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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 μg/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 μg/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.
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РЕЗЮМЕ

Цель. Изучить ex vivo влияние высокотемпературного воздействия (55–56 °C) в сочетании с ванкомицином 
на поведение культуры патогенного золотистого стафилококка (S. aureus).  

Материалы и методы. Жидкую культуру метициллинрезистентного S. aureus (MRSA) штамм 43300 на-
гревали ex vivo (55–56 °C, 0–60 мин) с или без добавления ванкомицина (20 мкг/мл), затем инкубировали 
(37 °C, до 120 мин). В качестве контроля использовалась микробная взвесь (100 или 250 микробных тел 
на 1 мл изотонического хлорида натрия) при 37 °C. После экстремального воздействия культуры S. aureus 
высевали на плотную питательную среду, через 48 ч определяли выход колониеобразующих единиц (КОЕ) 
методом компьютерной морфометрии цифровых изображений бактериальных культур в чашках Петри. 
Для каждой экспериментальной подгруппы (контроль роста; термоабляция; антибиотик; термоабляция + 
антибиотик) проводили не менее трех повторений.    

Результаты. Отработан временной интервал высокотемпературного воздействия для определения 
полулетальной дозы нагревания (LD50) в отношении жидкой микробной культуры, который составил 
12,25 мин при плотности разведения 100 микробных тел/мл растворителя. При увеличении плотности 
бактериальной культуры до 250 микробных тел/мл растворителя 30 мин ее нагревания до 55–56 °C не-
достаточно для подавления роста MRSA на агаре. Ванкомицин в терапевтической дозе 20 мкг/мл не 
влияет на выход КОЕ использованного патогенного штамма 43300. В то же время комбинированное ex 
vivo воздействие термоабляции и антибиотика оказывает бактериостатический эффект на уровне 28% (p < 
0,001) подавления роста бактерий на агаровой питательной среде.   

Заключение. Выявлен бактериостатический эффект комбинированного применения высокотемпературного 
воздействия с ванкомицином, неэффективных по отдельности. Полученные результаты имеют практическую 
значимость для реконструктивной хирургии костной ткани, однако требуют проведения дополнительных 
исследований для уточнения механизмов обнаруженного феномена.

Ключевые слова: MRSA, жидкая культура, высокотемпературное воздействие, антибактериальная тера-
пия, колониеобразующие единицы, бактериостатический эффект
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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 21st 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.nlm.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 (IAI;  
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 IAI [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 III–IV 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 μg/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 (Q1; Q3).

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 mm2/dish) of the 
control); and by minute 30, the growth of MRSA 
colonies on agar was completely absent (Fig. 3).

Gorokhova A.V., Nasibov T.F., Mushtovatova L.S. et al. Estimation of combined ex vivo effect of thermal ablation and vancomycin
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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).

solid nutrient medium (Fig. 2, c). 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 (0 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) mm2/dish (Fig. 2, a) and 
198.08 (180.85; 216.97) mm2/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).

а                                                 b                                              c

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; c – 55–56 °C 15 min + 105 min at 37 °C
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Fig. 3. Graphical approximation of experimental data on the 
area of CFUs (mm2) 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 (Q1; Q3). 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 
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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 
μg/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 μg/ml at 37 °C.

T a b l e

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

Group,
n = 3

Sample 
size in each 

group, n1

Relative area of   
bacterial culture, 

Me (Q1; Q3) 

Pairwise com-
parison,  

the Brunner– 
Munzel test

MRSA 37 оC, 
growth control 24 100.00

(87.58; 123.44) 5.13; 
p = 0.16MRSA + VMN 

37 оC 24 97.23
(81.95; 116.85)

____________

Note .  VMN is vancomycin, 20 μg/ml; n is the number of Petri dishes 
in each group, divided into 8 segments in each dish (n1) for more 
accurate determination of the parameter

In turn, under conditions of 30-minute heating of 
the liquid bacterial culture at a temperature of 55– 
56 оC, VMN at a therapeutic concentration (20 μg/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 оC (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 μg/ml) to the liquid culture without 
heating did not affect the yield of microbial CFUs on 
agar (Table).
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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; b – MRSA + 

VMN 20 μg/ml
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Fig. 7. Graphic representation (% of the control) of the areas 
of MRSA CFUs after adding vancomycin (20 μg/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 drugs of different groups (aminoglycosides, 
macrolides, and lincosamides) [1]. Due to the high 

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 μg/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 μg/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).

A possible explanation 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 

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 
оC: a – MRSA growth control without antibiotic; 

b – MRSA + VMN 20 μg/mlа          b

           MRSA + VMN 37°C               MRSA + VMN 56°C
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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 e�ect of local injections of paricalcitol into the parathyroid glands 
on parathyroid hormone levels, vascular calci�cation, and bone mineral 
density in patients with chronic kidney disease

Zhulina E.M., Brykun M.V., Saprina T.V., Vorojcova I.N., Tskhay V.F., Komkova T.B.

Siberian State Medical University (SibSMU) 
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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 (n = 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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Влияние местных инъекций парикальцитола в околощитовидные  
железы на уровень паратгормона, сосудистую кальцификацию  
и минеральную плотность костной ткани у пациентов с хронической 
болезнью почек

Жулина Е.М., Брыкун М.В., Саприна Т.В., Ворожцова И.Н., Цхай В.Ф., Комкова Т.Б.

Сибирский государственный медицинский университет (СибГМУ) 
Россия, 634050, г. Томск, Московский тракт, 2

РЕЗЮМЕ

Цель. Изучить влияние местных инъекций парикальцитола в околощитовидные железы на костный обмен 
у пациентов с хронической болезнью почек (ХБП) и вторичным гиперпаратиреозом (ВГПТ) при умеренном 
повышении уровня паратгормона (ПТГ) (300–600 пг/мл). 

Материалы и методы. В исследование включены 48 пациентов с терминальной стадией ХБП и ВГПТ с 
концентрацией паратгормона 300–600 пг/мл. Все пациенты до начала исследования получали стандарт-
ное медикаментозное лечение, включающее коррекцию гиперфосфатемии, гипокальциемии и нарушения 
кальциево-фосфорного обмена. В основную группу (n = 14) вошли пациенты, которым было технически 
возможно проведение инъекций парикальцитола под ультразвуковым контролем в околощитовидные 
железы. Оценивались динамика уровня ПТГ, кальцификация сосудов, минеральная плотность костной 
ткани, уровни ПТГ, b-CrossLaps и FGF23. 

Результаты. Многомерный логистический регрессионный анализ показал, что остеопороз и сосудистая 
кальцификация достоверно связаны с возрастом, уровнем ПТГ, длительностью диализа, индексом 
коморбидности, b-CrossLaps и FGF23. Пороговые значения возраста пациента и ПТГ составили 33 года 
и 301 пг/мл для развития остеопороза и 29 лет и 301 пг/мл – для сосудистой кальцификации. Корреля-
ционный анализ выявил статистически значимую связь между FGF23 и продолжительностью диализной 
терапии, b-CrossLaps и уровнем ПТГ, а также между FGF23 и b-CrossLaps. Индекс коморбидности также 
увеличивался с возрастом и уровнем ПТГ. Через 3 и 6 мес лечения уровень ПТГ значительно снизился, 
а объем околощитовидных желез остался без изменений. После инъекций не наблюдалось серьезных 
осложнений, а кратковременная местная болезненность отмечалась только у 8 (57%) пациентов. 

Заключение. Инъекции парикальцитола в околощитовидные железы под ультразвуковым контролем 
способствуют снижению уровня ПТГ, улучшению показателей ремоделирования костной ткани и создают 
предпосылки для предотвращения сердечно-сосудистых осложнений, что требует дальнейшего изучения в 
рамках более масштабных исследований.

Ключевые слова: вторичный гиперпаратиреоз, хроническая болезнь почек, минеральные и костные 
расстройства, парикальцитол, местные инъекции
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INTRODUCTION

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 

(Ca) levels, phosphorus (P) levels, fibroblast 
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 hypercalcemia as 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 (n = 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, 
so non-parametric statistical methods were used for 
the analysis. Descriptive data were presented as the 
median and the interquartile range Me (Q25;Q75). 
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.

To evaluate 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 (n = 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 (n = 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).

T a b l e  1

Demographic and Laboratory Parameters in Both Groups

Parameters Main group  
(n = 14)

Comparison 
group (n = 34) p

Age, years, Me (Q25;Q75) 59 (49;65) 56 (43;68) 0.83

Male, % 71.4 44.1 -

Duration of dialysis, 
months, Me (Q25;Q75)

60 (27;96) 36 (12;69) 0.21

PTH level, pg/ml,  
Me (Q25;Q75)

504 (489;601) 365 (320;425) 0.17

b-CrossLaps level, ng/ml, 
Me (Q25;Q75)

1.1 (0.9;2.2) 1.9 (1.1;2.5) 0.19

FGF23 level, pmol/l,  
Me (Q25;Q75)

14.8 (5;18) 18.1 (5;20) 0.50

Presence of osteoporosis, % 64.3 85.2 0.83
Presence of vascular 
calcification, % 64.3 58.8 0.78

Volume of parathyroid 
glands, mm³, Me (Q25;Q75)

16 (15.2;16.5) 15.5 
(15.2;15.9) 0.23

Zhulina E.M., Brykun M.V., Saprina T.V. et al. The effect of local injections of paricalcitol into the parathyroid glands on parathyroid 
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Factors Associated with Osteoporosis 
and Vascular Calcifi cation

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

T a b l e  2

Association of Osteoporosis and Vascular Calcifi cation with 
Demographic Data and Biochemical Variables Based on 

Multivariate Logistic Regression Analysis (Binary)

Parameters
Osteoporosis Vascular calcifi cation

p OR CI p OR CI
Age, years 0.00 5.84 1.7–6.2 0.02 1.05 0.97 – 1.12
Duration of 
dialysis, months 0.00 1.63 1.05–1.89 0.01 1.01 0.99 – 1.03

PTH level, pg/ml 0.01 1.01 1.01–1.30 0.03 1.37 0.78 – 2.41
Comorbidity 
index 0.00 2.50 1.80–3.20 0.02 1.00 0.99 – 1.00

b-CrossLaps 
level, ng/ml 0.01 1.30 1.10–1.50 0.01 2.11 0.80 – 5.67

FGF23 level, 
pmol/l 0.01 1.25 1.10–1.40 0.03 1.01 0.91 – 1.12

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

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

T a b l e  3

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

analysis

Parameters
Osteoporosis Vascular calcifi cation

p AUC Threshold 
value p AUC Thresh-

old value
Age, years 0.00 0.88 33 0.01 0.71 29
Duration 
of dialysis, 
months

0.00 0.84 12 0.04 0.64 5

PTH level, 
pg/ml 0.01 0.62 301 0.01 0.58 301

Comorbidity 
index 0.00 0.92 3 0.01 0.71 3

b-CrossLaps 
level, ng/ml 0.01 0.66 0.52 0.04 0.60 0.19

FGF23 level, 
pmol/l 0.01 0.73 0.78 0.01 0.54 0.92

Analysis of Serum Markers
The results of the univariate correlation analysis 

between bone turnover markers and demographic 
variables showed a direct statistically signifi cant 
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).

T a b l e  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* –

____________
* – signifi cance 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).

Fig. 1. Dynamics of parathyroid hormone concentration in both groups over 6 months
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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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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 (p = 0.01), 
and FGF23 increased from 14.75 (4.73;18) pmol/l  
to 20 (7.2;20) pmol/l (p < 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) 
mm³ (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 
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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, 

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
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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 
as a minimally invasive treatment for SHPT. In patients 
with PTH levels above 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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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 (p = 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 (p = 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 (p = 0.040), non-high-
density lipoprotein cholesterol (non-HDL-C) was 1.24 times higher (p = 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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Кардиометаболические и эхокардиографические характеристики 
сердечно-сосудистого фенотипа постковидного синдрома

Зорина В.В.1, Гарбузова E.В.2, Афанасьева А.Д.2, Щепина Ю.В.2, Палехина Ю.Ю.2, 
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Института цитологии и генетики Сибирского отделения Российской академии наук (ИЦиГ СО РАН) 
Россия, 630089, г. Новосибирск, ул. Бориса Богаткова, 175/1

РЕЗЮМЕ

Цель. Изучить кардиометаболические и эхокардиографические характеристики реконвалесцентов 
COVID-19, в том числе пациентов с сердечно-сосудистым фенотипом постковидного синдрома (ПКС).

Материалы и методы. Выборка 270 реконвалесцентов COVID-19: 62 без ПКС и 208 с ПКС. В подгруппе с 
ПКС 16 реконвалесцентов имели сердечно-сосудистый фенотип. В ходе исследования учитывались данные 
анамнеза, антропометрии, ряда клинических, биохимических показателей крови, данных инструменталь-
ной диагностики (электрокардиографии и эхокардиографии). 

Результаты. У реконвалесцентов COVID-19 с ПКС (n = 208) уровень глюкозы плазмы крови натощак был 
выше в 1,10 раза (р < 0,001), чаще встречались: абдоминальное ожирение (АО) в 5,52 раза (р < 0,001), ар-
териальная гипертензия (АГ) в 4,96 раза (р < 0,001), диастолическая дисфункция  I степени в 5,55 раза (р = 
0,002) и  гипертрофия левого желудочка в 7 раз (р = 0,005), показатели максимальной скорости кровотока и 
градиента давления в легочной артерии у реконвалесцентов с ПКС были ниже в 1,08 (р = 0,020) и 1,14 раза 
(р = 0,043) соответственно.  У реконвалесцентов COVID-19 с ПКС (n = 16), имеющих сердечно-сосудистый 
фенотип, общий холестерин (ОХС) выше в 1,11 раза (р = 0,039), холестерин липопротеинов низкой плотно-
сти (ХС-ЛНП) выше в 1,21 раза (р = 0,004), холестерин липопротеинов высокой плотности (ХС-ЛВП) ниже 
в 1,22 раза (р = 0,040), холестерин липопротеинов невысокой плотности (ХС-неЛВП) выше в 1,24 раза 
(р = 0,005) по сравнению с пациентами без сердечно-сосудистого фенотипа. Увеличение ОХС, ХС-ЛНП, 
ХС-неЛВП и уменьшение ХС-ЛВП ассоциированы с сердечно-сосудистым фенотипом ПКС независимо от 
пола, возраста, индекса массы тела и гиполипидемической терапии.

Заключение. По данным исследования у пациентов с ПКС чаще встречались эхокардиографические изме-
нения и кардиометаболические факторы риска, такие как АО, АГ и нарушения углеводного обмена. Сер-
дечно-сосудистый фенотип ПКС ассоциирован с увеличением ОХС, ХС-ЛНП, ХС-неЛВП и уменьшением 
ХС-ЛВП.

Ключевые слова: реконвалесценты COVID-19, постковидный синдром, сердечно-сосудистый фенотип
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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- 

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.

Fig. 1. The structure of the cardiovascular phenotype

New onset of СVD n (%) Decompensation СVD n (%)

dyslipidemia      АH     HF       ТIA    АH     arrhythmia

8(33.3%)     8(33.3%)

3(12.5%)

1(4.2%)

2(8.3%)

1(4.2%)

Arterial 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/
m2) = body weight (kg)/height (m2) [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 
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formula [6]: LVMM (g) = 1.04 × ([LVEDD + IVSD + 
PWD]3–[LVEDD]3) – 13.6. Body surface area (BSA) 
according to the Du Bois and Du Bois formula:  
BSA (m2) = 0.007184 × weight (kg)0.425 × height 
(cm)0.725 [7]. The calculation of the relative wall 
thickness (RWT) of the left ventricle (LV) was 
carried out according to the formula: RWT (units) 
= PWD × 2 / LVEDD [8]. The LV myocardial 
mass index (LVMI) was calculated using the 
formula: LVMI (g/m2) = 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/m2.7, for women > 47 g/m2.7, 
and for patients with normal body weight, indexing 
was carried out using BSA > 115 g/m2 (men) and  
> 95 g/m2 (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/m2); 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). 

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). 

Main
without PCC

Fig. 2. Demographic data of COVID-19 convalescents with and without PCC

Age

without PCC       with PCC
men               women

withont PCC                     with PCC 

Zorina V.V., Garbuzova E.V., Afanaseva A.D. et al. Cardiometabolic and echocardiographic characteristics of the cardiovascular 



29

Or i g i n a l a r t i c le s

Bulletin of Siberian Medicine. 2025; 24 (3): 25–33

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 — 

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).

Glucose Fibrinogen

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

without PCC           with PCC without PCC             with 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 

T a b l e  1

Characterization of Morphofunctional Parameters of Individuals with and without PCC

Parameters COVID-19 convalescents without 
PCC, n = 62

Convalescents of COVID-19 with 
PCC, n = 208 p

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

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).
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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 
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). 

T a b l e  2 
Comparative Characteristics of Drug Therapy for COVID-19 

Convalescents with a Cardiovascular Phenotype and Other 
COVID-19 Convalescents, abs. (%)

Parameter

COVID-19 con-
valescents with 
a cardiovascular 

phenotype, 
n = 16

Other 
COVID-19 

convalescents 
with PCC, 

n = 192

p

Angiotensin-converting 
enzyme inhibitors 1 (6.3%) 51 (26.6%) 0.070

Angiotensin II receptor 
blockers 0 (0.0%) 49 (25.5%) 0.020

Beta-blockers 2 (12.5%) 59 (30.7%) 0.121
Calcium channel 
blockers 0 (0.0%) 34 (17.7%) 0.065

Diuretics 0 (0.0%) 54 (28.1%) 0.013
Centrally acting 
antihypertensive agents 1 (6.3%) 8 (4.2%) 0.698

T a b l e  3

Cardiometabolic Risk Factors in COVID-19 Convalescents with a Cardiovascular Phenotype and Other COVID-19 Convalescents,  
Me [25;75]

Parameters COVID-19 convalescents with a cardiovascular 
phenotype, n = 16

Other COVID-19 convalescents with PCC, 
n = 192 p

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/l 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.

Parameters COVID-19 convalescents without 
PCC, n = 62

Convalescents of COVID-19 with 
PCC, n = 208 p

EF by the Simpson method, % 67.00 [63.25;69.00] 67.00 [63.00;70.00] 0.564
Мean 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/m2 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, LVH – left ventricular 
hypertrophy

E n d   o f  т a b l e  1

Zorina V.V., Garbuzova E.V., Afanaseva A.D. et al. Cardiometabolic and echocardiographic characteristics of the cardiovascular 



31

Or i g i n a l a r t i c le s

Bulletin of Siberian Medicine. 2025; 24 (3): 25–33

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.

T a b l e  4 

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

Parameter Model 1
Exp(B)1

p Model 2
Exp(B)2

p Model 3
Exp(B)3

p Model 4
Exp(B)4

p

Age, in year 1 0.951
(0.905–0.999) 0.045 0.947

(0.901–0.996) 0.034 0.961
(0.920–1.003) 0.071 0.944

(0.897–0.993) 0.026

Sex, M/W 0.677
(0.228–2.004) 0.481 0.728

(0.242–2.196) 0.574 1.008
(0.322–3.156) 0.989 0.803

(0.263–2.453) 0.700

BMI, per 1 kg/m2 1.008
(0.918–1.106) 0.872 1.000

(0.911–1.098) 0.994 0.945
(0.849–1.052) 0.300 0.992

(0.901–1.092) 0.869

Hypolipidemic therapy, 
yes/no

0.329
(0.051–2.128) 0.243 0.346

(0.057–2.119) 0.251 0.247
(0.035–1.735) 0.160 0.316

(0.050–1.987) 0.219

TC, per 1 mmol/l 1.594
(1.023–2.483) 0.039 - - - - - -

LDL-C, per 1 mmol/l - - 2.033
(1.213–3.407) 0.007 - - - -

HDL-C, per 1 mmol/l - - - - 0.080
(0.012–0.524) 0.008 - -

non-HDL-C, per 1 
mmol/l - - - - - - 1.917

(1.218–3.017) 0.005

DISCUSSION
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]

M.R. Dweck et al. studied a sample consisting of 
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, 



32 Бюллетень сибирской медицины. 2025; 24 (3): 25–33

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
Patients with 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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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 I (main) included 73 patients, whose pregnancies were complicated by the fetal 
growth restriction. The main group was divided into two subgroups: Ia 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 II (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 β-subunit of 
human chorionic gonadotropin (β-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.
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РЕЗЮМЕ

Цель: оценить роль биохимических и биофизических параметров комбинированного пренатального скри-
нинга первого триместра в развитии клинических форм недостаточного роста плода.

Материалы и методы. Группа I (основная) – 73 пациентки, чьи беременности были осложнены развитием 
недостаточного роста плода. Основная группа была разделена на две подгруппы: Ia – 30 пациенток, чьи бе-
ременности были осложнены развитием задержки роста плода (ЗРП), Ib – 43 пациентки, чьи беременности 
были осложнены развитием маловесного для гестационного возраста плода (МГВ). Группа II (контрольная) – 
118 пациенток, чьи беременности закончились рождением живого доношенного ребенка с нормальными 
росто-весовыми показателями. Всем пациенткам проведен комбинированный пренатальный скрининг 
первого триместра с расчетом значений биохимических (ассоциированный с беременностью плазменный 
белок А – PAPP-A, свободная β-субъединица хорионического гонадотропина человека – β-hCG) и биофизи-
ческих (среднее значение артериального давления – САД, пульсационный индекс в маточных артериях – PI 
MA) параметров, значения которых в дальнейшем были подвергнуты анализу. 

Результаты. Уровень PAPP-A был статистически значимо ниже в группе ЗРП (0,793 МоМ) по сравнению с 
контрольной группой (1,048 МоМ), р = 0,005. Содержание РАРР-А в крови менее 0,793 МоМ увеличивает 
риск развития задержки роста плода в 3,244 раза (отношение шансов (OR) 3,244; 95%-й доверительный ин-
тервал (95% ДИ) 1,394–7,554, р = 0,005). Выявлено повышение пульсационного индекса при допплероме-
трии маточных артерий у пациенток с ЗРП по сравнению с группой МГВ (OR = 2,254; 95% ДИ 0,990–5,129, 
р = 0,017). Статистически значимые различия изученных параметров комбинированного пренатального 
скрининга первого триместра с развитием МГВ не были выявлены.

Заключение. Выявлены различия по биохимическим и биофизическим параметрам комбинированного 
пренатального скрининга для клинических форм недостаточного роста плода. Необходим дальнейший по-
иск новых прогностических маркеров недостаточного роста плода, что приведет к снижению перинаталь-
ных потерь. Требуется дополнительное проведение исследований для увеличения объема выборки россий-
ской популяции с целью уточнения роли составляющих компонентов пренатального скрининга. 

Ключевые слова: задержка роста плода, маловесный для гестационного возраста плод
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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 β-subunit of human chorionic 
gonadotropin (β-hCG) and pregnancy-associated 
plasma protein A (PAPP-A)) and biophysical (uterine 
artery pulsatility index (PI) 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 
a risk 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 
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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 β-subunit 
of human chorionic gonadotropin (β-hCG) and 
pregnancy-associated plasma protein A (PAPP-A) 
[10]. Screening was supplemented by determination 
of the uterine artery pulsatility index (PI) and double 
measurement of blood pressure (BP) in both arms, 
followed by the mean BP (MBP) value calculation. 
The obtained values of PI, 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 n > 50) and the 
Shapiro–Wilk test (for n < 50). In our study, the 
distribution was not normal, therefore, quantitative 
data are presented as the median and the interquartile 
range Me (Q1; Q3). 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 
(padjusted, 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 (I) 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 Ia included patients with antenatally diagnosed 
FGR (n = 30). FGR was defined as an ultrasound 
value of the estimated fetal weight (EFW) less than 
the 3rd percentile or an EW less than the 10th 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 3rd to the 9th percentile 
in combination with normal blood flow parameters 
according to Doppler data. 

The control (II) group consisted of patients whose 
pregnancy ended with the birth of a healthy full-term 
newborn with normal weight and height (n = 118). The 
postnatal assessment of weight and height in newborns 
was carried out according to the INTERGROWTH-
21st 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.

pIa-II is the level of statistical significance of 
differences between FGR and control groups;  
pIb-II is the level of statistical significance of differences 
between SGA and control groups; pIа-Ib is level of 
statistical significance of differences between FGR 
and SGA groups; padj = 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 PI 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 β-hCG content (H = 1.695, 
p = 0.428; H = 0.905, p = 0.636, respectively).  
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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 Ia (FGR) group and the 
control group (p = 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 PI was higher in group 
Ia (FGR) compared with groups Ib (SGA) and the 
control. However, statistically significant differences 
were obtained only between groups Ia (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 β-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 β-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 

T a b l e  1

Results of Biochemical and Biophysical Parameters of Prenatal Screening in the Study Groups, MoM, Ме (Q1; Q3)

Biochemical marker Main (Ia) group, n = 30 Main (Ib) group, n = 43 Control (II) group, n = 118 р

РАРР-А 0.793 (0.548; 0.997) 0.958 (0.524; 1.346) 1.048 (0.656; 1.346)
pIа-II = 0.005
pIb-II = 0.062
pIа-Ib = 0.583

β-hCG 1.305 (0.605; 1.476) 1.088 (0.538; 1.301) 1.124 (0.603; 1.391)
pIа-II = 0.644
pIb-II = 0.437
pIа-Ib = 0.433

PI 1.082 (0.801; 1.234 0.886 (0.691; 1.061) 0.956 (0.818; 1.126)
pIа-II = 0.06

pIb-II = 0.155
pIа-Ib = 0.017

MAP 1.075 (0.993; 1.099) 1.078 (0.976; 1.147) 1.042 (0.952; 1.133)
pIа-II = 0.698
pIb-II = 0.185
pIа-Ib = 0.638

____________
Note .  РАРР-А is pregnancy associated plasma protein А; β-hCG is free β-subunit of human chorionic gonadotropin; PI is uterine artery pulsatility 
index; MAP is mean arterial pressure. 
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significantly at a β-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 β-hCG level 
in various forms of FGR. The β-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 95th 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 β-hCG) and biophysical (MAP and 
PI) 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, 
β-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 PI 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 β-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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Ultrastructural aspects of mitochondrial translocation in colorectal cancer 
as a possible pathway of tumorigenesis 
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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 T2–3N0M0 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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Ультраструктурные аспекты транслокации митохондрий при раке 
толстой кишки как возможного пути распространения опухолевого 
процесса

Кит О.И.1, Шихлярова А.И.1, Франциянц Е.М.1, Ильченко С.А.1, Нескубина И.В.1,  
Кириченко Е.Ю.2, Логвинов А.К.3, Снежко А.В.1, Аверкин М.А.1, Габричидзе П.Н.1

1 Национальный медицинский исследовательский центр (НМИЦ) онкологии 
Россия, 344037, г. Ростов-на-Дону, ул. 14-я линия, 63
2 Донской государственный технический университет (ДГТУ) 
Россия, 344000, г. Ростов-на-Дону, пл. Гагарина, 1
3 Южный федеральный университет (ЮФУ) 
Россия, 344006, г. Ростов-на-Дону, пр. Стачки 194/1

РЕЗЮМЕ 

Цель. Изучение ультраструктурных особенностей клеток рака прямой кишки и обнаружение признаков 
транслокации митохондрий из опухоли в область линии резекции с оценкой возможности образования 
новых злокачественных клеток. 

Материалы и методы. В исследование включены результаты, полученные от 44 больных (средний возраст 
66 (58–73) лет), прооперированных по поводу рака прямой кишки T2–3N0M0 со степенью дифференциров-
ки G2. Часть опухолевого материала и ткани кишки по линии резекции помещали в фиксирующий раствор 
формальдегида/глутаральдегида. Применяли стандартные методы подготовки срезов, которые исследова-
ли с помощью электронного микроскопа Jeol JEM-1011 (JEOL Inc., Япония).

Результаты. Ультраструктура аденокарциномы прямой кишки характеризовалась высокой плотностью 
расположения и вариабельностью размеров и формы опухолевых клеток с крупным ядром и глубокими 
инвагинациями ядерной мембраны, скоплением множества митохондрий по одному из полюсов клетки. 
Было выявлено отшнуровывание фрагмента цитоплазмы, плотно заполненного митохондриями, в виде ми-
тохондриома с последующей транслокацией митохондрий в здоровые ткани кишки по линии резекции. 
По данным электронограмм можно было судить об активном передвижении митохондрий в форме мелких 
сфероидов и митовизикул вдоль границ многослойной структуры подслизистой оболочки прямой кишки, а 
затем их слияние в крупные органеллы, способных к реализации ядерного синтеза из транспортированных 
митохондриальных и ядерных ДНК. Отмечены отдельные ядерные структуры в кооперации с группами 
митохондрий и последующей самосборкой аномальных клеток.

Заключение. Ультраструктурный анализ аденокарциномы прямой кишки свидетельствует не только о не-
обходимости митохондриальной транслокации для освобождения внутриклеточного пространства и пре-
дотвращения метаболической угрозы накопления активных форм кислорода в клетках опухоли, но и указы-
вает  на ключевую роль митохондрий для старта опухолевого переноса энергии и информации как лидеров 
этих процессов. Это приводит к мысли о вероятности индукции процессов раннего рецидивирования и 
метастазирования рака прямой кишки.

Ключевые слова: митохондрии, аденокарцинома прямой кишки, ультраструктурный анализ

Конфликт интересов. Авторы декларируют отсутствие явных и потенциальных конфликтов интересов, 
связанных с публикацией настоящей статьи.

Источник финансирования. Авторы заявляют об отсутствии финансирования при проведении исследо-
вания.

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



44

Соответствие принципам этики. Все пациенты подписали информированное согласие на взятие и пере-
дачу биологического материала для проведения научных исследований, государственных заданий в обще-
ственно и социально полезных целях. Исследование одобрено этическим комитетом ФГБУ «НМИЦ онко-
логии» Минздрава России (протокол № 1 от 30.01.2023).
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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 1µm, 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 T2–3N0M0 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 vessels, 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); ×10,000

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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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 

а          b

c          d

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. ×12,000 

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, ×80,000; b – accumulation and 
fusion areas of spheroids and mitovesicles, 
×50,000; c, d – the formation of large abnormal 
mitochondria in the niches of curved spaces, 

×30,000
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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 
Drp1 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, ×20,000; b – an elongated 
shape of the formed nucleus with nuclei in close 

contact with mitochondria, ×15,000

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, ×10,000; b – the formation of a cellular structure including 
nucleus and mitochondria, ×20,000; c – the formation of a system of tubes and cisterns as a prototype of the Golgi apparatus and 

endoplasmic network, ×10,000

а            b                c 

а           b
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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 signaling 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 new foci of rectal adenocarcinoma growth. 
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 
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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

Klyshnikov K.Yu., Kostyunin A.E., Onishchenko P.S., Glushkova T.V., Akentyeva T.N., 
Borisova N.N., Kutikhin A.G., Ovcharenko E.A.

Research Institute for Complex Issues of Cardiovascular Diseases (RICICD) 
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 cm² (1.69 cm² 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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Гидродинамическая эффективность композитного протеза клапана 
сердца

Клышников К.Ю., Костюнин А.Е., Онищенко П.С., Глушкова Т.В., Акентьева Т.Н.,  
Борисова Н.Н., Кутихин А.Г., Овчаренко Е.А.

Научно-исследовательский институт комплексных проблем сердечно-сосудистых заболеваний (НИИ КПССЗ) 
Россия, 650002, г. Кемерово, б-р имени академика Л.С. Барбараша, 6

РЕЗЮМЕ

Целью исследования стала гидродинамическая оценка эффективности работы протезов клапанов сердца, 
изготовленных из ксеноперикарда, защищенного поливиниловым спиртом.

Материалы и методы. Для исследования были изготовлены экспериментальные протезы на основе 
модели биопротеза «ЮниЛайн». Ксеноперикард, использованный для створок, был модифицирован по-
ливиниловым спиртом для улучшения его стойкости к биологическим и механическим воздействиям. Ги-
дродинамические испытания проводили на стенде Pulse Duplicator, который моделирует функцию «левого 
сердца». Оценивали ключевые параметры работы протеза: средний транспротезный градиент, эффективная 
площадь отверстия, запирающий объем и объем регургитации. В качестве контроля использовали немоди-
фицированные протезы аналогичного размера. 

Результаты. Гидродинамические испытания показали, что экспериментальные протезы демонстрируют 
увеличение среднего транспротезного градиента до 6,59 мм рт. ст. (по сравнению с 5,29 мм рт. ст. у 
контрольной группы) и уменьшение эффективной площади отверстия до 1,52 см² (в контрольной группе – 
1,69 см²). Объем регургитации также увеличился до 23,3 мл/цикл, что выше показателя контроля  
в 12,2 мл/цикл. Несмотря на это, все показатели остаются в пределах допустимых значений, установленных 
ГОСТом. 

Заключение. Использование поливинилового спирта для защиты ксеноперикарда демонстрирует 
потенциальные преимущества в повышении стойкости материала к биологическим воздействиям, однако 
сопровождается некоторым ухудшением гидродинамических характеристик протеза. Тем не менее 
показатели эффективности остаются в пределах нормативов, что открывает возможности для дальнейшего 
совершенствования технологии. Дальнейшая трансляция технологии в клиническую практику требует 
корректировки характеристик материала для улучшения функциональных показателей протеза.

Ключевые слова: гидродинамические испытания, протез клапана сердца, транспротезный градиент, эф-
фективная площадь отверстия, регургитация
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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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Fig. 1. The UniLine bioprosthesis, standard 26 mm in size, and its main components: a – isometric view, b – side view
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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 cells and 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 

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.

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
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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 l/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. All 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 (Q1–Q3). 
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).

T a b l e  1

Hydrodynamic Performance of Experimental and Control Prostheses, Me (Q1–Q3)

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, cm2 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

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)

Control

Experiment

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, 

Klyshnikov K.Yu., Kostyunin A.E., Onishchenko P.S. et al. Hydrodynamic performance of a composite heart valve prosthesi



57

Or i g i n a l a r t i c le s

Bulletin of Siberian Medicine. 2025; 24 (3): 52–58

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 PVA 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 cm2, 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.

Keywords: antibacterial drugs, sources of information, antibiotic resistance, population, Republic of Belarus 

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the 
publication of this article.

Source of financing. The authors state that they received no funding for the study.

Conformity with the principles of ethics. The study was approved by the Ethics Committee at Gomel State 
Medical University (Minutes No. 2 dated March 3, 2023). 

For citation: Kolchanova N.E., Sharshakova T.M., Braga A.Y., Chigrina V.P., Tyufilin D.S., Kobyakova O.S., 
Stoma I.O. Sources of information about antibacterial drugs and antibiotic resistance: results of the study in the 
Republic of Belarus. Bulletin of Siberian Medicine. 2025;24(3):59–67. https://doi.org/10.20538/1682-0363-2025-
3-59-67.

*  Chigrina Valeriya P., chigrinavp@mednet.ru

Bulletin of Siberian Medicine. 2025; 24 (3): 59–67



60

Источники информации об антибактериальных препаратах  
и антибиотикорезистентности: результаты исследования  
в Республике Беларусь

Колчанова Н.Э.1, Шаршакова Т.М.1, Брага А.Ю.1, Чигрина В.П.2, Тюфилин Д.С.2,  
Кобякова О.С.2, Стома И.О.1

1 Гомельский государственный медицинский университет (ГомГМУ)  
Республика Беларусь, 246000, г. Гомель, ул. Ланге, 5
2 Центральный научно-исследовательский институт организации и информатизации здравоохранения 
(ЦНИИОИЗ)  
Россия, 127254, г. Москва, ул. Добролюбова, 11

РЕЗЮМЕ

Цель. Проанализировать источники информации об антибактериальных препаратах и антибиотикорези-
стентности среди населения в Республике Беларусь.

Материалы и методы. В социологическом исследовании приняли участие 1 405 человек из всех областей 
Республики Беларусь.

Результаты. Основными источниками информации населения об антибактериальных препаратах являлись 
знания врача (59,4%), инструкции к лекарственным препаратам (45,5%), Интернет (22,7%) и личный (про-
шлый) опыт применения антибактериальных препаратов (21,0%). При расширенном анализе выявлено, что 
в большинстве случаев информацию об антибактериальных препаратах от врача получали лица со сред-
ним финансовым положением, инструкции к лекарственным препаратам чаще остальных использовали 
респонденты с финансовым положением выше среднего, а лица с высшим образованием чаще получали 
вышеуказанную информацию из интернет-источников. 

Заключение. Для увеличения охвата информированности населения об антибактериальных препаратах 
необходимо учитывать их финансовую, возрастную и социально-профессиональную категории. Важным 
также является работа с медицинскими работниками: проведение ежегодных обучающих мероприятий в 
медицинских организациях и аптечных пунктах, стажировка с целью повышения квалификации, проведе-
ние тематических бесед с пациентами на приеме, размещение информации в медицинских организациях в 
виде плакатов, роликов и буклетов о правильном приеме антибактериальных препаратов.

Ключевые слова: антибактериальные препараты, источники информации, антибиотикорезистентность, 
население, Республика Беларусь 
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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 (n = 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 М ± σ were calculated. 
For traits with a distribution other than normal, the 
median and the lower 25th and upper 75th quartiles 
Ме (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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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 

Fig.1. Relevant topics for additional information

Did not receive 
information

Received 
information

n = 338
45 %

n = 419
55 %

Would you like to receive  
information about antibiotics? 

Did not want to receive 
information about 
antibiotics 

n = 103
25 %

n = 316
75 %

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).

Indications  
for taking  
antibiotics

Rational use  
of antibiotics

Antibiotic  
resistance

Use  of antibiotics  
in agr iculture and food

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 
about ADs. Instructions to medicines as the main 
source of information about rational use of AD were 

T a b l e  1
Distribution of the Respondents Depending on Sources of Information about Antibacterial Drugs

Parameter

Physi- 
cian, %

(n = 525, 
69.3%)

Medi- 
cation  

instruction, 
%

(n = 302, 
39.9%)

Internet 
sources, %
(n = 178, 
23.5%)

Personal 
(past) 

experience, 
%

(n = 105, 
13.9%)

Pharma- 
cist, %

(n = 120, 
15.8%)

Medical 
nurse/
para- 

medic, %
(n = 70, 
9.2%)

TV 
commer- 
cials, % 
(n = 22, 
2.9%)

Family 
members  

or acquain-
tances, %
(n = 48, 
6.3%)

Brochures 
or posters in 
health care 

organizations, 
% (n = 75, 

9.9%)

A
ge

 g
ro

up
s

18–24 years
25–34 years
35–44 years
45–54 years
55–64 years
65+ years

76.2
73.9
70.8
65.9
64.0
58.1

44.0
44.9
37.6
38.9
34.8
37.1

19.0
28.4
22.3
29.9
16.9
14.5

11.9
17.6
11.9
16.7
11.2
9.7

23.8
19.9
13.9
10.4
12.4
17.7

13.1
10.2
6.9
6.9
10.1
12.9

2.4*
1.7*
1.5*
2.8*
3.4*
11.2*

9.5
5.1
1.9
7.6
10.1
11.2

7.1
11.9
8.9
12.5
11.2
3.2

So
ci

o-
pr

of
es

si
on

al
 

ca
te

go
ry

Manager
Self-employed
Entrepreneur
Employee/ 
specialist

Unemployed
Pensioner
Student

72.5
44.0
80.0
71.3

55.6
60.7
68.2

52.9*
20.0
10.0*
42.3

11.1*
31.1
45.5

19.6
20.0
25.0
25.2

33.3
16.4
4.5

11.8
20.0
0.0
15.2

11.1
8.2
9.1

11.7
12.0
20.0
15.7

16.7
18.0
22.7

7.8
4.0
20.0
9.1

0.0
14.8
4.5

3.9
0.0
5.0
1.9*

5.6
11.5*
0.0

3.9
8.0
0.0
5.5

11.1
14.8
9.1

17.6
0.0
5.0
10.2

16.7
4.9
9.1

In
co

m
e

Extremely low
Low

Middle
Upper-middle

High

23.8*
70.5*
72.0*
69.2*
20.8*

23.8*
31.8*
43.4
42.1*
36.8

19.0
18.6
23.3
29.9
14.7

9.5
15.5
12.9
14.9
13.2

9.5
18.6
16.0
17.2
7.4

4.8
8.5
10.4
9.9
4.4

0.0
2.4
2.5
4.1
2.9

9.5
10.1
5.9
4.9
4.4

14.3
6.2
8.2
14.5
8.8

Le
ve

l o
f e

du
ca

tio
n Completed 

secondary
Secondary  
vocational 
Unfinished 

higher education
Higher education

75.9

70.9

58.1

68.1

22.4

30.5

38.7

49.6

6.9*

20.7

16.1

28.7*

6.9

11.6

9.7

16.9

24.1

16.5

19.4

13.8

13.8

12.3

13.2

6.8

3.4

2.1

3.2

3.4

12.1

6.3

9.7

5.2

3.4

7.0*

6.5

13.3*
____________
* р < 0.05 between the groups.

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 
persons with secondary education (72%, p < 0.05) 
(Table 1).

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).

T a b l e  2

Characteristics of the Respondents Depending on Their Trust in Sources of Information about Antibacterial Drugs
Source of information Respondent characteristics

Physician
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

Instructions to AD
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

Internet sources 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

TV commercials 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

Personal experience
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
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T a b l e  3

Parameter

Source of information about antibacterial drugs

Physician Medication instruc-
tion Internet sources TV commercials Personal (past) 

experience
Yes No Yes No Yes No Yes No Yes No

Female gender, % 77.5 68.9 80.8 70.9 – – – – – –

Settlement type – village, 
% – – 5.9 15.8 – – – – – –

Age, years 40.7 ± 
13.7

43.7 ± 
14.1 – – – – 50.2 ± 

16.8
41.4 ± 
13.7 – –

Higher education, % – – 62.9 42.4 61.8 47.2 – – 61.9 48.8

Pensioners, % – – – – – – 4.5 7.3 – –

Took antibiotics in tablet 
(capsule) form 95.2 87.1 – – – – 81.8 93.1 – –

Took antibiotics in syrup 
form 0.8 2.6 – – – – 9.1 1.1 – –

Took antibiotics in the 
form of an ointment – – – – – – 2.9 0.6

Purchased antibiotics 
following a prescription 
or received them during 
hospitalization, %

64.6 52.2 – – – – – – – –

Purchased antibiotics 
from a pharmacy without 
a doctor’s prescription

37.1 46.6 47.0 35.4 49.4 37.1 – – 58.1 37.1

Received antibiotics 
from family members / 
acquaintances

– – – – – – – – 3.8 1.2

Took leftover antibiotics 
from the previous treat-
ment, %

– – 10.9 4.6 – – – –

The source of antibi-
otic prescription is the 
physician

89.3 62.9 – – – – – – 74.3 82.4

The source of antibiotic 
prescription is the para-
medic

1.1 3.4 – – – – – – – –

Source of antibiotic pre-
scription is the pharmacist – – – – – – 31.8 3.9 – –

The source of antibiotic 
prescription is users in the 
Telegram channel

– – – – – – 4.5 0.0 0.9 0.0

The source of antibiotic 
prescription is a family 
member or acquaintance

1.9 6.5 – – – – – – – –

Self-medicattion with 
antibiotics. 9.3 21.1 19.5 8.6 – – – – 22.9 11.3

Rational use of 
antibiotics, % 49.3 40.5 – – – – – – – –

Completed the full 
treatment course with 
antibiotics, %

89.3 80.6 – – – – – – – –

Characteristics of the Respondents Depending on Sources of Information about Antibacterial Drugs
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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.

Parameter

Source of information about antibacterial drugs

Physician Medication instruc-
tion Internet sources TV commercials Personal (past) 

experience
Yes No Yes No Yes No Yes No Yes No

Had tests performed 
before the initiation of 
antibacterial therapy

57.3 38.4 – – – – – – – –

Average score of knowl-
edge about antibiotics

11. 5 ± 
2.2

10.5 ± 
2.8

11.7 ± 
2.1 10.8 ± 2.5 11.8 ± 2.2 10.9 ± 2.4 9.8 ± 3.1 11. 2 ± 2.4 11.6 ± 2.3 11.1 ± 2.4

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

81.7 68.1 81.8 74.7 – – – – – –

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

50.5 31.5 – – 57.3 40.8 – – – –

Would like to receive 
more information about 
antibiotic resistance

– – 26.8 19.6 – – – – 33.4 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.
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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 di�erences in IL-10 and МMP2 gene polymorphisms  
in groups of patients with primary open-angle glaucoma in the Russian 
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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. IL-10 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 IL-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 IL10 (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 AA in both regions and a decrease in the 
frequency of MMP2-1306 TT were found. Similar patterns were established for interlocus IL-10 and MMP2 
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.
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РЕЗЮМЕ

Обоснование. Первичная открытоугольная глаукома (ПОУГ) – хроническая прогрессирующая оптиконей-
ропатия, этиология которой связана с генетическими и негенетическими факторами. Полиморфизмы SNP 
генов IL-10 и MMP2 ассоциированы с ПОУГ, однако характер ассоциированности зависит от этнического 
состава населения. Для Российской Федерации, население которой состоит из представителей 190 нацио-
нальностей, это актуальная проблема. 

Цель исследования – многоцентровый сравнительный анализ распределения SNP генов IL-10 и MMP2 как 
потенциальных факторов прогноза развития заболевания в группах пациентов с ПОУГ в четырех регионах 
населения России: Новосибирской, Ленинградской и Оренбургской областей, Чувашской Республики. 

Материалы и методы. Обследованы 499 пациентов с ПОУГ (основная группа) из четырех филиалов 
Межотраслевого научно-технического комплекса «Микрохирургия глаза», 530 человек без патологии ор-
ганов зрения (контроль 1) и 100 пациентов с катарактой (контроль 2). Генотипирование генов IL-10 (по-
лиморфизмы rs1800896, rs1800872) и MMP2 (полиморфизм rs243865) проводили методом полимеразной 
цепной реакции в реальном времени согласно инструкции фирмы производителя («Литех» и «Синтол», 
Россия). Статистически значимыми считались различия при p < 0,05 с учетом поправки Бонферрони.

Результаты. Выявлено достоверное преобладание локуса -1082 аллеля А (ген IL-10) у пациентов с ПОУГ 
относительно лиц с катарактой и здоровых. Установлено повышение частоты генотипа АА (IL-10) в обеих 
позициях и снижение частоты -1306 ТТ (MMP2). Сходные закономерности установлены для межлокусных 
генотипов IL-10 и MMP2. Получены данные о наличии достоверных различий в характере распределения 
аллей, генотипов между регионами России. Наиболее отличалась от остальных регионов группа пациентов 
Ленинградской области, что может быть связано с ее многолетним проживанием совместно с коренным 
населением финно-угорского происхождения.

Заключение. Полученные данные необходимо учитывать при разработках дополнительных критериев 
прогноза предрасположенности к развитию ПОУГ, что актуально при наличии отягощенного семейного 
анамнеза.

Ключевые слова: IL-10, MMP2, SNP, ПОУГ
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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. An increase 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 1G⁄2G (MMP-1 gene), C⁄T (MMP-9 gene) 
(p < 0.001), and C⁄T (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 (TIMP1 gene) (p < 0.05) and C⁄T 
(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 rs243864, which can affect the 
expression of encoded regulatory proteins.

Cytokines, and in particular the inhibitory 
immunosuppressive interleukin (IL)-10, play an essential 
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 IL-
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 IL-10 and 
MMP2 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 Lymрhology – 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 II–III 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 IL10 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.

Konenkov V.I., Shevchenko A.V., Prokofiev V.F. et al. Interregional differences in Il-10 and МMP2 gene polymorphisms in groups
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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 

T a b l e  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

Polymorphic region of the gene Alleles/
genotypes

POAG Donors
Frequency, % OR OR_CI95 р_TMF2 р_COR

IL10-592 C 77.5 79.9 0.86 0.69–1.07 0.187 0.374
IL10-592 A 22.6 20.1 1.16 0.93–1.44 0.187 0.374
IL10-1082 A 63.1 49.8 1.73 1.38–2.16 0.000 0.000
IL10-1082 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 25.4 0.95 0.75–1.19 0.639 1.278
IL10-592 CC 60.7 62.6 0.93 0.72–1.20 0.556 1.669
IL10-592 CA 33.5 34.8 0.94 0.72–1.23 0.687 2.061
IL10-592 AA 5.8 2.7 2.25 1.15–4.37 0.017 0.052
IL10-1082 AA 38.5 22.8 2.12 1.48–3.04 0.000 0.000
IL10-1082 AG 49.3 54.0 0.83 0.60–1.14 0.260 0.781
IL10-1082 GG 12.2 23.2 0.46 0.31–0.69 0.000 0.001
MMP2-1306 CC 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
IL10-592:IL10-1082 CC-AA 17.0 10.8 1.69 1.04–2.75 0.033 0.260
IL10-592:IL10-1082 CC-AG 32.7 32.9 0.99 0.71–1.39 1.000 8.000
IL10-592:IL10-1082 CC-GG 11.0 18.9 0.53 0.34–0.82 0.006 0.050
IL10-592:IL10-1082 CA-AA 16.6 9.9 1.81 1.10–2.99 0.022 0.174
IL10-592:IL10-1082 CA-AG 15.6 20.7 0.71 0.47–1.06 0.109 0.869
IL10-592:IL10-1082 CA-GG 1.2 4.5 0.26 0.09–0.72 0.011 0.085
IL10-592:IL10-1082 AA-AA 4.8 1.8 2.75 0.94–8.03 0.060 0.483
IL10-592:IL10-1082 AA-AG 1.0 0.5 2.24 0.26–19.26 0.672 5.378
IL10-592:MMP2-1306 CC-CC 35.1 32.9 1.10 0.82–1.49 0.544 4.352
IL10-592:MMP2-1306 CC-CT 22.7 24.6 0.90 0.64–1.25 0.551 4.411
IL10-592:MMP2-1306 CC-TT 3.0 5.1 0.58 0.28–1.18 0.136 1.09
IL10-592:MMP2-1306 CA-CC 17.2 21.4 0.76 0.54–1.09 0.141 1.131
IL10-592:MMP2-1306 CA-CT 14.8 10.5 1.48 0.95–2.29 0.088 0.706
IL10-592:MMP2-1306 CA-TT 1.4 2.9 0.48 0.18–1.30 0.193 1.547
IL10-592:MMP2-1306 AA-CC 3.4 2.2 1.54 0.63–3.76 0.399 3.194
IL10-592:MMP2-1306 AA-CT 2.4 0.3 7.69 0.99–54.42 0.021 0.169
IL10-1082:MMP2-1306 AA-CC 20.2 11.9 1.88 1.17–3.01 0.007 0.065
IL10-1082:MMP2-1306 AA-CT 17.2 9.5 1.98 1.18–3.31 0.008 0.072
IL10-1082:MMP2-1306 AA-TT 1.0 1.4 0.70 0.17–2.95 0.700 6.300
IL10-1082:MMP2-1306 AG-CC 28.7 27.6 1.05 0.73–1.51 0.855 7.697
IL10-1082:MMP2-1306 AG-CT 18.0 21.9 0.78 0.53–1.17 0.251 2.257
IL10-1082:MMP2-1306 AG-TT 2.6 3.8 0.68 0.28–1.65 0.467 4.196

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.
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As seen from the data presented, the distribution 
of IL-10 gene alleles at position -592 and MMP2 gene 
alleles at position -1306 was similar in both compared 
groups, whereas at position -1082, significant 
predominance of allele A among patients was revealed. 

For the SNP genotypes of the IL-10 gene, an 
increase in the frequency of homozygous AA variants 
at both positions and a decrease in the frequency of 
the homozygous TT variant of the MMP2 gene in the 
position -1306 were found. A slight increase in the 
frequency of CC-AA and CA-AA genotypes was also 
detected in the group of patients with POAG, along 
with a decrease in the frequency of IL-10 genotypes 
containing the G allele.

Similar patterns were established for the interlocus 
genotypes of the IL-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 TT variant of the 
MMP-2 gene at position -1306 (OR = 0.33; p_ cor = 
0.0258) was also found among patients with POAG. 
Moreover, this pattern persisted in the complex 
genotype IL10-1082:MMP2-1306 AA-TT (OR = 
0.07; p_cor = 0.0207) and with lower reliability in the 
complex genotype IL10-592:IL10-1082:MMP2-1306 
CC-AA-TT (OR = 0.08; p_ TMF2 = 0.0039; p_cor = 
0.08). This conclusion was also verified by comparing 

Polymorphic region of the gene Alleles/
genotypes

POAG Donors
Frequency, % OR OR_CI95 р_TMF2 р_COR

IL10-1082: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 1.4 0.56 0.12–2.51 0.428 3.856
IL10-592:IL10-1082:M-
MP2-1306 CC-AA-CC 9.6 3.8 2.67 1.24–5.76 0.009 0.187

IL10-592:IL10-
1082:MMP2-1306 CC-GG-CC 6.2 11.5 0.51 0.29–0.89 0.021 0.437

IL10-592:IL10-1082:M-
MP2-1306 CA-AA-CT 7.8 2.4 3.46 1.34–8.90 0.006 0.120

IL10-592:IL10-1082:M-
MP2-1306 CA-GG-CC 0.6 3.8 0.15 0.04–0.58 0.004 0.076

IL10-592:IL10-
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: р_TMF2 – significance of the two-ailed Fisher’s exact test; р_COR – Bonferroni-corrected significance.

E n d o f  Т a b l e  1 

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 TT genotype in the 
position -1306 of the IL-10 gene was increased among 
patients from the NSR, while it was completely absent 
in patients from the CHR. 

Konenkov V.I., Shevchenko A.V., Prokofiev V.F. et al. Interregional differences in Il-10 and МMP2 gene polymorphisms in groups
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At the same time, an increase in the frequency of two-
locus genotypes (CC-CT IL10-592:MMP2-1306; AA-
CT IL10-1082:MMP2-1306) and three-locus genotypes 
(IL10-592:IL10-1082:MMP2-1306 CC-AA-CT, 
and CA-GG-CT IL10-592:IL10-1082: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:IL10-1082: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 
this region, an increase in the frequency of CC-CC IL10-
592:MMP2-1306; CC-CTIL10-592:MMP2-1306; 
CC-AA-CC IL10-592:IL10-1082:MMP2-1306; CC-
AA-CT IL10-592:IL10-1082: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 IL10-592:IL10-
1082:MMP2-1306; CA-AA-CTIL10-592:IL10-
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 -1082, -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 IL-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 (NFκB) during neuroinflammation 
also leads to a decrease in IL-10 synthesis [15].

The MMP-2 rs243865 polymorphism is represented 
by the substitution C→T at position -1306 in the 
promoter. This variant disrupts binding to stimulating 
protein 1 (Sp1), 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 IL-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 TNFα 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 TNFα 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 × SNP interaction models associated with the 
development of the disease), exert an important 
function in the body. The MMP1rs1799750 
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 WTAPP1). 

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 
NEURL2) and the level of alternative splicing of the 
SLC12A5 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 SNPs 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  
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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 Klebsiella pneumoniae, COVID-19, CURB-65 
score, hematological indices
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РЕЗЮМЕ

Цель. Определение наиболее значимых показателей для прогнозирования летального исхода у пациентов 
с пневмонией, вызванной карбапенем-резистентной K. pneumoniae.

Материалы и методы. Ретроспективно проанализировано 114 случаев пневмонии, вызванной  
K. pneumoniae, в том числе на фоне коронавирусной инфекцией (COVID-19). В зависимости от исхода забо-
левания сформировано две группы: группа 1 – 54 пациента, выписанных из стационара по завершении ле-
чения; группа 2 – 60 пациентов с неблагоприятным (летальным) исходом. Отдельно проанализированы па-
циенты, у которых не выявлено сопутствующей инфекции COVID-19. Изучена структура сопутствующих 
заболеваний, определены показатели гемограммы, С-реактивного белка (СРБ), а также гематологические 
индексы: отношение нейтрофилов и лимфоцитов (НЛИ), моноцитов и лимфоцитов (МЛИ), тромбоцитов и 
лимфоцитов (ТЛИ). Риск летального исхода оценивался по шкале CURB-65. 

Результаты. Для пациентов с неблагоприятным исходом характерны более высокие показатели лейкоци-
тов в общем анализе крови, нейтрофилов, значения НЛИ, МЛИ, ТЛИ, СРБ, более высокий риск по шкале 
CURB-65 и низкий уровень лимфоцитов, тромбоцитов. По результатам проведенного ROC-анализа, наи-
более значимыми прогностическими показателями неблагоприятного исхода является уровень лимфоци-
тов, нейтрофилов, НЛИ, показатели CURB-65, СРБ, ТЛИ. Диагностическая значимость шкалы CURB-65  
(3–5 баллов) в прогнозировании риска неблагоприятного исхода составляет: чувствительность теста – 
47,5%, специфичность – 98,2; положительная прогностическая ценность – 96,6; отрицательная прогно-
стическая ценность – 63,1; точность – 71,7%. Для НЛИ (при пороговом значении более 6) получены сле-
дующие данные: по чувствительности (85,0%), специфичности (87,0%), положительной прогностической 
ценности (87,9%), отрицательной прогностической ценности (83,9%), точности (86,0%). Диагностическая 
точность для МЛИ составила 79,0%, для ТЛИ – 73,7%.

Заключение. Предпочтительным показателем, который можно использовать на первом этапе для прогно-
зирования летального исхода пневмонии, вызванной карбапенем-резистентной K. pneumoniae, следует счи-
тать НЛИ (при уровне более 6) ввиду высокой чувствительности (85%) и специфичности (87%), а также 
простоты применения. В дополнение к этому можно использовать расчет баллов по шкале CURB-65 при 
значениях 3 балла и выше.

Ключевые слова: прогнозирование летального исхода, карбапенем-резистентная K. pneumoniae, 
COVID-19, шкала CURB-65, гематологические индексы
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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 
1α, 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 (106 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 ICU. 
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.

T a b l e  1

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

Parameter Group 1,
n = 54

Group 2,
n = 60 р

Sex: male/female 39/15 30/30 0.016*
Age,  
Me [Q25–Q75]

61.0 (52.5–70.8) 70.0 (62.0–77.3) 0.001*

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

Mechanical 
ventilation used, 
abs. (%)

2 (3.7) 26 (43.3) <0.001*

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

Aggravated 
premorbid back-
ground, abs. (%)

51 (94.4) 59 (98.3) 0.26

____________
* 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 (χ2 = 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) 
in group 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 [Q25–Q75] 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 χ2 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 (rs) 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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T a b l e  2

Laboratory Parameters of Patients in the Analyzed Groups,  
Me [Q25–Q75]

Parameter Group 1, n = 54 Group 2, n = 60 р
White blood cells 
(WBC), × 109 / L 8.9 [7.6–12.3] 13.4 [9.6–17.2] 0.0003*

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, % 6.5 [4.0–8.0] 5.0 [3.0–7.9] 0.147

Platelets, × 109 / l 279.5  
[211.0–331.0]

213.0  
[163.0–255.0] 0.004*

Hemoglobin, g / l 116.5  
[97.0–131.0] 108.5 [94.5–123] 0.19

Red blood cells, 
× 1012 / l 3.8 [3.1–4.4] 3.8 [3.3–4.4] 0.982

CRP, mg / l 41.8 [23.0–88.0] 140.0  
[95.0–140.0] <0.0001*

MLR 0.32 [0.19–0.42] 0.94 [0.41–1.25] <0.0001*

NLR 3.74 [2.37–5.07] 12.25  
[7.31–22.38] <0.0001*

PLR 12.36  
[9.11–20.64]

33,53  
[18.44–55.67] <0.0001*

CURB-65 score 1.0 [0.0–1.0] 2.0 [2.0–4.0] <0.0001*
CURB-65, n (%)

0–1 points 45 (83.3) 13 (21.7)
χ2 = 46.5; 
<0.00012 points 8 (14.8) 18 (30.0)

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% CI 
6.02–357.5), the use of mechanical ventilation (OR 
19.88; 95% CI 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 (rs = 0.33,  
p = 0.0004), neutrophil count (rs = 0.65, p < 0.001), 
CRP (rs = 0.42, p < 0.001), PLR (rs = 0.64, p < 0.001), 
MLR (rs = 0.60, p < 0.001), and NLR (rs = 0.78, 
p < 0.001). An inverse correlation was established 
between the CURB-65 score and the lymphocyte 
count (rs = –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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Fig. 2. ROC-curve for the prognostic value of NLR
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Fig. 4. ROC-curve for the prognostic value of CURB-
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Figю 3. ROC-curve for the prognostic value of PLR
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Fig. 1. ROC-curve for the prognostic value of MLR
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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, 

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]. 

In a study by E. Cataudella et al., 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 e�ect of substances based on lanolin and Ganoderma 
applanatum and Fomitopsis pinicola (xylotrophic basidiomycetes) extracts

Petrova I.M., Ermoshin A.A., Khatsko S.L.

Ural Federal University named after the first President of Russia B.N.Yeltsin 
19 Mira St., 620002 Yekaterinburg, Russian Federation

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 3rd-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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Оценка ранозаживляющего действия субстанций на основе ланолина 
и экстрактов ксилотрофных базидиомицетов Ganoderma applanatum  
и Fomitopsis pinicola 

Петрова И.М., Ермошин А.А., Хацко С.Л. 

Уральский федеральный университет (УрФУ) им. первого Президента России Б.Н. Ельцина 
Россия, 620002, г. Екатеринбург, ул. Мира, 19 

РЕЗЮМЕ

Цель: оценить ранозаживляющее действие субстанций на основе ланолина и экстрактов ксилотрофных 
базидиомицетов Ganoderma applanatum и Fomitopsis pinicola.

Материалы и методы. Эксперимент проводили на 20 белых лабораторных крысах. Животным моделиро-
вали термический ожог III степени с последующим воздействием на раны мазью, содержащей экстракты 
трутовых грибов. Проводили морфологическое описание препаратов кожи с оценкой следующих показате-
лей: толщина эпидермиса, количество фибробластов, количество кровеносных сосудов, площадь сосудов, 
количество сосудов с явлениями эритростаза, лейкостаза и лейкодиапедеза. 

Результаты. При воздействии экстрактов трутовых грибов отмечается интенсификация регенераторных 
процессов. К 14-м сут эксперимента имела место полная эпителизация, а на месте дефекта формировался 
рубец с развитым волокнистым компонентом. Использование мазей способствует уменьшению экссуда-
тивных явлений, микроциркуляторных расстройств и воспалительной инфильтрации. 

Заключение. Показано, что использование экстрактов Ganoderma applanatum и Fomitopsis pinicola при 
лечении ожоговой раны благоприятно сказывается на течении раневого процесса. Полученные результаты 
позволяют осуществлять дальнейшее изучение экстрактов трутовых грибов в качестве ранозаживляющих 
агентов.

Ключевые слова: регенерация кожи, ожоговые раны, ранозаживляющие средства, ксилотрофные базиди-
омицеты, экстракт Ganoderma, экстракт Fomitopsis
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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 (III) chloride test and precipitation 
test with potassium dichromate or lead acetate. 
Anthraquinones were determined in the color reaction 
with magnesium acetate. Dragendorff’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 µm) 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 mm2.  

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

packages. Data sets were compared by the Kruskal – 
Wallis test with the Dunn’s post-hoc analysis. The results 
were presented as the median and the interquartile range  
Me [Q1; Q3]. The values of p < 0.05 were considered 
statistically significant.

RESULTS
The table below summarizes the chemical 

composition of the tested extracts.

T a b l e 

Chemical Composition of the Ganoderma Applanatum and Fomitopsis Pinicola Extracts, Me [Q1; Q3]
Bioactive substances in 1 g ointments containing Ganoderma applanatum and Fomitopsis pinicola extracts

Fungi species Extractives, 
mg / ml Phenolics, mg / ml Flavonoids,  

mg / ml

Free amino acids Qualitative composition

mg / ml

Q
ua

nt
ity

A
lk

al
oi

ds

Sa
po

ni
ns

A
nt

hr
aq

ui
- 

no
ne

s

Ta
nn

in
s

G. applanatum 4.5  
[4.5 ; 4.9]

0.403 
[0.398 ; 0.420]

0.008
[0.007 ; 0.009]

0.018 
[0.015; 0.023] 6 - - - -

F. pinicola 5.5  
[5.5 ; 6.3]

0.42  
[0.373 ; 0.432]

0.016
[0.015 ; 0.016]*

0.014 
[0.013 ; 0.017] 6 + + – -

____________

* 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 

phenolics 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.

             0                       1                      3                       7                     14
Days

W
ou

nd
 a

re
a,

 m
m

Fig. 1. Wound area reduction:  
* significant differences compared  
to the CONTR group, p < 0.05;  
● 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, II – LAN,  
III – LAN+extGND,  
IV – LAN+extFP;  
hematoxylin and eosin staining;  
×100

Fig. 3. Morphological structure of 
the skin in the experimental groups: 
I – CONTR, II – LAN,  
III – LAN+extGND,  
IV – LAN+extFP;  
Van Gieson’s staining; ×100
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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, c), the 
LAN+extGND group showed a decreased vessel 
number with leukocyte stasis and diapedesis (Fig. 4, 

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.

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

7

area  (Fig.  4,  b).  Despite  a  comparable  vessel  number  (Fig.  4,  c),  the  LAN+extGND group 

showed a decreased vessel number with leukocyte stasis and diapedesis (Fig. 4, d). Both groups 

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

Fig. 4. Results of the morphological and quantitative assessment of the regenerated skin: * 

significant differences compared to the CONTR group, p < 0.05; ● significant differences 

compared to the LAN group, p < 0.05

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.

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 

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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E�ects 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 
111а Kievskaya St., 634012 Tomsk, Russian Federation

ABSTRACT

Aim. To investigate changes in laboratory parameters of sympathoadrenal system activity and β-adrenergic recep-
tor reactivity of erythrocyte membranes (β-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, β-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 β-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 β-ARMe in 
the control group. Intrasurgical NO donation also did not affect the level of β-ARMe. One day after CABG, neither 
intergroup differences in β-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 β-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, β-adrenergic receptor reactivity of erythrocyte mem-
branes, epinephrine, norepinephrine
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Эффекты оксида азота на показатели активности симпато- 
адреналовой системы пациентов с ишемической болезнью  
сердца при операции коронарного шунтирования

Реброва Т.Ю., Подоксенов Ю.К., Корепанов В.А., Чурилина Е.А.,  
Каменщиков Н.О., Муслимова Э.Ф., Ворожцова И.Н., Афанасьев С.А.

Научно-исследовательский институт (НИИ) кардиологии, Томский национальный исследовательский 
медицинский центр (НИМЦ) Российской академии наук 
Россия, 634012, г. Томск, ул. Киевская, 111а

РЕЗЮМЕ

Цель. Изучить динамику лабораторных показателей активности симпатоадреналовой системы и показате-
ля β-адренореактивности мембран эритроцитов у больных ишемической болезнью сердца (ИБС) с клини-
ческими формами артериальной гипертонии (АГ) высокого кардиоваскулярного риска на этапах выполне-
ния операции коронарного шунтирования с анестезиологическим обеспечением, включающим применение 
оксида азота.

Материалы и методы. В рандомизированное исследование с параллельным распределением были 
включены 36 пациентов (из них 66,7% – мужчины; средний возраст 68 [63; 70] лет) с диагнозом ИБС с 
клиническими формами АГ высокого кардиоваскулярного риска. Согласно показаниям пациентам были 
выполнены плановые операции коронарного шунтирования (КШ) в условиях искусственного кровообра-
щения (ИК). Пациенты были рандомизированы в основную и контрольную группы. Пациенты основной 
группы интраоперационно получали NO в концентрации 80 ppm первоначально в ингаляционный кон-
тур, а затем в контур ИК. Пациентам контрольной группы операция КШ была выполнена в условиях 
стандартной искусственной вентиляции легких и ИК. Всем пациентам перед подключением ИК, в конце 
ИК и через 1 сут после операции КШ выполняли комплекс клинических и лабораторно-инструменталь-
ных исследований согласно стандартам медицинской практики, оценивали β-адренореактивность мем-
бран эритроцитов (β-АРМэ) и определяли концентрацию в плазме крови норадреналина и адреналина 
методом ИФА. 

Результаты. На дооперационном этапе и спустя 1 сут после операции КШ сформированные группы не раз-
личались по клиническим и биохимическим показателям. На дооперационном этапе медианы показателей 
β-АРМэ в основной и контрольных группах незначительно превышали верхнюю границу нормы и значимо 
не различались. Выполнение КШ не сопровождалось изменениями показателя β-АРМэ у пациентов в кон-
трольной группе. Интраоперационная донация NO также не отразилась на уровне β-АРМэ. Через 1 сут по-
сле операции КШ не отмечено как межгрупповых различий β-АРМэ, так и значимых изменений показателя 
на сроках наблюдения в отдельно взятой группе. У пациентов контрольной и основной групп выявлено 
значимое повышение уровня адреналина и норадреналина спустя 1 сут после операции КШ по сравнению 
с исходным уровнем. В то же время не получено межгрупповых различий по уровню катехоламинов как до 
ИК, так и через сутки после операции КШ.

Заключение. Использование NO с целью органопротекции не влияет на уровень β-АРМэ и динамику ме-
диаторного ответа симпатической системы на стресс у больных ИБС, имеющих клинические формы АГ 
высокого кардиоваскулярного риска, при кардиохирургических операциях с использованием искусствен-
ного кровообращения.
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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 (β-ARMe) 
quite fully reflects not only the state of β-adrenergic 
receptors (β-AR) of erythrocytes but also the general 
β-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 β-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  
III 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).

T a b l e  1

Baseline Clinical and Demographic Characteristics of Patients

Characteristics Study group, 
n = 18

Control 
group, n = 18 р

Age, years, Ме [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 / m2, M ± SD 31.7 ± 4.8 30.7 ± 5.3 0.555
LVEF, %, Ме [25; 75] 60 [46; 65] 56 [45; 65] 0.924
CRD, n (%) 4 (22.2 %) 7 (38.9 %) 0.471
AF, n (%) 4 (22.2 %) 3 (16.7 %) 1
Grade I AP, n (%) 1 (5.6 %) 1 (5.6 %) 0.850
Grade II AP, n (%) 6 (33.3 %) 4 (22.2 %) 0.850
Grade III 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 II 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 CHF, 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 m2 79.8 ± 13.2 62.2 ± 13.9 0.0004
Smoking, n (%) 11 (61.1 %) 7 (38.9 %) 0.318

____________

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 μg / kg) and propofol (1.5 μg / kg) were used to 
induce anesthesia. Pipecuronium bromide (0.1 μg / kg)  
was used for neuromuscular blockade. Anesthesia was 
maintained by inhalation of sevoflurane (2–3 vol.%) 
and infusion of fentanyl (3.0–5.0 μg / 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 FiO2 = 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 μg / 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/NO2 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 l / min / m2. Connection to 
the ECC circuit was carried out in a standard manner 
via the aorta – right atrium. 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 / l, 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 
Köhle 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/NO₂ 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 NO₂ 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 
β-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 
β-blocker. According to the manufacturer’s protocol, 
β-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 β-ARs. 
Higher values of β-ARMe reflect reduced osmotic 
fragility of erythrocytes and, therefore, weaker binding 
of the adrenergic blocker to β-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 t-test for normally 
distributed values or the Mann – Whitney U-test 
for non-normally distributed variables. Quantitative 
variables in dependent samples were compared 
using the t-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.

T a b l e  2
Parameters of the Perioperative Period

Parameters Study group, n = 18 Control group, n = 18 р
Surgery duration, min, Ме [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, Ме [25; 75] 1,000 [800; 1,000] 1,000 [800; 1,000] 0.949

Homeostasis parameters during CABG
Before ECC

рН, Ме [25; 75] 7.39 [7.37; 7.43] 7.40 [7.37; 7.41] 0.646
Lactate, mmol / l, Ме [25; 75] 1.1 [0.9; 1.4] 1.1 [0.9; 1.4] 1
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Parameters Study group, n = 18 Control group, n = 18 р
Hb, g / l, Ме [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
рН, Ме [25; 75] 7.41 [7.38; 7.40] 7.38 [7.37; 7.42] 0.223
Lactate, mmol / l, Ме [25; 75] 1.50 [1.30; 2.10] 1.35 [1.00; 1.60] 0.064
Hb, g / l, Ме [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
рН, Ме [25; 75] 7.35 [7.35; 7.40] 7.38 [7.37; 7.40] 0.448
Lactate, mmol / l, Ме [25; 75] 1.5 [1.2; 2.1] 1.4 [1.1; 1.6] 0.107
Hb, g / l, Ме [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
рН, M ± SD 7.42 [7.40; 7.44] 7.43 [7.38; 7.44] 0.591
Lactate, mmol / l, M ± SD 1.9 [1.5; 2.1] 1.8 [1.5; 2.3] 0.739
Hb, g / l, 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.

 T a b l e  3

Changes in Clinical and Biochemical Blood Parameters at the Stages of the Study
Parameters Study group, n = 18 Control group, n = 18 р

Before CABG 
Leukocytes, 109 / l, M ± SD 7.19 ± 1.76 7.52 ± 2.32 0.637
Platelets, 109 / l, M ± SD 240.78 ± 71.89 223.61 ± 50.25 0.412
ESR, mm / h, Ме [25; 75] 6 [4; 15] 6 [5; 8] 0.832
CK, U / l, Ме [25; 75] 73 [47; 120] 93 [76; 127] 0.223
CK-MB, U / l, Ме [25; 75] 19 [16; 24] 20 [15; 24] 0.899
Glucose, mmol / l, Ме [25; 75] 5.9 [5.3; 6.5] 7.2 [5.7; 7.9] 0.101
Urea, mmol / l, Ме [25; 75] 5.7 [5.0; 6.7] 4.3 [4.2; 7.8] 0.250
Creatinine, µmol / l, Ме [25; 75] 94 [87; 119] 82 [76; 88] 0.001
CRP, mg / l, Ме [25; 75] 5.1 [1.2; 13.2] 3.5 [1.0; 12,4] 0.486
Total protein, g / l, M ± SD 70.29 ± 6.12 72.93 ± 9.08 0.399
ALT, U / l, Ме [25; 75] 18.2 [16.0; 23.0] 21.8 [10.0; 42.6] 0.569
AST, U / l, Ме [25; 75] 18.6 [13.0; 24.9] 22.4 [16.0; 26.0] 0.429
Total bilirubin, µmol / l, Ме [25; 75] 12.8 [10.0; 18,7] 11.6 [9.7; 19.5] 0.857

One day after CABG
Leukocytes, 109 / l, M ± SD 11.59 ± 3.01, р* = 0.035 11.22 ± 2.99, р* = 0.48 0.719
Platelets, 109 / l, M ± SD 183.44 ± 71.68, р* = 0.678 165.89 ± 47.31, р* = 0.834 0.392
CK, U / l, Ме [25; 75] 754 [558; 993], р* = 0.001 783 [569; 1,250], р* = 0.001 0.564
CK-MB, U / l, Ме [25; 75] 34 [32; 43], р* = 0.001 35 [28; 42], р* = 0.045 0.817
Glucose, mmol / l, Ме [25; 75] 9.2 [7.6; 10.9], р* = 0.036 9.7 [8.2; 11.6], р* = 0.05 0.643
Urea, mmol / l, Ме [25; 75] 7.1 [5.9; 8.3], р* = 0.002 6.6 [5.8; 8.3], р* = 0.449 0.607
Creatinine, µmol / l, Ме [25; 75] 104.5 [84.0; 133.0], р* = 1.0 94,0 [76.0; 116.0], р* = 0.05 0.211
CRP, mg / l, Ме [25; 75] 149 [128; 169], р* = 0.000 139 [115; 160], р* = 0.000 0.628
Total protein, g / l, M ± SD 53.67 ± 4.89, р* = 0.001 53.33 ± 5.61, р* = 0.013 0.875
ALT, U / l, Ме [25; 75] 35 [27; 46], р* = 0.009, 32 [15; 43], р* = 0.239 0.646
AST, U / l, Ме [25; 75] 57 [39; 68], р* = 0.001 53 [43; 72], р* = 0.002 0.962
Total bilirubin, µmol / l, Ме [25; 75] 10.7 [8.6; 18.7], р* = 0.802 12.1 [8.7; 27.7], р* = 0.795 0.681

____________

Note .  ALT – alanine transaminase; AST – aspartate transaminase; CK – creatine kinase; CK-MB – creatine kinase, myocardial band.

E n d o f  т a b l e  2
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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.

T a b l e  4
Characteristics of the Early Postoperative Period

Characteristics Study group, n = 18 Control group, n = 18 р
Reoperation, n (%) 0 (0.0%) 1 (5.6%) 1
Intraoperative complications, n (%) 1 (5.6%) 1 (5.6%) 1
Mechanical ventilation duration, min, Ме [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), Ме [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), Ме [25; 75] 4 [3; 4] 4 [3; 5] 0.319
Bed days in ICU, Ме [25; 75] 1 [1; 6] 1 [1; 6] 1
Bed days in the in-patient department, Ме [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 
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 

of epinephrine in the study group before CABG and 1 
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 

T a b l e  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

β-ARMe before CABG 21.9 [14.3; 26.1] 21.2 [13.3; 26.2] 0.972
β-ARMe at the end of CABG 18.6 [13.5; 34.2] 20.8 [15.3; 27.5] 0.851
β-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; β-ARMe – β-adrenergic reactivity of erythrocyte membranes; p – significance level of 
differences between the groups. р* – significance level of intragroup differences before CABG and 1 day after CABG.
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differences both before ECC (p = 0.318) and 1 day 
after CABG (p = 0.0560).

Table 5 reflects baseline β-ARMe values and their 
subsequent changes. For both groups of patients, the 
baseline values of β-ARMe were at the upper range 
limit. CABG was not accompanied by significant 
changes in β-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 iNOS 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 
β-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 β-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 β-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 β-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.

Adrenalin1pgml

Adrenalin3pgml

Noradranalin1pgml

Nora-drenalin3pgml

pg/ml pg/ml

Fig. 1. Concentrations of epinephrine (a) and norepinephrine (b) in the study and control groups at the stages of CABG: # significant 
intragroup difference

 – before ECC;   – 1 day after CABG
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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.I., Arzhanik M.B., Semenova O.L., 
Starovoitova E.A., Nesterovich S.V., E�mova 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, χ² 
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 / l, calcium ≤ 1.8 mmol / l, platelet count ≤ 264 × 10⁹ / l, no platelet increase > 15 × 10⁹ / l, 
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.
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Ранние клинико-лабораторные предикторы госпитальной  
летальности у пациентов с хирургическим абдоминальным сепсисом

Родионова Ю.О., Федосенко С.В., Иванова А.И., Аржаник М.Б., Семенова О.Л., 
Старовойтова Е.А., Нестерович С.В., Ефимова Д.А., Калюжин В.В.

Сибирский государственный медицинский университет (СибГМУ) 
Россия, 634050, г. Томск, Московский тракт, 2

РЕЗЮМЕ

Цель исследования. Идентификация ранних клинико-лабораторных предикторов летального исхода у па-
циентов с хирургическим абдоминальным сепсисом в первые 48 ч от момента верификации состояния.

Материалы и методы. Проведено ретроспективное исследование 40 пациентов с абдоминальным сепси-
сом, госпитализированных в хирургическое отделение Сибирского государственного медицинского уни-
верситета в 2019–2023 гг. Все пациенты были разделены на группы по исходу госпитализации (выписка 
или летальный исход). Оценивали клинико-анамнестические данные, показатели шкал Sequential Organ 
Failure Assessment (SOFA) и  quick SOFA, биохимические и гематологические маркеры в динамике (Т1 – 
верификация, Т2 – через 48 ч). Применялись U-критерий Манна – Уитни, критерий Пирсона χ², критерий 
Вилкоксона, ROC-анализ.

Результаты. Уровень летальности составил 45%. Статистически значимыми предикторами летально-
го исхода явились: оценка по шкале SOFA более 4 баллов, уровень мочевины в сыворотке крови более  
12,1 ммоль/л, снижение концентрации в сыворотке крови общего кальция 1,8 ммоль/л и менее, количество 
тромбоцитов в общем анализе крови 264 × 10⁹/л и менее, отсутствие прироста количества тромбоцитов 
более 15 × 10⁹/л, интенсивность реактивности нейтрофилов (NEUT-RI) более 57,6 единиц интенсивности 
флуоресценции (ИФ) на Т1 и более 53,8 ИФ на Т2. Также установлены прогностические значения для ре-
тикулоцитарных параметров и содержания реактивных лимфоцитов. 

Заключение. Ранняя оценка клинико-лабораторных показателей, особенно показателей функции почек, 
кальциевого обмена, параметров гемограммы и интенсивности воспалительного ответа, имеет высокую 
прогностическую значимость при хирургическом сепсисе и может быть использована для стратификации 
риска и оптимизации терапии.

Ключевые слова: сепсис, хирургический сепсис, абдоминальный сепсис, летальный исход, предикторы 
летального исхода
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INTRODUCTION
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 No.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 criteria were 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), 
qSOFA 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 (Q1; Q3). Qualitative data were presented as 
n (%). Independent samples were compared using the 
Mann – Whitney U test for continuous variables and 
the χ² (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 / m²; p = 0.815), or gender 
distribution (p = 0.435).

Most patients (n = 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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T a b l e  1 

Objective Data at the Time of Sepsis Verification, Me (Q1; Q3)

Parameter
Patients with 
a favorable 

outcome

Patients with a 
fatal outcome р

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

SpO2, % 94 (93; 96) 95 (90; 97) 0.891
____________
Note .  HR – heart rate; RR – respiratory rate; SBP – systolic blood 
pressure; DBP – diastolic blood pressure; SpO₂ – 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).

T a b l e  2
Dynamics of Biochemical Serum Test Results, Me (Q1; Q3)

Parameter Patients with a fa-
vorable outcome

Patients with a 
fatal outcome р

Calcium,  
mmol / l, Т1 2.02 (1.80; 2.05) 1.80 (1.76; 2.01) 0.040

Calcium,  
mmol / l, Т2 2.01 (1.80; 2.15) 1.90 (1.80; 2.12) 0.685

рт1-т2 0.327 0.018 –
Total bilirubin, 
µmol / l, Т1 21.0 (9.0; 27.0) 16.5 (12.0; 30.0) 0.945

Total bilirubin, 
µmol / l, Т2 16.1 (8.1; 24.5) 11.7 (9.0; 22.0) 0.581

рт1-т2 0.306 0.022 –
Conjugated biliru-
bin, µmol / l, Т1 8.8 (7.0; 15.8) 9.5 (6.0; 14.8) 0.891

Conjugated biliru-
bin, µmol / l, Т2 9.2 (4.0; 16.3) 6.8 (4.0; 10.3) 0.569

рт1-т2 0.277 0.116 –
Urea, Т1 6.9 (4.3; 12.1) 15.5 (7.6; 19.9) 0.012
Urea,  Т2 7.0 (3.3; 13.1) 12.2 (4.8; 22.6) 0.076
рт1-т2 0.178 0.683 –
Creatinine,  
µmol / l, Т1 81.0 (66.7; 161.0) 143.4  

(92.8; 219.0) 0.070

Creatinine,  
µmol / l, Т2 80.0 (55.0; 107.4) 70.9  

(59.0; 160.0) 0.356

рт1-т2 0.005 0.060 –
C-reactive protein, 
mg / l, Т1

300.7  
(201.0; 487.0)

262.5  
(198.9; 480.0) 0.683

Parameter Patients with a fa-
vorable outcome

Patients with a 
fatal outcome р

C-reactive protein, 
mg / l, Т2

198.0  
(154.4; 320.0)

198.0  
(140.0; 289.0) 0.784

рт1-т2 0.001 0.064 –
Procalcitonin,  
ng / ml, Т1 3.39 (0.72; 7.44) 4.71 (0.48; 8.68) 0.479

Procalcitonin,  
ng / ml, Т2 2.16 (0.70; 7.28) 3.81  

(0.65; 10.30) 0.515

рт1-т2 0.170 0.600 –
Lactate,  
mmol / l, Т1 4.5 (3.6; 5.0) 4.5 (3.7; 4.8) 0.848

Lactate,  
mmol / l, Т2 3.9 (2.9; 4.9) 3.9 (3.5; 4.8) 0.957

рт1-т2 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 / l); 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 
the survivor group was there a significant decrease 
in serum creatinine concentration after 48 hours (p = 
0.005) (Table 2).

All patients exhibited elevated levels of 
inflammatory markers: CRP and PCT. Differences 
between the groups did not reach statistical 
significance; however, in survivors, a significant 
reduction (p = 0.001) in CRP was observed after 48 
hours (Table 2).

Elevated serum lactate concentrations persisted in 
both groups throughout the observation period, with 
no intergroup differences (Table 2).

The analysis of the blood count did not reveal 
statistically significant differences between the groups 
for most parameters (Table 3).

Table 3
Dynamics of Peripheral Blood Erythropoiesis Parameters  

within the First 48 Hours from Sepsis Verification, Me (Q1; Q3)

Parameter
Patients with 
a favorable 

outcome

Patients with a 
fatal outcome р

Erythrocytes,  
1012 / l, Т1 3.09 (2.70; 4.02) 3.59 (2.82; 4.18) 0.549

 Erythrocytes,  
1012 / l, Т2 3.13 (2.64; 3.84) 3.42 (2.58; 3.83) 0.891

рт1-т2 0.149 0.040 –

E n d o f   T a b l e  2
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Parameter
Patients with 
a favorable 

outcome

Patients with a 
fatal outcome р

Hemoglobin, g / l, Т1 89 (75;106) 91 (78;120) 0.663
Hemoglobin, g / l, Т2 82.5 (76; 109) 85 (74; 108) 0.745
рт1-т2 0.232 0.028 –

Hematocrit, %, Т1 26.7 (24.5; 33.5) 27.7 (25.7; 34.8) 0.422
Hematocrit, %, Т2 25.9 (23.7; 32.9) 26.6 (23.0; 30.5) 0.986
рт1-т2 0.211 0.034 –

ESR, mm / h, Т1 55 (40; 67) 50.5 (29; 57) 0.086

ESR, mm / h, Т2 58 (45; 66) 45 (29; 57) 0.111
рт1-т2 0.506 0.906 –
MCV, fl:Т1 86.4 (83.1; 92.1) 85.9 (83.3; 89.2) 0.900
MCV, fl:Т2 87.1 (84.1; 91.8) 87.2 (79.6; 88.7) 0.562
рт1-т2 0.058 0.972 –
MCH, pg: Т1 28.7 (27.4; 31.2) 28.5 (26.4; 29.5) 0.455
MCH, pg: Т2 28.7 (27.5; 30.7) 28.7 (26.7; 29.3) 0.516
рт1-т2 0.305 0.433 –
MCHC, g / l: Т1 332 (321; 337) 327 (313; 339) 0.398
MCHC, g / l: Т2 329 (319; 333) 329 (320; 335) 0.973
рт1-т2 0.117 0.875 –
RDW-CV, %: Т1 14.7 (13.4; 17.3) 16.3 (14.9; 19.0) 0.143
RDW-CV, %: Т2 15.1 (14.0; 16.3) 15.2 (14.0; 18.6) 0.446
рт1-т2 0.035 0.017 –
MicroR, %: Т1 3.9 (2.7; 4.4) 8.5 (2.3; 13.3) 0.153
MicroR, %: Т2 3.9 (1.5; 4.5) 6.8 (2.3; 11.4) 0.142
рт1-т2 0.345 0.345 –
MacroR, %: Т1 2.9 (2.7; 4.5) 3.7 (3.1; 5.0) 0.491
MacroR, %: Т2 3.7 (2.9; 5.4) 3.9 (2.8; 4.5) 0.898
рт1-т2 0.046 0.237 –

____________

Note .  MCV, fl – mean corpuscular volume, femtoliters (fl); MCH – 
mean corpuscular hemoglobin content; MCHC – mean corpuscular 
hemoglobin concentration; RDW-CV – red cell distribution width – 
coefficient of variation; microR – microcyte ratio; macroR – macrocyte 
ratio; ESR – erythrocyte sedimentation rate.

In both groups, at admission and after 48 hours 
from the onset of sepsis, elevated erythrocyte 
sedimentation rates were observed without 
statistically significant intergroup differences 
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.

Table 4

Dynamics of Peripheral Blood Leukocyte Counts in the First 48 
Hours from the Moment of Sepsis Verification, Me (Q1; Q3)

Parameter Patients with a 
favorable outcome

Patients with a 
fatal outcome р

Leukocytes,  
109 / l, Т1 11.93 (7.85; 17.75) 17.94  

(7.15; 29.71) 0.314

Leukocytes,  
109 / l, Т2 9.49 (6.80; 14.43) 13.18  

(10.19; 23.97) 0.076

рт1-т2 0.016 0.600 –
Neutrophils,  
%, Т1 84.0 (77.4; 87.6) 89.7 (71.9; 92.3) 0.079

Neutrophils,  
%, Т2 74.9 (70.9; 83.7) 84.7 (79.5; 91.7) 0.124

рт1-т2 0.016 0.753 –
Neutrophils,  
109 / l, Т1 9.24 (6.32; 13.68) 15.98 (5.14; 25.1) 0.254

Neutrophils,  
109 / l, Т2 7.26 (4.66; 10.78) 10.59  

(9.01; 21.35) 0.056

рт1-т2 0.017 0.422 –
IG, %, Т1 1.4 (0.5; 2.4) 2.0 (1.0; 3.0) 0.525
IG, %, Т2 2.9 (0.7; 4.8) 2.0 (0.6; 9.8) 0.749
рт1-т2 0.043 0.345 –
IG, 109 / l, Т1 0.25 (0.09; 0.26) 0.14 (0.13; 0.65) 0.874
IG, 109 / l, Т2 0.40 (0.16; 0.69) 0.09 (0.05; 0.95) 0.749
рт1-т2 0.237 0.463 –
Platelets,  
109 / l, Т1 311 (234; 370) 252 (133; 394) 0.422

Platelets,  
109 / l, Т2 356 (254; 397) 212 (120; 264) 0.011

рт1-т2 0.487 0.028 –

Platelets, % 0.76  
(–10.78; 14.15)

–9.78  
(–31.34; 1.33) 0.035

NEUT-GI, Т1 156.1  
(152.0; 159.7)

156.3  
(151.7; 157.5) 0.405

NEUT-GI, Т2 154.5  
(151.9; 160.4)

154.5  
(152.4; 156.2) 0.592

рт1-т2 0.422 0.086 –
NEUT-GI, % 0.25 (–1.04; 2.37) 1.38 (0.26; 2.91) 0.367
NEUT-RI, Т1 52.0 (49.1; 56.6) 58.3 (53.2; 64.8) 0.032
NEUT-RI, Т2 50.1 (48.7; 53.6) 62.9 (58.0; 64.4) 0.002
рт1-т2 0.363 0.594 –

NEUT-RI, % –2.93 (–6.60; 3.32) –3.90  
(–6.98; 4.11) 0.900

____________
Note .  IG, % – relative number of immature granulocytes; IG – 
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 

E n d o f   T a b l e  2
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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) × 10⁹ / 
l (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) × 10⁹ / l (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) FI, 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 / l (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 / l (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).

T a b l e  5

Hemogram Parameters as Early Predictors of a Fatal Outcome in Postoperative Sepsis
Parameter AUC       95% CI        p Cutoff point Sensitivity Specificity

Neutrophils, 109 / l, Т2 0.696 (0.518; 0.839) 0.046 > 10.15 69.23 72.73
Monocytes, %, Т1 0.711 (0.536; 0.849) 0.038 ≤ 4.8 66.67 85.71
Eosinophils, %, Т2 0.730 (0.541; 0.872) 0.017 ≤ 1.2 81.82 60.00
Platelets, 109 / l, Т2 0.760 (0.587; 0.888) 0.003 ≤ 264 76.92 72.73
Platelets, 109 / l (Т2–Т1) 0.733 (0.556; 0.867) 0.006 ≤ 15 100.00 45.45
PCT, %, Т2 0.782 (0.604; 0.906) 0.001 ≤ 0.27 75.00 76.19
RET-He, pg (Т2–Т1) 0.766 (0.493; 0.936) 0.036 ≤ 0.8 75.00 75.00
RET-He – RBC-He, pg, Т1 0.903 (0.680; 0.990) < 0.0001 > –1.5 81.82 87.50
RET-He – RBC-He, pg, Т2 0.821 (0.543; 0.966) 0.012 > –1.9 100.00 62.50
NEUT RI, FI, Т1 0.736 (0.540; 0.881) 0.019 > 57.6 77.78 85.71
NEUT RI, FI, Т2 0.889 (0.688; 0.91) < 0.0001 > 53.8 53.85 93.75
RE LYMP, %, Т1 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 × 
10⁹ / l 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 × 10⁹ / l or the absence 
of their increase by more than 15 × 10⁹ / l 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).

Rodionova Yu.O., Fedosenko S.V., Ivanova A.I. et al. Early clinical and laboratory predictors of in-hospital mortality in patients
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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 / l 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 / l 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.

The analysis of the erythrogram revealed 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) × 10⁹ / l, 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 × 10⁹ / l 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) × 10⁹ / l (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 / l), hyperuricemia (> 
12.1 mmol / l), 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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РЕЗЮМЕ

Новая коронавирусная инфекция COVID-19, вызвавшая масштабную пандемию в 2019–2023 гг., поражает 
не только легочную ткань, но и другие органы и системы, в том числе сердце, что обусловливает частое 
развитие у данных пациентов миокардита, аритмий, острого коронарного синдрома, а также ухудшение 
течения ишемической болезни сердца и хронической сердечной недостаточности. Одним из важных 
механизмов повреждения сердца при COVID-19 является избыточная активация тучных клеток, кото-
рые вырабатывают цитокины и хемокины, обладающие провоспалительной активностью, вызывая, таким 
образом, «цитокиновый шторм» – особую тяжелую форму системной воспалительной реакции, которая 
может заканчиваться летальным исходом. 

Цель литературного обзора заключалась в проведении анализа и обобщении опубликованных данных о 
сердечно-сосудистых осложнениях при COVID-19, включая влияние протеаз тучных клеток на поражение 
миокарда.

Ключевые слова: COVID-19, тучные клетки, протеазы, цитокиновый шторм, сердце
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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 I and angiotensin II 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].

Analysis of animal models and human transcriptome 
databases demonstrates that the expression of ACE2 
in the lower parts of the lungs is represented only by 
type II 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 
ACE2 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-1β 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-1β, tumor 
necrosis factor α (TNFα), CCL2 (chemokine (C-C 
motif) ligand), CCL5, IL-17, IL-18, IL-33, CXCL-10 
(C-X-C motif chemokine ligand), IFNγ, 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 
II 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 II. 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-1β 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 II 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 Ca2+ within 

endothelial cells is a critical factor in disrupting 
interendothelial connections and, consequently, 
increasing vascular permeability. The reason for the 
increased influx of Ca2+ is the activation of channels 
with a temporary receptor potential, which is induced 
by TNFα, causing destabilization of microtubules [33]. 
J.H. Tinsley et al. demonstrated the role of cytokines 
(TNFα, IL-1β, 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 Ca2+ 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].

Budnevsky A.V., Avdeev S.N., Ovsyannikov E.S. et al. Acute myocardial injury in new coronavirus infection: contribution of mast cells.
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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 II and dysfunction of the renin-angiotensin 
system [41]. 

No statistically significant correlations were found 
between the number of MCs and total leukocyte count 
[41].

Positive correlations were found between the 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 plaques, 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/mm3, 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/
mm3 [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 
ACE2 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.

Keywords: alcohol dependence, alcoholism, neurotransmitters, neuroimmune inflammation, corticotropin-
releasing factor, cortisol.
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РЕЗЮМЕ 

Алкогольная зависимость остается глобальной медико-социальной проблемой, несмотря на достигнутые 
успехи в изучении патогенеза заболевания и многообразие существующих методов лечения. Это определяет 
актуальность дальнейших  исследований, направленных на раскрытие сложных нейробиологических 
эффектов этанола на организм человека. Фундаментальные знания механизмов формирования и течения 
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алкогольной зависимости являются теоретической базой для разработки новых патогенетически 
обоснованных методов профилактики, диагностики и лечения расстройств, связанных с алкоголем, что 
будет способствовать повышению социального функционирования пациентов, снижению экономических 
потерь от социально-значимых заболеваний. 

Цель: анализ современных исследований российских и зарубежных авторов, касающихся изучения 
роли нейромедиаторов, факторов нейроиммунного воспаления и эндокринной регуляции в патогенезе 
алкогольной зависимости.

Ключевые слова: алкогольная зависимость, алкоголизм, нейромедиаторы, нейроиммунное воспаление, 
кортикотропин-рилизинг фактор, кортизол
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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 being 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 
GABAA and GABAB receptors [20]. 

A randomized double-blind placebo-controlled 
study evaluated the role of the GABAB receptor in 
the neurobiology of alcohol-related behavior. In 
patients with alcohol dependence, administration of 
the selective GABAB 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 GABAB 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 – mGluR) 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 (mGluR5) in the 
clinical features of the disorder. Researchers observed 
increased mGluR5 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-1β, 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, TNFα, 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-1α, IL-1β, IL-
6, and TNFα, 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), disrupting the regulation 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]. 

A one-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.

Keywords: cardiovascular diseases, atherosclerosis, biomolecules, vascular calcification, blood

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the 
publication of this article.

Source of financing. The article was written within the budgetary topic in the state assignment No. FWNR-2024-
0004.

For citation: Demina E.D., Shramko V.S. The role of biomolecules in the development and progression of 
vascular calcification in cardiovascular diseases. Bulletin of Siberian Medicine. 2025;24(3):138–148. https://doi.
org/10.20538/1682-0363-2025-3-138-148.

__________________________

Роль биомолекул в развитии и прогрессировании кальцификации  
сосудов при сердечно-сосудистых заболеваниях

Демина Е.Д., Шрамко В.С.

Научно-исследовательский институт терапии и профилактической медицины (НИИТПМ) – филиал 
Института цитологии и генетики Сибирского отделения Российской академии наук (ИЦиГ СО РАН) 
Россия, 630089, г. Новосибирск, ул. Бориса Богаткова, 175/1

*  Demina Elizaveta D., chaussova.liza@gmail.com

Бюллетень сибирской медицины. 2025; 24 (3): 138–148



139

Re v i e w s  a n d  le c t u r e s

РЕЗЮМЕ

Сердечно-сосудистые заболевания (ССЗ) остаются наиболее актуальной проблемой в системе здравоохра-
нения. В патогенез ССЗ вовлечены сложные взаимодействия между изменениями интима-медиа артерий и 
компонентами крови (накопление липидов, сложных углеводов, фиброзной ткани, кальцификация и др.). 
В развитии и прогрессировании кальцификации коронарных артерий огромную роль играют различные 
биомолекулы, где в качестве ингибиторов кальцификации чаще всего выступают остеопонтин, остеопроте-
герин, склеростин, фетуин-А, неорганический пирофосфат, матриксный Gla-протеин, фактор роста фибро-
бластов 23 (FGF-23), Клото, белки морфогенеза костей (BMP), в частности BMP-7; а активаторов – лептин, 
BMP-2, BMP-4, паратиреоидный гормон, кальцитриол и др. В настоящее время наиболее изученными био-
молекулами, ассоциированными с кальциевым обменом, считаются остеопротегерин, остеопонтин, остео-
нектин, остеокальцин и белок Клото. 

В работе описаны малоизученные эффекты ингибиторов кальцификации (склеростин, фетуин А, матрикс-
ный Gla-протеин, FGF-23, неорганический пирофосфат, BMP-7), а также некоторых активаторов кальци-
фикации (лептин, BMP-2 и BMP-4, паратиреоидный гормон и кальцитриол). 

Цель данного исследования заключается в анализе и систематизации данных о роли биомолекул в разви-
тии и прогрессировании кальцификации сосудов при ССЗ.

Ключевые слова: сердечно-сосудистые заболевания, атеросклероз, биомолекулы, кальцификация сосу-
дов, кровь
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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]. For a long 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; at the same time, the degree of mineralization 
can reflect 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/β-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 / l 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 
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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 / l 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 (r = 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 (ATAС), and descending thoracic aorta 
(DTAС) calcification. For each standard deviation 
(SD, 178 pmol / l) 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 is 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% CI: 
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 β (TGFβ) superfamily and regulate cellular 
differentiation and tissue mineralization [17]. 
Currently, at least 33 ligands have been identified 
in the TGFβ 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 

Demina E.D., Shramko V.S. The role of biomolecules in the development and progression of vascular calcification



143

Re v i e w s  a n d  le c t u r e s

Bulletin of Siberian Medicine. 2025; 24 (3): 138–148

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 μg 
/ kg inhibited the formation of atherosclerotic 
plaques [62]. In a study by P. Urbina et al., it was 
shown that in laboratory mice with prediabetic 
cardiomyopathy, administration of BMP-7 at a dose 
of 200 μg / 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 CVD. 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].

In a study by Y. Liu et al., 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, Cbfa1), 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. Fernández-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(OH)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 / l, whereas for men, the increased 
risk occurred at values ≥ 120 nmol / l [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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РЕЗЮМЕ

Диагностика и терапия злокачественных новообразований в современной онкологии все больше ориенти-
руется на использование молекулярных мишеней, участвующих в многостадийном процессе патогенеза 
опухолей. Простат-специфический мембранный антиген (ПСМА) является на сегодняшний день одним из 
таких молекулярных маркеров для рака предстательной железы, и в течение последних двух десятилетий 
отмечается активное развитие ПСМА-тераностики опухолей простаты. Однако многочисленные исследо-
вания последних лет показали, что ПСМА, несмотря на свое название, не является специфичным молеку-
лярным маркером только для ткани предстательной железы. Выявлено, что экспрессия этого рецептора в 
других новообразованиях ассоциирована в большей степени с неоваскулярным эндотелием, что послужило 
началу исследований по клиническому применению ПСМА-направленной визуализации опухолей различ-
ных локализаций. 

В данной лекции проанализированы возможности применения ПСМА-направленной радионуклид-
ной диагностики, главным образом методов позитронной эмиссионной томографии, для различных 
гистологических вариантов неоплазий, а также особенности ПСМА-экспрессии некоторых опухо-
лей. Авторы лекции демонстрируют существующие клинические примеры не только результатов 
диагностических исследований, но в ряде случаев и применения таргетной радионуклидной терапии.  
В лекции представлены возможные точки приложения ПСМА-направленных методов визуализации с точ-
ки зрения получения дополнительной информации об особенностях течения опухолевого процесса.   

Ключевые слова: ПСМА, ПЭТ/КТ, рак, эндотелиальный, радионуклидный, терапия, диагностика
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INTRODUCTION

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 II integral membrane glycoprotein (glutamate 
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carboxypeptidase II, or GCPII) [1, 2]. Glutamate 
carboxypeptidase II 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 FOLH1) [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 expression of PSMA on the cell membrane 
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]. 

In terms of nuclear imaging methods, besides routine 
radioactive iodine scintigraphy, the most studied 
method for diagnosing radioiodine-resistant thyroid 
cancer (rrTC) is fluorine-18 fluorodeoxyglucose 
([18F]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 [18F]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 [18F]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, 
as a rule, [68Ga]Ga-PSMA-11 was used as a diagnostic 
radiopharmaceutical targeting PSMA receptors. 
Two studies report theranostics-based use of [177Lu]
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 [18F]F-FDG. [43]. 
However, this study does not play a key role in the 
treatment of this category of patients and is currently not 
recommended as a diagnostic method for ccRCC [44–
46]. This limitation is mainly due to the physiological 
renal excretion of [18F]F-FDG, which naturally 
complicates visualization of the primary tumor [43]. 
In addition, ccRCC in general is characterized by a 
relatively low level of [18F]F-FDG uptake, but the 
underlying mechanism of this phenomenon is not 
fully understood. Nevertheless, a recent study showed 
that [18F]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 [18F]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 [68Ga]Ga-PSMA-11 accumulation depending 

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 [18F]
F-FDG and [18F]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 [18F]F-DCFPyL was not 
statistically significant, but SUVmax and tumor-to-
background ratio were significantly higher than those 
of [18F]F-FDG. 

Similar results were presented in the works by V. 
S. Ilyakov et al. [57, 58], where the authors analyzed 
comparative PET studies with [18F]F-PSMA-1007 
and [18F]F-FDG in patients with locally advanced, 
metastatic ccRCC and suspected local recurrence after 
surgical treatment.  Regarding the use of [99mTc]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.

Fig. 1. MIP- reconstruction (a), CT and combined SPECT / CT images (b) at 2 h after administration of [99mTc]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, [18F]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 ВС, 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 ВС 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], а 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 [18F]F-PSMA-1007 and [18F]
F-FDG in patients with triple-negative BC (n = 10). 
The detection rate of triple-negative tumors with [18F]
F-PSMA-1007 was comparable to [18F]F-FDG in most 
patients. However, in patients with distant metastases, a 
higher number of metastatic lesions were detected using 
[18F]F-PSMA-1007 due to more intense accumulation 
(higher SUVmax values) compared to [18F]F-FDG. 
In addition, [18F]F-PSMA-1007 demonstrated higher 
diagnostic efficiency in detecting metastatic lesions 
in areas with high physiological accumulation of [18F]
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 [99mTc]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 [99mTc]
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 [177Lu]Lu-PSMA-617 is described [64].

а                               b

Fig. 2. MIP- reconstruction (a) 
and combined SPECT/CT images 
(b) at 2 h after administration of 
[99mTc]Tc-HYNIC-PSMA in 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)
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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 [18F]F-FDG and labeled choline (with 18F 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, 
[18F]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, [18F]F-FDG-6-phosphate 
formed after phosphorylation of [18F]F-FDG may be 
dephosphorylated and released from the cells, which 
explains low uptake of [18F]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, [68Ga]Ga-
PSMA-11 was used as the radiopharmaceutical, which 
is undoubtedly justified, since the biodistribution 
feature of [18F]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 [18F]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], [68Ga]
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 [177Lu]Lu-PSMA-617 administration to two 
patients who were diagnosed with liver lesions with 
high uptake of [68Ga]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 [177Lu]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 [18F]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, [18F]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 [18F]F-FDG and [68Ga]Ga-PSMA PET/CT was 
conducted in 10 patients with confirmed diagnosis 
of Hodgkin’s lymphoma (n = 3) and NHL (n = 7). 
It was shown that [18F]F-FDG accumulated in 59 of 
59 abnormal sites, while [68Ga]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 [68Ga]Ga-PSMA 
demonstrated greater potential in detecting brain 
lesions compared to FDG, which is logical given 
the biodistribution characteristics of [18F]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 [99mTc]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 [18F]
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 [18F]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 [177Lu]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 [177Lu]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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depending on the HIV status of patients
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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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Роль витамина D в иммуноадъювантной терапии туберкулеза  
в зависимости от ВИЧ-статуса пациентов
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РЕЗЮМЕ

В базах данных PubMed и eLIBRARY.RU по ключевым словам были проведены поисковые запросы, 
включающие публикации за 2018–2024 гг. Представлен анализ литературы о дефиците витамина D  
у больных при туберкулезе (ТБ), вирусе иммунодефицита человека (ВИЧ), в сочетании ТБ и ВИЧ, который 
выявил неоднородную распространенность. Показана роль витамина D в иммунологическом ответе 
организма при ТБ в зависимости от наличия ВИЧ-инфекции. Приведены данные терапевтического при-
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менения в качестве адьюванта к химиотерапии туберкулеза витамина D в различных дозировках в одно-
кратном и пролонгированном введении. Обозначены перспективы использования витамина D в комбини-
рованном лечении больных ТБ в зависимости от ВИЧ-статуса, особенно со множественной лекарственной 
устойчивостью возбудителя, требующие изучения в российских клинических исследованиях.  

Ключевые слова: туберкулез, ВИЧ, иммунитет, витамин D, адъювантная иммунотерапия, терапия хозяина 
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INTRODUCTION
In the 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 immunomodulatory  
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. 

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-α-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 
CYP24A1 and CYP27B1 induce the expression 
of genes encoding antimicrobial peptides (AMP), 
β-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 Th1 cells, and promotes 
the production of cytokines associated with the Th2  
response [6–10].

T a b l e  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) II, 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, TNFα, induction of transcription of the gene encoding IL-1β, 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 IFNγ 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-κB)), 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, 
INFγ), 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]. 

Vitamin D deficiency can also be caused by congenital 
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-, 1α-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(OH)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 / l). Insufficiency 
was recognized at 20–30 ng / ml (50–75 nmol / l), 
and deficiency was noted at < 20 ng / ml (< 50 
nmol / l). 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.  

T a b l e  2

Vitamin D Levels in the Blood Serum of Patients with Tuberculosis (according to Case – Control Studies, 2018–2024)

Country Sample (n), TB 
/ HC

Age (years), 
men / women

Tuberculosis 
localization, n

М ± m or 
Me (Q1; Q3), ng / ml Year, reference

Russia 75, 
75 / no HC

TB – up to 17, 
29/46 PTB, 75 13.10 ± 1.04 (newly detected TB) 

8.74 ± 1.07 (TB relapse)
2024, 
[20]

Russia 31, 31 / no HC TB – up to 14, 13/18 PTB, 31 14.60 ± 1.30  2024, [21] 
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Country Sample (n), TB 
/ HC

Age (years), 
men / women

Tuberculosis 
localization, n

М ± m or 
Me (Q1; Q3), ng / ml Year, reference

India 116,
58/58

TB – 50, 31/27 
HC – 49, 32/26

PTB, 29
EPTB , 29

PTB – 15.30 (8.63, 23.47) 
EPTB – 13.40 (8.47, 25.72) 
HC – 19.08 (13.92, 26.17)

2024,  [16]

India 400, 200/200 TB – 32, 130/70 
HC – 33, 120/80

PTB, 122 
EPTB, 78

PTB – 18.02 ± 7.58 
EPTB – 17.26 ± 6.58 

HIV (-) – 17.65 ± 7.26 
HIV (+) – 17.48 ± 7.13 
DS-TB – 17.82 ± 7.36 

MDR-TB – 17.25 ± 6.50 
HC – 32.34 ± 13.79

2024, 
[22]

Egypt 89,
47/42

TB – 32, 25/22 
HC – 31, 22/20 PTB, 47 TB – 17.1 ± 5.5 

HC – 51.8 ± 27.3 2024,  [23]

Uganda 95, 
78/22

TB – 28, 37/46 
HC – 28, 9/13 PTB, 78

TB – 17 (12.6, 21.4) 
LTB – 23 (16, 29.2) 
HC – 22 (16.7, 27.8)

2022, [24]

India 100,
50/50

All over 18 years, 
TB – 88/12 
HC – 88/12

PTB, 50 TB – 19 (7.75, 27.25) 
HC – 25 (19.75, 32.00) 2021,  [25]

Peru 889,
180/709

TB – over 25 years 50.6%, 94/86 
HC – over 25 years 49.5%, 366/343 PTB, 180 TB – 21.5 (17.1, 25.6) 

HC – 21.9 (44.5-67.1) 2019, [13]

Brazil 72
24/48 

TB – 32, 24/0 
HC – 33, 48/0 PTB, 24 TB – 27.7 ± 7.85 

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.

E n d o f   t a b l e  2

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(OH)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 TNFα and impaired 
renal 1α-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 IU / 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 μg / day) for 6 weeks for PTB and 
oral administration of 50,000 IU once a week for 6 
weeks (total of 300,000 IU) 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 IU) once a week with a 
prolonged administration of 2,000 IU 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 CD4+ 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
Frantsiyants E.M., Bandovkina V.A., Surikova E.I., Cheryarina N.D., Kaplieva I.V., 
Menshenina A.P., Shikhlyarova A.I., Neskubina I.V.

National Medical Research Centre for Oncology 
63 14th Liniya, 344037 Rostov-on-Don, Russian Federation 

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.

Keywords: dendritic cells, antitumor vaccine
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Дендритные клетки как основа конструирования противораковых 
вакцин 

Франциянц Е.М., Бандовкина В.А., Сурикова Е.И., Черярина Н.Д., Каплиева И.В., 
Меньшенина А.П., Шихлярова А.И., Нескубина И.В. 

Национальный медицинский исследовательский центр (НМИЦ) онкологии  
Россия, 344037, г. Ростов-на-Дону, ул. 14-я линия, 63 

РЕЗЮМЕ

Дендритные клетки (ДК) играют ключевую роль в организации иммунного ответа против опухолей, 
выступая связующим звеном между врожденным и адаптивным иммунитетом. Они захватывают, 
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обрабатывают и представляют опухолевые антигены Т-клеткам, что запускает специфический иммунный 
ответ, направленный на уничтожение раковых клеток. Представляют собой неоднородную популяцию, 
включающую несколько подтипов, таких как обычные ДК (cDC1, cDC2) и плазмоцитоидные ДК (pDC). 
Каждый подтип выполняет уникальные функции: cDC1 специализируются на активации CD8+ Т-клеток, а 
pDC вырабатывают интерфероны. В микроокружении опухоли ДК часто теряют свою функциональность 
из-за иммуносупрессивных факторов, таких как IL-6 и PGE2, что затрудняет их способность активировать 
Т-клетки. Кроме того, нарушение баланса между окислительным фосфорилированием и гликолизом, 
регулируемым осью AMPK/mTOR, может приводить к иммуносупрессивному фенотипу ДК.

Перспективным направлением в иммунотерапии рака является создание вакцин на основе ДК, которые 
могут восстанавливать иммуногенность «холодных» опухолей, лишенных инфильтрации Т-клеток. Такие 
вакцины созданы путем генерации ДК in vitro или их модификации для усиления презентации опухолевых 
антигенов.

Несмотря на значительные успехи, биология ДК остается недостаточно изученной. Эта работа подчеркивает 
важность ДК в разработке новых стратегий лечения рака и открывает перспективы для создания более 
эффективных иммунотерапевтических подходов.

Ключевые слова: дендритные клетки, противоопухолевая вакцина
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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-I (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, TNFα), 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 (pMHC) 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 I 
(МНС-I) molecules present antigens for recognition 
to CD8+ and МНС-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 II molecules, such as 
HLA-DR, a molecule 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+ cDCs, 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 I 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 cDCs, the authors 
identified six DC populations: DC1 corresponds to 
CD141/BDCA-3+ cDC1, which specializes in antigen 
cross-presentation and is labeled with CLEC9A; 
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 I complexes. Continuous 
production of type I interferon by regressing tumor 
cells resulted in an ISG+ DC state, and activation 
of these cells with exogenous interferon β restored 
antitumor immunity in Batf3-/- mice.  The genetic 
signature of ISG+ 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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regulation of glycolysis and 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 unique 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
DCs play a key role in the tumor microenvironment 

(TME). As the main antigen-presenting cells in 
tumors, DCs modulate the antitumor immune response 
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 
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by multiple factors, including their subtype, 
transcriptional programs, localization, 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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the central nervous system: clinical case
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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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РЕЗЮМЕ

Первичный диффузный лептоменингеальный меланоцитоз (ПДЛМ) – редкое опухолевое поражение цен-
тральной нервной системы, характеризующееся диффузной инфильтрацией мягких мозговых оболочек 
меланоцитарными клетками без явной инвазии в паренхиму головного мозга. Диагностика заболевания 
представляет сложность в связи с неспецифичностью клинической картины и отсутствием четких ней-
ровизуализационных критериев, что требует проведения морфологического и иммуногистохимического 
исследований для окончательной верификации диагноза. 

В статье представлен клинический случай пациента с прогрессирующими неврологическими нарушениями, 
диагностическими сложностями и постмортальной верификацией ПДЛМ. Описаны ключевые дифферен-
циально-диагностические аспекты, особенности морфологического строения опухоли и ее иммуногисто-
химический профиль. Также представлены данные нейровизуализационных исследований, демонстрирую-
щие характерные изменения, сопровождающие ПДЛМ. Описанный случай демонстрирует необходимость 
междисциплинарного подхода при ведении пациентов с хроническими менингеальными поражениями не-
установленной этиологии и подчеркивает значимость дальнейших исследований в области молекулярной 
диагностики и потенциальных терапевтических стратегий. 

Ключевые слова: первичный диффузный менингеальный меланоцитоз, нейровизуализация, иммуноги-
стохимия, патоморфология 
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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 disease. 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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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.

Fig. 1. Multislice Computed Tomography  
of the Brain.

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 

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
At autopsy, 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 ×40/0.65 magnification. There were 
no necrotic tissue changes, and no evidence of tumor 
cell invasion into the neuroparenchyma was detected 
(Fig. 4).

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: а – ×4/0.10; b – ×10/0.25.

а          b

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. 

The results indicated 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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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 
II–IV 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. 
The described fatal clinical case demonstrates 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 malignancy, 
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 

а            b           с

Fig. 5. Immunohistochemistry of the Pia Mater Tissue Samples with a Tumor.  Immunohistochemistry: a – positive nuclear 
expression of SOX10 in tumor cells, ×4 / 0.10; b – positive cytoplasmic expression of Melan-A in tumor cells, ×10 / 0.25; c – 

positive nuclear expression of Ki67 in single cells, ×10 / 0.25.
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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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