluKu JJIs1 OCBO60)KHCHI/I$I BHYTPHUKJIIETOYHOI'O IMPOCTPAHCTBA U IIpE-
JOTBpaAIlllCHUA MeTabOoIMYeCKON YrpO3bl HAKOIJICHUSA aKTUBHBIX q)OpM KHCJIOpO/Jia B KJIETKaX OITYXOJIU, HO U YKa3bl-
BAa€T Ha KIIFOYEBYIO POJIb MI/ITOXOHIIpI/Iﬁ JJIA CTapTa OIyXOJIEBOI'O IIEPEHOCA SHEPIUU U I/IH(i)OpMaHI/II/I KakK JInA€pOB
9TUX TIPOLECCOB. D10 MPUBOAUT K MBICIIM O BEPOATHOCTU MHIAYKIHHU IPOUECCOB PAHHETO PEUHHUAMBHUPOBAHUS U
METaCTa3upOBaHUs paKa HpHMOﬁ KHUIIKU.

KuroueBble ciioBa: MUTOXOHAPUH, aICHOKapIHuHOMa HpHMOﬁ KHWIIIKHA, yJ'IBTpaCprKTypHLIﬁ aHaJIn3

KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThU.

HUctouHuk q)ﬂHchHpOBaHﬂﬂ. ABTOpLI 3asIBIISIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipy MPOBEACHUUN UCCIIEN0-
BaHUA.
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CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs moamnucani nHGOPMUPOBAHHOE COTIACHE Ha B3SITHE U MEpe-
Jayy OMOJIOTMYECKOro MaTepuara Juls IIPOBeICHHUs HayYHbIX HCCIICA0BAHMM, FOCY/IapCTBEHHBIX 3a/IaHuii B 001IIe-
CTBEHHO U COLIMAIBHO MOJIe3HbIX LessiX. McenenoBanue oqoopeno stnueckuM komurerom ®I'BY « HMULL onko-
norunm» Munzapasa Poccun (mporoxon Ne 1 ot 30.01.2023).

Jas uurupoBanusi: Kur O.U., Hluxnsaposa A.U., @pannusan E.M., Unsuenko C.A., Heckyouna U.B., Kupu-
yenko E.1O., JlorunoB A.K., Cuexko A.B., ABepkun M.A., ['abpuunaze [1.H. YipTpacTpyKTypHBIE acTIeKThI
TPAHCIIOKAIMK MUTOXOH/IPUH PH paKe TOJCTON KHIIKH KaK BO3MOXKHOT'O ITYTH PACIIPOCTPAHECHUSI OITyXOJICBO-
ro nporiecca. Broemens cubupckoti meduyunsl. 2025;24(3):42-51. https://doi.org/10.20538/1682-0363-2025-

3-42-51.

INTRODUCTION

In recent years, significant improvements have
been made in the treatment of colorectal cancer (CRC)
with chemotherapy, molecular targeted therapies,
and immune checkpoint inhibitors [1]. However,
recurrences and drug resistance prevent successful
cancer treatment, resulting in a relatively poor 5-year
survival prognosis in approximately 60% of cases
[2-4]. Moreover, approximately 20% of patients with
CRC have metastasis at the time of diagnosis, whereas
25% of patients develop metastasis at an early stage
during follow-up [5]. Therefore, an in-depth study of
the key factors and mechanisms of tumor progression,
as well as the investigation of new therapeutic targets,
is essential.

Metabolic reprogramming is currently the focus
of cancer research. Recent evidence suggests that the
unique metabolism of tumor cells, characterized by
reduced oxidative phosphorylation (OXPHOS) and
increased glycolysis, is regulated by mitochondrial
dynamics [6-8]. Mitochondria are known as the
powerhouses of eukaryotic cells that exhibit dynamic
properties such as fusion, fission, and degradation,
which is crucial for their optimal functioning in energy
production [9]. They play an important role in various
cellular processes including cell differentiation,
apoptosis, calcium homeostasis, innate immunity, and
fatty acid (FA) and amino acid metabolism [10, 11].

Both whole mitochondria and mitochondrial
genome or other mitochondrial components are
endowed with the ability of intercellular translocation
[12]. Mitochondrial transport can be accomplished
by tunneling nanotubes (TNTs), gap junctions
(GJs), and extracellular vesicles or microvesicles
(MVs) ranging from 100 nm to 1um, which are able
to span whole mitochondria, genomic DNA, and
mitochondrial DNA [13]. However, mitochondria
themselves as active organelles are also transported
along the cytoskeleton and can take different shapes,

for example, fusing into long or interconnected
tubules or dividing into small spheroids, which is
regulated by opposing processes of fusion and fission
[14]. The continuous processes of mitochondrial
membrane fusion and fission help to regulate the
morphology and number of mitochondria, ensuring
their homogeneity and efficient functioning [15].
In addition, unbalanced mitochondrial fusion and
fission during the cell cycle, apparently, may be
associated with the processes of mitochondria-
dependent metabolic reprogramming, promoting the
entry of cancer cells into mitosis, thereby providing
an advantage in proliferation and survival [9].

Mitochondrial fusion is defined as the full-collapse
fusion of two mitochondria by end-to-end collision
[10]. Mitochondria consist of two membranes: the
outer mitochondrial membrane (OMM) and the inner
mitochondrial membrane (IMM). The fusion of the
outer membrane occurs first, followed by fusion of
the inner membrane, which occurs in close proximity.
The IMM contains the mitochondrial lumen (matrix),
an inner fringing membrane parallel to the OMM,
and a deep curved polymorphic invagination known
as the crista.

The crista increases the surface area of the inner
membrane and contains components essential for
mitochondrial respiration. When the four lipid bilayers
fuse, the contents mix, and the matrix components
diffuse to form a single fused mitochondrion [9]. In
addition to full fusion, there is the so-called kiss-
and-run fusion. In contrast to full-collapse fusion,
provisional fusion occurs when two mitochondria
join, partially exchange intact membrane proteins, and
divide, thereby retaining their original topology. This
type of fusion increases the functional stability and
plasticity of mitochondria and is necessary to support
mitochondrial metabolism [16]. While moderate
fusion protects intestinal epithelial cells from
mitochondrial damage caused by oxidative stress and
prevents CRC, abnormal mitochondrial fusion leads to
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adenosine triphosphate overproduction and abnormal
tumor proliferation.

Thus, taking into account the level of modern
knowledge about mitochondria dislocation and
transformation and their biological significance in
tumor pathogenesis, it seems relevant to visually assess
the topographic signs of mitochondria movement from
the primary focus of CRC to the resection line. This
will help to approach the formation of a hypothesis
about the key role of mitochondria in the initiation of
new tumor cell conglomerations as a possible basis for
recurrence and metastasis.

The aim of this study was to investigate the
ultrastructural features of rectal cancer cells and to
detect signs of mitochondrial translocation from the
tumor to the resection line, taking into account the
possibility of formation of new malignant cells.

MATERIALS AND METHODS

The study included the data obtained from 44
patients with rectal cancer T2-3NOMO with an average
age of 66 (58-73) years, operated on without adjuvant
therapy. The tumor differentiation grade in all patients
was G2. During the operation after laparotomy, we
performed mobilization of the tumor-affected part of
the intestine by dissecting and dividing the feeding
blood wvessels, performed lymphodissection and
resection of the affected organ in the scope of rectal
resection with removal of the malignant tumor. A part
of tumor material and a fragment of intestinal tissue
along the resection line were immediately placed in
the formaldehyde-glutaraldehyde fixative solution.

TRANSMISSION ELECTRON MICROSCOPY

After the pretreatment procedure, the tissue sample
was placed in pure Epon-812 resin (SPI Inc., USA) and
cured for 72 hours at 70°C. Ultrathin 90-nm sections

were obtained using an ultramicrotome equipped with
a diamond knife. Sections were mounted on copper slit
grids and contrasted with 2% aqueous uranyl acetate
solution for 40 minutes and lead citrate for 2 minutes.
Sections were examined and photographed using a Jeol
JEM-1011 electron microscope (JEOL Inc., Japan).

RESULTS

According to the histopathology report, the rectal
tumor was a low-differentiated adenocarcinoma (high
grade G2). The most characteristic features of such
tumors were the presence of a mucinous component
(5%) with invasion of all layers of the intestinal wall, in-
vasion of visceral peritoneum, foci of necrosis, mode-
rately pronounced chronic inflammation, and presence
of signs of lymphovascular and perineural invasion.

Ultrastructural study of the tumor tissue showed
typical invasive growth of adenocarcinoma cells varying
in shape and size (Fig. 1). The cells were tightly adherent
to each other without a pronounced intercellular space
between the outer layers of cell membranes. At the same
time, electron-dense formations of the “interdigitation”
type or desmosomes (indicated by arrows in Fig. 1, b)
were among the noticeable structures demonstrating
close intercellular contacts.

Taking into account the fact that desmosomes
provide the necessary mechanical adhesion between
cells by connecting intermediate filaments, it confirms
direct interaction and exchange, allowing to realize the
life support of tumor tissue. In cellular polymorphism,
we observed diverse nucleus sizes and shapes. The
bizarre shape of the nuclei was associated with
numerous invaginations of the nuclear membrane.
Often the nucleus occupied a significant part, reaching
up to 50-60% of the cell surface, and had a multilobed
appearance with deep invaginations of the nucleus
shell (Fig. 2).

Fig. 1. Electron diffraction image of a fragment
of a low-differentiated adenocarcinoma with
~ invasion of the rectal wall: a — variability in the

| size and shape of tumor cells with high-density
arrangement; b — the presence of intercellular
contacts in the form of “interdigitation” or
. desmosomes (indicated by arrows); x10,000.
Here and in Figures 2 and 4, images are typical
of the preparations of each of the examined

patients in the group.
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This type of nuclei is characteristic of malignant
transformation. The cytoplasm of adenocarcinoma
cells was densely filled with organoids, among which
the most common ones were mitochondria of different
sizes, mainly of irregular round shape with pathological
configuration of cristae, and varying electron density
of the inner space containing metabolic products

(Fig. 2).

Fig. 2. Electron diffraction image of a fragment of rectal

adenocarcinoma tissue. We observe tumor cells with numerous

deep invaginations of the nuclear membrane and a cluster of
mitochondria at one of the cell poles; 20,000

It was noticed that in the overwhelming majority
of cells the large aggregation of mitochondria as a rule
was shifted to one of the cell poles. As a rule, this
peculiarity of mitochondria movement to the leading
edge of invasive cancer cells is associated with the
necessity of energy supply for their movement [17,
18]. It can be assumed that a significant accumulation
of mitochondria in the cells could initiate a large
mitochondrial transfer, which was realized through the
mechanism of cytoplasmic pinching off of the whole
aggregation of mitochondria (expulsion) outside the
cell as a mitochondriome, as shown in the electron
diffraction image below (Fig. 3).

Indeed, it was observed that a separate structure
with mitochondria in the area of collagen bundle
accumulation was located near the cells. Otherwise,
when tumor cells form an excessive accumulation of
mitochondria in a state of dysfunction, a large number
of ROS can be produced, which poses a threat to cell
life [19]. It is under such dangerous conditions that
cancer cells tend to displace mitochondria into the
intercellular space [20].

Obviously, the separation of the mitochondriome
from the cell by pinching off the mitochondria-filled

portion of the cytoplasm demonstrates the initial stage
of transcellular mitochondrial translocation, which we
recorded in our ultrastructural study of rectal cancer.
We cannot exclude the assumption that further on, this
may represent one of the signaling mechanisms for
translocation of mitochondria and associated essential
mitochondrial components (mitochondrial DNA and
nuclear DNA fragments) into the surrounding space
and invasion into the area of healthy tissues. We were
able to confirm this by studying electron diffraction
images of the intestinal tissue along the resection line
of the removed tumor (Fig. 4, 5).

Fig. 3. Electron diffraction image of a fragment of colon

adenocarcinoma tissue. It shows pinching off of a cytoplasm

fragment forming mitochondriome surrounded by collagen
bundles (indicated by an arrow); x10,000

Fig. 4. Electron diffraction image of a fragment of colon tissue

along the line of adenocarcinoma resection. The image shows

active migration of mitochondria through the layers of the
muscularis mucosae. 25,000
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Fig. 5. Electron diffraction image of a fragment of colon
tissue along the adenocarcinoma resection line. The image
shows movement of many small spheroid-type mitochondria
and mitovesicles (indicated by arrows) along the interfaces
between the submucosa and the muscularis mucosae. x12,000

Moving beyond the cell boundaries appeared to
enhance mitochondrial migration activity, including
the mitochondrial genome to play a signaling role in
surrounding intercellular communication, mediating

information transfer not only near tumor cells but even
over longer distances in the environment of normal
healthy tissues.

As can be seen in Fig. 4, mitochondria released from
tumor cells show mobility and move independently
along the layers of the muscularis mucosae of the colon.
Further, it is easy to notice that the overwhelming
majority of mitochondria look like small spheroids,
which confirms their morphological plasticity and
ability to adapt quickly during the transition from
tumor environment to healthy tissues (Fig. 5). At the
same time, there is a mechanism associated with the
formation of so-called mitovesicles, a population of
extracellular vesicles of mitochondrial origin during
the development of mitochondrial dysfunction. The
composition of mitovesicles may include mitochondrial
proteins, mtDNA, cytochrome C, and other components.

In other words, at this stage of active independent
translocation of mitochondria, we visualized the
process of their size reduction, known from the
literature as the process of fission, providing adaptive
efficient functioning of small spheroid forms and
mitovesicles during active movement at the boundary
with muscle and mucous tissue (Fig. 6, a).

Fig. 6. Electron diffraction image of a rectal
tissue fragment along the adenocarcinoma
resection line: a — the presence of small spheroid
mitochondria along the healthy tissue interface
of submucosa, x80,000; » — accumulation and
fusion areas of spheroids and mitovesicles,
x50,000; ¢, d — the formation of large abnormal
mitochondria in the niches of curved spaces,
x30,000
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It was not only the accumulation of a large number
of mitovesicles in the curved segments of the boundary
but also the presence of single large mitochondria with
electron-dense content that drew attention.

The question arose whether these large
mitochondria are the result of fusion as a
legitimate process of dynamic shaping according
to the implementation program of mitochondrial
carcinogenesis.First of all, attention was drawn to the
fact that in contrast to the “vertical” movement along
tissues, in which the expedient form for the process
of rapid mitochondrial movement was fission into
small spheroids and mitovesicles, in the presence of
folded transverse partitions of tissues, there appeared
conditions facilitating “horizontal” displacement

into a convenient niche and fusion of small forms
of mitochondria into larger ones (Fig. 6, b—d). The
mechanism of such fusion, as already noted, begins
with the outer membranes and is then followed by that
of the inner membranes, which form a polymorphic
invagination with crista protrusions into the matrix.

At the same time, matrix components diffuse to
form a fused mitochondrion [9]. It is known that the
processes of mitochondrial fission are regulated by
Drpl expression, while mitofusin expression regulates
fusion [21, 22]. Apparently, such an abnormal fusion
and concentration of metabolic and information
factors involved mitochondria-dependent metabolic
reprogramming to realize nuclear fusion (Fig. 7).

As can be seen from Figure 7, the connective tissue
layers of the colon submucosa along the resection
line contain only free nuclei and mitochondria,
which are single or assembled in groups. It was not
possible to determine the time of nuclear assembly,
but, apparently, such electron diffraction images
illustrate the role of mitochondria in the initiation
of self-organization processes of nuclear structures
due to the possibility of nuclear material transfer and
fusion processes. Figure 8 demonstrates the process of
further abnormal self-assembly of tumor cells with the
participation of mitochondria surrounding the object
they are assembling or being inside it.

Fig. 7. Electron diffraction image of a rectal
tissue fragment along the adenocarcinoma
resection line: a — the formation of nuclei
fragments in connective tissue layers surrounded
by mitochondria, x20,000; » — an elongated
shape of the formed nucleus with nuclei in close
contact with mitochondria, x15,000

Fig. 8. Electron diffraction image of a fragment of colon tissue along the line of adenocarcinoma resection: a — filling of the dilated

area of submucosa with nucleus and unformed fragments of cytoplasm, x10,000; b — the formation of a cellular structure including

nucleus and mitochondria, x20,000; ¢ — the formation of a system of tubes and cisterns as a prototype of the Golgi apparatus and
endoplasmic network, x10,000
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DISCUSSION

Summarizing the data of the conducted study, it
is possible to present the sequence of dynamic events
from primary tumor cells to the appearance of a
similar image at a remote distance along the resection
line and to highlight the main stages of mitochondrial
translocation. Our assumption includes several
conditional stages, which are discussed below.

First, the ultrastructural study of colon
adenocarcinoma cells allowed us to determine
the presence of a significant accumulation of
mitochondria, the pathological status of which could
pose a threat to the tumor cell due to the accumulation
of ROS. In fact, this was a signal not only to free up
vital space and prevent metabolic threat to the cell, but
also to start the most important process of tumorigenic
energy and information transfer by mitochondria,
which drive these processes. The analysis of electron
diffraction images pointed to such a mechanism
of mass transfer of mitochondria outside the cell as
the formation of mitochondriomas in pinching off a
section of cytoplasm containing a conglomeration
of mitochondria. It was this extremely simplified
mechanism of separation that allowed for further
active movement of mitochondria and mitovesicles in
a tumor-free direction.

The second stage, which we associate with
mitochondrial translocation itself, is based on electron
diffraction data indicating the active movement of
mitochondria along the borders of the multilayer
structure of the rectal submucosa. The high degree of
mitochondrial plasticity contributes to the inclusion
of the fission mechanism and the formation of
small spherical forms. As noted in the literature, in
colorectal cancer cells, enhanced mitochondrial fission
is a common phenomenon that promotes or prevents
tumor progression. Namely, enhanced mitochondrial
fission promotes metabolic reprogramming of cells,
leading to cell proliferation, invasion, metastasis, and
chemoresistance [22].

Then, as mitochondrial microspheres advanced
into the depth of the colon wall tissues, the structure
of submucosa changed, forming transverse folds
and curves, into the lumen of which spheroids and
mitovisicles penetrated. The outer membrane is
known to act as a permeable platform that facilitates
the convergence of other cellular signals that can
be decoded and transmitted to mitochondria [14].
Apparently, this served to turn on the mechanisms
of mitochondrial fusion and the formation of large

organelles capable of realizing nuclear fusion
from transported mitochondrial and nuclear
DNA.

Indeed, when analyzing electron diffraction
images, we identified areas of the colon submucosa
along the resection line, in the layers of which we
detected only single nuclei and mitochondria in contact
with them. The nuclei were both separate fragments
without nuclei and whole nuclei in the form of an
elongated structure with several nuclei. However,
the characteristic circumstance was the obligatory
contact or non-contact interaction of nuclei with
mitochondria, which confirms the assumption about
the establishment of sighaling membrane connections
between them, as well as between mitochondria and
major organelles such as the endoplasmic reticulum.

This may be evidenced by the next stage, which can
apparently be characterized as a self-assembly process
based on the same unique signaling mechanisms of
membrane system interactions and the formation
of abnormal tubes and cavities, which may already
represent the prototype tumor cell. It can be assumed
that the presence of the nucleus and mitochondria,
taking into account their signaling role in triggering
the protein synthesis system, could facilitate the
proliferative activity of the cell as the basis for
recurrence or metastasis.

Undoubtedly, the visually observed pattern of
mitochondrial movement can be interpreted as a
possibility of newfociofrectaladenocarcinomagrowth.
However, this problem needs further investigation not
only by means of electronic visualization, but also in
the application of quantitative immunohistochemical,
radioisotopic, and other methods of examination. We
believe that the findings of this study may lead to
consideration of the enormous and dangerous potential
of motor and regulatory activities of mitochondria in
malignant neoplasm progression.

CONCLUSION

The ultrastructural study recorded the process of
mitochondrial conglomeration movement from rectal
adenocarcinoma cells into the intercellular space in the
form of mitochondriomas (passive transfer). Further
independent dynamics of mitochondria promotion in
the layers of the rectum submucosa at the level of the
resection line (active transfer) was accompanied by
the transformation of mitochondria sizes (fission and
fusion) and the inclusion of trigger mechanisms of self-
organization processes. It is assumed that the mobile
nature of mitochondria and regulatory signaling

Bulletin of Siberian Medicine. 2025; 24 (3): 42-51 49



Kit O.l., Shikhlyarova A.l., Frantsiants E.M. et al. Ultrastructural aspects of mitochondrial translocation in colorectal cancer as a possible

human diseases. Aging Editorial. 2022;81:101702. DOI:
10.1016/j.arr.2022.101702.

12. Singh B., Modica-Napolitano J.S., Singh K.K. Defining the
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systems of membranes contribute to the reproduction
of the processes of nuclear fusion and self-assembly
of the prototype tumor cell as possible mechanisms of
early recurrence and metastasis of rectal cancer.
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Hydrodynamic performance of a composite heart valve prosthesis
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6 Sosnoviy Blvd., 650002 Kemerovo, Russian Federation

ABSTRACT

The aim of the study was to conduct a hydrodynamic assessment of the efficiency of heart valve prostheses made
of xenopericardium protected by polyvinyl alcohol.

Materials and methods. Experimental prostheses based on the UniLine bioprosthesis model were manufactured
for the study. The xenopericardium used for the valve cusps was modified with polyvinyl alcohol to improve
its resistance to biological and mechanical effects. Hydrodynamic tests were performed on a Pulse Duplicator
system, which simulates the function of the “left heart”. The key parameters of the prosthesis operation were
estimated including average transprosthetic gradient, effective orifice area, locking volume, and regurgitant volume.
Unmodified prostheses of similar size were used as a control.

Results. Hydrodynamic tests showed that the experimental prostheses demonstrate an increase in the average
transprosthetic gradient to 6.59 mm Hg (compared to 5.29 mm Hg in the control group) and a decrease in the
effective orifice area to 1.52 cm? (1.69 cm? in the control group). The regurgitant volume also increased to 23.3 ml
per cycle, which is higher than the control value of 12.2 ml per cycle. Despite this, all indicators remain within the
permissible values established by the state standard (GOST).

Conclusion. The use of polyvinyl alcohol to protect the xenopericardium demonstrates potential advantages
such as increased resistance of the material to biological effects, but is accompanied by some decrease in the
hydrodynamics of the prosthesis. Nevertheless, the efficiency indicators remain within the standards, which opens
up opportunities for further improvement of the technology. It is necessary to continue research in order to optimize
the material and design to improve both the biocompatibility and functional characteristics of the prosthesis.

Keywords: hydrodynamic testing, prosthetic heart valve, transprosthetic gradient, effective orifice area, regurgitation
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MppoanHamnueckana 3¢pPpeKTUBHOCTb KOMMO3UTHOrO NpoTesa KnanaHa

cepaua

KnbiwHukos K.10., KoctionuH A.E., Onnwerko MN.C., Fnywkosa T.B., AkeHTbeBa T.H.,

Bopucosa H.H., Kytuxun A.l'., OBuapeHko E.A.

Hayuno-uccredosamenvckuii uHcmumym KOMIIEKCHBIX NPoOieM cepoeuno-cocyoucmuix sabonesanuii (HUW KIICC3)
Poccus, 650002, 2. Kemeposo, 6-p umenu axkademuxa JI.C. bapbapawa, 6

PE3IOME

I.Iem;m HCCIICAOBAaHUS CTaJla TUAPpOANHAMUYCCKast OLCHKa 3(1)(1)CKTI/IBHOCTI/I pa60TLI IIPOTE30B KJIAllaHOB Ccepala,
H3IrOTOBJICHHBIX U3 KCCHOIICPpUKApAa, 3alllUIIIECHHOTO ITOJUBUHUIIOBBIM CIIMPTOM.

Matepuajbl U MeToAbl. [ McclieNOBaHUS ObUIM M3TOTOBJIEHBI SKCIIEPUMEHTAJbHbIE MPOTE3bl HA OCHOBE
mozenu Ouonporesa «HOuuJlaitny. KceHonepukapa, HCHONB30BaHHBIN [UIsi CTBOPOK, OBbUT MOIU(UIIMPOBAH I10-
JIMBUHHJIOBBIM CIIMPTOM JUIS YJIYYLICHUS €ro CTOMKOCTH K OMOJIOTHYECKMM M MEXaHHYEeCKUM BO3JeicTBUAM. [ u-
JPOIMHAMUYECKHE UCIIBITAaHUs TIPOBOJMIIN Ha cTenie Pulse Duplicator, KOTopblit MofeupyeT QYHKIHIO «JIEBOTO
cepauay. OneHnBaIu KII0UeBbIe TapaMeTphl pabOoThI MPOTe3a: CPpeIHUN TPAHCTIPOTE3HbIN IpagueHT, 3 GeKTUBHASL
IUIOIA b OTBEPCTHS, 3aUPAIOIIHI 00beM U 00bEM perypruTaiui. B kauecTBe KOHTPOJIS HCIIOIb30BAIH HEMO/IU-
(ULIMPOBaHHBIE IPOTE3bI AHAJIOTHYHOTO pa3Mepa.

PesyabTatel. ['nipoanHaMuyeckue HCHBITAHUS MOKA3ald, YTO 9KCIEPUMEHTAIbHbIE NPOTE3bl JEMOHCTPUPYIOT
YBEJIMUYEHHE CPEIHEro TPaHCIPOTE3HOro IpagueHTa 10 6,59 MM pr. cT. (IO cpaBHEHHIO ¢ 5,29 MM pT. CT. y
KOHTPOJIBHOM I'PYIITEI) U yMeHbIIeHHe 3G (GEeKTUBHOM TUI0Ia y oTBepcTst 10 1,52 cM? (B KOHTPOJIBHOU IpyIie —
1,69 cm?). OObeM peryprutaniu Takke YBEIUYWiIcs 10 23,3 MI/IMKI, YTO BBIIIC IMOKA3aTesisi KOHTPOJIS
B 12,2 mi/umkit. HecMoTpst Ha 3T0, BCe IOKA3aTeNIM OCTAIOTCS B IIpe/iesiax JIOMYCTUMBIX 3HAYSHHH, YCTaHOBJICHHBIX
I'OCTowm.

3akuouenue. lcrnonp30BaHUWE MOJMBUHIIIOBOTO cruypTa JId  3alldTbl KCCHOIICpUKapda AEMOHCTPUPYET
MOTCHUUAJIBHBIC MIPEUMYIICCTBA B IMOBBIIIICHUN CTONKOCTH MaTtepuaia K OHOJIOTMUECKUM BO3I{CfICTBI/I$IM, OJIHAaKO
COIIPOBOKAACTCA HEKOTOPBIM YXYAIICHUEM THAPOAUHAMHUYCCKUX XapaKTCPUCTUK MPOTE3a. Tem HE MeHee
ImoKasaTejin 3(1)(1)BKTI/IBHOCTI/I OCTAarOTCs B IpeiCiiaX HOPMATHUBOB, YTO OTKPBLIBAET BOSMOXKHOCTH JJIst JTaTbHEUIIIETO
COBCPIICHCTBOBAHUS TEXHOJIOI'MH. ,HaﬂbHeﬁHlaﬂ TpaHCJIALIUA TEXHOJOIMU B KIIMHUYCCKYHO ITPAKTHUKY Tpe6yeT
KOPPEKTUPOBKU XapaKTEPUCTHUK MaTCpuaia AJisd yIIydllICHUs q)yHKIII/IOHaHbHBIX ToKa3aTenei aporesa.

KuroueBrble ciioBa: TUAPOJUHAMUYECCKUE UCIIbITaHUs, IIPOTE3 KilallaHa cepaua, T‘paHCHpOTCBHBIﬁ rpaiuCHT, S(b-
(beKTI/IBHaH iomaib OTBEPCTHUS, pErypruranus

KonpaukT uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNueil HaCTOSIIEeH CTaTbH.

Hcrounuk punancuposanus. VccienoBanue BBITOIHEHO 3a cueT rpaHTa Poccuiickoro HayuHoro ¢onma Ne 24-
75-10048, https://rscf.ru/project/24-75-10048]/.

s uutupoBanus: Knemuaukos K.1O., Koctionnn A.E., Onnmenxo [1.C., I'mymkoBa T.B., AxentseBa T.H.,
Bopucosa H.H., Kyruxun A.I'., Opuapenko E.A. I'mapoaumHammueckas 3(p(EeKTHBHOCTE KOMITIO3UTHOTO MPOTE-
3a KJanana cepjua. broanemens cubupckon meduyunst. 2025;24(3):52-58. https://doi.org/10.20538/1682-0363-
2025-3-52-58.

INTRODUCTION

Cardiovascular diseases remain the leading
causes of death worldwide and a significant burden
on the healthcare system [1]. Surgical (SAVR) and
transcatheter aortic valve replacement (TAVR) are
becoming common treatment modalities, providing
patients with the opportunity to prolong their lifespan
and improve quality of life.

Thus, 2,526 SAVR (according to data for 2022)
[2] and 1,467 TAVR (according to data for 2021)
[3] procedures took place in the Russian Federation.
Bioprosthetic heart valves used for these interventions
are made using bovine or porcine xenopericardium
stabilized with preservatives such as glutaraldehyde
or ethylene glycol diglycidyl ether [4, 5]. These
materials have good bio- and hemocompatibility
properties and are used worldwide in manufacturing of
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bioprostheses [6]. However, failure of such prostheses
observed in clinical practice due to calcification of
the xenopericardium, structural degeneration due to
prolonged function in the bloodstream, exposure to
immune cellsand blood proteinases, prevent specialists
from referring to this material as “ideal” [7]. Therefore,
the field of materials science for implantable medical
devices puts emphasis on the complete or partial
replacement of xenopericardium with a synthetic
polymer material that is more resistant to mechanical
and biological influences during functioning and can
withstand aggressive environment of the recipient’s
body [8-10].

A number of authors propose the development of a
fully polymeric heart valve, demonstrating successful
in vitro, preclinical in vivo, and human trial results [8,
11-13]. Other authors modify xenopericardium with
additional agents that reduce the immunogenicity of the
material or the tendency toward calcification [14, 15].
Our team has developed the concept of a “protected”
material, it is centered around the idea of insulating the
pericardium with layers of polymer — polyvinyl alcohol
(PVA) [16]. The polymer covers and impregnates the
pericardial base, thus preventing proteolytic blood
enzymes, immune cells, albumin, and other factors from
penetrating into the tissue and inducing calcification.
Thus, PVA creates a protective layer.

However, the introduction of a new component
into xenopericardial material will affect the bio- and
hemocompatibility of the device and mechanical
properties of the cusps, and, consequently, the function

Xenopericardial cus
O\ i

| -

Sewingring g

Lining ——®

of the bioprosthesis as a whole. The key indicators
of the reliability and effectiveness of a heart valve
prosthesis can be evaluated using hydrodynamic tests.
Hydrodynamic tests performed with high-precision
systems are highly informative due to qualitative
and quantitative assessment of the key performance
indicators of the prosthesis at all phases of its function —
opening and closing [17]. The more accurately the
system simulates the function of the heart, the more
reliable the results of the study of the prosthesis will be.

The aim of this study was to conduct a
hydrodynamic assessment of the function of a novel
heart valve prosthesis made of a polyvinyl alcohol-
protected xenopericardial tissue using a hydrodynamic
tester system.

MATERIAL AND METHODS
Prosthetic Heart Valves

Experimental prostheses were made on the basis
of the UniLine heart valve bioprosthesis for tricuspid
heart valves replacement (NeoCor, Russia), which
proved itself as an effective medical device for the
treatment of acquired heart valve defects [18, 19]. The
prosthesis consists of three cusps made from bovine
xenopericardium stabilized with ethylene glycol
diglycidyl ether. The cusps are mounted on a three-
pronged polypropylene support frame, covered inside
and outside with synthetic woven lining. The sewing
ring is located at the base of the prosthesis (Fig. 1).
The device is designed for open implantation in the
tricuspid position and suture fixation.

o
r\_"

Support

frame
b

Fig. 1. The UniLine bioprosthesis, standard 26 mm in size, and its main components: a — isometric view, b — side view

To improve the stability of the biomaterial of this
prosthesis, we have proposed an additional polymer
modification of the xenopericardial tissue that is used
to cut out and manufacture cusps. It is an experimental
technology that has been described earlier [16]. For

the modification we used a 15% modification solution
of PVA, prepared by dissolving this polymer (Mw =
89,000-98,000 99+% hydrolyzed, Sigma-Aldrich,
USA) in deionized water at 100° °C for 2.5 hours
and constantly stirred. After dissolution, the solution
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was cooled to room temperature, and xenopericardial
patches were immersed in this solution for 24 hours.
Then, the samples were removed from the solution and
placed between two glasses, the gap between which
was fixed with metal plates. Next, the samples were
subjected to three cryostructuring cycles, consisting of
the following successive steps: the samples were kept
at —40° C for 24 hours, then at —2° C for 12 hours, and
finally at +8° C for 12 hours. After cryostructuring, the
samples were washed in water for 24 hours to remove
unbound PVA, the water was changed regularly.

After that, NeoCor manufactured a series of
prototype prostheses using this protected material
(n = 5), which we assessed in vitro. All devices in this
study were of standard 26-mm size.

Hydrodynamic Tests

The functional properties of experimental protected
prostheses were evaluated using the Pulse Duplicator
hydrodynamic testing system (Vivitro Labs, Canada).
The system is a model of the “left heart”, simulating
the work of the ventricle and atrium (Fig. 2).

Fig. 2. Pulse Duplicator system and its main components

The study was carried out by reproducing the
physiological function of the “heart” as defined by state
standards (GOST 31618.1-2012): stroke volume -
70 ml; minute volume — 5 I/min; heart rate — 70 beats/
min; the mean back pressure on the prosthesis —
120 mm Hg. Saline solution was used as the test
medium. During the study, the following parameters
were quantified: mean transprosthetic gradient,
effective orifice area, locking volume, and regurgitant
volume. AIll parameters were evaluated during
10 steady “cardiac” cycles for each prosthesis.
Moreover, these cardiac cycles were recorded using a
FastVideo-250 video camera (NPO ASTEK, Russia).

Unmodified UniLine bioprostheses (n = 5) of the
same standard size (26 mm) for the implantation in
tricuspid position were used as controls. All tests on
controls were carried out under the same conditions.

Statistical data processing was performed using
the Statistica 10.0 program (StatSoft, Russia). Given
the small sample size, the presence of statistically
significant differences in quantitative hydrodynamic
parameters between the groups was assessed using
the Mann-Whitney U-test, a nonparametric criterion
for independent samples. The data are presented as
the median and the interquartile range Me (Q Q).
The differences between the groups were considered
statistically significant at p < 0.05.

RESULTS

The results of comparison of prosthesis quantitative
characteristics are presented in Table 1. There was
no statistically significant decrease in the parameters,
however, the experimental samples tended to function
less efficiently compared to controls. Their performance
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worsened as the effective orifice area decreased while the
mean transprosthetic gradient increased. The analysis of
the video recordings confirmed these conclusions — the

experimental samples opened with a small geometric
orifice area, thus showing higher transprosthetic
gradients and smaller effective orifice area (Fig. 3).

Table 1
Hydrodynamic Performance of Experimental and Control Prostheses, Me (Q -Q,)
Parameter Experimental samples Controls p
Mean transprosthetic gradient, mm Hg 6.59 [6.10-7.22] 5.29 [5.19-6.13] 0.143
Effective orifice area, cm? 1.52 [1.51-1.61] 1.69 [1.60-1.76] 0.296
Locking volume, ml/cycle 1.12 [1.22-1.055] 1.77 [1.405-1.92] 0.094
Regurgitant volume, ml/cycle 2.33[1.93-2.465] 1.22 [1.115-1.45] 0.296

Control

Regurgitant volume increased as well, however, it
remained within the limits allowed by state standards
(GOST 31618), there were no significant differences
compared to controls.

DISCUSSION

Bioprosthetic heart valve dysfunction is a
significant challenge for engineers and researchers
developing these medical devices. The need to
create an optimal geometry of cusps and support
frame is complicated by the aggressive operating
conditions of the device such as exposure to blood
components (proteolytic enzymes and immune cells)
and extremely long duration of loading (tens of years,
200-400-600 million cycles). Therefore, the research
and implementation of new materials resistant to such
impacts are important aspects of the development of
future bioprosthetic heart valve designs.

Modern promising materials in this field are likely
to be synthetic polymer and/or composite. The present
study demonstrates the latter using a unique concept —
a xenopericardial patch commonly used to create
cusps for prostheses protected from the factors and
blood cells by a biocompatible polymer material [16].
Such a concept can improve the biocompatibility and
stability of prostheses, increase their durability, i.e.

Fig. 3. Pairwise comparison of

experimental and control prostheses in

sped up video recording at maximum
opening (several selected samples)

delay the onset of dysfunction and, as a result, the
need for repeated surgical intervention.

It is worth noting that the introduction of PVA
into the composition of the material also affects the
biomechanics of the final product in close-to-real
conditions. This effect is expected, but its severity and
potential significance should be carefully evaluated
for further adjustment of the prosthesis design and
balancing between the protective properties of PVA
and efficiency, primarily in terms of hydrodynamic
parameters. This effect was fully demonstrated in our
study.

To form the protective layer, we selected a
standard 0.5 + 0.01-mm-thick pericardial patch
used in the actual manufacturing of bioprostheses.
Modification with PVA changed its the physical and
mechanical characteristics — increased the thickness.
Despite the fact that PVA itself had an extremely
low modulus of elasticity (less than 0.1 MPa) [20],
even such small addition to the *“xenopericardium
+ PVA” composite material negatively affected its
hydrodynamic characteristics compared to unmodified
xenopericardium. It is worth mentioning that any
prosthetic heart valves based on biological materials
have some variability in their parameters, since the
animal tissues themselves are variable. However,
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we have noted a clear trend (albeit not statistically
significant) towards a decrease in the effectiveness
of experimental protected prostheses in vitro, which
means that it was the introduction of PV A that affected
the parameters, not the random variability.

Given the negative experience with PVA-protected
xenopericardium, the positive results of such
modification. Firstly, despite the worse performance
of the prosthesis, its parameters remain within
acceptable limits allowed by state standards (GOST
31618.1-2012 “Prosthetic heart valves. Part 1”). Thus,
the effective orifice area for this standard size should
not be less than 1.4 cm?, and the regurgitant volume
should be 10 ml/cycle, i.e. experimental protected
prostheses have an acceptable performance.

Secondly, to make cusps based on such composite
material, one can use a thinner xenopericardial patch.
In this study, the baseline material had a thickness of
0.5 + 0.01 mm, which increased to 0.55 £ 0.01 mm
after the modification with PVA, i.e. it thickened and
changed the biomechanics of the device as a whole
(its hydrodynamics). The use of a 0.45-0.475-mm-
thick xenopericardial material, taking into account
the subsequent modification with PVA, should result
in better physical and mechanical properties of the
composite, similar to the unmodified material used
in the prosthesis. It will be difficult to find a thin
xenopericardial material since the manufacturing
process at NeoCor is already established. However,
taking into account the advantages provided by
the PVA protection like increased durability and
reliability of the prosthesis, it is possible to justify the
amendments to technical regulations and selection of
new materials (thinner xenopericardium), including
the costs.

CONCLUSION

In conclusion, the use of the PVA-protected
xenopericardium opens up new opportunities for
the development of a new generation of prosthetic
heart valves with longer lifespan and protection
from aggressive factors of recipient’s body. The first
experience of creating the material and a prosthetic
heart valve based on it demonstrate the high potential
of the technology, which, however, already requires
prototyping adjustments. Further research in this area
with a larger scope of tests is needed to assess the
long-term effectiveness, safety, and duration of new
designs.

In general, the relevance of developing a new
prosthetic heart valve based on PVA-protected

xenopericardium is scientifically and practically
justified. The successful implementation of this
type of prosthesis in clinical practice can change the
treatment of cardiovascular diseases, improving the
quality of life of patients and reducing the financial
costs of treatment.
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ABSTRACT

Aim. To analyze sources of information about antibacterial drugs and antibiotic resistance among the population
in the Republic of Belarus.

Materials and methods. The social study included 1,405 people from all regions of Belarus.

Results. The main sources of information about antibacterial drugs were doctor’s knowledge (59.4%), medication
instructions (45.5%), the Internet (22.7%), and personal (past) experience of using antibacterial drugs (21.0%). In
the extended analysis, it was found that in most cases, information about antibacterial drugs was received from a
doctor by people with lower-middle income, medication instructions were used more often by respondents with
upper-middle income, while individuals with higher education were more likely to receive information from the
Internet.

Conclusion. To increase awareness of the population of antibacterial drugs, income, age, and socio-occupational
characteristics should be considered. Working with health professionals is also essential: holding annual training
events in medical organizations and pharmacies, organizing internships for professional development, conversations
with patients during doctor’s visits, placing information about the correct use of antibacterial drugs in medical
organizations in the form of posters, leaflets, and videos.
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UcTouHnkn nipopmaumm o6 aHtnb6akrepmanbHbIX Npenapartax
M aHTUGNOTVKOPE3NCTEHTHOCTU: pe3ysibTaTbl NCCIEA0BaHNA
B Pecny6nuke benapycb

KonuaHoBa H.3.', llapwakosa T.M.', Bpara A.10.", Yurpuna B.I.%, To¢unun A4.C.2%
Ko6akoBa 0.C.2, Croma 1.0.’

! Tomenvckuil 2ocyoapemeaennwlil meouyunckuil ynugepcumen (I'omI MY)
Pecnybnuxa benapyco, 246000, 2. I'omens, ya. Jlanee, 5

2 [JenmpanvHolil HAYYHO-UCCAEO08AMENbCKULL UHCIMUMYM OP2AHUZAYUU U UHDOPMAMU3AYUL 30PAB0OXPAHEHUS
(LIHUHOU3)
Poccus, 127254, e. Mocksa, yn. [lobponobosa, 11

PE3IOME

Heus. [Ipoananu3upoBaTh UCTOYHUKH MHGOPMaLuK 00 aHTHOAKTEpUATBHBIX Ipernapatax U aHTHOMOTHKOPE3H-
CTeHTHOCTH cpenu HaceneHus B Pecnyonuke benapyce.

MatepuaJbl H MeTOAbI. B COIMOIOrHUECKOM UCCIIeIOBaHUH MpUHsUTH yuacTtue 1 405 yenoBek u3 Beex obnacteit
Pecny6nuku benapych.

Pe3yabTarhl. OCHOBHEIME HCTOUYHHKAMH HH(OPMAIHN HACSNICHUS 00 aHTHOAKTepHANIBHEIX TIpeTiapartax sSBIISUIICE
3HaHUs Bpada (59,4%), MHCTPYKIMHU K JEKapCTBEHHBIM npenapataM (45,5%), Untepuer (22,7%) u nu4aHbli (T1po-
IIJTBIH) OIBIT IPUMEHEHNUS aHTHOAKTepHAIBHBIX IperapaTos (21,0%). Ipu pacmmpenHOM aHAIN3€e BBISIBICHO, YTO
B OOJBIIMHCTBE CIydacB HHPOPMANUIO 00 aHTHOAKTEPHATBHBIX MPErapaTax OT Bpaya MOJTydalIH JIUIA CO Cpel-
HUM (D)MHAHCOBBIM IOJIOXKEHHEM, HHCTPYKIMH K JICKapCTBEHHBIM IIperaparaM dalle OCTaJIbHBIX HCIIOIb30BaIH
PECHOH/ICHTHI ¢ (PUHAHCOBHIM ITOJIOKCHHEM BBIIIE CPEHETO0, a JINNA C BBICIINM 00pa30BaHUEM dYallle MOTydalIn
BBIIICYKA3aHHYI0 HHPOPMAIUIO 3 HHTEPHET-UCTOYHUKOB.

3axiouenue. [y yBenuueHus oxBaTa MHG)OPMHPOBAHHOCTH HaceleHHUs 00 aHTHOAKTepHalbHBIX Ipenaparax
HEOOXOMMO YYHUTHIBATh UX (DHHAHCOBYIO, BO3PACTHYIO U COLMAIBbHO-NPO(PECCHOHAIBHYIO KaTeropuu. BakHbIM
TaKKe ABIAETCA paboTa ¢ MEIUIMHCKUMU PAOOTHUKAMHU: HPOBEACHNE €KErOHBIX 00YyUYalOIX MEPOIPHATUI B
ME/IMIMHCKHX OPTraHU3alUsIX U alTEeYHBIX MYHKTAX, CTA)KUPOBKA C LIEJIbIO MOBBIICHHS KBaJIU(UKALIHI, IPOBEIe-
HHE TeMaTHYeCKHX Oecell ¢ MalMeHTaMy Ha pHeMe, pasMelieHne HHYOPMAIMU B METUIIHCKUX OPTaHU3aIMAX B
BUJIE TIJIAKATOB, POJIMKOB U OYKJIETOB O NPABHILHOM IIPUEME aHTHOAKTEePHATIBHBIX MIPENapaToB.

KonroueBble cioBa: anTHOaKTepuaabHBIC IpenapaThl, HCTOYHUKE HH(POPMAINH, aHTHOHOTHKOPE3UCTEHTHOCTD,
Hacenenue, PecrryOnuka benapycn

Kondaukr wuHTepecoB. ABTOPHI JCKIAPUPYIOT OTCYTCTBHE SBHBIX U MOTCHIIMATBHBIX KOH(PJINKTOB HHTEPE-
COB, CBSI3aHHBIX C MyOJHMKAIIUCH HACTOSIICH CTaThU.

Hcrounuk punancupoBaHus. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE BHEIIHETO (PMHAHCUPOBAHMS JUIS TPOBEICHHS
HCCIIEeN0BAHYS U Ty OINKauK CTAaThU.

CooTBeTCTBHE NPHHIMIAM 3THKH. lccienoBaHue o0700pEHO ATHYECKMM KOMHMTETOM 110 3KCIIEPTH3E
COLIMOJIOTUYECKUX HcCIeoBaHul B chepe odmecTBeHHOTo 3apaBooxpaHenus npu ['om[' MY (zakirouenne Ne 2
or 03.03.2023).

Jist nutupoBanus: Komganosa H.O., lllapmaxosa T.M., Bpara A.1O., Yurpuna B.I1., Tropummn /1.C., KoGsxo-
Ba O0.C., Croma 1.0O. UcTounnkn napopMannu 06 aHTHOAKTEPHATBHEIX IperapaTax 1 aHTHOHOTHKOPE3UCTECHTHO-
CTH: pe3yJIbTaThl UccienoBanus B Pecybnuke benapyce. Browemens cubupckoti meouyunst. 2025;24(3):59-67.
https://doi.org/10.20538/1682-0363-2025-3-59-67.
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INTRODUCTION

Antibiotic resistance is currently one of the most
important problems in public health. The decreasing
number of new antibacterial drugs (AD) entering
clinical practice is aggravating the situation. As a
result, treatment of infections caused by resistant
strains of microorganisms is time-consuming and
costly and sometimes leads to reduced quality of life
or a lethal outcome in patients [1, 2].

One of the reasons for the development of antibiotic
resistance is irrational use of ADs. To optimize this
situation, a number of initiatives are underway at
national, international, and global levels, requiring
continuous education of physicians and patients, as
well as dissemination of information supported by a
strong evidence base [3, 4].

According to the meta-analysis conducted by
S. Schuts et al. in 2016, such factors as empirical
prescription of ADs in accordance with clinical
protocols, de-escalation of antimicrobial therapy,
switching from intravenous to oral administration,
therapeutic drug monitoring, use of a limited list of
antibiotics and counseling patients on rational use
of drugs are the most important goals in antibiotic
resistance prevention programs [5]. However,
achieving the effectiveness of prevention programs
is impossible without sufficient public awareness of
antibacterial drugs. The main goal of public awareness
campaigns should be to support the correct use of
ADs, which can be transferred into practice through
competent coordination, professional communication,
and citizen education.

To analyze the rationality of antimicrobial use and
knowledge about antibiotic resistance among different
population groups in the Republic of Belarus, it is
reasonable to study the main sources of information.

MATERIALS AND METHODS

In the present study, the online questionnaire
method (CAWI) was used. The questionnaire was
validated using the focus group method (» = 15).
The final version of the questionnaire included 28
questions that constituted six blocks. The developed
questionnaire presented: general characteristics of
respondents; prescription and purchase of antibacterial
drugs; frequency and peculiarities, as well as rationality
of taking antibacterial drugs by the population of
the Republic of Belarus; knowledge and sources of
information of the population about antibacterial
drugs and antibiotic resistance. According to the main
characteristics: sex, age, level of education, type of

settlement, the sample represents the population of
the Republic of Belarus. The electronic questionnaire
was filled in for all regions of the Republic of Belarus
using the Google platform.

Statistical analysis of the results was performed
using the Statistica analytical package (Version
10-Index, StatSoft Inc, USA) and R-studio. Before
applying the methods of descriptive statistics, the
type of distribution of quantitative variables was
determined using the Shapiro — Wilk criterion. For
traits with normal distribution, the arithmetic mean
and the standard deviation M + o were calculated.
For traits with a distribution other than normal, the
median and the lower 25th and upper 75th quartiles
Me (LQ; UQ) were calculated. The Mann — Whitney
test was used to assess statistical significance between
unrelated groups. The Kruskal — Wallis test was used
to compare three or more samples. Differences were
recognized as statistically significant at p (observed)
< 0.05, unless the use of Bonferroni correction was
discussed. In this case, statistical significance was
estimated at p (observed) < 0.05/k, where k is the
number of hypotheses under consideration.

RESULTS

The conducted sociological research covered all
regional centers of the Republic of Belarus. The total
number of respondents amounted to 1,405 people, of
which 21.8% (n = 306) were men, 78.2% (n = 1,099)
were women, the average age was 40.7 + 13.3 years.

In terms of socio-professional categories, the
majority of participants (76.1%, n = 1,069) belonged
to the groups of workers/employees/specialists, as
well as to the group of people with middle income
(43.1%, n = 606). Half of the respondents had higher
education (54.9%, n = 772), and one third had
technical or specialized secondary education (34.7%,
n =487).

Fifty-five percent (n = 419) of the respondents
received information about the correctness of
antibiotic use over the last 12 months, of which 75.2%
(n = 316) would like to continue to receive new data
on the above-mentioned topics.

The most popular topics presented to the
participants for selection as additional information
were rational use of ADs (79%), antibiotic resistance
(54%), use of AD in food and agriculture (26%)
(Fig. 1).

Based on the conducted research, it was revealed
that one of the risk factors for self-medication of AD
was the lack of public awareness about these drugs.
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 Would you like to receive
information about antibiotics?

Did not want to receive
information about
antibiotics

Rational use
of antibiotics

Antibiotic
resistance

Use of antibiotics
in agr iculture and food

Fig.1. Relevant topics for additional information

5 Did not receive
information
- Received
information
Indications
for taking
antibiotics
Statistically  significantly more respondents

who did not receive information about the optimal
AD use and believed that all ADs were over-the-
counter medicines were self-medicating respondents
compared to participants who took ADs as prescribed
by the doctor (66.7 vs. 80.2%, p < 0.05). At the same
time, there were fewer citizens who expressed a desire
to receive additional information about rational use of
AD (17 vs. 26.7%, p < 0.05).

According to the questionnaire, each respondent
was offered 13 options for sources of information
about ADs. The obtained data show that in most cases
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citizens used doctor’s knowledge (64.9%), medication
instructions (39.9%) and the Internet (23.5%) as the
main sources of information about ADs (Fig. 2).

The majority of middle-income citizens received
information about ADs from a doctor (72%; p < 0.005)
compared to other respondents. The main source of
information for 42.1% (p < 0.05) of the respondents
with upper-middle income was medication instruction.
Those with higher education more often preferred to
obtain the above information from Internet sources,
as well as from brochures and posters in medical
organizations (28.7 and 13.3%, respectively; p <0.05).
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Fig. 2. Sources of information about antibacterial drugs
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It is worth noting that the group of persons over 65
years of age from the socio-professional category of
pensioners (11.2 and 11.5%, respectively (p < 0.05))
relied on TV commercials broadcasting information

used by 52.9% (p < 0.05) of the respondents over
35 years from the group of employees / managers.
Physician’s knowledge as the main source of
information about ADs was selected in the group of

about ADs. Instructions to medicines as the main persons with secondary education (72%, p < 0.05)

source of information about rational use of AD were (Table 1).
Table 1
Distribution of the Respondents Depending on Sources of Information about Antibacterial Drugs
Physi- Medi- Internet Personal | Pharma- | Medical TV Family Brochures
cian, % cation sources, % (past) cist, % nurse/ commer- members or posters in
Parameter (n =525, | instruction, | (n =178, | experience, | (n = 120, para- cials, % or acquain- health care
69.3%) % 23.5%) % 15.8%) | medic, % (n=22, tances, % | organizations,
(n =302, (n =105, (n=70, 2.9%) (n=148, % (n =75,
39.9%) 13.9%) 9.2%) 6.3%) 9.9%)
18-24 years 76.2 44.0 19.0 11.9 238 131 2.4* 9.5 7.1
§ 25-34 years 73.9 44.9 28.4 17.6 19.9 10.2 1.7* 5.1 11.9
o 35-44 years 70.8 37.6 22.3 11.9 13.9 6.9 1.5% 1.9 8.9
o 45-54 years 65.9 38.9 29.9 16.7 104 6.9 2.8* 7.6 125
£ 55-64 years 64.0 348 16.9 11.2 12.4 10.1 3.4* 10.1 11.2
65+ years 58.1 37.1 14.5 9.7 17.7 12.9 11.2* 11.2 3.2
_ Manager 725 52.9* 19.6 11.8 11.7 7.8 3.9 3.9 17.6
g Self-employed 44.0 20.0 20.0 20.0 12.0 4.0 0.0 8.0 0.0
% > Entrepreneur 80.0 10.0* 25.0 0.0 20.0 20.0 5.0 0.0 5.0
£ 3 Employee/ 713 42.3 25.2 15.2 15.7 9.1 1.9% 55 10.2
3 specialist
S S| Unemployed 55.6 11.1* 333 11.1 16.7 0.0 5.6 11.1 16.7
(,8) Pensioner 60.7 311 16.4 8.2 18.0 14.8 11.5* 14.8 4.9
Student 68.2 45.5 45 9.1 22.7 4.5 0.0 9.1 9.1
Extremely low 23.8* 23.8* 19.0 9.5 9.5 4.8 0.0 9.5 14.3
2 Low 70.5* 31.8* 18.6 155 18.6 8.5 2.4 10.1 6.2
S Middle 72.0* 43.4 23.3 129 16.0 104 25 5.9 8.2
= Upper-middle 69.2* 42.1* 29.9 14.9 17.2 9.9 4.1 49 145
High 20.8* 36.8 14.7 13.2 7.4 4.4 2.9 4.4 8.8
s Completed 75.9 224 6.9* 6.9 24.1 13.8 34 12.1 3.4
b= secondary
é Secondary 70.9 30.5 20.7 11.6 16.5 12.3 21 6.3 7.0*
2 vocational
o Unfinished 58.1 38.7 16.1 9.7 194 13.2 3.2 9.7 6.5
> higher education
- Higher education | 68.1 49.6 28.7* 16.9 13.8 6.8 34 5.2 13.3*

* p < 0.05 between the groups.

Based on the results obtained in the course
of the sociological survey, the respondents were

characterized depending on their trust in sources of
information about AD (Tables 2, 3).

Table 2

Characteristics of the Respondents Depending on Their Trust in Sources of Information about Antibacterial Drugs

Source of information Respondent characteristics

Female 43.7+14.2 years old, who bought AD according to the doctor’s prescription, followed the doctor’s recommenda-
tions for the use of APs, had a high mean score of knowledge about AD, received information about the correct use of
AD during the last 12 months

A woman who purchased AD from a pharmacy without a doctor’s prescription, self-medicated, used leftover AD from a
previous course of treatment, with higher education and a high average score of knowledge about AD, who expressed a
desire to receive more information about AD

A person who purchased AD without a doctor’s prescription, with higher education, who had a high average score of
knowledge about AD, and expressed a desire to expand their knowledge about AD

A person 50.2 + 16.8 years old who took AD following the advice of a pharmacist, with a low mean score of knowledge
about AD

A person with higher education, who took AD following the advice of family members or acquaintances, engaged in
self-treatment, at the same time having a high average score of knowledge about AD and willing to expand their knowl-
edge about AD

Physician

Instructions to AD

Internet sources

TV commercials

Personal experience
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Table 3
Characteristics of the Respondents Depending on Sources of Information about Antibacterial Drugs
Source of information about antibacterial drugs
Parameter Physician Medlcatl_on Instruc- Internet sources TV commercials Persona_l (past)
tion experience
Yes No Yes No Yes No Yes No Yes No
Female gender, % 77.5 68.9 80.8 70.9 - - - - - -
Settlement type — village, : 5 59 15.8 B 3 3 : 3 3
%
Ade. vears 407+ | 437+ | ~ _ ~ 502+ | 414+ ~ ~
ge. ¥ 13.7 14.1 16.8 13.7

Higher education, % - - 62.9 42.4 61.8 47.2 - - 61.9 48.8
Pensioners, % - - - - - - 45 7.3 - -
Took antibiotics in tablet 95.2 871 : : B 3 818 93.1 _ 3
(capsule) form
Took antibiotics in syrup 08 26 _ _ _ _ 91 11 _ _
form
Took antlblo_tlcs in the 5 : 3 3 B : 29 06
form of an ointment
Purchased antibiotics
following a prescription 64.6 529 : : 3 3 3 5 3 _

or received them during
hospitalization, %

Purchased antibiotics
from a pharmacy without 37.1 46.6 47.0 35.4 49.4 37.1 - - 58.1 37.1
a doctor’s prescription

Received antibiotics
from family members / - - - - - - - - 3.8 1.2
acquaintances

Took leftover antibiotics
from the previous treat- - - 10.9 4.6 - - - -
ment, %

The source of antibi-
otic prescription is the 89.3 62.9 - - - - - - 74.3 82.4
physician

The source of antibiotic
prescription is the para- 11 34 - - - - - - - -
medic

Source of antibiotic pre-

scription is the pharmacist - - - - - - 318 3.9 - -

The source of antibiotic
prescription is users in the - - - - - - 4.5 0.0 0.9 0.0
Telegram channel

The source of antibiotic
prescription is a family 1.9 6.5 - - - - - - - _
member or acquaintance

Self-medicattion with

L 9.3 21.1 19.5 8.6 - - - - 22.9 11.3
antibiotics.
Rational use of
antibiotics, % 493 405 - - - - - - - -
Completed the full
treatment course with 89.3 80.6 - - - - - — - _

antibiotics, %
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End of Ttable 3

Source of information about antibacterial drugs

Medication instruc-

Parameter -
tion

Physician

Personal (past)

TV commercials .
experience

Internet sources

Yes No Yes No

Yes No Yes No Yes No

Had tests performed
before the initiation of 57.3 38.4 - -
antibacterial therapy

Average score of knowl- 11.5+ | 105+ | 117+

edge about antibiotics 2.2 2.8 2.1 108+25

118+22 |1109+24]98+31 |11.2+24|11.6+23

111+24

Were aware of the ban
on the sale of antibiotics
without a doctor’s pre-
scription, %

81.7 68.1 81.8 4.7

Received information on
correct antibiotic use in 50.5 315 - -
the last year, %

57.3 40.8 - - - -

Would like to receive
more information about - - 26.8 19.6
antibiotic resistance

- - - - 334 20.9

Would like to receive
more information about
the rational use of anti-
biotics

- - 42.7 26.8

39.3 31.3 - - 45.7 31.1

Would like to receive
more information about
the indications for antibi-
otic use

- - 28.8 22.2

Would like to receive
more information about
the use of antibiotics in
agriculture

- - 14.2 8.8

17.4 8.9 - - - -

Note. The table shows values at which p < 0.05 when comparing variables within groups for positive and negative answers from the respondents.

DISCUSSION

When comparing the data obtained in the present
study with the results of a one-stage observational
study in the Russian Federation (n = 2,725, 2023),
the similarity of information sources about ADs was
noted [6]. The top three most common information
sources were knowledge and opinion of a doctor
(69.4% in the Republic of Belarus and 59.4% in
the Russian Federation), medication instructions
(39.9% in the Republic of Belarus and 45.5% in the
Russian Federation), and Internet sources (23.5% in
the Republic of Belarus and 22.7% in the Russian
Federation). According to the study by S. Miyano
et al. [7], involving 2,045 respondents, doctors and
paramedics (46.3%) were also the main source of
information about the rational use of ADs, followed
by an advice from family members or friends
(38.9%) and mass media (26.1%). In an Italian study

by R. Zucco et al. with 913 participants, it was found
that 73.4% of the respondents received information
about ADs from the Internet, and 45% preferred
messengers [8].

At the same time, the Republic of Belarus
had twice as large a proportion of citizens who
received information about the harm of incorrect
AP use in the last year (55.0%, n = 419) compared
to citizens from the Russian Federation (23.6%,
n = 642). The proportion of citizens who wanted
to receive information about ADs was identical in
both countries (75.2% in the Russian Federation and
75.0% in the Republic of Belarus). The risk group of
low public awareness about ADs in both countries
was also identical: men with low income, who took
ADs without a doctor’s prescription following the
advice of family members or acquaintances, who
self-medicated and did not use drugs normalizing
intestinal microflora.
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According to the results of the study, obtaining
information about the rational use of AD over the last
12 months, and following the recommendations and
using the knowledge of a doctor as the main source
of information about AD contributed to a decrease in
the number of respondents who self-medicated and,
as a consequence, to more correct use of ADs. This
trend is typical of both the Republic of Belarus and the
Russian Federation.

CONCLUSION

Thus, there is a need to raise public awareness
of antibiotic resistance and increase commitment
of citizens to optimal use of ADs. Income, age, and
socio-professional categories of the population should
be taken into account to elevate awareness of the
population around ADs.

Working with health professionals is also
essential: holding annual training events in medical
organizations and pharmacies, organizing internships
for professional development, holding conversations
with patients during doctor’s visits, placing
information about the correct use of antibacterial
drugs in medical organizations in the form of posters,
leaflets, and videos.
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Interregional differences in IL-10 and MMP2 gene polymorphisms
in groups of patients with primary open-angle glaucoma in the Russian
Federation according to a multicenter study
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ABSTRACT

Background. Primary open-angle glaucoma (POAG) is optic neuropathy, the etiology of which is associated
with genetic and non-genetic factors. /L-70 and MMP2 SNPs are associated with POAG, but the nature of the
association depends on the ethnic profile of the population. For the Russian Federation, whose population includes
190 nationalities, this issue is relevant.

Aim. To perform a multicenter comparative analysis of the /Z-10 and MMP2 SNPs as potential factors for predicting
the development of POAG in patients in four regions of the Russian Federation: the Novosibirsk, Leningrad, and
Orenburg Regions, and the Chuvash Republic.

Materials and methods. We examined 499 POAG patients from 4 branches of S. Fyodorov Eye Microsurgery
Federal State Institution (main group), 530 people without visual pathology (control 1), and 100 patients with
cataracts (control 2). Genotyping of /L10 (rs1800896 and rs1800872 SNPs) and MMP-2 (rs243865) was performed
by real-time polymerase chain reaction (RT-PCR) according to the manufacturer’s instructions (Lytex and Syntol,
Russia). The differences were considered statistically significant at the Bonferroni-corrected p < 0.05.
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Results. An increase in the incidence of IL-10-1082 A was revealed in POAG patients compared to patients with
cataract and healthy individuals. An increase in the incidence of IL-10 A4 in both regions and a decrease in the
frequency of MMP2-1306 TT were found. Similar patterns were established for interlocus /L-10 and MMP?2
genotypes. The group of patients in the Leningrad Region differed the most compared to other regions, which may
be due to their long-term residence together with the indigenous Finno — Ugric peoples.

Conclusion. The data obtained should be taken into account when developing additional criteria for predicting
predisposition to POAG, which is important in case of POAG in the family history.

Keywords: IL-10, MMP2, SNP, POAG
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KoHneHnkoBB.W.', LLleBueHko A.B.", Mpoko¢bes B.D.", ApciotoB A.I'.2, XogkaeB H.C.?,
Bownko 3.B.3, NMpaBocyposa M.M.2, Yynpos A.Al.%, KyBainuesBa 0.C.%, Flop6yHoBa H.10.%,
Mapkosa A.A.°, MuweHnuHoB M.B.%, MocTtynaesa H.B.%, Manbiwesa l0.B.7, UBaHoB A.A.,
EpemuHa A.B.%, TpyHoB A.H.3, YepHbix B.B.2

! Hayuno-uccnedo8amensCkutl UHCIumym KIuHu4eckoll U 9KCNePUMEHMAaibHOU TUMBono2uu — Quiuan
Dedepanvroeo ucciedosamenbckozo yeumpa « Muemumym yumonozuu u eenemuxu Cubupckoeo omoeneHust
Poccuiickou axademuu nayky (HUHKIJI — ¢punuan ULul” CO PAH)

Poccus, 630060, . Hosocubupck, ya. Tumaxosa, 2

2 Hayuonanvuwitl meduyunckuil uccieoosamenvckuil yenmp (HMHL]) «Mexcompacnesotl nayuno-mexnuueckuil
xkomnaexc (MHTK) “Muxpoxupypeus enaza’” um. axao. C.H. @edoposay
Poccus, 127486, 2. Mocksa, Beckyonuxosckuii 6yaveap, 59a

3 Canxm-Ilemepoypeckuii punuan HMHUL] «MHTK “Mukpoxupypeus enaza’” um. axao. C.H. @edoposay
Poccus, 192283, 2. Canxm-Ilemepbype, yn. Apocnasa I'awexa, 21

* Openoypecxuit punuan HMUL] «MHTK “Muxpoxupypeus enaza’ um. akad. C.H. @edoposa
Poccus, 460047, 2. Openodype, yr. Carmviuuckasn, 17

S Yebokcapekuti hunuan HMHUL] « MHTK “Muxpoxupypeus enaza’” um. axao. C.H. @edoposar Poccus, 428028,
Yysawickas Pecnyonuxa, 2. Yebokcapul, npocnexkm Tpaxmopocmpoumenetl, 10
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¢ Xabaposcruui gpunuan HMHUL] « MHTK “Muxpoxupypeus enaza” um. akao. C.H. @edoposay
Poccus, 680033, 2. Xabaposck, yn. Tuxooxeanckas, 211

7 Upxymcexuii punuan HMHUL] « MHTK “Mukpoxupypeus enaza’” um. axao. C.H. @edoposay
Poccus, 664033, 2. Upxkymck, ya. Jlepmonmosa, 337

8 Hosocubupcruii punuan HMUL] « MHTK “Muxpoxupypeust enaza’ um. axad. C.H. dedoposay
Poccus, 630096, e. Hosocubupck, ya. Koaxuockas, 10

PE3IOME

Oo6ocHoBanue. [lepBuunas otkpbeIToyrosnpHas riaaykoma (IIOYT) — xpoHuyeckas mporpeccupyromast ONTHKOHEH-
pOMAaTHsI, STHOJIOTHsI KOTOPOU CBsI3aHa ¢ TEHETHYECKUMU U HereHeTnueckumu (akropamu. [omumopdusmer SNP
reHoB /L-10 u MMP?2 accouunposansl ¢ [IOVY], ogHako xapakTep acCOUMMPOBAHHOCTU 3aBUCUT OT 3THHUYECKOTO
cocraBa Hacenenus. s Poccuiickoit @enepannu, HaceneHne KOTOPOH cOCTOUT U3 mpeacTaButeneit 190 Hamo-
HaJIbHOCTEH, 3TO aKTyanbHas mpodiema.

Henapb uccrenoBaHus — MHOTOLIGHTPOBBIN CpaBHUTENbHBIN aHanu3 pacnpeaeneHus SNP renos /L-10 u MMP2 xak
MOTCHIMAIBHBIX ()aKTOPOB IIPOrHO3a pa3BUTHs 3aboseBaHus B rpymmnax nanueHTos ¢ [IOVT B uetsipex permonax
Hacenienust Poccun: HoBocubupckoii, Jlennnrpazckoii u Opendyprekoit odnacreid, Yysauckoit Pecriy6mamkn.

Matepuananl u Meroabl. ObcienoBanbl 499 nanuentoB ¢ [TIOYI' (ocHOBHas rpymma) w3 4eThlpex (GuiHanoB
MexOoTpaciieBOro Hay4HO-TEXHHYECKOro KoMIuiekca « MHUKpOXHUpyprus iiasay, 530 yenoBek 0e3 MaTojIoruu op-
raHoB 3peHus (KoHTpousib 1) 1 100 manueHToB ¢ KaTapakToil (KoHTpoib 2). ['eHotunupoBanue renos /L-10 (mo-
mumophusmbl 1s1800896, rs1800872) u MMP2 (monmumopdusm 1s243865) mpoBOAMIA METOIOM TOJIAMEPA3HON
LICITHON peaKklUK B PEAIbHOM BPEMEHH COTJIACHO MHCTPYKIMH (GupMbI npousBoxuteis («JIntex» u «CHHTOM,
Poccust). CTaTHCTHYECKU 3HAYMMBIME CYUTANUCH pasnuyus mpu p < 0,05 ¢ yuerom nonpasku Borpepponu.

Pe3yabTathl. BrisiBieHo noctoBepHoe npeodnananue nokyca -1082 amnens 4 (ren /L-10) y nauuenrtos ¢ [IOYTD
OTHOCHTEJIBHO JIHI[ C KATAPAKTON M 3/10POBBIX. Y CTAHOBIICHO MOBBIILICHHE YacTOThl reHoTuna A4 (IL-10) B obenx
MO3MIHSAX U CHIKEHUE 4acTOThl -1306 TT (MMP2). CxoaHble 3aKOHOMEPHOCTH YCTAHOBIICHBI TSl MEKIIOKYCHBIX
reHotunoB /L-10 u MMP2. Tlony4yeHsl JaHHbIE O HATMYUK JOCTOBEPHBIX Pa3lIn4Mil B XapaKTepe paclpeaeacHus
aJulel, TeHOTHIIOB MeX 1y pernoHamu Poccun. Hanbosee oTinyanack OT OCTalbHBIX PETMOHOB TPYIINA HALUCHTOB
Jlenuurpaackoit 0071acTH, YTO MOXKET OBITH CBSI3aHO C €€ MHOTOJICTHUM IPO’KMBAaHHEM COBMECTHO C KOPEHHBIM
HaceJIeHneM (PUHHO-YyropcKOro NPOMCXOXKACHHUSL.

3akioueHue. HOJ’[y‘IeHHHe JIAHHBIC H€O6XOHI/IMO YUYUTBIBAThL IIpU pa3pa60TKaX JOIIOJIHUTECIIbHBIX KPUTEPUEB
IIpOTrHO3a MPEeAPACIIONIOKEHHOCTU K PA3BUTUIO HOVF, YTO aKTyaJIbHO IIpHU HAJIMYUU OTATOLIEHHOT'O CEMEIHOTO
aHaMHE3a.

Karouesslie cioBa: /L-10, MMP2, SNP, IIOYT

Hcrounuk ¢puHancupoBanus. PaboTa BBINOIHEHA B paMKax 0TOBOPA O HAYYHO-TIPAKTHIECKOM COTPYAHHIECTBE
mexry HUMKDJI — dummanom ULul" CO PAH n HoBocubupckum ¢pununanom MHTK «Mukpoxupyprus riaaza»
nm. akaa. C.H. ®denoposa Mun3zapasa Poccun.

Konpaukt naTepecoB. ABTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(IIMKTA HHTEPECOB IPU MPOBEICHUH HCCIIeI0Ba-
HUSI

CooTBeTCTBHE NMPHHIMIIAM ITHKH. Bce y4aCTHHKH MOJNUCANN MMCbMEHHOE MH()OPMUPOBAHHOE COTJIacue Ha
y4acTue B UCCIIEJOBAHUU U 00pabOTKY NMepcoHaIbHbBIX AaHHBIX VccnenoBanne 000peHO KOMUTETaMH o Grome-
nmurmHcekor atnke HUWMKOJT — dummamom ULul” CO PAH (mporokon Ne 177 ot 02.02.2003) u HoBocubupckoro
¢umana MHTK «Mukpoxupyprus rinaza» um. akag. C.H. @emopoa Munzapasa Poccun (mpotokor Ne 2 ot
2.09.2018).

Jnsa untupoBanusi: Konenkor B.U., IlleBuenko A.B., IIpokoprer B.®D., ApcroroB JI.I'., Xomxkaes H.C.,
Boiiko 2.B., IIpaBocynoa M.M., Uynpos A./l., Kysaitnesa O.C., I'op6ynosa H.}O., Mapkosa A.A., [Tmenmy-
HoB M.B., Iloctynaesa H.B., Mansimesa 10.B., BanoB A.A., Epemuna A.B., Tpynos A.H., Uepusix B.B. Me-
JKperuoHaypHble pasnuuus pacnpenencHus SNP renos IL-10 1 MMP2 B rpynnax nanueHToB ¢ IEPBUYHOM OT-
KPBITOYTOJIbHOM IN1ayKOMOH 0 JaHHBIM MHOTOLICHTPOBOI'0 UccienoBanus B Poccuiickoit denepanuu. broriemens
cubupcroi meduyunsl. 2025;24(3):68-80. https://doi.org/10.20538/1682-0363-2025-3-68-80.
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INTRODUCTION

Primary open-angle glaucoma (POAG) is chronic
progressive optic neuropathy that unites a group of
diseases whose etiology is not fully understood. Its
origin and development are predominantly explained
by a multifactorial concept involving the variety of
genetic and non-genetic factors [1]. Among the causes
of incurable blindness in Russia, glaucoma occupies
one of the leading places, exceeding the European
average by 1.5-2 times [2]. In addition to genetic
predisposition, disorders of aqueous humor outflow
caused by impaired angiogenesis, damage to the optic
nerve, and retinal ganglion cell loss play an essential
role in the development of POAG [3]. Both vascular
(circulatory and lymphatic vascular) networks
and extravascular spaces (extracellular matrix) are
involved in the aqueous humor outflow [4].

Matrix metalloproteinases (MMPs) are a family
of proteolytic enzymes that break down extracellular
matrix (ECM) components and are crucial in many
biological processes, including the development and
remodeling of tissues both in normal and pathological
conditions. This family of zinc-containing
endopeptidases, which catalyze degradation reactions
of ECM components, consists of more than 20
enzymes in the human body. The substrates for MMP-
2 are gelatinases represented by type 4 collagen,
aggrecan, gelatin, and fibronectin. The activity of
MMPs is affected by their expression level and the
expression of tissue inhibitors of MMPs. In the eye,
MMP-mediated ECM turnover in the juxtacanalicular
region of the ocular trabecular meshwork reduces
aqueous humor outflow resistance and helps maintain
intraocular pressure homeostasis [5, 6].

MMPs are involved in the pathogenesis of various
types of glaucoma; the content of MMP-2 and -9 is
significantly higher in glaucomatous eyes compared
to healthy ones. These changes were found in watery
eye discharge, the iridocorneal angle, and the Tenon
capsule in patients with POAG, primary angle-closure
glaucoma, and exfoliative glaucoma. Anincrease in the
content of MMP-9 both in the systemic circulation and
locally may also indicate impaired cellular remodeling
in the structures of the eye, which contributes to the
formation of autoimmune inflammation with tissue
destruction [7].

Associations have been established between the
genotypes 1G2G (MMP-1 gene), C/T (MMP-9 gene)
(p < 0.001), and CT (IL-1b gene) (p < 0.05) and a
decrease in the thickness of the retinal nerve fiber

layer in the group of patients with POAG. The results
showed a relationship between the reduced rim area
and the A/G genotype (MMP-12 gene) (p < 0.001).
The normal value of this parameter was detected in
the group of patients with POAG associated with
the genotypes T/C (TIMPI gene) (p < 0.05) and CT
(IL1b gene) (p < 0.05). Finally, the results showed
an association of the C/T genotype (MMP-9 gene)
(p <0.001) with a decrease in the optic disc excavation
index in the group of patients with POAG [8].

In humans, the MMP-2 gene is located on
chromosome 16. A total of 37 polymorphisms
located in the MMP-2 gene were studied, most of
which are located in the promoter region. The main
polymorphisms studied were rs243865, rs2285053,
rs243866, and 1s243864, which can affect the
expression of encoded regulatory proteins.

Cytokines, and in particular the inhibitory
immunosuppressive interleukin (1L)-10, play anessential
role in regulating the functional activity of MMP. IL-
10 stimulates tissue inhibitors of metalloproteinases
(TIMPs) and inhibits the expression of MMP, thus
influencing the induction of angiogenesis [9].

In humans, IL-10 is encoded by the IL-10 gene
located on the long arm of chromosome 1. The 7L-
10 gene promoter is characterized by the presence
of polymorphisms that can significantly affect IL-
10 expression in different people [10]. Of the 49
polymorphisms identified, 46 are single-nucleotide
polymorphisms (SNPs), 2 are microsatellite poly-
morphisms, and 1 is a small (3-letter) dropout.
Twenty-eight polymorphisms occur in the promoter
region of the gene, 20 polymorphisms are non-coding
intronic or synonymous substitutions, and only
1 polymorphism leads to a change in the amino acid
sequence of the protein.

Based on these data, we formulated the aim of the
study — to conduct a multicenter comparative analysis
of the distribution of three SNPs of the /L-10 and
MMP?2 genes as potential factors for predicting the
development of POAG in patients in four regions of
the Russian Federation: the Novosibirsk, Leningrad,
and Orenburg Regions, and the Chuvash Republic.
These studies are relevant for the Russian Federation,
where, according to the latest population census, more
than 190 nationalities of various ethnicities live.

MATERIALS AND METHODS

We performed a comparative, multicenter, case —
control genetic study of 499 patients with POAG (main
group) from four regions of the Russian Federation.
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The patients were treated and followed up in
Novosibirsk (199 people), Cheboksary (100 people),
Orenburg (100 people), and Saint Petersburg (100
people) branches of S. Fyodorov Eye Microsurgery
Federal State Institution. The study included patients
aged 36-91 years, with a median of 71.0 [66.0; 76.0]
years; 259 men (51.9%) and 240 women (48.1%).

Control group 1 (530 people) included apparently
healthy individuals (157 men and 373 women) aged
18-69 years. Control group 2 encompassed 100
patients with cataract who received treatment in the
Novosibirsk branch of S. Fyodorov Eye Microsurgery
Federal State Institution. Relatives of the patients
were not included either in the main or in the control
groups.

The study was approved by the Bioethics
Committees at Research Institute of Clinical and
Experimental Lymphology — Branch of the Institute
of Cytology and Genetics, Siberian Branch of
Russian Academy of Sciences (Minutes No. 177
dated 02.02.2003) and the Novosibirsk Branch of S.
Fyodorov Eye Microsurgery Federal State Institution
(Minutes No. 2 dated 2.09.2018) and was carried out
in accordance with the WMA Declaration of Helsinki
“Ethical Principles of Conducting Medical Research
Involving Humans as Subjects” (Fortaleza, Brazil,
October 2013). A written informed consent was
obtained from all participants to participation in the
study and to personal data processing.

The inclusion criterion for the main group was
stage 11-111 POAG with the axial length of 22.5-24.5
mm.

The exclusion criteria were the presence of any
hereditary and genetic diseases, autoimmune diseases
and tumors of any localization (including multiple
sclerosis, diabetes mellitus of any form, cataracts
(total cataract, if it made it difficult to conduct an
instrumental examination), neovascular, pigmentary
glaucoma, low-tension glaucoma, keratitis and uveitis
of various etiology and localization, central retinal
vein occlusion, central serous chorioretinopathy, wet
macular degeneration, eye injuries and burns in the
medical history.

The diagnosis of POAG was verified according
to the developed and approved criteria set out in the
clinical guidelines “Primary open-angle glaucoma”
(http://avo-portal.ru/documents/fkr/Klinicheskie_
rekomendacii_POUG_2022.pdf).

To assess intraocular pressure (IOP), applanation
tonometry data were used. Structural pathological

neuroretinal alterations were assessed following
protocols for the optic disc and retinal nerve fiber
layer examination (according to optical coherence
tomography). Typical defects in the visual field
were confirmed by the perimeter index MD (average
deviation of photosensitivity) and narrowing of the
boundaries of the visual field along the nasal isopters.
Grade 3-4 opening of the iridocorneal angle was
confirmed by gonioscopy. Given the fact that the
Russian classification of POAG includes four clinical
and pathogenetic forms (pseudoexfoliative glaucoma,
chronic (simple) glaucoma, low-tension glaucoma,
and pigmentary glaucoma), biomicroscopy of the
anterior segment of the eye was performed. Its results
allowed for the differential diagnosis and correct
selection of patients. The study included patients
with pseudoexfoliative glaucoma and primary simple
glaucoma.

Single-nucleotide polymorphisms of the /10 gene
(-592 C/A, rs1800872 and -1082 G/A, rs1800896)
were genotyped using real-time polymerase chain
reaction (RT-PCR) with the SYBR Green dye
(Lytech and Syntol, Russia) on the DT-96 amplifier
(DNA Technology, Russia) according to the
manufacturer’s instructions. DNA isolation and RT-
PCR were performed using a unified instrument
and reagent database at the Laboratory for Clinical
Immunogenetics of the Research Institute of Clinical
and Experimental Lymphology (Novosibirsk).

Statistical processing of the results was carried
out using IBM SPSS Statistics 23 and specialized
programs for volumetric processing of biological
information, including multidimensional genetic
analysis: Arlequin 3.5.2, SNPStats, and Cytoscape
3.10.3. When analyzing the results of the genetic
study, the allele and genotype frequency, their poly-
locus combinations, the odds ratio (OR), and the
95% confidence interval (95% CI) were calculated.
The distribution of genotypes across the studied
polymorphic loci was checked for compliance with the
Hardy — Weinberg equilibrium using the exact Fisher’s
criterion. The significance level of differences in the
frequency of genetic trait distribution (alleles, simple
and complex genotypes) in the compared groups was
determined by the two-tailed Fisher’s exact test for
2 x 2 contingency tables (P_TMF2). To eliminate
the effect of multiple comparisons, the Bonferroni
correction was applied. The critical significance level
when testing statistical hypotheses was assumed to be
0.05.
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RESULTS

At the first stage of the study, it was necessary to
identify groups comparing the results identified among
patients with POAG with the controls. As the latter, we
identified groups of healthy individuals without signs
of visual organ dysfunction (control 1) as the most

representative and a group of patients with cataract
who did not have an increase in IOP (control 2, 100
people). The comparison group (control 1) included
530 people that matched with the main POAG group
(499 people) based on gender and age. The results of
comparing the distribution of the studied parameters
are presented in Table 1.

Table 1
Results of the Frequency Distribution of rs243865 in the MMP-2 Gene, rs1800896 and rs1800872
in the IL-10 Gene in Groups of Patients with POAG and Healthy Individuals
. . Alleles/ POAG Donors
Polymorphic region of the gene
genotypes Frequency, % OR OR_CI95 p_TMF2 p_COR

1L10-592 C 77.5 79.9 0.86 0.69-1.07 0.187 0.374
1L10-592 A 22.6 20.1 1.16 0.93-1.44 0.187 0.374
1L10-1082 A 63.1 49.8 1.73 1.38-2.16 0.000 0.000
1L10-1082 G 36.9 50.2 0.58 0.46-0.73 0.000 0.000
MMP2-1306 C 75.7 74.6 1.06 0.84-1.33 0.639 1.278
MMP2-1306 T 24.4 254 0.95 0.75-1.19 0.639 1.278
1L10-592 cC 60.7 62.6 0.93 0.72-1.20 0.556 1.669
1L10-592 CA 335 34.8 0.94 0.72-1.23 0.687 2.061
1L10-592 AA 5.8 2.7 2.25 1.15-4.37 0.017 0.052
1L10-1082 AA 38.5 22.8 212 1.48-3.04 0.000 0.000
1L10-1082 AG 49.3 54.0 0.83 0.60-1.14 0.260 0.781
1L10-1082 GG 12.2 23.2 0.46 0.31-0.69 0.000 0.001
MMP2-1306 CcC 55.7 57.1 0.95 0.71-1.26 0.718 2.155
MMP2-1306 CT 39.9 35.1 1.23 0.92-1.64 0.184 0.552
MMP2-1306 TT 4.4 7.8 0.54 0.39-0.98 0.045 0.136
1L10-592:1L.10-1082 CC-AA 17.0 10.8 1.69 1.04-2.75 0.033 0.260
1L10-592:1L.10-1082 CC-AG 32.7 329 0.99 0.71-1.39 1.000 8.000
IL10-592:1L.10-1082 CC-GG 11.0 18.9 0.53 0.34-0.82 0.006 0.050
1L10-592:1L.10-1082 CA-AA 16.6 9.9 1.81 1.10-2.99 0.022 0.174
1L10-592:1L.10-1082 CA-AG 15.6 20.7 0.71 0.47-1.06 0.109 0.869
1L10-592:1L10-1082 CA-GG 1.2 45 0.26 0.09-0.72 0.011 0.085
1L10-592:1L.10-1082 AA-AA 4.8 18 2.75 0.94-8.03 0.060 0.483
1L10-592:1L.10-1082 AA-AG 1.0 0.5 2.24 0.26-19.26 0.672 5.378
1L10-592: MMP2-1306 Cc-cC 35.1 329 1.10 0.82-1.49 0.544 4.352
1L10-592: MMP2-1306 CC-CT 22.7 24.6 0.90 0.64-1.25 0.551 4411
1L10-592: MMP2-1306 CC-TT 3.0 51 0.58 0.28-1.18 0.136 1.09
1L10-592: MMP2-1306 CA-CC 17.2 21.4 0.76 0.54-1.09 0.141 1.131
1L10-592: MMP2-1306 CA-CT 14.8 10.5 1.48 0.95-2.29 0.088 0.706
1L10-592: MMP2-1306 CA-TT 14 29 0.48 0.18-1.30 0.193 1.547
1L10-592: MMP2-1306 AA-CC 34 2.2 154 0.63-3.76 0.399 3.194
1L10-592:MMP2-1306 AA-CT 2.4 0.3 7.69 0.99-54.42 0.021 0.169
I1L10-1082:MMP2-1306 AA-CC 20.2 11.9 1.88 1.17-3.01 0.007 0.065
1L10-1082:MMP2-1306 AA-CT 17.2 9.5 1.98 1.18-3.31 0.008 0.072
1L10-1082:MMP2-1306 AA-TT 1.0 14 0.70 0.17-2.95 0.700 6.300
1L10-1082:MMP2-1306 AG-CC 28.7 27.6 1.05 0.73-1.51 0.855 7.697
I1L10-1082:MMP2-1306 AG-CT 18.0 219 0.78 0.53-1.17 0.251 2.257
1L10-1082:MMP2-1306 AG-TT 2.6 3.8 0.68 0.28-1.65 0.467 4.196
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Endof Table 1

: . Alleles/ POAG Donors

Polymorphic region of the gene
genotypes Frequency, % OR OR_CI95 p_TMF2 p_COR

1L10-1082:MMP2-1306 GG-CC 6.8 15.2 0.41 0.24-0.68 0.001 0.009
IL10-1082:MMP2-1306 GG-CT 4.6 7.1 0.63 0.32-1.23 0.201 1.805
IL10-1082:MMP2-1306 GG-TT 0.8 14 0.56 0.12-2.51 0.428 3.856
IL10-592:1L10-1082: M-
MP2-1306 CC-AA-CC 9.6 3.8 2.67 1.24-5.76 0.009 0.187
IL10-592:1L10-
1082:MMP2-1306 CC-GG-CC 6.2 11.5 0.51 0.29-0.89 0.021 0.437
IL10-592:1L10-1082: M-
MP2-1306 CA-AA-CT 7.8 2.4 3.46 1.34-8.90 0.006 0.120
1L10-592:1L.10-1082:M-
MP2-1306 CA-GG-CC 0.6 3.8 0.15 0.04-0.58 0.004 0.076
1L10-592:1L10-
1082:MMP2-1306 AA-AA-CT 2.2 0.0 5.15 0.67-39.89 0.040 0.832

Note. Here and in Table 2: p TMF2 — significance of the two-ailed Fisher’s exact test; p COR — Bonferroni-corrected significance.

As seen from the data presented, the distribution
of IL-10 gene alleles at position -592 and MMP2 gene
alleles at position -7306 was similar in both compared
groups, whereas at position -7082, significant
predominance of allele 4 among patients was revealed.

For the SNP genotypes of the /L-10 gene, an
increase in the frequency of homozygous A4 variants
at both positions and a decrease in the frequency of
the homozygous 7T variant of the MMP2 gene in the
position -71306 were found. A slight increase in the
frequency of CC-44 and CA-AA genotypes was also
detected in the group of patients with POAG, along
with a decrease in the frequency of 7L-10 genotypes
containing the G allele.

Similar patterns were established for the interlocus
genotypes of the 7L-10 and MMP2 genes, which are
characterized by a combination of alleles A and C at
positions -592 and -1082 and double homozygotes
GG / CC at position -1082. Minor multidirectional
changes were revealed for three-locus combinations.

The conducted studies of patients from the
Novosibirsk branch S. Fyodorov Eye Microsurgery
Federal State Institution showed that, unlike the
control group of patients with cataracts who did not
have an increase in IOP, a significant decrease in
the frequency of the homozygous 77 variant of the
MMP-2 gene at position -71306 (OR = 0.33; p_ cor =
0.0258) was also found among patients with POAG.
Moreover, this pattern persisted in the complex
genotype [ILI10-1082:MMP2-1306 AA-TT (OR =
0.07; p_cor = 0.0207) and with lower reliability in the
complex genotype IL10-592:1L10-1082:MMP2-1306
CC-AA-TT (OR = 0.08; p TMF2 = 0.0039; p _cor =
0.08). This conclusion was also verified by comparing

the data obtained in a group of patients with POAG
with the results of the study of healthy individuals
(526 people) used as an additional control group.
The frequency of distribution of the homozygous
TT variant at MMP2-1306 position among patients
with POAG was also significantly lower (OR = 0.54;
p = 0.045) than among healthy individuals without
identified eye diseases.

Based on the above data, these results can be
interpreted as indirect evidence that the level of
MMP-2 expression in patients with POAG should be
higher, which can be regarded as one of the possible
factors of ECM disorders in this eye disease. For
our multinational country, it is interesting to see
how common the data obtained are for a number of
regions of the Russian Federation, or whether there
are significant differences in these distributions. To
get an answer to this question, we conducted a joint
study with branches of S. Fyodorov Eye Microsurgery
Federal State Institution located in such regions
as Saint Petersburg, Orenburg, Cheboksary, and
Novosibirsk. The results of this multicenter study are
presented in Table 2.

The results presented in Table 2 show that
interregional differences were revealed in a number
of analyzed genetic parameters between the patient
groups from the Novosibirsk Region and the
Chuvash Republic, which is probably due to different
representation of the Mongoloid population in these
regions, with predominantly white population. It was
found that the frequency of the 7T genotype in the
position -7306 of the IL-10 gene was increased among
patients from the NSR, while it was completely absent
in patients from the CHR.
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Atthe sametime,anincrease inthe frequency of two-
locus genotypes (CC-CT IL10-592:MMP2-1306; AA-
CTIL10-1082:MMP2-1306)andthree-locusgenotypes
(IL10-592:1L10-1082:MMP2-1306 CC-AA-CT,
and CA-GG-CT 1L10-592:1L10-1082:MMP2-1306)
was noted in this region. The latter was identified
exclusively in patients from the CHR and never
occurred in patients of the other three regions. Perhaps
this is due to the greater proportion of the Mongoloid
population in this region of the Russian Federation.

The group of patients from the Orenburg Region
appeared to be more similar in the distribution of the
studied parameters to the population of the NSR. In
this group, only one difference was found related to
an increase in the frequency of the CC-AG-CC IL10-
92:1L10-1082:MMP2-1306 genotype.

The group of patients from the Leningrad Region
differed the most compared to other regions, which may
be due to their long-term residence together with the
indigenous Finno — Ugric peoples. Among patients in
thisregion,anincreaseinthefrequency of CC-CCIL10-
592:MMP2-1306; CC-CTIL10-592:MMP2-1306;
CC-AA-CC 1L10-592:1L10-1082:MMP2-1306; CC-
AA-CT IL10-592:1L.10-1082:MMP2-1306 genotypes
was revealed. Along with this, there was a decrease
in the distribution frequency of genotypes CA-CT
IL10-592:MMP2-1306; CA-AA-CC I1L10-592:I1L10-
1082:MMP2-1306; CA-AA-CTIL10-592:1L10-
1082:MMP2-1306, and CA-AG-CT IL10-592: IL10-
1082:MMP2-1306. At the same time, the frequency of
the last two traits ranged from 0.00 to 1.00.

DISCUSSION

The interim conclusion in this section of the study
may be significant differences in the detection rates of
the studied polygenic parameters for the association
of POAG with SNPs of functionally related genes,
with the establishment of significant differences
between significant groups of patients in the studied
regions of the Russian Federation. This speaks of a
necessity to use regional standards in the development
of prognostic criteria for individual’s predisposition to
the development of POAG, even in case of POAG in
the family history. For such a multinational country
as the Russian Federation, this is a prerequisite for the
development of personalized approaches in medicine.

Since vascular and capillary networks are integrated
into the ECM space, regulation of its metabolism and
regulation of angiogenesis are also interdependent.
The processes of angiogenesis are under the control
of numerous families of cytokines, chemokines, and

growth factors with complex effects on the vascular
and extravascular pathways of aqueous humor, blood,
and lymph and their interactions with each other [11,
12]. In addition to a large family of proangiogenic
factors, cytokines with an antiangiogenic effect, of
which IL-10 is one of the most important, also play
a significant role in maintaining the homeostasis of
aqueous humor outflow.

The single nucleotide polymorphism IL-10 -1082
and the haplotype -7082, -819, -592 are associated
with different expression of IL-10 in vitro, while
haplotype -1082 A/ -819 T/ -592 A is associated with
reduced expression of 1L-10 compared to haplotype
-1082 G/-819 C/-592 C. It is believed that up to 75%
of individual differences in IL-10 expression may be
due to genetic differences [13].

There is evidence that IL-10 exerts its
immunosuppressive effect, including by inhibiting
angiogenesis. For example, IL-10 has been shown to
stimulate TIMPs and inhibit the expression of MMPs,
thus affecting the induction of angiogenesis [9].

In addition, during neuroinflammation,
characteristic of POAG, M2 macrophages, producing
IL-10, are able to inhibit the synthesis of MMP-9,
which leads to a decrease in macrophage infiltration of
tissues, blockade of T cell activation and differentiation,
and destruction of myelin [14]. Activation of nuclear
factor kappa B (NFxB) during neuroinflammation
also leads to a decrease in IL-10 synthesis [15].

The MMP-2rs243865 polymorphism is represented
by the substitution C—T at position -1306 in the
promoter. This variant disrupts binding to stimulating
protein 1 (Spl), which is a gene transcription factor,
which leads to a decrease in MMP-2 expression [16].
In the meantime, the presence of the C allele in this
position in the human genome leads to an increase in
the concentration of MMP-2 in the circulation [17].

Thus, the substitutions of all three SNPs studied
by us in promoter regions are associated with the
expression of regulatory proteins encoded by these
genes, and their presence in the human genome has
an impact on the state of ECM, which may trigger
a genetic predisposition to diseases associated with
these processes.

It is important to note that the detected patterns
of the association of POAG with SNPs of 7L-10
and MMP2 genes in the Russian population are not
exhaustive in terms of the involvement of polymorphic
regions of cytokine genes.

Thus, associations of the predisposition to the
development of POAG among the population of
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Southern Russia with SNPs of the 7NFo and IL1b
genes were established, and respondents with the
rare 308A allele and carriers of the 308G/A +308A/A
genotypes showed an increase in the TNFa level in
tear fluid — 49 (14.0-90.0) pg / ml compared to patients
with the 308G/G genotype [18].

Our studies of the population of Western Siberia
have shown a decrease in the frequency of the minor IL
1B-31*CC genotype, the IL8-251*TT genotype, and
the complex IL8-251*TT:IL17-197*AA genotype.
Differences in the distribution of genotypes positively
and negatively correlated with the pathology were
identified [19].

In the work by A. Golshan-Tafti et al. (2024),
which included 442 cases and 672 controls, the IL-10
-592C>A, -819T>C, and -1082A>G polymorphisms
were studied. A significant association was found
between -592C>A, -819T>C, and -1082A>G in the
IL-10 gene and predisposition to POAG among the
Mongoloid population [20].

It was shown that polymorphic loci MMP-1
rs1799750 and MMP-9 rs2250889, which play the
most significant role in the formation of susceptibility
to POAG (they are part of the largest number of
SNP x SNP interaction models associated with the
development of the disease), exert an important
function in the body. The MMPIrs1799750
polymorphism is located in the regulatory region of
DNA motifs interacting with regulatory proteins CFOS
and GATA2 and is associated with the expression
level of three genes (MMP1, MMP10, and WTAPPI).

The polymorphic locus rs2250889 determines a
non-synonymous substitution in the MMP-9 gene
(p.Arg574Pro), is localized in an evolutionarily
conserved DNA region, and is associated with the
transcription level of three genes (PLTP, PCIF1, and
NEURL?) and the level of alternative splicing of the
SLCI2A5 gene transcript [7].

According to the 2019 meta-analysis data for the
rs1799750 SNP in the MMP gene, a comprehensive
analysis of four studies (885 POAG cases and 875
control cases) showed that rs1799750 significantly
correlated with POAG in the recessive model [21].

CONCLUSION

The data obtained should be taken into account
not only when analyzing the possible involvement of
cytokine and metalloproteinase gene polymorphisms
in the genetic predisposition to the development of
POAG, but also when trying to elaborate additional
criteria for predicting individual predisposition to the

development of POAG, which is especially relevant
with a family history of the disease. In some cases,
markers of a relative risk of developing the pathology
in the group analysis reach very substantial values,
although not reliable.

Undoubtedly, the transition from the analysis of
the association of single SNPs of a single gene to a
comprehensive analysis using interlocus combinations
of SNIPs of a number of functionally related genes is
promising. While reducing the prevalence of such
polygenic traits in patient groups, it will significantly
increase the information and prognostic value of
identifying such genetic complexes as additional
personalized prognostic features. For conducting
such clinical and genetic studies, regional standards
for comparing data obtained in patient groups and in
randomized comparison groups can be recommended.
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Predicting a fatal outcome in patients with pneumonia caused
by carbapenem-resistant Klebsiella pneumoniae by hematological indices
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ABSTRACT

Aim. To determine the most significant indicators for predicting a fatal outcome in patients with pneumonia caused
by carbapenem-resistant K. pneumoniae.

Materials and methods. A total of 114 cases of pneumonia caused by K. pneumoniae, including those associated
with COVID-19, were retrospectively analyzed. Depending on the outcome of the disease, two groups were formed:
group 1 included 54 patients discharged from the hospital upon completion of treatment; group 2 encompassed
60 patients with an unfavorable (fatal) outcome. Patients who did not have a concomitant COVID-19 infection were
analyzed separately. The profile of concomitant diseases, hemogram parameters, C-reactive protein (CRP) level,
and hematological indices (neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), plate-
let-to-lymphocyte ratio (PLR)) were studied, and the risk of death according to the CURB-65 score was assessed.

Results. Patients with an unfavorable outcome were characterized by higher leukocyte and neutrophil counts,
higher NLR, MLR, PLR, and CRP levels, higher risk according to the CURB-65 score, and lower lymphocyte and
platelet concentrations. According to the results of the ROC analysis, the most significant prognostic indicators of
an unfavorable outcome were lymphocytes, neutrophils, NLR, CURB-65, CRP, and TLR. The diagnostic value of
the CURB-65 score (3-5 points) in predicting the risk of an unfavorable outcome was the following: test sensitiv-
ity was 47.5%, specificity was 98.2%, positive predictive value was 96.6%, negative predictive value was 63.1%,
accuracy was 71.7%. For NLR (at a threshold value > 6), sensitivity was 85.0%, specificity was 87.0%, positive
predictive value was 87.9%, negative predictive value was 83.9%, accuracy was 86.0%. For MLR, the diagnostic
accuracy was 79.0%, and for PLR — 73.7%.

Conclusion. The parameter of choice that can be used at the early stage to predict the fatal outcome of pneumonia
caused by carbapenem-resistant K. pneumoniae should be NLR (> 6) due to its high sensitivity (85%) and specificity
(87%) and ease of use. In addition, the CURB-65 score can be used at NLR > 3.

Keywords: prediction of a fatal outcome, carbapenem-resistant Kiebsiella pneumoniae, COVID-19, CURB-65
score, hematological indices
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MporHo3npoBaHue neTanbHOro NCxoAa y nauMeHToB C MTHEBMOHUeEN,
Bbi3BaHHOW Kap6aneHem-pe3uncreHTHon Klebsiella pneumoniae,
Npy NOMOLLM reMaToNIorm4YecKnx NHAEeKCoB

NleBuenko K.B.', Muuypa B.M.?

I Fomenbekuil 20Cy0apcmeenHblil MeOUYUHCKULL YHUBEPCUMem
Pecnybnuxa benapyco, 246000, 2. I'omens, ya. Jlanee, 5

2 PecnybnuKkancKuil HAYy4YHO-NPAKMUYeCKUll YyeHmp paouayuonHol MeOuyUHbl U IKOJL02UL YeN06eKa
Pecnybnuxa Benapyce, 246040, 2. I'omens, yi. Unvuua, 290

PE3IOME

Heas. Onpenenenne HanboIee 3HAUNMBIX [TOKa3aTeNeil Ui IPOrHO3UPOBAHNUS JIETAIBHOTO MCXO0/1a Y TAIlNEeHTOB
C MHEeBMOHUEH, BBI3BaHHOI KapOaneHeM-pe3ucTeHTHOH K. pneumoniae.

Marepuajbl ¥ MeTOAbl. PETPOCIEKTHBHO NpOaHAIM3UpOBaHO 114 ciydaeB IHEBMOHMH, BbI3BAaHHOIL
K. pneumoniae, B ToM uncie Ha hoHe KopoHaBupycHoi nHdekuueit (COVID-19). B 3aBucumoctu ot ncxoaa 3abo-
neBaHus cOPMHUPOBAHO JIBE IPYMIbL: Tpymma | — 54 nmaruenTa, BBIMCAHHBIX U3 CTAL[MOHAPA 110 3aBEPILICHHUH JIe-
4yeHus; rpymnmna 2 — 60 manmueHToB ¢ HeOIaronpuaATHBIM (JIETaIbHBIM) HCX010M. OTAEIBHO MPOAaHATU3UPOBAHBI 1A~
LUCHTHI, Y KOTOPBIX HE BBIABICHO comyTcTBYyIomel nHpekmn COVID-19. M3yyena cTpykTypa COMyTCTBYIOMINAX
3a00JIeBaHMi, ONpeIeNICHbI OKa3aTenu remorpammbl, C-peaktuBHoro 6enka (CPB), a Takke remaroiaorndeckue
MH/ICKCBI: OTHOIIEHHE HeWTpoduioB u auMponuToB (HIIN), monouutoB u mumdponutos (MJIN), TpomGonnToB 1
mumpormtos (TJIN). Puck neransHoro ucxoxaa onennsancs no mxane CURB-65.

Pe3yabTarhl. J[Js1 MaEHTOB ¢ HEOIATOMPHATHBIM HCXO0M XapaKTePHbI 00JIce BHICOKUE MOKA3aTEIH JCUKOIIN-
TOB B 00IIIEM aHAJIU3¢ KPOBH, HeirTpodmios, 3Hauenus HIIU, MJIU, TJIU, CPB, 6osiee BBICOKHIA PHUCK IO HIKAJIC
CURB-65 u Huskuii ypoBeHb JUM(GOLUUTOB, TpoMOOIHTOB. [0 pe3ynbraram nposeneHrHoro ROC-ananu3sa, Hau-
60)’[86 3HAQYUMbIMHU IMPOTHOCTUYCCKUMU ITOKA3aTCIIAMU HeGJ’[aFOle/IﬂTHOFO ucxoga sABJISCTCA YPOBEHb J'IVIM(i)OLIPI-
ToB, HeWTpoduiaos, HIIW, mokazarenu CURB-65, CPb, TJIN. /{uarnoctuueckas 3HaunmMocth mikaabl CURB-65
(3—5 GanIoB) B MPOTHO3MPOBAHUU PHCKA HEOIArOMPHUSITHOTO MCXOJa COCTABISCT: UyBCTBUTCIBHOCTH TECTA —
47,5%, cneunpuuHocTh — 98,2; MONOKUTENbHAS MPOTHOCTHYECKAs LIEHHOCTh — 96,60; oTpHUIIaTeIbHAS MTPOTHO-
cThyeckas eHHOCTh — 63,1; Tounocts — 71,7%. J{ns HJIU (mpu moporoBoM 3HadeHuu OoJiee 6) MOTyUEHBI Ciie-
JIYIOIIME JaHHBIC: 10 YyBCTBUTEIBHOCTH (85,0%), crieruduanoctu (87,0%), MONOKUTEIBHON MPOrHOCTHYECKON
ueHHocTH (87,9%), oTpuuaTesibHOM NMporHocTuueckoi neHHoctH (83,9%), rounoctu (86,0%). uarnoctuueckas
TouHocTh 11t MJIU cocrasuina 79,0%, mis TJIIA — 73,7%.

3akumouenne. [IpeamouTHTENEHBIM TOKa3aTEIeM, KOTOPBIT MOKHO HCIIONIF30BATh HA TIEPBOM 3TaIle JUIS TPOTHO-
3UPOBAHMS JICTATBHOTO MCX0/1a THEBMOHUH, BRI3BAHHO KapOareHeM-pe3UCTEHTHOU K. pneumoniae, CieyeT CUH-
tats HJIW (pm ypoBHe Ooiee 6) BBHaY BBICOKOH dyBcTBHTENbHOCTH (85%) n cnerupuanoctu (87%), a Taxke
MIPOCTOTHI IPHMEHEHNUS. B TOTIOTHEHNE K 3TOMY MOYKHO HCIIOJIb30BaTh pacdeT 6amios o mkaine CURB-65 mpu
3HAYCHMSIX 3 OaJuia u BBIIIE.

KaroueBble c10Ba: NPOrHO3MPOBAaHME JIETAIBHOIO HCXOJa, KapOaneHem-pesuctenTHas K. pneumoniae,
COVID-19, mkana CURB-65, reMaToI0rH4eCcKHe HHIEKCHI

KoHpaukT nHTepecoB. ABTOPbI AEKIAPUPYIOT OTCYTCTBHE SBHBIX U MOTEHIIHATBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKaIKEeil HACTOSIIECH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJIIIOT 00 OTCYTCTBHUU (bHHaHCHpOBaHI/IH Ipyu OpOBEACHUU HUCCIIEN0-
BaHUA.

CooTBeTcTBHE NpUHIOUIAM 3THKH. Bcee YYaCTHUKHU HCCJIICAOBAaHUA MOANUCAIN I/IH(i)OpMI/IpOBaHHOC coryjacue.
HpOTOKOH HUCCIICJOBaHUA 0;[06peH stmdeckuM KomutetoM YO «"omenbckuit I‘OCyZ[apCTBeHHLIﬁ MEITUTTMHCKUI
YHUBCPCUTET».

Jsa nutuposanus: Jlesuenko K.B., Munypa B.M. [Iporao3upoBanue JIeTaabHOr0 UCX0/a y NALlUEHTOB C ITHEB-

MOHHEH, BBI3BAHHOM KapOaneHeM-pesnucTenTHoit Klebsiella pneumoniae, Ipy TIOMOIIN TEMATONOTHYECKUX HHIEK-
coB. Bioiemens cubupcroi meouyunst. 2025;24(3):81-88. https://doi.org/10.20538/1682-0363-2025-3-81-88.
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INTRODUCTION

K.pneumoniae is the most common pathogen of
healthcare-associated infections worldwide. These
pathogens belong to the group of clinically significant
ESKAPE pathogens — Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter spp., which is associated with the
development of severe infections and the difficulty
of selecting an effective antibiotic (AB) regimen
[1-3]. In the profile of nosocomial pneumonia, there
is an increase in the prevalence of carbapenem-
resistant K.pneumoniae. Carbapenem resistance
is a marker of multidrug and extensive antibiotic
resistance [4, 5].

K. pneumoniae, previously almost never seen
among the causative agents of community-acquired
pneumonia, is now often isolated from the biomaterial
of patients diagnosed with pneumonia in the first
48 hours of hospital stay. High frequency of an
unfavorable outcome has been noted among patients
with pneumonia associated with K. pneumoniae and
other ESKAPE pathogens, especially in combination
with COVID-19 infection [2, 6, 7]. Detection of
carbapenem-resistant K. pneumoniae in patients’
biomaterial increases the risk of an unfavorable
outcome [8, 9].

Risk factors for a fatal outcome of community-
acquired pneumonia have been identified: late
hospitalization (5 days or more after the onset of
the disease); underestimation of the severity of the
patient’s condition during the initial examination;
concomitant somatic symptom pathology, bilateral
nature of pneumonia; errors in initial antibacterial
therapy. In order to predict an unfavorable outcome,
the levels of procalcitonin, C-reactive protein
(CRP),  presepsin,  pro-adrenomedullin, and
progranulin are assessed. However, to date it is
difficult to identify a single marker with an absolute
predictive ability regarding a fatal outcome in a
patient with pneumonia [10].

Researchers from Saint Petersburg reported that
it is possible to accurately predict the likelihood of
a fatal outcome in patients with severe community-
acquired pneumonia upon their admission to the
intensive care unit (ICU) by assessing serum markers,
such as surfactant protein D, hypoxia-inducible factor
la, angiotensin-converting enzyme 2, and levels of
interleukins 6 and 10 [11].

At the stage of diagnosis, important tasks for the

physician include determining the risk of an adverse
outcome and deciding whether to treat the patient
in the internal medicine department or in the ICU.
Currently, the CURB-65 score (confusion, uremia,
respiratory rate, blood pressure, age > 65 years) and
the Pneumonia severity index (PSI) are widely used
and recommended for predicting 30-day mortality
and a need for intensive care in a hospital setting.
However, the CURB-65 assessment system may be
preferable for identifying high-risk patients and due to
its ease of use [12].

Neutrophil-to-lymphocyte ratio (NLR), monocyte-
to-lymphocyte ratio (MLR), and platelet-to-
lymphocyte ratio (PLR) are biomarkers used for
prediction of adverse outcomes in many diseases.
NLR has high practical significance for predicting
mortality in patients with pneumonia, as it correlates
with mortality in patients with community-acquired
pneumonia better than traditional assessment systems
(PSI, CURB-65), leukocyte count, and CRP [13-
16]. NLR has been shown to be an independent risk
factor for death from nosocomial pneumonia during
the COVID-19 pandemic [17]. MLR and PLR are
increasingly recognized as markers of inflammation
and have good prognostic value in patients with cancer,
cardiovascular disease, and some infectious diseases,
but the prognostic value of these parameters for
hospitalized patients with pneumonia is questionable
[16, 18]. For early diagnosis and assessment of
the disease severity as well as for prediction of the
disease outcome, preference is given to non-invasive
prediction methods that do not require additional
costs.

The aim of this study was to determine the most
significant indicators for predicting a fatal outcome
in patients with pneumonia caused by carbapenem-
resistant K. pneumoniae.

MATERIALS AND METHODS

A retrospective analysis of 114 cases of pneumonia
caused by K.pneumoniae was conducted. The object
of the study were adult patients treated at the Gomel
Regional Tuberculosis Clinical Hospital (GRTCH)
for pneumonia caused by K. pneumoniae in 2021-
2024, including those with COVID-19 co-infection,
confirmed in the laboratory before and during
hospitalization. Inclusion criteria: age 18 years and
older, isolation of carbapenem-resistant K. pneumoniae
from sputum, bronchoalveolar lavage fluid (BALF) in
diagnostically significant quantities (10° CFU / ml or
more).
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The profile of concomitant diseases, hemogram
parameters, and CRP were studied. Hematological
indices were calculated based on a complete blood
count, which was taken on the day of sputum and
BALF specimen collection for microbiological
testing, before the initiation of antibacterial therapy
(19 patients) and thereafter (95 patients). The median
detection of K. pneumoniae in the studied samples was
17.0 [11.0-27.0] days from the onset of the disease,
13.0 [6.0-20.0] days from the date of hospitalization.

The study group consisted of 45 women and 69
men. The median age of patients was 68.0 [59.0-
75.8] years (minimum age — 21 years, maximum
age — 91 years). Fifty-five people (48.2%; 38.8-57.8)
were patients of pulmonology departments, and 59
patients (51.8%; 42.2-61.2) were treated in the 1CU.
Mechanical ventilation was used in 28 patients (24.6%;
17.0-33.5). COVID-19 infection was detected in 65
patients (57.0%; 47.4-66.3). A fatal outcome was
observed in 60 patients (52.6%; 43.1-62.3).

Depending on the outcome of the disease, two
groups were formed: group 1 included 54 patients
discharged from the hospital upon completion of
treatment. Group 2 encompassed 60 patients with
an unfavorable (fatal) outcome. Patients who did not
have concomitant COVID-19 infection were analyzed
separately. The characteristics of the groups are
presented in Table 1.

Table 1

Characteristics of the Groups of Patients Hospitalized with
Pneumonia Caused by K. Pneumoniae

Group 1, Group 2,

Parameter =54 =60 p
Sex: male/female 39/15 30/30 0.016*
Age

! 61.0 (52.5-70.8) | 70.0 (62.0-77.3) | 0.001*
Me [Q,-Q,] ( ) ( )

Treatment in the -
ICU, abs. (%) 10 (18.5) 29 (48.3) <0.001
Mechanical

ventilation used, 2(3.7) 26 (43.3) <0.001*
abs. (%)

COVID-19 infec- -
tion, abs. (%) 22 (40.7) 43 (71.7) <0.001
Aggravated

premorbid back- 51 (94.4) 59 (98.3) 0.26
ground, abs. (%)

* differences are statistically significant.

Cardiovascular diseases (ischemic heart disease,
arterial hypertension, arrhythmias) were present
in 55 people (91.7%; 81.6-97.2) in group 2 and in
38 patients (70.4%; 56.4-82.0) in group 1 (¥*>= 8.58,

p = 0.004). Metabolic disorders (obesity, diabetes
mellitus) were present in 21 patients (38.9%; 25.9—
53.1) in group 1 and in 28 patients (46.7%; 33.7-60.0)
in group 2 without statistically significant differences
(p = 0.40). Chronic nonspecific lung diseases were
present in 9 patients (16.7%; 7.9-29.3) in group 1 and
in 8 patients (13.3%; 5.9-24.6) in group 2 without
statistically significant differences (p = 0.62).

Cancer was detected in 11 patients (20.4%; 10.6—
33.5) in group 1 and in 8 patients (13.3%; 5.9-24.6)
in group 2 without statistically significant differences
(p = 0.32). Chronic liver diseases were present in 5 pa-
tients (7.9%; 3.7-14.5) in group 1 and in 4 patients
(6.7%; 1.9-16.2) in group 2 (p = 0.61). Chronic kidney
diseases were observed in 9 patients (16.7%; 7.9-29.3)
ingroup 1 and in 7 patients (11.7%; 4.8-22.6) in group
2 (p=0.44). To predict 30-day mortality, the CURB-65
pneumonia severity assessment score was used [12].

Statistical processing of the obtained data was
performed using the Statistica v. 12.5 and MedCalc,
v. 18.9.1 software packages. The median and the
interquartile range Me [Q,-Q.] were calculated
to present the data. Comparison of groups by
quantitative characteristics was performed using the
Mann — Whitney U-test. For relative values, the 95%
confidence interval (95% CI) was determined using
the Clopper — Pearson method. The significance
of differences in the relative values was calculated
using the Pearson’s y? test. To assess the impact of
various factors on hospital mortality, the odds ratio
(OR) was calculated with 95% CI. To study the
relationship between variables, the Spearman’s rank
correlation coefficient (r) was calculated. To assess
the significance of quantitative variables in predicting
a certain outcome, the ROC analysis was used with
the calculation of area under the curve (AUC), 95% CI
for AUC, and determination of the cutoff point using
the Youden criterion and sensitivity and specificity
for this cutoff point. The differences were considered
statistically significant at p < 0.05.

RESULTS

The hemogram parameters obtained on the day
of sputum and BALF specimen collection and the
calculated hematological indices are presented in
Table 2.

Table 2 shows that patients in group 2 were
characterized by higher WBC and neutrophil
counts, NLR, MLR, PLR, and CRP, lower levels of
lymphocytes and platelets, and a higher risk according
to the CURB-65 score.
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Table 2

Laboratory Parameters of Patients in the Analyzed Groups,

Me [st_Q7s]

Parameter Group 1, 7=54 | Group 2, n = 60 p
White blood cells *
(WBG), w10/ | 8917:6-123] | 134[96-172) | 00003
Neutrophils, % | 68.0 [61.2-75.0] | 88.0 [82.0-91.0] | <0.0001*
Lymphocytes, % | 18.5 [15.0-27.0] | 7.0 [4.0-11.8] | <0.0001*
Monocytes, % 65[40-80] | 50[30-7.9] | 0.147

2795 213.0
9 *
Platelets, x 10°/1 |01 ‘%0 o1 | pesosss.o | 0004
. 1165
Hemoglobin, g /1 [97.0-131.0] 108.5 [94.5-123] 0.19
Redblood cells, | 39131 441 | 38[33-44] | 0.982
x 1012/ 1
140.0 R
CRP,mg/| 418 [23.0-880] | g 0"y o1 | <0000L
MLR 0.32 [0.19-0.42] | 0.94 [0.41-1.25] | <0.0001*
12.25 R
NLR 374[2376.07) | o 07 sy | <0.0001
12.36 33,53 R
PLR [9.11-20.64] | [18.44-5567] | <0-0001
CURB-65score | 1.0[0.0-1.0] | 2.0[2.0-4.0] |<0.0001*
CURB-65, 1 (%)
0-1 points 45 (83.3) 13 (21.7)
2 points 8 (14.8) 18(300) | £7465
P : : <0.0001
3-5 points 1(1.9) 28 (46.7)

* differences are statistically significant.

Various factors that could affect the mortality
of hospitalized patients were analyzed. Risk factors
associated with a fatal outcome were the presence
of COVID-19 infection (OR 3.68; 95% CI 1.69-
8.03), CURB-65 scores of 3-5 (OR 46.37; 95% ClI
6.02-357.5), the use of mechanical ventilation (OR
19.88; 95% CIl 4.43-89.27), and hospitalization
in the ICU (OR 4.12; 95% CI 1.75-9.66), which
does not contradict the data of foreign authors
[19, 20].

A direct correlation was established between
the CURB-65 score and WBC count (r, = 0.33,
p = 0.0004), neutrophil count (» = 0.65, p < 0.001),
CRP (r =0.42, p<0.001), PLR (r, = 0.64, p <0.001),
MLR (r, = 0.60, p < 0.001), and NLR (r, = 0.78,
p < 0.001). An inverse correlation was established
between the CURB-65 score and the lymphocyte
count (» =-0.79, p < 0.001).

The ROC analysis was performed to determine
the prognostic value and threshold values of the
parameters. The parameters that have significant
differences when compared in the study groups were

included (WBC, neutrophils, lymphocytes, platelets,
CRP, NLR, MLR, PLR, CURB-65 score).

For WBC, the AUC values were 0.69 (0.60-0.77),
test sensitivity was 71.2%, specificity was 68.5% at
a cutoff point of > 10.4, and the Youden index was
0.40. For neutrophils, the AUC values were 0.93
(0.87-0.97), test sensitivity was 85.0%, specificity
was 94.4% at a cutoff point of > 79, and the Youden
index was 0.79. For lymphocytes, the AUC values
were 0.92 (0.85-0.96), test sensitivity was 93.3%,
specificity was 77.8% at a cutoff point < 14.37, and the
Youden index was 0.71. For platelets, the AUC values
were 0.66 (0.56-0.74), test sensitivity was 76.7%,
specificity was 55.6% at a cutoff point < 255, and the
Youden index was 0.32. The AUC values obtained
for CRP were 0.80 (0.71-0.87), test sensitivity was
75.0%, specificity was 77.8% at a cutoff point > 97,
and the Youden index was 0.53.

The AUC values for MLR (Fig. 1) were 0.79
(0.70-0.86), test sensitivity was 70.0%, specificity
was 85.2% at a cutoff point > 0.55, and the Youden
index was 0.55. For NLR, the AUC values were
(Fig. 2) 0.93 (0.86—0.97), test sensitivity was 85.0%,
specificity was 87.0% at a cutoff point of > 6, and the
Youden index was 0.72. For PLR, the AUC values
were 0.80 (0.72-0.87), test sensitivity was 56.7%,
specificity was 92.6% at a cutoff point of > 28.15,
the Youden index was 0.49 (Fig. 3). For the CURB-
65 score, the AUC values were 0.87 (0.80-0.93),
test sensitivity was 46.7%, specificity was 98.2%
at a cutoff point of > 2, the Youden index was 0.60
(Fig. 4).

According to the results of the analysis, the most
significant prognostic indicators of an unfavorable
outcome were lymphocytes, neutrophils, NLR,
CURB-65, CRP, and PLR. To exclude the influence
of COVID-19 co-infection on the threshold values of
prognostic indicators, the ROC analysis was performed
including the NLR values calculated for patients who
did not have confirmed COVID-19 co-infection (n
= 49). The AUC values were 0.92 (0.81-0.98), test
sensitivity was 82.4%, specificity was 87.5% at a
cutoff point of > 6, the Youden index was 0.73.

The diagnostic value of the CURB-65 score
(3-5 points) in predicting the risk of an unfavorable
outcome in patients was calculated using the Medcalc
Diagnostic Test Evaluation Online Calculator (https://
www.medcalc.org/calc/diagnostic_test.php). The test
sensitivity was 47.5%, specificity was 98.2%, positive
predictive value was 96.6%, negative predictive value
was 63.1%, and accuracy was 71.7%.
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For NLR (at a threshold value > 6), sensitivity
was 85.0%, specificity was 87.0%, positive predictive
value was 87.9%, negative predictive value was
83.9%, and accuracy was 86.0%. For MLR, the
diagnostic accuracy was 79.0%, and for PLR — 73.7%.

DISCUSSION

To predict a fatal outcome in patients with
pneumonia caused by carbapenem-resistant K. pneu-
moniae, including those with COVID-19 co-infection,
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Fig. 2. ROC-curve for the prognostic value of NLR
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Fig. 4. ROC-curve for the prognostic value of CURB-
65 score

various laboratory parameters, scores, and indices can
be used. In a similar study conducted by A. Singh et
al., the average values of NLR, PLR, and CRP were
higher in the group of patients with severe COVID-19
infection and a fatal outcome than in those with
moderate disease and discharged, respectively. It is
proposed to consider these indicators for predicting
a fatal outcome. MLR is not a reliable prognostic
biomarker, since when analyzing the ROC curve, the
AUC 95% CI was < 0.50. NLR, on the contrary, had
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the highest AUC (0.923), with the highest specificity
(0.83%) and sensitivity (0.88%) [21], which is
consistent with our data.

According to the study by O. Bardakci, the
group of deceased patients had higher CURB-65
scores compared to survivors, both in patients with
COVID-19-associated pneumonia and in patients
with community-acquired pneumonia  without
COVID-19 infection. It was assumed that NLR and
PLR are as reliable as the CURB-65 risk assessment
score [22]. Z. Wang et al. reported that NLR was an
easily accessible biomarker for predicting mortality
in patients with carbapenem-resistant K. pneumoniae
infection [23].

Inastudy by E. Cataudellaetal., NLR predicted 30-
day mortality in elderly patients with pneumonia (p <
0.001) and showed better results than the PSI score (p <
0.05), CURB-65 score, CRP, and leukocyte count (p <
0.001) [15]. However, there is also somewhat different
information. According to Y. Kaya et al., deceased
patients with community-acquired pneumonia had
higher NLR levels compared to survivors (13.5 £ 9
versus 7.9 + 6.8, p = 0.010). Still, when comparing
ROC curves, the prognostic value of NLR did not
exceed the CURB-65 and PSI scores [24]. According
to our data, NLR is a more sensitive indicator in
assessing the risk of an unfavorable outcome than the
CURB-65 score, and PLR and MLR are inferior to the
CURB-65 score in diagnostic accuracy. Considering
that NLR has greater sensitivity and the CURB-65
score has greater specificity, we believe it is optimal
to use them in combination.

CONCLUSION

In patients with pneumonia caused by
carbapenem-resistant K. pneumoniae, the prognosis
of a fatal outcome can be determined using laboratory
parameters (leukocytes, neutrophils, lymphocytes,
platelets, NLR, MLR, and PLR), as well as CURB-
65 score. Although this scoring system is widely used
and has proven itself as a simple way to assess the
patient’s condition and predict mortality and the need
for intensive care, it showed low specificity (47%)
and diagnostic accuracy (71.7%). Therefore, NLR (at
a level > 6) should be considered as the indicator of
choice that can be used at the first stage to predict a
fatal outcome of pneumonia caused by carbapenem-
resistant K. pneumoniae due to its high sensitivity
(85%) and specificity (87%) as well as due to ease of
use. In addition, the calculation of the CURB-65 score
can be used at NLR > 3.
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Wound-Healing effect of substances based on lanolin and Ganoderma
applanatum and Fomitopsis pinicola (xylotrophic basidiomycetes) extracts
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ABSTRACT

Aim. To evaluate the wound-healing effect of substances based on lanolin and Ganoderma applanatum and
Fomitopsis pinicola extracts.

Materials and methods. The experiment used 20 white laboratory rats. The study included 3"-degree burn
modeling with wound exposure to an ointment containing Ganoderma applanatum and Fomitopsis pinicola
extracts. A morphological investigation of skin was carried out with an assessment of the following parameters:
epidermis thickness, fibroblast count, number of blood vessels, vessel area, and number of vessels with erythrocyte
stasis, leukocyte stasis, and leukocyte diapedesis.

Results. Ganoderma applanatum and Fomitopsis pinicola extracts intensified regenerative processes. By day 14 of
the experiment, epithelialization of the defect and scar formation took place. Application of the extract-containing
ointments reduced exudation, microcirculatory disorders, and inflammatory infiltration.

Conclusion. The results suggested the beneficial effect of the Ganoderma applanatum and Fomitopsis pinicola
extracts on the wound-healing process and demonstrated their potential for skin regeneration.

Keywords: skin regeneration, burn wounds, wound-healing agents, xylotrophic basidiomycetes, Ganoderma
extract, Fomitopsis extract
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OueHKa paHO3aXXUBAAOLWEro AeCTBUA Cy6CTaHLMI HA OCHOBE JIAaHOJ/INHA
N SKCTPAKTOB KCunoTpodHbix 6asngnomuuetoB Ganoderma applanatum

n Fomitopsis pinicola

Metposa U.M., EpmowunH A.A., Xauyko CJ1.

Ypanvckuii gpedepanvuwiii ynusepcumem (Yp@Y) um. nepsoeo Ipesudenma Poccuu B.H. Exvyuna
Poccusa, 620002, 2. Examepunoype, ya. Mupa, 19

PE3IOME

Ienb: OUEHUTH PaHO3AKMBIIAIONIEE JeiicTBUE CyOCTaHIMII HA OCHOBE JIAHOJIMHA M HKCTPAKTOB KCHIOTPO(DHBIX
GasunnomunetoB Ganoderma applanatum u Fomitopsis pinicola.

MatepuaJbl H MeTOIbI. DKCIICPUMEHT MPOBOIIH Ha 20 OesbIX TabopaTOpHBIX Kpbicax. JKMBOTHBIM MOJCIHPO-
Bayu TepMudeckuii oxor Il crenenu ¢ mocneayommM Bo3ICHCTBUEM Ha PaHbl Ma3blo, COAEPIKALICH IKCTPAKTHI
TpyTOBBIX Iprib0OB. [IpoBoarIN MOPdOIOrHUECKOE OMMCAHUE MPENApPaTOB KOKH C OLICHKOMN CIICAYIOIINX MOKa3aTe-
JICH: TOJIIUHA SIHICPMHECA, KOTUIECTBO (HUOPOOIACTOB, KOJHUECTBO KPOBEHOCHBIX COCYJIOB, ILIONIA/b COCY/IOB,
KOJIMYECTBO COCYJIOB C SIBJICHUSIMH dPUTPOCTA3a, JeHKocTasa v Jieiikouaneesa.

Pe3yanTatsl. [Ipy BO3AEHCTBHH AKCTPAKTOB TPYTOBBIX TPHOOB OTMEUACTCSl MHTCHCHU(UKAINSI PereHepaTOPHBIX
nporeccoB. K 14-M cyT sxcnepuMeHTa nMena MeCTo ITOJTHas SITUTENN3ANNs, a Ha MecTe AedeKTa hopMupoBacs
pyOer1 ¢ pa3BUTHIM BOJOKHHCTBIM KOMIIOHEHTOM. Vcrons3oBaHne Ma3el CriocOOCTBYET YMEHBIIEHHIO 3KCCyHAa-
TUBHBIX SIBJICHUH, MUKPOIMPKYIATOPHBIX PACCTPOICTB M BOCTIAMTUTEILHOW HH(HUILTPAIINHL.

3axiouyenue. [loka3aHo, 4To UCMONB30BaHUE SKCTPAaKTOB Ganoderma applanatum n Fomitopsis pinicola npn
JICYCHUH 0’KOTOBOM PaHbl ONIArONPUATHO CKa3bIBACTCs HA TEUCHUH PaHEBOro npouecca. [TosrydeHHbIe pe3yIbTaThl
MO3BOJISIOT OCYILIECTBIATh JaIbHEilIIee N3yUYeHHE SKCTPAKTOB TPYTOBBIX I'PUOOB B KAYECTBE PAHO3KHUBIIAIONINX
areHTOB.

KonroueBble c10Ba: pereHeparyst KOXKH1, 0KOTOBBIE PaHbI, PAHO3XKUBIISIONINE CPEACTBA, KCIIIOTPO(DHBIE 6a3uIu-
OMHIIETHL, 3KCTpakT Ganoderma, S5KCTpaKT Fomitopsis

Kondaukr wuHTEepecoB. ABTOPHI JCKIAPUPYIOT OTCYTCTBHUE SBHBIX U MOTCHIHMAIbHBIX KOH(PJIUKTOB HHTEPE-
COB, CBSI3aHHBIX C IMyOJIHMKAIUCH HACTOSIICH CTAaThU.

Hcrounuk punancupoBaHus. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE BHEITHETO (PMHAHCHPOBAHMS JUIS TPOBEICHHS
HCCIIE0BAHYS 1 My OINKauK CTAaThU.

CooTBeTcTBHE NPUHIMIAM ITUKH. MccnenoBanue onoOpeHo stuueckoit komuccueir MEHUM Yp®@YVY (mpoTokon
Ne 1 ot 13.03.2023).

Jnsa uutupoBanus: [letposa M.M., Epmommu A.A., Xanko C.JI. OueHka paHO3aKUBIISIONICTO JICHCTBUS
cyOCTaHIIMI Ha OCHOBE JIAHOJIMHA U DKCTPAKTOB KCHIOTPOQHBIX OGaszumuomunetoB Ganoderma applanatum wm
Fomitopsis pinicola. Bonremens cubupcroii meouyunwi. 2025;24(3):89-96. https://doi.org/10.20538/1682-0363-
2025-3-89-96.

INTRODUCTION

In recent years, researchers have increasingly
focused on discovering natural medicinal compounds.
In particular, studies demonstrating the wound-healing
effects of preparations derived from polypores have
emerged [1]. Xylotrophic basidiomycetes (wood-
decaying polypores) represent a vast but largely
untapped source of novel pharmaceutical products.
The most frequently cited polypore in traditional
medicine, Ganoderma lucidum, has been used as

a therapeutic agent in China for over two millennia
[2]. Modern studies confirm that preparations derived
from Ganoderma lucidum exhibit hypoglycemic, anti-
inflammatory, antitumor, and immunomodulatory
properties [3, 4]. For another, less-studied species of
the Ganoderma genus — G. applanatum, the presence
of similar effects has been confirmed by more recent
research [5, 6].

The long-standing use of Ganoderma fungi and
current scientific interest in them stem from their rich
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content of metabolites: polysaccharides, phenolic
compounds, alkaloids, sterols, flavonoids, amino
acids, and others [7, 8]. The activity spectrum of
these compounds is broad [9, 10] but occasionally
contradictory. For instance, certain terpenes of G.
applanatum exhibit anti-angiogenic effects [11], while
lanostane triterpenoids demonstrate opposing pro-
angiogenic effects [12].

In addition to polypores of the Ganoderma genus,
fungi from the Fomitopsis genus have been widely
used in traditional medicine, with Fomitopsis pinicola
being one of its species [13]. However, Fomitopsis
remains significantly understudied compared to the
more extensively researched Ganoderma. Recent
studies have identified new potential anti-inflammatory
agents in F. pinicola fruiting bodies [14, 15].

In summary, both G. applanatum and F. pinicola
are strong candidates for evaluating their effects on
regeneration processes. The feasibility and safety
of using xylotrophic macromycetes for developing
wound-healing agents are further supported by the
growing demand for raw materials from these fungi
in cosmetology [16]. Thus, this study is aimed at
assessing the wound-healing effects of substances
based on lanolin and xylotrophic basidiomycetes
Ganoderma applanatum and Fomitopsis pinicola
extracts.

MATERIALS AND METHODS

The study was conducted on 20 outbred white
laboratory rats (males, aged 6 months). All experiments
were approved by the Bioethics Committee at the
Institute of Natural Sciences and Mathematics, Ural
Federal University. A third-degree burn was modeled
by applying a medical steel weight (2 cm diameter,
20 g) heated to 100 °C to the interscapular skin area
for 30 seconds. Prior to this, the animals received
an intramuscular injection of Analgin (0.2 ml). The
animals were randomly divided into 4 groups (n = 5):

CONTR, Control - rats with untreated wounds;

LAN, Lanolin — rats with wounds treated with
lanolin;

LAN+extGND - rats with wounds treated with an
ointment based on lanolin and a condensed alcoholic
and aqueous Ganoderma applanatum extract;

LAN-+extFP — rats with wounds treated with an
ointment based on lanolin and a condensed alcoholic
and aqueous Fomitopsis pinicola extract.

Ointments were applied to the wound area once
daily (0.2 g) for 14 days. The animals were removed
from the experiment on day 14 via diethyl ether

overdose. Wounds were photographed with a Nikon
D3000 camera on days 1, 3, 7, and 14. Wound areas
were evaluated using the ImageJ software.

Fruiting bodies of G. applanatum and F. pinicola
were collected in summer in a mixed forest in the
vicinity of the Ural Federal University biological
station (Russia, Sverdlovsk Region, the village
of Klyuchi, 30 km south of Yekaterinburg). The
specimens were dried in a shaded ventilated room for
up to one week. Then the material was fixed by heating
at 105 °C for 15 minutes to eliminate insect eggs and
larvae and dried to constant mass at 50 °C. Extracts
were prepared via sequential extraction with 95%,
70%, and 40% ethanol and distilled water (biomass
> solvent ratio of 1:10; extraction time — 90 minutes
at 50 °C). Combined extracts were evaporated on a
rotary evaporator to aqueous residue, then adjusted
with hydroalcoholic mixture. To prepare the 5%
ointment, 7.5 ml of the extract (equivalent to 750
mg fungal biomass) was added at vigorous stirring
to 7.5 g lanolin melted at 50 °C in a water bath until
homogeneous consistency was achieved.

The chemical composition of the extracts was
assessed by diluting stock suspension 20-fold with
distilled water. Spectrophotometric methods were
used to determine the content of phenolic compounds
(via Folin — Ciocalteu’s phenol reagent and 7.5 %
sodium carbonate aqueous solution, with gallic acid
as the standard), flavonoids (as complexes with
aluminum chloride, with rutin as the standard), and
free amino acids (with the ninhydrin reagent and
glycine as the standard). The methods were adapted
for the microplate immune-assay [17].

Extracted mass was determined gravimetrically
by evaporating aliquots of stock suspension and
recalculating the obtained value to ointment
content. The qualitative analysis followed standard
pharmacognostic methods. Saponins were determined
by the foam formation in the aqueous solution and
precipitation with lead acetate. Tannins were detected
by the ferric (1) chloride test and precipitation
test with potassium dichromate or lead acetate.
Anthraquinones were determined in the color reaction
with magnesium acetate. Dragendorft’s, Marme’s,
Marquis, and Bouchardat’s reagents were used for
detecting alkaloids. Individual amino acids were
identified by thin-layer chromatography (TLC) in
n-butanol:acetic acid:water (4:1:1) [18]. All tests were
performed in 4 analytical replicates.

For the histological analysis, standard procedures
were employed. Tissue specimens (3 pm) were
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stained with hematoxylin and eosin and Van Gieson’s
picrofuchsin. The ToupView software was applied
for the histological analysis. The epidermal thickness,
fibroblast count, and vessel area and number
(including some that exhibit stasis or diapedesis) were
analyzed according to 10 randomly selected fields
with conversion to 1 mm?.

The statistical analysis was performed using
Microsoft Excel, Mathematica 12.0, and Statistica 12.0

packages. Data sets were compared by the Kruskal —
Wallistestwiththe Dunn’spost-hocanalysis. Theresults
were presented as the medianand the interquartile range
Me [Q,; Q,]. The values of p < 0.05 were considered
statistically significant.

RESULTS

The table below summarizes the chemical
composition of the tested extracts.

Table

Chemical Composition of the Ganoderma Applanatum and Fomitopsis Pinicola Extracts, Me [Q ; Q.]

Bioactive substances in 1 g ointments containing Ganoderma applanatum and Fomitopsis pinicola extracts

Free amino acids Qualitative composition

Fungi species Extractives, Phenolics, mg / mi Flavonoids, ? é = g B 2

o mg /mi | mg /i mg /mi s|3|8|f5] g

S|T| 85|~

G. applanatum 4.5 0.403 0.008 0.018 6 ] ]

-app [45:4.9] [0.398 ; 0.420] [0.007 ; 0.009] [0.015; 0.023]

F pinicola 55 0.42 0.016 0.014 6 + + _ )
P [5.5;6.3] [0.373 ; 0.432] [0.015 ; 0.016]* [0.013 ; 0.017]

* significant differences compared to the G. applanatum group (p < 0.05).

The comparative analysis revealed higher
extractability for F. pinicola. Both extracts contained
negligible free amino acids and carbohydrates (below
detection limit via TLC or anthrone colorimetry).
Phenolics accounted for no more than 10 % of
total extracted substances, with similar levels in
both extracts. Flavonoids were detected at higher
concentrations than free amino acids. F. pinicola
exhibited twice the flavonoid content of G. applanatum.
Notably, flavonoids comprised a larger proportion of

phenalics in F. pinicola. Alkaloids and saponins were
also present in F. pinicola extracts, indicating their
greater metabolic diversity.

Wound-healing dynamics (Fig. 1) showed
accelerated healing in fungal extract-treated groups,
with earlier crust formation and sloughing as well as
wound closure. Thus, by the end of the experiment, a
decrease in wound area in the LAN+extGND group
significantly exceeded that of not only the control
group, but also of the LAN group.
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300} | tryg
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b eme

| Fig. 1. Wound area reduction:
* significant differences compared
to the CONTR group, p < 0.05;

4 e significant differences compared
to the LAN group, p < 0.05
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The histological analysis on day 14 revealed
persistent leukocyte necrotic layers with fibrin clusters
and damaged tissue in the CONTR and LAN groups.
Epithelialization was limited to wound margins.
Dermal infiltration and dilated vessels with stasis
and diapedesis were observed (Fig. 2). Van Gieson’s
staining showed thin and disorganized pale crimson
collagen bundles (Fig. 3).

In the LAN+extGND and LAN+extFP groups,
the defect was closed by neo-epidermis with
marked acanthosis, so that epidermis thickness

increased compared to the control group (Fig.
4, a). Subjacent granulation tissue contained a
large number of fibroblasts and neovessels. In the
LAN+extGND group, inflammation was absent
in most regenerated skin areas (Fig. 2). Massive
twisted bundles of collagen fibers were detected
deep in the regenerated skin, indicating intensive
fibrous component development (Fig. 3). In the
LAN+extFP group, moderate perivascular leukocyte
infiltration persisted (Fig. 2) with less pronounced
fiber formation (Fig. 3).

Fig. 2. Morphological structure of
the skin in the experimental groups:
I - CONTR, Il - LAN,

111 - LAN+extGND,

IV — LAN+extFP;

hematoxylin and eosin staining;
x100

Fig. 3. Morphological structure of
the skin in the experimental groups:
| - CONTR, Il - LAN,

11l - LAN+extGND,

IV — LAN+extFP;

Van Gieson’s staining; X100
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The CONTR and LAN groups exhibited
microcirculatory disfunction, such as vasodilation,
leukocyte stasis and diapedesis, and vascular
congestion. Both fungal extract groups showed
reduced vascular reactions. The LAN+extFP
group demonstrated smaller vessel area (Fig. 4, b).
Despite a comparable vessel number (Fig. 4, ¢), the
LAN+extGND group showed a decreased vessel
number with leukocyte stasis and diapedesis (Fig. 4,

800

B
*

700
GO0

300

g 8

400
300

2
Mean vessels arca, pm?

.
=]
a

200

Epidermal thickness, pm

2

100

=

0

o

d). Both groups also had a reduced number of vessels
with blood stasis (Fig. 4, e).

Inflammation hindered scar formation in the
CONTR and LAN groups, therefore it comprised
mainly hematogenous cells. By contrast, in the fungal
extract groups, a large number of fibroblasts were
found (Fig. 4, f). Moreover, for the LAN+extGND
group, the differences were noted compared to not
only the control group, but also to the LAN group.

2000 i
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Number of vessels ( [/mm?*)

a W CONTR M LAN M LAN+exiGND M LAN+exiFP M CONTR BILAN M LAN+exGND M LAN+ extFP G B CONTR M LAN M LAN+xGND B LAN+ exiFP
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2 -

Zo 1000 1000 g o0
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g £ = = 2500
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22 600 L g Sz &0 2

3L ﬁ <3 g 10

z S by 3% 400 =

s * ER = & 0

2% = Z2° gy
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z 0 o == 0

d MCONTR B LAN W LANtenGND B LANG cxiP €  WCONTR WLAN M LAN+extGND M LAN+ extFP B CONTR M LAN M LAN+exiGND M LAN+extFP

Fig. 4. Results of the morphological and quantitative assessment of the regenerated skin: * significant differences compared to the
CONTR group, p < 0.05; e significant differences compared to the LAN group, p < 0.05

DISCUSSION

Accelerated wound healing in the experimental
fungal extract groups correlated with reduced
exudation, improved microcirculation, and diminished
inflammation, promoting faster tissue restoration and
smaller wound areas. Acanthosis in the LAN+extGND
group signaled active re-epithelialization, while
mature collagen bundles indicated scar maturation.
Nevertheless, a high vascularization degree
characterized the scar as normal rather than fibrous.
Reduced leukocyte stasis and diapedesis in the
LAN-+extGND group aligned with anti-inflammatory
effects of the G. applanatum extract compounds.

In the LAN+extFP group, epithelialization was
also pronounced, however, the fibrous component
formation was not as intense. In addition, the infiltrate
presence indicated a slight anti-inflammatory effect.

Despite weaker anti-inflammatory effects, the F.
pinicola extract modulated vascular reactions. It
can be assumed that disparate bioactivity of extracts
apparently stemed from alkaloids and saponins
identified in F. pinicola, as well as higher flavonoid
content. Both extracts likely owed their anti-
inflammatory effects to phenolic compounds with
antioxidant activity. Moreover, phenolic content was
the same in both fungi extracts. According to numerous
studies, the most potent effect of G. applanatum
extract may be related to triterpene compounds [7].

In both fungal extract groups, a large number of
fibroblasts was observed, probably associated with the
inflammation and microcirculation modulation. An
enhanced fibroblast count might suggest stimulating
effects of fungal metabolites on cell proliferation. This
is also supported by enhanced re-epithelialization,
caused by proliferative activity of keratinocytes.
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Greater collagen deposition under G. applanatum
extract treatment implied a potential impact on
the synthetic activity of fibroblasts. However, a
detailed extract composition and effects of extractive
compounds require further study.

CONCLUSION

Burn injury regeneration under fungi extract
treatment proceeds through classical stages but with
shortened duration and neo-tissue formation by
day 14 of the experiment. Both extracts accelerated
epithelialization and scar maturation probably via
cell proliferation stimulation. Anti-inflammatory
effects and vascular modulation were evident for G.
applanatum and F. pinicola, which increased the
regeneration efficiency.
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Effects of nitric oxide on sympathoadrenal system activity in patients
with ischemic heart disease in coronary artery bypass grafting

Rebrova T. Yu., Podoksenov Yu.K., Korepanov V.A., Churilina E.A., Kamenshchikov N.O.,
Muslimova E.F., Vorozhtsova I.N., Afanasiev S.A.

Cardiology Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences
111a Kievskaya St., 634012 Tomsk, Russian Federation

ABSTRACT

Aim. To investigate changes in laboratory parameters of sympathoadrenal system activity and B-adrenergic recep-
tor reactivity of erythrocyte membranes ($-ARMe) in ischemic heart disease (IHD) patients with clinical forms of
arterial hypertension of high cardiovascular risk during coronary artery bypass grafting with anesthetic manage-
ment including nitric oxide.

Materials and methods. In this randomized study with parallel distribution, 36 patients (male — 66.7%; average
age — 68 [63; 70] years) with IHD and clinical forms of arterial hypertension of high cardiovascular risk were en-
rolled. According to the indications, all patients underwent elective coronary artery bypass grafting (CABG) using
extracorporeal circulation (ECC). Patients were randomly divided into the main and control groups. Patients of the
main group intraoperatively received NO at the concentration of 80 ppm first in the breathing circuit and then in the
ECC circuit. Patients of the control group underwent CABG with standard mechanical lung ventilation and ECC.
Before connecting to the ECC, at the end of ECC, and 1 day after CABG, all patients underwent clinical, laboratory,
and instrumental tests in accordance with the clinical standards, B-ARMe was assessed, and the concentration of
norepinephrine and epinephrine in the blood plasma was determined by ELISA.

Results. At the presurgical stage and 1 day after CABG, the groups did not differ in clinical and biochemical pa-
rameters. At the presurgical stage, the median values of f-ARMe in the main and control groups slightly exceeded
the upper limits of normal and did not differ significantly. CABG was not accompanied by changes in f-ARMe in
the control group. Intrasurgical NO donation also did not affect the level of f-ARMe. One day after CABG, neither
intergroup differences in f-ARMe nor significant changes in the parameter during follow-up in each group were
noted. In both control and main groups, a significant increase in the levels of epinephrine and norepinephrine was
detected 1 day after CABG compared to the baseline level. At the same time, there were no intergroup differences
in the level of catecholamines either before ECC or 1 day after CABG.

Conclusion. In cardiac surgery with extracorporeal circulation, the use of NO for the purpose of organ protection
does not affect the level of f-~ARMe and changes in the mediator response of the sympathetic system to stress in
patients with IHD and clinical forms of hypertension of high cardiovascular risk.

Keywords: nitric oxide, coronary artery bypass grafting, p-adrenergic receptor reactivity of erythrocyte mem-
branes, epinephrine, norepinephrine
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D¢dPeKkTbl OKCMAa a30Ta Ha NOKa3aTeNny akTUBHOCTU CMMMNATo-
aApeHaNoBoN CNCTEMbI MALMEHTOB C MWeMn4Yeckon 6onesHbio
cepAaua npu onepaunii KOPOHAPHOroO WYHTUPOBaHUA

Pe6posa T.10., MopgokceHos 10.K., KopenaHos B.A., YypunuHa E.A,,
KameHuwukos H.O., MycnumoBsa 3.0., Bopoxxuosa U.H., Apanacbes C.A.

Hayuno-uccnedosamenvckuii uncmumym (HUHW) kapouonozuu, Tomckuti HAYUOHAIbHBIN UCCIE008AMENbCKULL
meouyunckuil yenmp (HUML]) Poccutickou akademuu Hayx
Poccus, 634012, 2. Tomck, yn. Kuesckas, 111a

PE3IOME

Heas. M3yunts TuHAMUKY J1aDOPAaTOPHBIX ITOKa3aTeIel akTHBHOCTH CHMITATOAAPEHAIOBOM CUCTEMBI M IIOKa3aTe-
111 B-aApeHOPeaKTHBHOCTH MEeMOpaH SPUTPOLUTOB y OONBHBIX HiIeMudeckol 6omnesnsto cepana (MBC) ¢ ximun-
yecKUMH (opMamu apTepuaibHoi runepToHnH (AlY) BEICOKOro KapIHOBACKYJSIPHOTO PHCKA HA dTArax BEIIOJIHE-
HUS OTIEPAIi KOPOHAPHOTO IIYHTHPOBAHNS C aHECTE3HOJIOTNUECKUM 00eCTIeueHHeM, BKITIOYAIOIIIM IIPUMEHEHHE
OKCH/JIa a30Ta.

Martepuajbl H MeTOAbl. B paHIOMM3MpOBaHHOE HCCIEJOBAHHME C MApaIeIbHBIM paclpeneleHHeM OblIH
BKJTFOUEHBI 36 MaruenToB (13 HUX 66,7% — My»X4IUHBI, cpeHui Bo3pacT 68 [63; 70] net) ¢ quarnozom VBC ¢
KIIMHUYECKUMH opMamu Al BBICOKOTO KapIHOBacKyJISIpHOro prucka. COrIacHO IMOKa3aHUsIM MallieHTaM OblIH
BEITTOJTHEHBI IITTAHOBEIE Onepanuy kopoHapHoro mryatuposanust (KIL) B yciioBHsX HCKyCCTBEHHOTO KPOBOOOpa-
menust (MK). [TarpienTs! 0611 paHIOMU3UPOBAHBI B OCHOBHYIO M KOHTPOJIBHYTO Ipymbl. [IarmeHTs OCHOBHOM
TPYIIBI HHTpaonepanuoHHo noxydann NO B koHmeHTpanuu 80 ppm repBOHAYATLHO B MHTAJISIIMOHHBIN KOH-
Typ, a 3aTteM B KoHTYp UK. [lanmenTam koHTposbHOU rpymmbl onepanust KL Obiia BBEIOTHEHA B yCIOBHAX
cTaHJapTHOM HcKyccTBeHHON BeHTuisiuu Jierkux 1 UK. Beem nannenram nepen noaxmouennem UK, B koHiie
UK u gepes 1 cyt nocne oneparun KIII BRIMOTHANN KOMIUIEKC KIMHHYSCKHUX U 1a00PaTOPHO-HHCTPYMEHTAIIb-
HBIX HCCJEJOBAaHUH COTJIACHO CTaHJAapTaM MEAWIIMHCKOW IPAKTHKHU, OIEHUBAIH [3-a[peHOPEaKTHBHOCTh MEM-
Opan >putporutos (B-APM») u omnpenensum KOHIIGHTPAIMIO B IIa3Me KPOBH HOpaApeHAINHA M aJpeHalInHa
meTogoM UDA.

Pe3yabTathl. Ha noonepamuonnom stame u cimycts 1 ¢yt nocne oneparuu KII copmupoBanHbIe rpyniis! He pas-
JMYATNACH MO KIMHUYECKUM M OMOXMMHUYECKHM ToKa3aTeasiM. Ha noonepaiiionHoM 3Tarne MeuaHbl okasaTeneit
-APM» B 0OCHOBHO# M KOHTPOJIBHBIX IPYIIaxX HE3HAYNTENHHO MPEBBINIATA BEPXHIOIO TPAHHILY HOPMBI M 3HAUNMO
He pasnuyanuck. Bemonnerne K1 He conpoBokaanocs n3MEeHeHUAMHE Mokaszatens -APM» y manueHToB B KOH-
TponbHOHU rpynme. MaTpaonepannonHas qoHanus NO Takke He oTpa3uiach Ha ypoBHE B-APMbs. Uepes 1 cyt no-
cie onepanuu K1 He oTMeUeHO Kak MEXTPYMIIOBBIX pa3nuunii f-APMb», Tak 1 3HaUMMBIX H3MEHEHUH OKa3aTes
Ha CpoKax HaONIONCHMS B OTIEJIBHO B3ATON rpynme. Y MalueHTOB KOHTPOJLHONH M OCHOBHOW TPYII BBISBICHO
3HAYMMOE TIOBBIIIEHHE YPOBHS apeHANHA U HOpaapeHanuHa ciycts 1 cyT mocne oneparuu K1 o cpaBHeHHIO
C UCXOZIHBIM YPOBHEM. B T0 ke BpeMs He MOITy4YeHO MEKTPYIIOBBIX PA3IHIHiA M0 YPOBHIO KAT€XOTAMHHOB KaK JI0
UK, tak u yepe3 cytku nocine onepannu KILI.

3akiouenne. Vcnonp3oBanne NO ¢ 111610 OPraHONPOTEKIMY HEe BIHSET Ha ypoBeHb B-APM»> u nuHamuky me-
JIMaTOPHOT'O OTBETa CUMIIATHYECKOW cucTeMbl Ha crpecc y 6onbHbIXx UBC, nmeronmx knnundeckue Gopmer AT
BBICOKOT'O KapAMOBACKYJSIPHOTO PHCKA, NIPU KapAUOXUPYPTHUECKUX ONEpalUsIX ¢ UCIOIb30BaHUEM HCKYCCTBEH-
HOT'0 KPOBOOOpAILICHHSI.
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KiroueBble cj10Ba: OKCHI a30Ta, KOPOHAPHOE LIYHTHPOBAHHE, aAPCHOPEAKTHBHOCTh YPUTPOLIUTOB, aAPSHAINH,

HOpaJpeHaIHH

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaNNeil HACTOSIICH CTaThH.

HUcroynuxkn d¢uHaHcupoBaHusi. lccienoBaHue BBIOJHEHO B paMKaxX TOCYAApCTBEHHOIO 3anaHusi MuHH-
CcTepcTBa HAayKH M BbIciiero obOpasoBaHus Poccuiickoil ®enepammu, Ne rocynapcTBEHHOH perucTpaunuu

122020300183-4.

CooTBeTcTBHE MPHHIMNAM THKH. Bee manueHTs! nmoanmcann HHGOPMHPOBAHHOE COTJIaCHe Ha BKIIOUCHUE B
uccienosanue. VMccnenosanue o100peHo komuTeToM 1o dnomenuiHckoit atnke HUW kapanonorun Tomckoro

HUMII (mporokon Ne 208 ot 20.01.2021).

Joist umrupoBanmsi: Pedposa T.10., [Tonokcenos 10.K., Kopenanos B.A., Uypununa E.A., Kamenmukos H.O.,
Mycnumoa D.®., Bopoxiosa 1.H., ApanaceeB C.A. DddexTsl okcraa a30Ta Ha MOKa3aTeNd aKTUBHOCTH CHUM-
MaTOAAPEHANIOBON CHCTEMbI MAIMEHTOB C MIIEMHYECKOH OOJE3HBIO Cep/lla MPH ONepali KOPOHAPHOTO IIyH-
TUpOBaHus. bBromnemens cubupckoi meduyunsl. 2025;24(3):97-106. https://doi.org/10.20538/1682-0363-2025-

3-97-106.

INTRODUCTION

The use of extracorporeal circulation (ECC) has
significantly expanded the possibilities of invasive
heart interventions. However, applying ECC increases
the risk of damage to other vital organs [1, 2]. To a
large extent, this is due to the formation of reactive
oxygen species, which lead to the alteration of the
membrane structures of the endothelium and cellular
components of the blood [3, 4]. ECC, along with other
negative factors accompanying extensive surgical
interventions, causes the development of perioperative
stress in the patient body. It is well known that the
sympathoadrenal system (SAS) is activated in the body
during a stress response [5, 6]. The majority of patients
who require surgical intervention using ECC have a
chronic form of ischemic heart disease (IHD) combined
with hypertension. It has been shown that such patients
are characterized by predominance of sympathetic
regulation over parasympathetic one. This results in
consistently high levels of catecholamines in the blood
of patients. Hypersympathicotonia, along with changes
in the lipid bilayer of cell membranes in conditions of
chronic vascular pathology, triggers remodeling of
transmembrane and cell surface proteins. Previous
studies have shown that beta-adrenergic receptor
reactivity of erythrocyte membranes (B-ARMe)
quite fully reflects not only the state of B-adrenergic
receptors (B-AR) of erythrocytes but also the general
B-adrenergic receptor reactivity of the body and its
changes during the treatment of the prior disease [7, 8].

The use of nitric oxide (NO) is one of the novel
approaches to organ protection during cardiac

surgery requiring ECC. It consists in introducing NO
donors, NO synthase inducers, or gaseous NO into
the breathing circuit. Depending of the concentration
used, NO can have a damaging or protective effect [9].
Despite the publications over the past decade [10-12],
the fundamental pathophysiological mechanisms of
organ-protective effects and the safety of exogenous
NO supply during ECC remain under study.

The aim of the study was to investigate changes in
laboratory parameters of SAS activity and B-ARMe
in IHD patients with clinical forms of arterial
hypertension of high cardiovascular risk during
coronary artery bypass grafting with anesthetic
management including nitric oxide.

MATERIALS AND METHODS

This randomized study with parallel distribution
enrolled 36 patients. Of these, 24 (66.7%) were men.
The average age in the sample was 68 [63; 70] years.
All patients were diagnosed with IHD with a clinical
form of hypertension of high cardiovascular risk.

The inclusion criteria were the following: diagnosis
of IHD with a clinical form of hypertension of high
cardiovascular risk, elective coronary artery bypass
grafting (CABG), bypass surgery of 2—4 vessels using
ECC, age over 18 years, a signed voluntary informed
consent.

The exclusion criteria were the following: absence
of a patient’s voluntary informed consent; a history
of cancer; critical condition before CABG; taking
norepinephrine, epinephrine or dopamine 3 days
before CABG; left ventricular ejection fraction < 30%;
blood transfusion in the last 4 months before CABG;
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methemoglobinemia (congenital and acquired);
bleeding diathesis; intracranial hemorrhage; severe
left ventricular failure (NYHA functional class
[l and IV).

The study was approved by the local Ethics
Committee of the Cardiology Research Institute of
Tomsk NRMC (Minutes No. 208 dated January 20,
2021). All patients signed an informed consent to
participate in the study. According to the indications,
all patients underwent CABG using ECC. The patients
were randomly divided into 2 groups: study group and
control group. Patients of the study group received
NO intraoperatively: first in the breathing circuit, then
in the ECC circuit. For patients of the control group,
CABG was performed using standard mechanical
ventilation and ECC.

Baseline clinical and demographic characteristics
of the study and control groups did not differ (Table 1).

Table 1
Baseline Clinical and Demographic Characteristics of Patients
Characteristics StuSy:glrgup, gro(;g’n:lrcil 18] P
Age, years, Me [25; 75] 68 [36; 70] | 68 [61;70] | 0.849
Men, n (%) 12 (66.7 %) | 12 (66.7%) 1
Women, n (%) 6 (33.3%) 6 (33.3%) 1
BMI, kg / m?2, M + SD 31.7+48 30.7+5.3 | 0.555
LVEE, %, Me [25; 75] 60 [46; 65] | 56 [45; 65] | 0.924
CRD, n (%) 4 (22.2 %) 7(389%) | 0.471
AF, n (%) 4 (22.2 %) 3 (16.7 %) 1
Grade | AP, n (%) 1 (5.6 %) 1 (5.6 %) 0.850
Grade Il AP, n (%) 6 (33.3 %) 4(22.2%) | 0.850
Grade 111 AP, n (%) 11 (61.1 %) | 13 (72.2 %) | 0.850
PICS, n (%) 11 (61.1 %) | 13 (72.2%) | 0.725
Grade 3 hypertension, n (%) | 18 (100 %) | 18 (100 %) 1
NYHA FC I CHF, n (%) 2 (11.1 %) 2(11.1%) | 0.510
NYHA FC 1T CHF, n (%) 7(38.9%) | 11(61.1%) | 0.510
NYHA FC III CHF, n (%) 8 (44.4 %) 5(27.8%) | 0.510
NYHA FC IV CHE, n (%) 1 (5.6 %) 0 (0.0 %) 0.510
DM, n (%) 7 (38.9 %) 5(27.8%) | 0.725
Class 1 CKD, n (%) 1 (5.6 %) 3(16.7%) | 0.139
Class 2 CKD, n (%) 7(38.9%) | 12(66.7 %) | 0.139
Class 3a CKD, n (%) 9 (50.0 %) 3(16.7 %) | 0.139
Class 4 CKD, n (%) 1 (5.6 %) 0 (0.0%) 0.139
GFR, ml/ min/ 1.73 m? 79.8+13.2 | 62.2+13.9 | 0.0004
11(61.1%) | 7(38.9%) | 0.318

Smoking, n (%)

Note. BMI — body mass index; LVEF — left ventricular ejection
fraction; CRD — cardiac rhythm disorder; AF — atrial fibrillation; AP —
angina pectoris; PICS — postinfarction cardiosclerosis; CHF — chronic
heart failure; FC — functional class; DM — diabetes mellitus; CKD —
chronic kidney disease; GFR — glomerular filtration rate.

Anesthetic management prior to CABG
included premedication with narcotic analgesics,
benzodiazepines, and antihistamines. Fentanyl

(3.0-5.0 ng/kg) and propofol (1.5 pg/kg) were used to
induce anesthesia. Pipecuronium bromide (0.1 pg/kg)
was used for neuromuscular blockade. Anesthesia was
maintained by inhalation of sevoflurane (2-3 vol.%)
and infusion of fentanyl (3.0-5.0 pg / kg / h).
Mechanical ventilation was performed using the
Drager Primus apparatus (Drager AG, Germany)
along a semi-closed breathing circuit in the Controlled
Mandatory Ventilation mode with controlled volume
of FiO,= 0.3 and higher, depending on the clinical
situation. To measure central venous pressure and
conduct infusion and transfusion therapy, central
venous catheterization was performed. Blood pressure
monitoring and arterial blood sampling for acid — base
balance and gas monitoring were carried out through
catheters inserted in the right and left radial arteries.
To maintain anesthesia during ECC, propofol infusion
(4 mg/ kg /h) and fentanyl infusion (3.0-5.0 pg / kg /
h) were performed via the infusion pump.

During CABG, we carried out extensive
intraoperative monitoring of the patient’s condition,
which included: continuous ECG  analysis,
capnometry, capnography for invasive blood pressure
measurement, pulse oximetry, diuresis measurement,
thermometry with a sensor in the oropharynx,
monitoring of the NO/NO, ratio. To assess the
adequacy of anesthesia and ECC, acid — base balance,
hematocrit, hemoglobin, and lactate were monitored
using the STAT PROFILE Critical Care Xpress
analyzer (NOVA Biomedical, USA).

ECC was performed using the Stockert apparatus
(Stockert GmbH, Germany) in the nonpulsatile mode.
The perfusion index was 2.5 I/ min/ m?. Connection to
the ECC circuit was carried out in a standard manner
viathe aorta—rightatrium. To ensure hypocoagulation,
heparin was administered before ECC at a dose of 3
mg / kg, maintaining activated coagulation time > 480
s. During ECC, the temperature in the oropharynx was
maintained at 35.5-36.6 °C, the hemoglobin level >
80 g / I, and the mean arterial pressure at 50-80 mm
Hg. Myocardial protection was achieved by perfusion
of the ascending aorta or coronary artery (in case of
aortic regurgitation) with a cold (5-8 °C) crystalloid
solution (Custodiol HTK-Bretschneider; Dr Franz
Kohle rChemie GmbH, Bensheim, Germany) at a
dose of 3 ml / kg for 6-8 minutes according to the
manufacturer’s instruction. Local hypothermia with
ice slurry was used. After the end of ECC, heparin
was inactivated with protamine in a 1:1 ratio.

Patients of the study group, immediately after
tracheal intubation, received NO intraoperatively
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at a concentration of 80 ppm in the breathing circuit
and then, after the start of ECC, to the ECC circuit.
After disconnection from the ECC, NO delivery
was resumed in the anesthesia machine circuit at the
concentration of 80 ppm until the end of surgery.
Delivery and monitoring of NO/NO: were carried
out using plasma-chemical NO synthesis AIT-
NO-01 system (Tianox, RFNC-VNIIEF, enterprise
of Rosatom State Atomic Energy Corporation, Sarov,
Russia). The maximum permissible NO:2 concentration
in the study group was 2 ppm.

All patients underwent a complex of clinical,
laboratory, and instrumental tests in accordance with
clinical standards at the following stages of surgery:
before connecting to ECC, at the end of ECC, 1 day
after CABG. In the meantime, we assessed body
B-ARMe measurements using the Beta-ARM Agat
kit (Agat-Med LLC, Russia, https://www.agat.ru/
documents/instructions/4994/). This method is based
on inhibition of hemolysis of erythrocytes placed in
hypoosmotic medium in the presence of a selective
B-blocker. According to the manufacturer’s protocol,
B-ARMe values in 93% of apparently healthy
individuals are in the range of 2.0-20.0%, which
reflects an increase in osmotic fragility of erythrocytes
following binding of the adrenergic blocker to f-ARs.
Higher values of B-ARMe reflect reduced osmotic
fragility of erythrocytes and, therefore, weaker binding
of the adrenergic blocker to B-ARs due to a decrease
in the number of receptors on the cell membrane or
their desensitization.

To assess the activity of SAS, before connecting to
the ECC and 1 day after CABG, the concentrations of
norepinephrine and epinephrine in the blood plasma
of the patients of both groups were determined using
ELISA kits for the quantitative determination of
catecholamines (IBL CatCombi ELISA, Germany).

Statistical processing of the obtained data was
carried out using the Statistica 10.0 software package.
Normality of data distribution was checked using the
Shapiro—Wilk test, since the number of patients in the
study sample was less than 50. Normally distributed
variables were presented as the mean and standard
deviation M + SD. When the distribution was not
normal, the data were presented as the median and
the interquartile range Me [25; 75]. Qualitative data
were presented as absolute and relative values —
n (%). Quantitative variables of independent
samples were compared by the ztest for normally
distributed values or the Mann — Whitney U-test
for non-normally distributed variables. Quantitative
variables in dependent samples were compared
using the #-test for normally distributed values or the
Wilcoxon test for non-normally distributed variables.
To compare qualitative variables in two samples,
the Fisher’s exact test was used. The differences
were considered to be statistically significant
at p < 0.05.

RESULTS

Table 2 demonstrates parameters characterizing
the perioperative period. Procedure of NO donation
into the breathing and then into the perfusion circuit
led to an increase in the duration of the surgery, which
did not reach statistical significance. The study and
control groups did not differ in the ECC duration, the
time of aorta clamping, or the volume of intraoperative
blood loss. The groups were comparable in terms of
blood pressure levels before and during ECC. There
were also no intergroup differences in the acid — base
balance, hematocrit, hemoglobin, and lactate levels at
the stages of the surgery.

Table 3 demonstrates clinical and biochemical
blood parameters in the study and control groups.

Table 2
Parameters of the Perioperative Period

Parameters Study group, n =18 Control group, n = 18 p
Surgery duration, min, Me [25; 75] 300 [260; 330] 270 [240; 300] 0.058
ECC duration, min, M + SD 95.50 + 25.50 82.00 = 15.04 0.062
Aorta clamping duration, min, M + SD 58.75 + 18.67 48.50 + 15.47 0.089
Mean BP before ECC, mm Hg, M + SD 104.59 + 40.56 122.73 + 36.83 0.128
Mean BP during ECC, mm Hg, M + SD 56.29 + 6.89 53.35+5.23 0.064
Blood loss during surgery, ml, Me [25; 75] 1,000 [800; 1,000] 1,000 [800; 1,000] 0.949

Homeostasis parameters during CABG
Before ECC

pH, Me [25; 75] 7.39 [7.37; 7.43] 7.40 [7.37; 7.41] 0.646
Lactate, mmol / I, Me [25; 75] 1.110.9; 1.4] 1.1[0.9; 1.4] 1

Bulletin of Siberian Medicine. 2025; 24 (3): 97-106

101



Rebrova T.Yu., Podoksenov Yu.K., Korepanov V.A. et al.

Effects of nitric oxide on sympathoadrenal system activity in patients

102

Endof table 2

Parameters Study group, n =18 Control group, n = 18 )4
Hb, g /1, Me [25; 75] 130 [123; 141] 132 [120; 137] 0.812
Hct, %, M £ SD 36.90 + 3.75 38.44 +3.38 0.216
At the end of ECC
pH, Me [25; 75] 7.41[7.38; 7.40] 7.38[7.37;7.42] 0.223
Lactate, mmol / I, Me [25; 75] 1.50 [1.30; 2.10] 1.35[1.00; 1.60] 0.064
Hb, g /1, Me [25; 75] 94,5 [85.0; 101.0] 95.0 [87.0; 101.0] 0.776
Hct, %, M = SD 25.61 +3.18 27.00+3.14 0.197
At the end of CABG
pH, Me [25; 75] 7.35 [7.35; 7.40] 7.38 [7.37; 7.40] 0.448
Lactate, mmol / I, Me [25; 75] 15[1.2; 2.1] 1.4[1.1;1.6] 0.107
Hb, g/ 1, Me [25; 75] 100.5 [92.0; 108.0] 103.5 [93.0; 112.0] 0.579
Hct, %, M + SD 27.56 + 3.22 28.89 + 3.46 0.239
One day after CABG
pH, M + SD 7.42 [7.40; 7.44] 7.43[7.38; 7.44] 0.591
Lactate, mmol /I, M £ SD 19[1.5;2.1] 1.8[1.5; 2.3] 0.739
Hb,g/1, M £ SD 104 [92; 115] 106 [86; 119] 0.800
Hct, %, M + SD 30.13+3.99 29.57 +4.79 0.702

Note. ECC — extracorporeal circulation; BP — blood pressure; CABG — coronary artery bypass grafting; pH —
hydrogen ion concentration or acid value; Hb — hemoglobin; Hct — hematocrit.

Table 3
Changes in Clinical and Biochemical Blood Parameters at the Stages of the Study
Parameters Study group, n =18 Control group, n =18 P
Before CABG
Leukocytes, 10°/ I, M + SD 7.19+1.76 7.52+2.32 0.637
Platelets, 10°/ |, M + SD 240.78 + 71.89 223.61 +50.25 0.412
ESR, mm/ h, Me [25; 75] 6 [4; 15] 6 [5; 8] 0.832
CK, U /I, Me [25; 75] 73 [47; 120] 93 [76; 127] 0.223
CK-MB, U /1, Me [25; 75] 19 [16; 24] 20 [15; 24] 0.899
Glucose, mmol / I, Me [25; 75] 5.9 [5.3; 6.5] 7.2[5.7;7.9] 0.101
Urea, mmol / I, Me [25; 75] 5.7 [5.0; 6.7] 43[4.2,7.8] 0.250
Creatinine, umol / I, Me [25; 75] 94 [87; 119] 82 [76; 88] 0.001
CRP, mg /|, Me [25; 75] 5.1[1.2;13.2] 3.5[1.0; 12,4] 0.486
Total protein, g /I, M = SD 70.29 +6.12 72.93 £9.08 0.399
ALT, U /1, Me [25; 75] 18.2 [16.0; 23.0] 21.8 [10.0; 42.6] 0.569
AST, U/, Me [25; 75] 18.6 [13.0; 24.9] 22.4[16.0; 26.0] 0.429
Total bilirubin, pmol / I, Me [25; 75] 12.8[10.0; 18,7] 11.6 [9.7; 19.5] 0.857
One day after CABG
Leukocytes, 10°/ I, M + SD 11.59 + 3.01, p* = 0.035 11.22 £2.99, p*=0.48 0.719
Platelets, 10°/ |, M + SD 183.44 + 71.68, p* = 0.678 165.89 £ 47.31, p* = 0.834 0.392
CK, U/, Me [25; 75] 754 [558; 993], p* = 0.001 783 [569; 1,250], p* = 0.001 0.564
CK-MB, U /1, Me [25; 75] 34 [32; 43], p* = 0.001 35 [28; 42], p* = 0.045 0.817
Glucose, mmol / |, Me [25; 75] 9.2 [7.6; 10.9], p* = 0.036 9.7 [8.2; 11.6], p* = 0.05 0.643
Urea, mmol / I, Me [25; 75] 7.1[5.9; 8.3], p* = 0.002 6.6 [5.8; 8.3], p* = 0.449 0.607
Creatinine, umol / I, Me [25; 75] 104.5 [84.0; 133.0], p* = 1.0 94,0 [76.0; 116.0], p* = 0.05 0.211
CRP, mg /|, Me [25; 75] 149 [128; 169], p* = 0.000 139 [115; 160], p* = 0.000 0.628
Total protein, g /1, M + SD 53.67 + 4.89, p* = 0.001 53.33 +5.61, p* =0.013 0.875
ALT, U /1, Me [25; 75] 35 [27; 46], p* = 0.009, 32 [15; 43], p* =0.239 0.646
AST, U/, Me [25; 75] 57 [39; 68], p* = 0.001 53 [43; 72], p* = 0.002 0.962
Total bilirubin, pmol / 1, Me [25; 75] 10.7 [8.6; 18.7], p* = 0.802 12.1[8.7; 27.7], p* = 0.795 0.681

Note. ALT —alanine transaminase; AST — aspartate transaminase; CK — creatine kinase; CK-MB — creatine kinase, myocardial band.
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In our study, the surgical intervention did not
result in significant differences between the groups.
At the same time, in both groups, there was a
significant increase in CK, CK-MB, ALT, and AST
and a decrease in total protein one day after CABG
compared to the preoperative period. The increase
in the activity of serum biomarkers of cell damage
and the decrease in total protein in the postoperative
period are certainly due to the large volume of surgical
intervention on the tissues of the chest and heart. In
the postoperative period, a significant increase in
the concentration of urea in the blood plasma was
noted only in the study group. However, this did

not result in significant intergroup differences at this
follow-up stage.

Table 4 demonstrates clinical parameters of the
patients of the study and control groups, reflecting the
features of their early postoperative period. According
to the data presented, the use of NO during CABG did
not lead to statistically significant differences between
the groups. However, there were no intraoperative
myocardial infarctions and oliguria / anuria in the
study group. On the contrary, in the control group, the
incidence of myocardial infarction and oliguria / anuria
was 22.2% each. Due to a small sample size, intergroup
differences did not reach a critical level of significance.

Table 4
Characteristics of the Early Postoperative Period

Characteristics Study group, n = 18 Control group, n = 18 p
Reoperation, n (%) 0 (0.0%) 1 (5.6%) 1
Intraoperative complications, n (%) 1 (5.6%) 1 (5.6%) 1
Mechanical ventilation duration, min, Me [25; 75] 550 [395; 1,040] 480 [390; 625] 0.517
Tracheostomy, n (%) 1 (5.6%) 1 (5.6%) 1
Pneumonia, n (%) 4 (22.2%) 6 (33.3%) 0.711
RF (need for oxygen support), n (%) 3 (16.7%) 4 (22.2%) 1
Diuresis 1 day after CABG (ml), Me [25; 75] 3,275 [2,350; 3,900] 3,550 [2,400; 3,900] 0.874
Oliguria / anuria (< 0.5 ml / kg / h), n (%) 0 (0.0%) 4 (22.2%) 0.104
AMI, n (%) 0 (0.0%) 4 (22.2%) 0.104
AF in the postoperative period, n (%) 3 (16.7%) 7 (38.9%) 0.264
Delirium, n (%) 3 (16.7%) 3 (16.7%) 1
Stroke, n (%) 1 (5.6%) 2 (11.1%) 1
Stool (days after CABG), Me [25; 75] 413; 4] 4[3; 5] 0.319
Bed days in ICU, Me [25; 75] 1[1;6] 111;6] 1
Bed days in the in-patient department, Me [25; 75] 17.5[16.0; 26.0] 19.5[16.0; 31.0] 0.527

Note. RF —respiratory failure; AMI — acute myocardial infarction; AF — atrial fibrillation; ICU — intensive care unit.

The results of assessing

catecholamine

of epinephrine in the study group before CABG and 1

concentrations in the blood of patients are shown in
Fig.1. In our study, in patients of the study and control
groups, epinephrine concentration significantly
increased 1 day after CABG compared to the level
before ECC (p = 0.005 and p = 0.003, respectively)
(Fig. 1, a). At the same time, the median concentrations

day after it were higher compared to the control group.
However, these differences did not reach statistical
significance (p = 0.063 and p = 0.095, respectively).
Changes in the norepinephrine levels were similar
in both the control (»p < 0.001) and study groups
(p = 0.006) (Fig. 1, b) without significant intergroup

Table 5
Beta-ARMe in Patients with Nitric Oxide Donation during CABG, Me [25; 75]
Stages of observation Study group, n =18 Control group, n = 18 p
B-ARMe before CABG 21.9[14.3; 26.1] 21.2[13.3;26.2] 0.972
B-ARMe at the end of CABG 18.6 [13.5; 34.2] 20.8 [15.3; 27.5] 0.851
B-ARMe 1 day after CABG 25.3[18.8; 42.7] p*=0.169 21.0[14.3; 30.9] p* =0.838 0.187

Note. CABG — coronary artery bypass grafting; B-ARMe — B-adrenergic reactivity of erythrocyte membranes; p — significance level of

differences between the groups. p* — significance level of intragroup differences before CABG and 1 day after CABG.
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Fig. 1. Concentrations of epinephrine (a) and norepinephrine (b) in the study and control groups at the stages of CABG: # significant
intragroup difference

Il - before ECC; M- 1 day after CABG

differences both before ECC (p = 0.318) and 1 day
after CABG (p = 0.0560).

Table 5 reflects baseline f-ARMe values and their
subsequent changes. For both groups of patients, the
baseline values of B-ARMe were at the upper range
limit. CABG was not accompanied by significant
changes in B-ARMe at the end of the surgery and 1
day after its completion. Intraoperative NO donation
did not cause significant changes in this parameter
in patients of the study group in perioperative and
postoperative periods.

DISCUSSION

Connecting the patient’s body to the ECC circuit is
a crucial stage of CABG that increases the risk of vital
organ damage [13, 14]. One of the novel approaches
to organ protection is the use of NO. Effects of NO
are dose-dependent, which results from the formation
of physiologically active metabolites of NO and its
interaction with various molecular targets [9, 10].
In particular, it has been shown for cardiomyocytes
that activation of iINOS or NO donation suppresses
function of ryanodine receptors through the cGMP-
independent pathway [15]. This mechanism limits
beta-adrenergic sensitivity of the myocardium and
may be an important signaling pathway for the
damaging effects of NO.

The absence of significant differences in baseline
B-ARMe values in the study and control groups
indicates the absence of functional overload in the SAS
receptor pathway in patients with IHD and clinical

forms of arterial hypertension of high cardiovascular
risk enrolled in the study. In the postoperative period,
the stability of B-ARMe in the study group was further
evidence of NO application safety during CABG. It
may be suggested that NO has no effects associated with
a direct influence on the activity of the SAS receptor
component. At the same time, it was shown that in
both the study and control groups at the postoperative
stage, the increase in the blood concentration of
norepinephrine (by 1.5 and 2.0 times, respectively)
and epinephrine (by 2.1 and 2.5 times, respectively)
was revealed, which reflected the involvement of the
SAS in maintaining the body homeostasis of operated
patients. However, the absence of changes in f-ARMe
both in the period of ECC disconnection and 1 day
after CABG in patients of the control group speaks
of adequate premedication. It could be concluded
that intraoperative NO donation did not affect the
parameters of SAS mediator metabolism, which also
confirms the safety of the NO dose used.

CONCLUSION

In cardiac surgery with extracorporeal circulation,
the use of NO for the purpose of organ protection
does not affect the level of f-ARMe and changes in
the mediator response of the sympathetic system
to stress in patients with IHD and clinical forms of
hypertension of high cardiovascular risk.

The limitation of the study was a small number of
patients who were enrolled and completed the full
course of examination.
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Early clinical and laboratory predictors of in-hospital mortality
in patients with postoperative abdominal sepsis

Rodionova Yu.O., Fedosenko S.V., Ivanova A.l., Arzhanik M.B., Semenova O.L.,
Starovoitova E.A., Nesterovich S.V., Efimova D.A., Kalyuzhin V.V.

Siberian State Medical University of the Ministry of Health of the Russian Federation (SibSMU)
2 Moskovsky trakt, 634050 Tomsk, Russian Federation

ABSTRACT

Aim. To identify early clinical and laboratory predictors of death in patients with postoperative abdominal sepsis
in the first 48 hours after its verification.

Materials and methods. A retrospective study was conducted on 40 patients with abdominal sepsis hospitalized
in the surgical department of Siberian State Medical University in 2019-2023. All patients were divided into
groups according to the outcome of hospitalization (discharge or death). Clinical and anamnestic data, Sequential
Organ Failure Assessment (SOFA) and quick SOFA (qSOFA) scores, and dynamic changes in biochemical and
hematological markers were evaluated (T1- at verification, T2 — after 48 hours). The Mann — Whitney U test, x>
test, Wilcoxon test, and ROC analysis were applied.

Results. The mortality rate was 45%. Statistically significant predictors of mortality were: SOFA score > 4, serum
urea > 12.1 mmol / 1, calcium < 1.8 mmol / 1, platelet count < 264 x 10° / 1, no platelet increase > 15 x 10° / I,
neutrophil reactivity intensity (NEUT-RI) > 57.6 fluorescence intensity (FI) at T1 and > 53.8 FI at T2. Prognostic
values were also established for reticulocyte parameters and reactive lymphocyte content.

Conclusion. Early assessment of clinical and laboratory parameters, especially indicators of kidney function,
calcium metabolism, blood count, and the intensity of the inflammatory response, has high prognostic value in
postoperative sepsis and can be used for risk stratification and optimization of therapy.

Keywords: sepsis, surgical sepsis, abdominal sepsis, fatal outcome, predictors of fatal outcome
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PaHHMe KNNHUKO-NnabopaTopHbie NpeanNKTOpPbl rOCNUTaNbHOMN

NneTanbHOCTN Yy NALlNEeHTOB C XNpyprniyeckmm BGAOMMHaﬂbeIM cencncom

PoguoHoBa 10.0., ®epoceHko C.B., UBaHoBa A.U., ApkaHuk M.b., CemeHoBa O.J1.,
CrapoBounToBa E.A., HectepoBuu C.B., EpumoBa [1.A., Kanioxxun B.B.

Cubupckuii 2ocydapcmeennvlii meouyunckuu ynusepcumem (Cu6l’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

He.l]b HCCICA0OBAHMS. I/IIIGHTI/I(i)I/IKaIII/I}I paHHUX KJII/IHI/IKO-JIa60paT0pHI>IX MPESAUKTOPOB JICTAJIBHOI'O UCXOJa Y I1a-
IUCHTOB C XUPYPIruieCKUM a6I[OMI/IHaJ'II>HbIM CCIICUCOM B IIEPBLIC 48 4 OT MOMEHTa BepI/I(bI/IKaHI/II/I COCTOsSITHUA.

Matepuajbl 1 MeToAbl. [IpOBEICHO peTPOCTIeKTHBHOE HccieqoBaHue 40 TMAlMeHTOB ¢ a0IOMUHAIBHBIM CETICH-
COM, FOCHHTAIN3UPOBAHHBIX B XUpypruueckoe oraeneHrne CHOMPCKOTo rocyJapcTBEHHOTO MEIUIIMHCKOTO YHH-
Bepcutera B 2019-2023 rr. Bee manueHTs! ObIIH pa3esieHbl Ha TPYIIIBI 0 HCXOAY TOCIHTATU3AINU (BBITUCKA
WK JeTanbHBI ucxond). OneHnBaIN KIMHUKO-aHAMHECTHYECKHE TaHHBIE, ToKa3aTenn mkan Sequential Organ
Failure Assessment (SOFA) u quick SOFA, Gnoxumuueckne U reMaTojornieckue Mapkepsl B auHamuke (T1 —
Bepudukamms, T2 — gepes 48 u). [lpumensumucey U-kputepuii Manaa — YutHH, kpurepuit [lupcona y%, kpurepuit
Bunkokcona, ROC-ananus.

Pe3yabTarhl. YpoBeHb JeTalbHOCTH cocTaBmil 45%. CTaTHCTHYECKHM 3HAYMMBIMU HPEAUKTOPAMHU JIETAJIbHO-
ro Mcxoja SIBIINCH: oleHka o mkaire SOFA Gonee 4 0aioB, ypoBeHb MOYEBHHBI B CBIBOPOTKE KpOBH OoJiee
12,1 MMOIIB/J1, CHU)KEHUE KOHIIEHTPALMU B CHIBOPOTKE KPOBH 00IIEro Kaibius 1,8 MMOJIB/I M MeHee, KOINYECTBO
TpoMOOIIUTOB B 00I1IeM aHaiu3e KpoBu 264 X 10°/1 1 MeHee, OTCYTCTBHE MPUPOCTA KOJIUYECTBA TPOMOOLIUTOB
6oniee 15 x 10°/11, uatencuBHOCTh peakTrBHOCTH HelTpodmioB (NEUT-RI) Gosee 57,6 equHuIl HHTEHCHBHOCTH
¢dyopecuenimn (Vd) na T1 u 6onee 53,8 UD na T2. Takxke ycTaHOBIEHBI IPOTHOCTHYESCKUE 3HAUCHUSI VIS pe-
TUKYJIOLUTAPHBIX APAMETPOB M COJICPIKAHMUS PEAKTUBHBIX JTMMQOIUTOB.

3akiouenue. Panuss OLICHKa KJ'II/IHI/IKO-.]'I360paT0pHBIX HOKaSaTeJ'Ieﬁ, 0COOCHHO TOKa3aTeseit (1)yHKLII/II/I ITIO4€K,
KaJIbIITUEBOI'O 06M6Ha, napaMeTpoB reMorpaMmbl U UHTEHCHUBHOCTH BOCHAJIUTECIBHOI'O OTBETA, UMECT BBICOKYIO
MIPOTHOCTUYECKYIO 3HAYMMOCTD IIPpHU XUPYPIrU4€CKOM CEIICUCE U MOXKET OBITH UCIIOJIB30BAHA JUIsL CTpaTI/I(i)I/IKaL[I/II/I
PUCKa U ONITUMHU3ALIUU TEPAITUU.

KiioueBrble ciioBa: cerncuc, XUpyprudeckuii cencuc, abJIOMMHaIbHBIN CEICUC, JIeTalbHBIA MUCXO, IPEIUKTOPBI
JICTaJbHOIO UCXO0Ja

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEH CTaThH.

Hcrounuk ¢puHaAHCHPOBaHUS. ABTOPBI 3asBIISIIOT 00 OTCYTCTBUH (DMHAHCUPOBAHUS IIPH NPOBEICHHN HUCCIIEN0-
BaHMUS.

CooTBeTcTBHE MPHHIUNAM ITHKH. [IpoTOKOI HccinenoBaHus 0J00pEH JIOKAIFHBIM 3THYECKHM KomuTeToM CH-
OHUPCKOT0 rOCYAAPCTBEHHOTO MEIMIIMHCKOr0 YHUBepcuTeTa (pemrenue Ne 8616/1 ot 29.03.2021).

Jast uuruposanusi: Poguonona H0.0., @enocenko C.B., lBanosa A.U., Apxxanuk M.b., Cemenona O.J1., Crapo-
BoiitoBa E.A., Hecreposuu C.B., E¢pumosa /I.A., Kanroxxun B.B. Pannne ximHnko-nabopaTopHbie MPEeanKTOPBI
TOCIUTAIBHOM JIETAJBHOCTH Y MAI[MEHTOB C XUPYPIHIECKUM a0 IOMUHAIBHBIM CETICHCOM. Broiemens cubupcrou
meouyunsl. 2025;24(3):107-115. https://doi.org/10.20538/1682-0363-2025-3-107-115.

INTRODUCTION

Early clinical and laboratory predictors of in-hospital mortality in patients

Sepsis as a complication of intra-abdominal
infections is widespread in surgical practice and
remains a leading cause of non-traumatic mortality in
emergency surgical departments both in Russia and
abroad [1]. Abdominal sepsis (AS) presents a serious

clinical problem due to the diversity of nosological
forms, the broad spectrum of pathogens (aerobic and
anaerobic bacteria, fungi), as well as limitations in
microbiological diagnosis [2].

Clinical heterogeneity complicates the assessment
of epidemiological indicators of AS. According to
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data from I. Martin-Loeches et al. (2019), mortality in
complicated intra-abdominal infections without sepsis
is 2-3%, whereas in cases progressing to sepsis and
septic shock in intensive care units, it reaches up to
50% [3].

The effectiveness of treatment for AS largely
depends on early verification of the condition,
selection of the optimal surgical approach, and timely
antimicrobial therapy [4]. In the context of nonspecific
clinical presentations and limited diagnostic value
of individual laboratory markers, the role of a
comprehensive assessment of clinical and laboratory
parameters increases for predicting outcomes.
The aim of this study was to perform a comparative
analysis of clinical and laboratory predictors of death
in patients with postoperative AS within the first 48
hours after diagnosis verification, depending on the
hospitalization outcome.

MATERIALS AND METHODS

A retrospective comparative study was conducted
based on a protocol approved by the local Ethics
Committee of Siberian State Medical University
(Minutes N0.8616/1 dated March 29, 2021). The study
included a consecutive sample of 40 patients with
postoperative AS hospitalized in the surgical department
of Siberian State Medical University clinics from
January 1, 2019 to April 30, 2023. The patients were
divided into two groups according to the hospitalization
outcome (discharge or death) for analyzing clinical,
anamnestic, and laboratory parameters within the first
48 hours after AS verification.

Inclusion criteriawere the presence of an abdominal
bacterial infection focus and a score of > 2 on the quick
Sepsis-Related Organ Failure Assessment (QSOFA)
scale, which considers systolic blood pressure (BP)
< 100 mm Hg, respiratory rate > 22 per minute, and
altered mental status (Glasgow coma score < 15). The
diagnosis of sepsis was confirmed using the Sequential
Organ Failure Assessment (SOFA) scale, with a score
of >2.

The study evaluated the duration of hospital stay
and hospitalization outcome, anthropometric data,
comorbidities (including immunodeficiency states),
gSOFA and SOFA scores, duration of sepsis, data
from intensive care unit stay, including mechanical
ventilation and vasopressor support. A dynamic
assessment of key clinical parameters was performed:
BP, heart rate, level of consciousness, peripheral
oxygen saturation. Biochemical blood parameters
were also measured: C-reactive protein (CRP),

lactate, procalcitonin (PCT), creatinine, urea, total and
direct bilirubin, sodium, potassium, and calcium (at
verification and after 48 hours).

Statistical analysis was performed using the
Statistica 12.0 software (StatSoft, USA). Quantitative
data were presented as the median and the interquartile
range Me (Q,; Q,). Qualitative data were presented as
n (%). Independent samples were compared using the
Mann — Whitney U test for continuous variables and
the y? (Fisher’s exact) test for categorical variables.
Dependent variables were analyzed using the
Wilcoxon signed-rank test. The Receiver Operating
Characteristic (ROC) analysis was performed in
MedCalc 18.9.1 to calculate the area under the curve
(AUC), with a 95% confidence interval (CI), Youden’s
index for cutoff points, sensitivity, and specificity. The
significance level was set at p < 0.05.

RESULTS

A total of 40 patients were included in the study, of
whom 27 (67.5%) were men and 13 (32.5%) — women.
The overall mortality rate was 45%, with 18 deceased
patients and 22 survivors. The groups did not differ
significantly in age (median 59.5 years [45.0; 72.0] vs.
65.0 years [61.0; 76.0]; p = 0.068), body mass index
(BMI) (24.81 vs. 24.02 kg / m?; p = 0.815), or gender
distribution (p = 0.435).

Most patients (» = 37) were admitted in the
emergency room, while only 3 were hospitalized
electively. In the group with fatal outcomes, 16 patients
had emergency admissions and 2 —elective admissions;
in the survivor group, these numbers were 21 and
1, respectively. Surgical intervention was required
in 36 patients (90%). Among survivors, 20 patients
underwent surgery (1 patient required reoperation),
whereas in the deceased group, 16 patients underwent
surgery (with 5 patients undergoing reoperation).

Comorbid conditions included: ischemic heart
disease in 12 patients (30%), hypertension in 23
patients (57.5%), history of myocardial infarction
in 8 patients (20%), stroke in 5 patients (12.5%),
type 2 diabetes mellitus in 6 patients (15%), chronic
heart failure in 5 patients (12.5%), bronchial asthma
in 1 patient (2.5%), chronic obstructive pulmonary
disease in 1 patient (2.5%), liver cirrhosis in 2 patients
(5%), and chronic kidney disease in 2 patients (5%).
Alcohol abuse was identified in 4 patients (10%), and
drug addiction — in 2 patients (5%). No significant
differences between the groups were found in the
prevalence of comorbid conditions or results of
objective examinations (p > 0.05, Table 1).
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Table 1

Objective Data at the Time of Sepsis Verification, Me (Q,; Q)

Patients with . .
Patients with a
Parameter a favorable p
fatal outcome
outcome

Body temperature 38 (38; 38) 38 (37.8;38) | 0.302
HR in 1 min 100 (89; 102) | 101 (80; 109) | 0.643
RR in 1 min 25 (24; 26) 25 (24; 28) 0.490
SPB, mm Hg 97.5(90; 102) | 100 (92; 105) | 0.657
DBP, mm Hg 60 (50; 60) 60 (60; 70) 0.253
Pulse pressure, mm Hg 40 (30; 42) 40 (30; 40) 0.966
Sp02, % 94 (93; 96) 95 (90; 97) 0.891

Note. HR — heart rate; RR — respiratory rate; SBP — systolic blood
pressure; DBP — diastolic blood pressure; SpO. — peripheral oxygen
saturation (measured during breathing ambient air).

At the time of AS diagnosis, the SOFA score for
patients with fatal outcomes was 6 (5; 7), whereas for
survivors, it was 4 (3; 5) (»p = 0.001).

Among the biochemical parameters assessed within
the first 48 hours, statistically significant intergroup
differences were observed only in serum calcium and
urea levels (Table 2).

Table 2
Dynamics of Biochemical Serum Test Results, Me (Q,; Q)

Endof Table 2

Patients with a fa- | Patients with a
Parameter p
vorable outcome | fatal outcome
C-reactive protein, 198.0 198.0 0.784
mg/1, T2 (154.4; 320.0) (140.0; 289.0) '
DT,T, 0.001 0.064 -
Procalcitonin, . .
ng /ml, T1 3.39(0.72; 7.44) | 4.71 (0.48; 8.68) | 0.479
Procalcitonin, . 3.81
ng / ml, T2 2.16 (0.70; 7.28) (0.65; 10.30) 0.515
PT,-T, 0.170 0.600 -
Lactate, . )
mmol /1, T1 4.5 (3.6;5.0) 4.5 (3.7;4.8) 0.848
Lactate, . .
mmol /1, T2 3.9(2.9;4.9) 3.9(3.5;4.8) 0.957
PT,T, 0.039 0.021 -

Note. Here and in Tables 3-5: T — time point of measurement (T1 -

baseline value; T2 — after 48 hours).

In both groups, baseline serum calcium levels
indicated hypocalcemia (normal range: 2.15-2.50
mmol / 1); however, in survivors, calcium was
significantly higher than in non-survivors (Table 2).

In the group with fatal outcomes, serum urea levels
upon admission and after 48 hours exceeded reference
values; at the time of AS diagnosis, urea was 2.3
times higher than in survivors (p = 0.012). Only in

; t Patients with a fa- | Patients with a Fhe survivor group was there_a significant decrease
arameter vorable outcome | fatal outcome | 7 in serum creatinine concentration after 48 hours (p =
Calcium 0.005) (Table 2).
: 2.02 (1.80; 2.05) | 1.80 (1.76; 2.01) | 0.040 . -
mmol /1, T1 ( ) ( ) All patients exhibited elevated levels of
glidlu/ml’ - 2.01 (1.80; 2.15) | 1.90 (1.80; 2.12) | 0.685 inflammatory markers: CRP and PCT. Diﬂ“er_en'ces
o T, Ol between the groups did not reach statistical
fjr th_alebilirubin : - — significance; however, in survivors, a significant
umol /1, T1 21.0(9.0;27.0) |16.5(12.0;30.0) | 0.945 reduction (p = 0.001) in CRP was observed after 48
Total bilirubin, , , hours (Table 2).
pmol /1, T2 16.1(8.1;245) | 117(9.0;22.0) | 0581 Elevated serum lactate concentrations persisted in
PT,T, 0.306 0.022 - both groups throughout the observation period, with
Conjugated biliru- | o (7.0:158) | 95(6.0:148) | 0.891 no intergroup (ﬁﬁ‘erences (Table 2). .
bin, pmol /1, T1 The analysis of the blood count did not reveal
;?lnlugq"gle‘;lb'gu' 9.2(4.0:163) | 6.8(2.0:103) | 0569 statistically significant differences between the groups
M : for most parameters (Table 3).
PT,-T, 0.277 0.116 - ble 3
-
Urea, T 6.9(4.3;12.1) | 155(7.6,19.9) | 0.012 TP ane
. ) ynamics o eriphera: 00 rytiropoiesis rarameters
Urea, T2 70(33,131) 12.2(4.8,226) | 0.076 within the First 48 Hours from Sepsis Verification, Me (Q,; Q)
L 0178 0.683 _ Patients with . ith
Creatinine, : 143.4 Parameter a favorable Patients witha 1\
wmol /1, T 8LO(6B6.7:16L0) | gy3.5190) | 0070 ravorab] fatal outcome
Creatinine, X 70.9 Erythrocy‘[es’ . .
umol /1, T2 80.0(55.0:1074) | (59 0. 160.0) | O-3%6 102/1, T1 3.09 (2.70; 4.02) | 3.59 (2.82; 4.18) | 0.549
LG _ 0.005 0.060 N Erythrocytes, 3.13 (2.64; 3.84) | 3.42 (2.58; 3.83) | 0.891
C-reactive protein, 300.7 262.5 0.683 10%/1, T2
mg /1, Tl (201.0;487.0) | (198.9;480.0) | P, 0.149 0.040 -
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Endof Table 2

Table 4

or changes over time (Table 3). At baseline and
after 48 hours, all patients were diagnosed with
normocytic normochromic anemia accompanied
by erythropoiesis and anisocytosis — an increased
red cell distribution width — coefficient of variation
(RDW-CV), which, in the context of medical history,
corresponds to compensatory posthemorrhagic
anemia. In patients with unfavorable outcomes, a
significant decrease (p < 0.05) in erythrocyte count,
hematocrit, and hemoglobin levels was noted over 48
hours in the context of increasing RDW-CV.

Patients with Patients with a i i i i
Parameter a favorable fatal outoorme P Dynamics of Peripheral Blood Leu!(ocyte.: Cot{nts in the F-‘lrst 48
outcome u Hours from the Moment of Sepsis Verification, Me (Q,; Q,)
Hemoglobin, g /1, T1 | 89 (75;106) 91(78;120) | 0.663 Parameter Patientswitha | Patients witha |
Hemoglobin, g /1, T2 | 825 (76; 109) | 85 (74; 108) | 0.745 — favorable outcome fata'l‘;uézome
euKocytes, . .
P, 0.232 0.028 - 109/1, T1 1193 (785 17.75) | (7 5. 99.77) | 0314
40, . .
Hematocrit, %, T | 26.7 (24.5; 33.5) | 27.7 (25.7; 34.8) | 0.422 Legukocytes, 9.49 (6.80; 14.43) 1318 0.076
Hematocrit, %, T2 | 25.9 (23.7; 32.9) | 26.6 (23.0; 30.5) | 0.986 10°/1, T2 (10.19; 23.97)
prT, 0.211 0.034 - ﬁ%;iophns 0.016 0.600 =
ESR, mm /h, T1 55(40;67) | 50.5(29;57) | 0.086 % T 84.0(77.4,876) | 89.7(71.9,92.3) | 0.079
%, T2 FATEE B AT I :
PT,-T, 0.506 0.906 -
MCV, f:T1 86.4 (83.1; 92.1) | 85.9 (83.3; 89.2) | 0.900 Pty 0.016 0.753 -
MCV, fI:T2 87.1(84.1;91.8) | 87.2 (79.6; 88.7) | 0.562 'I'(‘;‘jt{ogﬁ"s' 9.24 (6.32; 13.68) | 15.98 (5.14: 25.1) | 0.254
2 0.0 o972 — Neutrophils, 7.26 (4.66; 10.78 10.59 0.056
MCH, pg: T1 28.7 (27.4;31.2) | 28.5 (26.4; 29.5) | 0.455 10°9/1, T2 26(4.66,1078) | (91.9135) | O
MCH, pg: T2 28.7 (27.5; 30.7) | 28.7 (26.7; 29.3) | 0.516 pr-T, 0.017 0.422 _
DT, 0.305 0.433 - IG, %, T1 1.4 (0.5; 2.4) 2.0(1.0;3.0) |0525
MCHC, g/ 1: T1 332 (321;337) | 327 (313;339) | 0.398 1G, %, T2 2.9(0.7; 4.8) 2.0(0.6;9.8) |0.749
MCHC, g/ I: T2 329 (319;333) | 329 (320;335) | 0.973 proT, 0.043 0.345 -
P, 0.117 0.875 - IG, 10°/1, T1 0.25 (0.09; 0.26) | 0.14(0.13;0.65) | 0.874
RDW-CV, %: T1 14.7 (13.4; 17.3) | 16.3 (14.9; 19.0) | 0.143 IG, 10°/1, T2 0.40 (0.16; 0.69) | 0.09 (0.05; 0.95) | 0.749
RDW-CV, %: T2 15.1 (14.0; 16.3) | 15.2 (14.0; 18.6) | 0.446 PI,T, 0.237 0.463 -
prT, 0.035 0.017 - i']it/e:e“' 311 (234;370) | 252 (133;394) |0.422
MicroR, %: T1 39(27,44) | 85(2.3;133) | 0.153 . Tl
MicroR, %: T2 39(15;45) | 6.8(2.3;11.4) |0.142 E('J"’;t/e:et;'z 356 (254;397) | 212 (120;264) |0.011
Tt 0.345 0.345 - proT, 0.487 0.028 -
MacroR, %: T1 2.9 (2.7;4.5) 3.7(3.1;5.0) | 0.491 076 978
- - - Platelets, % o - 0.035
MacroR, %: T2 3.7 (2.9;5.4) 39(2.8;45) |0.898 (-10.78; 14.15) | (-31.34;1.33)
PT,-T 0.046 0.237 - y 156.1 156.3
L NEUT-GL Tl (1520;159.7) | (151.7;1575) | 249
. 1545 154.5
Note. MCV, fl — mean corpuscular volume, femtoliters (fl); MCH — NEUT-GI, T2 . . 0.592
; : (151.9; 160.4) (152.4; 156.2)
mean corpuscular hemoglobin content; MCHC — mean corpuscular
hemoglobin concentration; RDW-CV - red cell distribution width — P, 0.422 0.086 -
coefficient of variation; microR — microcyte ratio; macroR —macrocyte NEUT-GI, % 0.25(-1.04; 2.37) | 1.38(0.26; 2.91) | 0.367
ratio; ESR — erythrocyte sedimentation rate. NEUT-RL T1 52.0 (49.1;56.6) | 58.3 (53.2; 64.8) | 0.032
NEUT-RI, T2 50.1 (48.7;53.6) | 62.9 (58.0; 64.4) | 0.002
In both groups, at admission and after 48 hours PIT, 0.363 0.594 -
fror_n the _onset of sepsis, elevated erythr_ocyte NEUT-RI, % 2,93 (-6.60: 3.32) 6;%_92 | 0900
sedimentation rates were observed without (-6.98; 4.11)
Statlstlcally Slgnlﬁcant 1ntergroup differences Note. IG, % — relative number of immature granulocytes; I1G —

absolute number of immature granulocytes; NEUT-GI — neutrophil
granularity intensity, scattering intensity; NEUT-RI -neutrophil
reactivity intensity, fluorescence intensity.

At the time of sepsis diagnosis, neutrophilic
leukocytosis was observed in both groups. In patients
with fatal outcomes, the leukocyte count was nearly
twice the upper limit of reference values. Despite
the absence of statistically significant differences in
leukocyte and neutrophil levels (including immature
forms) at both measurement points, survivors showed
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a reduction in the severity of neutrophilic leukocytosis
after 48 hours (Table 4). In the group of diseased
patients, a significant decrease in platelet count was
observed over time, which after 48 hours resulted in
statistically significant differences between the groups
(p =0.011).

Both groups exhibited a pronounced inflammatory
response in the blood (leukocytosis, neutrophil shift).
However, in survivors, a positive dynamic was
observed after 48 hours: the leukocyte level decreased
from 11.93 (7.85; 17.75) to 9.49 (6.80; 14.43) x 10°/
I (p = 0.016), neutrophil percentage decreased from
84.0 (77.4; 87.6)% to 74.9 (70.9; 83.7)% (p = 0.016),
and their absolute count decreased from 9.24 (6.23;
13.68) to 7.26 (4.66; 10.78) x 10° /1 (p = 0.017).

At the time of sepsis diagnosis, NEUT-RI was
higher in the group of deceased patients: 58.3 (53.2;
64.8) vs. 51.95 (49.10; 56.60) FI in survivors (p
= 0.032). After 48 hours, NEUT-RI decreased in
survivors to 50.05 (48.70; 53.60) FI and increased in
non-survivors to 62.9 (58.0; 64.4) F1, with differences
between the groups persisting (p = 0.002). Regarding
NEUT-GI, no significant differences between the

groups were found at either time point (p > 0.05;
Table 3).

Verification of potential early predictors of
mortality in postoperative sepsis using ROC analysis.
The following should be considered as significant
clinical and anamnestic factors associated with the
risk of death in postoperative sepsis: duration of
hospitalization <11 bed- — days (AUC 0.720 (0.555;
0.850); p = 0.009, with sensitivity of 44.4% and
specificity of 95.45%), as well as such indicators at
the time of sepsis diagnosis as SOFA score >4 (AUC
0.795 (0.638; 0.906); p < 0.001 with sensitivity of
77.78% and specificity of 72.73%), the Glasgow
score <12 (AUC 0.616 (0.449; 0.785); p = 0.049 with
sensitivity of 27.78% and specificity of 95.45%),
as well as baseline serum urea concentration > 12.1
mmol / | (AUC 0.732 (0.569; 0.960); p = 0.004 with
sensitivity of 61.11% and specificity of 67.27%)
and serum calcium < 1.8 mmol / 1 (AUC 0.765
(0.525; 0.923), p = 0.013 with sensitivity of 70% and
specificity of 70%). A number of potential predictors
of an unfavorable outcome were identified during the
analysis of hemogram parameters (Table 5).

Table 5
Hemogram Parameters as Early Predictors of a Fatal Outcome in Postoperative Sepsis
Parameter AUC 95% ClI P Cutoff point Sensitivity Specificity
Neutrophils, 10°/1, T2 0.696 (0.518; 0.839) 0.046 >10.15 69.23 72.73
Monocytes, %, T1 0.711 (0.536; 0.849) 0.038 <438 66.67 85.71
Eosinophils, %, T2 0.730 (0.541; 0.872) 0.017 <12 81.82 60.00
Platelets, 10°/ 1, T2 0.760 (0.587; 0.888) 0.003 <264 76.92 72.73
Platelets, 10°/ 1 (T2-T1) 0.733 (0.556; 0.867) 0.006 <15 100.00 45.45
PCT, %, T2 0.782 (0.604; 0.906) 0.001 <0.27 75.00 76.19
RET-He, pg (T2-T1) 0.766 (0.493; 0.936) 0.036 <0.8 75.00 75.00
RET-He - RBC-He, pg, T1 0.903 (0.680; 0.990) <0.0001 >-15 81.82 87.50
RET-He — RBC-He, pg, T2 0.821 (0.543; 0.966) 0.012 >-19 100.00 62.50
NEUT RI, FI, T1 0.736 (0.540; 0.881) 0.019 >57.6 77.78 85.71
NEUT RI, FI, T2 0.889 (0.688; 0.91) <0.0001 >53.8 53.85 93.75
RE LYMP, %, T1 0.730 (0.534; 0.877) 0.016 <0.28 83.33 58.82

Note. PCT — plateletcrit; RET-He — hemoglobin concentration in reticulocytes; RET-He — RBC-He — the difference between the measured
mean concentration of hemoglobin in reticulocytes (RET-He) and mature erythrocytes (RBC-He); NEUT-RI — neutrophil reactivity intensity;

RE LYMP — reactive lymphocytes.

Particular attention is drawn to potential predictors
of a fatal outcome recorded in the dynamics of AS.
Thus, an increase in the level of neutrophils > 10.15 x
10° / 1 after 48 hours, a relative number of monocytes
< 4.8% at the time of AS detection, eosinophils
< 1.2% after 48 hours, as well as a decrease in the
number of platelets to <264 x 10° /1 or the absence
of their increase by more than 15 x 10° / | from the
baseline level may indicate an unfavorable prognosis.

Predictors also include: platelet count < 0.27% after
48 hours, a decrease in reticulocyte hemoglobin
concentration by > 0.8 pg and / or > 5.38%, a decrease
in the difference in hemoglobin content between
reticulocytes and mature red blood cells to -1.5 pg
at baseline and > —1.9 pg after 48 hours, an increase
in NEUT-RI > 57.6 FI when sepsis is detected and /
or > 53.8 FI after 48 hours, and a relative number of
reactive lymphocytes < 0.28% at baseline (Table 5).
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DISCUSSION

The results of the study confirm the significance
of the early assessment of clinical and laboratory
parameters in patients with AS for predicting
outcomes. The mortality rate in the studied cohort was
45%, which exceeds the average values (30-38%)
reported for patients with sepsis and septic shock
[6]. This may be associated with a larger number
of emergency surgeries in the deceased group, the
severity of condition upon admission, and pronounced
multiple organ failure.

The SOFA score is traditionally used to evaluate
the risk of mortality in sepsis, demonstrating high
sensitivity (89%) and specificity (69%) [7]. In the work
by R. Garg et al., SOFA score of > 9 was associated
with increased mortality [8]. In our study, the SOFA
score > 4 predicted mortality with sensitivity of
77.78% and specificity of 72.73%.

Hypocalcemia, previously described in critical
conditions, including sepsis [9], was also observed in
our patients. In the group with fatal outcomes, calcium
levels were significantly lower compared to survivors.
According to the literature, during sepsis, active forms
of oxygen and proinflammatory mediators are released,
which activate calcium-sensitive receptors, potentially
contributing to the development of hypotension and
endothelial dysfunction [10].

Acute kidney injury (AKI) is a frequent and
severe manifestation of organ dysfunction in sepsis,
detected in 60% of patients [11]. It is associated with
an increase in in-hospital mortality up to 18% and an
independent rise in the risk of death [12]. Indicators
such as creatinine, urea, and diuresis are used to assess
AKI [13]. In our patients with fatal outcomes, urea
levels were statistically higher, and the value > 12.1
mmol / | was an independent predictor of death in AS.

PCT and CRP are among the most studied markers
of bacterial infection [14]. Although levels of both
markers were elevated in all patients, no statistically
significant differences were found between the
groups. This may be explained by the universal nature
of the inflammatory response in sepsis. However, the
dynamics of these indicators had prognostic value:
in survivors, a decrease in CRP was observed after
48 hours, reflecting the effectiveness of therapy. In
the group with fatal outcomes, levels of CRP and
PCT either did not decrease or increased, indicating
progression of inflammation and organ dysfunction.
Thus, a comprehensive assessment of inflammatory
markers in combination with clinical and biochemical
data is essential.

Lactate is an important marker of tissue
hypoperfusion and metabolic dysfunction in sepsis
[15]. According to Sepsis-3 criteria, septic shock
is diagnosed in the presence of persistent systemic
arterial hypotension requiring vasopressor support,
combined with a lactate level > 2 mmol / 1 after fluid
resuscitation [5]. In our study, lactate levels were
elevated in all patients upon admission and remained
elevated after 48 hours, with no significant differences
between the groups. This may reflect similar early
metabolic disturbances across the cohort.

Theanalysisoftheerythrogramrevealed normocytic
normochromic anemia, typical of inflammation and
blood loss. At baseline, all patients exhibited decreased
hemoglobin, erythrocyte count, and hematocrit levels,
with more pronounced reductions in the deceased
group, and further declines observed after 48 hours.
This supports existing literature data on septic anemia,
which is caused by the effects of proinflammatory
cytokines, impaired erythropoiesis, and surgical blood
loss [16].

The red cell distribution width (RDW-CV) was
elevated in both groups; however, a significant increase
was observed after 48 hours in the patients who died.
This may indicate activation of erythropoiesis and iron
redistribution in response to inflammation. Elevated
RDW-CV has been previously associated with a poor
prognosis in sepsis [17].

Evaluation of reticulocyte parameters revealed
a decrease in hemoglobin concentration within
reticulocytes (RET-He) among patients with fatal
outcomes, along with a decrease in the difference
between RET-He and hemoglobin levels in
mature erythrocytes. This indicates impaired
hemoglobinization and suppression of erythropoiesis,
consistent with the pathogenesis of septic anemia and
disturbances in iron metabolism [18].

Coagulopathy is a key prognostic factor in
sepsis, ranging from isolated thrombocytopenia
to disseminated intravascular coagulation (DIC).
In our study, 48 hours after diagnosis, deceased
patients showed a statistically significant decrease
in platelet count (212 (120; 264) x 10° / 1, p =
0.028). These findings align with existing literature:
thrombocytopenia occurs in 10-70% of sepsis patients,
especially in intensive care units. Mechanisms include
consumption of platelets in microcirculation, impaired
production, sequestration in the liver and spleen, and
apoptosis [19]. A critical level below 150 x 10° /1 is
associated with an increased risk of mortality [20].
Our data support this conclusion.
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Leukocytosis in sepsis is an important criterion
of systemic inflammatory response syndrome
(SIRS), characterized by high sensitivity (0.85) but
low specificity (0.41) [21]. Both groups exhibited
neutrophilic leukocytosis; however, it was more
pronounced among the deceased. In survivors, the
leukocyte count decreased from 11.93 (7.85; 17.75) to
9.49 (6.80; 14.43) x 10° /1 (p = 0.016) after 48 hours,
and neutrophil percentage decreased from 84.0 (77.4;
87.6) to 74.9 (70.9; 83.7)% (p = 0.016), which may
indicate a positive response to treatment.

The value of NEUT-RI at diagnosis was higher
among deceased patients (58.3 [53.2; 64.8] FI)
compared to survivors (51.95 [49.10; 56.60] FI) (p =
0.032). After 48 hours, NEUT-RI continued to increase
in the deceased group, whereas it tended to decrease
among survivors (p = 0.002). Elevated NEUT-RI has
been previously associated with a poor prognosis in
sepsis [22], a finding confirmed by our study results.

CONCLUSION

The results of this study confirm the clinical
significance of the early comprehensive assessment
of clinical and laboratory parameters for predicting
hospital outcomes in patients with postoperative AS.
The most prognostically valuable indicators within
the first 48 hours after sepsis verification included:
the severity of organ dysfunction (SOFA score >
4), hypocalcemia (< 1.8 mmol / 1), hyperuricemia (>
12.1 mmol / 1), a decrease and insufficient increase in
platelet count, elevated neutrophil reactivity, as well
as reduced hemoglobinization of reticulocytes and
levels of reactive lymphocytes.

Additionally, the absence of positive dynamics
in inflammatory markers (CRP, procalcitonin),
neutrophilic  leukocytosis, and  hematological
parameters during the first two days were associated
with unfavorable outcomes. These parameters can
serve as accessible and informative criteria for risk
stratification and personalized therapy in patients with
AS. The obtained findings require confirmation in
larger cohort and prospective clinical trials.
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ABSTRACT

The new coronavirus infection, COVID-19, led to a global pandemic in 2019-2023. The infection affects not only
the lung tissue, but also other organs and systems, including the heart. This causes the frequent development of
myocarditis, arrhythmia, and acute coronary syndrome in these patients, as well as worsening of coronary heart
disease and chronic heart failure. One of the important mechanisms of heart damage in COVID-19 is the excessive
activation of mast cells, which produce cytokines and chemokines with pro-inflammatory activity, thus causing a
so-called “cytokine storm” — a special severe form of systemic inflammatory response that can be fatal.

The aim of the literature review was to analyze and summarize published data on cardiovascular complications in
COVID-19, including the effect of mast cell proteases on myocardial damage.
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PE3IOME

Hogast koponasupycuas nadekius COVID-19, Be3BaBinas macmtaduyio nanaemuto B 2019-2023 rr., nopaxaer
HE TOJILKO JIETOUHYIO TKaHb, HO U JIDYT'M€ OpPTraHbl U CUCTEMbI, B TOM UHCJIE CEPALE, YTO 00YCIOBIMBACT 4aCcTOEC
pa3BUTHE Y JAHHBIX MAIMEHTOB MHOKapJAWTA, apUTMUNA, OCTPOrO KOPOHAPHOI'O CHHJPOMA, a TAKXKE YXY/IICHUE
TCUCHMS WIIEMUYECKOH OO0JIe3HH cepilia U XPOHHUECKOH ceplieuHOr HeaocTaToyHOCTH. OJHUM M3 BaXKHBIX
MexaHu3MoB moBpexkacHust cepana npu COVID-19 siBisieTcss M30bITOUHAS AKTHBALUS TYYHBIX KJICTOK, KOTO-
pbIe BBIPAOATHIBAIOT IIUTOKMHBI U XEMOKHHBI, 0018 1af0I1e MTPOBOCIATUTEILHON aKTHBHOCTBIO, BBI3bIBAs, TAKUM
00pa3oM, «IUTOKUHOBBII HITOPM» — 0COOYIO TSDKENYI0 (POpPMY CHCTEMHOW BOCIANUTENBHOM peakiyu, KOTopas
MOJKET 3aKaHYMBATHCS JICTAIIBHBIM UCXOJIOM.

Heas imTepatypHOro 0030pa 3aKi0Yanach B MPOBEJACHUH aHAIH3a U 000OIICHUH OIyOJIMKOBAHHBIX JAHHBIX O
CeplIeYHO-COCYUCTHIX ocaoxkHeHusx npu COVID-19, Bxirodas BIUsIHEE POTea3 TYUYHbIX KJIETOK Ha MOPaKEHHE
MHUOKap/a.

Karouessle ciioBa: COVID-19, TyuHble KI€TKH, TPOTea3bl, IUTOKUHOBBIN IITOPM, CEpIIe

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOHMOINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HACTOSIIECH CTaThH.

HcTrounuk (I)HHaHCI/IpOBaHHSI. ABTOpLI 3asIBJISIOT 00 OTCYTCTBUU (l)I/IHaHCI/IpOBaHI/ISI py MPOBCJACHUUN UCCIIEN0-

BaHUA.

Jast uurtupoBanusi: bynuesckuii A.B., ABneeB C.H., OscaunukoB E.C., Toxmaues P.E., ®eiirensman C.H.,
[Mumkuna B.B., Ilepseesa .M., Uepnuk T.A., Apxunosa E./l., bynnesckas C.A. OcTpoe NOBpEKICHUE MU-

oKapzia IpH HOBOW KOPOHABUPYCHOW MH(EKLMM: BKJIAJ TYYHBIX KIETOK. broinemenb cubUpckoll meouyumbl.
2025;24(3):116-126. https://doi.org/10.20538/1682-0363-2025-3-116-126.

LITERATURE REVIEW METHODS

A systematic literature review was conducted
including original articles on myocardial damage
associated with the novel coronavirus infection,
COVID-19, as well as the role of mast cell proteases
in the development of cardiovascular complications
among patients with this disease. PubMed and
eLIBRARY were used as electronic search engines.
The primary search was performed using the keywords
“COVID-19”, “mast cells”, and “heart”. Based on
these criteria, we found and reviewed 436 articles
published between 1996 and 2024.

When reviewing the summaries of the selected
articles, we excluded 134 publications from the
PubMed electronic database and 32 publications from
eLIBRARY as they were not relevant to the topic
of our systematic literature review. After a detailed
analysis of full-text publications, we excluded 207
articles. For example, we excluded 12 studies that

examined the effect of mast cells on coronary heart
disease, chronic heart failure, and acute coronary
syndrome in patients without COVID-19. In two
clinical trials, the sample size was too small (less than
30 individuals), and in three publications, full access
to the results was blocked. Finally, we included 41
studies in our review.

BRIEF EPIDEMIOLOGY OF COVID-19

During the period of sanitary and epidemiological
monitoring in the 21st century, there were three
significant episodes of mass coronavirus infection. A
common feature of these epidemics was that humans
were primarily infected from animals, forming a
natural source of anthropozoonotic infection [1].

The severe acute respiratory syndrome (SARS)
epidemic was first reported in 2002 in China. Cases
were recorded in 37 other countries, and in 2003, the
causative agent SARS-CoV was identified [2]. During
this time, 8,096 cases of the disease were confirmed,
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of which 774 were fatal. Since 2004, no new cases of
SARS-CoV have been reported [3].

The second epidemic caused by a coronavirus
occurred in 2012 in Saudi Arabia. It was caused by the
Middle East respiratory syndrome-related coronavirus
(MERS-CoV) [4]. According to the World Health
Organization (WHO), the epidemic had a high
mortality rate of 36% among those infected. Due to
the spread of the virus from infected dromedaries to
humans, high-risk groups included shepherds and
workers at slaughterhouses [1]. In addition, people
with chronic lung diseases, chronic kidney diseases,
obesity, diabetes, and immunodeficiency conditions
were also at an increased risk of infection [5, 6]. The
epidemic spread to 27 countries, mostly in the Arabian
Peninsula and surrounding areas, and cases of MERS-
CoV continue to be identified at present [6].

The third wave of the coronavirus infection in
December 2019 was identified as the most widespread,
soon receiving the status of a pandemic. On January
13, the first case of the infection was recorded outside
of China, and on January 30, person-to-person spread
of the virus was confirmed [7]. A coronavirus called
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was identified as the etiological factor
of COVID-19 [8]. Bats, minks, and some members
of the felidae family are thought to be the natural
reservoirs of SARS-CoV-2, as well as a number of
other potential intermediate hosts, including pangolins,
ferrets, and snakes [9]. Humans are susceptible to this
virus due to its affinity for the human angiotensin-
converting enzyme 2 (ACE2) receptor [10]. At the
same time, the contagiousness, virulence, replication
rate, and other characteristics of different genetic
variants of the SARS-CoV-2 virus vary [11]. A sick
person or an asymptomatic carrier can transmit SARS-
CoV-2. Airborne transmission is the most significant
way of spreading the virus, followed by transmission
through airborne dust particles and household contact.
Fecal-oral transmission is considered less likely [12].

In the Russian Federation during the pandemic
caused by the novel coronavirus infection, five
significant increases in morbidity and mortality,
known as waves, were recorded. The average
incidence rate for all recorded waves was 248 cases
per 10,000 people, with an overall average mortality
rate of 2.4%. The highest incidence occurred in the
fifth wave, and the highest mortality was in the fourth
one [13]. When studying global patterns of morbidity
fluctuations during the pandemic, it was found that
waves subside after an average of 48 days, regardless

of the initial conditions [14]. Due to the improved
epidemic situation, the World Health Organization
declared an end to COVID-19 as a public health
emergency on May 5, 2023. As of now, COVID-19
can be considered a seasonal disease [12].

Etiology and Pathogenesis of Coronavirus
Infections, Including Novel Coronavirus Infection
(COVID-19)

Phylogenetic analysis of the SARS-CoV-2 virus
genome allowed it to be assigned to the genus
Betacoronavirus, the family Coronaviridae. This
RNA-containing enveloped pleomorphic virus
has round particles ranging from 60 to 140 nm in
diameter. The SARS-CoV-2 genome is 50% identical
to that of SARS-CoV and 75% identical to that of
MERS-CoV [15].

SARS-CoV and SARS-CoV-2 viruses, as
well as pathogens of mild respiratory infections —
alphacoronaviruses HCoV-NL63 and HCoV-229E and
betacoronaviruses HCoV-OC43 and HCoV-HKU1,
use the ACE2 receptor to enter cells, which was first
identified in 2003 [16, 17]. ACE2 is an 805-amino-acid
carboxypeptidase that cleaves one amino acid from
the C-terminus of its substrates. Being a part of the
renin-angiotensin-aldosterone system, ACE2 converts
angiotensin | and angiotensin Il into angiotensin-(1-9)
and angiotensin-(1-7), respectively [18].

The coronavirus virion consists of nucleocapsid
(N), membrane (M), envelope (E), and spike (S)
proteins. The penetration of viral particles into the
cell is mediated by S-glycoprotein, which embedding
into the membrane of the virion in several copies of
the homotrimer gives it a crown-shaped appearance.
Glycoproteins of many viruses, including HIV-1,
Ebola, and avian influenza viruses, are cleaved into
two subunits in infected cells — extracellular and
transmembrane (this cleavage occurs prior to the
virus release from the producing cell). Similarly, the
S-protein of some coronaviruses is cleaved into S1 and
S2 subunits during their biosynthesis in infected cells,
but the S-protein of other coronaviruses is cleaved
only when the next target cell is reached. SARS-
CoV-2, like MERS-CoV, belongs to the first category:
its S-protein is cleaved by protein convertases in virus
production cells [17].

Thus, the S-protein of a mature virion consists of
two non-covalently bound subunits: the S1 subunit
binds to ACE2, and the S2 subunit attaches the
S-protein to the membrane [19]. The interaction of
receptors with viral glycoproteins in the presence of
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specific triggers causes significant conformational
changes in both subunits, which bring the viral and
cell membranes closer together, eventually creating
a fusion pore through which the viral genome enters
the cytoplasm of the cell. For SARS-CoV-2, one of
these triggers is the cleavage of an additional region
within the S2 subunit, called the “S2’ region”, which
is exposed after interaction with ACE2. The cleavage
of the S2’ region by transmembrane protease, serine
2 (TMPRSS2) on the cell surface or by cathepsin
L in the endosomal vesicle after ACE2-mediated
endocytosis releases the merging peptide, initiating
the formation of a pore that ensures the penetration of
the viral genome into the cell [20-22].

Analysisofanimal modelsand humantranscriptome
databases demonstrates that the expression of ACE2
in the lower parts of the lungs is represented only by
type Il alveolar cells, however, it is much higher in
the epithelium of the bronchi and nose, especially in
ciliated cells. The difference in ACE2 levels across
the respiratory tract may explain the variable infection
gradient of SARS-CoV-2, while the ciliated cells of
the nasal cavity are the main target for virus replication
in the early stages of the disease [23].

Despite the fact that the airborne transmission of
SARS-CoV-2 infection is the dominant route, the
highest level of ACE2 expression is observed in the
intestine, testicles, kidneys, myocardium, and thyroid
gland [24]. Cardiac infection with SARS-CoV-2 was
often detected at autopsy, and the presence of ACE2
in colon and kidney cells has been proposed as an
explanation for gastrointestinal and renal complications
caused by SARS-CoV-2 [25, 26]. The expression of
ACE?2 in the gastrointestinal tract is consistent with
the fact that many coronaviruses are transmitted not
only using the airborne route but also by the fecal-oral
route [26]. Inflammatory cytokines released during
the “cytokine storm” in severe COVID-19, such as
IL-1P and type I and III interferons, can increase the
expression of ACE2, potentially creating a positive
feedback loop for viral replication [27].

Concomitant  diseases, including  arterial
hypertension, hyperlipidemia, diabetes mellitus,
chronic lung diseases, old age, and smoking, are risk
factors for COVID-19 infection, and some of them may
affect ACE2 expression. Widespread epidemiological
data suggest that smoking increases the risk of severe
disease, but it is not fully known whether smoking
causes an increase in ACE2 expression and whether
it is associated with worsening of the infection [12].
Many biochemical studies have demonstrated that

the expression of ACE2 is increased in lung tissue
samples from smokers and patients with chronic
obstructive pulmonary disease, as well as in the lungs
of mice exposed to cigarette smoke [28, 29].

THE ROLE OF MAST CELLS IN THE
PATHOGENESIS OF COVID-19

Mast cells (MCs) are cells of innate immunity of
myeloid origin, which also participate in the reactions
of acquired immunity. They are present everywhere
in the body, but are mainly concentrated in the lungs,
respiratory tract, heart, gastrointestinal tract, skin, nasal
cavity, and meninges. MCs differ in their ultrastructure,
morphology, mediator content, receptor expression,
and response to stimuli, and they play an important
role in the first line of defense against viruses and
bacteria entering the body. Recent data indicate that
after entering the body, coronaviruses activate cells of
the innate immune system — monocytes/macrophages,
neutrophils, T-cells, natural killers (NK-cells), MCs,
and epithelial and endothelial cells. Activation of MCs
in response to a viral infection performs a protective
function, directly countering infection and influencing
the immune system [30-32].

The immune response to COVID-19 can be divided
into physiological and pathological — excessively
active, contributing to damage to the lungs, heart,
and other organs, which can significantly aggravate
the course of the disease. Initially, SARS-CoV-2
infection causes a local immune response, including
the attraction of MCs, macrophages, and monocytes
to the infection site, their production of interferons
and cytokines, as well as activation of the adaptive
immune response of T and B cells.

In most cases, this process eliminates the infection,
but in some cases, immune system dysfunction occurs,
which leads to severe damage to internal organs.
When the immune response is disrupted, immune cells
hyperactivate with excessive infiltration of monocytes,
macrophages, and T-cells in the lungs, which causes
excessive production of pro-inflammatory cytokines,
the so-called “cytokine storm” or “cytokine release
syndrome,” which can eventually lead to acute
respiratory distress syndrome, pulmonary edema, and
other multiple injuries to internal organs, including
the heart [33-35].

A “cytokine storm” is a potentially dangerous
exaggerated inflammatory response that involves
the activation of macrophages, leukocytes, MCs,
and endothelial cells as a result of an autocrine
and paracrine effect associated with the release of
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large amounts of pro-inflammatory cytokines and
chemokines (for example, IL-6, IL-8, IL-1pB, tumor
necrosis factor a (TNFa), CCL2 (chemokine (C-C
motif) ligand), CCL5, IL-17, IL-18, IL-33, CXCL-10
(C-X-C motif chemokine ligand), IFNy, IL-12, and
granulocyte-macrophage colony-stimulating factor)
[36]. Lymphopenia caused by a “cytokine storm”
prevents the immune system from producing antiviral
antibodies, which are necessary for the destruction of
viruses [37]. Elevated IL-6 levels correlate with the
need for mechanical ventilation and mortality, and
leukotrienes and reactive oxygen species released
by neutrophils cause lung damage by destroying
endothelial cells and pneumocytes [38].

Damage to the cardiovascular system as a result
of the “cytokine storm” is probably caused by
endothelial dysfunction, instability or rupture of
atherosclerotic plaques, apoptosis of cardiomyocytes,
and myocarditis. The mechanisms of endothelial
dysfunction in patients with COVID-19 are
not limited to increased concentrations of pro-
inflammatory cytokines and include direct infection
with viral particles of endothelial cells, angiotensin
Il hyperactivity, complement activation, and other
variants of immune regulation disorders, such as the
formation neutrophil extracellular traps (NETS) [39].

SARS-CoV-2 viruses have been detected in
endothelial cells of various tissues, which may
contribute to an imbalance between ACE2 and
angiotensin Il. It was found that complement activation
was directly correlated with microthrombosis in
a small number of COVID-19 patients, and NET
formation was associated with acute respiratory
distress syndrome caused by COVID-19. The
complement system recognizes viral pathogens,
thereby activating the innate immune response to viral
infections, while NET cells stimulate the secretion
of IL-1B by macrophages and are involved in the
development of atherosclerosis, causing endothelial
damage and dysfunction.

Moreover, endothelial cells undergoing apoptosis
have been shown to activate the complement system,
which can further enhance cytokine secretion,
contributing to microthrombosis. Thus, direct
infection of endothelial cells with SARS-CoV-2 virus
particles, subsequent angiotensin Il hyperactivity, and
the pro-inflammatory effects of complement activation
and NET formation cause both direct and indirect
disruptions to the cardiovascular system, exacerbating
the “cytokine storm” [33].

An increase in the level of cytoplasmic Ca?* within

endothelial cells is a critical factor in disrupting
interendothelial connections and, consequently,
increasing vascular permeability. The reason for the
increased influx of Ca?* is the activation of channels
with a temporary receptor potential, which is induced
by TNFa, causing destabilization of microtubules [33].
J.H. Tinsley et al. demonstrated the role of cytokines
(TNFa, IL-1B, and IL-6) in increasing vascular
permeability through the signaling pathways of protein
kinase C and myosin light chain kinase (MLCK) in
cultured endothelial cells of rat heart microvessels.
The results obtained have been reproduced in vivo
in a model of heart failure in rodents with ischemia/
reperfusion [40].

Thus, the influx of Ca?* into endothelial cells caused
by the “cytokine storm” may be one of the mechanisms
underlying the disruption of interendothelial
connections and increased vascular permeability. In
addition, cytokine-induced stimulation of protein
kinase C and MLCK leads to direct damage to heart
tissue and can exacerbate existing cardiovascular
diseases, which is quite common in patients with
severe COVID-19 [33].

The Relationship between the Number of Mast
Cells and Laboratory Blood Values in COVID-19
Patients

Positive correlations were found between the
content of tryptase-positive MCs and the level of band
neutrophils in the complete blood count in COVID-19
patients, which can be explained both by the local
effect of MCs on the chemotaxis of neutrophils in
the focus of inflammation and by the systemic effect
of MCs on the number of neutrophils in peripheral
blood [41].

The positive correlation between the content of
tryptase-positive MCs and the level of eosinophils in
the blood of COVID-19 patients is due to the effect
of tryptase on the activation status of eosinophils
due to the release of eosinophil peroxidase and beta-
hexosaminidase. In addition, MCs are involved in the
pathogenesis of other diseases accompanied by blood
eosinophilia: eosinophilic esophagitis, bronchial
asthma, chronic rhinosinusitis, etc. [41].

The positive correlation between the content of
tryptase-positive MCs and the level of blood basophils
in COVID-19 patients may hypothetically be due to
activating signals common to MCs and basophils:
through Fc epsilon RI receptors, fragments of
complement C3a, C4a, and C5a; mediators of activated
neutrophils, and some neurotransmitters [41].
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Negative correlations were found between the
absolute content of single carboxypeptidase A3
(CPA3)-positive MCs in the autopsy material of
lungs of patients with COVID-19 and the content of
monocytes in the blood. It is known that monocytes,
macrophages, and MCs infected with SARS-CoV-2
produce pro-inflammatory cytokines and chemokines
that contribute to the development of local tissue
inflammation and a systemic reaction in the form
of a “cytokine storm.” Low expression of ACE2 by
monocytes/macrophages in patients with COVID-19
may also contribute to the development of pathological
reactions due to the pro-inflammatory properties of
angiotensin Il and dysfunction of the renin-angiotensin
system [41].

No statistically significant correlations were found
between the number of MCs and total leukocyte count
[41].

Positivecorrelationswere found betweenthe content
of CPA3-positive MCs and the level of hemoglobin in
the blood. Increased levels of glycolysis intermediates
were observed in the red blood cells of patients with
COVID-19, which is accompanied by oxidation and
fragmentation of membrane proteins. Laboratory tests
in patients with COVID-19 demonstrate a decrease
in hemoglobin concentration and a pathologically
increased concentration of ferritin. The level of ESR
negatively correlated with the content of tryptase-
positive and chymase-positive MCs [41].

No statistically significant correlations were
found between the number of MCs and the level of
CRP [41].

FEATURES OF DAMAGE TO THE
CARDIOVASCULAR SYSTEM IN COVID-19

Although macrophages are the predominant cells
of the innate immune system in the heart, MCs also
play an important role in the development of a large
number of cardiometabolic diseases. Mast cells
are present in the endocardium, myocardium, and
epicardium, in the left and right ventricles and atria,
as well as around coronary and microcirculatory
vessels, in atherosclerotic plagues, and near sensory
neurons [42]. For example, in the left ventricle of
the human heart, the density of MCs is usually about
5.3 MCs/mm?3, and the number of macrophages is
about 10 times greater. The density of MCs in heart
tissues in patients with dilated cardiomyopathy and
ischemic cardiomyopathy is approximately 18 MCs/
mm? [43].

Cardiovascular complications, which often develop
in COVID-19, include arrhythmias, worsening
of coronary heart disease (CHD), heart failure,
cardiogenic shock, myocarditis, or myopericarditis,
which can occur both during the acute phase of
COVID-19 and in the post-COVID period [44,
45]. Patients with pre-existing heart diseases and
risk factors are more susceptible to cardiovascular
complications of COVID-19, more severe course
of the disease, and death [46, 47]. Nevertheless,
these conditions can occur even in patients without
concomitant diseases [47]. Regardless of the clinical
pattern, acute myocardial injury, defined as an increase
in serum troponin levels above the 99th percentile of
the upper limit of normal, was associated with a more
severe course of COVID-19 and an increased risk of
death [48, 49].

The high prevalence of co-occurring acute
myocardial injury and clinically pronounced heart
failure in patients with severe COVID-19 strongly
supports the diagnosis of acute myocarditis, which
was initially confirmed by two series of autopsies
of patients with COVID-19 at the beginning of the
pandemic [50, 51]. However, as subsequent series of
autopsies were published, it became clear that these
studies represent only isolated cases. Of 277 autopsies
of COVID-19 deaths reported in 22 articles in the first
year of the pandemic, less than 8% showed histological
signs of myocarditis [52]. Moreover, only a small
part of the described cases would meet the Dallas or
Marburg criteria of the World Health Organization,
which makes acute lymphocytic myocarditis in
COVID-19 patients a rare disease (<1.4%) [53,
54]. In contrast to these signs of myocarditis,
other acute histopathological changes in the heart
including macro- and microvascular thrombosis,
damage to endothelial cells, focal necrosis, injury to
cardiomyocytes distributed across the heart muscle,
and infiltrates of immune cells without damage to
adjacent cardiomyocytes are much more common in
COVID-19 [55, 56].

Thus, an increase in the number of macrophage
infiltrates was observed in the interstitial myocardium
of deceased COVID-19 patients, which, according
to the Dallas criteria, does not correspond to the
diagnosis of myocarditis [53, 57]. Nevertheless, the
density of interstitial CD68+ macrophages in the
myocardium was significantly higher in those who
died from COVID-19 with myocarditis than in those
who died from COVID-19 without myocarditis. In
rare cases of lymphocytic myocarditis caused by
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COVID-19, the density of CD3+ T-cells and CD4+
T helper cells in the myocardium, but not CD8+
cytotoxic T-cells, was also increased compared with
those who died from COVID-19 without myocarditis
[58, 59]. It is assumed that infiltrating macrophages in
the myocardium of patients with COVID-19 probably
originate from circulating monocytes [60].

It is worth noting that myocarditis occurs 10-15
days after the onset of COVID-19 symptoms. The
degree of myocardial damage is mainly due to the
activity of viral replication, immune, and other
mechanisms. Acquired T-cell immunity plays a key
role in the development of this disease. Most scientists
believe that delayed myocardial inflammation may be
associated with at least two pathogenetic mechanisms.
Firstly, the “cytokine storm” contributes to the
occurrence of subclinical autoimmune myocarditis.
Secondly, myocardial damage and/or molecular
mimicry can cause autoimmune reaction [61].

During the first wave of the pandemic, a single-
center study using both hematoxylin and eosin
staining and immunohistochemical staining assessed
hearts of 69 COVID-19 patients regarding six acute
histopathological changes, which were observed in
97% of the deceased. Microthrombi were found in 70%
of the deceased, which makes them the most frequently
detected acute histopathology of the heart. Damage
to microvascular endothelial cells was observed in
36%, scattered necrosis of individual cardiomyocytes
in 36%, focal myocardial necrosis without any
adjacent inflammatory infiltrate in 20%, focal
inflammatory infiltrates without concomitant damage
to cardiomyocytes in 17%, and focal myocarditis
in only 4.6% of the deceased. SARS-CoV-2 virus
particles were detected in the cardiomyocytes of 62%
of the deceased [62].

The effects of COVID-19 on the heart can
largely be characterized as apoptosis of cells
(pericytes, endothelial cells, and cardiomyocytes),
severe disorders of the innate immune response,
and coagulopathy in the form of hypercoagulation.
Coronary microvascular pericytes are the most likely
primary target for SARS-CoV-2 infection, although
some experimental data confirm the primary infection
of cardiomyocytes. Infection of pericytes leads to
their dysfunction and death, which further leads
to a loss of functional support for endothelial cells.
It is believed that the death of endothelial cells and
cardiomyocytes is largely due to the inflammatory
reaction caused by SARS-CoV-2, which also activates
fibroblasts, which play an important role in immune-

mediated thrombosis in COVID-19. Dysregulation
of the kallikrein-kinin system, the complement
system, and the coagulation cascade all contribute
to the occurrence of cardiovascular complications in
COVID-19. Many details of the described pathological
mechanisms, including the sequence of events, are not
fully understood [55].

According to O. Dmytrenko et al., SARS-
CoV-2 affects the cardiovascular system through
direct infection of myocardial cells and systemic
inflammation. Infection of cardiomyocytes through
ACE?2 leads to disruption of the sarcomere structure,
decreased contractility, and release of cytokines and
chemokines, which can lead to the death of infected
cells. Replication contributes to the further spread
of the virus. Moreover, severe injury in COVID-19
causes a systemic inflammatory reaction that
promotes the attraction of immune cells and increases
prothrombotic activity [63].

CONCLUSION

In patients with COVID-19, researchers tend
to pay more attention to the study of damage to the
cardiovascular system, the most common manifesta-
tions of which include arrhythmias, myocardial
damage, and thromboembolic complications. The main
clinical symptoms include exercise intolerance, chest
pain, and fatigue. Recent studies conducted by several
groups of scientists have demonstrated the presence of
SARS-CoV-2 RNA and proteins in the myocardium
of patients with COVID-19. Cardiomyocytes and
pericytes of the heart were found to be the most
susceptible to infection, which promotes the release
of immune mediators, changes in basic cell functions,
and ultimately the death of infected cells. The noted
virus-mediated effect on MC activation is in the form
of increased degranulation, while increased release
of mediators also contributes its pathogenetic effects
to the mechanism of development of myocardial
damage. However, most of the literature data are still
contradictory.

It should be noted that different studies have
analyzed different pathologies, often focusing on
specific heart damage (for example, myocardial
necrosis, endothelial damage, or inflammatory
infiltration). In some studies, only conventional
hematoxylin and eosin staining was used, while others
used immunohistochemical staining. In addition,
there were no standardized methods and criteria.
Moreover, studies conducted using autopsy material
cover several waves of the COVID-19 pandemic, and
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different strains of SARS-CoV-2 can affect the heart

in

different ways.
Thus, it can be assumed that even systematic

reviews are limited by biased data selection and
presentation [57]. Further research is needed to
better understand the mechanisms of heart damage in
COVID-19.
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ABSTRACT

Alcohol dependence remains a global medical and social issue, despite the advancements in studying its
pathogenesis and the diversity of available treatment methods. This determines the relevance of further research
aimed at revealing the complex neurobiological effects of ethanol on the human body. A fundamental knowledge
of the mechanisms of formation and course of alcohol dependence is the theoretical basis for the development of
new pathogenetically substantiated methods of prevention, diagnosis, and treatment of alcohol-related disorders,
which will contribute to enhancing the social functioning of patients and reducing the economic burden of socially
sensitive diseases.

The aim of the review was to analyze recent studies conducted by Russian and foreign authors on the role of
neurotransmitters, neuroimmune inflammation factors, and endocrine regulation in the pathogenesis of alcohol
dependence.
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PE3IOME
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AJIKOTOJIbHOM 3aBHCHMOCTH SBJISIFOTCS TEOpPEeTHYeCKoW Oa3oi Juid pa3paOOTKM HOBBIX IATOT€HETHYECKH
000CHOBAaHHBIX METOJOB MPOMUIAKTHKH, TUATHOCTUKH M JIEUEHHs] PACCTPOUCTB, CBS3AaHHBIX C AJIKOTOJIEM, YTO
Oy/ieT crocoOCTBOBATH MOBBIMICHUIO CONUAIBHOTO (YHKIIMOHUPOBAHUS MAIMEHTOB, CHIKSHUIO SKOHOMHUUECKUX
HOTEPb OT COLMAIbHO-3HAYMMBIX 3a00JIeBaHUII.

Henp: aHanm3 COBPEMEHHBIX HCCIEAOBAHMN POCCHHCKHX M 3apyOe)KHBIX aBTOPOB, KACAIOIIMXCS H3yYEHHS
ponu HeiipomMeauaTopoB, (GaKTOpOB HEHPOMMMYHHOTO BOCHAJICHHS M SHJOKPUHHOW PETYISIIMU B NATOTCHE3e
aJIKOTOJIbHOH 3aBUCUMOCTHU.
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INTRODUCTION

Alcohol dependence (alcoholism) as one of the
primary addictive disorders remains a serious medical
and social problem in Russia and worldwide due to
a steady increase in the incidence of this pathology,
the severity of its consequences, and limited treatment
efficacy. Alcohol abuse leads to rising crime rates,
violence, and orphanhood and causes a notably high
level of disability and mortality among men aged 40—
60, who at this age are the most productive in social
and professional spheres. One of the approaches
to solving the problem of reducing the growth rate
of addiction is the development of new methods of
diagnosis, individualized prediction, and effective
therapies developed using fundamental knowledge
about the disease pathogenesis.

The brain neurotransmitter systems, primarily
the dopaminergic system, whose functional state is
related to the activity of other systems, play a crucial
role in the formation of addiction [1-3]. Alcohol and
its metabolites, in particular acetaldehyde, activate
peripheral immune cells and microglia leading to
an increase in the production of pro-inflammatory
cytokines and other mediators of neuroimmune
inflammation, affecting the severity of the disease and
cognitive and behavioral characteristics [4, 5]. Chronic
alcohol consumption and repeated withdrawal cycles
are stressors stimulating the hypothalamic-pituitary-
adrenal axis (HPA axis) and glucocorticoid synthesis
causing dysregulation of the brain reward system and
perpetuating alcohol-seeking behavior [6, 7].

The aim of this review was to analyze recent
studies conducted by both Russian and foreign authors
regarding the role of neurotransmitters, neuroimmune
inflammatory factors, and endocrine regulation in the
pathogenesis of alcohol dependence.

We searched the electronic databases PubMed
(https://pubmed.ncbi.nlm.nih.gov/) and the scientific
electronic library eLIBRARY (https://www.elibrary.
ru/) for studies published during the last 15 years. The
search was conducted using the following key words:
alcohol dependence, alcoholism, neurobiology of
alcoholism, neurotransmitters, inflammatory factors,
cytokines, and hormones. The review includes 88
publications (clinical and experimental studies, meta-
analyses, randomized controlled trials, and reviews)
relevant to the problem under study.

NEUROMEDIATORS

Ethanol crosses the blood-brain barrier altering
neurochemical processes in the brain and leading to
the remodeling of synapses that regulate emotions,
motivation, and overall human behavior. Currently, the
primary neurophysiological mechanism underlying
addiction to psychoactive substances (PAS) is
considered to be the emotionally positive reactions
that arise in response to the chemical effects of alcohol
and other PAS on brain regions linked to the reward
system [2, 8, 9].

Long-term studies conducted at the National
Scientific Center for Narcology (Moscow, Russia)
have established the leading role of dopamine (DA)
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in the development of addiction to alcohol and other
PAS. A vicious cycle underlying addiction formation
has been described, characterized by alternating
periods of increased and decreased DA levels during
alcohol consumption, withdrawal syndrome, and
remission. It has been shown that DA levels positively
correlate with the severity of withdrawal symptoms.
Elevated DA levels during the initial period of
remission formation subsequently decrease and, as a
rule, remain below normal, which may indicate that
DA deficiency is the basis of persistent pathological
craving for PAS [8].

Chronic ethanol consumption leads to long-term
changes in the dopaminergic system, affecting neural
networks associated with reward mechanisms and
addictive behavior [9]. Experimental studies have
demonstrated that both acute and chronic alcohol
intoxication cause the most pronounced changes in
the activity of the mesolimbic dopaminergic system
in rats, confirming the involvement of this system
in the neurobiology of alcohol effects [10, 11].
Alcohol activates dopaminergic neurons in the ventral
tegmental area of the midbrain leading to an increased
dopamine release in the cortico-limbic regions of the
forebrain. Inhibition of D2 dopamine receptors by
their antagonist, sulpiride, reduced voluntary alcohol
intake in animals [12, 13].

It has been shown that long-term potentiation or
suppression of cortical activity transmitted to the
striatum, which expresses D1 dopamine receptors,
controls alcohol-seeking behavior in experimental
animals [14]. In animals with a progressively
increasing preference for alcohol, a more pronounced
reduction in the expression of D1 and D2 receptor
MRNA in the striatum was observed compared
to rats that maintained consistently low levels of
alcohol consumption and those with consistently high
preference scores [15].

Neuroimaging methods used in clinical
research have expanded our understanding of the
neurochemistry of alcoholism. Reviewing 30 years
of functional magnetic resonance imaging (fMRI)
use, D. Nutt et al. (2021) highlight the significant
contribution of these studies to uncovering the
mechanisms of reward and neuroadaptation resulting
from chronic alcohol use, as well as the role of DA
neurotransmission. At the same time, the authors
note certain contradictions in the currently available
data and emphasize the need for further longitudinal
studies in this direction to identify biological markers
for predicting addiction development and to develop

new therapeutic approaches for patients at all stages
of the disease [2].

A longitudinal study of social drinkers (habitual
drinking) was conducted using positron emission
tomography (PET) to investigate the potential use
of striatal D2 dopamine receptors as predictors of
alcohol dependence development. When participants
were re-evaluated 8-16 years after PET scanning,
the authors found no evidence of a link between D2
receptor availability and the subsequent development
of alcohol use disorder [16]. These results also
underscore the need for continued research using
neuroimaging methods.

Overall, the data obtained by various authors on
the role of dopaminergic neurotransmission depend
on research methods, the brain region studied, the
duration of alcohol use, and the type of alcohol-
seeking behavior examined. Nevertheless, DA and the
brain regions where this neurotransmitter is actively
synthesized and functions remain key in the formation
of addiction syndrome and are primary targets in
translational research [17, 18].

Other neurotransmitters also play an important role
in the development of alcohol dependence, particularly
gamma-aminobutyric acid (GABA), glutamate, and
serotonin.

Chronic ethanol exposure disrupts the balance
between inhibitory and excitatory neurotransmitters,
with  GABA Dbeing the primary inhibitory
neurotransmitter in the brain. B.M. Roberts, E.F.Lopes,
S.J.Cragg, analyzing publications on the modulation
of dopamine release in the striatum through axonal
mechanisms, provide evidence that GABA inhibits the
activity of dopaminergic neurons, basal and induced
DA synthesis, and suppresses DA release, thereby
reducing overall DA neurotransmission. GABA
can modulate DA output by affecting metabotropic
GABA, and GABA, receptors [20].

A randomized double-blind placebo-controlled
study evaluated the role of the GABA, receptor in
the neurobiology of alcohol-related behavior. In
patients with alcohol dependence, administration of
the selective GABA,, receptor agonist baclofen had a
positive effect on some clinical characteristics of the
disorder, and the maximum plasma concentration of
baclofen negatively correlated with alcohol craving
[20, 21]. These findings, along with preclinical
studies, demonstrate that GABA, receptor modulators,
particularly baclofen, normalize impaired GABAergic
transmission and have high translational potential for
the treatment of alcohol use disorders [22].
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Glutamate is the primary excitatory neurotrans-
mitter. Glutamatergic signaling mediated by ionotropic
(NMDA, AMPA) and metabotropic (G protein-
coupled — mGIuR) glutamate receptors is crucial.
Ethanol-induced dysfunction of these receptors in
various brain regions leads to significant alterations in
glutamatergic neurotransmission [23]. Studies using
PET imaging in individuals with alcohol dependence
have provided evidence of the role of metabotropic
glutamate receptor subtype 5 (mGIuR5) in the
clinical features of the disorder. Researchers observed
increased mGIUR5 binding in various brain regions
with a particularly strong signal in the amygdala,
which was associated with reduced alcohol craving
[24].

Experimental data analysis has shown that a single
(acute) administration of ethanol typically inhibits
glutamatergic  neurotransmission, while chronic
ethanol use enhances it leading to a hyperexcitable state
and anxiety characteristic of withdrawal syndrome.
Prolonged ethanol exposure increases glutamatergic
activity, accompanied by neuroplasticity changes
in key brain regions, including the basolateral and
central nuclei of the amygdala. These impairments
may reduce behavioral flexibility, promote seeking
behavior, and increase the likelihood of relapse [25,
26]. These findings support the hypothesis that some
effects of chronic ethanol exposure are mediated by
its impact on synaptic transmission of GABA and
glutamate playing a significant role in maintaining
dependence.

The potential use of various drugs (pregabalin and
gabapentin) that modulate the GABA and glutamate
systems is investigated for the treatment of patients
with alcoholism. These studies have demonstrated that
these neurotransmitter systems could be promising
pharmacological targets for the pathogen-specific
therapy of alcohol dependence [27, 28]. Such studies
make it possible to obtain new data on the mechanisms
of development of alcohol dependence and to identify
biomarkers of treatment effectiveness.

Serotonin  (5-hydroxytryptamine, 5-HT) is a
neurotransmitter that regulates mood, sleep, appetite,
learning, memory, and other physiological functions.
Various types of serotonin receptors in the central
nervous system (CNS) convert the chemical signal
induced by serotonin into functional changes in the
signal-receiving cell. D.Most, L. Ferguson, R.A.
Harris (2014) analyzing studies of the molecular
basis of alcoholism provide evidence of serotonin
involvement in mediating both acute and chronic

effects of alcohol. Increased serotonergic transmission
has been associated with lower alcohol consumption,
while reduced transmission is linked to higher
consumption both in experimental models and in
individuals with alcohol dependence [30].

The administration of serotonergic agents
(SSRIs and buspirone) resulted in reduced alcohol
consumption across all models of alcoholism [30,
31]. Studies on serotonin levels in platelets of
alcohol-dependent patients admitted for treatment
demonstrated an increase in its concentration by
day 12 of therapy, with this rise coinciding with
a reduction in withdrawal symptom severity and
improved clinical condition in the patients [32]. When
examining individuals with alcohol and nicotine
dependence who were divided into groups based on
different phenotypes (age of alcohol use initiation,
presence of withdrawal syndrome, alcohol-induced
psychosis, aggression, etc.), thrombocytes of non-
smoking patients exhibited an association between low
5-HT levels and the severity of alcohol dependence,
whereas smokers showed a correlation with late-onset
alcohol abuse. It has been suggested that platelet 5-HT
could serve as a peripheral biomarker for different
phenotypes of alcohol-related disorders [33]. The
functions of serotonin and the role of the serotonergic
system in addictive behavior are discussed in detail in
a monograph [34].

In summary, literature analysis demonstrates that
alcohol-induced modulation of the brain dopaminergic,
GABAergic, glutamatergic, and serotonergic systems
is a crucial molecular mechanism underlying the
development of alcohol dependence and a potential
target for treatment.

NEUROIMMUNE INFLAMMATORY
FACTORS

Neuroimmune inflammation plays a significant
role in the pathogenesis of alcohol dependence.
Experimental studies have shown that acute and
chronic ethanol consumption activates resident brain
macrophages — microglia. Microglia activation leads
to an increased secretion of cytokine mediators, such
as high-mobility group protein B1 (HMGB1), which,
through various subtypes of Toll-like receptors (TLR),
triggers intracellular molecular cascades of reactions,
resulting in increased expression of pro-inflammatory
cytokines and the development of neuroinflammation.
TLR4-dependent signaling plays a key role in this
process [35, 36]. Neuroimmune inflammation
adversely affects the function of neurons in brain
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structures associated with behavior and emotions,
contributing to the development and persistence of
alcohol-related pathology.

Several recent reviews have analyzed the results of
studies on the contribution of neuroimmune activation
and neuroimmune inflammation to the formation of
alcohol dependence [5, 37-39]. Repeated cycles of
binge drinking/alcohol withdrawal cause persistent
induction of HMGB1, mRNA, and TLR receptors in
the brain, possibly underlying the loss of behavioral
control, impulsivity, and anxiety, which promote
reward-seeking behavior and increase the risk of
developing alcohol use disorders [40, 41].

When alcohol is consumed, the gastrointestinal
tract is exposed to the highest concentration of
exogenous ethanol. Alcohol and its metabolite,
acetaldehyde, disrupt the tight junctions between
intestinal epithelial cells and increase intestinal
permeability. Dysfunction of the intestinal barrier
facilitates the release of bacterial components,
such as the bacterial endotoxin lipopolysaccharide
(LPS), other pathogen-associated molecular patterns
(PAMPs), and intracellular proteins into the
bloodstream. These molecules activate the immune
system, primarily through TLR4 on immune cells,
elevating levels of circulating cytokines that act as
inducers of inflammation in the absence of pathogens,
which is referred to as “sterile inflammation” [42—
44]. Clinical studies have identified elevated levels of
serum LPS, peptidoglycan, and other inflammatory
markers, particularly IL-8 and IL-1pB, in actively
drinking individuals. These levels correlated with
the amount of alcohol consumed and with alcohol
craving, decreasing after abstinence [45, 46].

Analysis of available data indicates alterations in
the serum cytokine profile in patients with alcoholism,
generally towards an increase in pro-inflammatory
mediators, contributing to the formation of alcohol-
related pathologies [47-49]. Associations have been
identified between inflammation mediators and
the severity of alcohol dependence, as well as with
cognitive and behavioral characteristics [4, 50].
The results of a meta-analysis of cytokine studies
in patients with alcohol use disorder revealed that
the overwhelming majority of publications confirm
the presence of an abnormal circulating pro-/anti-
inflammatory cytokine profile in patients compared
to controls, with variations depending on the disease
stage. Elevated levels of pro-inflammatory cytokines
(interleukins IL-6, TNFo, IL-8, and IL-12) are
associated with the severity of dependence, alcohol

withdrawal syndrome, and alcohol craving [51]. Based
on these findings, a number of cytokines/chemokines
have been proposed as promising biomarkers of
excessive alcohol consumption and prediction of the
course of alcoholism [4, 50].

Peripheral cytokines, particularly IL-1a, IL-1f, IL-
6, and TNFa, penetrate the blood-brain barrier through
various mechanisms and enhance neuroinflammation
and neuroadaptive changes in the CNS [52]. A series
of reviews provide data from studies indicating that
cytokines influence surrounding neurons by regulating
neurotransmitter function and neurotransmission [37,
53-55].

ENDOCRINE REGULATING FACTORS

The effects of alcohol on the endocrine system
have been thoroughly researched. Long-term
alcohol consumption and repeated withdrawal cycles
are believed to be stressors leading to endocrine
dysregulation and neuroadaptive changes, the
mechanisms of which are discussed in a number
of reviews [6, 56-58]. The information presented
in these reviews can be briefly summarized in the
following statements: prolonged alcohol consumption
and withdrawal are powerful stressors that stimulate
the HPA axis and glucocorticoid synthesis; HPA axis
activation leads to multiple neuroadaptive changes
in the brain reward and stress systems which sustain
increased motivation for alcohol consumption and
largely determine pathological alcohol craving and
relapse in dependent patients.

According to the literature, alcohol can directly
activate the HPA by affecting corticotropin-releasing
factor (CRF), disruptingtheregulation of CRF signaling
in hypothalamic and extrahypothalamic brain regions.
Activation of the CRF system may contribute to
alcohol-related behavioral changes, the development
of negative emotional reactions, especially during
withdrawal states, compulsive responses, and stress-
induced resumption of psychoactive substances
(PAS) [59, 60]. The actions of CRF are mediated by
two subtypes of G-protein-coupled receptor (CRF1
and CRF2), with stress-related behavioral responses
primarily mediated by CRF1 receptors [61].

Corticotropin-releasing ~ factor  (corticotropin-
releasing hormone or corticoliberin), a neuropeptide
expressed by neurons throughout the CNS, is a
key regulator of the brain stress system and a key
factor in the transition from remission to substance
seeking to alleviate the negative emotional states of
acute withdrawal and prolonged abstinence [62—-64].
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Experimental and clinical studies have attempted to
promote corticotropin-releasing factor receptor 1
(CRF1) antagonists as potential therapeutic agents.

The CRF1 antagonist verucerfonte has been shown
to suppress stress-induced alcohol seeking in rats
[65]. A double-blind placebo-controlled study found
no clinical effect of the CRF1 antagonist pexacerfonte
in individuals with alcohol dependence and high
anxiety [66]. M.M.Weera, N. W.Gilpin (2024)
analyzed studies on the therapeutic potential of CRF1
antagonists and noted that clinical trials involving
individuals with anxiety, depression, and alcohol
use disorder have largely yielded negative results. At
the same time, further research in this direction may
lead to new therapeutic approaches for alleviating
symptoms in patients with these conditions [68].

The main stress-releasing hormone is cortisol, a
glucocorticoid steroid hormone secreted by the adrenal
cortex in response to effect of adrenocorticotropic
hormone (ACTH). ACTH secretion, in turn, is
stimulated by corticotropin-releasing factor. High
levels of cortisol correlating with the severity of the
clinical condition have been detected in biological
fluids (serum, plasma, and CSF) of patients with
alcohol withdrawal syndrome, alcohol delirium, and
alcohol abusers [7, 68-70].

As part of a double-blind placebo-controlled
clinical and laboratory study, the use of the
glucocorticoid receptor (GR) antagonist mifepristone
was tested as treatment of alcohol dependence.
Patients receiving mifepristone compared with
placebo showed a significant reduction in alcohol
craving and alcohol consumption during one-
week treatment phase and one-week post-therapy
period [71]. In a randomized double-blind placebo-
controlled study involving patients with alcohol
dependence, the effect of a single oral administration
of cortisol on craving was investigated [72]. It was
found that cortisol administration significantly
increased craving on the first day of testing in
less severe cases but decreased it in patients with
more severe forms. The authors conclude that the
different effects of cortisol on craving, depending
on disease severity, are still difficult to explain
and emphasize the importance of developing new
treatment approaches targeting alcohol-mediated
neurobiological dysregulation.

G.F. Koob, N.D.Volkow (2016) conceptualize
substance use disorder as a three-stage cycle:
binge/intoxication; withdrawal/negative affect; and
preoccupation/anticipation [9]. Neurotransmission

dysregulation occurs within three functional domains:
incentive salience/pathological habits, negative
emotional states, and executive function, which are
mediated by key elements of neural circuits (basal
ganglia, extended amygdala, and prefrontal cortex).
Impaired executive function during the preoccupation/
anticipation stage leads to alcohol craving and
perpetuation of the addiction cycle. Each stage is
characterized by specific alterations in neurotransmitter
and neuromodulator systems, manifesting in the core
components of neural circuits — the basal ganglia,
extended amygdala, and prefrontal cortex. In summary,
stage-specific changes include increased dopamine and
glutamate neurotransmission; reduced function of the
dopamine component in the reward system; recruitment
of stress-related neurotransmitters; and dysregulation
of peptidergicneuromodulatory systems (glutamate/
GABA). The application of this three-stage model
may facilitate the individualization of pharmacological
treatments for alcohol dependence [73].

Literature reviews discuss the concept of positive
and negative reinforcement as an important aspect
of the neurobiology of psychoactive substances
(PAS) use [74—77]. The positive reinforcing effects
of alcohol, which induce pleasurable sensations, are
primarily mediated by dopamine, opioid peptides,
serotonin, and GABA. Negative reinforcement
associated with negative emotional states involves
increased recruitment of corticotropin-releasing factor
and glutamatergic systems, along with reduced GABA
transmission.

CONCLUSION

The analysis of the current state of the problem
discussed in the review demonstrates that the main aim
of research is to develop new strategies to improve the
effectiveness of therapy for alcoholism and prevent
early relapses of the disease. To do this, crecently
conducted and future studies should focus on further
elucidation of the complex neurobiological effects of
ethanol, identification of molecular pharmacological
targets, and the search for measurable objective
markers of disease stages.

Alcoholism is a chronic disease with alternating
periods of relapse and remission. There are various
approaches to defining remission and calculating its
duration. In Russian addiction medicine, remission is
typically calculated starting from 1 month of complete
abstinence from alcohol and disappearance of
intoxication symptoms [78]. Despite the diversity of
alcoholism treatment methods, the issue of achieving
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and maintaining therapeutic remission remains
relevant. After completing a course of treatment, only
50% of patients maintained sobriety for up to three
months, while 34% continued to consume alcohol
despite treatment [79]. Furthermore, only 7.1% of
individuals with alcohol abuse reported abstinence for
two years [80].

Aone-year follow-up of 877 patients after outpatient
treatment revealed that about 65% of those surveyed
experienced at least one transition from remission to
relapse during the follow-up period. [81]. The state
of remission in alcohol dependence is unstable and
dynamic; it cannot be considered equivalent to mental
health, as the clinical structure permanently includes
alcohol craving of varying degrees of severity, which is
the core syndrome of dependence, and its actualization
(activation of craving) is considered to be one of the
main causes of disease relapse [78, 82—-85].

The problem of finding ways to prevent relapse,
particularly the search for predictive markers of
craving activation to improve the effectiveness of
therapy and the stability of remission, is becoming
increasingly important. In psychiatry and addiction
medicine, alongside the importance of expensive
neuroimaging and omics technologies, the potential
of a rapidly expanding field of research focused
on identifying peripheral biomarkers that provide
affordable non-invasive methods of monitoring the
course of the disease and the effectiveness of therapy
has been highlighted. Researchers most often consider
factors related to inflammation, oxidative stress, and
endocrine mediators of the stress response as potential
biomarkers [86-88].

It is important to emphasize the significant
expediency of using as craving markers not individual
parameters but a complex of peripheral biomarkers
reflecting the interrelated processes of alcohol
dependence pathogenesis — neurotransmission,
neuroimmune inflammation, and endocrine regulation.
Such an approach would enhance the value and
reliability of clinical and biological research findings,
which could be used for a personalized approach to
treatment based on individual patient profiles.
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ABSTRACT

Cardiovascular diseases (CVD) remain the most pressing problem in the healthcare system. Complex interactions
between changes in the intima — media thickness of arteries and blood components (accumulation of lipids, complex
carbohydrates, fibrous tissue, calcification, etc.) are involved in the pathogenesis of CVD. Various biomolecules
play a crucial role in the development and progression of coronary artery calcification, the most common
calcification inhibitors being osteopontin, osteoprotegerin, sclerostin, fetuin-A, inorganic pyrophosphate, matrix
Gla protein, fibroblast growth factor 23 (FGF-23), Klotho, bone morphogenetic proteins (BMP), in particular BMP-
7, and the most common activators being leptin, BMP-2, BMP-4, parathyroid hormone, calcitriol, etc. Currently,
the most studied biomolecules associated with calcium metabolism are osteoprotegerin, osteopontin, osteonectin,
osteocalcin, and Klotho protein.

The paper describes in detail the poorly studied effects of calcification inhibitors (sclerostin, fetuin-A, matrix Gla
protein, FGF-23, inorganic pyrophosphate, BMP-7) and some calcification activators (leptin, BMP-2 and BMP-4,
parathyroid hormone, and calcitriol).

The aim of this study was to analyze and systematize data on the role of biomolecules in the development and
progression of vascular calcification in cardiovascular diseases.
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PE3IOME

Cepneuno-cocyauctoie 3aboneBannus (CC3) ocraroTcs HanboIee akTyaaIbHOU IPoOIeMoil B cucteMe 3/paBooxpa-
Henus. B marorene3 CC3 BOBIEUEHBI CIIOXKHBIC B3aUMO/ICHCTBHUS MEX/Ty H3MECHEHUSIMH HHTHMAa-MeIna apTepuii 1
KOMIIOHEHTaMH KPOBH (HaKOTIUICHHUE JIMITH/IOB, CIOXKHBIX yTJICBOOB, (PHOPO3HON TKaHH, Kadbl(uKanust u ap.).
B passutum u nporpeccupoBaHMY KalbIU(UKANA KOPOHAPHBIX apTepuil OTPOMHYIO POJIb HIPAIOT pa3lIMIHbIe
OGMOMOJIEKYJIBI, T/Ie B KAUeCTBE MHTMONTOPOB KANBIH(UKAIINH Yallle BCETO BEICTYIAIOT OCTCOIIOHTHH, OCTEOIPOTe-
TepHH, CKJIepOCTHH, GeTynH-A, Heopranndeckuit mupodocdat, maTpukcHbii Gla-mporenH, dpaxkrop pocta Gpudpo-
6mactoB 23 (FGF-23), Kioto, 6enkxu Mmopdorenesa kocreit (BMP), B wactHoctt BMP-7; a aktuBaTOpOB — 1enTuH,
BMP-2, BMP-4, napatupeonHbli TOPMOH, KaIBIUTPHOI U Ap. B HacTosmIee Bpems Hanboee n3y4eHHBIMU OHO-
MOJIEKYJIaMH, aCCOIIMMPOBAHHBIMH C KaJIbIIEBEIM OOMEHOM, CUNTAIOTCSI OCTEONPOTETEPHH, OCTEOIIOHTHH, OCTEO0-
HEKTHH, OCTEOKaIbIUH U 6enox KioTo.

B pabote onmcansl Manon3ydeHHbIe () (HEKTH HHIHOUTOPOB KadbUU(pUKAINHU (CKICPOCTHH, PEeTynH A, MaTpUKC-
ueiit Gla-mpotenn, FGF-23, neoprannueckuii nupodocdar, BMP-7), a Takke HEKOTOPHIX aKTHBATOPOB KaJIbIIN-
¢ukammu (nentur, BMP-2 n BMP-4, napatupeonHblii TOPMOH M KaJbLUTPHOIN).

b 1aHHOrO MCCIEN0BAHUS 3aKIIFOYACTCS B AHAIIM3€ M CUCTEMATU3allM1 JIJaHHBIX O POJIM OMOMOJIEKYII B Pa3BHU-
THH ¥ IPOTPECCHPOBaHUHU Kajbludukanuy cocynos npu CC3.

KiroueBble ci10Ba: cepieqHO-COCYIHUCTHIC 3a00JIeBaHUs, aTEPOCKIEPO3, OMOMOJIEKYIIBl, KalblU(pHKALUI COCY-
JIOB, KPOBb

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX ¢ ITyOJIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk punancuponanus. CTaTbs NOATOTOBJICHA B paMKax OOJPKETHON TEMBI [0 TOCYIapCTBEHHOMY 3a/1a-
Huo Ne FWNR-2024-0004.

Jns uuruposanus: lemuna E.JI., IlIpamko B.C. Ponb OGnoMomnexys B pa3BUTHH U IIPOTPECCUPOBAHUH KAIIbIH(U-
KaIl{ COCYIOB IPH CEePICYHO-COCYAUCTBIX 3aboneBanusix. browiemens cubupckou meduyunst. 2025;24(3):138—
148. https://doi.org/10.20538/1682-0363-2025-3-138-148.

INTRODUCTION

Cardiovascular diseases (CVD) remain the
most pressing problem in healthcare, despite the
significant progress in the diagnosis and treatment
of cardiovascular pathology in last decades [1, 2].
The pathogenesis of atherosclerotic CVD involves
complex interactions between changes in arterial
intima — media thickness and blood components
(accumulation of lipids, complex carbohydrates,
fibrous tissue, calcification, etc.) [3]. Foralong time,
atherosclerosis can be asymptomatic due to a latent
stage of the disease, which is already accompanied
by morphologic changes in the coronary arteries.
However, following atherosclerotic plaque
(AP) progression, there is gradual stenosis of
coronary and other arteries, which results in such
complications as angina pectoris, cerebrovascular
insufficiency, myocardial infarction (MI), sudden
cardiacdeath, etc. [4].

Currently, at least three histologic types of
unstable APs are distinguished:

1) lipid — fibroatheroma with a thin fibrous cap;

2) inflammatory — erosive — with increased
proteoglycan or inflammation leading to erosion or
thrombosis;

3) dystrophic — necrotic — with necrosis and / or
calcification [3].

Vascular calcification is a part of atherosclerotic
process; atthe same time, the degree of mineralization
canreflect the severity of AP [5]. Calcium deposition
in coronary arteries reduces vasodilatory effects and
changes the stability of AP [6]. Several authors have
demonstrated that a fairly common mechanism of
AP instability is the formation of a calcified nodule
consisting of calcified plates similar to bone spicules
that surround the area of fibrosis [7]. Nevertheless,
the relationship between arterial calcification and
the risk of plaque rupture is still controversial.

Various biomolecules play an essential role in
the development and progression of coronary artery
calcification (CAC), the most common inhibitors of
calcification being osteopontin [8], osteoprotegerin
[9], sclerostin [9], fetuin-A [10], inorganic
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pyrophosphate [11, 12], matrix Gla protein [13],
fibroblast growth factor 23 (FGF-23) [14, 15],
Klotho [16], bone morphogenetic proteins (BMP),
in particular BMP-7 [17], and the most common
activators being leptin [18], BMP-2 and BMP-4
[19, 20], parathyroid hormone [21], calcitriol [22],
and others.

Currently, the most studied molecules associated
with vascular calcification are considered to
be osteoprotegerin, osteopontin, osteonectin,
osteocalcin, and Klotho protein. Therefore, this
review will consider the less studied ones.

MATERIALS AND METHODS

References for this article were searched in
PubMed and eLIBRARY.RU databases using
the following keyword combinations: “sclerostin
and CVD”, “fetuin-A and CVD”, “matrix Gla
protein and CVD”, “fibroblast growth factor 23
and CVD”, “inorganic pyrophosphate and CVD”,
“bone morphogenetic protein 2 and CVD”, “bone
morphogenetic protein 4 and CVD”, “bone
morphogenetic protein 7 and CVD”, *“leptin
and CVD”, “parathyroid hormone and CVD”,
“calcitriol and CVD” in Russian and English. A
total of 563 full-text articles for the period 2013—
2025 were retrieved. Eighty-one articles were
selected for review, containing information on the
association of the above biomolecules with CVD,
in particular, with coronary heart disease and
coronary atherosclerosis.

CALCIFICATION INHIBITORS
Sclerostin

Sclerostin is a secreted glycoprotein that is
expressed predominantly in osteocytes, but also in
other tissues and organs, such as vascular smooth
muscle cells (VSMCs) [23], and contains three
distinct domains. It was found that sclerostin inhibits
bone formation via the Wnt/B-catenin signaling
pathway [24, 25].

A number of studies have shown an association
between serum sclerostin levels and the incidence
of CVD and / or cardiovascular mortality. In
particular, W. He et al. found that higher serum
sclerostin levels were associated with a better 3-year
prognosis after percutaneous coronary intervention
in elderly patients with stable coronary heart

disease (CHD) [26]. Moreover, serum sclerostin is
an independent prognostic parameter for predicting
adverse cardiovascular and cerebrovascular events,
MI, and all-cause mortality. In a prospective study,
C.Y. Yang et al. [27] found an inverse relationship
between serum sclerostin levels and aortic
calcification in patients on long-term hemodialysis.
The authors suggested that higher sclerostin levels
led to fewer cardiovascular events (hazard ratio
0.982 for every 1 pmol / | of sclerostin increase). In
a study on mice [28], it was shown that sclerostin
can play a protective role, contributing to the
maintenance of structural and functional integrity
of the aorta by suppressing inflammation and
degradation of extracellular matrix, which in turn
prevents the development of aortic aneurysm and
atherosclerosis. At the same time, a prospective
population-based study by G. Klingenschmid et
al. [29] revealed no association between serum
sclerostin levels and cardiovascular events, such
as stroke. Similarly, in the meta-analysis by
M. Kanbay et al. [30], serum sclerostin levels were
not associated with cardiovascular and all-cause
mortality.

Fetuin-A

Fetuin-A is a serum protein with a molecular
mass of 48 kDa synthesized by liver cells. Fetuin-A
is thought to be involved in the regulation of bone
and vascular calcification through the formation of
stable colloidal mineral — protein complexes called
calciprotein particles. Removal of these particles
and, consequently, excess minerals from the
circulation prevents local accumulation of minerals
and calcification of soft tissues [31, 32].

In a study by L.E. Laugsand et al. [33], an
increase in serum fetuin-A concentration was
associated with a lower risk of CVD among
participants without type 2 diabetes, while a
reverse trend was observed among participants
with type 2 diabetes. In a prospective cohort
study, N. Kubota et al. concluded that despite
the ability of fetuin-A to inhibit ectopic calcium
deposition, its low serum level probably had no
significant effect on the progression of aortic
stenosis [34].

Another prospective study by M. Krajnc et
al. found that serum fetuin-A may be inversely
associated with the progression of CAC in patients

140 BlonneteHb cMbupckoi MeguuuHbl. 2025; 24 (3): 138-148



Reviews and b ctures

with type 2 diabetes [10]. In a one-stage cohort
study by A.T. Makhieva et al., involving 84
patients with stage 5 chronic kidney disease (CKD),
decreased blood levels of fetuin-A contributed to
an increased risk of heart valve and aortic wall
calcification both alone and in combination with
decreased Klotho protein levels [35].

In addition, the work by L.B. Drygina et al.
presented data on the relationship of fetuin-A
levels with markers of endothelial dysfunction
and the presence of atherosclerosis with vascular
calcification [32]. Moreover, it was found that in
individuals with very high calcium score (more than
400 Agatston units), the level of fetuin-A in serum
was significantly lower than in patients with high
calcium score (100-400 units) [36].

Matrix Gla Protein

Matrix gamma-carboxyglutamic acid protein
(Gla protein, MGP) is a vitamin K-dependent
mineral-binding protein with a molecular weight
of 15 kDa, present in bone, cartilage, and vascular
smooth muscles [37]. The biological activity of
MGP depends on vitamin K, a cofactor for the
enzyme gamma-glutamyl carboxylase, which
converts inactive uncarboxylated MGP to active
carboxylated MGP [38]. MGP also serves as an
inhibitor of BMPs, in particular BMP-2. It is
proposed that decreased MGP activity leads to
unimpeded expression of BMP-2, which leads
to osteochondrogenic differentiation of vascular
smooth muscle cells and, subsequently, to vascular
calcification. [39].

There are conflicting data on the role of MGP in
patients with atherosclerosis. It is suggested that only
the functional form of MGP (post-translationally
modified, including carboxylated Gla residues and
phosphorylated serine hydroxyl groups) has the
ability to inhibit vascular calcification. However,
low levels of this functional MGP are associated with
increased vascular calcification in certain patient
groups. At the same time, various non-functional
fractions of MGP may serve as potential markers of
CVD risk, correlating with cardiovascular mortality
and the severity of vascular calcification.

Biologically inactive dephospho-uncarboxylated
MGP (dp-ucMGP) in the study by O. Mayer Jr.
et al. was described as a potential biomarker for
predicting mortality in patients with heart failure

and aortic stenosis. Over a mean follow-up period
of 2,050 days (5.6 years), patients with plasma dp-
ucMGP > 977 pmol / 1 had a higher risk of five-year
all-cause and cardiovascular mortality [40]. The
study by R. Capoulade et al. showed that the total
dpMGP level was associated with a faster rate of
aortic stenosis progression (» = 0.24; p = 0.008) in
patients under 57 years [41].

In a multicenter study by A. A. Berlot et al.,
a positive association was found between the
inactive form of matrix Gla protein, dp-ucMGP,
and the progression of coronary artery calcification,
ascending (ATAC), and descending thoracic aorta
(DTAC) calcification. For each standard deviation
(SD, 178 pmol / 1) in the increase in plasma dp-
ucMGP, CAC increased by 3.44 Agatston units
per year (AU / year) (95% confidence interval
(CI): 1.68-5.21), p < 0.001), ATAC increased by
0.63 AU / year (95% CI: 0.27-0.98), p = 0.001),
and DTAC increased by 8.61 AU / year (95% CI:
4.55-12.67), p < 0.001) [42].

In addition, there s increasing evidence
suggesting that multiple single nucleotide
polymorphisms in the MGP gene may significantly
influence susceptibility to vascular calcification and
atherosclerosis. A meta-analysis by K. Sheng et al.,
including 23 case-control studies, demonstrated
a significant association between the rs1800801
polymorphism in the MGP gene and vascular
calcification, especially in the Caucasian popu-
lation [43].

Fibroblast Growth Factor 23 (FGF-23)

Fibroblast growth factor 23 (FGF-23) is a 30-kDa
hormone secreted by osteocytes and osteoblasts. It
affects fibroblast growth factor receptors type 1-4
(FGFR1-4) and acts with the Klotho protein as a
co-receptor in the kidneys, heart, intestines, and
parathyroid gland [14, 15]. The role of FGF-23
in the development of CVD and calcification of
atherosclerotic plaques is not completely clear.

In a prospective study by P. L. Lutsey et al.,
involving 15,792 men and women (aged 45-64
years), high serum FGF-23 levels were associated
with an increased risk of CHD, heart failure, and
cardiovascular mortality. However, at FGF-23
levels < 40 pg / ml, no association between FGF-
23 and cardiovascular risk was noted, and at > 40
pg / ml, a positive association was observed. After
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demographic adjustments, individuals in the group
with the highest FGF-23 (> 58.8 pg / ml) had a
higher risk of CHD (adjusted hazard ratio, 95% ClI:
1.40-1.94, p = 0.02) compared to those with FGF-
23 <40 pg / ml [44].

The Multinational Study of Atherosclerosis
(MESA) was conducted to evaluate the association
of' serum FGF-23 with major subclinical and clinical
CVD events in 6,546 individuals aged 45-85 years.
Exclusion criteria for this study were MI, angina,
stroke, transient ischemic attack, heart failure, atrial
fibrillation, nitroglycerin consumption, angioplasty,
coronary artery bypass grafting, valve replacement,
pacemaker or defibrillator placement, and any
cardiac or arterial surgery. Participants with serum
FGF-23 concentrations in the upper quartile (46.4—
223 pg/ ml) were found to have CAC (as determined
by computed tomography (CT)) more often than
those with FGF-23 levels in the lower quartile
(<30.5 pg / ml) (95% CI: 1.09-1.46) [45].

In a cross-sectional study by M.N. Turan
et al, high plasma intact FGF-23 levels were
an independent predictor of severe CAC, after
adjustment for age, gender, diabetes, time on
dialysis, and intima — media thickness [46]. A
prospective cohort study of 204 outpatients found
a positive association between plasma FGF-23
levels and plaque calcification. In men, FGF-23
was associated with an increase in the proportion
of fat in plaques, while in women, it was associated
with increased calcium content in these formations
[47]. However, not all studies showed that the level
of FGF-23 was reliably associated with arterial
calcification. Thus, in the study by Y. Takashi Y.,
the simple regression analysis showed that the
serum level of FGF23 was not associated with the
aortic calcification index [48].

Pyrophosphates

Inorganic pyrophosphate (PPi) is one of the
strongest inhibitors of hydroxyapatite formation,
which leads to its ectopic deposition in the vascular
wall, and, consequently, to the development of
vascular calcification in soft tissues. Normally,
PPi is expressed in the walls of blood vessels.
Vascular calcification is associated with a decrease
in PPi concentration and an increase in phosphate
(Pi) levels. Mutations in the ABCC6 gene (ATP-
BINDING CASSETTE, SUBFAMILY C, MEMBER

6), encoding the ABCC6 transporter protein,
which regulates the release of ATP from the liver
into the blood, lead to a decrease in PPi levels. In
addition to ABC proteins, PPi levels are regulated
primarily by two enzymes: tissue-nonspecific
alkaline phosphatase (TNAP), which converts
PPi into two molecules of inorganic phosphate
(Pi), and ectonucleotide pyrophosphatase /
phosphodiesterase 1 (ENPP-1), which breaks down
circulating adenosine triphosphate (ATP) into
adenosine monophosphate (AMP) and PPi [49-51].

PPi deficiency can lead to vascular and soft
tissue calcification, while excessive PPi elevation
can cause premature loss of deciduous teeth,
osteomalacia, stress fractures, etc. [52]. A study by
D. Dedinszki et al. showed that orally administered
PPi can suppress connective tissue calcification
in mice modeling pseudoxanthoma elasticum and
generalized arterial calcification [11].

The study by W. Gu et al. aimed to investigate
the effects of adenosine disodium triphosphate
(ADTP) and sodium alendronate (AL) as exogenous
sources of PPi on atheromatous calcification in
mice. The results showed that ADTP and AL,
when administered intraperitoneally daily at a
dose of 0.6 and 1.2 mg / kg / day for 2 months,
reduced atheromatous calcification in mice by
increasing serum PPi levels [53]. In a study by
K.A. Lomashvili et al., it was shown that mice
lacking the ENPP1 enzyme (Enpp1—/-) had reduced
plasma PPi levels, which could subsequently cause
spontaneous aortic calcification [12]. A number of
studies on aortic valve calcification models showed
that PPi significantly reduced calcium accumulation
in aortic cusps and rings [54-56].

Bone Morphogenetic Proteins

BMPs belong to the transforming growth
factor B (TGFp) superfamily and regulate cellular
differentiation and tissue mineralization [17].
Currently, at least 33 ligands have been identified
in the TGFp protein family, of which more than 20
belong to the BMP superfamily [57].

BMP-7 is expressed in the collecting ducts
of the kidneys, lungs, and heart. BMP-7 is a
pleiotropic growth factor and plays a critical role
in the development of various tissues and organs. It
supports many physiological processes, such as bone
development, fracture healing, and brown adipose
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tissue differentiation in the body. Decreased BMP-
7 expression is associated with various diseases,
including osteoporosis, CVD, and diabetes [58].

In the context of CVD, BMP-7 has attracted
the attention of researchers due to its ability
to participate in processes associated with
atherosclerosis. It can modulate inflammatory
responses and promote vascular wall remodeling,
which potentially reduces the progression of
atherosclerosis. [59]. A study by D. Merino et
al. showed an inverse correlation between blood
BMP-7 levels and cardiac hypertrophy, as well as
diastolic dysfunction [60]. In a study by X. Yu et
al., it was found that serum BMP-7 concentrations
were significantly reduced in patients with CHD
[61]. A study in mice showed that intravenous
administration of BMP-7 at a dose of 200 ug
/ kg inhibited the formation of atherosclerotic
plagues [62]. In a study by P. Urbina et al., it was
shown that in laboratory mice with prediabetic
cardiomyopathy, administration of BMP-7 atadose
of 200 pg / kg for 3 days significantly improved
cardiac function, as evidenced by an increase in the
shortening fraction and ejection fraction compared
to the control group that did not receive BMP-7
(p <0.05) [63].

CALCIFICATION ACTIVATORS
Leptin

Leptin is a hormone secreted mainly by adipose
tissue. It regulates energy balance and body weight
through a negative feedback mechanism [64,
65]. Leptin affects vascular calcification through
activation of smooth muscle cell proliferation and
production of proinflammatory cytokines [18].

Many studies have shown that hyperleptinemia is
closely associated with CVVD. Thus, a meta-analysis
by V. A. Myasoedova et al., including 10 studies
involving 2,360 patients, indicated a potential link
between elevated blood leptin levels and severe
aortic stenosis [66].

In a study by P. Szulc et al., involving 548 men
aged 50-85 years, high serum leptin levels (> 8.93
ng / ml) were associated with greater severity and
rapid progression of abdominal aortic calcification,
resulting in higher cardiovascular risk [18] and also
increased the risk of developing CHD [67].

Inastudy by Y. Liuetal., the median serum leptin

level was higher in 200 patients with aortic valve
calcification than in 197 controls (20.07 vs. 9.03
ng / ml; p <0.01). In the same study, patients with
aortic valve calcification had a higher proportion of
advanced CHD (88.50 vs. 68.00%) (p < 0.01) than
patients without calcification [68].

N. Roy et al. found that higher leptin levels
were associated with progression of coronary
atherosclerosis in patients on hemodialysis.
However, lower leptin levels were associated with
all-cause mortality [69]. A meta-analysis including
13 epidemiological studies involving 4,257 patients
with CVD showed that high blood leptin levels
were not independently associated with CHD [70].

BMP-2 and BMP-4

BMP-2 and BMP-4 affect VSMCs through
transcription proteins (Msx2, Cbfal), as a result
of which muscle cells lose their contractile
function and, like osteoblasts, synthesize alkaline
phosphatase, bone sialoprotein, type I collagen, and
osteocalcin [71]. Thus, BMP-2 and BMP-4 stimulate
osteogenic differentiation of VSMCs, thereby
promoting calcification and the development of
atherosclerosis [19].

In the study by M. Scimeca et al., the multivariate
analysis showed significant associations between
increased BMP-2 expression and the presence of
unstable plaques, as well as a significant positive
relationship between hypertriglyceridemia and
BMP-4 expression [20].

In the study by M. Zhang et al., involving 124
patients with type 2 diabetes, it was found that
plaque volume index and plaque calcium density
were positively correlated with BMP-2 in blood
plasma (p= 0.035 and p= 0.0025, respectively)
[72].

N. Wang et al., examining 204 patients with
hypertension, found that plasma BMP-4 levels were
significantly higher in the group with high cardio-
ankle vascular index (CAVI) than in the group with
low CAVI [38.51 (31.79-50.83) pg / ml vs. 31.15
(29.38-32.37) pg / ml; p< 0.001]. CAVI was used
to determine the state of arterial stiffness [73].

Parathyroid Hormone

Parathyroid hormone (PTH) is a hormone
synthesized by the parathyroid glands that increases
the concentration of calcium in the blood due to its
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release from bone tissue. In addition, PTH activates
the renin — angiotensin — aldosterone system, which
results in an increase in renin levels and, ultimately,
in an increase in blood pressure [74].

There are studies on the relationship between
PTH and vascular calcification [21]. A group of
authors [75] showed that an increase in PTH levels
in blood plasma was associated with an increase
in the prevalence of atherosclerosis, assessed by
magnetic resonance angiography, and mortality
from atherosclerotic lesions of peripheral and large
vessels in two independent cohorts with a total of
1,304 patients.

It was also found that PTH had a synergistic effect
on calcification in combination with phosphate. In a
study conducted by S. Fernandez-Villabrille et al.
on rats, it was found that the highest calcium content
in the aorta was observed in animals with elevated
serum phosphate levels, which was accompanied by
a significant increase in PTH concentrations [76].

Calcitriol

Calcitriol [1,25(0OH)2D] is an active form
of vitamin D3 (cholecalciferol), which plays an
important role in the regulation of calcium and
phosphorus  metabolism. Calcitriol precursors
include calcidiol (25-hydroxyvitamin D [25(OH)
D]), low circulating concentrations of which are
commonly used to define vitamin D deficiency [77].

There are conflicting data on the role of calcidiol
(25-hydroxyvitamin D [25(OH)D]) in vascular
calcification and its association with CVD incidence
and mortality. In the study by C. Robinson-Cohen
et al., lower serum 25(OH)D concentrations were
associated with an increased risk of CHD among
participants who were Caucasian or Chinese, but
not African American or Hispanic [78].

In a study of 11,022 patients (mean age 54.3 +
17.2 years), Caucasians with 25(OH)D values < 20
ng / ml had higher all-cause mortality than those
whose 25(OH)D was 20-50 ng / ml [79].

Other studies suggest an inverse J-shaped
relationship between serum 25(OH)D and all-
cause mortality [80]. In a study by C.T. Sempos et
al., involving 15,099 individuals aged > 20 years,
women were found to have an increased risk of death
when blood 25(OH)D concentrations ranged from
100 to 119 nmol / I, whereas for men, the increased
risk occurred at values > 120 nmol /1 [81].

CONCLUSION

Understanding and more detailed study of
biomolecules involved in the development and
progression of vascular calcification in patients
with CVD is a promising area of research. Data on
the relationships of various molecules associated
with calcium metabolism with lipid and lipoprotein
indices and / or inflammatory biomarkers of CVD
may be of interest for obtaining new data clarifying
and complementing the mechanisms of development
of CVD and its complications.
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ABSTRACT

Diagnosis and therapy of malignant neoplasms are increasingly focused on the use of molecular targets involved
in the multistage process of tumor pathogenesis. Prostate-specific membrane antigen (PSMA) is currently one of
such molecular markers for prostate cancer, and over the past two decades, there have been active developments in
PSMA-directed theranostics for prostate cancer therapy. However, numerous studies in recent years have shown
that PSMA, despite its name, is not a specific molecular marker only for prostate cancer screening. It was revealed
that the expression of this receptor in other neoplasms is associated with neovascular endothelium, which was the
prerequisite for the beginning of studies on the clinical application of PSMA-directed visualization of tumors with
various localizations.

This lecture analyzes the possibilities of using PSMA-targeted radionuclide diagnosis for various histologic types
of tumors, as well as the features of PSMA expression in some tumors. The authors of the lecture demonstrate
existing clinical examples of the results of diagnostic studies and the use of targeted radionuclide therapy. The
lecture presents possible applications of PSMA-targeted visualization methods for obtaining additional information
about the features of the tumor process.
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PE3IOME

JIMarHoCcTHKa U Teparusi 3JI0KaYeCTBEHHBIX HOBOOOPA30BaHU B COBPEMEHHOW OHKOJIOTHH BCE OOJIBIIIC OPUEHTH-
pyeTcsi Ha UCIOJIb30BAHUE MOJIEKYJISIPHBIX MHIIEHEH, yJ4acTBYIOIIUX B MHOTOCTAIMIHHOM IPOIECCE MaToreHe3a
omyxouieii. [Ipocrar-cnenuduueckuii Mem6pannslii anturen (IICMA) siBiisieTcst Ha CErOAHSIIHNI IGHb OJTHAM 13
TaKUX MOJIEKYJIIPHBIX MapKepOB JUIsl paka MpeacTaTeNIbHOM JKele3bl, U B TEUSHUE MOCIEAHUX JABYX JECATUICTUI
oTMmeuaetcs akTuBHOe pasBuTHe [ICMA-TepanocTuku onyxodei npocratbl. OJHAKO MHOTOUYHMCIICHHbIE CCIIE10-
BaHUsI MOCICIHUX JICT moka3anu, yto [ICMA, HecMOTpsl Ha CBOE Ha3BaHKE, HE SIBISICTCS CICIU(PUIHBIM MOJICKY-
JISPHBIM MapKepOM TOJIBKO JIJISl TKAaHU MPEACTATeIbHOM XKele3bl. BBIABIEHO, YTO SKCIIPECCHs ATOr0 pelenTopa B
JIPYTUX HOBOOOPA30BAHUSIX ACCOIIMUPOBAHA B OOJIBINICH CTEIICHU C HEOBACKYIIIPHBIM SHIOTEIIMEM, UTO MOCTYKUIO
Hayally ucclieZIoBaHuil 1o kimHuueckomy npumeHennto [ICMA-HanpaBiieHHOM BU3yalIM3alliu OMyXOJIei pa3iny-
HBIX JIOKAJTU3aINN.

B naHHOU nekuuu NpPOAHAIU3UPOBAHBL BO3MOKHOCTH npuMeHeHus I[ICMA-HanpaBieHHOW pajnOHYKIUA-
HOH JMAarHOCTHKHM, TJIABHBIM OOpa3oM METOMOB IO3UTPOHHOW SMUCCHOHHOW TOMOTpadHH, Ul Pa3IHYHBIX
THCTOJIOTHYECKHX BApPHAHTOB HEOIUIa3uil, a Take ocobeHHocTH IICMA-SKCIpeccHH HEKOTOPHIX OITyXO-
Je. ABTOpBI JIEKLUU JAECMOHCTPUPYIOT CYLIECTBYIOUIME KIMHUYECKUE IPUMEPbl HE TOJIBKO pPE3yJbTaToB
JIUArHOCTUYECKUX MCCICAOBAHUN, HO B PANC CIy4aeB U IPUMEHEHMs TapreTHOU PaJUuOHYKIMIHOM Teparuu.
B nexuuu npencrasieHsl BO3MOKHbIE TOUKH punoskeHus [ICMA -HampaBiIeHHBIX METOI0B BU3yaIU3aLUy € TOY-
K 3pCHUS! MOTyYCHUsI JOTIOJIHNTENEHOI HHopMamu 06 0cOOCHHOCTSIX TeUEHHsI OITyX0JIEBOTO IpoLecca.

Kuarouesbie ciioBa: [ICMA, IIDT/KT, pak, 9HI0TeIHAIBHBIN, PaANOHYKINAHBII, TEpaIns, AMarHOCTUKA
KondaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(OINKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThH.

HUcTounuk q)nﬂancnponamm. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipyu OpOBEACHUU UCCIIE0-
BaHUA.

Jnsa uutupoBanus: Mexasenesa A.A., Bricoukas B.B., Mypasnesa A.B., 3ensuan P.B., Peibuna A.H., I'onba-
oepr B.E., Uepnos B.1. [Torenunan [ICMA-TapreTHoii BU3yanu3aluy Omyxoyied pa3InyHbIX JJoKaau3auuil. brwo-
nemens cubupckoi meduyunst. 2025;24(3):149-162. https://doi.org/10.20538/1682-0363-2025-3-149-162.

INTRODUCTION

Potential of PSMA-targeted imaging of tumors with various localizations

Diagnosis and therapy of malignant neoplasms
in modern oncology are increasingly focused on the
use of molecular targets involved in the multistage
process of tumor pathogenesis. This was facilitated

by numerous studies on the mechanisms of cancer
development and the identification of key targets of
the pathogenesis of particular carcinogenesis. One
of such molecular markers of prostate cancer (PCa)
is prostate-specific membrane antigen (PSMA),
type Il integral membrane glycoprotein (glutamate
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carboxypeptidase Il, or GCPII) [1, 2]. Glutamate
carboxypeptidase 1l was found to consist of three
domains: a short N-terminal intracellular portion,
a hydrophobic transmembrane region, and an
extracellular C-terminal domain [3, 4]. A specific
feature of PSMA is its dual nature: it is not only a
receptor protein, but also an enzyme that plays a
key role in prostate carcinogenesis, glutamatergic
neurotransmission (NAALADase), and folic acid
absorption (folate hydrolase FOLHI1) [5]. Thus,
numerous studies have shown that PSMA is
characterized as a multifunctional agent involved
in the development and course of PCa, in particular
in proliferation, apoptosis, and cellular and tissue
homeostasis, and also exerting an enzymatic function
[6, 7]. Studies have shown a direct correlation
between the level of PSMA expression and the degree
of prostate tumor malignancy, the stage of the disease,
and aggressive behavior of the tumor [8].

Increased expressionof PSMA onthe cellmembrane
of PCa has made it a suitable target for molecular
imaging and radioligand therapy in patients with PCa
[9]. Over the past decades, numerous small-molecule
PSMA-binding agents have been developed to create
diagnostic and therapeutic radiopharmaceuticals for
imaging and treatment of PCa [10-12]. Clinical trials
convincingly demonstrate the effectiveness of these
radiopharmaceuticals not only in diagnosis, but also
in the treatment of this disease.

Further studies have shown that PSMA, despite
its name, is not specific to prostate tissue alone. The
extracellular domain of PSMA serves as a promising
therapeutic target for PCa, but it has also been found
to be selectively expressed in the vasculature of
other solid tumors [13-16]. This antigen is found
in healthy tissues of the salivary glands, duodenal
mucosa, renal tubular cells, a subpopulation of
neuroendocrine cells in the colonic crypts, as well
as in tumor cells — for example, in some subtypes of
transitional cell carcinoma, renal cell carcinoma, and
colon cancer. However, in contrast to the mechanisms
of PSMA expression in PCa cells, its expression in
other neoplasms is associated to a greater extent with
neovascular endothelium. It should be noted, that this
antigen was not detected in the vascular epithelium of
healthy tissues or benign formations.

The aim of this lecture was to analyze the current
possibilities of using PSMA-targeted radionuclide
diagnosis for various histologic types of tumors,
taking into account the features of PSMA expression
in the tumors. The lecture is intended for researchers

and specialists in the field of nuclear medicine and
oncology.

FEATURES OF PSMA DIAGNOSIS
OF VARIOUS TUMORS

Thyroid cancer (TC) is the most common
endocrine malignancy worldwide and its incidence is
increasing annually, largely due to improved screening
methods [17]. Most newly diagnosed TC are small
and asymptomatic papillary lesions, belonging to a
significant number of subclinical indolent tumors that
would probably not be detected during the patients’
lifetime in most cases. However, the increase in the
number of newly diagnosed tumors also concerns
high-risk TC, aggressive histopathological subtypes,
as well as tumors detected at a late stage of the
disease, with gross extrathyroidal extension [18].
In this context, the observed increase in mortality
rates among patients with advanced TC suggests
aggressive postoperative treatment and accurate risk
stratification. Post-therapy whole-body imaging after
radioactive iodine administration has historically
played a significant role in assessing tumor burden
and radioiodine sensitivity of residual or recurrent
disease [18].

Unfortunately, only approximately 30% of patients
with TC metastases demonstrate radioactive iodine
uptake. In most cases, metastatic tumors are either
initially radioiodine-negative, or lose their ability to
accumulate it over time, or progression of the disease
is observed after treatment with radioactive iodine,
which indicates the development of radioiodine
refractoriness [18, 19]. In widespread clinical practice,
with the development of TC resistance to radioactive
iodine, the main method of radiodiagnosis for detecting
relapse of the disease, metastases to the lymph nodes,
and distant metastases is contrast-enhanced computed
tomography (CT). In addition, this method is also the
main tool for assessing the response to treatment with
tyrosine kinase inhibitors [18, 20].

Intermsof nuclearimaging methods, besides routine
radioactive iodine scintigraphy, the most studied
method for diagnosing radioiodine-resistant thyroid
cancer (rrfTC) is fluorine-18 fluorodeoxyglucose
([**F]F-FDG) positron emission tomography (PET).
According to the recommendations, this study is
advisable for patients with TC with elevated serum
thyroglobulin levels and a negative result of whole-
body radioactive iodine scintigraphy after therapy [18].
The diagnostic accuracy of this method is influenced
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by several factors, including dedifferentiation and
tumor load — higher sensitivity of the study is observed
in patients with aggressive histologic subtypes.
High-intensity [**F]F-FDG uptake on PET images
is considered an independent prognostic factor for
overall survival in patients with TC [20, 21].

In the presence of signs of tumor progression,
patients with radioiodine-refractory differentiated TC
are recommended to receive targeted therapy with
tyrosine kinase inhibitors (lenvatinib, sorafenib) [22—
26]. Their mechanism of action on tumors is mediated
by suppression of the kinase activity of vascular
endothelial growth factor (VEGF) receptors [26,
27]. Since PSMA is frequently expressed on the cell
membrane of neovascular endothelial cells of various
solid tumors, nuclear imaging methods targeting
PSMA may be used as a biomarker of neoangiogenesis
and may possibly be involved in predicting the efficacy
of antiangiogenic therapy.

Several studies have demonstrated that intense
PSMA staining in the endothelium of some TC
subtypes, including papillary and follicular cancer,
correlated with a more aggressive clinical course. In
particular, it was shown, that patients with moderate
or strong PSMA expression were more likely to
develop rrTC [28-30]. Moreover, anaplastic TC,
despite its well-known aggressive behavior, was
characterized by lower PSMA expression compared
to well-differentiated tumors, which may probably be
associated with a lower density of microvessels in this
variant of the disease compared to highly differentiated
TC [28, 31].

The diagnostic accuracy assessment of PET/CT
with PSMA ligands demonstrated relatively weak
performance in a number of studies [32-35]. Only
two studies reported high incidence of pathological
findings (100%) [36, 37]. More intense uptake of
PSMA ligands was observed in follicular cancers,
whereas low-intensity or absent radiopharmaceutical
uptake was observed in dedifferentiated tumors [33,
35, 36]. At the same time, the intensity of PSMA
ligand accumulation did not correlate with the results
of the immunohistochemical analysis, especially
in dedifferentiated TC. Moreover, when analyzing
standardized uptake value (SUVmax), all authors
noted significant heterogeneity of this parameter
(from 1.0 to 39.7). A number of studies also described
the comparative analysis of PET findings with
PSMA ligands and with [*®F]F-FDG and showed that
studies with PSMA-targeted radiopharmaceuticals
demonstrated lower diagnostic efficiency, however,

the histopathologic variants of tumors were not taken
into account in the comparison [32—-36].

It should be noted that in the presented references,
asarule, [®¥Ga]Ga-PSMA-11 was used as a diagnostic
radiopharmaceutical targeting PSMA receptors.
Two studies report theranostics-based use of [*Lu]
Lu-PSMA-617 in three patients with rrTC [35, 36].
Two of the included patients exhibited a minor and
temporary response to treatment, followed by an
increase in serum thyroglobulin levels and disease
progression several months after the end of therapy,
while one patient experienced disease progression one
month after treatment.

Kidney cancer is a common type of tumor, ranking
14th among all newly diagnosed malignant tumors in
the world, according to WHO data, and accounting
for 3% of the total number of diagnosed tumors
[38, 39]. Currently new data are emerging regarding
the genomic and molecular characteristics of renal
malignancies, but histopathological characteristics are
still taken into account when prescribing therapy and
analyzing the prognosis of the disease [40, 41]. Clear
cell renal cell carcinoma (ccRCC) is the most common
histologic type of kidney cancer, characterized by high
immunogenicity. In addition, ccRCC is considered
to be a highly vascularized tumor due to excessive
production of platelet-derived growth factor (PDGF)
and VEGF by tumor cells [41]. Standard examination
including CT and/or MRI may be considered
insufficient since 20—30% of patients with apparently
resectable tumors experience progression within a
relatively short time after surgery [42].

The most studied nuclear medicine method for
detecting ccRCC is PET/CT with [®®F]F-FDG. [43].
However, this study does not play a key role in the
treatment of this category of patientsand is currently not
recommended as a diagnostic method for ccRCC [44—
46]. This limitation is mainly due to the physiological
renal excretion of [¥F]F-FDG, which naturally
complicates visualization of the primary tumor [43].
In addition, ccRCC in general is characterized by a
relatively low level of [®F]F-FDG uptake, but the
underlying mechanism of this phenomenon is not
fully understood. Nevertheless, a recent study showed
that [®F]F-FDG uptake reflected the level of FBP1
(fructose-1,6-bisphosphatase 1) expression, which is
an essential intermediate of glycolysis. More intense
accumulation of FBP1 was observed in ccRCC tumors
with low FBP1 expression [48].

As already mentioned, ccRCC is considered to
be a highly vascularized tumor and this may be a
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rationale for the use of nuclear medicine methods
with  radiopharmaceuticals  targeting  PSMA
receptors, which are expressed, among other things,
on the surface of neovascular endothelial cells
[13-16]. This is especially relevant in light of the
fact that the combination of immunotherapy and
antineoangiogenetic therapy is the standard of care
for metastatic ccRCC. This means that PSMA-guided
PET/CT may become a valuable tool for predicting
treatment outcomes and assessing the response to this
therapy in patients with ccRCC [44-46].

Besides, it should be noted, that surgical treatment
with radical or partial nephrectomy remains the
only effective method of treating localized renal
cancer and postoperative changes may complicate
the differentiation of local tumor recurrence from
postoperative changes using [*¥F]F-FDG PET, since
accumulation of this radiopharmaceutical can also be
observed in foci of inflammation, abscesses, and areas
of fat necrosis [46]. In a number of studies, PET/CT
with PSMA ligands demonstrated higher accuracy in
determining tumor burden in patients with ccRCC,
visualizing more metastatic foci than conventional
diagnostic methods, thus leading to a reduction in
false-positive results and changing patient treatment
strategy in a significant percentage of cases [49-55].

The few studies on this topic have analyzed the
level of [®Ga]Ga-PSMA-11 accumulation depending

a

on the stage of the disease and histopathological
type of ccRCC and it was shown that SUVmax was
significantly higher in tumors with a more aggressive
phenotype [49-52]. In the study by Y. Liu et al. [56],
comparison of the results of PET studies with [**F]
F-FDG and [*®F]F-DCFPyL showed the advantage
of using PSMA ligand in detecting bone metastases
and disease recurrence. Regarding the visualization of
metastatic lesions in visceral organs and lymph nodes,
the higher detection rate with [**F]F-DCFPyL was not
statistically significant, but SUVmax and tumor-to-
background ratio were significantly higher than those
of [¥F]F-FDG.

Similar results were presented in the works by V.
S. llyakov et al. [57, 58], where the authors analyzed
comparative PET studies with [*®¥F]F-PSMA-1007
and [*®F]F-FDG in patients with locally advanced,
metastatic ccRCC and suspected local recurrence after
surgical treatment. Regarding the use of [*"Tc]Tc-
HYNIC-PSMA, its high physiological accumulation
in the kidneys is likely to be a limiting factor for
the use of this radiopharmaceutical in the diagnosis
of primary renal tumor (Fig. 1). However, the use
of single-photon emission computed tomography
(SPECT) with PSMA ligands can also be considered
as an alternative method for identifying advanced
forms of the disease, or, in the future, as a method for
selecting patients for therapy.

b

Fig. 1. MIP- reconstruction (a), CT and combined SPECT / CT images (b) at 2 h after administration of [*"Tc]Tc-HYNIC-PSMA
in a patient with ccRCC, grade2: the arrow indicates the tumor, SUVmax 7.72 (self-reported).
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Breast cancer (BC) is one of the leading malignant
tumors in the world in terms of incidence, ranking
fifth in terms of deaths. Over the past 10 years, the
annual standardized growth rate of incidence has
amounted to 1.97% in Russia [59]. Breast cancer
diagnosis requires a personalized and multimodal
approach taking into account age, medical history,
heredity, and the structure of the mammary glands.
The use of conventional imaging methods is included
in the standards for examining patients with BC, as
well as nuclear medicine methods, which have already
become a routine method for examining this category
of patients. In recent years, [**F]F-FDG PET/CT has
become widely used to assess the extent of BC in cases
where standard examination methods are ambiguous
[60]. One of the limitations of this method is false
negative results in some types of tumors and false
positive results in some benign processes. Few studies
to date demonstrate the potential of nuclear medicine
methods with PSMA-targeted radiopharmaceuticals
for imaging malignant BC [61-65], but most of them
are represented by isolated clinical cases.

In the studies by A.G.Wernicke et al. [66], PSMA
expression was assessed in the tumor-associated
vasculature related with invasive breast carcinomas in
106 patients — 92 cases were primary BC, 14 patients
had tumor metastases to the brain. Analysis of the
obtained results showed that the tumor-associated
vasculature was PSMA-positive in 68/92 (74%) cases
of primary BC and in 14/14 (100%) cases of metastatic
BC. PSMA receptors were not detected in healthy
breast tissue or carcinoma cells and in almost all cases
(98%) in healthy breast tissue vasculature. The authors
found a statistically significant correlation between
increased PSMA expression in the tumor-associated
vasculature and tumor size, Ki-67 proliferation index,
receptor status, and overall survival.

-

Several studies have also noted marked vascular
PSMA expression in higher grade, Her2-positive, and
triple-negative tumors [67, 68]. Thus, in the study
by Y. Tolkach et al. [67], a negative correlation was
shown between vascular PSMA expression and tumor
hormone receptor expression. There was no correlation
between pN stage, locoregional progression status,
development of distant metastases, tumor size, and
PSMA expression.

The study by N. Andryszak et al. [68] compared
findings of PET/CT with [®¥F]F-PSMA-1007 and [**F]
F-FDG in patients with triple-negative BC (n = 10).
The detection rate of triple-negative tumors with [*8F]
F-PSMA-1007 was comparable to [*¥F]F-FDG in most
patients. However, in patients with distant metastases, a
higher number of metastatic lesions were detected using
[®F]F-PSMA-1007 due to more intense accumulation
(higher SUVmax values) compared to [F]F-FDG.
In addition, [®F]F-PSMA-1007 demonstrated higher
diagnostic efficiency in detecting metastatic lesions
in areas with high physiological accumulation of [*F]
F-FDG, such as the brain and adjacent bones of the skull.

The literature also described a case of detecting
metastatic BC following SPECT/CT with [*™Tc]Tc-
EDDA/HYNIC-PSMA, which was performed on a
patient with suspected bone metastases from prostate
cancer. Radiopharmaceutical accumulations were
visualized in the projection of bone structures and
the left mammary gland, where hormone-positive
infiltrating ductal carcinoma was confirmed by biopsy
results [69]. Our clinical experience also indicates
the possibility of using SPECT/CT with [*"Tc]
Tc-HYNIC-PSMA for visualization of the primary
tumor and metastases in this pathology (Fig. 2). A
case of radionuclide PSMA therapy in a patient with
metastatic BC with disease progression after 2 courses
of [*"Lu]Lu-PSMA-617 is described [64].

Fig. 2. MIP- reconstruction (a)
and combined SPECT/CT images
(b) at 2 h after administration of
[*mTc]Tc-HYNIC-PSMAin a
patient with BC, metastasis to the
axillary lymph node: 1 — breast
tumor, SUVmax 5.1; 2 — enlarged
lymph node, SUVmax 1.93 (self-
reported)

154 BlonneteHb cMbupckoit MeguunHbl. 2025; 24 (3): 149-162



Reviews and b ctures

Hepatocellular carcinoma (HCC) is the most
common type of liver cancer, accounting for
approximately 90% of cases [70, 71]. The diagnosis
of HCC is complicated by the latent course of the
disease, fluctuations in serum alpha-fetoprotein levels,
and inconclusive radiological results [72]. The most
studied nuclear medicine methods for HCC are PET/
CT with [®F]F-FDG and labeled choline (with *F or
11C). Both methods demonstrate a potential role in
identifying extrahepatic lesions in HCC, however,
their use is limited by the broader capabilities of CT
and magnetic resonance imaging (MRI). In addition,
[**F]F-FDG PET/CT is known to have limitations for
staging and restaging of HCC [73]. Since the enzymes
of well-differentiated HCC are similar to those
observed in a healthy liver, [*®*F]F-FDG-6-phosphate
formed after phosphorylation of [**F]F-FDG may be
dephosphorylated and released from the cells, which
explains low uptake of [**F]F-FDG and, consequently,
low sensitivity of the assay.

The possibilities of PSMA-guided radionuclide
diagnosis of HCC are currently presented in a few
literary sources. In all the presented sources, [®Ga]Ga-
PSMA-11 was used as the radiopharmaceutical, which
is undoubtedly justified, since the biodistribution
feature of [*®F]F-PSMA-1007, due to its lipophilicity,
is the dominant hepatic clearance, which, in theory,
makes it less suitable for visualizing HCC [74-79]. On
the whole, the results of the studies demonstrate the
advantages of using PSMA ligands over [*®¥F]F-FDG
both in terms of the number of detected lesions and the
intensity of accumulation in the detected tumor foci
[74, 75, 77].

In the study by M. Kesler et al. [74], [®Ga]
Ga-PSMA-11 uptake was shown to correlate with
tumor vascularization, and HCC lesions are most
often hypervascular. Radiopharmaceutical uptake
was observed in 36 of 37 liver tumors, and only ten
of these lesions were FDG-positive. Besides, the
method allowed the authors to differentiate tumor
formations and regenerative nodes in the context of
cirrhotic changes and this fact may have high practical
significance, since the cirrhotic liver has a nodular
architecture with altered vascularization, which
complicates the differentiation of regenerative nodes
and HCC using traditional visualization methods.

Additionally, PSMA PET/CT showed slightly
higher efficiency in detecting hepatic and extrahepatic
HCC lesions compared to CT and MRI [74,76-78].
When comparing semi-quantitative parameters of
PET with PSMA ligands (SUVmax) with the results

of laboratory studies, in particular the level of alpha-
fetoprotein and CA 19-9, no statistically significant
correlation was found [76, 77]. Generally, the results
of the studies demonstrate fairly variable absorption
of PSMA ligands: according to different authors,
the average SUVmax values vary from 8.3 to 16.7,
while the average tumor-to-background values have a
smaller spread — from 2 to 3.6 [74-79].

The rich blood supply of HCC plays a crucial role
in tumor growth and metastasis. First-line therapy
for locally advanced and metastatic HCC consists
of a combination of immunotherapy and anti-
neoangiogenic therapy [70]. In this situation, PET/
CT with PSMA radioligands may become a valuable
tool for predicting therapy outcomes and assessing a
treatment response. It should also be noted that HCC
is often diagnosed at late stages of the disease, which
limits the possibilities of standard treatment for these
patients. In this regard, the concept of a theranostic
approach targeting PSMA receptors may become
a relevant direction in the treatment of this disease.
The study by N. Hirmas et al. [78] presented the
results of [*"Lu]Lu-PSMA-617 administration to two
patients who were diagnosed with liver lesions with
high uptake of [%Ga]Ga-PSMA-11 (SUVmax more
than 10). However, in both cases, intratherapeutic
dosimetry based on SPECT/CT showed that the
radiation dose to the tumor was 10 times lower
than that typically achieved in a single cycle of
external beam radiotherapy for HCC. In this regard,
radionuclide therapy with [*7Lu]Lu-PSMA-617 was
suspended after one administration. Considering that
nearly 95% of HCCs exhibit high levels of endothelial
PSMA expression, it may be used as a therapeutic
target for radioligand therapy [79-81]. The study of
this issue may become quite relevant.

Lymphomas are among the most difficult malignant
pathologies in terms of diagnosis and therapy. In
addition, lymphomas are a fairly heterogeneous group
of diseases in oncohematology. The incidence of this
pathology is steadily increasing — the number of cases
has increased by 22% over the past ten years [59].
Treatment of lymphomas is almost always associated
with chemotherapy courses of varying degrees of
toxicity and duration, which leads to the development
of a number of complications, including delayed
ones. With the advent of PET/CT with [*®*F]F-FDG,
the quality of lymphoma diagnosis has significantly
improved, including monitoring during therapy, which
has made it possible to optimize the therapeutic effect
and, accordingly, reduce the number of complications
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[82]. Thus, [®¥F]F-FDG is currently the drug of choice
for radionuclide diagnosis of Hodgkin’s lymphoma
and non-Hodgkin’s lymphoma (NHL); however, some
subtypes of indolent NHL are FDG-negative [83, 84].

In connection with the active introduction of PSMA
theranostics into widespread clinical practice, reports
of clinical cases of lymphoma visualization using
diagnostic PSMA ligands have begun to appear in the
literature. However, these were isolated publications
involving a small number of subjects and, as a rule,
these were incidental findings in patients with prostate
cancer, which were subsequently confirmed by the
results of the histological examination. In existing
studies, increased accumulation of PSMA-targeted
radiopharmaceuticals for PET diagnosis is described
in various histologic variants of lymphomas -
follicular lymphoma, Hodgkin’s lymphoma, diffuse
large B-cell lymphoma [85-90]. In the study by
S.P.M. de Souza et al. [91], a direct comparative study

of [®F]JF-FDG and [®Ga]Ga-PSMA PET/CT was
conducted in 10 patients with confirmed diagnosis
of Hodgkin’s lymphoma (» = 3) and NHL (n = 7).
It was shown that [*¥F]F-FDG accumulated in 59 of
59 abnormal sites, while [®*Ga]Ga-PSMA — in 47 of
59 sites. Overall, its accumulation was characterized
by lower uptake in lesions, regardless of FDG uptake
intensity. However, PET/CT with [®Ga]Ga-PSMA
demonstrated greater potential in detecting brain
lesions compared to FDG, which is logical given
the biodistribution characteristics of [**F]F-FDG.
Generally, it should be noted that regardless of the
histologic variant of lymphomas included in the few
studies, they, as a rule, demonstrated low intensity of
PSMA ligand uptake.

Our research results also demonstrate the
possibility of using SPECT/CT with PSMA-targeted
radiopharmaceuticals for the diagnosis of lymphomas,
including for the evaluation of therapy results (Fig. 3).

Fig. 3. CT and combined SPECT/CT images at 2 h after administration of [*"Tc]Tc-HYNIC-PSMA in a patient with Hodgkin’s
lymphoma, with damage to the cervical and supraclavicular lymph nodes, the arrow indicates the tumor: a — before therapy, SUVmax
4.03; b — after 4 courses of polychemotherapy according to the BEACOPP protocol, SUVmax 1.46 (self-reported)

DISCUSSION

To date, there are no large, well-designed studies
investigating the role of PSMA-guided imaging
techniques in non-prostate tumors. However, the
limited available data, mostly retrospective in
nature, demonstrate some correlation between
PSMA ligand accumulation and PSMA receptor
expression in different tumor types. It is logical that

most of the tumors studied are those for which [*8F]
F-FDG PET imaging has low sensitivity either due
to high physiological uptake in surrounding healthy
tissue, such as brain tumors, or due to low glucose
metabolism or specific characteristics that limit the
intensity of [®F]F-FDG uptake, such as increased
glucose-6-phosphatase activity in differentiated HCC.

A number of tumors show mixed evidence for the
utility of PSMA imaging. For example, in urothelial
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carcinoma, according to research data, there is
relatively poor expression of PSMA receptors,
which, of course, limits the use of diagnostic
PSMA ligands. Also, low information content of
the method is observed in malignant neoplasms
of the gastrointestinal tract and pancreas, which
is associated with low expression of PSMA in
tumor tissue and high physiological absorption of
PSMA ligands in background organs [92]. In breast
carcinoma, the method demonstrates significant
variation in the expression of these receptors in both
primary and metastatic tumors, as well as in different
patients, which confirms the heterogeneity of this
disease.

Preliminary results indicate fairly high diagnostic
sensitivity and specificity of PSMA-guided imaging in
clear cell renal carcinoma, glioma, and hepatocellular
carcinoma, which has led to changes in treatment
strategy in some clinical situations. However, the
currently published results require confirmation by
larger prospective studies that further evaluate the
impact of the data obtained on patient treatment
outcomes.

Numerous studies have already proven that the
expression of PSMA receptors is associated with
neovascular endothelial cells in many tumors [35].
This fact makes these receptors an interesting target for
antiangiogenic therapy. For example, according to the
hypothesis of R. Jain, treatment with antiangiogenic
agents is supposed to improve the effectiveness of
chemotherapy by improving the delivery conditions
[93]. At the same time, preclinical studies show
that when chemotherapy drugs are administered
outside the so-called “normalization window” in
the context of antiangiogenic therapy, it turns out to
be ineffective [94]. It is suggested, that suboptimal
clinical results obtained with the use of bevacizumab
as an antiangiogenic agent in combination with
chemotherapy may have resulted from improper
sequencing of the chemotherapeutic agents. In this
regard, PSMA-guided imaging could be a potential
tool to identify the “window of normalization,” which
in turn could potentially optimize the efficacy of
VEGF-targeted therapy [95].

Radioligand therapy with [*"Lu]Lu-PSMA
is currently actively used in many countries for
the treatment of metastatic castrate-resistant PCa.
Retrospective and prospective data show favorable
safety and efficacy of this therapy, high response rates,
and significant improvement in quality of life and
survival [96-101]. Taking into account that in addition

to PCa a number of tumor processes demonstrate high
PSMA expression, it is considered relevant to study
the issue of a PSMA-directed theranostic approach
in relation to these nosologies. Despite the limited
clinical examples of the use of radioligand therapy
with [*"Lu]Lu-PSMA in various solid tumors with
insufficient efficacy published to date, this area
requires further, larger-scale studies.

CONCLUSION

Although the exact role of PSMA in neoplasia and
neoangiogenesis remains unclear, it can be assumed
that PSMA-guided imaging may be useful not only
in relation to PCa, but also in other tumor nosologies.
It is likely that the routine use of conventional
imaging methods for many tumors will continue to
be a priority, both in primary diagnosis and in staging
the process and assessing therapy. However, PSMA-
guided imaging methods may in the future provide
useful prognostic information, assisting in patient
selection for systemic therapy by providing data on
PSMA expression associated with some tumors with
aggressive behavior [49-52, 67, 68].

It should also be noted that one of the important
modern strategies in cancer treatment is the selective
inhibition of angiogenesis, either by interfering with
angiogenic growth factors or by directly targeting
tumor-associated blood vessels [102, 103, 104]. In
this regard, the use of diagnostic PSMA ligands may
become a valuable tool for planning personalized
treatment, increasing the effectiveness and safety of
antitumor treatment. Another rather relevant direction
may be PSMA theranostics of various malignant
tumors, and radionuclide diagnostics with PSMA
ligands in this situation will become a necessary
option for patient routing.
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The role of vitamin D in immunoadjuvant therapy for tuberculosis
depending on the HIV status of patients

Filinyuk O.V., Khokhlyuk V.V., Volkovskaya A.O.

Siberian State Medical University
2 Moskovsky trakt, 634050 Tomsk, Russian Federation

ABSTRACT

Search queries were conducted in the PubMed and eLIBRARY .ru databases using keywords, including publications
from 2018-2024. A review of the literature on vitamin D deficiency in patients with tuberculosis (TB), human
immunodeficiency virus (HIV), and TB/HIV combination is presented, which revealed heterogeneous prevalence.
The roles of vitamin D in the body immune response to TB are shown depending on the presence of HIV infection.
The data on the therapeutic use of single and prolonged administration of vitamin D at various doses in adjuvant
TB therapy are presented. The prospects for the use of vitamin D in the combined treatment of TB patients are
outlined depending on the HIV status, especially with multidrug-resistant pathogens requiring study in Russian
clinical trials.
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Ponb ButammnHa D B uMMyHOablOBaHTHON Tepanuu Ty6epKynesa
B 3aBucumoctu ot BUY-craTyca naymeHToB

OunuHiok O.B., Xoxumok B.B., BonkoBckasa A.O.

Cubupckuii 2ocyoapcmeernuviti meOuyunckull yrusepcumem (Cu6l’ MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

PE3IOME

B 6azax nmannbix PubMed u eLIBRARY.RU mo kmoueBsIM ciioBaM ObUTH MPOBE/ICHBI MOMCKOBBIE 3alpOCEHI,
BKJIIOYaromue myonukanuu 3a 2018-2024 rr. IlpencraBieH aHaiau3 JUTEpaTypsl o JedUunTe BUTAMHHA D
y 6onbHBIX TIpH TyOepkynese (TH), Bupyce ummyHnoneduimra uenoseka (BUY), B coueranun Th u BUY, koTopsblii
BBISIBIJI HEOJHOPOJHYIO pacipocTpaHeHHOCTh. Iloka3aHa pons BuUTaMuHa D B MMMYyHOJIOIMYeCKOM OTBETE
opranusma npu TB B 3aBucumoctr ot Hanuuuss BUY-ungexuun. [IpuBeneHsl faHHbIE TEPaneBTHYECKOTO MpPH-
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The role of vitamin d in immunoadjuvant therapy for tuberculosis depending

MEHEHHsI B KaueCTBE a/[bIOBAaHTA K XMMHUOTEpanuu TyOepKyie3a BUTaMiuHa D B pa3aMyHBIX 103UPOBKAX B OJHO-
KPaTHOM U NPOJIOHTUPOBAHHOM BBeleHNH. OO03HAYEHbI IEPCIEKTUBBI CIIOIb30BaHNs BUTaMiHa D B KOMOUHU-
poBaHHOM Jsiedennn OoubHbIX Th B 3aBucuMocTi ot BUY-craryca, 0COOCHHO CO MHOXKECTBEHHOM JIEKapCTBEHHOM
YCTOHUMBOCTBIO BO3OYAUTENS, TPEOYIOMINE H3YUEeHHS B POCCHMCKUX KITMHUYECKUX UCCIEOBAHUSIX.

Kirouessle cioBa: Tyoepkynes, BUY, ummynnTet, BuTaMuH D, aaploBaHTHAS IMMYHOTEPAIHS, TEPAHS X03I1MHA

Kondaukr unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,

CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HACTOSIICH CTaThH.

Hcrounuk ¢uHAHCHPOBAHUSA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (PMHAHCHPOBAHHSA TIPH TIPOBEJCHUU

HUCCICIOBaHMA.

Jns uurupoBanusi: Omwmnaiok O.B., Xoxmok B.B., Bonkosckas A.O. Ponp BurtammHa D B MMMyHOaIBIO-
BaHTHOW Tepanuu TyOepkyle3a 3aBucuMocTi oT BUU-cTaryca manmeHToB. broiienens cubupckoi Meouyumbl.
2025;24(3):163-171. https://doi.org/10.20538/1682-0363-2025-3-163-171.

INTRODUCTION

Inthe Russian Federation, there are three key factors
significantly influencing further epidemiological
situation associated with tuberculosis. The first factor
is a high level of multidrug resistance (MDR) of the
causative agent of the disease. Currently, every third
patient with newly diagnosed respiratory tuberculosis
is infected with Mycobacterium tuberculosis (MBT)
that is resistant to at least rifampicin. On the whole,
Russia has not seen significant changes in the
detection rate of such cases recently. However, in
Siberian regions, such as the Kemerovo, Tomsk, and
Novosibirsk regions, a steady increase in the detection
rate has been noted since 2019, exceeding the national
value of the parameter [1].

The second problem is associated with a large
number of patients with human immunodeficiency
virus (HIV) and tuberculosis (TB). In these regions,
despite the overall decrease in the proportion of
HIV-infected individuals among the population, the
incidence of TB and HIV infection is high. In 2023, it
was 48.7, 43.2, and 35.8 cases per 100,000 population,
respectively [2, 3]. The third aspect is insufficient
effectiveness of anti-TB therapy, which is also related
to the above two circumstances. Currently, Russia
has not achieved the values for the effectiveness of
TB treatment recommended by the World Health
Organization, especially in treatment regimens for
patients with multidrug- / extensively drug-resistant
MBT.

Therefore, in addition to introducing new anti-
TBs drugs into clinical practice, methods of immune-
mediated therapeutic strategies are being actively
developed. Their candidates and technologies
will not only enhance the potential of etiological

treatment but also have
effects [4, 5].

In this regard, the aim of this work was to
summarize current data on the role of vitamin D in
the immunological response to TB infection, as well
as the results of its use as adjuvant therapy in patients
with TB, HIV infection, and TB / HIV. The research
involved the analysis of scientific papers published in
English and Russian. Search queries were conducted
in the PubMed and eLIBRARY .ru databases using the
following keywords in English: tuberculosis, HIV,
immunity, vitamin D, adjuvant immunotherapy, host
therapy. The search was mainly limited to the time
frame of 2018-2024.

At the initial stage of the analysis, current data
on the role of vitamin D in protecting the body from
infectious agents, including TB and HIV infection,
were identified. At the second stage, following the
results of systematic reviews and meta-analyses,
information on vitamin D levels in patients with TB
and TB/HIV was updated. In the third phase of the
study, individual publications were analyzed, which
represented randomized controlled trials on vitamin
D levels compared to healthy controls, depending
on patients’ age, localization of the process, disease
duration, MBT sensitivity to anti-TB drugs, and the
presence of HIV infection.

immunomodulatory

THE EFFECT OF VITAMIN D ON
MECHANISMS OF NONSPECIFIC AND
SPECIFIC BODY DEFENSE AGAINST
INFECTIOUS AGENTS

Table 1 presents the main immunomodulatory
properties of vitamin D, summarized in recent scientific
reviews [6-10]. In the human body, vitamin D is
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obtained through foods or produced in the skin under
sunlight exposure. Ultraviolet radiation induces the
conversion of 7-dehydrocholesterol into previtamin
D3, which is then transformed into vitamin D3 or
cholecalciferol. In the liver, vitamin D3 undergoes
25-hydroxylation to form 25-hydroxyvitamin D
(25(OH)D), calcidiol, the primary circulating form of
vitamin D, a prohormone without inherent hormonal
activity. Subsequently, most of the 25(OH)D is
converted in the kidneys by 1-a-hydroxylase into the
bioactive hormonal form 1,25-dihydroxyvitamin D3
(1,25(OH)2D3) under strict regulation by parathyroid
hormone, calcium, and phosphorus levels. In this
activated state, vitamin D not only exerts classical
endocrine effects, controlling calcium metabolism
in blood serum and bone tissue, but also affects the
immune system, whose effector cells (monocytes,
macrophages, dendritic cells, T- and B lymphocytes)
possess vitamin D receptors (VDR).

To date, compelling evidence has been obtained
regarding the regulation of 1,25(OH)2D3 innate

immune responses in the antimicrobial and antiviral
defense of the human body, whose target genes
CYP24A41 and CYP27BI induce the expression
of genes encoding antimicrobial peptides (AMP),
B-defensin 2, and hepcidin. Among these, human
cationic  antimicrobial  protein  cathelicidin
(hCAP18/LL-37) activates not only the signaling
pathways for recognizing and binding to scavenger
receptors on the cell surface of pathogens but also
induces chemotaxis of neutrophils, monocytes,
macrophages, and T cells to the site of infection,
facilitating the removal of various pathogens by
triggering endocytosis, apoptosis, and autophagy of
infected cells. Calcitriol directly affects processes
in adaptive immunity, regulates the division of T
lymphocytes, slows down the transformation of
precursor B cells into plasma cells, inhibits the
production of interleukins (IL) and costimulatory
molecules associated with Thl cells, and promotes
the production of cytokines associated with the Th2
response [6-10].

Table 1

The Role of Vitamin D in Protecting the Body Against Infectious Agents

Immune components, cells |

Mechanism, effect

Nonspecific immunity

Dendritic cells (DC)

Modulation of DC towards a less mature and more tolerant phenotype with changes in both morphology
(more adhesive spindle-shaped cells) and production of cytokines and surface markers; decreased expression
of the major histocompatibility complex (MHC) 11, differentiation cluster (CD80), costimulatory molecules
(CD86) and adhesion molecules (CD54), as well as increased expression of chemokine receptors (CCR5),
antigen uptake (DEC205), costimulatory protein of antigen-presenting cells (CD40), mature macrophage
molecules (F4/80).

Macrophages, monocytes

Acceleration of monocyte maturation into macrophages, enhancement of infected macrophage function
through activation of a number of adaptor proteins and kinases that participate in the induction of key anti-
microbial factors: CYP24A1, CYP27B1, (CAMP/LL37), DEFB2/DEFB4/HBD2; stimulation of autophagy
and autophagosome activity.

Cytokine modulation

Suppression of lipopolysaccharide-mediated production of proinflammatory ILs in monocytes and produc-
tion of IL-2, IL-6, IL-9, IL-17, IL-21, TNFa, induction of transcription of the gene encoding IL-1f, activa-
tion of the receptor activator of nuclear factor kappa-B ligand (RANKL) and cyclooxygenase-2 (COX 2),
enhancement of expression of the anti-inflammatory cytokine IL-10 in natural killer cells (NK cells) and Th2
cells, which leads to inhibition of IL-12 and IL-23 production and reduction of IFNy expression.

Specific immunity

T lymphocytes

Suppression of T lymphocyte proliferation; reduced activation of T lymphocytes by B lymphocytes through
decreased expression of costimulatory molecules (CD860) and increased expression of the differentiation
cluster (CD74).

Th1 and Th2 cells

Shifting the balance towards the Th2 cell phenotype and inhibition of Th1 cells by reducing the proliferation
of autoreactive T lymphocytes, increasing the level of regulatory T cells (Treg), inducing IL-10 and apoptosis
of autoreactive T lymphocytes.

B lymphocytes and plasma cells

Suppression of plasma cell formation by differentiating mature B cells (through modulation of CD40 and
nuclear transcription factor (NF-kB)), induction of apoptosis of activated B lymphocytes.

In TB, elements of the MBT cell wall are
recognized by Toll-like receptors (TLRs), subtypes
of which are stimulated by bacterial ligands. TLR2
together with TLR1 detect antigens of the TB cell wall,

mediated through TLR4, which are activated by the
38-kDa MBT antigen. Through the 19-kDa bacterial

lipopolysaccharide of the MBT cell membrane,
macrophages are stimulated, where 25(OH)
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D is converted into an active metabolite through
hydroxylation and binds to VDR whose signal passes
into the nucleus. This increases gene transcription for
hCAP18/LL-37, and cathelicidin and other AMPs
are formed [9, 10]. Digestive capacity is enhanced,
apoptosis is enhanced, and the antimycobacterial
and antiviral potential of infected macrophages is
realized, as cathelicidin affects retrovirus replication
in HIV infection [11]. Additionally, 25(OH)D
increases the level of cytokines (IL-4, 5, 6, 10, 18,
INFY), enhancing both cellular and antibody-mediated
immune responses. At the same time, the influence of
vitamin D on the expression, secretion, and activity
of a number of matrix metalloproteinases (MMPS)
has been proven. 25(OH)D reduces the expression of
MMP-7, MMP-9, and MMP-10 in human peripheral
blood monocytes and increases the expression of tissue
MMP inhibitor (TIMP-1), which helps reduce the
severity of pulmonary parenchyma destruction and the
formation of cavitation during TB inflammation [12].

VITAMIN D DEFICIENCY IN PATIENTS WITH
TUBERCULOSIS AND HIV INFECTION

Recent scientific research continues to actively
explore the relationship between the detected vitamin
D deficiency in TB. The conflicting results of vitamin D
levels determined in systematic reviews are explained
by the population/genetic/racial characteristics of
patients, differing in territorial affiliation, duration of
exposure and intensity of natural ultraviolet radiation,
standard of living and socio-economic status, as
well as age, gender, nutrition, and the presence of
concomitant pathology, primarily liver-related one
[13-15].

VitaminDdeficiencycanalsobecausedbycongenital
anomalies in vitamin D metabolism associated with
mutations in the cytochrome P450 system (CYP3A4,
CYP24A1), which lead to dysregulation of the activity
of 24-, 25-, 1o-hydroxylase enzymes that accelerate
its inactivation and excretion, as well as mutations
in vitamin D receptors leading to the development of
target organ resistance [16]. It has been proven that

taking certain medications, such as thiazide diuretics,
phenytoin, phenobarbital, carbamazepine, and
theophylline, affects vitamin D metabolism. Among
anti-TB drugs, isoniazid induces the cytochrome
P450 enzyme system, thereby changing the level of
25-hydroxylases and 1-hydroxylases, while rifampicin
activates CYP3A4 [9, 17]. Among antiviral drugs
used to treat HIV-infected patients, efavirenz alters
vitamin D levels and induces CYP24A1 enzymes
that promote the breakdown of 25(OH)D and active
vitamin D 1,25(0OH)2D3 into inactive water-soluble
metabolites [18].

Until 2024, optimal vitamin D concentrations in
blood serum were recognized as values ranging from
30 to 100 ng / ml (75-250 nmol / 1). Insufficiency
was recognized at 20-30 ng / ml (50-75 nmol / 1),
and deficiency was noted at < 20 ng / ml (< 50
nmol / 1). Currently, clinical guidelines from global
endocrinology experts have determined that vitamin
D deficiency in the human body, which should be
artificially replenished, needs to be re-evaluated
[19]. This is especially important considering the
growing evidence of the role of vitamin D in innate
immunity against infections, diabetes mellitus, cancer,
autoimmune, cardiovascular, and other diseases.

In this regard, scientific publications of randomized
controlled trials (RCTs) of recent years deserve
consideration, including data on vitamin D levels
in the blood serum of patients with TB of various
localizations, comparable in age and gender with
healthy controls (Table 2). Unfortunately, there is
no current comparative analysis of 25(OH)D content
in the blood serum in the Russian cohort of patients.
During the specified period, only values for children
and adolescents with TB were published [20, 21]. The
study by L.V. Panova deserves attention, where out
of 75 patients under the age of 18 years, 49.3% had
a concentration of 25(OH)D in the blood serum of
less than 10 ng / ml, and significant differences were
found in the level of 25(OH) D in the groups of newly
diagnosed patients and those with repeat admissions:
13.10 = 1.04 ng / ml and 8.74 = 1.07 ng / ml,
respectively.

Table 2
Vitamin D Levels in the Blood Serum of Patients with Tuberculosis (according to Case — Control Studies, 2018-2024)
Sample (), TB Age (years), Tuberculosis M +mor
Country /HC men / women localization, n Me (Q;; 0.),ng/ ml Year, reference
. 75, TB -upto 17, 13.10 £ 1.04 (newly detected TB) 2024,
Russia 75 /o HC 29/46 PTB, 75 8.74 + 1.07 (TB relapse) [20]
Russia 31,31 /no HC TB —up to 14, 13/18 PTB, 31 14.60 + 1.30 2024, [21]
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Endof table 2

Sample (n), TB Age (years), Tuberculosis M +mor
Country /HC men / women localization, n Me (Q;; 0.),ng/ ml Year, reference
PTB - 15.30 (8.63, 23.47)
India 5181/218 ;E - ig' 2%2 EF;TTEQ 229 EPTB - 13.40 (8.47, 25.72) 2024, [16]
' ' HC — 19.08 (13.92, 26.17)
PTB - 18.02 + 7.58
EPTB - 17.26 + 6.58
HIV (-) — 17.65 + 7.26
India 400, 200/200 LE - zi ﬁggg Eg_?';% HIV (+) — 17.48 + 7.13 2[222‘]"
' ' DS-TB - 17.82 + 7.36
MDR-TB - 17.25 £ 6.50
HC — 32.34 + 13.79
89, TB - 32, 25/22 TB_17.1+55
Egypt 47/42 HC — 31, 22/20 PTB, 47 HC - 51.8+27.3 2024, [23]
TB- 17 (12.6, 21.4)
Uganda 725’2'2 LBC__228é 3;/143? PTB, 78 LTB - 23 (16, 29.2) 2022, [24]
' HC — 22 (16.7, 27.8)
All over 18 years
: 100, ' TB - 19 (7.75, 27.25)
India TB - 88/12 PTB, 50 2021, [25]
50/50 He 881 HC — 25 (19.75, 32.00)
889, TB — over 25 years 50.6%, 94/86 TB- 215 (17.1, 25.6)
Peru 180/709 HC — over 25 years 49.5%, 366/343 | 1o 180 HC — 21.9 (44.5-67.1) 2019, [13]
. 72 TB - 32, 24/0 TB-27.7+7.85
Brazil 24/48 HC - 33, 48/0 PTB, 24 HC - 37.1 +8.94 2018, [26]

Note. TB/HC - tuberculosis / healthy controls, PTB — pulmonary tuberculosis, EPTB — extrapulmonary tuberculosis, LTB — latent tuberculosis
infection, DS-TB - drug-susceptible tuberculosis, MDR-TB multidrug-resistant tuberculosis.

Recent studies from Asia and Africa have
demonstrated vitamin D deficiency in adult TB
patients, and that characteristics of the disease
(localization, drug sensitivity of MBT, presence of
HIV) do not affect its concentration [16, 22]. In these
studies, vitamin D deficiency was considered as a
predisposing factor for the development of TB, as its
insufficiency was recorded in patients at the initiation
of anti-TB treatment. A case-control study from India
showed that the prevalence of vitamin D insufficiency
in TB patients according to accepted criteria was
68.9% compared to 51.7% in the control group, with
medians of 14.35 ng / ml (8.65, 25.48) and 19.08 ng /
ml (13.92, 26.17), respectively [16]. In another study
from the same country, the concentration of 25(0OH)D
in pulmonary tuberculosis (PTB) was slightly higher
(18.02 ng / ml) and did not change significantly in
patients with extrapulmonary TB (EPTB), in TB
patients with cooccurring HIV, and in patients with
drug-resistant TB. Similar data were presented by
scientists from African countries.

On the contrary, research results from South
America (Brazil, Peru) did not reveal vitamin D
insufficiency, medians of 25(OH)D in TB patients
exceeded 20 ng / ml and were comparable to values

in people with latent tuberculosis infection (LTB) and
patients who had disease progression. Researchers
from European countries indicated a range of vitamin
D close to normal (from 20 to 30 ng / ml) in TB
patients with its associations with the disease, its
spread (tuberculosis of multiple localizations), and
comorbid HIV [27].

A notable randomized clinical trial from India
compared the concentrations of vitamin D, calcium,
and parathyroid hormone in the blood serum of
patients with PTB not only with healthy controls
but also depending on MBT sensitivity to anti-TB
drugs. Randomization in the study groups excluded
patients with concomitant pathology of the liver,
kidneys, heart, gastrointestinal tract, and as well
as with HIV infection. For the first time in such
studies, the dietary and insolation characteristics
of patients were determined in parallel. The
results of the trial convincingly demonstrated
that patients with MDR-TB had lower baseline
concentrations of vitamin D in their blood serum
than patients with DS-TB and controls. At the same
time, vitamin D consumption through food had a
greater impact on its level than weekly exposure to
sunlight [28].
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In HIV-infected patients, a similar situation was
observed in cohort studies with gender-, age-, and
residence-matched controls. Only studies from China,
India, and the United States recorded vitamin D levels
below 20 ng / ml (15.93 (13.92, 17.94) ng / ml, 19.7
(17.64, 21.76) ng / ml, and 19.09 (13.43, 24.750) ng
/ ml, respectively). In other countries, according to
systematic reviews and meta-analyses, these values in
HIV-infected individuals did not significantly differ
from the controls [29]. Despite this, a relationship
was found between vitamin D deficiency and the
risk of disease progression to the stage of acquired
immunodeficiency syndrome and all-cause mortality,
as vitamin D deficiency prevalence reached 85% [18].
Meanwhile, inflammatory processes characteristic of
HIV infection and immune system activation, leading
to increased levels of IL-6 and TNFa and impaired
renal lo-hydroxylase activity, exacerbate vitamin D
insufficiency in patients with TB/HIV co-infection
[30].

ADJUVANT VITAMIN D THERAPY FOR
TUBERCULOSIS AND HIV INFECTION

In clinical phthisiology practice, increasing
evidence is accumulating about the positive effects
of combination treatment. In studies of patients
with TB undergoing chemotherapy with vitamin
D administration (total dose of 600,000 IU),
positive clinical and radiological dynamics are
demonstrated in the form of weight gain in patients,
reduced intoxication, cough, and normalization of
hematological parameters, as well as a pronounced
decline of infiltrative and destructive processes in the
lungs compared to the control group [31, 32]. This
applies to both adults and children (1,000 1U / day)
[33, 34]. There is evidence that a single administration
of vitamin D at a dose of 200,000 IU during PTB
treatment leads to reduction of sputum conversion
time compared to the group receiving only standard
anti-TB treatment [35].

In patients with type 2 diabetes mellitus and PTB,
a negative acid-fast bacillus smear was obtained after
6 weeks of anti-TB treatment and vitamin D intake
(total of 60,000 IU per week) compared to 8 weeks
of conventional treatment in the control group [36].
In some studies, vitamin D administration regimens
were prolonged. A relatively similar positive effect
was achieved after daily intake of vitamin D at a dose
of 10,000 IU (250 pg / day) for 6 weeks for PTB and
oral administration of 50,000 IU once a week for 6
weeks (total of 300,000 1U) with a maintenance dose

of 1,000 IU per day for 3 months of treatment for
EPTB [37].

The largest (n = 4,000) double-blind, placebo-
controlled study assessing the impact of combining
vitamin D and antiretroviral therapy on the
development of TB and mortality in adult HIV-
infected patients was conducted in Tanzania [38].
Antiviral treatment and oral administration of four
doses of vitamin D (50,000 1U) once a week with a
prolonged administration of 2,000 1U per day did not
affect mortality and did not increase patient one-year
survival compared to patients in the placebo control
group. Later, a comprehensive systematic review and
meta-analysis including 14 studies formulated the
same conclusions [39]. Additionally, scientists did
not find the expected positive effect on the number
of CDA4+ cells in microliters of peripheral blood and
viral load. Similarly, in TB, as well as in TB/HIV
co-infection, mortality and recurrence rates did not
differ in comparison groups depending on patients’
vitamin D intake. No effect of vitamin D intake on
sputum conversion time was found, either by smear
microscopy or culture.

Thus, based on the published research, no statistical
differences have been found in the effectiveness of TB
treatment, including cooccurring HIV / TB treatment,
in patient groups depending on vitamin D intake.
The noted positive clinical effects of combined anti-
TB treatment with vitamin D intake, such as faster
reduction of intoxication symptoms, normalization of
acute-phase proteins in peripheral blood, and impact
on destructive processes in the lungs, require further
study.

CONCLUSION

In the global medical community, research
focused on developing host-directed therapy has
intensified [4, 5, 39, 40]. Today’s challenges for
phthisiology require not only progress in creating new
anti-TB drugs and repurposing existing medicinal
compounds but also re-engineering of multifunctional
personalized immunotherapy. Immune activators or
suppressors based on chemical compounds, drugs
with immunomodulatory properties, interleukins,
granulocyte-macrophage colony-stimulating factor,
cell therapy based on allogeneic immune effector
cells, as well as new drugs obtained through nano- and
biotechnologies, can make an effective contribution
to schemes for combined anti-TB therapy aimed
primarily at reducing treatment duration and increasing
safety and clinical effectiveness.
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Stimulation of receptor-induced expression of
antimicrobial peptides, induction of autophagy,
as well as regulation of proinflammatory cytokine
secretion and modulation of matrix metalloproteinase
production comprise the potential of immunoadjuvant
therapy for TB patients using vitamin D. Currently,
due to the lack of data, Russian specialists have not
reached a consensus regarding the use of vitamin D
in chemotherapy regimens (standard / individual),
age categories of patients (newly diagnosed / relapse
/ chronic course), localization of the process, as well
as comorbid HIV. Therefore, initiating clinical trials
on the use of vitamin D in TB and HIV infection,
taking into account individual patient characteristics,
is a pressing issue for developing clinical
guidelines.
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Dendritic cells as a basis for designing anti-cancer vaccines
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ABSTRACT

Dendritic cells (DCs) have been shown to play a pivotal role in orchestrating the immune response against tumors,
thereby acting as a link between innate and adaptive immunity. DCs capture, process, and present tumor antigens
to T cells, which triggers a specific immune response aimed at destroying cancer cells. DCs are a heterogeneous
population that includes several subtypes, such as conventional DCs (¢cDC1, cDC2) and plasmacytoid DCs (pDC).
Each subtype has unique functions: cDC1s specialize in activating CD8+ T cells, while pDCs produce interferons
in response to viral infections. In a tumor microenvironment, DCs are often depleted of their functionality due to
immunosuppressive factors, such as IL-6 and PGE2, which impedes their ability to activate T cells. Furthermore,
an imbalance between oxidative phosphorylation and glycolysis regulated by the AMPK/mTOR axis may lead to
the immunosuppressive phenotype of DCs.

A promising direction in cancer immunotherapy is the creation of DC-based vaccines that can restore the
immunogenicity of cold tumors lacking T cell infiltration. Such vaccines can be created by generating DCs in vitro
or modifying them to enhance the presentation of tumor antigens.

Despite significant advances, the biology of DCs remains poorly understood. This lecture highlights the importance
of DCs in developing new cancer treatment strategies and opens up prospects for more effective immunotherapeutic
approaches.
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00pabaThIBAIOT M MPEJCTABISAIOT OIyXOJIEBbIC AHTUIeHbI T-KJIETKaM, 4TO 3aIyCKaeT crielu)UIecKuil UMMYHHBII
OTBET, HAIPABJICHHBIH Ha YHUUYTOXKEHHE PAKOBBIX KJIETOK. IIpencTaBisfiorT co00il HEOTHOPOIHYIO MOIYJIAIHMIO,
BKJIIOYAIOIYI0 HECKOJIBKO MOJATHUIOB, TakuxX kak oObryHble K (cDCI1, ¢DC2) n mnasmoruronausie K (pDC).
Kaxaplii moaTun BeIMoiHsAeT yHuKanbHble GpyHkiuu: ¢cDC1 cnenmanusupyrorcs Ha aktuBaruu CD8+ T-ki1eTok, a
pDC BbIpabaTbiBatoT HHTEP(EpOHBI. B MUKpOOKpyskeHuH omyxonu JIK yacTo TepsroT cBOI0 (hYHKIHMOHATBHOCTD
M3-32 IMMYHOCYTIPECCHBHBIX (D)akTOpoB, Takux kKak IL-6 u PGE2, uto 3aTpynuser ux crnocoOHOCTh aKTHBHPOBATh
T-xnerkn. Kpome Toro, HapyuieHne OanmaHca MEXAY OKHMCIMTEIBHBIM (OCHOPUIMPOBAHUEM U TIIMKOIH30M,
peryaupyemsiM ocbio AMPK/mTOR, Moxer npuBoauTh K MMMyHOCyTpeccuBHOMY (enorumy K.

HepCHCKTI/IBHLIM HanpapJICHUEM B UMMYHOTEpANUM paKa sABJIACTCA CO3JaHHUC BAKIWH Ha OCHOBE I[K, KOTOPBIC
MOI'yT BOCCTaHaBJIMBATHL UMMYHOTCHHOCTb «XOJIOAHBIX) onyxoneﬁ, JIMIICHHBIX I/IH(l)I/IJ'H)TpaIII/II/I T-knerok. Takue
BaKIUHBI CO3JaHbI IYTEM I'€HEpallun I[K in vitro Wi Ux MO,I[I/I(i)I/IKaIII/II/I JUIA YCUIICHUS MIPE3CHTAUU OITyXOJICBbIX
AHTUI'CHOB.

HCCMOTp}I Ha 3HAYUTCJIbHBIC YCIIEXHU, OnoIorust I[K OCTaCTCA HEAOCTATOYHO I/ISY‘I@HHOI‘/'I. Orta pa60Ta NOAYCPKUBACT
Ba’XHOCThb I[K B pa3pa60TKe HOBBIX CTpaTCFI/Iﬁ JICUCHUS paKa U OTKPLIBACT NEPCICKTUBBI AJI CO3MaHU Ooiee
3(b(1)CKTHBHBIX UMMYHOTEPANIEBTUICCKUX MOAXOA0B.

KuroueBrble ciioBa: JACHAPUTHBIC KJIIETKU, [IPOTUBOOITYXO0JIEBAsA BaKIIMHA

KonpankT mHTepecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX ¢ MyOIMKaUel HaCTOsIIeH CTaTbu.

Hcerounnk ¢QunancupoBanusi. ABTOpBI 3asBISIOT 00 OTCYTCTBHM (DMHAHCHPOBAHUS NPH IPOBEJICHUH
HCCIICIOBAHUSL.

Jast uurupoBanusi: Opannmsnn E.M., bannoskuna B.A., Cypuxosa E.U., Yepspuna H.JI., Kannuesa U.B.,
Menbiienuna A 1., [luxnsposa A.W., Heckyouna 1.B. JIeHApUTHBIC KJICTKH KaK OCHOBA KOHCTPYHPOBAHHUS TTPO-
TUBOPAKOBBIX BaKUMUH. Browiemens cubupckot meduyunvl. 2025;24(3):172-178. https://doi.org/10.20538/1682-

0363-2025-3-172-178.

INTRODUCTION

The immune system plays a key role in recognizing
and destroying tumor cells, and in recent years,
significant advances have been made in developing
therapeutic strategies aimed at activating the immune
system to fight tumors [1].

Cell-based therapeutic anti-cancer vaccines use
autologous tumor cells derived from the patient,
allogeneic tumor cell lines, or autologous antigen-
presenting cells to mimic the natural immune process
and stimulate an adaptive immune response against
tumor antigens. Such vaccines have been developed
over decades and various approaches have been used
to create vaccine constructs for anticancer therapy. In
general, they can be divided into cell-based vaccines,
viral vector-based vaccines, and molecular vaccines
consisting of peptides, deoxyribonucleic acid (DNA)
or ribonucleic acid (RNA) [2].

Tumor cell-based vaccines have an important
advantage: they contain multiple neoantigens, thus
avoiding the need for prior identification of specific
target antigens. However, their efficacy may be
limited by inadequate presentation of antigens to the
immune system. If the antigens are not effectively

presented by dendritic cells, the immune response
may be weak, reducing the efficacy of the vaccine
[3]. Tumor neoantigens are proteins produced as a
result of mutations in tumor cells that can undergo
processing and presentation for recognition by T
lymphocytes [4].

The aim of this lecture was to discuss the use of
dendritic cells in the development of novel cancer
treatment strategies.

THE ROLE OF DENDRITIC CELLS
IN ANTITUMOR IMMUNITY

Dendritic cells (DCs) play a key role in producing
effective T-cell responses against tumors and are
the basis of modern immunotherapy strategies
aimed at replenishing depleted T cells in the
tumor microenvironment. Cancer therapy with
DC-based vaccines has attracted considerable
attention. However, their functional behavior is
determined by multiple factors. The type of DCs,
transcription program, location, intratumor factors,
and inflammatory environment all influence DCs,
which may result in enhancement or suppression of
antitumor immunity [5].
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Conventional DCs (cDCs) are formed in the
bone marrow from a common monocyte — dendritic
cell progenitor (MDP), from which a common DC
progenitor (CDP) originates. In the bone marrow, it
gives rise to cDC1 (pre-cDC1) and cDC2 (pre-cDC2)
precursors, whose terminal differentiation occurs in
peripheral tissues under the influence of the antigenic
and inflammatory microenvironment. Plasmacytoid
DCs (pDCs) are thought to develop from a separate
CDP subpopulation; however, there is an alternative
view that their progenitor may be an IL-7R+ lymphoid
precursor [6-8]. Using technologies based on the study
of single cells, it was found that rDCs originating
from lymphoid and myeloid tissues have different
functional and transcriptional profiles despite similar
phenotypic markers [9].

Immature DCs localize in the bloodstream or
peripheral tissues and are activated by signals delivered
through pattern recognition receptors (PRRs),
including Toll-like receptors (TLRs), retinoic acid-
inducible gene-lI (RIG-I)- like receptor, nucleotide-
binding oligomerization domain-like receptors, and
C-type lectin receptors (CLRs). These PRRs allow
DCs to respond rapidly to pathogen-associated
molecular patterns (PAMP) or danger-associated
molecular patterns (DAMP). Under conditions of
homeostasis, DCs take up harmless antigens that are
to be transferred. When DCs are activated through
PRR stimulation, they increase the expression of
chemokine receptors, such as chemokine C-C receptor
type 7 (CCR7), which promotes DC migration to the
draining lymph node. In addition, PRR activation
leads to increased expression of MHC molecules, co-
stimulatory surface molecules (CD40, CD80, CD86),
and cytokines (IL-12, IL-10, IL-23, TNFa), which
promotes the transition from resting immature DCs to
functional mature DCs capable of activating T cells in
the lymph node [10].

Possessing multiple PRRs, DCs recognize DAMP
signals and safety-associated signals, which is
crucial for triggering appropriate T-cell responses.
In addition, they efficiently integrate signals from
the local tissue microenvironment to fine-tune T cell
responses. Under normal physiologic conditions,
DCs play a key role in maintaining immune
homeostasis by activating T cells to destroy infected
or malignant cells and stimulating regulatory T
cells to attenuate chronic inflammation. Immune
dysregulation contributes to cancer and tumor-
induced immunosuppression, including T-cell
depletion, which poses significant obstacles to cancer

immunotherapy. Restoration of functional activity of
depleted T cells to stimulate antitumor response is the
main goal of modern immunotherapeutic strategies
[11].

DCs are professional antigen-presenting cells
optimized for activation of T-cell responses. DCs play
a central role in orchestrating effective CD8+ T-cell
responses against tumors [12]. At the initial stage of
antitumor immune responses, recognition of tumor
antigens by T cells depends on their presentation by
DCs. This process begins with the capture of tumor
antigens by DCs, which intracellularly bind to major
histocompatibility complex (MHC) molecules. These
MHC peptide complexes (pPMHC) are then transported
to the cell surface to prime and activate effector T
cells in the lymph node draining the tumor. DCs are
professional antigen-presenting cells (APCs). Their
expressed major histocompatibility complex type |
(MHC-I) molecules present antigens for recognition
to CD8+ and MHC-II — to CD4+ T lymphocytes,
where, with the participation of costimulatory
molecules, proliferation of a clone of T cells
specifically recognizing a certain antigen takes place.
The assistance of CD4+ T cells, especially activated
effector memory Th1 cells, enhances the activation of
CD8+ T cells through CD40 signaling to DCs [13].
This interaction promotes antigen cross-presentation,
migration of T cells to the tumor, and induction of
their effector functions and immunological memory
formation [14]. In the tumor microenvironment
(TME), cytotoxic T cells (CD8+) recognize specific
antigens on the surface of tumor cells, leading to their
destruction. Following tumor cell death, new antigens
are released and captured by APCs, which restarts the
cycle of anti-tumor immune responses. Importantly,
APCs that capture and process tumor antigens
may differ from those that activate tumor antigen-
specific T cells in lymph nodes. Several mechanisms
of antigen transfer between different types of DCs
have been proposed, including cross-presentation of
phagocytized fragments from donor DCs, presentation
via MHC, and synaptic transmission of antigen-loaded
vesicles [15].

SUBTYPES OF DENDRITIC CELLS

DCs are a heterogeneous population consisting
of multiple subtypes with unique functions that have
been identified over the past decade in both mice and
humans. However, the exact number of DC subtypes,
their interrelationships, and differences from other
mononuclear phagocytes remain a subject of research
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[16]. DCs can be divided into subtypes depending
on their function and phenotypic markers. Initially,
conventional DCs (cDCs) were distinguished from
plasmacytoid DCs (pDCs) on the basis of their
ability to directly present antigens to T cells [17].
Current studies of transcription factors regulating
DC differentiation in mice have greatly expanded the
understanding of their subtypes. The development
of advanced technologies, such as single-cell RNA
sequencing (ScRNA-seq), has made it possible to
clarify and improve the classification of DCs [16].
DCs are classified into three major subtypes: type 1
conventional DCs (cDC1), type 2 conventional
DCs (cDC2), and plasmacytoid DCs (pDCs). These
subtypes, interacting with one another, play a key
role in the formation and regulation of the adaptive
immune response.

Numerous studies have shown that human DCs
express high levels of MHC class Il molecules, such as
HLA-DR, amolecule required for antigen presentation,
and lack key markers of T cells, B cells, natural killer
cells (NK cells), granulocytes, and monocytes. In the
blood, DC subtypes include CD11C+ c¢DCs, composed
of CD141+ or CD1C+ cells, and pDCs, composed of
CD123+ cells. Conventional DCs efficiently stimulate
antigen-specific CD4+ and CD8+ T cells, while pDCs
specialize in the production of type | interferons in
response to viruses. The pDC and cDC subtypes differ
in the expression of numerous receptors, signaling
pathways, and effectors and play different roles in the
immune response [19].

However, the definition of DCs can still be
distorted by the limited number of markers available
for cell identification, isolation, and manipulation.
Such distortions, in turn, may affect the definition of
the function and ontogenesis of each DC subtype.

The study by A.K.Villani et al. [16] allowed
to develop a more accurate classification of DCs,
including six DC subtypes and four monocyte
subtypes, as well as to identify a circulating, dividing
dendritic cell precursor. In contrast to previous studies
that categorized human blood DCs as one population
of pDCs and two populations of ¢DCs, the authors
identified six DC populations: DC1 corresponds to
CD141/BDCA-3+ cDC1, which specializes in antigen
cross-presentation and is labeled with CLECO9A,;
DC2 and DC3 represent subpopulations of CD1C/
BDCA-1+ cDC2; DC4 corresponds to CD1C-CD141-
CD11C+ DC, which is best labeled with CD16 and
shares signatures with monocytes; DC5 is a unique
DC subtype such as DCs; and DC6 is an interferon-

producing pDC that has been isolated in a purer form
than previously identified pDCs defined by standard
markers (e.g.,, CD123, CD303/BDCA-2+) but
containing an admixture of other DCs (AS DCs).

Given the unique ability of cDC1 to present tumor
antigens to CD8 T cells, as well as their ability to
interact with CD4 T cells, they are considered to
be the main subset of DCs that regulate antitumor
responses of T cells. However, cDC2 has been shown
to be a critical factor in antitumor immunity under
certain conditions [5]. In one preclinical model with
diphtheria toxin receptor (DTR) knockout cDC1,
depletion of intratumor regulatory T cells (Treg)
enhanced migration of cDC2 into the tumor-draining
lymph node and eliminated the dysfunction, leading
to productive priming and activation of effector CD4
T cells [19].

Tumor-infiltrating DCs are characterized by
different functional states that play a key role in
antitumor immunity. To identify DC states associated
with productive antitumor T-cell immunity, E. Duong
et al. [20] compared spontaneously regressing and
progressing tumors. In Batf3-deficient (Batf3-/-)
mice lacking type 1 DCs, CD8+ T-cell responses to
tumor were lost in progressing tumors but preserved
in regressing tumors. Transcriptional profiling of
intratumor DCs in regressing tumors revealed an
activation state of CD11b+ conventional DCs (DC2)
characterized by interferon-stimulated gene expression
(ISG+ DCs). ISG+ DCs demonstrated an enhanced
ability to activate CD8+ T cells ex vivo compared to
DC1. In contrast to DC1, which perform antigen cross-
presentation, ISG+ DCs presented intact tumor cell-
derived peptide-MHC class | complexes. Continuous
production of type | interferon by regressing tumor
cells resulted in an ISG+ DC state, and activation
of these cells with exogenous interferon B restored
antitumor immunity in Batf3-/- mice. The genetic
signature of 1ISG+ DCs was also detected in human
tumors, suggesting their potential role in antitumor
protection. At the same time, under conditions of high
IL-6 and PGE2 expression, intratumor cDC2 may
acquire a pro-tumor phenotype characterized by CD14
expression and impaired antigen presentation [21].

METABOLIC PROGRAMMING OF
DENDRITIC CELLS

In DCs, metabolism is closely linked to
maturation signals and is therefore a key factor in
the activation or tolerogenicity of DCs in the tumor
microenvironment. In general, differences in the
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regulationof glycolysisand oxidative phosphorylation
programs are associated with anti-inflammatory or
proinflammatory DC phenotypes. The metabolic
needs of DCs have only recently been discovered,
and metabolic phenotypes, dependent on subtype and
environmental conditions, are closely related to their
functions. In immature DCs, the mammalian AMP-
activated protein kinase (AMPK)/mammalian target
of rapamycin (mTOR) axis is thought to play a key
role in maintaining the metabolic balance. AMPK
promotes oxidative metabolism and counteracts
MTOR, which activates glycolytic pathways after
TLR signaling [5].

The analysis of metabolic pathway activation at
the level of individual cells revealed simultaneous
involvement of several metabolic pathways at different
stages of monocyte-derived DC differentiation.
GM-CSF/IL4 induce rapid glycolysis-dominated
reprogramming  of  monocytes,  accompanied
by temporary joint activation of glycolysis and
mitochondrial pathways, which subsequently leads
to TLR4-dependent DC maturation. Disruption
of the balance between mTOR and AMPK
phosphorylation, as well as increased activity of
oxidative phosphorylation, glycolysis, and fatty acid
metabolism lead to two key features of tolerogenic
DCs - hyperactivity and an immunosuppressive DC
phenotype. These cells are resistant to maturation,
meaning that they fail to fully develop into mature
DCs, but instead retain an immature, dedifferentiated
phenotype and express unique immunoregulatory
receptors that enhance their immunosuppressive
properties. Data obtained at the individual cell level
provide important information on the metabolic
pathways that regulate the immune profiles of human
DCs [22].

In recent years, more and more studies have
confirmed that immune cells depend on certain
metabolic characteristics to perform their functions,
and that the extracellular environment can influence
their metabolism and vice versa. DC subtypes move
in a variety of environments from the bone marrow,
where they develop, to peripheral tissues, where they
differentiate and capture antigens before migrating to
the lymph node for antigen presentation and T cell
activation. It is likely that DC subtypes regulate their
ability to stimulate the immune response depending
on the unigue metabolic programs that are activated in
them. The metabolic needs of DCs have been studied
relatively recently, and their metabolic phenotypes,
which depend on cell subtype and environmental

conditions, are closely related to their functional
properties [10].

DENDRITIC CELLS OF CANCER PATIENTS

DCsplayakeyroleinthe tumor microenvironment
(TME). As the main antigen-presenting cells in
tumors, DCsmodulatetheantitumorimmuneresponse
by regulating the intensity and duration of responses
carried out by infiltrating cytotoxic T lymphocytes.
Unfortunately, due to the immunosuppressive nature
of TME, and high plasticity of DCs, tumor-associated
DCs often acquire a dysfunctional phenotype that
contributes to the evasion of the immune response.
Recent advances in the study of intratumor DC
biology have identified potential molecular targets to
improve their functional activity, which is involved
in cancer immunotherapy [23]. The data indicate that
both the number and function of DCs are reduced in
cancer patients, and to a greater extent in metastatic
tumors than in localized tumors [24]. Moreover,
the powerful immunosuppressive environment
created by tumors suppresses antigen presentation,
maturation and normal function of DCs by several
mechanisms, preventing an effective immune
response to the tumor [25]. Given what is known
about DC development and function, therapeutic
anti-cancer vaccines based on these cells have been
developed [26]. Vaccines based on DCs are able to
transform the so-called cold tumors, characterized
by the absence of infiltration by T cells, their
dysfunction or exhaustion, into hot tumors, which
stimulates the development of an effective anti-
tumor immune response.

It has been shown that DCs can be generated in vitro
in cancer patients or can be isolated from peripheral
blood (natural DCs) and modified to enhance their
functional competence. The use of DCs that have been
activated by tumor antigens to induce the immune
response has been proposed as a therapeutic strategy
for certain tumors. The goal of DC-based vaccines is to
stimulate the patient’s own immune system to trigger
an antitumor response that destroys malignant cells.
In addition, this response can form immunological
memory that can prevent recurrence of the
disease [27].

CONCLUSION

Although the importance of dendritic cells in
antitumor immunity is becoming increasingly clear, the
biology of dendritic cells is still not fully understood.
The functional behavior of dendritic cells is determined

176 BlonneteHb cMbupckoin MeguuuHbl, 2025; 24 (3): 172-178



Reviews and b ctures

by multiple
transcriptional

factors,
programs,

including their
localization,

subtype,
intratumor

conditions, and inflammatory environment. All of
these influence whether dendritic cells will promote an
effective T cell response or, conversely, inhibit it.
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ABSTRACT

Primary diffuse leptomeningeal melanocytosis (PDLM) is a rare neoplastic lesion of the central nervous system,
characterized by diffuse infiltration of the leptomeninges by melanocytes without apparent invasion into the brain
parenchyma. Diagnosing the disease is challenging due to its nonspecific clinical presentation and the lack of clear
neuroimaging criteria, necessitating morphological and immunohistochemical studies for definitive verification.

This article presents a clinical case of a patient with progressive neurological impairments, diagnostic challenges,
and postmortem verification of PDLM. The key differential diagnostic aspects, the morphological structure of
the tumor, and its immunohistochemical profile are described. Additionally, neuroimaging data are provided,
demonstrating characteristic changes associated with PDLM. The presented clinical case highlights the
necessity of a multidisciplinary approach to managing patients with chronic meningeal lesions of unknown
etiology and underscores the importance of further research in molecular diagnostics and potential treatment
strategies.
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PE3IOME

[epBuunseiii quddy3HbII TenToMmennHreansHblil MenanonnuTos (I1JIM) — peakoe omyxoseBoe MOpaXeHHE ICH-
TpaJbHOM HEPBHOH CHCTEMBI, XapakTepusyromeecs TupPy3HOH HHOWIBTpAIMEH MATKHX MO3TOBBIX 000JI0YEeK
MEJIaHOLMTAPHBIMH KJIETKaMu Oe3 SBHOW MHBAa3WH B TMapeHXHUMY TOJOBHOrO Mo3ra. J[MarHoctuka 3abojeBaHus
NPEJICTABISAET CIOKHOCTh B CBS3M C HECTICHM(PUYHOCTHIO KIMHHYECKOH KapTUHBI U OTCYTCTBHEM YETKHX HEM-
POBH3YAITM3alIMOHHBIX KPHTEPUEB, YTO TPeOYeT MPOBEACHUS MOP(OIOTHYECKOTO ¥ HMMYHOTHCTOXHMUYECKOTO
UCCIIeOBaHMIT U1 OKOHYATEIbHON BepU(DUKALIMI ANArHO3.

B craTbe npejcTaBieH KIMHUYECKUH ciTyuaii MaleHTa ¢ IPOrpecCHPYIONMMHI HEBPOIOTHUECKUMU HAPYLIIEHHAMH,
JIMarHOCTUYECKHMH CJIOKHOCTSIMH U ITOCTMOpTanbHOl Bepudukarumei [IJJJIM. Onucans! kitoueBbie quddepen-
IHaIbHO-JMarHOCTUYECKHE aCTIEeKThI, 0COOEHHOCTH MOP(OIOrNYECKOro CTPOEHHs OIMyXOlIU U €€ HMMYHOTHCTO-
xuMu4eckuil npoduis. Taxoke mpeacTaBieHbl JaHHBIC HEHPOBU3YaTH3aLlMOHHBIX HCCIICAOBAHUH, IEMOHCTPHPYIO-
[I1e XapakTepHble U3MEHEeHHUs, conpoBoskaatoue I1JJJIM. OnucanHbli ciydail 1eMOHCTpUPYET HEOOXOAUMOCTh
MEKIUCIUIIIMHAPHOTO MOX0a MPH BEJICHUH MAIMEHTOB C XPOHHYECKUMU MEHUHI€aTbHBIMU TIOPAYKEHUSIMHU He-
YCTAQHOBJIEHHOH 3THOJIOTUH ¥ MOAYEPKUBACT 3HAUNMOCTh JAIBHEHIINX HCCIECAOBAaHUN B 00IaCTH MOJICKYIISIPHOM
JIMarHOCTHKY U TTIOTEHIHANBHBIX TePaneBTUIECKUX CTPATETHH.

KioueBrble cioBa: nepBuuHbi auddy3HBI MEHUHTCadbHBIH METaHOLUTO3, HEHPOBU3YaNU3aIysi, UIMMYHOTH-
CTOXUMUSI, TATOMOP(OIOTHS

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IeI71 HaCTOHU.[eﬁ CTaTbu.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (\HHAHCHPOBAHUS TPH NMPOBEICHHN UCCIENO0-
BaHMSI.

Jas uurupoBanusi: Bropymun C.B., Bacunsuenko /[.B., Toukux O.C., Bropymmn K.C., lertsapenko H.B.,
Kpaxmans H.B. /lmarnoctudueckne ciaokHOCTH TmepBuuHOro mud¢ysHoro memanonutoda [[HC: xmmHMueckoe
HabmoaeHue. Broantemens cubupckoti meduyurol. 2025;24(3):179-186. https://doi.org/10.20538/1682-0363-

Diagnostic difficulties of primary diffuse leptomeningeal melanocytosis

2025-3-179-186.

INTRODUCTION

Primary leptomeningeal melanocytic neoplasms
(PLMN) represent a heterogeneous group of
extremely rare tumors of the central nervous system
(CNS), possessing unique histological and molecular
characteristics that fundamentally distinguish them
from other melanocytic or pigmented lesions,
including cerebral and leptomeningeal melanoma
metastases. Incidence rates for this group of neoplasms
in the general population have not yet been established
due to the lack of representative cohort studies, and
clinical and biological data on the pathogenesis and
natural course of the disease remain highly limited [1].

PLMN of the CNS originate from melanocytes,
which are derived from the neural crest and
migrate into the leptomeningeal membranes during
embryogenesis [2]. According to the current WHO
classification of CNS tumors (WHO 2021), this group

manifests either as a solitary, well-demarcated, and
voluminous leptomeningeal mass or as a diffuse /
multifocal leptomeningeal dissemination.

The WHO currently differentiates four categories
of primary melanocytic tumors of the CNS: meningeal
melanocytosis and melanomatosis, melanocytoma
(benign / low-grade malignancy), and meningeal
melanoma (malignant), each characterized by specific
features of the clinical course, malignant potential,
and corresponding prognostic indicators [3].

Primary diffuse leptomeningeal melanocytosis
(PDLM) is characterized by diffuse proliferation of
histologically benign leptomeningeal melanocytes
without apparent invasion into the brain parenchyma,
whereas primary diffuse melanomatosis appears as an
aggressive dissemination of histologically atypical or
malignant melanocytes through the leptomeningeal
membranes with invasion into the brain tissue [3].
Epidemiological data indicate that the incidence of
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meningeal melanocytomas is 1 case per 10,000,000
population per year, while the annual incidence of
meningeal melanomas is only 0.005 case per 100,000
population [4].

A major diagnostic challenge for clinicians
and pathologists in these lesions is the differential
diagnosis of PLMN from metastatic melanoma and
other pigmented primary CNS tumors. This aspect has
critical clinical significance for determining prognosis
and selecting an appropriate treatment strategy [5, 6].
The diagnostic algorithm is further complicated by
the fact that PDLM may present with a wide range
of nonspecific symptoms, including cephalic disorder,
nausea, vomiting, and seizures (primarily due to the
development of obstructive hydrocephalus), changes
in mental status, and focal neurological symptoms,
often leading to diagnosis by exclusion [7, 8].

PDLM like other primary CNS tumors exhibits
characteristic neuroimaging patterns. On computed
tomography (CT) scans, melanocytic tumors appear as
hyperdense lesions with typical contrast enhancement.
Magnetic resonance imaging (MRI) provides more
detailed visualization, demonstrating hyperintensity
of tumors on T1-weighted images and iso- or
hypointensity on T2-weighted images. However, MRI
findings can only suggest a melanocytic nature of the
tumor but cannot differentiate a primary tumor from a
secondary one [9, 10].

Despite the existing arsenal of diagnostic methods,
morphological examination of tumor tissue using
immunohistochemical techniques remains the gold
standard for verifying primary melanocytic tumors of
the CNS [11]. Timely and accurate diagnosis of PDLM
is crucial for determining the treatment strategy and
assessing the prognosis, given the malignant potential
of benign lesions and the overall trend toward poor
outcomes in diffuse disecase. However, the lack of
a standardized treatment approach makes patient
management extremely challenging [12, 13]. The
study of clinical cases, such as the one presented in
this article, contributes to a better understanding of
disease progression, diagnosis, and potential treatment
strategies.

CLINICAL CASE

Patient N., 48 years old, was admitted to the inpatient
emergency unit with a moderate condition and a
polymorphic clinical presentation, including progressive
lower extremity weakness, generalized asthenia, visual
disturbances, cephalic disorder predominantly localized
in the frontal region, and cervicalgia.

Medical History. The onset of the disease was
noted in early January 2024, when the aforementioned
symptoms first appeared. The patient initiated the
diagnostic process independently and underwent MRI
of the brain and cervical spine, which revealed signs
of moderately pronounced internal compensatory
hydrocephalus and degenerative dystrophic changes
in the cervical spine (C6/C7 disc protrusion,
uncovertebral and facet joint arthrosis, spondylosis,
and vertebral artery asymmetry).

After an unsuccessful attempt at self-medication
using nonspecific therapeutic agents, the patient was
initially hospitalized in the neurology department.
Following the inpatient examination and treatment, a
diagnosis of “Migraine without aura with autonomic
symptoms and rare moderate-intensity episodes” was
established. However, the prescribed therapy upon
discharge was ineffective, and no positive clinical
dynamics were observed.

Subsequently, the clinical symptoms progressed,
with the onset of diplopia, nausea, systemic dizziness,
and intensifying lower-limb paraparesis, leading to
significant limitations in motor activity. Notably, no
hyperthermic syndrome was detected. The patient
was admitted to the infectious diseases department
with a fully developed clinical presentation, and after
excluding an infectious etiology, he was transferred
to a specialized neurology unit for further therapeutic
decision-making and plasmapheresis.

At the initial neurological examination, a
combination of neurological abnormalities was
identified, including flaccid lower-limb paraparesis,
sensory disturbances, peripheral facial nerve paresis,
and signs of bulbar syndrome. Based on the medical
history and neurological status, a preliminary
diagnosis was established: “Acute inflammatory
demyelinating  polyneuropathy  with  flaccid
tetraparesis (mild in the upper limbs, pronounced in
the lower limbs), mild left-sided facial nerve palsy,
early manifestations of bulbar syndrome without
respiratory impairments”.

During hospital stay in the neurology department,
the patient underwent repeat MRI of the brain,
which revealed the following pathological changes:
symmetrical triventricular open / normal-pressure
hydrocephalus, involvement of the corpus callosum,
symmetrical involvement of the tectospinal tracts
(suggestive of a degenerative process or sequelae of
toxic damage), and changes in the leptomeningeal
membranes of the basal brain regions, characteristic
of leptomeningitis (Fig. 1-3).
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Axial T1-weighted image of the brain after the
administration of a contrast agent. Small areas
of enhanced MR signal from the pia mater, more
pronounced in the occipital region, narrowing
of cerebrospinal fluid space at high convexity,
expansion of the lateral ventricles in the context of
hydrocephalus.

Despite comprehensive conservative therapy, the
patient’s condition was characterized by a steadily

Fig. 1. Multislice Computed Tomography
of the Brain.

Fig. 2. Multislice Computed Tomography
of the Brain.

Fig. 3. Multislice Computed Tomography of the
Brain. Axial T1-weighted image of the brain and
sagittal T1-weighted image of the cervical spine were
performed after the administration of the contrast
agent. Multiple areas of enhanced MR signal from
the pia mater of the brain and spinal cord.

declining trajectory, and at day 18 of hospital stay,
amidst progressing neurological deficits, a fatal
outcome occurred.

The final clinical diagnosis was formulated
as follows: “Chronic leptopachymeningitis of
unspecified etiology, progressive course with cranial
nerve involvement (bilateral involvement of the
optic, oculomotor, and abducent nerves, left-sided
facial nerve involvement); bulbar dysfunction;
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flaccid tetraparesis predominantly affecting the lower
extremities”.

Sagittal T1-weighted images of the cervical and
upper thoracic spine before and after the administration
of the contrast agent. Areas of enhanced MR signal
from the unevenly thickened pia mater of the spinal
cord are more pronounced at the upper thoracic spine.

PATHOLOGIC EXAMINATION

Atautopsy, an area of discoloration of the meninges
to a brownish, translucent, dull shade was observed
bilaterally at the lateral sulcus of the brain, extending
to the transverse temporal gyri between the frontal
and parietal lobes. Similar changes were identified
in the pia mater at the transition zone between the
medulla oblongata and the spinal cord, as well as
in the cerebellar region. Fragments of the meninges

from these areas were collected for a subsequent
microscopic examination. The microscopic analysis
revealed that the pia mater was totally affected by
a diffusely growing tumor composed of large and
medium-sized epithelioid polygonal, round, and oval
cells. Tumor cells exhibited eosinophilic cytoplasm,
relatively monomorphic nuclei with coarse chromatin,
and distinctly visible small, round, eosinophilic
nucleoli. A distinguishing feature was the presence
of brown pigment granules within the cytoplasm
of most tumor cells. The tumor displayed areas of
microalveolar architecture. The mitotic activity of
the tumor was low, with 1-2 mitoses per 10 high-
power fields at x40/0.65 magnification. There were
no necrotic tissue changes, and no evidence of tumor
cell invasion into the neuroparenchyma was detected

(Fig. 4).
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Fig. 4. Primary Diffuse Meningeal Melanocytosis of the Pia Mater (Microphoto). The pia mater is diffusely infiltrated by small-
cell tumor with brown pigment granules in some cells. Hematoxylin and eosin stain: a — x4/0.10; b — x10/0.25.

IMMUNOHISTOCHEMISTRY
AND MOLECULAR GENETIC STUDY

To verify the histogenesis of the meningeal
neoplasm, an immunohistochemical study was
performed using the Leica Bond — Max fully automated
staining system (Germany). Tumor cells exhibited
positive expression of melanocytic markers: SOX10
(clone EP268, Cell Marque) and Melan-A (clone
A103, Dako). The Ki-67 proliferative activity index
(clone SP6, Cell Marque) was 2% in most parts of
the tumor (Fig. 5). Additionally, a molecular genetic
study was conducted to detect mutations in the BRAF

gene, which are characteristic of certain melanocytic
neoplasms.

Theresultsindicated the absence of activating BRAF
mutations, which is relevant for differential diagnosis
and understanding the molecular pathogenesis of this
tumor. Given the absence of extracranial melanocytic
tumors in the patient that could be considered as a
primary lesion, the diffuse involvement of the pia
mater without invasion of tumor cells into the brain
parenchyma, and the results of immunohistochemistry
and molecular genetic studies, the histological
type of the tumor was verified as primary diffuse
leptomeningeal melanocytosis.
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Fig. 5. Immunohistochemistry of the Pia Mater Tissue Samples with a Tumor. Immunohistochemistry: a — positive nuclear
expression of SOX10 in tumor cells, x4 / 0.10; b — positive cytoplasmic expression of Melan-A in tumor cells, x10 / 0.25; ¢ —
positive nuclear expression of Ki67 in single cells, x10 / 0.25.

FINAL PATHOLOGIC DIAGNOSIS

Primary Disease. Primary diffuse meningeal
melanocytosis with involvement of the pia mater
of both cerebral hemispheres, medulla oblongata,
pons, cerebellum, and cervical segment of the spinal
cord, as well as cranial nerve involvement (bilateral
involvement of the optic, oculomotor, and abducent
nerves, left-sided facial nerve involvement); bulbar
dysfunction; flaccid tetraparesis (based on medical
history data).

Complications. Triventricular symmetrical open
normal-pressure  hydrocephalus (MRI findings).
Hospital-acquired total polysegmental bilateral
fibrinous purulent pneumonia with abscess formation.
Sepsis. Acute cardiovascular failure. Acute respiratory
failure. Brain edema.

Comorbidities. Atherosclerosis of the aorta, type
I1-1V atherosclerotic plaques with a distribution of up
to 30%.

DISCUSSION

PDLM is a rare CNS pathology characterized by
diffuse infiltration of the leptomeninges by melanocytes
without apparent invasion into the brain parenchyma.
Thedescribed fatal clinical casedemonstrates significant
diagnostic challenges, highlighting the importance and
necessity of a multidisciplinary approach to managing
patients with progressive neurological symptoms of
unclear etiology. The clinical manifestation of PDLM
is nonspecific, including cephalic disorder, progressive
muscle weakness, visual disturbances, cognitive
impairments, and seizures.

In the presented case, there was gradual progression
of neurological symptoms mimicking various
neurological diseases, particularly demyelinating

polyneuropathy, which explains the substantial delay
in establishing the final diagnosis. Contrast-enhanced
MRI allowed for visualization of pathological changes
characteristic  of leptomeningeal involvement.
However, a definitive diagnosis was only made
post-mortem following the pathologic examination.
This underscores the limited capacity of modern
neuroimaging methods in the differential diagnosis of
primary melanocytic neoplasms of the CNS, which is
consistent with literature data [14, 15].

The autopsy confirmed diffuse infiltration
of the leptomeninges by pigmented cells with
low proliferative activity. The application of
immunohistochemical markers SOX10 and Melan-A
allowed for reliable identification of the melanocytic
nature of tumor cells, while the low Ki-67 proliferation
index (< 2%) indicated a formally benign biological
potential of the tumor.

During the differential diagnosis, metastatic
melanoma, leptomeningeal carcinomatosis, and
melanotic astrocytoma were considered. The absence
of primary extracranial melanocytic lesion, the lack
of invasive growth into the brain parenchyma, and
low mitotic activity allowed to exclude malignant
neoplasms from the differential diagnosis list. The
prognostic evaluation of PDLM remains uncertain due
to the rarity of the condition and the lack of sufficient
data on its natural course. In this case, despite the
absence of classical histological signs of malignhancy,
an aggressive clinical course was observed. The most
likely determining factors in the progression of the
disease were diffuse infiltration of the leptomeninges
and the subsequent development of secondary
hydrocephalus.

Treatment strategies for PDLM are limited due
to the lack of pathogenetically grounded treatment
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methods. The literature describes cases of surgical
intervention in localized forms of the disease and
potential use of chemotherapy and radiation therapy
in cases of malignant transformation; however, the
effectiveness of these therapeutic modalities in diffuse
PDLM remains debatable and requires further study.

CONCLUSION

The presented clinical case underscores the
necessity of including primary diffuse meningeal
melanocytosis in the differential diagnosis algorithm
for patients with chronic meningeal lesions of
unknown etiology. Modern neuroimaging methods
provide diagnostic value, yet they lack sufficient
specificity to establish a definitive diagnosis, which
must rely on comprehensive morphological and
immunohistochemical studies.

Promising research areas include investigation
of the molecular genetic characteristics of PDLM,
which could potentially contribute to the development
of innovative diagnostic approaches and targeted
treatment strategies. Accumulating and systematizing
data on this rare pathology within multicenter
studies may help optimize diagnostic algorithms and
therapeutic approaches, thereby improving patient
prognosis in PDLM.
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U3paTtenbckun oM CMbUpCKoro rocynapcTBeHHOro
MeAULUHCKOro YHUBEpCUTETa NPeAcCTaB/IeT CeEPUI0 KHUT

«Hacrmemye TOMCKO MeIULMHbI

Knura nocesiweHa 130-neTHemy tobuneto kadenpbl rocnutansHOM XMpyprim
Cunbl'MY. MpuBegeHbl Grorpaduyeckme gaHHble 79 COTPYAHMKOB KITMHUKM U
Kadeapbl rocnutanbHou Xupyprum B nepuod ¢ 1892 no 2022 r. im npeaLiectsyet
nogpobHas cTaTbs, XapakTepusyoLlasi OCHOBHbIE Hay4YHO-NpaKTU4ecKue

LOCNUTANEHOARXUPYPTAM]

G R e A e COCY ANCTON AOCTUMXEHUSA KONnnekTuBa Ha KaXXaoM UCTOPUYECKOM OTpe3Ke. B nsgaHum
YNOMAHYTbI HE TOJSIbKO BblAarolwnecsa Xxmpypru, 3ses3abl MI/IpOBOVI BENMUYUHBI, HO U

psfoBble Npodeccopa, AOLEHTbI, aCCUCTEHTbI, Bpauu-OpANHaATOPLI, MHOTUE U3
KOTOpPbIX CBsi3anu ¢ kadheapor 1 KINMHUKOWN BCHO CBOK TpyaoByto 6uorpaduto. Mpu
N3MNOXEHUW MaTepurana Hapsiay ¢ TPaAULMOHHBIMU UCTOYHMKaMK UHdbopMmaLum
Mcrnornb3oBaHbl aBTo6uorpaguyeckne JOKYMEHTbI, JaHHbIE U3 CEMENHbLIX apXVBOB,
NPOU3BOACTBEHHbIE XapaKTEPUCTUKN HEPEOKO C COXPaHEHWEM aBTOPCKOrO CTUSS.

3710 No3BonseT nonHee oLyTUTb atmocdepy B obLiecTBe 1 paboyem
KONMEKTUBE B pa3Hble rofbl CyLLECTBOBAHUS KMUHMKK. TekcToBasi UHchopmMaLms
conpoBoxaeHa boraTbiM UNMCTPaTUBHLIM MaTepuanom, MHorme dotorpacdum
ony6nvKkoBaHbl BNepBble.

WM3naHve npegHa3HauyeHo Ansi XMPYpros, CTYAEHTOB CTapLUUX KypCoB
BpayebHbIX (haKyrbTETOB, CNELMAnMCTOB MO UCTOPUN MEAULMHDI.

TpéxToMHas UNNOCTPUpoBaHHas
1NIeTONUCb OAHOIO U3 CTapenLmx
1 Hanbonee aBTOPUTETHbIX
MeanUMHCKuX By30oB Poccum —
CVI6V|pCKOrO (TOMCK?FO) rO?y,El,a[_)CTBeHHOF(? HANOCTPHPOBAHHLE CTPAHMIE

MEAMLIMHCKOrO YHUBEPCUTETA SABMSAETCA MO CyTW NEPBOV CEPbE3HON NOMbITKON AETOMHCH
ocBeTUTb BGornee Yem 140-NeTHIO NCTOPUIO 3TOrO NPOCaBNEHHOIO
yHuBepcuteTa.OCcob6eHHOCTBI0 M3aaHUs SBNSETCS ero 6oratenwmin MNncTpaTuBHLIN
matepwvan, BkovawLwmii 6onee YeTblpéx Toicsy dpoTorpacpuii (B TOM uncne paHee
NpakTUYECKN HEM3BECTHbIX), U HUKOTAA He Ny6rnvKoBaBLUMECS 0 STOro KpaiHe
NBONbITHbIE U MHTEPECHBbIE haKTbl O XM3HU YHUBEPCUTETA, Er0 CTYAEHTOB 1
npoeccopoB, BOCMOMWHAHWSA U pacckasbl BbIMyCKHUKOB U NpenofasaTenei By3a.
[ns camoro LUMpOKoro Kpyra
yuTaTernen, UHTepecyLLMXcs
VNCTOPUEN POCCUNCKNX YHUBEP-
CUTETOB, OTEYECTBEHHOIO BbIC-
LIero MeamumHckoro obpaso-
BaHUS 1 HayKuW, pasBUTUEM

KMUHUYECKVX 1 Hay4YHO-Meau-
AEAHE"“K LIVHCKMX LLKOJ1, 30PaBOOXPaHEHNS,
HHHTPH“ nHHTpHEB“q ncrtopuen TOMCKa,PCMGMpM,
oCCuH. ..

fIBJIOKOB

B kHure npeacraeneHbl 6uorpadus u 0630p Hay4How,
negarornyeckon U o06LLEeCTBEHHOW AEATENBHOCTU
BblJAIOLLIErocst Y4EeHOro, TepanesTa, KNMHULWCTA, akageMuka
AMH CCCP, l'eposi Counanuctmnyeckoro Tpyaa, naypeara
CranuHckon npemun Omutpusa Omutpresnya Abnokosa
(1896-1993).

[na Bpayen, CTyAEHTOB, BCEX UHTEPECYIOLLUMXCH UCTOPUEN
MEAULINHDI.




bulletin.ssmu.ru

o | Bronnetens cuBMpoxoi MenuumHel [o)
ISSN PRINT: 1682-0363  ISSN ONLINE: 1819-3684 | s = bulletin ENG | PYC

BronneteHb cubupckoit MeAULIMHBI

Q PacuimpeHHbii nouck

[ APXHUB

TTIABHAS OJKYPHANE ~ MOMKABMHET |  MOMCK  |CBEMWAHOMEP|  APXMB | HOBOCTH R

OTNpaBuTE CTATHIO

Han TlpaBrAa AAA ABTOPOE
LIeMENNLIMHTKOT A «bionnereHb
CHEMpCKOH

Penenzupoeanne

eavumHel/Bulletin of Siberian Medicine» MAPHLIM DTHKa nyOAHKaIHH
petet : EUATHBIM K oTpa

TOITYAAPHBIE C

B LlenomM

NNATHAT

W || O WG CBERLENINK
3

Ianbook.com

Global Google by 9BC e

B = |[[ PTE

[ rnmj.ru’ PSSP

MEMMLMH

ISSN 1682-0363 (print)

ISSN 1819-3684 (online)

BIOMETEHb CUBPCKOW MEAULINHDI
2025.T.24.N23.1-186



