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Unpaywall – браузерное расширение. Оно находит бесплатные копии 
научных статей, оригиналы которых находятся под paywall. В открытой базе 
данных сервиса есть более 31 миллиона научных публикаций

Baidu – китайская компания, предоставляющая веб-сервисы, основным из 
которых является поисковая система с таким же названием – лидер среди 
китайских поисковых систем

Scilit – это всеобъемлющая бесплатная база данных для ученых, 
использующая новый метод сопоставления данных и индексирования 
научных материалов. Наши сканеры ежедневно извлекают последние 
данные из CrossRef и PubMed

Регулярно обновляемая коллекция периодических изданий Китая по 
широкому кругу дисциплин

Викиданные – это бесплатная и открытая база знаний, которую могут 
читать и редактировать как люди, так и машины

SCImago Journal & Country Rank – это общедоступный портал, который 
включает научные показатели журналов и стран, разработанные на основе 
информации, содержащейся в базе данных Scopus® (Elsevier B.V.). Эти пока-
затели можно использовать для оценки и анализа научных областей.

Данный сервис обеспечивает полнотекстовый поиск по всем 
исследовательским публикациям, заархивированным в различных 
коллекциях Архива Интернета.

НейроАссистент – сервер научного издательства предназначен для 
авторов, редакторов и рецензентов научных журналов. Сервис позволяет 
автоматизировать работу с текстами научных статей с помощью 
искусственного интеллекта

Крупнейшая в мире база данных рефератов и цитирований от компании 
Elzevier

DOAJ – это уникальный и обширный индекс разнообразных журналов 
открытого доступа со всего мира

Национальная библиографическая база данных научного цитирования 
российских авторов

База российских научных медицинских журналов

КиберЛенинка – это научная электронная библиотека, построенная 
на парадигме открытой науки (Open Science)

AcademicKeys.com предоставляет ресурсы, которые объединяют и инфор-
мируют академическое сообщество

Международный центр ISSN

Реферативно-библиографическая база данных научных публикаций 
российских учёных и индекс цитирования научных статей

Электронно-библиотечная система

Сервис предоставляет глобальный доспуп к знаниям в области  открытых 
инноваций

Платформа, предоставляющая сервисы совместной работы с 
библиографическими данными, которая была создана для построения 
социальной сети учёных на основе их публикаций

Citations Open – независимая некоммерческая инфраструктурная 
организация, занимающаяся публикацией открытых библиографических 
данных и данных о цитировании с использованием технологий Semantic 
Web (связанных данных)
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ABSTRACT

Aim. To study the analgesic effect of a new 1,4-benzodiazepine-2-one derivative (codenamed PAV-0056) in 
pain models in mice, its anti-inflammatory effect in experimental exudative inflammation in rats, and its potential 
ulcerogenic effect.

Materials and methods. A 1,4-benzodiazepine-2-one derivative (codenamed PAV-0056) was orally administered 
in polyvinylpyrrolidone (PVP) solution to 192 CD-1 mice weighing 20–25 g and 140 Sprague – Dawley rats 
weighing 250–300 g. The analgesic effect of the PAV-0056 compound at a dose of 0.01, 0.1, and 1 mg / kg was 
studied in murine acute thermal pain models (hot plate test, hot water immersion tail-flick test), acute chemogenic 
pain models (formalin test), and visceral spasticity-related pain models (acetic acid-induced writhing test). The 
anti-inflammatory effect of PAV-0056 at doses of 0.01, 0.1, and 1 mg / kg was studied in an experimental rat model 
of inflammation induced by subplantar administration of bradykinin and histamine. The potential ulcerogenic effect 
was studied in intact rats, who were injected with PAV-0056 at doses of 1 and 50 mg / kg four times. The analgesic 
effect of the PAV-0056 compound was compared to that of diclofenac sodium at a dose of 10 mg / kg and tramadol 
at a dose of 20 mg / kg. Its anti-inflammatory and potential ulcerogenic effects were compared to those of diclofenac 
sodium at a dose of 10 mg / kg.

Results. In the hot plate test, the PAV-0056 compound at a dose of 0.1 mg / kg increased response latency in 
mice by 36%, and at a dose of 1 mg / kg, it increased response latency by 46% (p < 0.05). In the tail-flick test, 
the PAV-0056 compound at a dose of 1 mg / kg increased response latency to heat stimulation in mice by 46% 
(p < 0.05). After subplantar administration of formalin, PAV-0056 at doses of 0.01–1 mg / kg had a pronounced 
analgesic effect, as shown by a decrease in the number of pain responses by 39–55% (p < 0.05). When mice were 
intraperitoneally injected with an acetic acid solution, the PAV-0056 compound at doses of 0.1 and 1 mg / kg 
reduced the frequency of writhings by 46 and 57%, respectively; at a dose of 0.1 mg / kg, it delayed the onset of the 
first writhing by 21% (p < 0.05). In experiments on rats, the PAV-0056 compound prevented the development of 
exudative inflammation induced by subplantar administration of bradykinin and did not have an anti-inflammatory 
effect in histamine-induced inflammation. PAV-0056 did not cause formation of gastric ulcers and gastric mucosal 
bleeding.

Conclusion. A 1,4-benzodiazepine-2-one derivative, PAV-0056, has a pronounced analgesic effect in models of 
thermal, chemogenic, somatic, and visceral pain in a wide range of doses (0.01–1 mg / kg). Its analgesic effects are 
the same as those of diclofenac sodium at a dose of 10 mg / kg and tramadol at a dose of 20 mg / kg. The analgesic 
effect of the PAV-0056 compound is selective, depends little on suppression of inflammatory exudation, and is 
caused by bradykinin antagonism. This substance has low toxicity and does not damage the gastric mucosa.

Keywords: 1,4-benzodiazepine-2-one derivative, analgesic, anti-inflammatory, and potential ulcerogenic effects, 
mice, rats

Бюллетень сибирской медицины. 2023; 22 (2): 6–13
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РЕЗЮМЕ

Цель – изучить анальгетическую активность нового производного 1,4-бензодиазепин-2-она (шифр –  
PAV-0056) на моделях боли у мышей, противовоспалительное действие при экспериментальном 
экссудативном воспалении у крыс, а также его потенциальное ульцерогенное действие.

Материалы и методы. Производное 1,4-бензодиазепин-2-она, обозначенное шифром PAV-0056, вводили 
в растворе поливинилпирролидона в желудок 192 мышам стока CD-1 массой тела 20–25 г и 140 крысам 
стока Sprague Dawley массой тела 250–300 г. Анальгетическую активность соединения PAV-0056 в дозах 
0,01; 0,1 и 1 мг/кг изучали у мышей на моделях острой термической боли (тесты «горячая пластина» и 
отдергивания хвоста при погружении в горячую воду), острой хемогенной боли (формалиновый тест) и 
висцеральной спастической боли (тест «уксусные корчи»). Противовоспалительное действие PAV-0056 в 
дозах 0,01; 0,1 и 1 мг/кг исследовали при экспериментальном воспалении, вызванном у крыс субплантарным 
введением брадикинина и гистамина. Потенциальное ульцерогенное влияние изучали у интактных крыс, 
которым вещество PAV-0056 в дозах 1 и 50 мг/кг вводили 4 раза. Анальгетический эффект соединения 
PAV-0056 сравнивали с действием диклофенака натрия в дозе 10 мг/кг и трамадола в дозе 20 мг/кг, проти-
вовоспалительное и возможное ульцерогенное действие –  с влиянием диклофенака натрия в дозе 10 мг/кг.

Результаты. В тесте «горячая пластина» соединение PAV-0056 в дозе 0,1 мг/кг увеличивало у мышей 
время до появления первой болевой реакции на 36%, в дозе 1 мг/кг – на 46% (p < 0,05). В тесте отдергивания 
хвоста при погружении в горячую воду соединение PAV-0056 в дозе 1 мг/кг увеличивало латентное время 
наступления термической боли у мышей на 46% (p < 0,05). При субплантарном введении формалина со- 
единение PAV-0056 в дозах 0,01–1 мг/кг оказывало выраженное анальгетическое действие, что проявлялось 
уменьшением на 39–55% количества болевых реакций (p < 0,05). При внутрибрюшинной инъекции мышам 
раствора уксусной кислоты соединение PAV-0056 в дозах 0,1 и 1 мг/кг уменьшало количество «корчей» 
на 46 и 57% соответственно, в дозе 0,1 мг/кг отдвигало наступление первой «корчи» на 21% (p < 0,05). 
В экспериментах на крысах соединение PAV-0056 препятствовало развитию экссудативного воспаления, 
вызванного субплантарным введением брадикинина, и не оказывало противовоспалительного эффекта при 
гистаминовом воспалении, не вызывало образования язв и кровоизлияний на слизистой оболочке желудка.

Заключение. Производное 1,4-бензодиазепин-2-она PAV-0056 в широком диапазоне доз (0,01–1 мг/кг) 
вызывает выраженную анальгезию на моделях термической, хемогенной, соматической и висцеральной 
боли, по анальгетической активности не уступает эффекту диклофенака натрия в дозе 10 мг/кг и трамадола 
в дозе 20 мг/кг. Анальгетическое действие соединения PAV-0056 является селективным, мало зависит 
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от подавления воспалительной экссудации и обусловлено антагонизмом с брадикинином. Это вещество 
малотоксично и не повреждает слизистую оболочку желудка.

Ключевые слова: производное 1,4-бензодиазепин-2-она, анальгетическое, противовоспалительное и 
потенциальное ульцерогенное действие, мыши, крысы
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Fig. 1. Structural formula of the PAV-0056 compound
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INTRODUCTION
Pain is a complex psycho-emotional sensation in 

response to the effect of nociceptive stimuli, charac-
terized by impaired adaptation and deterioration in 
patients’ quality of life [1]. To alleviate pain, opioid 
and non-opioid analgesics, as well as non-steroidal 
anti-inflammatory drugs (NSAIDs) are used. Opioid 
analgesics eliminate severe pain of any etiology, but 
depress the respiratory center and generate a risk of 
physical and psychological dependence and addiction 
[2]. NSAIDs are most effective for nociceptive pain at 
the inflammation site; their side effects include ulcero-
genic and nephrotoxic effects, cardiovascular diseas-
es, bronchospasm, and bleeding [3].

One of the modern strategies in the search for 
new analgesics is development of autacoid inhib-
itors (bradykinin, histamine, serotonin), which 
prevent their activating effects on the nocicep-
tive system [4–6]. The nonapeptide bradykinin 
is generated during inflammation, allergies, and 
infections via cleavage of kininogen by the ac-
tion of kallikrein and activates metabotropic  
B receptors [7]. Bradykinin directly irritates sensitive 
nerve endings and promotes secretion of other algo-
genic factors, such as substance P, neurokinin A, and 
calcitonin gene-related peptide. At the inflammation 
site, bradykinin dilates capillaries, disrupts cell – cell 
contacts, and increases exudation and migration of 
neutrophils, lymphocytes, and macrophages [8].

In clinical practice, there are no analgesics with an-
ti-bradykinin action. Bradykinin B receptor is blocked 
by 1,4-benzodiazepine-2-one derivatives [9–12]; 

among them, the compound PAV-0056 has the great-
est analgesic effect [13].

The aim of this work was to study the analgesic ef-
fect of a new 1,4-benzodiazepine-2-one derivative PAV-
0056 in experimental models of pain and inflammation, 
as well as to evaluate its potential ulcerogenic effect.

MATERIALS AND METHODS 
The PAV-0056 compound is methyl-2-(7-nitro-

2-oxo-5-phenyl-3-propoxy-2,3-dihydro-1H-benzo[e]
[1,4]diazepine-1-yl)acetate (Fig.1). Derivatives of 
1,4-benzodiazepine-2-ones were synthesized at IP-
HAR LLC based on molecular design and study of the 
relationship between the chemical structure and affin-
ity to benzodiazepine receptors and analgesic effects 
[14]. Among this group of substances, the PAV-0056 
compound has minimal toxicity, and its oral LD50 in 
mice and rats is over 2,000 mg / kg.
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The experiments were carried out at the R&D 
center of IPHAR LLC in 192 pathogen-free  
male CD-1 mice weighing 20–25 g and 140 male 
Sprague – Dawley rats weighing 250–300 g. The an-
imals were obtained from the Department of Labo-
ratory Animals of the R&D center. They were kept 
in groups of 5–6 individuals each in plastic cages at 
20–23 °C, relative humidity of no more than 50%,  
exhaust – supply ratio of 8 :10, in a 12 : 12 light /dark 
cycle. 

The study was approved by the local Ethics Commit-
tees at IPHAR LLC (Protocol No. 77/2020 of 24.11.2020) 
and Siberian State Medical University (Protocol  
No. 8992 of 21.02.2022). It was conducted in accor-
dance with the provisions of the European Conven-
tion for the Protection of Vertebrate Animals used for 
Experimental and Other Scientific Purposes (Stras-
bourg, 1986) and the principles and rules of Good 
Laboratory Practice (Decision of the Council of Eur-
asian Economic Commission No. 81 of 03.11.2016  
and the National Standard of the Russian Federation 
(GOST) 33044-2014).

The PAV-0056 compound at doses of 0.01, 0.1, 
and 1 mg / kg or the reference listed drugs diclofenac 
sodium (Hemofarm, Serbia) at a dose of 10 mg / kg 
[15] and tramadol (Pharmaceuticals Formenti S.p.A., 
Italy) at a dose of 20 mg / kg [16] were orally admin-
istered to mice to assess the analgesic effect. All sub-
stances were dissolved in 0.5 ml of 1% aqueous solu-
tion of polyvinylpyrrolidone (PVP) (Plasdone S-630, 
Ashland Inc., USA). Control animals received the 
vehicle in an equivalent volume. Doses of the PAV-
0056 compound were selected based on previous pi-
lot studies. Analgesic effects were evaluated 60 min 
after the administration of the PAV-0056 compound, 
diclofenac sodium or tramadol, and compared with 
those in control animals. Each experimental group 
contained 6–10 animals.

Hot plate test. Mice (6 groups, n = 6 animals per 
group) were placed on a metal surface heated to a tem-
perature of 55 ± 1 °C (thermal table HWT-75, Russia). 
We determined response latency, measured by paw 
withdrawal and licking. The mice were kept on the hot 
plate for no more than 1 min to avoid injury [4, 17]. 

Tail-flick test. The tails of mice (6 groups, n = 10 
animals per group) were half immersed in water at a 
temperature of 45 ± 1 °C (Sakura 1450 water bath, 
Japan). We measured the time before the tail flicked 
to the side [4, 17].

Formalin test. Mice (6 groups, n = 10 animals per 
group) were injected with 0.02 ml of 0.5% formalin 

(Sigma-Aldrich, USA) into the plantar aponeurosis of 
the hind limb. A pain response was registered by the 
number of licks and shakes of the injured paw during 
60 min. In the first 15 min (phase I), acute phase pain 
developed due to sensitization of peripheral structures 
of the nociceptive system, in the next 45 min (phase 
II), tonic pain developed, which was caused by activa-
tion of central mechanisms of the nociceptive system 
[17, 18].

Acetic acid-induced writhing test. Mice (6 groups, 
n = 6 animals per group) were intraperitoneally in-
jected with 0.75% aqueous acetic acid solution  
(Sigma-Aldrich, USA) in a volume of 0.1 ml per 10 g 
of body weight. We assessed the number of abdominal 
muscle contractions (writhings) and time to the onset 
of the first writhing within 20 min [17, 18].

The anti-inflammatory effect of the PAV-0056 
compound was studied in models of acute exuda-
tive inflammation. Rats (10 groups, n = 10 animals 
per group) were injected with 0.1 ml of 0.1% aque-
ous bradykinin solution (Sigma-Aldrich, USA) or 2% 
aqueous histamine solution (Sigma-Aldrich, USA) 
into the aponeurosis of the hind limb. The other hind 
limb of these animals was injected with 0.1 ml of so-
dium chloride (control). The PAV-0056 compound at 
doses of 0.01, 0.1, and 1 mg / kg or diclofenac so-
dium at a dose of 10 mg / kg [19] was injected 1 h 
before the injection of bradykinin or histamine. The 
limb volume was measured using a plethysmometer  
(UGO BASIL, Italy) 30 min after the injection of in-
flammatory mediators. The degree of edema reduction 
in the inflamed limb was expressed as a percentage of 
the control [4].

To study the potential ulcerogenic effect, intact rats 
(4 groups, n = 10 animals per group) were orally ad-
ministered the PAV-0056 compound at doses of 1 and 
50 mg / kg or diclofenac sodium at a dose of 10 mg / kg 
four times (with an interval of 24 h). The animals were 
withdrawn from the experiment in a CO₂ atmosphere 
3 h after the last administration. The gastric mucosa 
was studied for erosions, ulcers, and hemorrhages 
using a stereoscopic microscope (Observational In-
struments, Russia) at 10× magnification. We assessed 
the degree of damage according to a four-point scale:  
0 – no damage; 0.5 – mucosal hyperemia; 1 – 1 or 
2 punctate hemorrhages on the mucous membrane; 
2 – single erosion and punctate hemorrhages on the 
mucous membrane; 3 – multiple erosions and hemor-
rhages on the mucous membrane; 4 – massive hemor-
rhages and ulcers throughout the mucous membrane 
[4].



10 Бюллетень сибирской медицины. 2023; 22 (2): 6–13

The results were statistically processed using the 
Statistica v. 8.0 (StatSoft, USA) software package. 
The normality of trait distribution was assessed using 
the Shapiro – Wilk test. The data were presented as  
M ± m, where M is the mean and m is the standard 
error of the mean. The differences between the groups 
were identified by the Student’s t-test and considered 
statistically significant at p < 0.05.

RESULTS AND DISCUSSION
In the hot plate test, the 1,4-benzodiazepine-2-one 

derivative PAV-0056 at a dose of 0.1 mg / kg  
prolonged the response latency by 36 %, at a dose  
of 1 mg / kg – by 46 % compared to that in mice treat-
ed with PVP (p < 0.05). PAV-0056 had no analgesic 
effect at a dose of 0.01 mg / kg. Diclofenac sodium at 
a dose of 10 mg / kg and tramadol at a dose of 20 mg 
/ kg increased the response latency by 64 and 82%, 
respectively (p < 0.05) (Fig. 2). The analgesic effect of 
PAV-0056 at a dose of 0.1 and 1 mg / kg was compara-
ble to that of diclofenac sodium at a dose of 10 mg / kg  
(p > 0.05), but was not as great as that of tramadol at a 
dose of 20 mg / kg (p < 0.05).

Fig. 3. Response latency in mice in the hot water immersion 
tail-flick test after the administration of PAV-0056, diclofenac 
sodium, and tramadol: * differences with the control group,  

p < 0.05

With subplantar formalin injection, PAV-0056 
at a dose of 0.01–1 mg / kg reduced the number of 
pain responses in the acute and tonic pain phases  
(p < 0.05). Diclofenac sodium at a dose of 10 mg / 
kg and tramadol at a dose of 20 mg / kg also had an 
analgesic effect in both phases (p < 0.05). PAV-0056 
at all studied doses had the same analgesic effects as 
diclofenac sodium and tramadol (Table 1). 

PAV-0056 at a dose of 0.1 mg / kg reduced 
the frequency of writhings caused by the intra-
peritoneal injection of acetic acid by 46% and 
at a dose of 1 mg / kg – by 57%. At a dose of  
0.1 mg / kg, it delayed the onset of the first writhing 
by 21% (p < 0.05). Diclofenac sodium and tramadol 
reduced the frequency of writhings by 49 and 68%, 
respectively and delayed the onset of the first writhing 
by 49 and 52%, respectively (p < 0.05). The analgesic 
effect of PAV-0056 at a dose of 0.1 and 1 mg / kg was 
the same as that of diclofenac sodium at a dose of 10 
mg / kg; at a dose of 0.1 mg / kg, it was weaker than 
that of tramadol at a dose of 20 mg / kg (Table 2).

The contribution of the anti-inflammatory ef-
fect to the mechanism of the analgesic effect of  
PAV-0056 at doses of 0.01, 0.1, and 1 mg / kg was 
studied in rat models of exudative inflammation in-
duced by the subplantar injection of bradykinin or 
histamine. The reference listed drug was diclofenac 
sodium at a dose of 10 mg / kg [19]. PAV-0056, admin-
istered 1 h before the injection of bradykinin, reduced 
limb edema by 33–58% (p < 0.05) (Table 3). The an-
ti-inflammatory effect of PAV-0056 in histamine-in-
duced edema was not significantly pronounced, 
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PAV-0056 at a dose of 1 mg / kg prolonged the 
tail-flick latency by 46% in mice (p < 0.05), al-
though it did not have an analgesic effect at dos-
es of 0.1 and 0.01 mg / kg. Diclofenac sodium at a 
dose of 10 mg / kg increased the response latency  
by 46%, and tramadol at a dose of 20 mg / kg increased 
this parameter by 36%. The analgesic effect of trama-
dol was weak: the response latency did not differ from 
that in mice treated with PVP (p > 0.05) (Fig. 3).

Fig. 2. Response latency in the hot plate test after the 
administration of PAV-0056, diclofenac sodium, and tramadol 
to mice: * differences with the control group, p < 0.05, • 

differences with the tramadol group, p < 0.05
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T a b l e  1

Analgesic effect of PAV-0056, diclofenac sodium, and tramadol after administration to mice in the formalin test, M ± m

Number of responses Control group,
n = 10

PAV-0056 
0.01 mg / kg,

n = 10

PAV-0056 
0.1 mg / kg,

n = 10

PAV-0056 
1 mg / kg,

n = 10

Diclofenac 
10 mg / kg,

n = 10

Tramadol 
20 mg / kg,

n = 10
Phase I 31  ± 3 19 ± 1* 14 ± 1* 16 ± 1* 20 ± 4* 21 ± 3*
Phase II 15 ± 2 6 ± 1* 6 ± 2* 8 ± 3*# 7 ± 2* 9 ± 2*

* p < 0.05 compared to the controls (here and in Tables 2–4).
# One outlier was identified by the Smirnov – Grubbs test.

T a b l e  2

Analgesic effect of PAV-0056, diclofenac sodium, and tramadol after administration to mice in the acetic acid-induced writhing test,  
 M ± m

Parameter
Control 
group,
n = 6

PAV-0056 
0.01 mg / kg, 

n = 6

PAV-0056 
0.1 mg / kg,

n = 6

PAV-0056 
1 mg / kg,

n = 6

Diclofenac 
10 mg / kg,

n = 6

Tramadol 
20 mg / kg,

n = 6
Time before the first writhing, sec 258 ± 8 336 ± 66 312 ± 10*# 326 ± 59 385 ± 39* 393 ± 47*
Number of writhings 37 ± 1 29 ± 4 20 ± 2* 16 ± 2* 19 ± 4* 12 ± 3*

# p < 0.05 compared to the tramadol group.

T a b l e  3

Anti-inflammatory effects of PAV-0056 and diclofenac sodium in the test with the subplantar injection of bradykinin in rats, M ± m

Parameter Control group,
n = 10

PAV-0056 
0.01 mg / kg, n = 10

PAV-0056 
0.1 mg / kg, n = 10

PAV-0056 
1 mg / kg,  n = 10

Diclofenac 
10 mg / kg,  n = 10

Volume of limb edema, ml 0.24 ± 0.02 0.16 ± 0.03* 0.08 ± 0.03* 0.10 ± 0.02* 0.11 ± 0.02*

T a b l e  4

Anti-inflammatory effects of PAV-0056 and diclofenac sodium in the test with the subplantar injection of histamine in rats, M ± m

Parameter Control group,
n = 10

PAV-0056 
0.01 mg / kg, n = 10

PAV-0056 
0.1 mg / kg, n = 10

PAV-0056 
1 mg / kg, n = 10

Diclofenac 
10 mg / kg, n = 10

Volume of limb edema, ml 0.30 ± 0.8 0.32 ± 0.09 0.28 ± 0.11 0.25 ± 0.10 0.17 ± 0.05*

the volume of the limb decreased only by 6–16 %  
(p > 0.05). Diclofenac sodium prevented the devel-
opment of paw edema by 43–54% in both models of 

inflammation (p < 0.05) (Table 4). The results of this 
experiment indicate bradykinin antagonism of PAV-
0056 and a weak anti-histamine effect.

The 1,4-benzodiazepine-2-one derivative PAV-
0056 at doses of 1 and 50 mg / kg, administered to 
the rats orally four times, did not have an ulcerogenic 
effect: there were no ulcers and hemorrhages in the 
gastric mucosa. Diclofenac sodium, administered four 
times at a dose of 10 mg / kg, caused multiple injuries, 
such as bleeding erosions and ulcers (3.5 points).

Thus, the 1,4-benzodiazepine-2-one derivative 
PAV-0056 exhibited analgesic effects in a wide dose 
range (0.01–1 mg / kg) which were the same as those 
of diclofenac sodium at a dose of 10 mg / kg and tra-
madol at a dose of 20 mg / kg. In the hot plate test, 
the PAV-0056 compound exerts a moderate analgesic 
effect because thermal somatic pain occurs with mini-
mal involvement of inflammatory mediators, and ther-

moreceptors transmit pain information to the reticular 
formation in the midbrain and thalamus. In the tail-flick 
test, high-threshold mechanoreceptors are activated on 
a large surface of the thermal stimulation area; the pain 
signal through the polymodal C- and Aδ-fibers is car-
ried mainly to the posterior horns of the spinal cord and 
then transmitted to the motor neurons of the anterior  
horns [20]. It can be assumed that the more pro-
nounced analgesic effect of PAV-0056 in the hot plate 
test is associated with the activation of the antinoci-
ceptive system of the brain.

The PAV-0056 compound effectively alleviat-
ed chemogenic pain caused by formalin and acetic 
acid. Irritation of nociceptors at the damage site by 
bradykinin is of primary importance in the generation 
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of such pain. With the subplantar injection of forma-
lin into the paw of the mice, PAV-0056 decreased 
the number of paw shakes more than the number of 
paw licks. This is due to the blockade of nociceptors 
and inhibition of the transmission of action potentials 
along afferent nerve fibers to the posterior horns of 
the spinal cord with suppression of the somatic reflex.  
The PAV-0056 compound has a weaker effect on the 
processing of pain signals in the cerebral cortex, so it 
interferes less with the formation of a conscious re-
sponse to pain in the form of paw licking.

The PAV-0056 compound has analgesic and an-
ti-inflammatory effects due to antagonism with brady-
kinin and is less effective in histamine-induced inflam-
mation. The analgesic and anti-inflammatory effects 
of diclofenac sodium are caused by antagonism with 
prostaglandins, histamine and, to a lesser extent, with 
bradykinin. In a radioligand binding assay with Chinese 
hamster ovarian cytoreceptors, it was shown that some 
benzodiazepine derivatives, structurally similar to  
PAV-0056, block bradykinin B receptors at nanomo-
lar concentrations [10].

An important advantage of the 1,4-benzodiaze-
pine-2-one derivative PAV-0056 is the absence of an 
ulcerogenic effect. It is known that NSAIDs inhibiting 
cyclooxygenase-1 inhibit synthesis of gastroprotec-
tive prostaglandins and seriously damage the gastric 
mucosa [21]. In our experiment, diclofenac sodium 
resulted in the formation of numerous ulcers in the 
stomach, complicated by bleeding.

CONCLUSION
In the present study, the analgesic effect of a new 

1,4-benzodiazepine-2-one derivative PAV-0056 was 
demonstrated for the first time in experimental models 
of thermal and chemogenic (somatic, visceral) pain. 
The PAV-0056 compound has a moderate anti-exu-
dative effect in experimental inflammation induced 
by bradykinin. It does not damage the gastric mucosa. 
The analgesic effect of PAV-0056 is not weaker than 
that of diclofenac sodium and tramadol. The 1,4-ben-
zodiazepine-2-one derivative is evaluated as a prom-
ising and safe drug with a selective analgesic effect.
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Effects of the ACTH6-9-Pro-Gly-Pro peptide on the morphofunctional state 
of rat colon under conditions of chronic restraint stress

Vorvul A.O.1, Bobyntsev I.I.1, Mishina E.S.1, Medvedeva O.A.1, Andreeva L.A.3,  
Myasoedov N.F.2
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ABSTRACT

Aim. To study the morphofunctional state of the colonic wall in rats when using the N–terminal analog of the 
adrenocorticotropic hormone (ACTH) ACTH6-9-Pro-Gly-Pro (ACTH6-9-PGP) peptide under chronic stress.

Materials and methods. The study was performed on 55 male Wistar rats, which were divided into 5 groups  
(n = 11): group 1 – control group (administration of saline solution without stress); group 2 – chronic restraint 
stress (CRS) + administration of saline solution; group 3 – CRS + administration of ACTH6-9-PGP at a dose of  
5 μg / kg; group 4 – administration of ACTH6-9-PGP at a dose of 50 μg / kg; group 5 – administration of ACTH6-9-
PGP at a dose of 500 μg / kg. A histologic examination of the rat colon was performed. The histologic architecture 
of the colonic wall, the depth of crypts, and the number of goblet cells were assessed. Furthermore, the number of 
granulocytes, plasma cells, lymphocytes, macrophages, and mast cells was counted.

Results. The study demonstrated that chronic (14 days) restraint stress resulted in the development of 
inflammations in the colonic wall of the animals. Intraperitoneal administration of ACTH6-9-PGP at doses of 50 and  
500 μg / kg daily throughout the entire time of stress exposure prevented the development of stress-induced 
alterations observed in the control animals. At the same time, anti-inflammatory effects of the peptide in the colonic 
wall and a decrease in the level of corticosterone in the blood serum were noted.

Conclusion. The results of this work and data from other studies on the effects of N-terminal analogs of ACTH 
indicate the need for studying the mechanisms of their effect on inflammation and searching for targets of  
ACTH6-9-PGP.

Keywords: ACTH6-9-PGP, Wistar rats, chronic restraint stress, colon, inflammation
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Влияние пептида АКТГ6-9-Pro-Gly-Pro на морфофункциональное 
состояние толстой кишки крыс в условиях хронического 
иммобилизационного стресса

Ворвуль А.О.1, Бобынцев И.И.1, Мишина Е.С.1, Медведева О.А.1, Андреева Л.А.2, 
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РЕЗЮМЕ

Цель – изучить морфофункциональное состояние стенки толстой кишки у крыс при применении N-конце-
вого аналога адрекортикотропного гормона (АКТГ) пептида АКТГ6-9-Pro-Gly-Pro (АКТГ6-9-ПГП) в услови-
ях хронического стресса.

Материалы и методы. Исследование выполнено на 55 самцах крыс линии Вистар, которые были разделе-
ны на пять групп (n = 11): 1 – контрольная группа (введение физиологического раствора без стрессирова-
ния); 2 – хронический иммобилизационный стресс (ХИС) + введение физиологического раствора; 3 – ХИС 
+ введение АКТГ6-9-ПГП в дозе 5 мкг/кг; 4 – 50 мкг/кг; 5 – 500 мкг/кг. Проводили гистологическое иссле-
дование толстой кишки крыс. Изучали гистоархитектонику стенки толстой кишки, глубину крипт, число 
бокаловидных клеток в них. Подсчитывали число гранулоцитов, плазмацитов, лимфоцитов, макрофагов и 
тучных клеток.

Результаты. Установлено, что хронический (14 сут) иммобилизационный стресс приводит к развитию 
воспалительных процессов в стенке толстой кишки животных. Внутрибрюшинное введение АКТГ6-9-ПГП 
в дозах 50 и 500 мкг/кг 1 раз/сут на протяжении всего времени стрессорного воздействия препятствовало 
развитию наблюдавшихся у контрольных животных стресс-индуцированных сдвигов. При этом отмеча-
лись противовоспалительные эффекты пептида в стенке толстой кишки и снижение уровня кортикостерона 
в сыворотке крови.

Заключение. Результаты свидетельствуют о необходимости продолжения изучения механизмов их влия-
ния на процессы воспаления и поиска мишеней АКТГ6-9-ПГП.

Ключевые слова: АКТГ6-9-ПГП, крысы линии Вистар, хронический иммобилизационный стресс, толстая 
кишка, воспаление
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INTRODUCTION

It is known that N-terminal adrenocorticotropic 
hormone (ACTH) fragments have a wide spectrum 
of biological effects. Moreover, they are considered 

as perspective molecules for practical application as 
pharmacological agents [1, 2]. In particular, Semax 
created on the basis of the ACTH4-7-Pro-Gly-Pro mol-
ecule is being used in medicine. Previously a range 
of its biological effects under conditions of chronic 
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restraint stress (CRS) was established [3–5] includ-
ing the ones on the nervous system according to the 
modern concepts of functional interrelations in the gut 
– brain axis [6].

ACTH6-9-Pro-Gly-Pro is structurally and function-
ally related to Semax. The His-Phe-Arg-Trp ami-
no acid sequence, corresponding to the to the 6–9th 
amino acid residue of the ACTH molecule, is an 
active site of ACTH that interacts with all types of 
melanocortin receptors (MCR) except for MC2R [7].  
Attachment of the Pro-Gly-Pro (PGP) tripeptide to 
the C-terminus of this molecule increases its sustain-
ability against carboxypeptidases. ACTH6-9-PGP has 
a wide range of neurotropic effects and, at compa-
rable doses, demonstrated more pronounced effects 
in relation to anxiety-like and depression-like be-
haviours [8, 9], development and consolidation of 
conditioned reflexes [10], and pain sensitivity [11] 
than ACTH4-7-PGP. 

Previously, we established that ACTH6-9-PGP had 
anxiolytic and antidepressant effects and prevented 
development of gut dysbiosis under conditions of 
CRS [12]. However, the studies on the mophofunc-
tional state of the colon in the context of ACTH6-9-
PGP administration have not been conducted yet. 
Considering the proinflammatory effect of chronic 
stress and anti-inflammatory effects of ACTH4-7-PGP 
[5], we carried out the study aimed at investigating the 
morphofunctional state of the rat colon when adminis-
tering ACTH6-9-PGP under conditions of CRS.

MATERIALS AND METHODS
The study was carried out on male Wistar rats  

(n = 55) weighing 280–300 g. The animals were ob-
tained from the SPF vivarium at the Institute of Cy-
tology and Genetics of SB RAS. The animals were 
kept at the temperature of 22 ± 2 °C, humidity of  
60 ± 5%, and with the 12-hour light / dark cycle (light 
on from 8:00 to 20:00). The animals were provided 
with ad libitum access to food and water. The rats were 
divided into five groups (n = 11 animals per group): 
group 1 – control group (administration of saline solu-
tion without stress); group 2 – CRS + administration 
of saline solution; group 3 – CRS + administration 
of ACTH6-9-PGP at a dose of 5 μg / kg; group 4 –  
CRP + administration of ACTH6-9-PGP at a dose of  
50 μg / kg; group 5 – CRS + administration of  
ACTH6-9-PGP at a dose of 500 μg / kg.

CRS was modelled by placing the animals in tight 
transparent plastic boxes with ventilation holes. Their 
sizes were adjusted individually for each animal. The 

animals were subject to two-hour restraint stress (from 
11:00 till 13:00) for 14 consecutive days.

The ACTH6-9-PGP used in the study was synthe-
sized at the Institute of Molecular Genetics, Kurcha-
tov Institute. The peptide was dissolved in the saline 
solution and administered at doses of 5, 50, and 500 
μg / kg (1 ml / kg) daily 15 min before restraint stress. 
The intact and control rats were injected daily with 
equivalent doses of saline. 

Twenty-four hours after the final stress exposure, 
the rats were euthanized under ether anaesthesia by 
withdrawing 7.0–7.5 ml of blood from the right ventri-
cle. The blood was centrifuged (1, 500g, 15 min), and 
the obtained serum was frozen for further research. 

For a morphometric and histologic study, we iso-
lated the colon, incised its middle third, and fixed it 
in the 10% neutral buffered formalin. The autopsy 
samples were then subject to standard histologic pro-
cessing to obtain 5–7-μm thick paraffin sections which 
were stained with hematoxylin and eosin. To assess 
the morphofunctional changes in goblet and mast 
cells, the sections were stained with Schiff’s reagent 
and counterstained with alcian blue.

A morphological study of the histologic colon 
specimens was carried out using the Nikon Eclipse 
Ci microscope (Nicon, Japan) with a standard digital 
camera. A morphometric examination was conducted 
by counting cells in the inflammatory infiltrate. We 
calculated their relative number and expressed it as a 
percentage. The cells were counted per 100 cells in  
10 fields of view at ×400 magnification, or 502 mcm2 
(for reliable identification of karyocytological signs) 
on 5 sections of the examined autopsy samples [13]. 

To assess the intensity of the stress reaction, we 
quantified serum corticosterone concentration by en-
zyme-linked immunosorbent assay (ELISA) using 	
the Corticosterone ELISA kit (ADI-900-097, Enzo 
Life Sciences, USA), the Varioskan Flash spectral 
scanning multimode reader (Thermo Fisher Scientific, 
USA), and the SkanIt software (Thermo Fisher Scien-
tific, USA).

A statistical analysis was carried out using R 
v.4.1.0 in the integrated development environment 
RStudio Desktop v. 1.4.1717 (RStudio, PBC, USA; 
https://www.rstudio.com). The obtained data were as-
sessed for normality of distribution using the Shapiro 
– Wilk test, for equality of variances – using the Lev-
ene’s test. Quantitative variables were tested using the 
Wilcoxon – Mann – Whitney U-test for two groups 
and Kruskal – Wallis test with post-hoc Dunn’s test 
for four groups. To minimize the effect of multiple 
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comparisons, the Benjamini – Hochberg false dis-
covery rate procedure was applied. The data were 
presented as the median and the interquartile range  
Me [Q1 ; Q3]. The differences were considered signifi-
cant at p < 0.05.

RESULTS

The histologic examination of the colon specimens 
obtained from the controls revealed no changes in all 
the membranes (Fig.1, a).

Fig. 1. Fragment of the colon from the control group animal, ×100 (a), from the CRS group, ×40 (b). Here and in Fig. 2 – staining 
with hematoxylin and eosin 

a  							          b

We found that CRS led to pronounced morpho-
logical changes in the colonic wall of the rats accom-
panied by disruptions of the mucosal architecture  
(Fig.1, b). The crypts were club-shaped, their depth de-
creased by 28.5% (p = 0.00001) (Table). The number 
of goblet cells decreased by 23.6% (p = 0.0332). There 
was a lot of mucus with destroyed cells in the lumen 
and on the colon surface. We noted focal epithelial 
desquamation and superficial necrosis of colonocytes. 
On the part of the mucosa-associated lymphoid tissue, 
we determined pronounced reactive changes. There 
were plenty of large lymphoid follicles with enlarged 
germinal centers compared to similar structures in 
the control animals. Pronounced diffuse polymorphic 
cellular infiltrate was visualized in all colonic mem-
branes. Lymphocytes and granulocytes predominated 
among the cells. Their relative number increased by 
6.8 times (p = 0.00005) and 1.5 times (p = 0.00007), 
respectively, compared to the controls. There was also 
a 3.8-fold increase in the number of mast cells in the 
colonic wall (p = 0.00008).

After administration of ACTH6-9-PGP at a dose of 
5 μg / kg, we noted inflammatory necrotic changes 
and smoothed epithelial folds with a thin mucosa in 
the colonic wall (Fig. 2, a). The number of goblet 
cells increased by 22.4% (p = 0.0134) against the 
background of small crypt depth. This demonstrated 
active mucus production. We noted interstitial ede-
ma and moderate plethora of capillaries and small 
veins. There were plenty of enlarged lymphoid folli-

cles in the field of view throughout the entire thick-
ness of the colonic wall. In some parts of the colon, 
we detected pronounced focal granulocyte infiltra-
tion in the mucosa and submucosa (the number of 
granulocytes decreased by 29.4% compared to the 
CRS group, p = 0.00003), among which eosinophils 
predominated. 

We established that when ACTH6-9-PGP was 
administered at a dose of 50 μg / kg, the severi-
ty of morphological changes in the colon decreased  
(Fig.2, b). Pronounced diffuse polymorphic cellu-
lar infiltrate with predominance of granulocytes in 
the superficial parts of the mucosa was still found.  
The mucosa and submucosa were swollen. The 
crypts were smoothed, their height did not differ from  
that in the CRS group (p = 0.5337). We revealed a 
significant increase in the number of goblet cells by 
14.3% (p = 0.0459). We also detected prominent dy-
scirculatory abnormalities, such as a large number of 
dilated, plethoric vessels in the mucosa and submu-
cosa. 

After administration of ACTH6-9-PGP at a dose of 
500 µg / kg, the degree of severity of changes in the 
colonic mucosa decreased (Fig.2, c). We noted epithe-
lial cell proliferation, a significant increase in the crypt 
depth (by 30.7%, p = 0.0036), and a rise in the number 
of goblet cells (by 24.8%, p = 0.0427). Moreover, the 
total number of cells in the inflammatory infiltrate de-
creased compared to the control group: lymphocytes – 
by 38.9% (p = 0.00006), granulocytes – by 35.3%  
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(p = 0.00008), plasma cells – by 82.4% (p = 0.00004), 
macrophages – by 23.1% (p = 0.00005), and mast 
cells – by 47.3% (p = 0.00008). Mild local fibrosis 

was found in the lamina propria. No signs of edema 
or inflammatory cell infiltration were observed in the 
muscular and serous layers.

T a b l e 

Morphometric parameters of the rat colon under CRS and administration of ACTH6–9–PGP, Me [Q1; Q3]
Parameter Controls, n = 11 CRS, n = 11 CRS + 5, n = 11 CRS + 50, n = 11 CRS + 500, n = 11

Crypt depth, μm 159.4 [136.9; 182.34] 114.5 [86.2; 122.1]* 114.9 [97.9; 123.4] 116.6 [86.6; 130.5] 149.6 [102.5; 166.4]#

Goblet cells, units per 
field of view 63.20 [42.3; 68.0] 48.3 [34.4; 54.2]* 59.1 [46.1; 67.3]# 55.2 [45.8; 64.6]# 60.3 [42.6; 66.1]#

Granulocytes, % 11 [10; 12] 17 [15; 23]* 12 [11; 13]# 12 [11; 14]# 11 [11; 13]#

Plasma cells, % 2.5 [2; 3] 17 [15; 18]* 5 [5; 7]# 7 [6; 9]# 3 [3; 4]#

Macrophages, % 3 [3; 5] 13 [13; 15]* 13 [11; 15] 14 [13; 16] 10 [10; 11]#

Лимфоциты, % 15 [13; 17] 36 [34; 39]* 22 [19; 24]# 25 [24; 26]# 22 [19; 24]#

Mast cells, units per 
field of view 5 [5; 5.5] 19 [17.5; 20]* 15 [14; 15] 12 [11.5; 13]# 10 [10; 11]#

Corticosterone, ng / ml 282.4 [168.9; 299.7] 325.4 [251.9; 375.4]* 263.8 [164.6; 302.6]# 294.4 [261.8; 312.8]# 269.8 [145.8; 314.0]#

* p < 0.05 compared to the control group (the Mann – Whitney U-test); # p < 0.05 compared to the CRS group (the Kruskal – Wallis test with the 
post-hoc Dunn’s test).

DISCUSSION

The changes in the structure of the colonic wall 
established in the current study could be due to in-
creased mucosal permeability and translocation of gut 
microflora to the underlying membranes. Corticotro-
pin releasing factor (CRF), the production of which 
is increased under stress, has been previously shown 
to play a key role in increasing colonic mucosal per-
meability [14]. This increase under CRF may develop 
through mast cell-dependent release of tumor necrosis 
factor alpha and proteases. 

Triptases released upon activation of mast cells 
have been shown to induce tight junction disruption 
via activation of receptors by epithelial cell protease 2 
[14]. In addition, pharmacological inhibition of mast 
cell activation has been shown to reverse stress-in-
duced increased permeability of the colonic mucosa 
in various animal models [15, 16]. Furthermore, CRF 
caused mast cell hyperplasia and increased bacterial 
adhesion and / or penetration into the gut mucosa of 

Fig. 2. Fragment of the colon from the CRS + 5 group ×100 (a); from the CRS + 50 group ×100 (b); from the CRS + 500 group, 
×40 (c)

a 				              b 					          c

rats, whereas no such changes were observed in mast 
cell deficient rats [15]. Moreover, under stress, chang-
es in the hemostasis could be observed: both activa-
tion and inhibition of its components. In particular, 
decreases in anticoagulant and fibrinolytic blood ac-
tivity as well as activation of platelet hemostasis un-
der prolonged stress were established [17]. This could 
lead to the atrophic changes in the colonic wall. 

The anti-inflammatory effects of ACTH6-9-PGP in 
the colonic wall established in the present research 
could be explained by both central stress-limiting ef-
fects of the peptide [8, 9] and its local effect due to 
the biological polyfunctionality of regulatory peptides 
[18]. The following mechanisms could underlie the 
central effects of the peptide. For instance, ACTH6-

9-PGP can reduce the activity of the hypothalamic 
– pituitary – adrenal axis by interacting with central 
MCRs due to its ability to cross the blood – brain bar-
rier [19]. This could be responsible for the decrease 
in secretion of CRF in the hypothalamus and hence 
ACTH and glucocorticoids. The decrease in the serum 
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corticosterone concentration found in this study may 
be a confirmation of the involvement of the above-de-
scribed mechanisms in the realization of the anti-in-
flammatory effect of ACTH6-9-PGP. Furthermore, the 
gut microbiota could affect CRF production in the 
hypothalamus via mediator production and / or via 
the vagus nerve [20]. Data on the preventing effect 
of ACTH6-9-PGP on the development of gut dysbiosis 
[12] suggest another possible pathway for its effects – 
through its effect on the gut microbiota.

With account of MC1R expression on mast cells 
[21], it is reasonable to suggest that ACTH6-9-PGP 
may also reduce intestinal permeability due to its local 
effect via a decrease in mast cell activity. Moreover, 
ACTH6-9-PGP and Pro-Gly-Pro have anticoagulant, 
fibrinolytic, and anti-platelet activity [22, 23], which 
may contribute to improved circulation and prevent 
dystrophic changes in the colonic wall. 

CONCLUSION
The study revealed that CRS leads to the develop-

ment of inflammatory processes in the rat colon. In-
traperitoneal administration of ACTH6-9-PGP at doses 
of 50 and 500 μg / kg daily during stress exposure 
reduced the severity of stress-induced morphological 
changes in the colon and the serum corticosterone lev-
el in the rats. The results of this work and data from 
other studies on the effects of N-terminal analogs of 
ACTH indicate the need for studying the mechanisms 
of their effect on inflammation and searching for tar-
gets of ACTH6-9-PGP.
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ABSTRACT 

Aim. To study anatomical variations of the intra–trunk pathways in the thoracodorsal nerve bundles and to develop 
a system for their coding.

Materials and methods. After fixation in a 2% solution of acetic acid using the MBS-10 stereomicroscope, 
we performed macro- and microscopic intra-trunk dissection of thoracodorsal nerve bundles in 121 specimens 
obtained from 105 corpses of males and females who died at the age of 40–97 years. Using the obtained findings, 
we compiled a database in the MS Excel 12.0 software and determined the number of anatomical variations in 
absolute and relative (% from 121 specimens) units.

Results. The study revealed that the thoracodorsal nerve is a mixed nerve, which consists of 1 motor and 1– 
3 sensory bundles that variously pass through the spinal nerves, trunks, and the axillary nerve with the formation of  
20 intra-trunk pathways. In 77% of cases, sensory bundles arising from the thoracodorsal nerve pass through the 
posterior bundle, the posterior division, the middle trunk, and the C7 spinal nerve or the inferior trunk and the C8 
spinal nerve. In 22% of cases, the thoracodorsal nerve has one or, rarely, two duplicate sensory pathways besides the 
main one. In 93% of cases, the motor bundle to the thoracodorsal nerve passes through the C7 spinal nerve and the 
middle trunk, the posterior division, and the posterior bundle. Coding the anatomical variations of the intra-trunk 
pathways in the direction of sensory bundle «posterior bundle → posterior division → trunk → spinal nerve; motor  
bundle ← posterior bundle ← posterior division ← trunk ← spinal nerve allows to briefly yet clearly and fully 
display the morphological diversity of the nerve anatomy.

Conclusion. The identified anatomical variations of the intra-trunk pathways can be useful in the diagnosis of 
injuries and diseases. They expand indications for the use of spinal nerves, trunks of the brachial plexus, and the 
thoracodorsal nerve in reconstructive surgery.

Keywords: thoracodorsal nerve, intra-trunk pathways, sensory bundles, motor bundle, mixed bundle, anatomical 
variations, codes
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РЕЗЮМЕ 

Цель – изучить варианты внутриствольных путей пучков грудоспинного нерва и разработать систему их 
кодирования. 

Материалы и методы. После фиксации в 2%-м растворе уксусной кислоты с помощью стереоскопической 
лупы МБС-10 выполнено макромикроскопическое внутриствольное препарирование пучков грудоспинно-
го нерва на 121 препарате плечевого сплетения от 105 трупов мужчин и женщин в возрасте 40–97 лет. Из 
полученных показателей в программе MS Excel 12 сформирована база данных и проведено определение 
количества встречающихся вариантов строения в абсолютных и относительных (% от 121 препарата) еди-
ницах. 

Результаты. Проведенное исследование позволило выявить, что грудоспинной нерв является смешанным 
нервом, состоит из 1–3 чувствительных и одного двигательного пучков, которые неодинаково проходят 
через спинномозговые нервы, стволы, подмышечный нерв с образованием 20 внутриствольных путей.  
В 77% случаев чувствительные пучки от грудоспинного нерва проходят через задний пучок, заднее разде-
ление, средний ствол и спинномозговой нерв С7 или   нижний ствол и С8. В 22% у грудоспинного нерва 
кроме основного имеется еще один, редко – два дублирующих чувствительных пути. Двигательный пучок 
до грудоспинного нерва в 93% проходит через спинномозговой нерв С7 и средний ствол, заднее разделение 
и задний пучок. Кодирование вариантов внутриствольных путей в направлении чувствительный пучок → 
задний пучок → заднее разделение → ствол → спинномозговой нерв; двигательный пучок ! задний пу- 
чок ! заднее разделение ! ствол ! спинномозговой нерв позволяет кратко, наглядно и полно отобразить 
все морфологические  разнообразия строения.

Заключение. Выявленные варианты внутриствольных путей могут быть полезны при диагностике травм 
и заболеваний, расширяют показания использования спинномозговых нервов и стволов плечевого сплете-
ния, грудоспинного нерва в реконструктивных операциях.

Ключевые слова: грудоспинной нерв, внутриствольные пути, чувствительные пучки, двигательный пу-
чок, смешанный пучок, варианты, коды
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INTRODUCTION
The brachial plexus has been studied in detail and 

is characterized by significant anatomical variations 
[1, 2]. However, in clinical practice, anatomical vari-
ations of the brachial plexus are more common than 
reported and account for 50% of all features of the 
nervous system [3]. Despite great uncertainty of the 
somatotopic arrangement, sensory and motor nerve  
fibers tend to group into bundles [4], which are studied 
in sections by histologic, histochemical, and immuno-
histochemical methods [5, 6]. In clinical practice, the 
knowledge of anatomical variations of the intra-trunk 
pathways in the nerve bundles from organs to the cen-
tral parts of the nervous system is in demand [7, 8]. 
This is especially relevant due to advances in micro-
surgical technologies used in peripheral nerve bundles 
[9, 10]. A detailed comparison and ligation of unifunc-
tional bundles in accordance with their intra-trunk to-
pography are the key to successful restoration of nerve 
mobility and sensitivity in full [11, 12].

Despite the active use of the thoracodorsal nerve 
in the clinical practice [13, 14], few studies have been 
devoted to its fascicular anatomy [15–17]. However, 
existing works do not describe the features of the path 
of each thoracodorsal nerve bundle along its entire 
length with account of functional affiliation. 

The aim of this study was to investigate anatomical 
variations of the intra–trunk pathways in the thoraco-
dorsal nerve bundles and to develop a system for their 
coding.

MATERIALS AND METHODS
The study was conducted at the Department of 

Postmortem Examination of the Krasnoyarsk Region-
al Bureau of Forensic Medical Examination using 121 
brachial plexus specimens obtained from 105 corpses 
of males and females who died at the age of 40–97 
years. Most of the examined corpses were male (76–
69%); 29–31% were female. The cause of death in all 
cases was somatic symptom disorder without head, 
neck, upper limb, and chest injuries.

The brachial plexus was studied on the right side in 
all corpses, and bilaterally in 16 corpses. The predom-
inant choice of the side was associated with a large 
number of right-sided injuries and surgical interven-
tions.

Anatomical variations in the thoracodorsal nerve 
were studied using macro- and microscopic in-
tra-trunk dissection. At the first stage, layer-by-layer 
anatomical dissection was carried out with isolation of 
a fragment of the cervical and thoracic spine, radicu-

lar filaments, anterior (motor) and posterior (sensory) 
roots, anterior branches of the spinal nerves, trunks, 
posterior divisions, posterior bundles, and axillary and 
thoracodorsal nerves.

The isolated brachial plexus specimen was placed 
for 1–3 days in a 10% neutral buffered formalin solu-
tion and then fixed in a 2% acetic acid solution. The 
choice of acetic acid is associated with its ability to 
counteract the shrinkage effect and dissolution of col-
lagen in the epi- and perineurium [18].

At the second stage, macro- and microscopic in-
tra-trunk dissection of the thoracodorsal nerve bun-
dles along the entire length of the brachial plexus 
(from the latissimus dorsi muscle to the spinal cord) 
was performed using the MBS-10 stereomicroscope. 
Special attention was paid to identifying spinal nerve 
roots through which the thoracodorsal nerve bundles 
passed, which made it possible to identify their func-
tional affiliation: motor bundles passed through the 
anterior roots, and sensory bundles passed through the 
posterior roots.

The article presents the study results after investi-
gating 121 brachial plexus specimens obtained from 
105 corpses without gender distinction and bilateral 
affiliation. This is due to the fact that we did not iden-
tify statistically significant gender and bilateral dif-
ferences in the incidence of anatomical variations of 
intra-trunk pathways in the thoracodorsal nerve.

All identified features of the intra-trunk pathways 
in the thoracodorsal nerve were input into the MS 
Excel 12.0 program (Microsoft Corporation, USA), 
and the number of anatomical variations in absolute 
and relative (% from 121 specimens) units was deter-
mined.

RESULTS
The macro- and microscopic dissection revealed 

that the thoracodorsal nerve has clear fascicular anat-
omy and consists of a different number (1–4) of bun-
dles.  Further proximal dissection of these bundles 
made it possible to determine their functional affilia-
tion and anatomical variations of the intra-trunk path-
ways. The functional affiliation of the bundles in the 
thoracodorsal nerve was determined on the basis of 
their passage through the roots of the spinal nerve: 
through the posterior roots – sensory bundles, through 
the anterior roots – motor bundles (Figure). 

The precisely established functional affiliation of 
each thoracodorsal nerve bundle made it possible to 
determine their number. In 98% of cases (119 / 121), 
1–3 sensory bundles and only one motor bundle were 
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observed in the thoracodorsal nerve. In two plexuses 
out of 121, sensory and motor bundles in the thoraco-
dorsal nerve were tightly intertwined, and it was not 
possible to determine their number via intra-trunk dis-
section. In 119 plexuses where the isolated fascicular 
anatomy of the thoracodorsal nerve was determined, 
most often (77% – 92 / 121) one bundle was sensory, 
and the other one was motor, less often (22% – 26 / 
121) two bundles were sensory and one bundle was 
motor. In one plexus out of 121, there were three sen-
sory and one motor bundles.  

terior bundle ← posterior division ← trunk ← spinal 
nerve (Table). As seen from the Table, the first three 
variations are more common (72% –87 / 121), varia-
tions 4–8 are less common (18% – 22 / 121), and the 
remaining twelve variations are rare and occur in a 
single case each (10% – 12 / 121). 

T a b l e

Codes for anatomical variations of the intra-trunk pathways  
in the thoracodorsal nerve, n = 121

Varia- 
tion 

number
Code Num- 

ber

1 SB→PB→PD→MT→С7; MB←PB← 
PD←MT←С7 43 

2 SB→PB→PD→IT→С8; MB←PB← 
PD←MT←С7 30 

3 SB→PB→PD→MT→С7; SB→PB→ 
PD→IT→С8; MB←PB←PD←MT←С7 14 

4 SB→PB→PD→IT→С8; MB←PB← 
PD←IT←С8 7

5 SB→PB→PD→MT→С7; SB→PB→ 
PD→MT→С7; MB←PB←PD←MT←С7 5

6 SB→PB→PD→ST→С6; MB←PB← 
PD←MT←С7 4

7 SB→PB→PD→ST→С6; SB→PB→ 
PD→IT→С8; MB←PB←PD←MT←С7 4 

8 SB→Ах→PB→PD→IT→С8; MB←Ах← 
PB←PD←IT←С8 2 

9 SB→PB→PD→ST→С7; MB←PB← 
PD←ST←С7 1 

10 SB→PB→PD→IT→С8; MB←PB← 
PD←ST←С7 1

11 SB→Ах→PB→PD→IT→С8; MB←Ах← 
PB←PD←MT←С7 1 

12 SB→Ах→PB→PD→IT→С8; MB←Ах← 
PB←PD←IT←С7 1 

13
SB→Ах→PB→PD→MT→С7; SB→Ах→ 

PB→PD→MT→С7; MB←Ах←PB← 
PD←MT←С7

1 

14 SB→Ах→PB→PD→ST→С6; MB←Ах← 
PB←PD←MT←С7 1

15 SB→PB→PD→ST→С6; MB←PB← 
PD←IT←С7 1

16 SB→PB→PD→MT→С6; SB→PB→ 
PD→IT→С8; MB←PB←PD←MT←С7 1

17 SB→PB→PD→ВС→С6; SB→PB→ 
PD→MT→С7; MB←PB←PD←MT←С7 1

18 MB1DPBDPDDMTDС7 1
19 MB1DАхDPBDPDDMTDС7 1 

20
SB→PB→PD→ВС→С6; SB→PB→ 

PD→MT→С7; SB→PB→PD→IT→С8; 
MB←PB←PD←MT←С7

1 

Note: SB  – sensory bundle; MB – motor bundle; MB - mixed bundle; 
Ах – axillary nerve; PB – posterior bundle of the brachial plexus;  
PD – posterior division; ST – superior trunk; MT – middle trunk;  
IT – inferior trunk; С6, С7, С8 – ventral branches of spinal nerves;  
→ , ←, D – direction of nerve impulse conduction

Figure. Schematic representation of the sensory (indicated in 
yellow) and motor (red) bundles of the thoracodorsal nerve:  
1 – spinal cord, 2 – posterior (sensory) root, 3 – anterior 

(motor) root, 4 – spinal nerve.

In 94% of cases (114 / 121), sensory and motor 
bundles from the thoracodorsal nerve passed into the 
posterior bundle of the brachial plexus, and in seven 
plexuses out of 121, they passed first into the axillary 
nerve and then also into the posterior bundle. It was 
further established that the thoracodorsal nerve bun-
dles variously passed in the anterior branches of three 
spinal nerves: C6, C7, and C8.

Studying the path of each bundle throughout the 
entire latissimus dorsi muscle to the spinal cord iden-
tified 20 anatomical variations of the intra-trunk path-
ways in the thoracodorsal nerve. To clearly demon-
strate the identified pathways, we developed a system 
for coding the anatomical variations in the direction: 
sensory bundle → posterior bundle → posterior divi-
sion → trunk → spinal nerve; motor bundle ← pos-

Gorbunov N.S., Kober K.V., Kasparov E.V. et al. Anatomical variations and coding of the intra-trunk pathways in the thoracodorsal nerve
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The coding system  allows to briefly yet clearly 
and fully display all the anatomical variations of the 
intra-trunk pathways in the thoracodorsal nerve. So, 
the first anatomical variation is deciphered as follows: 
the  thoracodorsal nerve has a two-bundle structure, 
where the sensory and motor bundles pass along the 
C7 spinal nerve, then through the middle trunk, its 
posterior division, and the posterior bundle.

The study showed that the sensory bundles of the 
thoracodorsal nerve passed through most components 
of the brachial plexus. The sensory bundles primari-
ly passed through the C7 spinal nerve and the middle 
trunk (42% – 51 / 121), as well as through the C8 spi-
nal nerve and the inferior trunk (35% – 42 / 121). It is 
possible that they are the main sensory pathways in 
the thoracodorsal nerve. In 22% of cases (26 / 121), 
the thoracodorsal nerve had one more duplicate senso-
ry pathway besides the main one, and one plexus out 
of 121 had two duplicate sensory pathways.

Unlike sensory bundles, the motor pathway was 
not duplicated and passed through the C7 spinal 
nerve (93% – 112 / 121) and the middle trunk (89% –  
108 / 121), less often – through the C8 spinal nerve 
(nine plexuses out of 121) and the inferior trunk 
(11 plexuses out of 121), rarely – through the C7 spi-
nal nerve and the superior trunk (two plexuses out of 
121).

Thus, using macro- and microscopic dissection of 
the thoracodorsal nerve, 20 anatomical variations of 
intra-trunk pathways were identified. Duplicate path-
ways of sensory bundles were revealed. To illustrate 
the entire structural diversity and simplify the use of 
anatomical variations in clinical practice, a coding 
system for the identified intra-trunk pathway varia-
tions was proposed. The obtained data on intra-trunk 
pathway variations in the thoracodorsal nerve can be 
used in reconstructive surgery and in clinical practice 
to diagnose injuries and diseases.

DISCUSSION
The macro- and microscopic intra-trunk dissec-

tion revealed that the thoracodorsal nerve is a mixed 
nerve with clear fascicular anatomy which contains 
mostly sensory bundles (1–3) and only one motor 
bundle. These results confirm the findings obtained by 
B. Gesslbauer et al. (2017), who, using the immuno-
fluorescence method, counted 6,904 (± 3,070) axons 
in the thoracodorsal nerve, of which 5,977 (± 3,066) 
were sensory and 927 (± 79) were motor [17]. This 
predominance of sensory fibers and bundles over mo-
tor ones in the nerve allows to get complete informa-

tion about the state of the latissimus dorsi muscle and 
to constantly coordinate and correct its contractions.

The determination of the functional affiliation of 
the thoracodorsal nerve bundles was achieved due to 
their thorough dissection along the entire length of the 
brachial plexus after fixation in a 2% acetic acid solu-
tion. W. Lu et al. (2008) used a similar technique but 
managed to dissect the thoracodorsal nerve bundles 
only to the level of the brachial plexus trunks [15]. We 
managed to trace the path of the thoracodorsal nerve 
bundles further – in the spinal nerves and their anterior 
(motor) and posterior (sensory) roots. We did not find 
similar works in the available literature.

Such an anatomical approach has two advantages 
over  histochemical, electrophysiological, and instru-
mental methods and allows not only to accurately de-
termine the functional affiliation of each bundle, but 
also to trace their path along the entire length of the 
brachial plexus (from the latissimus dorsi muscle to 
the spinal cord). As a result, 20 anatomical variations 
of the intra-trunk pathways in the thoracodorsal nerve 
were identified. Moreover, variable and stable regions 
were established. The posterior divisions, the posteri-
or bundle, and the roots of the spinal nerves are stable 
regions (sensory bundles pass through the posterior 
roots, motor bundles pass through the anterior roots), 
while the spinal nerves and trunks are variable ones. 

The main number of variations are associated with 
the unequal passage of sensory and motor bundles 
through the superior, middle, and inferior trunks, and 
C6, C7, and C8 spinal nerves. The isolation of the re-
maining six variations is associated with the passage 
of the thoracodorsal nerve bundles through the axil-
lary nerve. According to R. Rastogi et al. (2013), the 
thoracodorsal nerve departed from the axillary nerve 
in 23% of cases [19], and according to our data, it oc-
curred in seven out of 121 plexuses.

The predominant path for the sensory bundles is 
the middle trunk and C7 (42%) or the inferior trunk 
and C8 (35%), and for the motor bundles – C7 (93%) 
and the middle trunk (89%). This is somewhat differ-
ent from the findings obtained by W. Lu et al. (2008), 
who found that more than 52% of motor fibers in the 
thoracodorsal nerve originate in C7 [15].  Accord-
ing to K. S. Lee (2007), most often (in 60%) the tho-
racodorsal nerve originates in two spinal nerves C7 
and C8, less often – in C6, C7, and C8 (25%), C6 and 
C7 (10%), and C7 (5%) [20]. We identified one more 
variation where only the C8 spinal nerve is involved 
in the formation of the thoracodorsal nerve, which oc-
curred in nine out of 121 plexuses and has not been 
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described in the literature. Our data differ from the re-
sults obtained by W. Lu et al. (2008), which identified 
only three variations of the path of the thoracodorsal 
nerve bundles through the trunks: superior and mid-
dle (5%), all three trunks (85%), middle and inferior 
(10%) [15]. According to our data, the passage of bun-
dles through all three trunks was detected only in five 
plexuses out of 121. Apparently, all observed differ-
ences are associated with regional and ethnic features 
or different amount of studied material.

The study revealed that the thoracodorsal nerve 
has a single motor pathway and duplicate sensory 
pathways, which occur in 22% of cases. There is no 
information in the literature about duplicate sensory 
pathways in the thoracodorsal nerve.

To illustrate the entire structural diversity, as well 
as to simplify the use of anatomical variations in clin-
ical practice, we developed a coding system for the 
identified variations of intra-trunk pathways in the di-
rection: sensory bundle» posterior bundle « posterior 
division « trunk « spinal nerve; motor bundle ! poste-
rior bundle ! posterior division ! trunk ! spinal nerve.

On the basis of the obtained data, we determined 
the regularity of the intra-trunk pathway formation in 
the thoracodorsal nerve. It is characterized by a larger 
number of variations of sensory bundles in the proxi-
mal parts of the brachial plexus. Possibly, embryonic 
growth of neuronal processes in the rudiment of the 
arm early along the path is very susceptible to obsta-
cles, which leads to intra-trunk diversity of sensory 
bundles [21].  A more stable intra-trunk path of the 
motor bundle is due to the fact that dendrites grow 
faster and axons orient themselves according to them 
[22]. Young motor fibers move along existing tracts 
and encounter fewer obstacles [23].

The identified anatomical variations of the in-
tra-trunk pathways can be useful in the diagnosis of 
injuries and diseases. They expand indications for the 
use of spinal nerves, trunks of the brachial plexus, and 
the thoracodorsal nerve in reconstructive surgery.

CONCLUSION
1. The thoracic nerve is a mixed nerve, which 

consists of one motor and 1–3 sensory bundles that 
variously pass through the spinal nerves, trunks, and 
the axillary nerve with the formation of 20 intra-trunk 
pathways.

2. In most cases, sensory bundles from the tho-
racodorsal nerve pass through the posterior bundle, 
the posterior division, and the middle trunk to the C7 
spinal nerve (42%) or the inferior trunk and the C8 

spinal nerve (35%). In 22% of cases, the thoracodorsal 
nerve has one or, rarely, two duplicate sensory path-
ways besides the main one.

3. The path of the motor bundle to the thoracodor-
sal nerve is not duplicated and in most cases passes 
through the C7 spinal nerve (93%) and the middle 
trunk (89%) and then through the posterior division 
and the posterior bundle.

4. Coding anatomical variations of the intra-trunk 
pathways in the thoracodorsal nerve makes it possible 
to briefly yet clearly and fully display the entire mor-
phological diversity of the nerve anatomy.

REFERENCES
1.	 Emamhadi M., Chabok S.Y., Samini F., Alijani B., Behzad-

nia H., Firozabad F.A. et al. Anatomical Variations of Brachial 
Plexus in Adult Cadavers; A Descriptive Study.  Archives of 
Bone and Joint Surgery. 2016;4(3):253–258. 

2.	 Golarz S.R., White J.M. Anatomic variation of the phrenic 
nerve and brachial plexus encountered during 100 supracla-
vicular decompressions for neurogenic thoracic outlet syn-
drome with associated postoperative neurologic complication. 
Annals of Vascular Surgery. 2020;62:70–75.  DOI: 10.1016/j.
avsg.2019.04.010.

3.	 Hassan A., Jan N. Anatomical variations in brachial plexus 
formation and branching pattern in adult cadavers. Annals of 
R.S.C.B. 2021;25(4):4869–4876.

4.	 Mioton L., Dumanian G.A., De la Garza M., Ko J.H. Histo-
logic analysis of sensory and motor axons in branches of the 
human brachial plexus. Plastic and Reconstructive Surgery. 
2019;144(6):1359–1368. DOI: 10.1097/PRS.0000000000006278.

5.	 Agarwal P., Bajaj J., Sharma D. Techniques for Differentiat-
ing Motor and Sensory Fascicles of a Peripheral Nerve – A 
Review. Indian Journal of Neurotrauma. 2020;17(1). DOI: 
10.1055/s-0040-1713458.

6.	 Zhou X., Du J., Qing L., Mee T., Xu X., Wang Zh. et al. Iden-
tification of sensory and motor nerve fascicles by immunofluo-
rescence staining after peripheral nerve injury. J. Transl. Med. 
2021;19(1):207. DOI: 10.1186/s12967-021-02871-w.

7.	 Osborne N.R., Anastakis D.J., Davis K.D. Peripheral nerve 
injuries, pain, and neuroplasticity. Journal of Hand Therapy. 
2018;31(2):184–194. DOI: 10.1016/j.jht.2018.01.011.

8.	 Llusá M., Morro M.R., Casañas J., Moore A.M. Surgical anat-
omy of the brachial plexus. In: Shin A.Y., Pulos N. (eds). Op-
erative Brachial Plexus Surgery. Springer, Cham. 2021;19–31. 
DOI: 10.1007/978-3-030-69517-0_2.

9.	 Beris A., Gkiatas I., Gelalis I., Papadopoulos D., Kostas‑Ag-
nantis I. Current concepts in peripheral nerve surgery. Eu-
ropean Journal of Orthopaedic Surgery and Traumatology. 
2019;29:263–269. DOI: 10.1007/s00590-018-2344-2.

10.	Park S.O., Kim J., Kim Il-K., Chung J.H., Jin U.S., Chang H. 
Minimizing donor site morbidity using the interfascicular 
nerve splitting technique in single-stage latissimus neuro-
muscular transfer for facial reanimation. Correspondence 
and Communications. 2021;74(5):1101–1160. DOI: 1016/j.
bjps.2020.10.030.

Gorbunov N.S., Kober K.V., Kasparov E.V. et al. Anatomical variations and coding of the intra-trunk pathways in the thoracodorsal nerve



27

Original  articles

Bulletin of Siberian Medicine. 2023; 22 (2): 21–27

11.	Manoukian O.S., Baker J.T., Rudraiah S., Arul M.R., Vel-
la A.T., Domb A.J. et al. Functional polymeric nerve 
guidance conduits and drug delivery strategies for periph-
eral nerve repair and regeneration. Journal of Control- 
led Release. 2020Jan.10(317):78–95. DOI: 10.1016/j.jconrel. 
2019.11.021. 

12.	Gordon T. Peripheral nerve regeneration and muscle re-
innervation. International Journal of Molecular Sciences. 
2020;21(22):8652. DOI: 10.3390/ijms21228652.

13.	Bedarida V., Qassemyar Q., Temam S., Janot F., Kolb F. 
Facial functional outcomes analysis after reconstruction by 
vascularized thoracodorsal nerve free flap following radi-
cal parotidectomy with facial nerve sacrifice. Head & Neck. 
2020May;42(5):994–1003. DOI: 10.1002/hed.26076.

14.	Guyonvarch P., Benmoussa N., Moya‐Plana A., Leymarie N.,  
Mangialardi M.L., Honart J. et al. Thoracodorsal artery per-
forator free flap with vascularized thoracodorsal nerve for 
head and neck reconstruction following radical parotidecto-
my with facial nerve sacrifice: Step‐by‐step surgical technique 
video. Head & Neck. 2021;43(7):2255–2258. DOI: 10.1002/
hed.26701.

15.	Lu W., Xu J.G., Wang D.P., Gu Y.D. Microanatomical study 
on the functional origin and direction of the thoracodorsal 
nerve from the trunks of brachial plexus. Wiley InterScience. 
2008;21(6):509–513. DOI:  10.1002/ca.20656. 

16.	Raksakulkiat R., Leechavengvongs S., Malungpaishrope K.,  
Uerpairojkit C., Witoonchart K., Chongthammakun S. Resto- 
ration of winged scapula in upper arm type brachial plex-

us injury: anatomic feasibility. J. Med. Assoc. Thai. 
2009;92(6):S244–250.

17.	Gesslbauer B., Hruby L.A., Roche A.D., Farina D., Blumer R., 
Oskar C. et al. Axonal components of nerves innervating the 
human arm. Ann. Neurol. 2017;82(3):396–408. DOI: 10.1002/
ana.25018.

18.	Oh S.Y., Jung K., Kim E.H. Production of collagen nano-
fiber using electrospinning dope of acid-soluble collagen 
isolated from fish skin. Textile Science and Engineering. 
2020;57(3):186–191. DOI: 10.12772/TSE.2020.57.186.

19.	Rastogi R., Budhiraja V., Bansal K. Posterior cord of bra-
chial plexus and its branches: anatomical variations and 
clinical implication. ISRN Anat. 2013;2013:501813. DOI: 
10.5402/2013/501813.

20.	Lee K.S. Variation of the spinal nerve compositions of tho-
racodorsal nerve. Clin. Anat. 2007;20(6):660–662.  DOI: 
10.1002/ca.20484.

21.	Leijnse J.N., Bakker B.S., D’Herde K. The brachial plex-
us – explaining its morphology and variability by a generic 
developmental model. J. Anat. 2020;236(5):862–882. DOI: 
10.1111/joa.13123.

22.	Brushart T., Kebaisch F., Wolinsky R., Skolasky R., Li Z., 
Barker N. Sensory axons inhibit motor axon regeneration 
in vitro. Experimental Neurology. 2019;323:113073. DOI: 
10.1016/j.expneurol.2019.113073.

23.	Spead O., Poulain F.E. Trans-axonal signaling in neural cir-
cuit wiring. International Journal of Molecular Sciences. 
2020;21(14):5170. DOI: 10.3390/ijms21145170.

__________________________

Authors’ contribution
Gorbunov N.S. – scientific supervisor of the study, final approval of the manuscript for publication. Kober K.V., Kasparov E.V., 

Rostovtsev S.I., Protasyuk E.N. – carrying out of the research, collection and analysis of the data.

__________________________

Authors’ information
Gorbunov Nikolay S. – Dr. Sci. (Med.), Professor, Department of Operative Surgery and Topographic Anatomy, V.F. Voino-

Yasenetsky Krasnoyarsk State Medical University; Leading Researcher, Research Institute of Medical Problems of the North, Krasnoyarsk, 
gorbunov_ns@mail.ru, http://orcid.org/0000-0003-4809-4491

Kober Kristina V. – Surgical Oncologist, A.I. Kryzhanovsky Krasnoyarsk Regional Clinical Oncology Center, Krasnoyarsk, k-kober@
mail.ru,  http://orcid.org/0000-0001-5209-182X

Kasparov Eduard W. – Dr. Sci. (Med.), Professor, Director of the Research Institute of Medical Problems of the North, Krasnoyarsk, 
rsimpn@scn.ru, http://orcid.org/0000000259881688

Rostovtsev Sergey I. – Dr. Sci. (Med.), Associate Professor, Department of Anesthesiology and Resuscitation, V.F. Voino-Yasenetsky 
Krasnoyarsk State Medical University, Krasnoyarsk, rostovcev.1960@mail.ru, http://orcid.org/0000-0002-1462-7379

Protasyuk Ekaterina N. – Resident, V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, demonshire@mail.
ru, http://orcid.org/0000-0002-1204-7821

(*)  Gorbunov Nikolay S., gorbunov_ns@mail.ru

Received 29.06.2022; 
approved after peer review 03.11.2022; 
accepted 08.12.2022	



28

ORIGINAL  ARTICLES

УДК 616.12-008.46:616.13-004.6:616.12-008.3-073.96
https://doi.org/10.20538/1682-0363-2023-2-28-38

Heart failure with preserved left ventricular ejection fraction  
in non-obstructive coronary artery disease: clinical utility  
of heart rate variability
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ABSTRACT

Aim. To evaluate the role of heart rate variability in the pathogenesis of chronic heart failure with preserved 
ejection fraction (HFpEF) in patients with non-obstructive coronary artery disease (CAD).

Materials and methods. The cross-sectional study included 65 patients (55.4% were males) with non-obstructive 
CAD. Non-obstructive CAD (stenosis < 50%) was confirmed by coronary computed tomography angiography. 
Heart rate variability (HRV) was evaluated by 24-hour Holter monitoring; parameters of time series and spectral 
analysis were analyzed.  

Results. Depending on the presence of HFpEF, the patients were divided into 2 groups: group 1 (n = 48) included 
patients with HFpEF, and group 2 (n = 17) encompassed patients without it. In patients with HFpEF, a statistically 
significant decrease in the total HRV and parasympathetic effects on the heart rate, mainly at night, as well as 
increased activity of cerebral ergotropic systems were revealed. In group 1, the values of the time series analysis 
of HRV and QT dispersion based on the study of RR interval duration (SDANN and SDNNidx) had a significant 
direct relationship with the level of myocardial stress in diastole, the value of vascular resistance, and the E / e’ 
ratio. The cut-off values of SDNNidx and pNN50 were identified, that may be used as markers for early diagnosis 
of HFpEF.

Conclusion. In patients with non-obstructive CAD and HFpEF, it is advisable to perform 24-hour Holter monitoring 
and assess HRV parameters by the time series analysis, which, compared with the spectral analysis, has a closer 
relationship with the characteristics of left ventricular diastolic function and afterload.

Keywords: heart failure, preserved ejection fraction, non-obstructive coronary artery disease, heart rate variability, 
biomarkers
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Сердечная недостаточность с сохраненной фракцией выброса левого 
желудочка при неокклюзирующем коронарном атеросклерозе: 
клиническая полезность оценки вариабельности сердечного ритма
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РЕЗЮМЕ

Цель – оценить роль вегетативной дисрегуляции ритма сердца в патогенезе хронической сердечной недо-
статочности (ХСН) с сохраненной фракцией выброса (СНсФВ) у больных с необструктивным поражением 
коронарных артерий (КА).

Материалы и методы. В одномоментное исследование включено 65 пациентов (55,4% мужского пола) с 
впервые диагностированным необструктивным поражением КА. Необструктивное поражение КА (стеноз 
менее 50%) подтверждено данными компьютерной коронарной ангиографии. Вариабельность сердечного 
ритма исследовали посредством суточного мониторирования электрокардиограммы (ЭКГ), рассматривая 
показатели временного и спектрального анализа. 

Результаты. В зависимости от наличия СНсФВ пациенты были разделены на две группы: в первую (n = 48) 
вошли больные с СНсФВ, во вторую (n = 17) – пациенты без ХСН. У пациентов с СНсФВ на фоне неокклю-
зирующего атеросклероза коронарного русла обнаружено статистически значимое снижение общей вари-
абельности сердечного ритма и парасимпатических влияний на сердце преимущественно в ночное время, 
а также повышенная активность церебральных эрготропных систем. Установлено, что у пациентов первой 
группы значения показателей временного анализа дисперсии ритма сердца, основанных на исследовании 
продолжительности интервалов R-R ЭКГ (SDANN и SDNNidx), имели прямую статистически значимую 
связь с уровнем миокардиального стресса в диастолу, величиной сердечно-сосудистого сопротивления, а 
также соотношением скорости трансмитрального кровотока в раннюю фазу диастолы и скорости раннего 
диастолического смещения боковой части фиброзного кольца митрального клапана. Определены порого-
вые значения SDNNidx и pNN50, которые у таких пациентов могут использоваться в качестве маркера для 
ранней диагностики СНсФВ.

Заключение. У пациентов с необструктивным поражением КА и СНсФВ при выполнении суточного мони-
торирования ЭКГ целесообразна оценка параметров дисперсии ритма сердца, анализируемых временными 
методами, которые по сравнению с показателями спектрального анализа имеют более тесную связь с харак-
теристиками диастолической функции и постнагрузки левого желудочка.

Ключевые слова: сердечная недостаточность, сохраненная фракция выброса, неокклюзирующий коро-
нарный атеросклероз, вариабельность ритма сердца, биомаркеры
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INTRODUCTION

In the last decade, a lot of data have been obtained 
pointing to a wide variety of etiological factors and 
describing the features of their effect on the pathogen-
esis of heart failure with preserved ejection fraction 
(HFpEF). In the same patient, several mechanisms 
often coexist, initiating symptomatic chronic heart 
failure (CHF), but the degree of activation of each of 
them in patients with HFpEF can vary greatly [1, 2].

It is known that an imbalance of the autonomic 
nervous system is one of the possible mechanisms 
for the development of CHF and its decompensation 
[3–5]. In particular, the results of the Women’s Health 
Initiative cohort study that included 28,603 postmeno-
pausal women (mean age 62.6 years) without coro-
nary artery disease (CAD) and CHF demonstrated that 
low total heart rate variability (HRV) was associated 
with an increased risk of hospitalization for HFpEF 
(odds ratio (OR) 1.22; 95% confidence interval (CI) 
1.02–1.47) [5].

A number of researchers have found a relationship 
between HRV and expression of inflammation and 
coagulation markers in patients with a high risk of de-
veloping cardiovascular complications, including pa-
tients with CHF and acute coronary syndrome [6–9]. 
In particular, it was found that activation of the cho-
linergic anti-inflammatory pathway, in which efferent 
inhibition of proinflammatory cytokines by the vagus 
nerve occurs, leads to a decrease in the content of 
systemic inflammation-associated proteins [10], and 
non-invasive stimulation of the vagus nerve through 
activation of the α7 nicotinic acetylcholine receptor 
can provide anti-inflammatory, antioxidant, and an-
ti-apoptotic effects [11].

There are a few studies that reveal the relation-
ship between changes in HRV and the development 
of CAD and CHF, as well as an increase in all-cause 
mortality [3, 9, 12]. The analysis of HRV in patients 
with CAD has shown that autonomic dysregulation is 

associated with multivessel coronary artery disease 
and the presence of coronary artery occlusions and le-
sions of the left coronary artery and plays an important 
role as a screening tool for high-risk groups [13]. It 
has been established that reduced HRV in CAD pa-
tients is associated with age, late postinfarction heart 
remodeling, development of left ventricular systolic 
and diastolic dysfunction, and the clinical severity of 
heart failure [14] and is involved in the development 
of electrical instability of the heart [15]. At the same 
time, we have not been able to find works on the as-
sessment of HRV in patients with HFpEF and non-ob-
structive CAD in the available scientific literature.

The aim of the study was to evaluate the role of 
HRV in the pathogenesis of HFpEF in patients with 
non-obstructive CAD.

MATERIALS AND METHODS
The study was conducted in accordance with the 

provisions of the Declaration of Helsinki and approved 
by the local Ethics Committee at Cardiology Research 
Institute, Tomsk National Research Medical Center of 
the Russian Academy of Sciences (Protocol No. 177 
of 30.10.2018). All patients signed an informed con-
sent to participate in the study.

The study included 48 patients (60.4% were men) 
aged 61.5 (55; 60) years with new-onset HFpEF and 
non-obstructive CAD (group 1). The control group 
consisted of patients without symptoms and signs of 
CHF of comparable age (group 2). Inclusion criteria: 
non-obstructive (< 50%) CAD; left ventricular dia-
stolic dysfunction / increased left ventricular (LV) fill-
ing pressure and preserved LV ejection fraction (EF); 
N-terminal pro-brain natriuretic peptide (NT-proB-
NP) ≥ 125 pg / ml; a signed informed consent to par-
ticipate in the study. Exclusion criteria: prior myocar-
dial infarction; elective coronary revascularization or 
prior revascularization; elevated systolic or diastolic 
blood pressure ( > 180 or > 110 mm Hg, respectively); 
systolic hypotension < 80 mm Hg; second / third-de-



31

Original  articles

Bulletin of Siberian Medicine. 2023; 22 (2): 28–38

gree atrioventricular block, sick sinus syndrome; 
high ectopic activity of the atria and / or ventricles  
( > 10 extrasystoles per hour); hypertrophic and dilat-
ed cardiomyopathy; valvular defect (mitral, tricuspid 
or aortic valve insufficiency or stenosis ≥ 2 degree); 
prior pulmonary embolism with pulmonary hyper-
tension (systolic pressure in the pulmonary artery  
≥ 45 mm Hg); chronic atrial fibrillation; severe course 
of bronchial asthma and chronic obstructive pulmo-
nary disease; pathology of the thyroid gland, severe 
renal (glomerular filtration rate according to the  
CKD-EPI equation < 30 ml / min / m²) and liver fail-
ure; inflammatory diseases of the myocardium and 
pericardium; hemoglobin level < 100 g / l.

At the time of enrollment, the patients were not 
receiving optimal drug therapy, given the fact that 
CHF was newly diagnosed. The frequency of pre-
scribing β-blockers ranged from 17.6 to 19.4%, an-
giotensin-converting enzyme (ACE) inhibitors – 
11.8–19.4%, angiotensin II AT₁ receptor blockers – 
17.6–29.4%, statins – 35.3–41.2%, and diuretics – 
5.9–29.4%. The patients who received β-blockers dis-
continued to take them the day before 24-hour Holter 
monitoring.

The content of the soluble form of ST2 protein 
(sST2) and NT-proBNP in the blood serum in vitro 
was determined by enzyme-linked immunosorbent as-
say (ELISA). Photometric detection of immunochem-
ical reaction passage was performed on the Infinite 
F50 microplate reader (Tecan, Australia). Fasting 
blood was sampled from the ulnar vein in the morning 
after 16-hour fasting into vacutainers. We used kits 
from Critical Diagnostics Presage® ST2 Assay (USA) 
and Biomedica (Canada).

Echocardiography (EchoCG) was performed for 
all patients according to a standard protocol using 
the EPIQ system (Philips Ultrasound Inc., USA). The 
structures of the heart were visualized using B- and 
M-scans according to the standard technique. An 
obligatory criterion for diagnosing HFpEF was the 
value of LVEF ≥ 50%. All studies were conducted by 
one highly qualified specialist. The assessment of LV 
diastolic function was based on four parameters: early 
diastolic velocity at the lateral mitral annulus (later-
al e’), the ratio of peak early diastolic velocity of the 
transmitral flow to the mean early diastolic velocity 
at the mitral annulus (E/e’), left atrial volume index, 
and peak tricuspid regurgitation velocity. LV diastol-
ic dysfunction was diagnosed if at least three of the 
four parameters discussed were outside the reference 
range. LV global longitudinal strain (GLS) was as-

sessed using 2D speckle tracking. Some of the param-
eters were calculated using the formulas:

– left ventricular end-systolic elastance (Es) = ESP 
/ ESV; where ESP is LV end-systolic pressure, ESV is 
LV end-systolic volume.

– arterial elastance (Ea) = ESP / SV; where SV is 
stroke volume.

– LV myocardial stress (MS) in systole = SBP × 
ESP / LV PWT in systole × (1 + (LV PWT / ESD)); 
where SBP is systolic blood pressure, ESD is LV 
end-systolic dimension, and PWT is posterior wall 
thickness.

– LV myocardial stress (MS) in diastole = DBP × 
EDP / LV PWT in diastole × (1 + (LV PWT / EDD)); 
where DBP is diastolic blood pressure, EDD is LV 
end-diastolic dimension, and PWT is posterior wall 
thickness.

LV MS is a parameter that characterizes the force 
of myocardial fibers per unit cross-section of the LV 
wall and quantitatively reflects the values of LV pre- 
and afterload. At the end of diastole, it expresses pre-
load, and at the end of systole, it expresses afterload 
(dynes / cm2).

HRV was assessed by 24-hour Holter monitoring. 
At least 12 hours before and during 24-hour ECG mon-
itoring, the patients were forbidden to drink coffee, 
tea, and cola and to smoke. During the ECG recording, 
routine daily activities were allowed. The parameters 
of HRV quantification were analyzed: SDNN – stan-
dard deviation of all normal RR (NN) intervals of the 
sinus rhythm; SDANN – standard deviation of the av-
erage NN-intervals for each of the 5-minute segments 
during a 24-hour recording; SDNNidx – mean of the 
standard deviations of NN intervals in all 5-minute 
segments of a 24-hour recording; RMSSD – square 
root of the mean of the squares of differences between 
adjacent NN intervals; NN50 (100, 200) is the number 
of pairs of adjacent NN intervals that differ by more 
than 50 (100, 200) ms; pNN50 (100, 200)% is the val-
ue of NN50 (100, 200) divided by the total number of 
NN intervals in the analyzed recording period. 

At the same time, the parameters of the HRV time 
series analysis were interpreted as follows: the pa-
rameters obtained by processing direct measurements 
of RR intervals (in particular, SDNN, SDANN, SD-
NNidx) generally reflect the degree of efferent sym-
pathetic influences on the heart (with an increase in 
sympathetic efferentation, the values of the param-
eters decrease), whereas the parameters calculated 
on the basis of the difference between the RR inter-
vals (RMSSD, NN50, pNN50) reflect tension in the 
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parasympathetic nervous system (with an increase in 
the efferent activity of the vagus nerve, the values of 
the parameters rise). Using the spectral analysis, the 
power of the spectrum was estimated in the range of 
very low (< 0.04 Hz) frequencies (VLF is a param-
eter which is associated with the activity of cerebral 
ergotropic systems and the renin – angiotensin sys-
tem), low (0.04–0.15 Hz) frequencies (LF is a marker 
of sympathetic modulation), and high (0.15–0.4 Hz) 
frequencies (HF is a marker of the parasympathetic 
nervous system activity), and the LF / HF ratio (the 
so-called sympatho-vagal balance) was determined.

All patients underwent coronary computed tomog-
raphy angiography. For contrast-enhanced scanning, 
70–90 ml of a nonionic contrast agent (370 mg Io-
pamidol, Bracco Diagnostics, Italy) was injected in-
travenously through an 18G catheter at a flow rate of 
5–5.5 ml / s.

Statistical processing was performed using the 
STATISTICA 10.0 software (StatSoft Inc., USA). 
The normality of distribution of the variables was as-
sessed using the Shapiro – Wilk test. The homogene-
ity of variance was assessed using the Levene’s test. 
Quantitative data were presented as the median and 

the interquartile range Me (Q25 ; Q75). The Mann – 
Whitney U-test was used to test statistical hypotheses 
when comparing two independent samples. To search 
for relationships between variables, a correlation anal-
ysis was used with the calculation of the Spearman’s 
rank correlation coefficient. For qualitative features, 
contingency tables were analyzed using the Pearson’s 
χ2 test or Fisher’s exact test, when the expected value 
in any of the cells in the table with given boundaries 
was below 10. To assess the sensitivity and specificity 
of the models and select the cut-off values, the ROC 
analysis was used with the construction of curves and 
the calculation of the area under the curve (AUC). 
AUC value > 0.70 was considered significant. The 
marginal significance level of p for all statistical anal-
ysis procedures used was 0.05.

RESULTS
At the time of inclusion in the study, the groups 

were comparable in most clinical and demographic 
characteristics (Table 1). Patients of group 1 smoked 
more often and had impaired carbohydrate metabo-
lism, while there were no statistically significant dif-
ferences in the level of glycated hemoglobin.

T a b l e  1 

Baseline clinical and demographic characteristics

Parameter Group 1, n = 48, (+) HFpEF Group 2, n = 17, (–) HFpEF p

Age, years, Me (Q25 ; Q75) 61.5 (55; 66) 62 (58; 63) 0.124
Men, n (%) 29 (60.4) 7 (41.2) 0.059
BMI, kg / m2, Me (Q25 ; Q75) 29.7 (27.6; 32.0) 30.8 (28.35; 33.95) 0.254
Hypertension, n (%) 39 (81.2) 13 (76.5) 0.161
Type 2 DM, n (%) 11 (22.9) 2 (11.8) 0.013
HbA1c, %, Me (Q25 ; Q75)  6.3 (5.8; 7.5) 6.1 (6.0; 7.6) 0.068
COPD, n (%) 5 (10.4) 1 (5.9) 0.718
Smoking, n (%) 15 (31.25) 3 (17.6) 0.011
GFR, ml / min / 1.73 m2 82.8 (67.3; 82.7) 85 (71; 89) 0.476
Total cholesterol, mmol / l, Me (Q25 ; Q75) 4.98 (3.67; 5.25) 5.09 (3.76; 6.5) 0.532
LDL-C, mmol / l, Me (Q25 ; Q75) 3.13 (2.15; 3.51) 2.33 (1.24; 3.37) 0.856
HDL-C, mmol / l, Me (Q25 ; Q75) 1.07 (0.85; 1.31) 1.52 (1.25; 1.79) 0.889
Triacylglycerols, mmol / l, Me (Q25 ; Q75) 1.78 (1.23; 1.97) 1.26 (1.17; 1.36) 0.870
Hemoglobin, g / l, Me (Q25 ; Q75) 134 (121; 143) 145 (140; 157) 0.464
Potassium, mmol / l, Me (Q25 ; Q75) 4.67 (4.12; 5.01) 4.47 (4.43; 5.01) 0.517
Fibrinogen, g / l, Me (Q25 ; Q75) 3.27 (3.14; 3.14) 3.16 (2.86; 3.36) 0.767
NT-proBNP, pg / ml, Me (Q25 ; Q75) 404.2 (249.5; 1,533.4) 58 (43.65; 74.35) 0.004
sST2, ng / ml, Me (Q25 ; Q75) 29.18 (23.17; 31.09) 19.42 (18.24; 22.29) 0.012

Note: BMI – body mass index; DM – diabetes mellitus; GFR – glomerular filtration rate; COPD – chronic obstructive pulmonary disease; LDL-C 
– low-density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol; HbA1c – glycated hemoglobin; NT-proBNP – N-terminal 
pro-brain natriuretic peptide; sST2 – soluble form of the ST2 protein.
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In patients with non-obstructive CAD and HFpEF, 
compared to patients of the control group, we noted 
early signs of depressed LV contractility associated 
with changes in the characteristics of pre- and after-
load (Table 2), in particular, impaired mechanics of 
the LV (decrease in LV global longitudinal strain: 
–14.4% [–13.1; –17.6] vs –18.9% [–14.4; –21.4], 
p = 0.003), increased myocardial stress in diastole, 
reflecting true hemodynamic load on the heart mus-
cle (157.48 [142.06; 164.70] dynes / cm2 vs 142.15 
[133.31; 149.97] dynes / cm2, p = 0.028) and arterial 
elastance (0.60 [0.55; 0.92] mm Hg / ml vs 0.56 [0.53; 
0.61] mm Hg / ml, p = 0.021) against the background 
of a decrease in end-systolic elastance (2.30 [1.64; 
3.0] mm Hg / ml vs 0.56 [2.75; 3.16] mm Hg / ml,  
p = 0.018).

The results of the HRV assessment revealed that 
patients with HFpEF, compared to persons without 
CHF, had chronotropic incompetence throughout the 
entire monitoring period, manifested by a decrease  

(p < 0.01) in the values of time series parameters: SD-
NNidx (night) by 29.9% (47 [44; 65] ms and 67 [52; 
208] ms, respectively) and SDNNidx (day) by 14.3% 
(56 [52; 71] ms and 64 [55; 183] ms, respectively), as 
well as a decrease in the values of most parameters 
characterizing the parasympathetic nervous system 
activity (p < 0.01) mainly at night – RMSSD by 73.9% 
(23 [12; 31] ms and 40 [32; 328] ms, respectively), 
NN50, NN100, NN200 – by 5–8 times, pNN50(100, 
200)% – by 2.5–6 times.

In patients with HFpEF, compared to patients with-
out CHF, a significant change in the HRV frequency 
characteristics was revealed, indicating an increase in 
the influence of cerebral ergotropic structures with si-
multaneous inhibition of the parasympathetic nervous 
system activity: an increase in VLF (p = 0.004) and a 
decrease in CHF (p = 0.016). Table 3 shows the pa-
rameters of HRV, for which statistically significant 
differences were found. Other parameters did not dif-
fer between the groups.

T a b l e  2

Echocardiography findings in patients of groups 1 and 2, Me (Q25 ; Q75)
Parameter Group 1, n = 48, (+) HFpEF Group 2, n = 17, (–) HFpEF p

LVEF, % 62 (58.5; 65) 65 (64; 66) 0.392
LA, mm 42 (39; 46) 40 (38; 43) 0.734
LV EDV, ml 111 (100; 125) 108 (97.5; 116) 0.306
LV ESV, ml 37.5 (32; 43) 34.5 (33.5; 39.5) 0.205
IVS, mm 10.5 (10.5; 11.1) 9.75 (9.0; 10) 0.065
LVPW, mm 10 (9; 10) 9.5 (9.0; 10.0) 0.329
Peak Е, cm / sec 77 (69; 94) 63 (56; 72) 0.032
Peak А, cm / sec 65 (63; 88) 69 (66; 76.5) 0.053
Е/А 1.29 (1; 1.36) 0.9 (0.74; 1.0) 0.024
E/e’ 13.5 (13; 13.6) 12 (11; 13) 0.019
LAVI, ml / m2 2.8 (2.78; 2.87) 2.6 (2.3; 2.76) 0.021
LV MMind, g / m2 87 (80; 97) 82 (75.5; 86.5) 0.283
MS in diastole, dyne / cm2 157.48 (142.06; 164.70) 142.15 (133.31; 149.97) 0.028
Еа, mm Hg / ml 0.60 (0.55; 0.92) 0.56 (0.53; 0.61) 0.021
Es, mm Hg / ml 2.30 (1.64; 3.0) 2.75 (2.55; 3.16) 0.018

Note: LAVI – left atrial volume index; LV – left ventricle; PW – posterior wall, MMind – myocardial mass index; 
EDV – end-diastolic volume; ESV – end-systolic volume; LA – left atrium; IVS – interventricular septum; Peak 
E – the peak velocity of early diastolic flow; Peak A – the peak flow velocity due to atrial systole; Е/А - ratio of the 
peak early diastolic flow velocity (E) to the flow at atrial systole (A); E/e’ - the ratio of peak early diastolic velocity of 
the transmitral flow to the mean early diastolic velocity at the mitral annulus; Ea – atrial elastance; Es – end-systolic 
elastance of the left ventricle.

T a b l e  3

HRV parameters in patients of groups 1 and 2, Me (Q25 ; Q75)
Parameter Group 1, n = 48, (+) HFpEF Group 2, n = 17, (–) HFpEF p

Mean NN during the day, ms 978 (897; 993) 835 (732; 959) 0.003
SDNNidx at night, ms 47 (44; 65) 67 (52; 208) 0.003
SDNNidx all day, ms 56 (52; 71) 64 (55; 183) 0.039
RMSSD at night, ms 23 (12;	 31) 40 (32; 328) 0.001
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Based on the ROC analysis, the values of SDN-
Nidx ≤ 49 ms (AUC = 0.768; p = 0.012) and pNN50 
≤ 5 ms (AUC = 0.777; p = 0.007) were determined 
as cut-off values, which are associated with the pres-
ence of HFpEF in patients with non-obstructive CAD  
(Figure).

The results of the correlation analysis demon-
strated the relationship between HRV studied by the 
time series parameters (in particular, SDANN) and 
the level of sST2 in the blood serum (r = 0.354; p = 
0.018), but not the “classical” CHF biomarker – NT- 
proBNP. It was also established for the first time that 
the SDANN value was correlated with MS in diastole 

(r = 0.35; p = 0.006), and SDNNidx was correlated 
with arterial elastance (r = 0.301; r = 0.045). 

DISCUSSION
It is known that autonomic dysregulation is one of 

the mechanisms for the development of CHF with re-
duced LVEF and is characterized by a steady increase 
in sympathetic excitation and a decrease in parasym-
pathetic activity [4, 16]. The results of the analysis of 
turbulence and QT dispersion (in particular, SDNN) 
of the heart rate make it possible to identify individ-
uals at the highest risk of adverse outcomes among 
patients with HFpEF [17]. HRV is also impaired in 

Parameter Group 1, n = 48, (+) HFpEF Group 2, n = 17, (–) HFpEF p
NN50 at night, n (%) 494 (352; 1,671) 2,681 (627; 18,518) 0.002
pNN50 at night, % 2.8 (1.2; 9.50) 13.9 (5.1; 61.5) 0.002
NN100 at night, n (%) 47 (24; 164) 368 (135; 8,485) 0.001
pNN100 at night, % 0.2 (0; 0.9) 1.4 (0.5; 33.5) 0.001
NN200 at night, n (%) 28 (9; 34) 191 (31; 2,037) 0.003
NN200 all day, n (%) 289 (43; 534) 400 (141; 12,571) 0.029
pNN200 during the day , % 0.4 (0; 0.9) 1 (0.2; 16.1) 0.010
pNN200 at night, % 0.1 (0;	 0.1) 0,6 (0.2; 31.4) 0.001
pNN200 all day, % 0.3 (0.1; 0.9) 0.9 (0.2;21.3) 0.016
VLF, ms2 2,570 (1,992; 3,016) 2,341 (1,634; 2,731) 0.004
HF, ms2 347 (214; 509) 514 (371; 627) 0.016

Note: Mean NN – the average value of the duration of all RR  (NN) intervals of sinus rhythm;  SDNNidx – mean of the 
standard deviations of NN intervals in all 5-minute segments of a 24-hour recording; RMSSD – square root of the mean of 
the squares of differences between adjacent NN intervals; NN50(100, 200) –  the number of pairs of adjacent NN intervals 
that differ by more than 50 (100, 200) ms; pNN50(100, 200)% – the value of NN50 (100, 200) divided by the total number 
of NN intervals in the analyzed recording period; VLF – spectrum power in the range of very low (< 0.04 Hz) frequencies; 
HF – spectrum power in the range of high (0.15–0.4 Hz) frequencies.

T a b l e  3  ( c o n t i n u e d ) 
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symptomatic CAD, especially after myocardial in-
farction, and is inversely associated with the progres-
sion of CAD [12, 18, 19]. In particular, in patients 
with cardiovascular diseases without signs of myocar-
dial ischemia, an inverse correlation (p < 0.05) was 
established between the presence of non-obstructive 
(< 50%) stenosis of one or more coronary arteries, on 
the one hand, and the value of pNN50 (for the anteri-
or interventricular branch and right coronary artery –  
r = –0.387 and r = –0.365, respectively, and for the 
anterior interventricular branch with RMSSD –  
r = –0.404), as well as the power of the spectrum in the 
HF range (r = –0.393, p < 0.05 ), on the other. 

This allowed the authors to conclude that the se-
verity and degree of CAD are associated with a shift in 
the autonomic regulation of the heart toward sympa-
thetic predominance [18]. Other data have been pub-
lished showing that HRV parameters are associated 
with the severity of occlusion, multivessel CAD, and 
lesions of the left coronary artery [19]. At the same 
time, according to other authors [20], after adjusting 
for age, sex, body mass index, and heart rate, statis-
tically significant differences between patients with 
CAD and those with unchanged coronary arteries in 
a number of logarithmic HRV parameters (pNN10%, 
pNN20%, LF, and HF) disappeared.

In our study, it was found that in patients with HF-
pEF and non-obstructive CAD, the activity of most 
parasympathetic nervous system parameters was sup-
pressed (p < 0.01) mainly at night. We also noted a 
significant change in the frequency characteristics of 
HRV during 24-hour Holter monitoring, indicating 
the primacy of sympathetic influences on the heart 
over parasympathetic ones, which is confirmed by the 
data of other researchers [12, 16, 17]. Primary sup-
pression of parasympathetic activity in the mechanism 
of HRV reduction in cardiovascular diseases and the 
subsequent predominance of the sympathetic nervous 
system are confirmed by the results of a meta-analysis 
by S.C. Fang et al. [12].

The pathophysiology of the sympatho-vagal im-
balance in cardiovascular diseases may be associated 
with the influence of risk factors, including obesity, 
diabetes mellitus and CAD [4, 12, 21, 22]. In our 
study, patients in group 1 were more often diagnosed 
with diabetes mellitus, which, according to a number 
of researchers [4, 12, 22], could also make a certain 
contribution to the development and progression of 
autonomic dysfunction. However, given a short dura-
tion of the disease, the absence of significant differ-
ences in the level of glycemic control according to the 

HbA1c assessment, and a small sample size, the con-
tribution of this risk factor to the development mech-
anism and prognosis of HFpEF will be the subject of 
further research.

The principal mechanism of CAD leading to au-
tonomic dysregulation is still unknown. Most re-
searchers tend to believe that the balance between 
short-term and long-term HRV components, even in 
asymptomatic individuals without signs of myocardial 
ischemia with progression of CAD shifts toward para-
sympathetic withdrawal with the primacy of sympa-
thetic regulation [4, 9, 12, 17, 18, 23]. This confirms 
the hypothesis that CAD is one of the determinants of 
HRV [20]. It is hypothesized that the cause of these 
changes in patients with typical cardialgia and the ab-
sence of atherosclerotic lesions in the coronary bed 
may also be coronary microvascular dysfunction [20, 
22], which, in turn, has a trigger potential for changes 
in myocardial metabolism, activation of the neurohu-
moral system, and development of HFpEF [24]. At the 
same time, regulation of the microvasculature func-
tion varies significantly in different tissues depending 
on their function and nutritional needs. In particular, 
it has been proven that, for example, retinal microves-
sels do not have sympathetic innervation, and variabil-
ity in the filling of the myocardial microvasculature is 
functionally directly related to HRV [25].

 In non-obstructive CAD, HFpEF is triggered ac-
tually due to progressive impairment of the endothe-
lial function, which affects a decrease in coronary and 
myocardial reserves, initiation of diastolic dysfunc-
tion, and overproduction of humoral factors leading 
to perivascular fibrosis and apoptosis of cardiomyo-
cytes [26]. On the other hand, according to D. Aron-
son et al. [6], neurohormonal activation, manifested 
by overexpression of proinflammatory cytokines (in-
terleukin (IL)-6, tumor necrosis factor (TNF)-α, and 
C-reactive protein (CRP)) [1, 8, 27], dysregulation 
of vascular tone in the context of a decrease in nitric 
oxide production, and excessive activity of biomark-
ers (renin, aldosterone, norepinephrine) leads to HRV 
depression. The authors showed that some HRV pa-
rameters in the time domain were inversely correlated 
with the level of endothelin 1 (SDNN, r = –0.38, p = 
0.002; SDANN5, r = –0.48, p < 0.0001), while over-
expression of endothelin 1 was also associated with 
some frequency parameters of HRV – with full power  
(r = –0.32, p = 0.01) and ultra-low frequency power  
(r = –0.43, p = 0.0004), but not with indices of para-
sympathetic (HF) or sympatho-vagal (LF) modula-
tion. According to the correlation analysis of the data 
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obtained in our study, associations were found not 
only between the parameters of total HRV and the 
level of sST2 (r = 0.354; p = 0.018), but also with 
the traditional CHF biomarker NT-proBNP. In the 
CATSTAT-HF study, regardless of the NT-proBNP 
level, sST2 was an accurate predictor of in-hospital 
death and heart failure decompensation in 90 patients 
with ischemic and non-ischemic CHF (LVEF 43.4 ± 
16.4%) [9].

Previously, we showed that in patients with HFpEF 
corresponding to NYHA functional classes I–II and 
III, the level of sST2 was 28.8 and 46.3%, respective-
ly, which was higher than in the control group [26]. 
Given the fact that no clear differences in the angiog-
raphy characteristics were obtained, it is logical to as-
sume that expression of one of the biomarkers studied 
at this stage, approaching the upper limit of the normal 
range, is pathogenetically associated with initiation of 
endothelial dysfunction and, possibly, development of 
perivascular fibrosis, which was confirmed in single 
studies of other scientists.

According to B. Arshi et al. [4], the role of the 
sympathetic nervous system in the development or 
progression of LV diastolic dysfunction and new-on-
set heart failure has not been widely studied, which 
emphasizes the need for new knowledge about the 
pathophysiology of autonomic regulation in patients 
with cardiovascular diseases leading to the develop-
ment of HFpEF. In patients with HFpEF against the 
background of non-obstructive CAD, we found an in-
crease in the early transmitral flow velocity (E) and a 
significant increase in the E/e’ ratio, which was related 
to an increase in the activity of the sympathetic ner-
vous system. At the same time, in patients of group 1, 
the values of the time series parameters of QT disper-
sion based on the study of the duration of RR inter-
vals (SDANN and SDNNidx) had a direct significant 
relationship with MS in diastole, the value of arterial 
elastance, and the E/e’ ratio.

 Comparison of these results with the data of other 
authors turned out to be difficult, since they are pre-
sented in the scientific literature in single studies. In 
particular, A.-M. Vintila˘ et al. [28] refer to the results 
of a retrospective study by A. Jian et al. (2019), who 
found that of all the analyzed HRV parameters, only 
SDANNidx was associated with left atrial dilatation. 
A. Tanindi et al. (2012) showed that in patients with 
HFpEF, compared to healthy volunteers, lower HRV 
values were detected, and HRV depression was direct-
ly associated with the progression of LV diastolic dys-
function. Finally, the results of the examination of pa-

tients retrospectively included in the population-based 
Rotterdam study revealed significant associations of 
HRV parameters (RMSSD and SDNN adjusted for 
heart rate) with parameters of transmitral flow and tis-
sue Doppler in diastole, as well as the left atrial size [4].

The presence of such associations between param-
eters of autonomic regulation of the heart rate, diastol-
ic dysfunction, and the level of the humoral biomarker 
that is not directly related to hemodynamic overload 
but affects the development and progression of cardi-
ac hypertrophy, myocardial fibrosis, and myocardial 
dysfunction, in our opinion, reflects the compensatory 
negative activation of neurohormonal pathways that 
trigger the development and progression of HFpEF. 
These data suggest that a comprehensive assessment 
of HRV parameters, sST2 level, diastolic myocardial 
stress, and arterial elastance may be useful for early 
diagnosis of HFpEF.

There is no doubt that interpretation and correct 
comparison of the results of the HRV study in cer-
tain groups of patients can be difficult due to the of-
ten different duration of ECG recording, gender, and 
phenotypic (LVEF value) differences, which makes it 
necessary to continue research in this area. 

CONCLUSION 
When performing 24-hour Holter monitoring in 

patients with non-obstructive CAD and HFpEF, it is 
advisable to assess the parameters of QT dispersion 
using the time series analysis, which, compared to 
spectral analysis parameters, has a closer relation-
ship with the characteristics of diastolic function and 
LV afterload. The cut-off values of SDNNidx (≤ 49 
ms; AUC = 0.768; p = 0.012) and pNN50 (≤ 5 ms;  
AUC = 0.777; p = 0.007) were determined as a marker 
for early diagnosis of HFpEF.

Limitations of the study included: 1) a small 
sample size of patients; in this regard, at this stage 
of the study, we did not analyze HRV in subgroups 
of patients formed depending on the severity of HF-
pEF and the presence / absence of diabetes mellitus; 
2) in this study, we did not evaluate the prognostic 
value of HRV depression (clinical outcomes and the 
prognostic value of QT dispersion parameters will be 
assessed in the currently ongoing 12-month cohort 
study).
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ABSTRACT

Aim. To study new molecular genetic markers of Gilbert’s syndrome (GS).

Materials and methods. It was a case – control study. The GS group included 125 people (mean age 38.5 ± 11.9 
years, 58.9% were men) with unconjugated hyperbilirubinemia; known causes of unconjugated hyperbilirubinemia 
were excluded. The control group (n = 323, mean age 48.9 ± 11.9 years, 53.2% were men) was a random sample 
of individuals from the DNA bank of participants of the HAPIEE and MONICA projects. DNA was isolated by 
phenol – chloroform extraction from venous blood. Genotyping of groups by rs3064744, rs34993780, rs56059937, 
rs4148323, and rs4124874 single nucleotide polymorphisms (SNPs) in the UGT1A1 gene was performed by poly-
merase chain reaction followed by the polyacrylamide gel analysis according to the author’s protocols.

Results. For rs34993780 and rs56059937, no carriers of a rare allele were found in the GS group and the control 
group. In the GS group, two carriers of a heterozygous mutation rs4148323 were found. Statistically significant 
differences between the groups were found in the frequencies of rs4124874: homozygous GG was statistically 
significantly more common in the GS group than in the control group (odds ratio (OR) = 11.8, 95% confidence 
interval (CI) 6.9–20.3, p < 0.001).

Conclusion. The GG genotype of rs4124874 in the UGT1A1 gene is associated with an increased risk of GS. 
Carriers of the rare heterozygous mutation rs4148323 were found in the GS group. 

Keywords: Gilbert’s syndrome, rs3064744, rs34993780, rs56059937, rs4148323, rs4124874, UGT1A1 gene, 
unconjugated hyperbilirubinemia
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РЕЗЮМЕ

Цель исследования – поиск новых молекулярно-генетических маркеров синдрома Жильбера (СЖ).

Материалы и методы. Дизайн исследования – «случай – контроль». Группа СЖ включает 125 человек 
(средний возраст 38,5 ± 11,9 лет, 58,9% мужчин) с неконъюгированной гипербилирубинемией, у кото-
рых исключены известные ее причины. Группа контроля (n = 323, средний возраст 48,9 ± 11,9 лет, 53,2% 
мужчины) – случайная выборка лиц из банка ДНК участников проектов HAPIEE, MONICA. ДНК выде-
лена методом фенолхлороформной экстракции из венозной крови. Генотипирование групп по вариантам 
нуклеотидной последовательности rs3064744, rs34993780, rs56059937, rs4148323, rs4124874 гена UGT1А1 
выполнено методом полимеразной цепной реакции с последующим анализом на полиакриламидном геле 
по авторским протоколам. 

Результаты. По однонуклеотидным вариантам rs34993780, rs56059937 не найдено носителей редкого ал-
леля в группе СЖ и контрольной группе. В группе лиц с СЖ найдены два носителя мутации rs4148323 в 
гетерозиготной форме. По частотам однонуклеотидного варианта rs4124874 найдены статистически зна-
чимые различия между группами: гомозиготный генотип GG статистически значимо чаще встречается в 
группе СЖ по сравнению с контрольной группой (отношение шансов 11,8; 95%-й доверительный интервал 
6,9– 20,3; р < 0,001). 

Заключение. Генотип GG однонуклеотидного варианта rs4124874 гена UGT1А1 ассоциирован с повышен-
ным риском СЖ. В группе лиц с СЖ найдены носители редкой мутации rs4148323 в гетерозиготной форме. 

Ключевые слова: синдром Жильбера, rs3064744, rs34993780, rs56059937, rs4148323, rs4124874, ген 
UGT1А1, неконъюгированная гипербилирубинемия
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INTRODUCTION

Gilbert’s syndrome (GS) (jaundice, dyspep-
tic symptoms, asthenic vegetative syndrome, psy-
choemotional disorders) is a genetically determined 
form of unconjugated hyperbilirubinemia, which oc-
curs in 2–10% of Europeans [1]. Currently, the avail-

able confirmatory testing for the diagnosis of GS is 
a molecular genetic study of the rs3064744 mutation 
(the number of TA repeats in the promoter) in the UG-
T1A1 gene. It is known that carriage of a homozygous 
7TA/ 7 TA mutation does not always lead to the de-
velopment of clinical signs of GS, which is associated 
with low expressivity and penetrance of the genetic 
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variant [1]. In some cases, unconjugated hyperbiliru-
binemia can develop in the 6TA / 7TA and 6TA/ 6 TA 
genotypes of the rs3064744 mutation [2, 3]. 

It is assumed that there are other mutations that lead 
to the development of GS and affect the intensity of its 
clinical manifestations. The search for these mutations 
will help to confirm the diagnosis in individuals with 
clinical signs of GS, but without carriage of the homo-
zygous 7TA/7TA genotype of the rs3064744 mutation.

 The aim of the study was to search for new molec-
ular genetic markers of GS.

MATERIALS AND METHODS
It was a case – control study. 
The GS group (n = 125, mean age 38.5 ± 11.9 years, 

58.9% were men) was formed by gastroenterologists. 
It included persons with unconjugated hyperbilirubin-
emia who underwent a standard clinical examination. 
Individuals with known causes of unconjugated hy-
perbilirubinemia were excluded from the group. DNA 
was isolated from venous blood by phenol – chloro-
form extraction.

The control group (n = 323, mean age 48.9 ±  
11.9 years, 53.2% were men) was a random sample 
of individuals from the DNA bank of participants of 
the HAPIEE and MONICA projects. DNA was iso-
lated from the venous blood by phenol – chloroform 
extraction. 

For 104 people from the GS group, molecular ge-
netic diagnosis was previously performed to deter-
mine the number of TA repeats in the promoter of the 
UGT1A1 gene (rs3064744) [3]. The number of TA 
repeats in the promoter of the UGT1A1 gene was de-
termined in the control group and 21 remaining per-
sons from the GS group by polymerase chain reaction 
followed by the polyacrylamide gel analysis (Fig. 1).

For rs3064744 genotyping, the following prim-
ers were used: 5’-AACATTAACTTGGTGTATC-
GATTGG-3’(F) and 5’-CTTTGCTCCTGCCAGAG-
GTTC-3’(R). The 25 µl PCR mixture included: 75 
mM Tris-HCI (pH 9.0), 20 mM (NH4)2SO4, 0.01% 
Tween 20 solution, 3.0 mM MgCl2, 0.8 mM of each 
primer, 0.2 mM dNTP mixture, 2 µg DNA, and 1 unit 
of DNA polymerase. Amplification was carried out 
under the following temperature conditions: 33 cycles, 
including denaturation at 95 °С for 30 seconds, primer 
annealing at 57 °С for 30 seconds, and elongation at 
72 °С for 30 seconds. The size of the amplification 
product was 82 bp for the 6TA / 6TA genotype, 82 bp 
and 84 bp for the 6TA / 7TA genotype, and 84 bp for 
the 7TA / 7TA genotype. 

Fig. 1. The electropherogram of rs3064744 mutation 
amplification products on polyacrylamide gel: 1 – 7TA / 7TA 
genotype, 2, 3 –6TA / 7TA genotype, 4 – control sample with 

the 6TA / 7TA genotype

According to the literature, four single nucleotide 
polymorphisms (SNPs) of the UGT1A1 gene were se-
lected for the study as new molecular genetic markers 
of GS: rs34993780 (UGT1A1*7), rs56059937 (UG-
T1A*62), rs4148323 (UGT1A1*6), and rs4124874 
(UGT1A1*60). Genotyping was carried out by the 
polymerase chain reaction followed by the polyacryl-
amide gel analysis of restriction fragment length poly-
morphism according to the author’s protocols.

For rs34993780 genotyping, the following primers 
were used: 5’-AGTTTGTGATGAGGCACA-3’(F) 
and 5’-TTCTTAACTCGCCCTTTT -3’(R). The 25 µl 
PCR mixture included: 10 µl of a RT-PCR mixture 
No. M-428 (2.5 ×) (Syntol, Russian Federation), 1.2 
mM MgCl2, 0.6 mM of each primer, 2 µg of DNA. 
Amplification was carried out under the following 
temperature conditions: 33 cycles, including denatur-
ation at 95 °С for 30 seconds, primer annealing at 56 

°С for 30 seconds, and elongation at 72 °С for 20 sec-
onds. Restriction was performed with 10 units of the 
RsaI restriction enzyme (SibEnzyme, Novosibirsk). 
The size of the amplification product was 190 bp. Af-
ter restriction, products of 121 bp, 63 bp, and 6 bp 
were detected for the TT genotype, products of 127 bp 
and 63 bp were detected for the GG genotype, and all 
listed products were detected for the heterozygous TG 
genotype (127 bp, 121 bp, 63 bp, 6 bp). 
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For rs56059937 genotyping, the following prim-
ers were used: 5’-ACCTTGAAGACGTACCCTGT-
GGTA-3’(F) and 5’-TGATCACACGCTGCAGGA 
-3’(R). The 25 µl PCR mixture included: 12.5 µl of the 
BioMaster LR HS-PCR-Color (2×) reaction mixture 
(BIOLABMIX, Novosibirsk), 1.0 mM of each primer, 
2 µg of DNA. Amplification was carried out under the 
following temperature conditions: 35 cycles, includ-
ing denaturation at 95 °С for 30 seconds, primer an-
nealing at 60 °С for 30 seconds, and elongation at 72 

°С for 30 seconds. Restriction was performed with 10 
units of the RsaI restriction enzyme (SibEnzyme, No-
vosibirsk). The size of the amplification product was 
109 bp. After restriction, 96 bp and 13 bp products 
were detected for the TT genotype, 85 bp, 13bp, and 
11 bp products were detected for the CC genotype, 
and all listed products were detected for the heterozy-
gous TC genotype (96 bp, 85 bp, 13 bp, 11 bp).

For rs4148323 genotyping, the following primers 
were used: 5’-GTCCCATGCTGGGAAGATACT-
GTT-3’(F) and 5’-ACGTCTTCAAGGTGTAAAAT-
GGGC-3’(R). The 25 µl PCR mixture included: 12.5 
µl of the BioMaster LR HS-PCR-Color reaction mix-
ture (2×) (BIOLABMIX, Novosibirsk), 1.2 mM of 
each primer, 2 µg of DNA. Amplification was carried 
out under the following temperature conditions: 35 
cycles, including denaturation at 95 °С for 30 seconds, 
primer annealing at 60 °С for 30 seconds, and elon-
gation at 72 °С for 30 seconds. Restriction was per-
formed with 10 units of the HaeIII restriction enzyme 
(SibEnzyme, Novosibirsk). The size of the amplifica-
tion product was 164 bp. After restriction, 99 bp and 
65 bp products were detected for the AA genotype, 75 
bp, 65 bp, and 24 bp products were detected for the 
GG genotype, and all listed products were detected for 
the heterozygous GA genotype (99 bp, 75 bp, 65 bp, 
24 bp).

For rs4124874 genotyping, the following 
primers were used: 5’-GATTAACCAAAGAA-
CATTCTAACGG-3’(F) and 5’-TGATGTTCT-
CAAATTGCTTTGTTCG -3’(R). The 25 µl PCR 
mix included: 75 mM Tris-HCI (pH 9.0), 20 mM 
(NH4)2SO4, 0.01% Tween 20, 3.5 mM MgCl2, 1.2 mM 
of each primer, 0.2 mM dNTP mixture, 2 µg DNA,  
1 unit of DNA polymerase. Amplification was car-
ried out under the following temperature conditions:  
35 cycles, including denaturation at 95 °С for 30 sec-
onds, primer annealing at 60 °С for 30 seconds, and 
elongation at 72 °С for 30 seconds. Restriction was 
carried out with 10 units of the TaqI restriction en-
zyme (SibEnzim, Novosibirsk). The size of the ampli-

fication product was 209 bp. After restriction, a 209 bp 
product was detected for the GG genotype, 186 bp and 
23 bp products were detected for the TT genotype, and 
all listed products were detected for the heterozygous 
TG genotype (209 bp, 186 bp, 23 bp). 

The results of the genotyping were statistically 
processed, using the chi-square test. The correspon-
dence of genotype frequencies to the Hardy – Wein-
berg equilibrium in the control group was assessed. 
Comparison of the groups by genotype and allele fre-
quencies and a relative risk for a particular allele or 
genotype were calculated by contingency tables using 
the Pearson’s chi-square test and the Fisher’s exact 
test with the Yates’ continuity correction. The differ-
ences were statistically significant at p < 0.05.

RESULTS
The search for molecular genetic markers of GS 

was started in 2012–2016, when the rs3064744 mu-
tation (the number of TA repeats in the promoter) in 
the UGT1A1 gene was determined in a group of in-
dividuals with unconjugated hyperbilirubinemia (n = 
104) [3]. Currently, the group has been extended to 
125 people. Genotype frequencies of the rs3064744 
mutation in the extended group are shown in Fig. 2. In 
the control group, formed from the DNA bank of the 
participants in the HAPIEE and MONICA projects, 
the rs3064744 mutation of the UGT1A1 gene was also 
searched for. 12% of persons from the control group 
were carriers of the homozygous 7TA / 7TA variant 
(Fig. 2). Statistically significant differences between 
the groups were found by the genotype frequencies 
in the rs3064744 mutation (p < 0.001). The 7TA / 
7TA genotype of the rs3064744 mutation was more 
common in the GS group than in the control group 
(odds ratio (OR) 12.9, 95% confidence interval (CI) 
7.9–21.3, p < 0.001).

No carriers of the rare allele in rs34993780 (UG-
T1A1*7) and rs56059937 (UGT1A*62) were found in 
the GS group and the control group. Two carriers of a 
heterozygous rs4148323 mutation (UGT1A1*6) were 
found in the GS group. Both patients were also het-
erozygous carriers of the rs3064744 mutation in the 
UGT1A1 gene (6TA / 7TA).

The genotype frequencies of the rs4124874 vari-
ant (UGT1A1*60) comply with the Hardy – Weinberg 
equilibrium in the control group (χ2= 3.81). Signifi-
cant differences between the groups were found by 
frequencies of rs4124874 (UGT1A1*60) (p < 0.001) 
(Fig. 3). The homozygous genotype GG was signifi-
cantly more common in the GS group than in the con-
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trol group (OR 11.8, 95% CI 6.9–20.3, p < 0.001). The 
G allele of the rs4124874 variant was a risk allele for 
GS (OR 7.4, 95% CI 4.9–11.1, p < 0.001).

The combination of 7TA / 7TA genotype of 
rs3064744 and GG genotype of rs4124874 was sig-
nificantly more common (OR 14.9, 95% CI 8.1–27.4, 
p < 0.001) in the GS group than in the control group. 
The combinations of the 6TA / 7TA genotype of 
rs3064744 and TG genotype of rs4124874 (OR 0.22, 
95% CI 0.05–0.98, p = 0.032), 6TA / 6TA genotype 
of rs3064744 and TT genotype of rs4124874 (OR 
0.16, 95% CI 0.07–0.33, p < 0.001), as well as 6TA 
/ 7TA genotype of rs3064744 and TG genotype of 
rs4124874 (OR 0.25, 95% CI 0.13–0.47, p < 0.001) 
were less common in the GS group than in the control 
group.

DISCUSSION
According to the results of the study, in 64.8% of 

persons from the GS group, the number of TA repeats 
(rs3064744) in the promoter of the UGT1A1 gene was 
increased to seven in two copies of the gene, which, 
according to the literature, is associated with a de-
crease in the activity of the UDP-glucuronosyltrans-
ferase 1A1 enzyme and can lead to development of 
clinical symptoms of GS [5, 6]. 22.4% of individuals 
with unconjugated hyperbilirubinemia were carriers 
of the 6TA / 7TA genotype of rs3064744, and 11.2% 
had the normal 6TA / 6TA genotype. Moreover, 
there were carriers of rare genotypes (5TA / 7TA and  
6TA / 8TA) in the group. The predominant number 
of persons from the control group were carriers of the 
6TA / 6TA and 6TA / 7TA genotypes, in which the de-
velopment of clinical symptoms of GS most often did 
not occur (86.8%). However, the control group con-
tained carriers of the 7TA / 7TA genotype (12.2%), 
as well as carriers of rare 5TA / 6TA and 6TA / 9TA 
genotypes. The control group was a random sample 
from the DNA bank of participants of the HAPIEE 
and MONICA projects. For the control group, there 
were no data on previous episodes of unconjugated 
hyperbilirubinemia or diagnosed GS. There might be 
a small number of individuals with diagnosed or un-
diagnosed GS in the control group. However, the area 
of research interest was individuals from the GS group 
with the 6TA / 6TA, 6TA / 7TA genotypes, and un-
conjugated hyperbilirubinemia, in which other causes, 
except for genetic ones, were excluded.

The rs34993780 (UGT1A1*7), rs56059937 (UG-
T1A*62), and rs4148323 (UGT1A1*6) mutations 
are associated with the development of GS [5–9]. 
At the same time, these variants are common for GS 
in Asians; we did not find any studies on variants in 
relation to GS in Europeans. According to the study, 
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There are literature data that indicate that the 
rs4124874 variant is linked to the rs3064744 pro-
moter variant [4]. Combinations of rs4124874 and 
rs3064744 genotypes in the GS group are presented 
in Table.

T a b l e 

Combinations of rs4124874 and rs3064744 genotypes  
in the GS group

rs4124874

GG TG TT

rs
30

64
74

4

5ТА/7ТА 1 0 0
6ТА/6ТА 3 2 9
6ТА/7ТА 14 14 0
6ТА/8ТА 1 0 0
7ТА/7ТА 76 3 0
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there were no carriers of rare alleles of the rs34993780 
(UGT1A1*7) and rs56059937 (UGT1A*62) mutations 
in the GS group and the control group, which may in-
dicate a really small contribution of these variants to 
the development of GS in Caucasians. However, to 
confirm this conclusion, it is necessary to conduct a 
study on a larger sample of individuals with GS.

In the SG group, two heterozygous carriers of the 
rs4148323 (UGT1A1*6) variant were identified, who 
were also carriers of the heterozygous 6TA / 7TA gen-
otype of the rs3064744 mutation. It is known that the 
rs4148323 (UGT1A1*6) variant in the homozygous 
form is associated with the development of GS and a 
decrease in the activity of the UDP-glucuronosyltrans-
ferase 1A1 enzyme by 70% compared to the wild type 
[5]. Two people from the GS group with unconjugat-
ed hyperbilirubinemia were highly likely to be com-
pound heterozygotes for variants that are associated 
with the development of GS in the homozygous form. 

It can be assumed that individuals with clinical 
symptoms of GS, but with the 6TA / 6TA and 6TA 
/ 7TA genotypes of the rs3064744 mutation are car-
riers of other UGT1A1 gene mutations, which caus-
es a change in the activity of the enzyme and clinical 
manifestations of the syndrome. Therefore, for indi-
viduals with the 6TA / 6TA and 6TA / 7TA genotypes 
of the rs3064744 mutation, unconjugated hyperbili-
rubinemia, and suspected GS, Sanger sequencing of 
the UGT1A1 gene may be more effective to search for 
other pathogenic variants of the nucleotide sequence 
of the gene that cause the development of clinical 
manifestations of GS.

The rs4124874 variant (UGT1A1*6, g.172270T>G) 
is a common variant in the population; the rare allele 
frequency is about 0.43 for Europeans (gnomAD). 
The G allele frequency in the control group according 
to our results is 0.44. The variant is associated with 
the transcriptional activity of the UGT1A1 gene and is 
involved in the development of clinical symptoms of 
GS in the presence of other variants of the UGT1A1 
gene [10]. According to ClinVar, rs4124874 is a vari-
ant with conflicting interpretations of pathogenicity​ 
(likely pathogenic, pathogenic, benign, GS risk fac-
tor). According to our study, the GG genotype and the 
G allele of the rs4124874 variant are a risk genotype 
and a risk allele for GS.

Combinations of the 6TA / 6TA genotype of 
rs3064744, the TG or TT genotype of rs4124874, the 
6TA / 7TA genotype of rs3064744, and the TG gen-
otype of rs4124874 are significantly more common 
in the control group, which indicates that most likely 

these combinations of genotypes do not lead to the de-
velopment of GS. 

CONCLUSION
The rs4124874 SNP of the UGT1A1 gene is asso-

ciated with GS: the GG genotype and the G allele of 
the variant are the risk genotype and the risk allele for 
GS. In the GS group, carriers of the rare heterozygous 
rs4148323 mutation (UGT1A1*6) were found, who 
were also carriers of the 6TA / 7TA genotype of the 
rs3064744 mutation. According to the results of the 
study, we can conclude that the rs3064744 mutation 
is not the only important factor in the development of 
clinical symptoms of GS.

The molecular genetic study of the number of 
TA repeats in the promoter of the UGT1A1 gene 
(rs3064744) is a necessary and first step in the molec-
ular genetic diagnosis of GS, because in almost 65% 
of cases it is sufficient and allows to identify the 7TA / 
7TA genotype, which is associated with GS. 

For individuals with the 6TA / 6TA or 6TA / 7TA 
genotypes of the rs3064744 mutation, unconjugated 
hyperbilirubinemia, and suspected GS, the next effec-
tive step in the molecular genetic diagnosis should be 
Sanger sequencing of the UGT1A1 gene to search for 
other mutations and variants that may cause the devel-
opment of clinical manifestations of GS.
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Viability of mononuclear cells in leukocyte concentrates at the stages  
of their preparation, freezing, and thawing

Isaeva N.V., Minaeva N.V., Utemov S.V., Sherstnev Ph.S., Zorina N.A., Zmeeva Yu.S., 
Butolina M.A. 

Kirov Research Institute of Hematology and Blood Transfusion  
72, Krasnoarmeyskaya Str., Kirov, 610027, Russian Federation

ABSTRACT

Aim. To evaluate the viability of mononuclear cells (MNCs) in leukocyte concentrates (LCs) at the stages of their 
preparation, freezing, and thawing.

Materials and methods. The study material included 44 LCs from donors of allogeneic hematopoietic stem 
cells (HSCs) and 189 autologous LCs from patients with oncohematological disorders. LCs were obtained from 
donors and patients by leukocytapheresis after mobilization of HSCs. LCs from patients were frozen with dimethyl 
sulfoxide (DMSO) used as a cryoprotectant at a final concentration of 5% and stored in liquid nitrogen. LCs were 
thawed before transplantation. A total of 161 LCs were immediately transfused to the recipient after thawing, and 
28 LCs were washed from DMSO before transfusion. Flow cytofluorometry was used to determine the percentage 
of MNC populations that excluded 7-aminoactinomycin D (7-AAD).

Results. The viability of peripheral blood MNCs in donors and patients was close to 100%. It was found that 
leukocytapheresis and cryopreservation with DMSO did not affect the viability of MNCs. The freezing of LCs with 
DMSO, storage in liquid nitrogen, and thawing resulted in a significant decrease in the content of viable MNCs (p = 
0.0025), while no effect of LC storage duration on the viability of MNCs was revealed. Following DMSO removal 
from LCs, significantly more HSCs remained in a viable state than without washing (94.4 [94.5; 95.2] % vs. 86.7 
[67.6; 92.9] %, (p = 0.0051); for other MNC populations, except monocytes, the differences in the viability index 
were also statistically significant.

Conclusion. The viability of MNCs in LCs is recommended to be used as an independent characteristic of the 
transplant quality. In obtaining LCs and mixing them with the cryoprotectant DMSO, the viability of MNCs does 
not decrease, while in thawed LCs, it decreases significantly. Thawing of LCs with removal of DMSO allows to 
achieve the best viability of HSCs and most MNC populations.

Keywords: leukocyte concentrate, viability, 7-aminoactinomycin D, mononuclear cells, hematopoietic stem cells, 
dimethyl sulfoxide
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Жизнеспособность ядросодержащих клеток в лейкоконцентратах  
на этапах их получения, замораживания и декриоконсервирования

Исаева Н.В., Минаева Н.В., Утемов С.В., Шерстнев Ф.С., Зорина Н.А., Змеева Ю.С., 
Бутолина М.А.

Кировский научно-исследовательский институт гематологии и переливания крови (КНИИГиПК) 
Россия, 610027, г. Киров, ул. Красноармейская, 72

РЕЗЮМЕ

Цель – оценить жизнеспособность ядросодержащих клеток (ЯСК) в лейкоконцентратах (ЛК) на этапах их 
получения, замораживания и декриоконсервирования.

Материалы и методы. Материал исследования – 44 ЛК доноров аллогенных гемопоэтических стволо-
вых клеток (ГСК) и 189 аутологичных ЛК онкогематологических больных. Лейкоконцентраты доноров и 
больных получали методом автоматического лейкоцитафереза после мобилизации ГСК. Лейкоконцентра-
ты  больных замораживали под защитой диметилсульфоксида (ДМСО) с конечной концентрацией 5% и 
хранили в жидком азоте. Лейкоконцентраты  декриоконсервировали перед трансплантацией, 161 ЛК после 
декриоконсервирования сразу переливали реципиенту, 28 ЛК перед переливанием отмывали от ДМСО. 
Процент не пропускающих 7-аминоактиномицин D (aminoactinomycin D, 7-AAD) популяций ЯСК опреде-
ляли методом проточной цитофлуориметрии.

Результаты. Жизнеспособность ЯСК периферической крови доноров и больных приближалась 
к 100%. Показано отсутствие влияния аппаратного лейкоцитафереза и процедуры смешивания с 
ДМСО на жизнеспособность ЯСК. Замораживание ЛК под защитой ДМСО, хранение в жидком азо-
те и их декриоконсервирование приводили к значимому снижению содержания жизнеспособных ЯСК  
(p = 0,0025), при этом влияние длительности хранения ЛК на жизнеспособность ЯСК не выявлено. В ре-
зультате отмывания от ДМСО в жизнеспособном состоянии сохраняется существенно больше ГСК, чем 
без отмывания (94,4 [94,5; 95,2]% против 86,7 [67,6; 92,9]%; p = 0,0051); для других популяций ЯСК, кроме 
моноцитов, различия показателя жизнеспособности также статистически значимы.

Заключение. Жизнеспособность ЯСК в ЛК рекомендуется использовать как самостоятельную характе-
ристику качества трансплантата. В процессе получения ЛК и их смешивания с криоконсервантом ДМСО 
жизнеспособность ЯСК не снижается, а в декриоконсервированных ЛК значительно падает. Декриоконсер-
вирование ЛК с отмыванием от ДМСО позволяет достигать лучшей жизнеспособности ГСК и большинства 
популяций ЯСК.

Ключевые слова: лейкоконцентрат, жизнеспособность, 7-аминоактиномицин D, ядросодержащие клетки, 
гемопоэтические стволовые клетки, диметилсульфоксид.
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INTRODUCTION
 Hematopoietic stem cell transplantation (HSCT) is 

an effective method of therapy for hemoblastosis and 
hematopoietic depressions [1, 2]. In modern condi-
tions, the transplant material, leukocyte concentrates 

(LCs) with a sufficient content of hematopoietic stem 
cells (HSCs), can be obtained by leukocytapheresis. If 
it is necessary to preserve the transplant material for a 
long time (more than 72 hours), the technologies of its 
freezing with cryoprotectants are used. [3]. Kirov Re-
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search Institute of Hematology and Blood Transfusion 
of the Federal Medical and Biological Agency has ac-
cumulated many years of experience in carrying out 
transplantations of autologous and allogeneic HSCs 
and harvesting allogeneic HSCs for other transplant 
centers [4]. 

Obtaining transplant material involves several 
technological procedures that ensure stable transplant 
function and guarantee the success of HSCT. The abil-
ity to restore hematopoiesis in the recipient is direct-
ly related to the transfused dose of HSCs. In accor-
dance with the requirements of the European Society 
on Blood and Bone Marrow Transplantation, quality 
control of the cellular product is mandatory, the calcu-
lation of HSC is required, and it is necessary to assess 
cellular elements that are potentially capable of harm-
ing the patient. In cases where the product is subject 
to any manipulations affecting its composition, confir-
mation of the viability of cells in the product becomes 
particularly relevant (URL:https://www.ebmt.org/8th-
edition-fact-jacie-standards, accessed: 13.10.21).

Currently, HSCs are evaluated in accordance with 
the recommendations of the International Society of 
Hematotherapy and Graft Engineering (ISHAGE) [5]. 
A HSC-containing LC is a sufficiently heterogeneous 
cellular product [6]. The ISHAGE protocol regulating 
the calculation of HSCs is widely used for the cer-
tification of a cell product, but such an assessment 
does not provide any information about the viability 
of cells. Viable MNCs are cells whose membrane re-
mains non-permeable to nuclear staining dyes. Via-
bility testing can be based on supravital staining of 
cell samples with various dyes. Currently, it has be-
come possible to use fluorescent DNA dyes, such as 
propidium iodide, 7-aminoactinomycin D, and SYTO  
dyes [7].

A decrease in the number of viable leukocytes 
during LC storage can negatively affect the calculated 
value of the target transplantation dose of HSCs and 
the parameters of engraftment [8], while an increase 
in the proportion of non-viable cells in LC can lead 
to the emergence of various cell degradation products 
in it [9].

The aim of the study was to evaluate the viabili-
ty of MNCs in LCs at the stages of their preparation, 
freezing, and thawing.

MATERIALS AND METHODS
The material for the study was blood and LC sam-

ples from donors of allogeneic HSCs, as well as pa-
tients with oncohematological disorders. The blood 
samples were taken for examination immediately 
before the start of leukocytapheresis. The LCs of the 
donors and patients were harvested using an antico-
agulant for automatic leukocytapheresis. The LCs 
of the patients were cryopreserved by mixing with 
a solution of DMSO at a final concentration of 5% 
and dextran. LCs were frozen in liquid nitrogen va-
pors at 30–35 cm above the surface of liquid nitrogen 
(–145…–160 °С), followed by transfer to the liquid 
nitrogen medium.

Immediately before transplantation, 161 LCs were 
thawed in an aqueous medium at a temperature of 
39–41 °C, then the LCs were transfused to the patient. 
Another part of HSC-containing LCs (n = 28) was 
washed from DMSO after thawing by adding a mix-
ture of albumin and polyglukin to the cell suspension 
(in a ratio of 1:4). After centrifugation at 2,000g for 5 
min, the supernatant was removed, and the cell pre-
cipitate was resuspended in a mixture of albumin and 
polyglukin. The stages of preparation of the transplant 
material are shown in Fig. 1.  

Fig. 1. Assessment of MNC viability (stages, material)

Stages of studying the viability of MNCs
Transplantation material

Allogenic HSCs (n = 44) Allogenic HSCs (n = 44)

1. Mobilization of HSCs peripheral blood peripheral blood

2. Obtaining LCs by leukocytapheresis native LCs native LCs

3. Mixing LCs with DMSO LCs mixed with DMSO

4. Freezing LCs, storage of LCs in liquid 
nitrogen vapor, thawing of LCs LCs without washing from DMSO (n = 161) LCs washed from DMSO (n = 28)
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Blood and LC samples were diluted with a phos-
phate-buffered saline (PBS) containing 0.5% bovine se-
rum albumin to achieve a leukocyte concentration of 5 × 
109 / l. The samples were incubated in the dark for 15 min 
at a temperature of 20–24 °C with conjugates of mono-
clonal antibodies to CD45 and CD34 with fluorochromes, 
fluorescein isothiocyanate, and phycoerythrin, respec-
tively, and with a 7-AAD solution. The samples were 
tested on the BD FACSCantoTM II flow cytometer (BD 
Biosciences, USA). We took into account the proportion 
of 7-AAD-negative events in each MNC population.

STADIA (Russian Federation) and Microsoft Ex-
cel were used for statistical analysis of the obtained 
results. The data were presented as the median and 
the interquartile range Me (Q25; Q75). We used the Van 
der Waerden test to perform a comparative analysis of 
unrelated aggregates and the Wilcoxon test for related 
ones. In multiple comparisons, the values of the crite-
ria were determined using the Bonferroni correction. 
The correlation was established by calculating the 
Spearman’s rank correlation coefficient. The differenc-
es were considered statistically significant at p ˂ 0.05.

RESULTS
 The number of 7-AAD-negative MNCs in the 

blood taken before the start of leukocytapheresis from 
the donors and patients turned out to be comparable 
(99.8 (97.5; 99.9)% and 99.7(98.1; 99.9)%, respec-
tively, p = 0.1109). The content of viable MNCs in 
native LC in the donors was 99.6 (98.5; 99.8)%, in the 
patients – 98.4 (97.5; 99.8)%. The obtained values did 
not differ from those in the blood samples from which 
LCs were prepared (p = 0.1241 for the donor group;  
p = 0.0893 for the patient group).

The difference in the proportion of 7-AAD-nega-
tive MNCs in native LCs of the patients and in LCs 
mixed with DMSO was not statistically significant 
(Table 1). There was a significant decrease in the vi-
ability of MNCs in LCs after thawing. An increase in 
the permeability of the MNC membranes for the vi-
tal 7-AAD dye was recorded in the LC samples that 
were thawed both without additional manipulation – 
washing from DMSO, and with it. The relative num-
ber of 7-AAD-negative MNCs in the LCs that were 
not washed from DMSO turned out to be significantly 
lower than in the LCs after washing from DMSO.

The relationship between the proportion of viable 
cells and the storage time of patients’ LCs in the fro-
zen state before thawing and transplantation was stud-
ied, a correlation between these two parameters was 
not revealed (r = 0.11). 

T a b l e  1

Content of viable mononuclear cells in leukocyte concentrates,  
Me (Q25; Q75)

Stages of viability control of MNCs 
in LCs 

Content of 7-AAD-
negative cells, % 

Native LC, n = 189 I 98.4 (97.5; 99.8)
LC mixed with DMSO, n = 189 II 96.1 (94.0; 98.8)
LC without washing from 
DMSO, n = 161 III 80.6 (76.0; 89.4)

LC after washing from DMSO, 
n = 28 IV 92.2 (85.2; 96.4)

p

I–II = 0.1124;  
II–III = 0.0025; 
II–IV = 0.0087;  
III–IV = 0.0054

Fig. 2 shows the distribution of thawed LCs of the 
patients according to the content of viable MNCs in 
them. Three ranges of viability were taken into ac-
count: 80% or less, 90–80.1%, and 95.5–90.1%. In the 
LCs washed from DMSO, critical levels (from 80% 
to 62.2%) of MNC viability were recorded in 7.1% (2 
out of 28) of cases, in the unwashed LCs – in 44.1% 
(71 out of 161) of cases.

Thawing with washing from DMSO

Thawing with washing from DMSO
Thawing without washing from DMSO 

7-AAD-positive MNCs in LCs

Fig. 2. Distribution of thawed leukocyte concentrates 
according to the content of viable mononuclear cells 

from 95.5 to 90.1%
from 90.0 to 80.1%
from 80.0 to 62.2%
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Among all MNCs, the HSC content was 0.6%; 
lymphocytes – 44.6%, monocytes – 31.5%, granulo-
cytes – 21.9%, erythrokaryocytes – 1.4%. The popu-
lation of granulocytes that were thawed and were not 
washed from DMSO turned out to be the least viable 

T a b l e  2

Content of viable mononuclear cells in thawed leukocyte concentrates, Me (Q25 ; Q75)

Types of MNCs 
The content of 7-AAD-negative cells

p
in LCs without washing from DMSO, % in LCs washed from DMSO, %

Leucocytes 81.8 (75.1; 90.4) 89.3 (86.3; 93.7) 0.0338
 HSC 86.7 (67.6; 92.9) 94.4 (94.5; 95.2) 0.0051
– lymphocytes 93.4 (87.9; 96.9) 95.5 (93.5; 97.7) 0.0455
– monocytes 94.9 (93.5; 96.0) 97.4 (98.1; 92.6) 0.0718
– granulocytes 36.7 (22.8; 53.5) 58.8 (52.1; 65.6) 0.0006
Erythrokaryocytes 69.0 (56.6; 82.9) 90.8 (84.9; 95.5) 0.0008

(Table 2). In the LCs thawed with subsequent washing 
from DMSO, higher viability values of most cell pop-
ulations were revealed compared to those in the LCs 
which were not washed. The only exception was the 
population of monocytes. 

DISCUSSION

 Supravital cell staining with an automatic analysis 
of the results in laser flow cytofluorometry was used 
to assess the viability of MNCs in LCs. The 7-AAD 
dye is easily embedded between cytosine and guanine 
bases and is detected in the red region of the visible 
spectrum (635–675 nm). If simultaneous staining of 
cells with fluorochrome-conjugated monoclonal anti-
bodies to cellular determinants is necessary, 7-AAD 
is considered preferable among fluorescent DNA 
dyes [10]. The percentage of 7-AAD-negative MNCs 
should be recommended as an informative parameter 
of LC control at technological stages of production 
and storage.

As a result of the conducted research, it is shown 
that the viability of blood and native LCs is approach-
ing 100%, the variation of the parameter is extremely 
insignificant. The information obtained is consistent 
with the results of the study on stem cell viability, in 
which several DNA dyes were used [7]. The number 
of 7-AAD-negative MNCs in HSC-containing LCs 
and the blood from which they were obtained coin-
cided. Consequently, leukocytapheresis and antico-
agulant addition do not have a negative effect on the 
permeability of MNC membranes.

Since 2003, highly purified DMSO at a concen-
tration of 10% has been used for cryopreservation of 
transplant material. The molecular basis of the DMSO 
effect on cell membranes is still being investigated 
[11]. It is known that various concentrations of DMSO 
have fundamentally different mechanisms of action on 
HSCs [12]. The information given in the literature on 
the viability of cryopreserved HSCs, their repopulat-
ing ability, and the timing of hematopoiesis recovery 

[13, 14, 3] do not allow to draw final conclusions 
about the optimal DMSO concentration.

A possible effect of concentrated DMSO at the 
stage of its introduction into the LCs was studied. The 
number of 7-AAD-negative MNCs in LCs mixed with 
DMSO at a final concentration of 5% and in native 
LCs did not differ significantly. The conclusion was 
made about the reasonability of the method used for 
introducing a concentrated DMSO solution into the 
cell product. A significant decrease in the MNC viabil-
ity in thawed LCs was revealed both with and without 
washing from DMSO, compared with that in native 
LCs mixed with a cryoprotectant. The results obtained 
are consistent with the literature data [15]. The rela-
tionship between the storage time (from 7 to 120 days) 
and the number of 7-AAD-negative MNCs released 
from cold suspended animation was not confirmed, 
freezing and thawing are probably the most critical for 
the permeability of MNC plasma membranes.

It is known that DMSO can have a toxic effect on 
the human body when used as a cryoprotectant [16]. 
To reduce the toxic effect of DMSO on the recipient’s 
body, such approaches as lowering the hematocrit of 
the cell product [17], washing HSC-containing cell 
products [18], and using ice recrystallization inhib-
itors [8] are studied. Non-viable MNCs may have a 
fragmented membrane or represent naked nuclei [9]. It 
was found, that in the LCs washed from DMSO, there 
are more viable MNCs than in the LCs that were not 
washed. As a result of washing, the DMSO-containing 
resuspension solution in LCs is partially replaced with 
a mixture of albumin and polyglukin, the contact time 
of MNCs with extracellular DMSO is reduced [18]. 

LC is a product that is only slightly enriched with 
stem cells compared to peripheral blood [7]. The per-
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centage of HSCs in LCs averaged 0.6%, the largest 
proportion among all MNCs was represented by cellu-
lar elements that do not have repopulating properties. 
At the same time, the number of CD45-positive cells 
directly affects the estimated transplantation dose of 
HSCs [19]. When LCs are thawed without washing, 
granulocytes undergo the greatest destruction, which 
is consistent with the reports of researchers [20]. 
Given high sensitivity of membranes of granulocytic 
components and their significant proportion in LCs, 
the granulocyte population makes the greatest con-
tribution to reducing the viability of all MNCs after 
thawing. When washing from DMSO, greater viabil-
ity of most of the isolated MNC populations was ob-
served, except for monocytes. Presumably, washing 
hinders the increase in the permeability of MNC plas-
ma membranes. In addition, it cannot be ruled out that 
non-viable MNCs are selectively removed during LC 
washing. 

The possibility of loading the transplant mate-
rial with cell degradation products is another aspect 
of the negative impact that the destruction of MNC 
membranes has on the recipient’s body. The danger 
of enriching blood components with such substances 
during storage was discussed [9].

CONCLUSION
The viability of MNCs in LCs is recommended to 

be used as an independent characteristic of the trans-
plant quality. In the process of obtaining LCs and mix-
ing them with DMSO, the viability of MNCs does not 
decrease, while in thawed LCs, it decreases signifi-
cantly. Thawing of LCs with the removal of DMSO 
allows to achieve the best viability of HSCs and most 
MNC populations.
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Renal venous Doppler ultrasound – a new parameter for predicting 
outcomes in patients with decompensated heart failure
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ABSTRACT

Aim. To assess the frequency, dynamics, and prognostic value of renal venous congestion using Doppler ultrasound 
in patients with decompensated heart failure (DHF).

Materials and methods. A prospective, single-center study included 124 patients with DHF (mean age 70 ± 12 
years, 51.6% were males), left ventricular ejection fraction (LVEF) 44 [34; 55] %, N-terminal pro B-type natri-
uretic peptide (NT-proBNP) 1,609 [591; 2,700] pg / ml. All patients underwent a standard physical examination 
and laboratory and instrumental tests, including the assessment of the NT-proBNP level. Renal venous blood flow 
was assessed using pulsed-wave Doppler ultrasound. The presence of continuous renal blood flow was considered 
as the absence of venous congestion, while intermittent blood flow (two-phase and single-phase flow) indicated 
venous congestion. Rehospitalization for DHF and reaching a composite endpoint (rehospitalization for DHF and 
cardiovascular mortality) within 12 months after discharge were selected as endpoints.

Results. At admission, continuous renal venous blood flow was observed in 34 (27.4%) patients, intermittent renal 
venous blood flow was found in 90 (72.6%) patients: two-phase flow in 62 (50%) and single-phase flow in 28 (22.6%) 
patients with DHF. At discharge, 66 (53.2%) patients had intermittent renal venous blood flow: two-phase flow in 
50 (40.3%) and single-phase flow in 16 (12.9%) patients. Correlations of renal venous congestion with the levels 
of NT-proBNP, serum iron, uric acid, creatinine, LVEF, systolic pressure in the pulmonary artery (SPPA), and 
the development of acute kidney injury (AKI) were revealed. Persistent renal venous congestion at discharge was 
significantly associated with a higher probability of rehospitalization for DHF (hazard ratio (HR) 1.93 95% confidence 
interval (CI) (1.017–3.67); p = 0.044) and a composite endpoint (HR 2.66, 95% CI (1.43–4.96); p = 0.002).

Conclusion. In patients with DHF, it is necessary to evaluate renal venous blood flow using pulsed-wave Doppler 
ultrasound to stratify patients with development of cardiovascular complications within 12 months.
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Почечная венозная допплерография – новый параметр  
для прогнозирования исходов у пациентов с декомпенсацией 
хронической сердечной недостаточности
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РЕЗЮМЕ

Цель: оценить частоту, динамику и прогностическое значение почечного венозного застоя, оцененного 
с помощью допплерографии, у пациентов с декомпенсацией хронической сердечной недостаточности 
(ДХСН).

Материалы и методы. В проспективное одноцентровое исследование были включены 124 пациента с 
ДХСН, в том числе 51,6% мужчин, средний возраст 70 ± 12 лет. Пациенты имели следующие показатели: 
фракция выброса левого желудочка (ФВ ЛЖ) 44 [34;55]%, N-терминальный мозговой натрийуретический 
пептид (NT-proBNP1609) [591;2 700] пг/мл. Всем пациентам проводили стандартное физическое, лабора-
торно-инструментальные исследования, включая уровень NT-proBNP. Оценку почечного венозного кро-
вотока проводили с помощью импульсно-волновой допплерографии. Наличие непрерывного почечного 
кровотока расценивали как отсутствие венозного застоя, в то время как прерывистый (двухфазный и одно-
фазный кровоток) указывал на венозный застой. В качестве конечных точек были выбраны повторная го-
спитализация по поводу ДХСН и достижение комбинированной точки (регоспитализация по поводу ДХСН 
и сердечно-сосудистая смертность) в течение 12 мес после выписки.

Результаты. При поступлении непрерывный почечный венозный кровоток отмечался у 34 (27,4%), пре-
рывистый почечный венозный кровоток – у 90 (72,6%):  двухфазный – у 62 (50%) и однофазный – у 28 
(22,6%) пациентов с ДХСН.  При выписке у 66 (53,2%) пациентов сохранялся прерывистый почечный вено-
зный кровоток: двухфазный – у 50 (40,3%) и однофазный – у 16 (12,9%). Выявлены корреляции почечного 
венозного застоя с уровнем NT-proBNP, сывороточного железа, мочевой кислоты, креатинина, ФВ ЛЖ, 
систолического давления в легочной артерии и развитием острого почечного повреждения. Сохраняющий-
ся почечный венозный застой при выписке достоверно ассоциировался с более высокой вероятностью по-
вторной госпитализации по поводу ДХСН (отношение рисков (ОР) 1,93 95%-й доверительный интервал 
(ДИ) (1,017–3,67); р = 0,044) и комбинированной конечной точки (ОР 2,66 95%-й ДИ (1,43–4,96); р = 0,002).

Заключение. У пациентов с ДХСН целесообразно оценивать почечный венозный кровоток с помощью 
импульсно-волновой допплерографии для стратификации пациентов с развитием сердечно-сосудистых ос-
ложнений в течение 12 мес.

Ключевые слова: ДХСН, почечный венозный кровоток, почечный  венозный застой, NT-proBNP
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INTRODUCTION
In recent years, cardiorenal interactions in patients 

with decompensated heart failure (DHF) have attract-
ed increasing attention due to a significant increase in 
the prevalence of combined cardiac and renal dysfunc-
tion. The frequency of deterioration in the functional 
state of the kidneys in patients with DHF is 45–63.6%, 
and it is an unfavorable prognostic factor leading to 
repeated hospitalizations and an increase in the car-
diovascular mortality [1]. 

Currently, the role of venous congestion and an in-
crease in central venous pressure in the deterioration 
of kidney function in DHF is being discussed [2]. Un-
til recently, the diagnosis of renal venous congestion 
presented certain difficulties due to the invasiveness 
and laboriousness of the study.

N. Iida. et al. were the first to propose a method 
for assessing renal venous blood flow using Doppler 
ultrasound. P. Nijst et al. revealed the relationship 
between changes in the nature of renal venous blood 
flow using this technique and deterioration in kidney 
function in patients with DHF and recommended it to 
control diuretic therapy in patients with DHF [3, 4].

Currently, there are no universal criteria for de-
tecting renal venous congestion, which emphasizes 
the relevance of studies to compare the clinical and 
prognostic value of the proposed method in patients 
with DHF.

The aim of the study was to assess the frequency, 
dynamics, and prognostic value of renal venous con-
gestion in patients with DHF using Doppler ultrasound.

MATERIALS AND METHODS
A prospective, single-center study included 124 

patients hospitalized at the Heart Failure Center of at 
Vinogradov City Clinical Hospital from December 
2020 to December 2021 (Table 1). Exclusion criteria 
were malignant neoplasms in the active phase, severe 
valvular defects, and somatic symptom disorders.

All patients underwent standard clinical and labora-
tory tests, including determination of N-terminal pro-
brain natriuretic peptide (NT–proBNP) (Vector-Best, 
Russia). The Stagnation Scale was used to assess clin-
ical stagnation [5]. An ultrasound examination of the 
heart and renal blood flow was performed using the 
VIVID E90 premium system (GE, Healthcare).

The nature of the renal blood flow was assessed us-
ing pulsed-wave Doppler ultrasound with the patient 
lying on the left side using a convex or sector sensor 
with simultaneous ECG recording on the monitor of 
the device. Normally, the Doppler renal blood flow 
curve is continuous. A discontinuous renal blood flow 
pattern with systolic and diastolic phases (as a minor 
deviation) and a discontinuous flow pattern with a dia-
stolic phase (as a pronounced deviation) were consid-
ered as venous congestion (Fig. 1) [6].

Fig. 1. Algorithm for the ultrasound assessment of renal venous blood flow
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T a b l e  1

Characteristics of patients with DHF, n = 124
Parameter Value

Gender, men, n (%) 64 (52)
Age, years, М ± SD 70 ± 12
BMI, kg / m², Me [IQR] 32.4 [27.7; 38.35]
Smoking, n (%) 23 (19)
Arterial hypertension, n (%) 110 (89)
Ischemic heart disease, n (%) 65 (52)
Atrial fibrillation, n (%) 73 (59)
Type 2 diabetes mellitus, n (%) 43 (35)
CKD, n (%) 91 (73.4)
AKI, n (%) 29 (23.4)
NYHA, FC, n (%)
II
III
IV

28 (22)
54 (44)
42 (34)

Stagnation Scale, score, Me [IQR] 9 [6; 12.5]
LVEF, %, Me [IQR] 44 [34; 55]
LVEF:
< 40%, n (%)
41–49%, n (%)
≥ 50%, n (%)

48 (38.7)
23 (18.5)
53 (42.8)

SPPA, mm Hg, Me [IQR] 48 [34; 60]
Renal venous blood flow pattern:
continuous, n (%)
discontinuous, n (%)
two-phase, n (%)
single-phase, n (%)

34 (27.4)
90 (72.6)
62 (50)

28 (22.6)
NT-proBNP, pg / ml, Me [IQR] 1,609 [591; 2,700]
Creatinine, µmol / l, Me [IQR] 103.5 [84; 125]
GFR, ml / min / 1.73 m², Me [IQR] 54.3 [43; 67.4]
Blood potassium, mmol / l, Me [IQR] 4.35 [3.9; 4.6]
Urea, mmol / l, Me [IQR] 7.4 [5.3; 9.7]
Uric acid, mmol / l, Me [IQR] 438 [327; 570]
Iron, mmol / l, Me [IQR] 6.9 [4.4; 12.1]

Note: BMI – body mass index, AKI – acute kidney injury, SPPA – 
systolic pressure of the pulmonary artery, GFR – glomerular filtration 
rate, LVEF – left ventricular ejection fraction, FC HF – functional 
class of heart failure, CKD – ​​chronic kidney disease, NT -proBNP – 
N-terminal brain natriuretic peptide (here and in Table 2–4). 

All patients received standard HF therapy during 
and after hospitalization. The duration of follow-up af-
ter discharge was 12 months. The assessment of short-
term and long-term outcomes was performed using 
the EMIAS database. Rehospitalization for DHF and 
death from cardiovascular complications during the 
follow-up period were selected as endpoints.

Statistical analysis was performed using Statistica 
(version 10.0; Statsoft), MedCalc Software’s VAT 
Version 19.0, and SPSS (version 26.0). Quantitative 
data were presented as the arithmetic mean and the 
standard deviation of the mean М ± SD (for normal 
distribution) or as the median and the interquartile 
range Me [IQR] (for non-normal distribution). The 
significance of differences between the two groups of 
quantitative variables was assessed using the Mann – 
Whitney U-test and the Kruskal – Wallis test. Qual-
itative variables were represented by absolute and 
relative values n (%). To compare the groups by the 
frequency of qualitative variables, the Pearson’s chi-
square test (χ2) was used. The survival probability 
was estimated by constructing Kaplan – Meier surviv-
al curves; comparison was made using the log rank 
test. Univariate and multivariate Cox regression anal-
ysis models were used to assess the predictive value of 
different methods for the risk of death from or rehos-
pitalization for DHF. The differences were considered 
statistically significant at p < 0.05.

RESULTS
On admission, the incidence of renal venous con-

gestion in patients with DHF was 72.6%; at discharge, 
renal venous congestion persisted in 53.2% of patients. 
The dynamics of renal venous blood flow during hos-
pitalization is shown in Fig. 2. 

Two-phase flow]

Single-phase flow
Fig. 2. Dynamics of renal 
venous blood flow
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At admission, patients with renal venous conges-
tion had significantly higher incidence of CKD in 
history, development of AKI during hospitalization, 
higher levels of SPPA, NT-proBNP, and uric acid, and 
lower serum iron levels compared to patients without 
renal venous congestion (Table 2). Table 3 shows 
comparative characteristics of patients with chang-

es in renal venous blood flow at discharge. Associ-
ations of renal venous congestion on admission and 
discharge with the studied parameters are presented 
in Table 4. The Cox regression analysis demonstrated 
an independent predictive value of renal venous con-
gestion in relation to rehospitalization for DHF and 
achievement of the composite endpoint (Table 5).

T a b l e  2

Comparative characteristics of patients with DHF with the absence and presence of renal venous congestion at admission

Parameter Patients without renal venous congestion, 
n = 34

Patients with renal venous 
congestion, n = 90 p

LVEF
< 40%, n (%)
41–49%, n (%)
≥ 50%, n (%)

11 (32.4)
3 (8.8)

20 (58.8)

37 (42.2)
20 (22.2)
32 (35.6)

0.045

Stagnation Scale, score, Me [IQR] 6 [4; 8] 11 [7; 13] 0.000
SPPA, mm Hg, Me [IQR] 34 [27; 40] 56 [40; 62] <0.000
CKD in the medical history, n (%) 18 (52.9) 73 (81.1) 0.001
AKI, n (%) 2 (5.9) 27 (30) 0.004
Nt-proBNP, pg / ml, Me [IQR] 482.5 [339; 2,109] 1,699 [1,065; 3,131] 0.000
Creatinine, µmol / l, Me [IQR] 88 [74.7; 105] 109 [89; 134.6] 0.000
GFR, ml / min / 1.73m² 57.35 [50.8; 75] 53 [38; 61.9] 0.018
Urea, mmol / l, Me [IQR] 6.35 [4.72; 8.6] 7.66 [6.32; 10.5] 0.020
Uric acid, mmol / l, Me [IQR] 382.3 [285.1; 514.2] 501.63 [365.8; 587] 0.040
Potassium, mmol / l, Me [IQR] 4.2 [3.75; 4.55] 4.4 [4.05; 4.76] 0.027
Iron, mmol / l, Me [IQR] 10.86 [7.25; 15.17] 6.99 [5.32; 11.1] 0.023

T a b l e  3

Characteristics of patients with DHF with changes in renal venous blood flow at discharge

Parameter Persistence of continuous 
blood flow, n = 34

From discontinuous to 
continuous flow, n = 24

Persistence of discontinuous 
flow, n = 66 p

Gender, men, n (%) 14 (41.2) 15 (62.5) 35 (53) 0.26
Age, years, Me [IQR] 75.5 [68; 81] 67 [62.5; 72.5] 71.5 [64; 81] 0.125
Arterial hypertension, n (%) 31 (91.2) 23 (95.8) 56 (84.8) 0.300
Ischemic heart disease, n (%) 19 (55.9) 14 (58.3) 32 (48.5) 0.634
CKD, n (%) 18 (53) 21 (87.5) 52 (78.8) 0.004
AKI, n (%) 3 (8.8) 5 (20.8) 17 (25.8) 0.018
Atrial fibrillation, n (%) 18 (53) 13 (54.2) 42 (63.6) 0.513
Type 2 diabetes mellitus, n (%) 9 (26.5) 10 (41.7) 24 (36.6) 0.447
NYHA, FC, n (%)
II
III
IV

9 (26.5)
18 (52.9)
7 (20.6)

7 (29.2)
11 (45.8)

6 (25)

12 (18.2)
25 (37.8)
29 (44)

0.148

LVEF, %, Me [IQR] 52 [38; 58] 42 [33; 49] 44 [34; 55] 0.613
LVEF, n (%)
< 40%
41–49%
≥ 50%

11 (32.4)
3 (8.8)

20 (58.8)

9 (37.5)
9 (37.5)
6 (25)

28 (42.4)
11 (16.7)
27 (40.9)

0.017

NT-proBNP, pg / ml, Me [IQR] 482.5 [339; 2,109] 1,670.5 [905; 2,429] 1,700.5 [1,140; 3,412] 0.002
Creatinine, µmol / l, Me [IQR] 88 [74.7; 105] 108.5 [95.27; 130] 109 [87; 137] 0.001
GFR, ml / min / 1.73 m², Me [IQR] 57.35 [5-78; 75] 53.7 [45.57; 59.7] 53 [35.9; 66.7] 0.061
Blood potassium, mmol / l, Me 
[IQR] 4.2 [3.72; 4.55] 4.35 [4.05; 4.6] 4.41 [4.08; 4.77] 0.075

Urea, mmol / l, Me [IQR] 6.35 [4.72; 8.6] 7.45 [6.06; 9.9] 8.32 [6.56; 11.2] 0.053
Uric acid, mmol / l, Me [IQR] 382.3 [285.1; 514.2] 438.8 [399.3; 560] 505.4[357.15; 623.34] 0.107
Iron, mmol / l, Me [IQR] 10.86 [7.25; 11.78] 7.62 [5.8; 11] 6.77 [5.12; 11.2] 0.067
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Fig. 3 and Fig. 4 show the Kaplan – Meier curves 
for the cumulative survival probability (rehospitaliza-

T a b l e  4

 Correlations of renal venous blood flow with laboratory and instrumental data in patients 
with DHF at admission and discharge

Parameter On admission At discharge
History of atrial fibrillation, n (%) p = 0.007, R = 0.24 –
History of CKD p = 0.000, R = 0.32 –
AKI, n (%) p = 0.041, R = 0.25 –
Stagnation Scale, score p = 0.000, R = 0.48 –
LVEF, n (%) p = 0.021, R = –0.20 –
LVEF
< 40%
41–49%
> 50%

p = 0.017, R = –0.21 –

SPPA, mm Hg p = 0.000, R = 0.50 –
Nt-proBNP, pg / ml p = 0.000, R = 0.25 p = 0000, R = 0.30
Creatinine, µmol / l p = 0.000, R = 0.34 p = 0.003, R = 0.25
GFR, ml / min / 1.73 m² p = 0.020, R = –0.21 p = 0.018, R = –0.21
Iron, mmol / l p = 0.012, R = –0.26 –
Uric acid, µmol / l p = 0.024, R = 0.25 –
Potassium, mmol / l p = 0.014, R = 0.22 –

T a b l e  5

 Cox regression analysis for renal venous congestion in terms of a risk of endpoint development
Univariate regression analysis Multivariate regression analysis

OR, 95% CI p OR, 95% CI p
Rehospitalization for DHF 1.97 (1.03–3.75)  0.038 1.93 (1.017–3.67)  0.044
Composite endpoint 2.72 (1.46–5.06); 0.002 2.66 (1.43–4.96); 0.002

Note: OR – odds ratio, 95% CI – 95% confidence interval. The multivariate regression analysis included age, gender, LVEF < 40%, history of 
coronary artery disease, arterial hypertension, type 2 diabetes, CKD, and an increase in BMI a week prior to hospitalization.

tions and composite endpoints) depending on the pres-
ence of renal venous congestion.
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Fig. 3. Kaplan – Meier curves for cumulative survival 
probability (rehospitalizations) depending on the presence  

of renal venous congestion

Fig. 4. Kaplan – Meier curves for cumulative survival 
probability (composite endpoints) depending on the presence 

of renal venous congestion
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DISCUSSION
In our study, patients with DHF on admission 

were characterized by high incidence of venous renal 
congestion (in 72.6% of cases), assessed by Doppler 
ultrasound of the kidneys. Persistent renal venous 
congestion at discharge (in 53.2% of cases) was as-
sociated with the risk of one-year adverse outcomes. 
Our data are consistent with those of a recent study 
by A. Puzzovivo et al., who also found an associa-
tion of venous renal congestion on ultrasound with 
the development of DHF and death during 36- month 
follow-up [7]. 

For many years, renal venous Doppler ultrasound 
has been used to assess non-cardiac conditions asso-
ciated with elevated renal interstitial pressure, such as 
obstructive uropathy or diabetic nephropathy [8, 9]. 
However, recent data support the use of this imaging 
modality to assess intrarenal hemodynamics in HF  
[3, 4, 10].

A study by N. Iida et al., which examined the rela-
tionship of renal Doppler curves with the development 
of adverse outcomes among 224 patients with DHF, 
showed that discontinuous renal blood flow, including 
single-phase flow, had the most unfavorable prognosis 
(one-year survival < 40%) [3].

According to our results, renal venous congestion 
was associated with creatinine, GFR, uric acid, and po-
tassium levels, development of AKI during hospital-
ization, and history of CKD. F. Husain-Syed et al. also 
found an association between renal venous congestion 
and worsening renal function in patients with HF [11].

The relationships revealed can be explained by the 
development mechanism of cardiac and renal dys-
function in HF, in which there is a decrease in car-
diac output, an increase in intra-abdominal pressure, 
as well as an increase in venous pressure in the kid-
neys, leading to the occurrence of venous congestion, 
including renal one [12]. It is known that even minor 
renal damage in patients with HF is associated with 
high all-cause and cardiovascular mortality [13, 14].

CONCLUSION
In patients with DHF, the assessment of renal 

venous blood flow revealed high incidence of renal 
venous congestion and its prognostic value in the de-
velopment of adverse outcomes, which makes it rea-
sonable to use this technique in this group of patients. 

Limitations and prospects of the study. The lim-
itations of the study are associated with a small sam-
ple size and a relatively short follow-up period of 12 
months.

There is an obvious need for a multicenter clinical 
study to investigate the nature of renal venous blood 
flow and its impact on the development of cardiovas-
cular complications in patients with DHF.
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ABSTRACT

Aim. To study the blood microbiome taxonomy in patients with metabolically healthy obesity (MHO) and 
metabolically unhealthy obesity (MUHO).

Materials and methods. The study included healthy donors without obesity (n = 116) and obese patients who 
were divided into subgroups with MHO (n = 36) and MUHO (n = 53). Bacterial DNA isolated from blood samples 
was subject to metagenomic sequencing of the v3–v4 variable region in the 16S rRNA gene. We compared the 
frequency of isolating certain taxa from the samples and the proportion of these taxa in the total pool of bacterial 
DNA in the blood. 

Results. MUHO patients showed an increase in Lachnospiraceae, Ruminococcaceae, and Prevotellaceae, which 
are the main taxa in gut microbiota. This may indicate greater intestinal permeability in such patients. Obese 
patients, regardless of the metabolic phenotype of obesity, more often had Rhodobacteraceae, Streptomycetaceae, 
Leuconostocaceae, and Burkholderiaceae DNA in their blood. Nocardioidaceae, Flavobacteriaceae, 
Hyphomicrobiaceae, and Gaiellaceae DNA were more frequently present in the blood microbiome of patients with 
MHO, whereas MUHO patients more often had S24-7, Nocardiaceae, and Helicobacteraceae DNA in their blood. 
Many members of these families inhabit soil and water, which may indicate increased skin barrier permeability in 
obese patients. Additionally, a higher number of Helicobacteraceae-positive blood samples in the MUHO patient 
group may indicate increased translocation from the stomach.

Conclusion. Obesity is accompanied by changes in the taxonomic composition of the blood microbiome. Moreover, 
the nature of the changes depends on the metabolic phenotype of obesity and the permeability of external barriers.

Keywords: blood microbiome, bacterial DNA in blood, obesity, metabolically healthy obesity, metabolically 
unhealthy obesity
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РЕЗЮМЕ

Цель. Изучить таксономический состав микробиома крови у пациентов со следующими фенотипами: мета-
болически здоровым ожирением (МЗО) и метаболически нездоровым ожирением (МНЗО).

Материалы и методы. В исследование включены здоровые доноры без ожирения (n = 116) и пациенты с 
ожирением, которые были разделены на подгруппы с МЗО (n = 36) и МНЗО (n = 53). Из образцов венозной 
крови выделяли бактериальную ДНК и проводили метагеномное секвенирование вариабельного участка 
v3–v4 гена 16S рРНК. Сравнивалась как частота выделения отдельных таксонов из образцов, так и доля, 
приходящаяся на эти таксоны в общем пуле бактериальной ДНК крови.

Результаты. Для пациентов с МНЗО было характерно увеличение доли Lachnospiraceae, Ruminococcaceae 
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и Prevotellaceae, которые являются основными представителями кишечной микробиоты, что может яв-
ляться следствием большей кишечной проницаемости, характерной для таких пациентов. Вне зависи-
мости от метаболического фенотипа у пациентов с ожирением из образцов крови чаще выделялась ДНК 
Rhodobacteraceae, Streptomycetaceae, Leuconostocaceae и Burkholderiaceae. При МЗО также чаще обнару-
живалась в крови ДНК Nocardioidaceae, Flavobacteriaceae, Hyphomicrobiaceae и Gaiellaceae, а у пациентов с 
МНЗО – S24-7, Nocardiaceae и Helicobacteraceae. Многие представители этих семейств являются обитате-
лями почв и вод, что может свидетельствовать об усилении проницаемости кожного барьера у пациентов с 
ожирением. Также большая представленность Helicobacteraceae у пациентов с МНЗО может указывать на 
усиление транслокации из желудка. 

Заключение. Ожирение приводит к выраженным изменениям в таксономическом составе микробиома 
крови, при этом характер изменений зависит от метаболического фенотипа ожирения и проницаемости 
внешних барьеров.

Ключевые слова: микробиом крови, бактериальная ДНК крови, ожирение, метаболически здоровое ожи-
рение, метаболически нездоровое ожирение
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INTRODUCTION

Since the beginning of the XX century and the de-
velopment of DNA sequencing technologies, works 
have appeared demonstrating the presence of bacterial 
DNA encoding 16S rRNA in blood samples obtained 
from both healthy individuals and patients with vari-
ous pathologies [1–3]. To date, evidence of the pres-
ence of human blood microbiome is undoubtful, but 
its role in pathology remains unclear. The main source 
of microbial DNA in the blood is bacterial transloca-
tion from the gut and, to a lesser extent, from extrain-
testinal microbiomes [3]. 

There is a decrease in the diversity of gut microbi-
ota in obesity compared to healthy donors, and body 
mass index (BMI) is negatively correlated with the 
total amount of microbial DNA in the gut [4, 5]. At 
the same time, an increase in blood microbiome di-
versity is observed in obese individuals [6]. Metabolic 
disorders are associated with increased intestinal per-

meability due to both internal (e.g., hyperglycemia) 
and external (changes in the gut microbiome, presence 
of excessive carbohydrates and / or fats in the diet) 
causes [7]. Obesity, however, does not always lead to 
the development of metabolic disorders, so there are 
metabolically healthy obesity (MHO) and metaboli-
cally unhealthy obesity (MUHO) phenotypes, respec-
tively [8]. To date, there are no works demonstrating 
differences in the taxonomic composition of the blood 
microbiome depending on the metabolic phenotype of 
obesity, which became the aim of our study.

MATERIALS AND METHODS
A one-stage cohort study was carried out from 2018 

to 2020 at the Center for Digital and Translational 
Biomedicine LLC, Center for Molecular Health, De-
partment of Internal Medicine No. 3, RostSMU, Min-
istry of Health of Russia and Kazan (Volga Region) 
Federal University. Two groups were included in the 
study: a control group and obese patients. The con-
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trol group included 116 healthy donors (BMI 18.5– 
24.9 kg / m2) without metabolic disorders and arterial 
hypertension. The selection criteria for the obese pa-
tient group were BMI ≥ 30 kg / m2 and waist circum-
ference greater than 102 cm in men or 88 cm in wom-
en. According to the NCEP-ATP III criteria, obese 
patients were divided by the metabolic phenotype into 
a group with MHO (n = 36) and with MUHO (n = 
53). Obesity was considered metabolically unhealthy 
if the patient was characterized by three or more crite-
ria: 1) waist circumference (> 102 cm in men; > 88 cm 
in women); 2) serum triglycerides (≥ 1. 7 mmol / l);  
3) high-density lipoprotein (HDL) cholesterol  
(< 1.03 mmol / l in men; < 1.29 mmol / l in women); 
4) blood pressure (systolic ≥ 130 mm Hg; diastolic  
≥ 85 mm Hg); 5) fasting glucose (≥ 5.6 mmol / l) [9]. 

Venous blood sampling followed by microbial 
DNA isolation was performed in all individuals ac-
cording to the manufacturer’s protocol (QIAamp 
BiOstic Bacterimia DNA Kit, Qiagen, Germany). Se-
quencing of the v3–v4 variable region of the 16S rRNA 
gene was performed on the Illumina MiSeq platform 
(USA) according to the manufacturer’s recommenda-
tions. The obtained 16S rRNA gene sequences (reads) 
were analyzed using QIIME software (version 1.9.1) 
and Greengenes reference database (v. 13.8) with 97% 
similarity threshold between sequences. Data on taxon 
representation in the total pool of reads are given in 
fractions (0–1), which were calculated based on the 
number of mapped reads for each taxon. In addition, 
the frequency of DNA detection from the blood sam-
ples in each of the studied groups (%) was analyzed.

A statistical analysis was performed using the 
MedCalc® Statistical Software platform (MedCalc 
Software Ltd, Belgium). Given the absence of normal 
distribution in the fractions of individual taxa in the 
total pool of bacterial DNA in the blood, the data are 

presented as the median and the interquartile range Me 
[Q25–Q75]. A comparative analysis of the data sets was 
performed using the Kruskal – Wallis test. To estab-
lish the differences in the frequency of taxa in patients 
of different groups, the Pearson’s сhi-square test was 
used. The differences were considered statistically 
significant at p ≤ 0.05.

RESULTS
We analyzed the taxonomic composition of the 

blood microbiome at the level of families that were 
identified in more than 25% of patients in at least one 
of the studied groups. On the one hand, the choice of 
families as a studied taxonomic level was explained 
by the fact that it provided a sufficiently detailed de-
scription of the blood microbiome and, on the other 
hand, included a relatively small number of uniden-
tified taxa. The data obtained were compared by the 
frequency of detection of families from the blood 
samples (%) and by the proportion of each taxon in 
the total pool of bacterial DNA in the blood.

Lachnospiraceae, Ruminococcaceae, Prevotella-
ceae, Bacteroidaceae, Sphingomonadaceae, Staph-
ylococcaceae, Corynebacteriaceae, Moraxellaceae, 
Micrococcaceae, Propionibacteriaceae were the 
main families in the blood microbiome. DNA from 
each of these families was detected in more than 75% 
of patients and accounted for more than 0.02% of the 
total bacterial DNA pool in the blood. In total, these 
families accounted for 0.548 [0.417–0.619] of the mi-
crobial DNA in the blood.

Both MHO and MUHO patients were character-
ized by specific changes in the blood microbiome, 
which was manifested both by changes in the propor-
tion of individual families in the total bacterial DNA 
pool and in the frequency of detection of individual 
taxa (Table 1).

T a b l e  1
Identified differences in the DNA content of individual families in the blood in MHO and MUHO patients, %, Me [Q25–Q75]

Family Control group Patients with MHO Patients with MUHO
Lachnospiraceae 97.41% 0.103 [0.044–0.160] 97.22% 0.092 [0.033–0.211] 98.11% 0.152 [0.092–0.207]*

Ruminococcaceae 96.55% 0.083 [0.033–0.152] 100.00% 0.070 [0.038–0.114] 98.11% 0.117 [0.059–0.139]†

Prevotellaceae 86.21% 0.029 [0.012 – 0.065] 94.44% 0.036 [0.011–0.103] 94.34% 0.049 [0.025–0.115]*

Staphylococcaceae 93.97% 0.023 [0.009–0.053] 97.22% 0.018 [0.007–0.047] 88.68% 0.009 [0.004–0.027]*†

Caulobacteraceae 70.69%  0.010 [0.000–0.029] 58.33%  0.004 [0.000–0.024] 62.26%  0.003 [0.000–0.012]*

Rhodobacteraceae 39.66%  0.000 [0.000–0.008] 55.56%*  0.002 [0.000–0.012] 64.15%*  0.005 [0.000–0.011]*

Sphingomonadaceae 75.86%  0.022 [0.002–0.052] 75.00%  0.009 [0.000–0.060] 75.47%  0.005 [0.001–0.015]*†

S24-7 31.90%  0.000 [0.000–0.002] 47.22%  0.000 [0.000–0.007]* 69.81%*  0.005 [0.000–0.018]*†

Nocardiaceae 35.34%  0.000 [0.000–0.006] 50.00%  0.001 [0.000–0.010] 52.83%*  0.001 [0.000–0.010]
Nocardioidaceae 31.03%  0.000 [0.000–0.003] 50.00%*  0.000 [0.000–0.007] 41.55%  0.000 [0.000–0.007]
Streptomycetaceae 15.52%  0.000 [0.000–0.000] 33.33%*  0.000 [0.000–0.005]* 33.96%*  0.000 [0.000–0.003]*
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Family Control group Patients with MHO Patients with MUHO
Flavobacteriaceae 25.00%  0.000 [0.000–0.000] 52.78%*  0.001 [0.000–0.014]* 26.42%†  0.000 [0.000–0.001]†

Helicobacteraceae 12.93%  0.000 [0.000–0.000] 16.67%  0.000 [0.000–0.000] 26.42%*  0.000 [0.000–0.001]
Burkholderiaceae 35.34%  0.000 [0.000–0.004] 55.56%*  0.001 [0.000–0.006] 54.72%*  0.001 [0.000–0.007]
Hyphomicrobiaceae 16.38%  0.000 [0.000–0.000] 41.67%*  0.000 [0.000–0.005]* 24.53%  0.000 [0.000–0.000]†

Bradyrhizobiaceae 44.83%  0.000 [0.000–0.008] 33.33%  0.000 [0.000–0.005] 22.64%*  0.000 [0.000–0.000]*

[Barnesiellaceae] 38.79%  0.000 [0.000–0.011] 11.11%*  0.000 [0.000–0.000]* 35.81%†  0.000 [0.000–0.009]†

Leuconostocaceae 9.48%  0.000 [0.000–0.000] 27.78%*  0.000 [0.000–0.001]* 32.08%*  0.000 [0.000–0.002]*

Gaiellaceae 15.52%  0.000 [0.000–0.000] 30.56%*  0.000 [0.000–0.002] 20.75%  0.000 [0.000–0.000]
Verrucomicrobiaceae 33.62%  0.000 [0.000–0.005] 16.67%*  0.000 [0.000–0.000]* 47.17%†  0.000 [0.000–0.012]†

* differences are significant compared to the control group (p ≤ 0.05), † differences are significant compared to patients with MHO (p ≤ 0.05).

T a b l e  ( c o n t i n u e d ) 

Most of the changes in the blood microbiome in 
patients with MHO and MUHO were characterized by 
increasing frequency of DNA detection of individual 
families in the blood samples, which in some cases en-
tailed an increase in the proportion of these taxa in the 
total pool of bacterial DNA in the blood. Regardless 
of the metabolic phenotype, DNA from the Rhodo-
bacteraceae, Streptomycetaceae, Leuconostocaceae, 
and Burkholderiaceae families was more frequently 
detected in obese patients. Nocardioidaceae, Flavo-
bacteriaceae, Hyphomicrobiaceae, and Gaiellaceae 
DNA was also detected in the blood of individuals 
with MHO, and S24-7, Nocardiaceae, and Helicobac-
teraceae DNA was detected in patients with MUHO. 
At the same time, in MUHO patients, Lachnospira-
ceae and Prevotellaceae were more abundant com-
pared to Group 1 and Ruminococcaceae were more 
abundant compared to MHO patients, despite similar 
frequency of isolation of these families from the blood 
samples of each study group. These taxa accounted for 
about ⅕ of the total pool of bacterial DNA in the blood 
in healthy donors and patients with MHO, whereas in 
MHO patients, these families accounted for almost ⅓.

In addition, in both MHO and MUHO patients, 
there was a decrease in the proportion of several fami-
lies in the blood microbiome. DNA [Barnesiellaceae] 
and Verrucomicrobiaceae were less frequently isolat-
ed from the blood in patients with MHO. In MUHO 
patients, the content of Staphylococcaceae, Caulo-
bacteraceae, and Sphingomonadaceae was lower 
compared to Group 1, despite similar frequency of 
detecting DNA of these taxa from the blood samples. 
Moreover, Bradyrhizobiaceae DNA was detected less 
frequently in these patients.

DISCUSSION
The obtained data indicate that obesity leads to sig-

nificant changes in the blood microbiome at the family 
level, and the features of the blood microbiome de-

pend on the metabolic phenotype of obesity. At the 
phylum level, the taxonomic composition of the blood 
microbiome is similar in healthy donors and obese pa-
tients [6]. 

Both the patients with MHO and patients with 
MUHO were characterized by the spectrum of taxa 
whose DNA was detected from the blood samples 
of these patients more frequently than in the control 
group. Interestingly, representatives of Rhodobacter-
aceae, Streptomycetaceae, Burkholderiaceae, Nocar-
dioidaceae, Flavobacteriaceae, Hyphomicrobiaceae, 
Gaiellaceae, and Nocardiaceae, which were detected 
in the blood samples of MHO and MUHO patients with 
increased frequency, are mostly soil and water inhabi-
tants. Such habitats suggest that translocation of DNA 
from these taxa into the blood may occur from the sur-
face of the skin or respiratory tract. Obese patients are 
characterized by a large body surface area, which may 
cause increased percutaneous translocation of micro-
bial DNA. In addition, obesity causes changes in skin 
physiology and leads to increased permeability of the 
skin barrier [10]. It seems that obesity, regardless of 
its metabolic phenotype, is accompanied by increased 
translocation of bacterial DNA from the skin surface. 

An increase in the proportion of the Lachnospir-
aceae, Ruminococcaceae, and Prevotellaceae fami-
lies in the total pool of bacterial DNA in the blood 
was noted in patients with MUHO. Representatives of 
these families are anaerobes and the main representa-
tives of the gut microbial flora. MUHO is associated 
with the presence of smoldering systemic inflamma-
tion and greater permeability of the intestinal wall [7, 
8]. Thus, it can be assumed that the increased pro-
portion of Lachnospiraceae, Ruminococcaceae, and 
Prevotellaceae in MUHO is a consequence of greater 
translocation of microbial DNA from the intestine, 
common in such patients.  

An increased frequency of Helicobacteraceae 
DNA detection was also prevailing in MUHO pa-
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tients. Since the main representative of this family is 
Helicobacter pylori, it can be assumed that MUHO 
is also associated with increased permeability of the 
gastric wall to bacterial DNA. Thus, MUHO seems to 
be characterized by increased microbial translocation 
from both intestinal and extraintestinal microbiomes, 
which can be caused by damaged barrier in the pres-
ence of chronic inflammation.

CONCLUSION
Obesity, regardless of its metabolic phenotype, is 

accompanied by changes in the taxonomic composi-
tion of bacterial DNA in the blood. Both MHO and 
MUHO are characterized by an increase in the fre-
quency of isolating DNA of soil and water resident 
families, which may indicate large translocation of mi-
crobial DNA from the skin surface. At the same time, 
patients with MUHO also have an increased content 
of DNA of gastric and intestinal flora representatives 
in the blood, which may indicate greater permeability 
of these barriers to bacterial DNA. Thus, changes in 
the taxonomic composition of the blood microbiome 
may indicate permeability of external barriers of the 
body.
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Galectin-3 in the blood serum of patients with bone tumors
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ABSTRACT

Background. Due to diversity of cancer, the functional role of galectin-3 is rather controversial; however, for many 
types of neoplasms, the marker acts as a tumor growth promoter.

Aim. To perform a comparative analysis of galectin-3 levels in the blood serum of healthy individuals and patients 
with benign, borderline, and malignant bone tumors divided into two age groups (under and over 18 years of age) 
based on the main clinical and morphological characteristics of the disease and prognosis.

Materials and methods. The study included 201 patients with benign, borderline (giant cell tumors, locally 
aggressive tumors), and malignant bone tumors and 31 healthy donors. The galectin-3 level was determined in the 
blood serum before treatment with Human Galectin-3 ELISA kit (R&D, USA).

Results. The level of galectin-3 in the blood serum of patients with benign and malignant bone tumors was statis-
tically significantly higher than that in the control group of patients both under and over 18 years. In patients with 
borderline bone tumors, a trend toward an increase in the galectin-3 concentration compared with the controls was 
revealed. The ROC analysis for galectin-3 in patients with bone sarcomas showed that the area under the curve 
(AUC) comprised 0.795 (р < 0.0001) in the group of patients over 18 years and 0.868 (р = 0.0008) in the individuals 
under 18 years. For malignant bone tumors in patients over 18 years, the sensitivity of this method was 71.3%, and 
specificity was 71.43% (optimal cut-off level was 8.09 ng / ml; р < 0.0001), while in patients under 18 years, the 
sensitivity of the method was 80%, and specificity was 90% (optimal cut-off level was 5.49 ng / ml; р < 0.001). 
No significant associations between the serum galectin-3 level and the clinical and morphological characteristics 
of bone neoplasms were found both in patients under and over 18 years of age. However, it could be noted that the 
highest concentration of the marker was found in chordomas and at earlier stages of the disease. In patients over 18 
years with chondrosarcoma and osteosarcoma, no correlation between the marker and the disease prognosis was 
found.

Conclusion. An increase in the galectin-3 level in the blood serum was observed in all age groups of patients with 
both benign and malignant bone tumors. However, the sensitivity and specificity of the method assessed by the 
ROC analysis do not allow to apply this marker for the diagnosis of bone tumors.
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Галектин-3 в сыворотке крови больных опухолями костей
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РЕЗЮМЕ

Введение. Ввиду многогранности онкологических заболеваний функциональная роль галектина-3 доста-
точно противоречива, однако для многих типов новообразований маркер играет роль промотора опухоле-
вого роста.

Цель исследования – сравнительный анализ уровней галектина-3 в сыворотке крови здоровых доноров, 
больных доброкачественными, пограничными и злокачественными новообразованиями костей в двух воз-
растных группах до и старше 18 лет с учетом основных клинико-морфологических характеристик заболе-
вания и прогноза.

Материалы и методы. В исследование включен 201 пациент с доброкачественными, пограничными (ги-
гантоклеточные опухоли, «локально агрессивные» опухоли), злокачественными новообразованиями ко-
стей и 31 здоровый донор. Концентрацию галектина-3 определяли в сыворотке крови до лечения наборами 
реактивов для прямого иммуноферментного анализа Human Galectin-3 (R&D, США).

Результаты. Показано, что содержание галектина-3 в сыворотке крови больных доброкачественными и 
злокачественными опухолями костей статистически значимо выше, чем в контрольной группе, как в воз-
расте до, так и старше 18 лет. У пациентов с пограничными опухолями костей отмечена тенденция к уве-
личению концентрации галектина-3 по сравнению с контролем. ROC-анализ для галектина-3 у больных 
саркомами костей показал, что площадь под ROC-кривой составила 0,795 (р < 0,0001) в группе пациентов 
в возрасте старше 18 лет и 0,868 (р = 0,0008) в группе пациентов в возрасте до 18 лет. Для злокачественных 
новообразований костей у больных в возрасте старше 18 лет чувствительность данного метода состави-
ла 71,3%, специфичность 71,43% (пороговый уровень 8,09 нг/мл; р < 0,0001), а у пациентов в возрасте 
младше 18 лет чувствительность этого метода составила 80%, специфичность 90% при пороговом уровне  
5,49 нг/мл (р < 0,001). В обеих возрастных группах не найдено значимых ассоциаций содержания сыво-
роточного галектина-3 с клинико-морфологическими характеристиками новообразований костей, однако 
следует отметить, что наибольшая концентрация маркера обнаружена при хордомах и на более ранних ста-
диях заболевания. У больных хондросаркомой и остеосаркомой старше 18 лет не выявлено связи маркера 
с прогнозом заболевания.

Заключение. Повышение содержания галектина-3 в сыворотке крови наблюдалось во всех возрастных 
группах пациентов как с доброкачественными, так и злокачественными новообразованиями костей, однако 
чувствительность и специфичность теста по данным ROC-анализа недостаточны для использования данно-
го маркера для диагностики опухолей костей.
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Kushlinskii N.E., Kovaleva O.V., Prishchep P.L. et al. Galectin-3 in the blood serum of patients with bone tumors

INTRODUCTION

Galectins are a group of galactoside-binding lec-
tins that play specific roles both intra- and extracel-
lularly. They trigger cytokine secretion and cellular 
migration, proliferation, and apoptosis. Extracellular-
ly, galectins facilitate cell – cell interactions and inter-
action of cells with the extracellular matrix. Galectins 
bind with glycans (oligosaccharides) on the intracel-
lular membrane surface, participating in ligation of 
macromolecules and formation of signaling pathways. 
Diverse functions of galectins have sparked the inter-
est of researchers in unveiling their role in the patho-
genesis of various diseases and pathologies.

Out of 15 galectins currently known, galectin-3 at-
tracts special interest of researchers due to its involve-
ment in tissue fibrosis and its potential application as a 
marker for cardiac failure. Galectin-3 has been found 
to be involved in various pathological processes, in-
cluding inflammation [2], fibrosis, as well as cardiac 
[3, 4] and kidney [5] diseases, diabetes mellitus [6], 
viral infections [7], autoimmune [8] and neurodegen-
erative [9] diseases, and cancer [10].

The functional role of galectin-3 in the context of 
cancers is rather controversial, owing to their diversi-
ty. On the one hand, galectin-3 plays a role as a tumor 
growth promoter for many types of neoplasms. An 
increase in the expression of this protein is associated 
with proliferation and invasion of pancreatic cancer 
cells [11]. Galectin-3 expression, both at the mRNA 
and protein level, is increased in malignant liver tu-
mors compared to normal tissues [12]. Overexpres-
sion of galectin-3 is also observed in diffuse large 
B-cell lymphoma and is associated with an advanced 
stage and a worse prognosis of this disease [13]. In-

creased galectin-3 expression correlates with an un-
favorable prognosis in patients with nasopharyngeal 
carcinoma [14] and colorectal cancer [15]. Increased 
galectin-3 expression was also found in gastric tu-
mors [16], and its overexpression and nuclear local-
ization were associated with peritoneal dissemination 
of such tumors [17]. Galectin-3 overexpression led 
to the intensification of motility and invasion of lung 
cancer cells [18].

On the other hand, in some tumor types, galectin-3 
may function as a tumor suppressor. Thus, a decrease in 
its expression is associated with a more malignant phe-
notype of breast and endometrial cancer [19]. For pros-
tate cancer, a gradient decrease in galectin-3 expression 
from normal and conventionally normal tissue to tumor 
one was observed [20]. Suppression of the expression of 
this protein by siRNA reduced the migratory, invasive, 
and colony-forming ability of prostate cancer cells [21].

Although galectin-3 expression has been studied 
in the majority of solid tumors, its functional role in 
bone neoplasms is still unknown. An increased lev-
el of galectin-3 in the blood serum of osteosarcoma 
patients was reported, and its expression in the tu-
mor was higher than in adjacent healthy tissues and 
correlated with disease stage and metastasis. The au-
thors suggest that in the future, galectin-3 might be-
come a prognostic marker for osteosarcoma [22]. It 
was shown that suppression of galectin-3 expression 
in osteosarcoma cells in vitro led to a decline in their 
metastatic potential [23]. Some authors suggest that 
galectin-3 may serve as a marker for the differential 
diagnosis of chordomas and myxoid chondrosarco-
mas. No data are available on the association between 
the levels of tissue and soluble forms of galectin-3 for 
other types of bone tumors.
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The aim of this study was to perform a compara-
tive analysis of galectin-3 levels in the blood serum of 
healthy individuals and patients with benign, border-
line, and malignant bone tumors, taking into consid-
eration the clinical and pathological characteristics of 
the disease and its prognosis.

MATERIALS AND METHODS
The study involved 201 patients with benign, bor-

derline, and malignant bone tumors, 36 of whom were 
under 18 years old. The control group comprised 31 
healthy individuals, 10 of whom were under 18 years 
old. All procedures involving patients and healthy in-
dividuals performed in the study complied with the 
standards of the Ethics Committee at N.N. Blokhin 
National Medical Research Center of Oncology and 
the Declaration of Helsinki adopted in 1964 and its 
further amendments or comparable ethical norms. 
Each study participant signed an informed consent 
to participate in the study. All patients underwent an 
examination and treatment at N.N. Blokhin National 
Medical Research Center of Oncology. The clinical 
and radiological diagnosis of the neoplasm was con-
firmed by the morphological examination according 
to the WHO histologic classification of bone tumors 
(2020). The main characteristics of the control and 
bone tumor groups are presented in Table 1–3.

T a b l e  1
Number of patients in the study groups

Study groups Age under  
18 years

Age over  
18 years

Control 10 (32.3%) 21 (67.7%)
Benign bone tumors (BBT) 11 (26.2%) 31 (73.8%)
Borderline bone tumors (BlBT) – 19 (100%)
Malignant bone tumors (MBT) 25 (17.9%) 115 (82.1%)

T a b l e  2
Characteristics of the bone tumor patients aged over  

18 years old, n (%)
Parameter Value

Age, years, Ме (Q25–Q75) 48 (34-57)
Sex:
male;
female

61 (53.1%)
54 (46.9%)

Histologic tumor type:
osteosarcoma;
chondrosarcoma;
chordoma;
Ewing sarcoma

35 (30.5%)
69 (60.0%)
6 (5.3%)
5 (4.2%)

Stage:
I;
II;
III–IV

37 (32.2%)
66 (57.4%)
12 (10.4%)

Grade:
G1–G2;
G3

64 (61.6%)
40 (38.4%)

Parameter Value
Tumor size (T):
T1;
T2;
T3–T4

24 (20.9%)
84 (73.1%)
7 (6.0%)

Nodal status:
N0;
N1

111 (96.6%)
4 (3.4)

Distant metastasis (M):
M0
M1

110 (95.7%)
5 (4.3%)

Type of the bone:
spongy / flat
tubular

54 (47.0%)
61 (53.0%)

Localization:
upper limb;
thoracic cage / vertebral column;
pelvis;
lower limb

21 (18.3%)
9 (7.7%)

42 (36.6%)
43 (37.4%)

T a b l e  3

Characteristics of the bone tumor patients aged under  
18 years old, n (%)

Parameter Value
Age, years, Ме (Q25–Q75) 12 (9–15)

Sex:
male;
female

12 (48%)
13 (52%)

Histologic tumor type:
osteosarcoma;
chondrosarcoma;
Ewing sarcoma

17 (68%)
1 (28%)
7 (4%)

Stage:
I;
II;
III–IV

–
21 (84%)
4 (16%)

Grade:
G1–G2;
G3

1 (32%)
17 (68%)

Tumor size (T):
T1;
T2;
T3–T4

–
24 (96%)
1 (4%)

Nodal status:
N0;
N1

25 (100%)
–

Distant metastasis (M):
M0
M1

21 (84%)
4 (16%)

Type of the bone:
spongy / flat
tubular

2 (8%)
23 (92%)

Localization:
upper limb;
thoracic cage / vertebral column;
pelvis;
lower limb

–
2 (8%)
1 (4%)

22 (88%)

T a b l e  2  ( c o n t i n u e d ) 
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The galectin-3 concentration was measured in pre-
treatment blood serum using the Human Galectin-3 
ELISA kit (R&D, USA) in accordance with the manu-
facturer’s guidelines and expressed in nanograms (ng) 
per 1 ml of serum. 

The data were analyzed using GraphPad Prism 
9.4. The nonparametric Mann – Whitney and Krus-
kal – Wallis tests were used to compare independent 
groups. Overall survival was assessed using the Ka-
plan – Meier method, and the statistical significance 
of differences between the curves was evaluated using 

the log rank test. The differences were considered sta-
tistically significant at p < 0.05.

RESULTS
We analyzed the levels of galectin-3 in both the 

control group and patients with different types of bone 
tumors. The median serum content of galectin-3 in 
healthy donors who were over 18 years of age was 6.48 
ng / ml, which was significantly lower than in patients 
with malignant bone tumors within the corresponding 
age group (10.18 ng / ml; p < 0.0001) (Table 4).

T a b l e  4
Galectin-3 level in patients with bone tumors based on age, ng / ml, Ме (Q25–Q75)

Parameter  Age ≥ 18 years р Age < 18 years р
Control 1 6.48 (3.32–8.49) – 4.15 (3.93–5.23) –
Benign bone tumors 2 8.72 (6.53–11.45) 0.035 (1vs2) 7.85 (6.69–12.75) 0.001 (1vs2)
Borderline bone tumors3 8.88 (6.19–10.88) 0.077  (1vs3) – –
Malignant bone tumors4 10.18 (7.52–12.55) < 0.0001  (1vs4) 7.22 (5.92–11.35) 0.002 (1vs4)

The content of galectin-3 in the blood serum of pa-
tients with benign and malignant tumors was statisti-
cally significantly higher than that in the control group 
both in adult patients (over 18 years old) and in patients 
of the younger age group (under 18 years old) (Table 
4). For borderline tumors diagnosed only in adult pa-

tients, a trend toward an increase in the galectin-3 level 
was also noted, compared to the control group.

The information value of a galectin-3 level as a di-
agnostic method was analyzed by evaluating its sensi-
tivity and specificity by the ROC analysis. The results 
are shown in Fig. 1.
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For malignant bone tumors in patients over 18 years of age, the sensitivity was 71.3%, and 
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off level was 5.49 ng / ml; р < 0.001).

Next, we analyzed serum galectin-3 levels according to the main clinical and 

morphological characteristics of the disease for patients over 18 years of age (Table 5).

Table 5

Serum level of galectin-3 in patients with malignant bone tumors aged over 18 years depending 

on the clinical and morphological characteristics of the disease
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a							       b

For malignant bone tumors in patients over 18 
years of age, the sensitivity was 71.3%, and specificity 
was 71.4% (the optimal cut-off level was 8.09 ng / ml; 
р < 0.0001), while in patients under 18 years old, 
the sensitivity of the method was 80%, and specific-
ity was 90% (optimal cut-off level was 5.49 ng / ml;  
р < 0.001). 

Next, we analyzed serum galectin-3 levels accord-
ing to the main clinical and morphological character-
istics of the disease for patients over 18 years of age 
(Table 5).

No significant associations between serum galec-
tin-3 levels and clinical or morphological charac-
teristics of bone neoplasms were found in the age 

Kushlinskii N.E., Kovaleva O.V., Prishchep P.L. et al. Galectin-3 in the blood serum of patients with bone tumors
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group of individuals over 18 years old. However, it 
should be noted that the highest levels of galectin-3 
were detected in chordomas and at earlier stages of  
the disease. 

At the next stage of the study, we analyzed galec-
tin-3 levels in the blood serum of patients under  
18 years of age, depending on the main clinical and 
morphological characteristics of the disease (Table 6). 
No significant associations were found between the 
main clinical and morphological characteristics of the 
disease and galectin-3 levels in the group of patients 
under 18 years old, as well as in the group of patients 
over 18 years old (Table 5, 6). 

T a b l e  5

Serum level of galectin-3 in patients with malignant bone 
tumors aged over 18 years depending on the clinical  

and morphological characteristics of the disease

Parameter
Galectin-3, ng / ml

Me Q25–Q75 p
Age:
– <48;
– >=48

9.15
10.66

6.66–11.6
8.2–13.65

0.084

Sex:
– male;
– female

9.21
10.93

7.12–11.68
7.95–13.73

0.106

Histologic tumor type:
– osteosarcoma (1);
– chondrosarcoma (2); 
– chordoma (3);
 Ewing sarcoma (4)

10.18
9.5
14.7
9.09

7.00–11.81
7.49–12.34
11.64–14.62
5.88–14.32

0.06 
(2vs3)

Stage:
I;
II;
III–IV

10.76
9.84
8.99

7.99–13.34
6.99–11.75
6.51–12.36

>0.99

Grade:
G1–G2;
G3 10.25

9.43
8.13–12.52
6.04–11.57

0.43

Tumor size (T):
T1;
T2;
T3–T4

10.16
10.25
8.05

6.67–14.34
8.03–12.19
4.74–12.41

>0.99

Nodal status:
N0;
N1 10.31

7.64
7.74–12.55
4.52–14.5

0.51

Distant metastasis (M):
M0
M1 10.25

9.28
7.51–12.55
7.36–13.69

0.96

Type of the bone:
spongy / flat
tubular

10.67
9.46

8.18–12.75
6.69–12.31

0.28

Localization:
upper limb;
thoracic cage / vertebral column;
pelvis;
lower limb

8.69
10.17

10.68
10.31

4.87–12.57
8.85–15.12

7.35–12.59
8.05–12.36

>0.99

T a b l e  6

Serum content of galectin-3 in patients with malignant bone 
tumors under the age of 18 years depending on the clinical  

and morphological characteristics of the disease

Characteristic
Galectin-3, ng / ml

Me Q25–Q75 p
Age:
< 12
>12

7.07
9.67

6.13–9.53
4.89–15.1 0.42

Sex:
male;
female

9.81
6.54

6.85–12.57
4.85–8.67 0.12

Histologic tumor type:
osteosarcoma (1)
chondrosarcoma (2)
Ewing sarcoma (3)

8.38
8.66
6.99

6.06–12.32
–

4.76–7.81

>0.99 (1vs2)
0.65 (1vs3)

>0.99 (2vs3)
Stage:
I (1)
II (2)
III–IV (3)

–
6.99
9.92

–
5.32–11.24
8.02–13.94 >0.15 (2vs3)

Grade:

–G1–G2
–G3

4.11
7.52

–
6.2–11.44

–

Tumor size (T):
T1;
T2;
T3–T4

7.15
7.81

8.81–11.44
– –

Nodal status:
N0;
N1 7.22

–
5.92–11.35

– –

Distant metastasis (M):
M0
M1 6.99

9.92
5.32–11.24
8.02–13.94 0.15

Type of the bone:
spongy / flat
tubular

6.76
7.22

5.7–7.81
6.13–11.52 0.60

Localization
upper limb (1)
thoracic cage / verte-
bral column (2)
pelvis (3)
lower limb (4)

–
5.92

7.81
7.80

–
5.7–6.13

–
6.04–11.87

>0.99 (2vs3)

>0.58 (2vs4)
> 0.99 (3vs4)

At the final stage of the study, we assessed the 
prognostic value of the galectin-3 level in the groups 
of patients aged over 18 years old with the most com-
mon malignant bone neoplasms, which were osteosar-
coma and chondrosarcoma (Fig. 2).

The presented data show that the serum levels of 
galectin-3 are not a significant prognostic factor in 
bone sarcomas for the general group of patients with 
malignant bone neoplasms, as well as for two experi-
mental groups with bone-forming (osteosarcoma) and 
cartilage-forming (chondrosarcoma) tumors, respec-
tively.
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DISCUSSION
A comparative study was conducted to analyze the 

levels of galectin-3 in the blood serum of patients with 
benign, borderline, and malignant bone tumors of var-
ious histologic types and healthy donors in the con-
trol group. The analysis of the data obtained revealed 
a statistically significant increase in the serum levels 
of galectin-3 in the majority of patients with bone tu-
mors. It is worth noting that this increase was noted in 
both age groups (under 18 and over 18 years old) for 
both benign and malignant bone tumors. 

However, the ROC analysis indicated that the sen-
sitivity and specificity of the method were insufficient 
to use this marker for the diagnosis of bone tumors. 
Similar findings have been reported in the literature 
for other types of solid tumors [24], which suggest 
high sensitivity but low specificity of this biochemical 
diagnostic method.

In our study, we observed a trend toward an in-
crease in the galectin-3 levels in patients over 18 years 
old with chordoma, while no significant differences in 
the galectin-3 levels were observed in other histolog-
ic types of bone tumors. In the group of patients un-
der 18 years old, the lowest content of galectin-3 was 
detected in Ewing sarcoma, that contradicts the data 
on tissue expression of this protein, which suggests 
significantly higher expression of galectin-3 in Ewing 
sarcomas than in osteosarcomas in children [25]. 

Regarding the association between the galectin-3 
level and other clinical and morphological character-
istics of the disease, no significant regularities were 
found in the age group over 18 years old. In the group 
of patients under 18 years old, we observed a trend 
toward a rise in the galectin-3 levels in cases with 
unfavorable clinical characteristics such as advanced 

Fig. 2.  Prognostic value of the galectin-3 level in three groups: in the general group of patients with malignant bone tumors, in 
osteosarcoma patients, and in chondrosarcoma patients over 18 years old.
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stage, presence of metastases, and low grade of tumor 
differentiation.

However, we did not find any significant prognos-
tic value of serum galectin-3 levels both in the general 
group of malignant bone tumors and in primary histo-
logic types of bone sarcomas (osteosarcoma and chon-
drosarcoma). It is worth noting that the prognostic val-
ue of galectin-3 is ambiguous in many tumor types, 
including colorectal cancer, where high levels of this 
protein are associated with an unfavorable prognosis 
[26], whereas the opposite results were reported for 
breast and stomach cancers [27]. Therefore, the sig-
nificance of galectin-3 in bone tumors requires further 
investigation.

CONCLUSION

Currently, among the 15 known galectins, galec-
tin-3 attracts the greatest interest of researchers due 
to its involvement in many pathological processes, in-
cluding cancer. However, its functional role in malig-
nant tumors is diverse and rather contradictory. On the 
one hand, it acts as a promoter of tumor growth, and 
on the other hand, it can function as a tumor suppres-
sor. Our data demonstrated a significant increase in 
the serum galectin-3 level in patients with benign and 
malignant bone tumors in comparison to the control 
group, both in adult patients (over 18 years old) and 
in younger patients (under 18 years old). Although 
the diagnostic value of the marker in these two groups 
was significantly different from the controls according 
to the ROC analysis, the sensitivity and specificity of 
galectin-3 alone in patients with bone sarcomas aged 
< 18 years old was 80% and 90%, respectively (the 
optimal cut-off level in the controls was 5.49 ng / ml; 
p = 0.001). It may potentially be used as a marker in 
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the diagnosis of bone sarcomas in a bigger sample in 
the future.

However, the serum levels of galectin-3 did not 
differ between patients with benign, borderline, and 
malignant bone tumors. In addition, the highest levels 
of galectin-3 were detected in the serum of chordoma 
patients and at earlier stages of the disease. We did 
not observe any significant associations of galectin-3 
with the main clinical and morphological characteris-
tics of malignant tumors both in the group of patients 
under 18 years old and in the group of patients over  
18 years old. 

According to the literature, the prognostic value of 
galectin-3 in many tumor types is also ambiguous. In 
this study, the serum galectin-3 level was not a signif-
icant prognostic factor in the general group of patients 
with malignant bone tumors, as well as in the two 
most commonly revealed bone-forming (osteosarco-
ma) and cartilage-forming (chondrosarcoma) bone tu-
mors, respectively. It should be noted that at this stage 
of research, the use of serum galectin-3 as a diagnostic 
marker of bone tumors has not been fully determined 
and requires further research.
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mRNA level of antioxidant genes and activity of NADPH-generating 
enzymes in rotenone-induced parkinsonism in rats

Kryl’skii E.D., Razuvaev G.A., Popova T.N., Nikhaev L.E., Akinina A.I.

Voronezh State University 
1, Universitetskaya Sq., Voronezh, 394018, Russian Federation

ABSTRACT

Aim. To analyze the mRNA level of genes encoding antioxidant enzymes and the transcription factors Nrf2 and 
Foxo1 regulating their expression and the activity of glucose-6-phosphate dehydrogenase (G6PDH) and NADP-
dependent isocitrate dehydrogenase (NADP-IDH) and assess the correlation between these parameters, oxidative 
status, and motor coordination parameters in rats with rotenone-induced parkinsonism.

Materials and methods. The study was performed on male Wistar rats aged 4–6 months and weighing  
200–250 g.Parkinsonism was modeled by subcutaneous administration of rotenone for 10 days at a dose of  
2.5 mg / kg. To confirm the development of the pathology, motor coordination tests and histological staining of 
the cerebral cortex and striatum with hematoxylin and eosin were used. The oxidative status was analyzed based 
on the levels of conjugated dienes, carbonyl amino acid residues in proteins, and α-tocopherol. The enzyme 
activity was studied spectrophotometrically by the formation of NADPH. Real-time PCR was used to analyze 
the level of gene mRNA.

Results. During the study, an increase in serum and brain concentrations of conjugated dienes, carbonyl amino 
acid residues, and α-tocopherol was observed in the experimental group of rats compared to the controls. It could 
be associated with the redistribution of this compound between tissues during pathology development. The animals 
with experimental parkinsonism, in addition, were characterized by a decrease in the mRNA level of the Sod1, 
Gpx1, Gsr, Gsta2, Nfe2l2, and Foxo1 genes, as well as the activity of G6PDH and NADP-IDH. In the rats with 
experimental parkinsonism, a negative correlation of NADPH-IDH activity in the brain with serum α-tocopherol 
level and a positive correlation with Gpx1 and Foxo1 mRNA levels in the striatum were found. The level of 
oxidatively modified proteins in the brain of the animals with PD was negatively correlated with the concentration 
of Gsta2 mRNA in the striatum, while the specific activity of G6PDH in the serum was characterized by the 
positive relationship with grip strength. 

Conclusion. The data obtained indicate that the inhibition of transcription of the genes encoding antioxidant 
enzymes and regulatory factors Nrf2 and Foxo1 contributed significantly to the development of oxidative stress in 
PD. A decrease in the activity of G6PDH and NADP-IDH led to a decrease in the availability of NADPH, which is 
a limiting factor in the functioning of the glutathione antioxidant system. Obviously, the inhibition of G6PDH and 
NADP-IDH was also an important pathogenic factor in the progression of the pathology. Along with a decrease 
in the content of antioxidant gene mRNA in the brain tissues, the level of α-tocopherol increased in the rats with 
parkinsonism, which could be the result of an imbalance in the functioning of antioxidant system.

Keywords: Parkinson’s disease, oxidative stress, antioxidant system, glucose-6-phosphate dehydrogenase, NADP-
dependent isocitrate dehydrogenase 
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Уровень мРНК генов антиоксидантной системы и активность 
НАДФН-генерирующих ферментов при ротенон-индуцированном 
паркинсонизме у крыс

Крыльский Е.Д., Разуваев Г.А., Попова Т.Н., Нихаев Л.Е., Акинина А.И. 

Воронежский государственный университет (ВГУ) 
Россия, 394018, г. Воронеж, Университетская пл., 1

РЕЗЮМЕ

Цель. Исследование уровня мРНК генов антиоксидантных ферментов и регулирующих их экспрессию 
транскрипционных факторов Nrf2 и Foxo1, активности глюкозо-6-фосфатдегидрогеназы (Г6ФДГ) и нико-
тинамидадениндинуклеотидфосфат-изоцитратдегидрогеназы (НАДФ-ИДГ), а также анализ корреляцион-
ных связей между данными параметрами, состоянием оксидативного статуса и моторно-координационны-
ми показателями у крыс с ротенон-индуцированным паркинсонизмом. 

Материалы и методы. Исследование было выполнено на крысах самцах Вистар в возрасте 4–6 мес и мас-
сой 200–250 г. Паркинсонизм моделировали путем подкожного введения в течение 10 сут ротенона в дозе 
2,5 мг/кг. Для подтверждения развития патологии использовали моторно-координационные тесты и гисто-
логические методы с окрашиванием коры полушарий и полосатого тела головного мозга гематоксилином 
и эозином. Состояние оксидативного статуса оценивали на основании концентрации диеновых конъюга-
тов, карбонильных остатков аминокислот в белках и α-токоферола. Активность ферментов исследовали 
спектрофотометрически по образованию НАДФН. Для анализа уровня мРНК генов использовали метод 
полимеразной цепной реакции в реальном времени. 

Результаты. В ходе исследования у крыс опытной группы по сравнению с контролем наблюдалось воз-
растание в сыворотке крови и мозге концентрации диеновых конъюгатов, карбонильных остатков амино-
кислот, а также α-токоферола, что могло быть связано с перераспределением данного соединения меж-
ду тканями при развитии патологии. Для животных с экспериментальным паркинсонизмом, кроме этого, 
было характерно снижение уровня мРНК генов Sod1, Gpx1, Gsr, Gsta2, Nfe2l2 и Foxo1, а также активности 
Г6ФДГ и НАДФ-ИДГ. У крыс с экспериментальным паркинсонизмом была найдена отрицательная кор-
реляция активности НАДФ-ИДГ в мозге с концентрацией α-токоферола в сыворотке и положительная – с 
уровнем мРНК Gpx1 и Foxo1 в полосатом теле головного мозга. Уровень окислительно-модифицирован-
ных белков в мозге животных с патологией отрицательно коррелировал с концентрацией мРНК Gsta2 в 
полосатом теле, а удельная активность Г6ФДГ в сыворотке характеризовалась наличием положительной 
взаимосвязи с силой хвата. 

Заключение. Полученные данные свидетельствуют, что угнетение транскрипции генов антиоксидантных 
ферментов и регуляторных факторов Nrf2 и Foxo1 вносило существенный вклад в развитие окислитель-
ного стресса при БП. Наблюдаемое снижение активности Г6ФДГ и НАДФ-ИДГ уменьшало доступность 
НАДФН – лимитирующего фактора для функционирования глутатионовой антиоксидантной системы, что 
также, очевидно, являлось важным патогенетическим фактором прогрессирования патологии. Наряду со 
снижением в тканях мозга содержания мРНК генов антиоксидантных ферментов, у крыс с паркинсонизмом 
возрастала концентрация α-токоферола, что могло быть результатом развития дисбаланса в функциониро-
вании антиоксидантной системы. 

Ключевые слова: болезнь Паркинсона, окислительный стресс, антиоксидантная система, глюкозо-6-фос-
фатдегидрогеназа, НАДФ-изоцитратдегидрогеназа
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INTRODUCTION

Parkinson’s disease (PD) is the second most 
common neurodegenerative disease after Alzhei-
mer’s and the most common movement disorder in 
the world. The pathogenesis of PD is characterized 
by a loss of dopaminergic neurons in the substantia 
nigra and the presence of Lewy bodies in the mid-
brain, which are aggregates of proteins with impaired 
folding, including α-synuclein [1]. Neurodegenera-
tion in PD also occurs in the noradrenergic, seroto-
nergic, and cholinergic systems, the cerebral cortex, 
the optic bulb, and parts of the autonomic nervous  
system [2].

Oxidative stress has been demonstrated to occur 
early in the development of PD. Thus, uncontrolled 
generation of reactive oxygen species (ROS) is a 
causal factor in the death of dopaminergic neurons 
rather than an effect of other pathogenetic factors of 
neurodegeneration [3]. The antioxidant system pro-
tects neurons from oxidative stress and includes such 
enzymes as superoxide dismutase, catalase, glutathi-
one enzymes, and non-enzymatic antioxidants. The 
nuclear factor-erythroid-2-related factor 2 (Nrf2) is a 
key regulatory factor responsible for the implemen-
tation of the antioxidant response. Under steady state 
conditions, the Nrf2 protein binds to the Kelch-like 
ECH-associated protein (KEAP1) in the cytoplasm, 
whereby it is ubiquitinated and undergoes proteaso-
mal degradation. 

Oxidative stress causes disruption of the Nrf2 – 
KEAP1 complex, leading to the release of Nrf2 and 
its nuclear translocation. Nrf2 in the nucleus activates 
the expression of antioxidant responsive elements 
(ARE)-containing genes encoding, among others, 
antioxidant enzymes [4]. Foxo1 is another regula-
tory factor involved in cell survival under oxidative 
stress. This protein modulates the activity of numer-
ous genes, including genes related to antioxidant en-
zymes, autophagy, and apoptosis, in particular tumor 
necrosis factor-α, FAS-ligand (tumor necrosis factor 
ligand superfamily member 6), caspase-3, caspase-8 

and caspase-9 [5]. Nicotinamide adenine dinucleotide 
phosphate (NADPH), which is necessary for the re-
duction of oxidized glutathione, is another important 
defense component that limits the functioning of glu-
tathione-related enzymes of the antioxidant system. 
The main source of NADPH is the pentose phosphate 
pathway, with glucose-6-phosphate dehydrogenase 
(G6PDH) as the key enzyme [6]. NADP-dependent 
isocitrate dehydrogenase (NADP-IDH) can act as an 
alternative source of NADPH. This enzyme is lo-
calized predominantly in the cytoplasm, but a small 
amount of enzyme activity is also found in the mi-
tochondria. NADP-IDH ensures the coordination of 
carbon and nitrogen metabolism and is also involved 
in the generation of NADPH [7].

Studies have shown that about 70% of neurons die 
before the onset of clinical symptoms of PD. In this 
regard, research revealing strategies to maintain redox 
homeostasis, as well as possibilities of early diagno-
sis of parkinsonism seems relevant [8]. Currently, 
experimental PD induced by rotenone administration 
remains the preferred model of pathology and consis-
tently mimics the neuropathological features of PD 
due to the ability of rotenone to reproduce the pro-
gressive nature of the disease with characteristic slow 
cell death, motor disturbances, and signs of α-synu-
cleinopathy [9]. We have previously shown that the 
activity of glutathione-related enzymes and catalase is 
inhibited in rats with rotenone-induced parkinsonism 
[10]. At the same time, studies demonstrating the re-
lationship between AREs at the transcriptional level, 
NADPH-supplying enzymes, and oxidative status pa-
rameters in experimental PD remain very limited in 
the literature.

The aim of this work was to investigate the mRNA 
level of genes encoding antioxidant enzymes and the 
transcription factors Nrf2 and Foxo1 regulating their 
expression, to evaluate the activity of G6PDH and 
NADP-IDH, and to assess the correlation between 
these parameters, oxidative status, and motor coordi-
nation indices in rats with rotenone-induced parkin-
sonism.
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MATERIALS AND METHODS 
The study was performed on male Wistar rats aged 

4–6 months and weighing 200–250 g. The animals 
were kept in 12 hour light : 12 hour dark cycle with ad 
libitum access to food and feed. The composition of 
the animal feed is given in Appendix 1. The work was 
performed in compliance with the principles of hu-
manity set out in the European Community directives 
(86/609/EEC) and the Declaration of Helsinki. PD in 
the rats was modeled by subcutaneous administration 
of rotenone at a dose of 2.5 mg / kg as a solution in 
98% purified olive oil and 2% dimethyl sulfoxide for 
10 days [11]. The animals were randomly divided into 
two experimental groups of 12 animals each. Group 
1 consisted of animals that received subcutaneous in-
jections of the vehicle. Group 2 consisted of rats with 
PD. Twenty-four hours after the last injection, the rats 
were analyzed for motor indices, then they were sacri-
ficed, and biological material was taken.

The following tests were used to assess the ani-
mals’ motor skills and coordination: 1) the animal was 
placed in a transparent cage, after switching on the 
video recording, the researcher left the room. The vid-
eo recorded the number of upright postures in 3 min-
utes [11]; 2) the rat was held and allowed to catch the 
electronic scale bracket with its forelegs. The scales 
were pulled back and the maximum value of the index 
was recorded [12]; 3) the animal was placed in a trans-
parent cage and a piece of sticky paper was glued to its 
head. The time for the rat to perceive a stimulus and 
remove the paper from the head was recorded [13]. 
All tests were performed three times, and the average 
value of the parameters was calculated. 

Brain tissue from three rats from each group was 
used to prepare histologic specimens stained with he-
matoxylin and eosin. The rats were anesthetized, the 
brains were quickly extracted and immersed in 10% 
neutral buffered formalin for 2 hours, then washed in 
running water for 24 hours. After tissue dehydration 
with ethanol and paraffin embedding, 5-µm-thick sec-
tions were prepared using the HM-325 rotary micro-
tome (Thermo Fisher Scientific, USA), followed by 
staining with hematoxylin and eosin. Images were ac-
quired using the AxioLab A1 light microscope (Zeiss, 
Germany) and the AxioCam 105 color camera. At 
least five fields of view for each slide were evaluated.

To analyze the concentration of conjugated dienes 
(CD), heptane and isopropanol were added to the 
test sample, the mixture was stirred and precipitated 
by centrifugation at 3,000g. The heptane supernatant 
phase was diluted with ethanol and analyzed spec-

trophotometrically at 233 nm [14]. To assess the de-
gree of oxidative modification of proteins (OMP), a 
method based on the ability of carbonyl amino acid 
residues to interact with 2,4-dinitrophenylhydrazine 
(2,4-DNPH) to form 2,4-dinitrophenylhydrazones 
with absorbance at 370 nm was used [15]. The sample 
was diluted with 100 mM phosphate buffer (pH 7.4), 
10 mM 2,4-DNPH in 2.5 M HCl was added, the mix-
ture was incubated for 1 hour, and then 20% TCA was 
added. After cooling, the samples were centrifuged at 
3,000g, washed with 10% TCA and ethanol – ethyl ac-
etate mixture (1:1), then dissolved in 2 ml of 8 M urea. 
The concentration of α-tocopherol was determined 
by a method based on photometry of a chromogenic  
Fe2+ – orthophenatroline complex [16]. Ethanol and 
hexane were added to the test sample, centrifuged 
at 3,000 g, then the hexane layer was removed, and 
hexane was evaporated in a water bath. Benzene and 
ferric chloride were added to the dry residue. After 5 
min, 0.05% orthophenatroline was added, then the op-
tical density at 510 nm was measured after 2 min. To-
tal RNA was isolated using Extract RNA reagent (Eu-
rogen, Russia). The quality of RNA was controlled by 
agarose gel electrophoresis. Reverse transcription for 
each sample was performed using the MMLV RT kit 
(Eurogen, Russia). The Ct of each gene was normal-
ized to the geometric mean Ct of Gapdh and Actβ used 
as housekeeping genes (Appendix 2). The following 
primers were used in the study: Sod1 F: 5’-CCAGC-
GGATGAAGAGAGG-3’, 
Sod1 R: 5’-GGACACATTGGCCACACC-3’,
Cat F: 5’-CAGCGACCAGATGAAGCA-3’, 
Cat R: 5’-GGTCAGGACATCGGGTTTC-3’,
Nfe2l2 F: 5’-GCCTTGTACTTTGAAGACTGTAT
GC-3’, 
Nfe2l2 R: 5’-GCAAGCGACTGAAATGTAGGT-3’,
Foxo1 F: 5’-AGATCTACGAGTGGATGGTGAAG
AG-3’, 
Foxo1 R: 5’-GGACAGATTGTGGCGAATTGAAT-3’,
Gsta2 F: 5’-CGGGAATTTGATGTTTGACC-3’, 
Gsta2 R: 5’-AGAATGGCTCTGGTCTGTGC-3’,
Gpx1 F: 5’-TTTCCCGTGCAATCAGTTC-3’, 
Gpx1 R: 5’-GGACATACTTGAGGGAATTCAGA-3’,
Gapdh F: 5’-CCCTCAAGATTGTCAGCAATG-3’, 
Gapdh R: 5’-AGTTGTCATGGATGACCTTGG-3’,
Actb F: 5’-CCCGCGAGTACAACCTTCT-3’, 
Actb R: 5’-CGTCATCCATGGCGAACT-3’,
Gsr F: 5’-TTCCTCATGAGAACCAGATCC-3’ 
Gsr R: 5’-CTGAAAGAACCCATCACTGGT-3’.

Real-time polymerase chain reaction (PCR) was 
performed using qPCRmix-HS SYBR (Eurogen, Rus-
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sia) on the ANK-32 device (Syntol, Russia). The re-
sults were analyzed using the 2-ΔΔCt method. The reac-
tion specificity was evaluated using melting curves.  

NADP-IDH activity was measured in the medi-
um consisting of 50 mM Tris-HCl buffer (pH 7.8), 
1.5 mM isocitrate, 2 mM MnCl2, and 0.4 mM NADP. 
The spectrophotometric medium for the assessment of 
G6PDH activity was 50 mM Tris-HCl buffer (pH 7.8) 
containing 3.2 mM glucose-6-phosphate, 0.25 mM 
NADP, and 1.0 mM MgCl2. The enzymatic activity 
was evaluated by the change in the optical density at 
340 nm using the Hitachi U1900 spectrophotometer 
(Japan). The biuret test was used to determine protein 
content.

The results were analyzed by SPSS Statistics 23.0. 
The one-sample Kolmogorov – Smirnov test was used 
to analyze the normality of distribution of the vari-
ables. Variable values in groups were compared using 
Student’s t-test or Mann – Whitney test. To identify 
correlations between the studied variables, the Pear-
son’s correlation coefficient was used for variables 
with normal distribution, and the Spearman’s rank 
correlation coefficient was applied for variables with 
non-normal distribution. This study presented moder-
ate (0.30–0.69) and strong (> 0.70) correlations. The 
differences were considered statistically significant at 
p < 0.05.

RESULTS
Our study showed that the development of rote-

none-induced parkinsonism in the rats was accom-
panied by a significant (p < 0.05) change in motor 
coordination parameters (Table 1). Thus, rotenone ad-
ministration led to a decrease in the number of upright 
postures and grip strength, as well as an increase in 
the time taken to remove the paper from the head. In 
addition, the induction of pathology was confirmed by 
morphological changes in the brain tissues (Fig. 1). In 
particular, a decrease in the number of neurons, the 
development of their atrophy and pycnosis, condensa-
tion of nuclei, and infiltration of the tissue with glial 
cells were observed in the cortex and striatum of the 
rats with experimental PD.

T a b l e  1

Motor coordination parameters in the rats with rotenone-
induced parkinsonism, Ме (Q1–Q3)

Parameter
Group

p
Controls (n = 12) Rats with PD (n = 

12)
Number 
of upright 
postures

11.0 (9.5–12.0) 4.0 (2.0–7.0) 0.002

Grip 
strength, kg 0.300 (0.269–0.300) 0.157(0.135–0.200) 0.001

Paper remov-
al, sec 21.5 (15.3–40.8) 127.0 (91.8–152.5) 0.003

Fig. 1. Hematoxylin and eosin staining of brain tissues in the rats: the cortex (1), the striatum (2) in normal conditions and in 
rotenone-induced parkinsonism (3, 4), x 400. Large, scattered multipolar neurons with vesicular nuclei were visualized on tissue 
sections of the control rats (a). The development of the pathology was characterized by the presence of cells with a darker nucleus 

(b), wrinkled cells with signs of karyolysis (c), as well as glial cell infiltration (d)

1				              2

3				              4
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The development of rotenone-induced parkinson-
ism in the rats was accompanied by activation of free 
radical-induced oxidation, as evidenced by an increase 
(p < 0.05) in CD concentration and OMP in the blood 
serum and brain of the animals (Fig. 2). At the same 
time, for the rats with experimental PD, an increase  
(p < 0.05) in α-tocopherol level in the tissues was also 
observed. 

Our data indicated that a decrease in mRNA levels 
of genes encoding antioxidant enzymes and transcrip-
tion factors Nrf2 and Foxo1 was observed in PD an-
imals, which is in agreement with our earlier data on 

enzyme activity in experimental PD [10]. Thus, the 
results of this work demonstrated a decrease (p < 0.01) 
in the level of Nrf2 mRNA (Nfe2l2 gene) in the cortex 
and striatum of the animals with pathology (Fig. 3).  
A similar trend was also observed for Foxo1 mRNA 
(p < 0.05). These changes in the PD rats were associ-
ated with decreased (p < 0.05) mRNA levels of super-
oxide dismutase, glutathione peroxidase, glutathione 
reductase, and glutathione transferase genes in the 
striatum (Sod1, Gpx1, Gsr, Gsta2 genes, respective-
ly). The expression of the catalase gene (Cat) did not 
change significantly. 

а                                                                        b				         c
Fig. 2. The concentration of conjugated dienes (a), oxidized amino acid residues in proteins (b), and α-tocopherol (c) in the brain 

and blood serum of the control rats and animals with rotenone-induced parkinsonism, Ме (Q1–Q3)
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genes in the striatum (Sod1, Gpx1, Gsr, Gsta2 genes, respectively). The expression of the catalase 

gene (Cat) did not change significantly.

Fig. 3. The mRNA level of genes encoding antioxidant enzymes and regulatory factors in the cortex 

and striatum of the brain in the control rats and animals with rotenone-induced parkinsonism, М ±

SD

The study found that the activity of NADPH-generating enzymes G6PDH and NADP-IDH 

decreased (p < 0.05) in the serum and brain of the rats with experimental PD (Table 2). Similar 

changes were observed for the activity of these enzymes expressed in unit / mg protein. At the same 

time, the specific activity of G6PDH in the brains of the animals with pathology did not change

significantly, which could be associated with a decrease in the total protein content (p = 0.032).
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significantly, which could be associated with a decrease in the total protein content (p = 0.032).

Fig. 3. The mRNA level of genes encoding antioxidant enzymes and regulatory factors in the cortex and striatum of the brain in the 
control rats and animals with rotenone-induced parkinsonism, М ± SD
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The study found that the activity of NADPH-gen-
erating enzymes G6PDH and NADP-IDH decreased 
(p < 0.05) in the serum and brain of the rats with ex-
perimental PD (Table 2). Similar changes were ob-
served for the activity of these enzymes expressed 
in unit / mg protein. At the same time, the specific 
activity of G6PDH in the brains of the animals with 
pathology did not change significantly, which could 

T a b l e  2

Activity of NADPH-generating enzymes in the blood serum and brain of the rats with rotenone-induced parkinsonism, Ме (Q1–Q3)

Parameter Tissue
Group

p
Controls (n = 12) Rats with PD (n = 12)

NADP-IDH, unit / ml, 
unit / g of wet weight

Blood serum 0.024 (0.017–0.071) 0.011 (0.010–0.023) 0.009
Brain 1.005 (0.352–1.378) 0.451 (0.268–0.550) 0.037

NADP-IDH, unit /mg of protein
Blood serum 0.000270 (0.000194–0.000673) 0.000126 (0.000096–0.000253) 0.01

Brain 0.010078 (0.008777–0.014880) 0.005692 (0.004279–0.007018) 0.041
G6PDH, unit / ml, 
unit / g of wet weight

Blood serum 0.034 (0.021–0.046) 0.013 (0.012–0.019) 0.004
Brain 0.450 (0.239–0.518) 0.390 (0.273–0.398) 0.036

G6PDH, unit / mg of protein
Blood serum 0.000414 (0.000309–0.000575) 0.000281 (0.000249–0.000349) 0.031

Brain 0.011762 (0.006048–0.012862) 0.007308 (0.002237–0.018642) 0.594

Total protein, g / l
Blood serum 76.5 (53.8–107.6) 58.0 (39.1–61.6) 0.043

Brain 18.2 (13.2–25.1) 13.4 (8.8–16.9) 0.032

T a b l e  3

Correlations between the studied parameters in the animals with rotenone-induced parkinsonism
Parameters r p

Grip strength – specific serum G6PDH activity 0.673 0.023
Level of oxidative modification of proteins in the brain – Gsta2 mRNA level in the striatum –0.848 0.049
NADP-IDH activity in the brain – Gpx1 mRNA level in the striatum 0.877 0.022
NADP-IDH activity in the brain – Foxo1 mRNA level in the striatum 0.825 0.043
Concentration of α-tocopherol in the serum – time of paper removal 0.916 0.029
Serum α-tocopherol concentration – NADP-IDH activity in the brain –0.709 0.049

be associated with a decrease in the total protein con-
tent (p = 0.032). 

The correlation analysis confirmed the correlation 
between motor coordination parameters, oxidative 
status parameters, mRNA levels of the studied genes, 
and the activity of NADPH-generating enzymes 
in the rats with rotenone-induced parkinsonism  
(Table 3). 

DISCUSSION

PD is a common neurodegenerative disease whose 
pathogenesis is closely related to oxidative stress and 
characterized by a late onset of clinical symptoms. 
Therefore, it is of interest to investigate the regulato-
ry aspects of redox homeostasis in experimental PD. 
In this study, we evaluated the transcriptional regula-
tion of the antioxidant system and the activity of NA-
DPH-supplying enzymes for the glutathione-related 
antioxidant system in the rats with rotenone-induced 
parkinsonism.

The results of the study showed that the animals 
with experimental PD were characterized by in-
creased levels of free radical-induced oxidation prod-
ucts, in particular lipid peroxidation (LPO) products – 
CDs and oxidized amino acid residues in proteins. 
ROS-induced protein oxidation plays a special role 
in the pathogenesis of PD. Oxidative stress induces 

glycol oxidation reactions and modification of free 
amino groups in proteins, which leads to formation 
of advanced glycation end products. These products 
provide cross-linking of protein molecules, which 
contributes to transformation of neurofilament pro-
teins into insoluble aggregates, the presence of 
which in neurons is a key feature in the PD patho-
genesis [17].

The antioxidant system provides protection against 
oxidative stress and includes enzymes, such as super-
oxide dismutase, catalase, glutathione peroxidase, glu-
tathione reductase, and glutathione transferase. Sod1 
encodes a Cu, Zn-superoxide dismutase isoenzyme, 
predominantly localized in the cytoplasm, which is 
known to maintain resistance to 1-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine, the toxin that causes 
experimental PD [18]. Gpx1 is the gene for the glu-
tathione peroxidase-1 isoenzyme, the most abundant 
glutathione peroxidase in mammalian tissues [19]. 
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Gsta2 encodes an enzyme from the glutathione 
transferase superfamily that provides detoxification 
of electrophiles, carcinogens, and drugs. Alpha-class 
of glutathione transferases are the most versa-
tile enzymes, among which Gsta2 is one of the key 
ARE-controlled proteins protecting against oxida-
tive stress [20]. Our studies demonstrated decreased 
mRNA levels of these enzyme-related genes in the 
striatum and cerebral cortex of the pathological ani-
mals. The findings are consistent with previous results 
indicating impaired functioning of antioxidant system 
enzymes in experimental PD [10]. 

The negative correlation between the level of 
Gsta2 mRNA in the striatum and the content of ox-
idatively modified proteins in the brain confirms the 
significant role of reduced expression of antioxidant 
system genes in the development of oxidative stress in 
parkinsonism. Apparently, the observed changes were 
due to decreased mRNA levels of Nrf2 and Foxo1 fac-
tors, which are key regulators of genes contributing 
to cellular resistance to oxidative stress. Thus, Nrf2 is 
known to be a crucial activator of expression of genes 
encoding antioxidant enzymes and NADPH-sup-
plying enzymes. Nrf2 also modulates mitochondrial 
function and reduces the intensity of inflammation 
in neurodegeneration [21, 22]. Foxo transcription 
factors, including Foxo1, play an important role in a 
number of physiological processes, such as the regula-
tion of metabolism, cell cycle, and responses to stress-
ors, including excessive generation of ROS. There is 
evidence that inhibition of the PI3K-AKT-Foxo sig-
naling pathway in rats with PD exacerbates oxidative 
stress in nigral dopaminergic neurons [23]. At the 
same time, we did not show a significant decrease in 
mRNA levels for the Cat gene as well as Gsta2 in the 
cerebral cortex of the rats with the pathology. Appar-
ently, at the endpoint of the experiment, the mRNA 
levels of these genes were still fairly stable and did not 
progress to the stage of decompensation.

We also showed that the rats with rotenone-induced 
parkinsonism are characterized by decreased activity 
of the brain and serum NADPH-generating enzymes 
G6PDH and NADP-IDH. The decreased efficiency of 
NADPH generation also seems to contribute signifi-
cantly to the dysfunction of antioxidant enzymes and 
the development of oxidative stress in PD. Thus, there 
are data showing a significant role of these enzymes 
in cellular resistance to overproduced ROS [24, 25]. 
Moreover, it was shown that increased G6PDH activ-
ity in transgenic mice caused their lower susceptibil-
ity to 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 

and inhibited the development of PD signs [26]. The 
positive correlation that we showed between the grip 
strength of the PD animals and the specific activity 
of G6PDH in the blood serum confirms the role of 
reduced activity of NADPH-generating enzymes in 
the development of coordination disorders in parkin-
sonism. In addition, the positive correlation between 
NADP-IDH activity in the brain and mRNA levels 
of Gpx1 and Foxo1 indicates a significant mutual in-
fluence of NADPH-generating enzymes and the tran-
scriptional activity of antioxidant genes.

Alpha-tocopherol belongs to the non-enzymatic 
antioxidants capable of effectively normalizing the 
oxidative status in cells by preventing LPO and sta-
bilizing the membrane structure. The α-tocopherol 
transporter protein (αTTP) is the main regulator of 
α-tocopherol distribution in the body [27]. In the brain, 
αTTP regulates apolipoprotein E-mediated transport 
of the vitamin from astrocytes to the adjacent neurons. 
The expression of αTTP increases in astrocytes un-
der oxidative stress, which facilitates the distribution 
of α-tocopherol to neurons, thereby protecting them 
from oxidative damage [28]. Our results showed that 
the rats with parkinsonism were characterized by an 
increase in the concentration of α-tocopherol in the 
blood serum and brain along with intensification of 
free radical-induced oxidation. 

This trend was observed along with depressed 
activity of antioxidant enzymes [10] and their gene 
transcription, indicating the development of an imbal-
ance in the functioning of the antioxidant system in 
PD. This is supported by the presence of a positive 
correlation between the serum α-tocopherol concen-
tration and the time for the rats to remove the paper, as 
well as the activity of NADP-IDH in the brain of the 
animals with experimental PD.

CONCLUSION
Our study demonstrated that the development of 

rotenone-induced parkinsonism was associated with a 
decrease in mRNA levels of most of the studied an-
tioxidant enzyme genes, which seems to be correlat-
ed with a decrease in the activity of Nrf2 and Foxo1 
genes. These changes appeared to underlie a decrease 
in the activity of antioxidant enzymes, an increase in 
the intensity of free radical-induced oxidation and, as 
a consequence, the development of oxidative stress 
in PD. A decrease in the activity of NADPH-gener-
ating enzymes G6PDH and NADP-IDH, which are 
essential for the functioning of the antioxidant sys-
tem, appeared to be another pathogenetic mechanism 
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of the impaired oxidative status in the tissues of the 
pathological animals. At the same time, in the rats 
with rotenone-induced parkinsonism, an increase in 
the serum and brain α-tocopherol concentration was 
observed, which could be the result of an imbalance 
in the functioning of the antioxidant system under ox-
idative stress.
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ABSTRACT

Aim. To study the comparative dynamics of left ventricular (LV) remodeling after on-pump and off-pump coronary 
artery bypass grafting. 

Materials and methods. The study included 129 patients with verified coronary artery disease (CAD) who 
underwent coronary artery bypass grafting (CABG) with cardiopulmonary bypass (on-pump CABF) or beating 
heart surgery (off-pump CABG). All patients underwent transthoracic echocardiography (TTE) and volumetric 
compression oscillometry (VCO) before surgery, as well as one week and four months after it. The results were 
compared in groups divided according to the surgical technique and the presence of previous myocardial infarction 
using variation series, the Tukey’s post-hoc test, the Pearson correlation coefficient, and the Spearman’s rank 
correlation coefficient. 

Results. According to TTE data, no difference in hemodynamic parameters between the groups in the postoperative 
period was noted. According to VCO data, a significant difference was revealed in the off-pump group without 
previous MI one week after surgery: an increase in cardiac output (CO) (p < 0.001), an increase in stroke volume 
(SV) and stroke index (SI) (p = 0.005), LV power (LVP) (p = 0.015), and also a rise in cardiac index and LVP four 
months after the surgery. In the on-pump group of patients with previous MI a week after CABG, a decrease in the 
LVP (p < 0.001) and dynamic changes of energy expenditure (p < 0.001) were observed. The correlation analysis 
revealed moderate correlations between the inotropic parameters of cardiac hemodynamics SV, SI, CO, LVP and 
blood pressure (BP) (rπ = 0.33–0.47; p < 0.001) and strong correlations between SV, SI, CO, LVP and ejection 
fraction (EF) (rπ = 0.63–0.68; p < 0.001). 

Conclusion. Seven days after the off-pump CABG, an improvement in some hemodynamic parameters and all 
inotropic parameters of the heart was revealed compared with the on-pump group. Four months after the off-pump 
surgery, positive hemodynamic remodeling was observed compared with the postoperative period after the on-
pump CABG.
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РЕЗЮМЕ

Цель исследования. Изучить сравнительную динамику ремоделирования левого желудочка (ЛЖ) после 
операций коронарного шунтирования (КШ) с использованием методов искусственного кровообращения 
(ИК) и на бьющемся сердце. 

Материалы и методы. В исследование включены  129 пациентов с верифицированной ишемической бо-
лезнью сердца (ИБС), которым было выполнено КШ в условиях ИК (оn-pump)  или на бьющемся серд-
це (off-pump). Всем пациентам перед операцией, через 1 нед и через 4 мес проводилась эхокардиография 
(ЭХОКГ) и объемная компрессионная осциллометрия (ОКО), результаты которых сравнивались в группах, 
разделенных по методике операции и в зависимости от наличия перенесенного инфаркта миокарда с ис-
пользованием вариационных рядов, апостериорного критерия Тьюки, коэффициента Пирсона и коэффици-
ента Спирмена. 

Результаты. По данным ЭХОКГ не выявлено разницы гемодинамических показателей в группах срав-
нения в постоперационном периоде. По данным ОКО в группе «off-pump без постинфарктного кардио-
склероза (ПИКС)» через 1 нед после операции отмечены статистические отличия следующих показателей: 
увеличение сердечного выброса (СВ) (p < 0,001), ударный объем (УО) и ударный индекс (УИ)  (p = 0,005), 
мощность ЛЖ (МЛЖ) (p = 0,015), а также увеличение сердечного индекса и МЛЖ через 4 мес. В группе 
пациентов с ПИКС и on-pump через 1 нед после КШ наблюдалось снижение показателей МЛЖ (p < 0,001)  
и динамики расхода энергии (p < 0,001). При проведении корреляционного анализа были получены умерен-
ные связи  между  инотропными параметрами сердечной гемодинамики УО, УИ, СВ, МЛЖ и артериаль-
ного давления (rπ = 0,33–0,47; p < 0,001) и  заметные  связи между УО, УИ, СВ, МЛЖ и фракцией выброса 
(rπ = 0,63–0,68; p < 0,001). 

Заключение.  После операции КШ, выполненной off-pump, через 7 сут отмечено улучшение  некоторых ге-
модинамических показателей и всех показателей инотропной функции сердца по сравнению с пациентами 
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on-pump.   К 4-му мес после операции off-pump наблюдалось положительное гемодинамическое ре-ремоде-
лирование по сравнению с послеоперационным периодом после on-pump.

Ключевые слова: коронарное шунтирование, off-pump, ремоделирование

Соответствие принципам этики. Все пациенты подписали информированное согласие на участие в ис-
следовании. Исследование одобрено комитетом по этике КГМУ (протокол № 10 от 03.03.2011). 
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INTRODUCTION 
In recent years, mortality from cardiovascular 

diseases (CVD) has been steadily decreasing thanks 
to the mass introduction of interventional methods 
of treatment and diagnosis of coronary heart disease 
(CHD) into clinical practice. Nevertheless, coronary 
artery bypass grafting (CABG) is still the surgery of 
choice in case of widespread multivessel atheroscle-
rotic lesions of the coronary arteries (CA) with signif-
icant calcification, proximal stenosis of the left CA, as 
well as in patients with diabetes mellitus (DM) [1–3]. 
In such a group of patients, a successfully performed 
open heart surgery and direct myocardial revascular-
ization lead to an improvement in the clinical condi-
tion, an improved functional class of angina pectoris, 
and an increase in the left ventricular ejection fraction 
(LVEF) [4, 5].

CABG can be performed both with the aid of 
cardiopulmonary bypass (CPB) and pharmacologi-
cal cold crystalloid cardioplegia (PCCC) (on-pump 
CABG) and on a beating heart (off-pump CABG) 
[6–8].  During a surgery with the use of extracorpo-
real circulation, the heart undergoes ischemia and car-
dioplegia with further reperfusion. In this case, a con-
dition known as stunned myocardium occurs, which 
causes a delay in the restoration of LV contractile 
function.

Direct myocardial revascularization on a beat-
ing heart (off-pump CABG) was developed to avoid 
reperfusion complications, increase the effectiveness 
of surgical treatment, and reduce postoperative mor-
tality. The advantages of this approach include the 
absence of traumatic damage to blood cells, shorter 
surgery duration, and the absence of complications as-
sociated with CPB [9, 10].

However, there are still insufficient data in the 
modern literature on differences in remodeling of the 
heart and blood vessels in patients with CHD who 
underwent on-pump and off-pump direct revascular-
ization. Such data are extremely important, since they 
would allow to plan postoperative rehabilitation of pa-
tients, taking into account the structural and functional 
remodeling of the LV of the heart, namely changes in 
the mass of the myocardium, the heart chambers, heart 
anatomy, its systolic and diastolic function, EF, etc.                                                                                                                               

The aim of this study was to conduct a compara-
tive study of the changes in LV remodeling in patients 
with CHD after on-pump and off-pump surgical myo-
cardial revascularization to optimize postoperative re-
habilitation.

MATERIALS AND METHODS

The study included 129 patients with CHD aged 
39–76 years (mean age 57.2 ± 8.6 years) with severe 
stenotic changes in CA, confirmed by coronary angi-
ography (CAG), with different systolic LV function, 
who were scheduled for CABG. 

The exclusion criteria from the study were con-
sidered to be acute coronary syndrome (ACS), acute 
cerebrovascular accident (ACA), cooccurring valvu-
lar pathology requiring surgical intervention; aneu-
rysm of the aorta and LV, conditions after pacemaker 
implantation, as well as cancer, acute inflammatory, 
broncho-obstructive, rheumatic, endocrine, and infec-
tious diseases. All patients underwent coronary artery 
or mammary artery bypass grafting with the place-
ment of one, two (36.1%), and more than three shunts 
(63.9%).

All the examined patients were divided into four 
groups: group 1 – patients with postinfarction car-
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diosclerosis (PICS), who underwent on-pump CABG 
with the aid of CPB (n = 47); group 2 – patients with-
out PICS, who underwent on-pump CABG (n = 27); 
group 3 – patients with PICS, who underwent off-
pump CABG (n = 28); group 4 – patients without 

T a b l e  1

Comparative characteristics of patients in groups, n (%)
Parameter  Group 1,  n = 47 Group 2,  n = 27 Group 3,  n = 28 Group 4,  n = 27

Average age, years, M ± SD 60.5 ± 1.0 61.3 ± 1.2 57.6 ± 2.2 64.8 ± 2.8

Men 37 (78.7) 19 (70.3) 10 (35.7) 13 (48.1)

BMI, kg / m2
, M ± SD 29.4 ± 4.7 27.8 ± 4.3 28.9 ± 4.1 29.2 ± 4.7

Smoking 25 (53.2) 14 (51.8) 10 (35.7) 14 (51.8)

EH 25 (53.2) 22 (81.5) 10 (35.7) 13 (48.1)
One damaged CA 12 (25.5) 10 (37.0) 8 (28.6) 10 (37.0)
>2 damaged CAs 31 (65.9) 17 (62.9) 6 (21.4) 6 (22.2)
Left coronary main trunk stenosis 4 (8.5) – – –
Diabetes mellitus 14 (29.8) 6 (22.2) 2 (7.1) 4 (14.8)
CABG (1–2 shunts) 14 (29.8) 15 (55.5) 10 (35.7) 10 (37.0)
CABG (≤3 shunts) 33 (70.2) 12 (44.4) 4 (14.3) 6 (22.2)

Note :  EH – essential hypertension, BMI – body mass index, LCA – left coronary artery.  

PICS who underwent off-pump CABG (n = 27). CHD 
was confirmed by CAG. Comparative characteristics 
of patients by gender, age, presence of risk factors for 
CVD and concomitant diseases in the groups are pre-
sented in Table 1.

Transthoracic echocardiography (TTE) and  
volumetric compression oscillometry (VCO) were 
performed three times: before CABG, as well  
as7 days and 4 months after the surgery to assess  
remodeling and hemodynamics of the heart.  The 
study was conducted with patients receiving stan-
dard drug therapy for CHD and chronic heart failure 
(CHF).

TTE was performed using Vivid 7 Dimension Pro, 
a high-performance ultrasound system. TTE was car-
ried out immediately before the surgery, as well as 7 
days and 4 months after CABG. The following param-
eters were evaluated during TTE: the LV end-diastolic 
diameter (EDD), the LV end-diastolic volume (EDV), 
the LV end-systolic volume (ESV), LVEF (using the 
Simpson’s method), the interventricular septal thick-
ness at end-diastole (IST), the left ventricular posterior 
diastolic wall thickness (LVPDWT), and the left atrial 
volume. The geometric remodeling of LV was evalu-
ated by calculating indices for relative wall thickness 
(RWT), EDV, LV myocardial mass (LVMM), and left 
atrial volume (LAV). 

VCO was performed using the APCO-8-RIC 
blood circulation parameter analyzer (Setal compa-
ny, Kazan) [11]. This method is based on estimat-
ing changes in the volume of large arteries using an 
original measuring system. The examination method 
consists in automatic injection of air into the cuff at 
a controlled speed and simultaneous observation of 

oscillations on the monitor until the compression 
threshold and subsequent automatic decompression 
are reached. Patients undergoing this examination 
should be in the sitting position. They should fast pri-
or to examination. The cuff is adjusted for every pa-
tient. Then, using the device software, the following 
hemodynamic parameters were calculated: cardiac 
output (CO); cardiac index (CI); stroke volume (SV); 
stroke index (SI); left ventricular power (LVP) (the 
product of SV and mean hemodynamic pressure); 
left ventricular ejection time (LVET) – the time in-
terval from aortic valve opening to aortic valve clo-
sure and the phase of systole during which the left 
ventricle ejects blood into the aorta; volumetric flow 
rate (VFR) – the volume of blood being pumped by 
a single ventricle of the heart per one minute; energy 
for the displacement of one liter of blood (EDB). The 
values of the LV contractility, CO per minute, and the 
total ejection time per one minute allow to determine 
the energy spent for displacement of one liter of blood 
through the LV per one minute.

A statistical analysis was carried out using the IBM 
SPSS Statistics 20 software, which was used for the 
parametric and nonparametric analysis. Testing the 
compared aggregates for normality of distribution 
was evaluated by the Mann – Whitney – Wilcoxon 
test. The Fischer’s exact test was used to study qual-
itative characteristics. The differences between the 
groups were considered statistically significant at  
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p < 0.05. When statistically significant differences 
were found between the groups, a pairwise compar-
ison of aggregates was performed using the Tukey’s 
post hoc test. Paired correlations were assessed by the 
Pearson’s correlation coefficient (rπ) for interval vari-
ables and by the Spearman’s rank correlation coeffi-
cient for ordinary values. The data were presented as 

absolute and relative values of n (%) and as the mean 
and the standard deviation M ± SD.

RESULTS 
The analysis of myocardial remodeling parameters 

according to the TTE data, depending on the presence 
or absence of PICS, is presented in Table 2.

T a b l e  2 

Changes in myocardial remodeling parameters according to the TTE data depending on the surgery type and the presence of PICS,  
М ± SD

Parameter Period   Group 1,  n = 47 Group 2,  n = 27 Group 3,  n = 28 Group 4,  n = 27

 LVMM
Before CABG,  
7 days after and  

4 months after the surgery

239.5 ± 11.5
219.0 ± 11.0*
195.5 ± 9.3###

178.8 ± 7.0
163.1 ± 8.8*
152.1 ± 5.3###

220.8 ± 20.4
193.5 ± 14.5*
167.1 ± 10.8##

188.6 ± 6.2
170.3 ± 5.7**
151.7 ± 5.4###

IST, cm
Before CABG,  

7 days after  
and 4 months after the surgery

1.10 ± 0.04
1.06 ± 0.04*
1.0 ± 0.03###

1.10 ± 0.04
1.07 ± 0.03*
1.02 ± 0.02###

1.15 ± 0.07
1.10 ± 0.06
1.02 ± 0.05#

1.14 ± 0.05
1.09 ± 0.05

1.01 ± 0.03###

LVPW, cm
Before CABG,  

7 days after  
and 4 months after the surgery

0.99 ± 0.04
0.99 ± 0.03
0.93 ± 0.02#

1.0 ± 0.02
1.0 ± 0.02
0.98 ± 0.02

1.06 ± 0.06
0.98 ± 0.05
0.95 ± 0.03#

1.01 ± 0.04
1.01 ± 0.03

0.96 ± 0.02##

LVRWT
Before CABG,  

7 days after  
and 4 months after the surgery

0.37 ± 0.02●

0.36 ± 0.01
0.34 ± 0.01###

0.41 ± 0.01
0.41 ± 0.02

0.40 ± 0.01##

0.43 ± 0.02
0.39 ± 0.02*
0.36 ± 0.02#

0.44 ± 0.02
0.41 ± 0.01
0.39 ± 0.01#

LVEDV, ml
Before CABG,  

7 days after  
and 4 months after the surgery

133.5 ± 8.8
113.2 ± 6.6***
104.2 ± 5.3###

82.4 ± 4.1
73.9 ± 3.6***
71.3 ± 3.0###

102.8 ± 8.2
92.1 ± 8.7**
85.3 ± 6.2###

78.8 ± 3.5
69.5 ± 3.4**
63.9 ± 2.6##

LAV, ml
Before CABG,  

7 days after  
and 4 months after the surgery

72.9 ± 3.8
66.8 ± 3.4***
64.4 ± 2.6###

58.3 ± 2.3
54.5 ± 2.2***
52.1 ± 1.9###

85.0 ± 9.2
75.1 ± 6.8*
57.3 ± 4.2#

60.4 ± 2.8
56.7 ± 2.6***
52.5 ± 2.5###

EF, %
Before CABG,  

7 days after  
and 4 months after the surgery

45.0 ± 1.4●

44.7 ± 1.5
48.5 ± 1.6##

58.7 ± 0.7
57.0 ± 0.7
61.9 ± 0.8

52.5 ± 2.0
50.5 ± 1.7
54.4 ± 1.8

60.7 ± 0.9
58.7 ± 1.3
61.8 ± 1.0

Note :  LVPW – left ventricular posterior wall; LVEDV – left ventricular end-diastolic volume; LVMM – LV myocardial mass; ISP – interventricular 
septum; RWT – relative LV wall thickness; LAV – left atrial volume; EF – ejection fraction.
● statistical differences between the baseline parameters in groups 1 and 3: LVRWT p = 0.023; EF p = 0.009; statistical differences between the 
groups in baseline parameters and on day 7 after CABG: * p < 0.05; **p < 0.005; p < 0.001***; statistical differences between the groups in 
baseline parameters and 4 months after CABG: # p < 0.05; ## p < 0.005 ### p < 0.001.

When assessing the differences in baseline  
TTE parameters between the groups of patients, we 
obtained statistically significant data on only two  
parameters – RWT and LVEF.  Thus, in patients 
with a history of MI who underwent off-pump 
CABG (group 3), the thickness of the LV wall was 
less than in the group of patients who underwent on-
pump surgery (group 1), while the EF was slightly 
higher. However, the differences in these parameters 
between the groups in the postoperative period were 
insignificant. 

During the follow-up period, in all groups of pa-
tients, regardless of the presence of PICS and the type 
of surgery, a significant decrease in LVMM was ob-
served as early as one week after CABG and espe-
cially by the 4th month postoperatively (Table 2). At 

the same time, the LV mass decreased evenly in all 
groups, regardless of the type of CABG.  Changes in 
LVRWT compared to the baseline level became sta-
tistically significant only 4 months after the surgery.  
LVED and LAV decreased as early as one week after 
the surgery, and an even more pronounced decrease 
was observed after 4 months. The changes in EF in the 
early postoperative period were insignificant. Howev-
er, 4 months after CABG, a statistically significant in-
crease in this parameter was observed in the group of 
patients with PICS operated with the use of CPB and 
PCCC – from 45.0 ± 1.4 to 48.5 ± 1.6% (p = 0.004), 
which was probably due to the fact that myocardial 
contractility was initially lower in this group. The 
parameters of cardiac hemodynamics obtained using 
VCO are presented in Table 3.
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According to the data obtained one week after the 
surgery, CO practically did not change, with the ex-
ception of patients in group 4 (off-pump CABG with-
out PICS), in which this parameter increased from  
4.8 ± 0.2 to 5.5 ± 0.2 l / min (p < 0.001). However, 
already 4 months after CABG in all patients, the mean 
value of LV CO was higher than before the surgery, 
and in the groups after off-pump CABG, this param-
eter was higher compared to patients who underwent 
on-pump surgery (p < 0.05). However, statistically 
significant differences were found only in the groups 
of patients without PICS. 

One week after the surgery, LV SV and SI signifi-
cantly decreased in patients operated with the aid of 

T a b l e  3

Hemodynamic parameters at baseline, 7 days after, and 4 months after the surgery in patients  
who underwent CABG, М ± SD

Parameter  Group 1, n = 47 Group 2, n = 27 Group 3, n = 28 Group 4, n = 27
CO, l / min
Before CABG;
after 7 days; 
after 4 months

5.1 ± 0.1
4.9 ± 0.2

 5.4 ± 0.2●

5.2 ± 0.2
5.1 ± 0.2

6.1 ± 0.3**

5.6 ± 0.3
5.5 ± 0.3

6.1 ± 0.3●

4.8 ± 0.2
5.5 ± 0.2*
6.5 ± 0.2**

SV, ml:
Before CABG;
after 7 days; 
after 4 months

83.1 ± 2.7
63.2 ± 2.7*
79.4 ± 2.8

79.9 ± 3.7
66.1 ± 3.8*
87.6 ± 4.3**

92.9 ± 5.2
84.1 ± 6.9
90.3 ± 6.4

78.6 ± 5.5
85.8 ± 4.7*
97.2 ± 5.5**

SI, l / m2
:

Before CABG;
after 7 days; 
after 4 months

42.4 ± 1.5
34.9 ± 1.5*
41.1 ± 1.4

43.7 ± 1.8
36.3 ± 2.2*
48.1 ± 2.4**

48.2 ± 3.2
43.1 ± 4.5
47.2 ± 3.9 

43.0 ± 2.7
48.5 ± 2.5*
54.8 ± 2.8**

LVP, W:
Before CABG;
after 7 days; 
after 4 months

3.5 ± 0.2
2.6 ± 0.1*
3.3 ± 0.2

3.4 ± 0.3
3.0 ± 0.2
3.7 ± 0.2

3.6 ± 0.4
3.5 ± 0.4
4.0 ± 0.4

2.9 ± 0.2
3.5 ± 0.2*
4.1 ± 0.3**

CI, l / min2:
Before CABG;
after 7 days; 
after 4 months

2.7 ± 0.1
2.6 ± 0.1

2.9 ± 0.1**

2.8 ± 0.1
2.7 ± 0.1

3.3 ± 0.2**

3.0 ± 0.2
2.9 ± 0.3
3.3 ± 0.2

2.7 ± 0.1
3.0 ± 0.1*
3.6 ± 0.2**

LVET, sec:
Before CABG;
after 7 days; 
after 4 months

300.3 ± 10.1
297.4 ± 11.6
322.6 ± 13.0

309.0 ± 17.3
268.0 ± 17.6
326.8 ± 17.1

365.9 ± 40.7
409.9 ± 55.1
331.2 ± 33.7

309.8 ± 16.1
326.9 ± 33.2
378.8 ± 28.2

VFR, ml / sec:
Before CABG;
after 7 days; 
after 4 months

285.1 ± 14.1
235.6 ± 12.2
267.6 ± 11.8

280.8 ± 19.7
261.3 ± 16.8
296.9 ± 16.9

294.9 ± 29.8
306.0 ± 29.1
294.3 ± 27.0

235.9 ± 27.3
252.1 ± 37.2
292.8 ± 36.2

EDB, W·sec:
Before CABG;
after 7 days; 
after 4 months 

12.2 ± 0.2
11.1 ± 0.2*
12.4 ± 0.3

11.7 ± 0.3 
11.2 ± 0.3

12.9 ± 0.4**

12.1 ± 0.5
11.6 ± 0.4
12.9 ± 0.5

11.5 ± 0.3
11.7 ± 0.4

12.7 ± 0.5**

* statistical differences between baseline values and values on day 7 after the surgery:          
CO, SV, SI p < 0.001 (group 4 p <0.005); LVP (group 1 p < 0.001; group 4 p = 0.015); CI (group 4 p < 0.001); 
EDB (group 1 p < 0.001).
**statistical differences between baseline values and values 4 months after the surgery: CO p < 0.05; p < 0.01; 
SV p < 0.005; SI p < 0.001; CI < 0.005; EDB p < 0.05; ● statistical differences between the groups, p < 0.05.

CPB and PCCC (p < 0.001), whereas in group 3, a 
decrease in these parameters was not significant (p = 
0.164), and in group 4, on the contrary, their increase 
was statistically significant (p = 0.005). Four months 
after CABG, these parameters of LV hemodynamic 
remodeling in patients with a history of MI increased 
to values comparable to the baseline level.   At the 
same time, the most pronounced increase in LV SV 
and SI was observed in group 4 without PICS.  

In group 1 (with PICS), one week after CABG with 
the use of CPB and PCCC, there was a significant de-
crease in LV power (p <0.001), whereas in groups  
2 and 3 this parameter was comparable to the base-
line values (p = 0.093 and p = 0.397, respectively). In 
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group 4 (without PICS after beating heart CABG), the 
level of LVP on day 7 after the surgery increased sig-
nificantly (p = 0.015). Four months after the surgery, 
this parameter in all groups, except for group 4, turned 
out to be comparable to the baseline level, whereas in 
the latter, its further increase was observed.  In group 
4, there was a similar increase in CI.            

Finally, changes in the energy spent for the dis-
placement of one liter of blood through the LV one 
week after the surgery were characterized by a sta-
tistically significant decrease from 12.2 ± 0.2 to  
11.1 ± 0.2 W • sec in patients of group 1 (with PICS 
and after on-pump CABG) (p <0.001). In groups 1, 
2, and 3, the values of EDB were comparable to the 
baseline level. Four months after the surgery, the av-
erage values increased in all groups, but a statistically 
significant increase was revealed in patients without 
MI. During the correlation analysis, moderate associa-
tions were obtained between the inotropic parameters 
of cardiac hemodynamics SV, SI, CO, LVP and blood 
pressure (rπ = 0.33–0.47; p < 0.001), and noticeable 
associations were found between SV, SI, CO, LVP 
and EF (rπ = 0.63–0.68; p < 0.001).  

DISCUSSION 
It is known that after direct myocardial revas-

cularization, the heart adapts to new functioning  
conditions, which causes structural and function-
al remodeling [12]. The effect of the CABG type  
(on-pump or off-pump) on the parameters of  
intracardiac hemodynamics and cardiac remodeling 
is yet to be studied, since data on the changes in car-
diac parameters in the postoperative period can be 
used both to assess the effectiveness of surgical treat-
ment [13, 14] and to select a rehabilitation program 
for patients after bypass surgery, depending on the 
surgery type.

It is still not entirely clear how functional and 
anatomical remodeling of the LV occurs in the post-
operative period and what role the surgery type (on-
pump or off-pump) plays in it.  However, already one 
week after CABG, and especially by the end of the 
4th month, regardless of the type of surgery and MI 
in history, a decrease in LVMM, IST, LVPWT, and 
RWT was noted. Apparently, processes occurring af-
ter revascularization, which preserved the viability of 
the myocardium, contribute to rapid normalization of 
the structural and anatomical parameters of the myo-
cardium and improvement of LV pumping function, 
which is confirmed by a significant increase in these 
parameters by the end of the follow-up.  

Similar changes were noted in the volume parame-
ters of the heart – LVED and LAV, which decreased. 
All this was accompanied by regular changes in the 
main parameter of myocardial contractility – EF, 
which first decreased and then reached the baseline 
level or even slightly increased [15].  However, all 
these changes were rather general and did not allow 
to identify differences in cardiac remodeling in both 
on-pump and off-pump CABG. In the end, surgical 
revascularization, regardless of the surgery type, led 
to positive structural and anatomical changes in the 
heart. In this situation, it seemed important to evaluate 
not only structural, but also hemodynamic cardiac re-
modeling in the groups after different types of CABG. 

In this regard, a number of cardiac hemodynamic 
parameters were evaluated using VCO. This method is 
available, has no technical limitations, and can be eas-
ily reproduced in practice, which is especially import-
ant for consistent observation of changes. According 
to the results of this study, a significant difference was 
revealed in almost all the main hemodynamic parame-
ters, such as CO, CI, SV, and SI of the LV, depending 
on the type of CABG. Thus, in group 1 (with PICS and 
after on-pump CABG), a decrease in these parameters 
was observed for 1 week, while in patients in groups 
3 and 4 (off-pump CABG), the parameters decreased 
slightly. On the contrary, in group 4 (without PICS), a 
statistically significant increase in the parameters was 
noted. Four months after the surgery, hemodynamic 
parameters stabilized in all groups. However, in group 
4, these parameters were significantly higher. 

We did not reveal a close correlation between the 
parameters of TTE, VCO, and nonparametric data re-
flecting risk factors, concomitant diseases, PICS, and 
the number of shunts in the arteries. Therefore, we 
can assume that such dependence on the surgery type 
is associated not only with different severity of CHD 
in the groups, but also, probably, with the duration of 
surgery, traumas from surgical intervention, ischemic 
and reperfusion injuries, the fact that the procedure is 
not physiological and, of course, the cardiodepressive 
effect of the on-pump surgery. 

According to various researchers, in on-pump 
CABG, suppression of cardiac hemodynamic parame-
ters is noted almost two hours after surgery and leads 
to a decrease in EF on average from 50 to 30%. At the 
same time, cardiac contractility can be restored by the 
end of day 1 after CABG or even much later [16, 17]. 
Our data also confirm the cardiodepressive effect of 
on-pump CABG, which leads to a rapid decrease in 
LV power and a decrease in its EDB per 1 minute. At 
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the same time, after off-pump CABG, this decrease 
was practically not observed, which may be due to 
relatively rapid recovery of myocardial activity after 
hibernation, even in severe patients. At the same time, 
the history of MI significantly slowed down resto-
ration of the inotropic function of the heart, regardless 
of the CABG type. Nevertheless, the systolic function 
stabilized much faster in the group of patients who un-
derwent a beating heart CABG.

CONCLUSION 
Thus, the surgery type affects not only the struc-

tural and anatomical remodeling of the heart, but 
also, largely, the parameters of cardiac hemodynam-
ics in the postoperative period. In patients with CHD 
7 days after off-pump CABG, there was a significant 
improvement in all parameters of inotropic heart 
function compared to patients who underwent on-
pump surgery.   Four months after off-pump CABG, 
the parameters of positive hemodynamic remodeling 
became even more noticeable than in patients after 
on-pump surgery. This indicates faster and better 
recovery of the myocardium and allows to opti-
mize the rehabilitation program depending on the  
surgery type.
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ABSTRACT

Background. Childhood obesity is one of the pressing problems in modern healthcare, since it is associated with a 
high risk of non-communicable diseases, such as bronchial asthma (BA). 

The aim. To determine the features of cytokine profiles in children with and without BA, depending on body 
weight and visceral fat area.

Materials and methods. At the first stage, 506 Tomsk schoolchildren underwent anthropometry with the calculation 
of the body mass index (BMI) and measurement of the visceral fat area (VFA) using the InBody 770 analyzer. Fifty-
one (51) children from the first stage were included in the second clinical and diagnostic stage. The children were 
divided into four clinical groups: “Obesity” (n = 17), “Visceral Obesity” (n = 7), “Asthma” (n = 15), and “Healthy 
Children” (n = 12). In all study participants, the levels of interleukin (IL)-6, IL-8, IL-4, IL-10, and immunoglobulin 
(Ig) E in the blood serum were determined by the multiplex assay (MagPix and Luminex 200 c analyzers). Statistical 
data analysis was carried out using the Statistica 10.0 software package and the 4.2.2 version of R.

Results. The levels of IL-10 in the “Asthma” (p < 0.006) and “Obesity” (p < 0.008) groups were significantly 
higher than in the “Visceral Obesity” group. Significantly higher levels of IL-8 were found in patients with asthma 
(p < 0.003) and obesity (p < 0.003) compared to the “Visceral Obesity” group. Higher concentrations of IL-6 were 
found in the “Asthma” (p < 0.001) and “Obesity” (p < 0.028) groups compared to the “Visceral Obesity” group.

Conclusion. Similar upward changes in IL-6, IL-8, and IL-10 in children with asthma and obesity without a history 
of asthma may explain the contribution of obesity to a risk of asthma in children, possibly through excessive 
production of these proinflammatory cytokines that contribute to  the  implementation of Th2-mediated allergic 
inflammation.
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РЕЗЮМЕ

Введение. Детское ожирение является одной из актуальных проблем современного здравоохранения, по-
скольку связано с высоким риском возникновения хронических неинфекционных заболеваний, таких как 
бронхиальная астма (БА).

Цель исследования – определение особенности цитокиновых профилей у детей с диагностированной БА 
и без нее в зависимости от массы тела и площади висцерального жира.

Материалы и методы. На первом этапе 506 школьникам г. Томска выполнена антропометрия с расчетом 
индекса массы тела, измерение площади висцеральной жировой ткани на аппарате Inbody 770. Во второй 
клинико-диагностический этап включен 51 ребенок из первого этапа. Сформированы четыре клинические 
группы: «ожирение» (n = 17), «висцеральное ожирение» (n = 7), «бронхиальная астма» (n = 15) и здоровые 
дети (n = 12). Всем участникам определен уровень интерлейкина (IL) 6, 8, 4, 10 и иммуноглобулина (Ig) E в 
сыворотке крови путем мультиплексного анализа (анализаторы MagPix и Luminex 200 с). Статистический 
анализ данных проведен с помощью пакета программы Statistica for Windows 10.0, а также с использовани-
ем языка R (версия 4.2.2).

Результаты. Уровень IL-10 в группах «бронхиальная астма» (p < 0,006) и «ожирение» (p <0,008) был до-
стоверно более высоким по сравнению с группой «висцеральное ожирение». При оценке IL-8 установлен 
достоверно более высокий уровень у больных БА (p < 0,003) и ожирением (p < 0,003) чем при висцераль-
ном ожирении. Более высокие концентрации IL-6 выявлены в группах «бронхиальная астма» (p < 0,001) и 
«ожирение» (p < 0,028) по сравнению с группой «висцеральное ожирение». 

Заключение. Схожие изменения IL-6, IL-8, IL-10 в сторону их повышения у детей, страдающих бронхи-
альной астмой и ожирением без анамнеза астмы, могут объяснять вклад ожирения как фактора риска при 
астме у детей, возможно, через избыточную продукцию указанных провоспалительных цитокинов, способ-
ствующих реализации аллергического Th2-опосредованного воспаления.

Ключевые слова: бронхиальная астма, ожирение, висцеральное ожирение, воспаление, цитокины
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INTRODUCTION

Obesity in childhood and adolescence is one of the 
pressing issues of modern healthcare, as it is associat-
ed with a high risk of chronic non-communicable dis-

eases, such as asthma, arterial hypertension, and type 
2 diabetes mellitus at an older age [1–4]. According 
to the World Health Organization (WHO), in 2020, 
obesity was registered in 4.4 million (7.9%) children 
under the age of 5 years in the European region [5]. 
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tion of Obesity in Children and Adolescents (Clinical, 
Metabolic, Diagnostic, and Rehabilitation Aspects)” 
carried out from October 2020 to June 2021 in four 
schools in Tomsk (approved by the Ethics Commit-
tee at Siberian State Medical University, Protocol 
No. 8459/2 of 28.10.2020). As part of this stage, 506 
schoolchildren aged 7–12 years were continuously 
included in the study, with the exception of children 
with monogenic obesity, type 1 and 2 diabetes mel-
litus, and severe or unstable somatic symptom disor-
der. Before carrying out the prescribed procedures, the 
legal representative of the child signed an informed 
consent.

In this group, a set of studies was performed, in-
cluding measurement of anthropometric parameters 
(height, weight) in light clothes and without shoes, 
using scales installed in the InBody 770 analyzer (ac-
curacy 0.1 kg) and the MSK-233 medical stadiome-
ter (accuracy up to 0.1 cm). The Standard Deviation 
Score for BMI was calculated using the WHO Anthro 
Plus; a bioimpedance analysis with determination of 
the visceral fate area was performed using the InBody 
770 analyzer.

At the second clinical diagnostic stage, a case-con-
trol study was conducted, and all participants from 
the first phase were offered the opportunity to contin-
ue participating in the study. After the first stage, the 
children were divided into four clinical groups: group 
1 consisted of patients with obesity (n = 17); group 2 
consisted of patients with normal SDS BMI and vis-
ceral obesity according to the bioimpedance analysis 
(n = 7); group 3 included patients with asthma without 
excess VAT and obesity (n = 15); and group 4 encom-
passed healthy children (n = 12). Patients with asthma 
were recruited from the clinical database of the Chil-
dren’s Clinic of Siberian State Medical University. 
The children were examined for the serum levels of 
cytokines (IL-6, IL-8, IL-4, IL-10) on the Magpix and 
Luminex 200 multiplex analyzers (Luminex Corp., 
USA) at the “Medical Genomics” Center for Collec-
tive Use (Tomsk NRMC).

Statistical data processing was carried out using 
the Statistica for Windows 10.0 software package. De-
scriptive statistics were used to process the results of 
the study. Normality of data distribution was checked 
using the Shapiro – Wilk test. Normally distributed 
quantitative data were presented as the arithmetic 
mean and standard deviation M ± SD. For non-normal 
distributions, the median and the interquartile range 
Me (Q1; Q3) were calculated. The differences in para-
clinical parameters between the groups were assessed 

Furthermore, this report states that every eighth child 
(11.6%) aged 5–9 years is obese, and every third child 
(29.5%) is overweight [5]. A study conducted in eight 
(8) federal districts of Russia in 2017 that included 
2,000 children showed that the incidence of obesity in 
boys aged 11 and 15 years was 18.6 and 10%, respec-
tively. In girls aged 11 and 15 years, it was 9.2 and 
3.6%, respectively [6].

Currently, special attention is paid to patients with 
excess visceral adipose tissue (VAT) who have a nor-
mal body mass index (BMI) [7]. Iu.G. Samoilova et 
al. in their work found that the prevalence of visceral 
obesity in children under the age of 10 years (n = 625) 
was 2% in girls and 1.6% in boys, and in the group 
older than 10 years (n = 1,314) – 6.7% in girls and 
8.5% in boys [8].

Numerous studies have shown that obesity or over-
weight is associated with the development of asthma in 
children [9–11]. At the same time, patients with asthma 
and obesity had a worse response to the use of budesonide 
in relation to lung function and also more often required 
hospitalization for asthma [12, 13]. Additionally, the re-
sults of some works indicate a possible role of excess 
VAT in the development of systemic inflammation and 
an increase in the subsequent risk of chronic non-com-
municable diseases, such as asthma [2, 14, 15]. In 
particular, the mechanism of participation of M1 mac-
rophages, which promote the secretion of non-T2 cyto-
kines (TNFα, IL-17A, IL-21, IFNγ, TGF-β1, IL-6) by 
activated Th1 and / or Th17 lymphocytes in the adipose 
tissue, with subsequent accumulation of neutrophils in 
the target tissues is discussed [15–17]. 

The work by H.A. Periyalil et al. showed that in 
adult patients with obesity and asthma, the number 
of M1 macrophages in the VAT correlates with BMI 
[18]. On the other hand, studies demonstrate the de-
velopment of chronic inflammation involving VAT 
and subcutaneous adipose tissue (SAT) [19]. 

In general, current research results are miscella-
neous and do not provide an insight into the contribu-
tion of inflammation initiated by visceral or subcutane-
ous obesity to the risk of developing asthma in children.

The aim of the study was to determine the features 
of the cytokine profile in children with diagnosed asth-
ma and  those without it, depending on body weight 
and visceral fat area.

MATERIALS AND METHODS
The present study was carried out in two stages. 

The first epidemiological stage was a part of a mul-
ticenter, prospective epidemiological study “Preven-
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using the Mann – Whitney – Wilcoxon test (for quan-
titative variables). The differences were considered 
statistically significant at p < 0.05.

The statistical analysis was also carried out using 
the R language (version 4.2.2). Prior to the analysis, 
cytokine values were normalized using the rank nor-
malization method and converted to units of standard 
deviation. Then, the sample was analyzed for multi-
variate outliers. To assess the contribution of the pa-
tients’ condition and their anthropometric parameters 
to the variability of cytokine concentration, we used 
the multivariate analysis of variance for distance ma-
trices with permutations (the adonis2 function in the 
R vegan package). To do this, we calculated the dis-
tance matrix between the cytokine concentrations in 
patients in Euclidean space (the vegdist function in the 
R vegan package) and then applied adonis2 with 9999 
permutations and calculated the marginal effects for 
all variables. The model included age, BMI, gender, 
grouping by clinical parameters, and VAT / VFA. The 
pairwise.adonis function was used to search for pair-

wise differences between the groups of patients. For 
multiple comparisons, the false discovery rate (FDR) 
was used for p values.

RESULTS
The article shows the results of the second clinical 

diagnostic stage. Fifty-one (51) children were includ-
ed in the clinical diagnostic phase of the study, 31 of 
whom (58%) were boys and 20 (36%) were girls. The 
mean age was 9.3 (9; 10) years. The main anthropo-
metric, gender, and age characteristics, as well as the 
results of the bioimpedance analysis of kinetic groups 
are shown in Table 1.

The allergic nature of the diseases was confirmed 
in all patients of the “Asthma” group by the results of 
the study of IgE and IL-4, which amounted to 450 IU 
/ ml (151.6; 500) and 76.1 pg / ml (2.61; 428.7), re-
spectively. 

The results of assessing the levels of proinflam-
matory cytokines IL-6, IL-8, and IL-10 are presented 
in Table 2. 

T a b l e  1 

Anthropometric, gender, and age characteristics and results of the bioimpedance analysis of the clinical groups

Group Height, cm, M ± SD BMI, M ± SD VFA, cm2
, 

M ± SD
Gender Age, years,  

Me (Q1; Q3)boys girls
Group 1, n = 17 142.3 ±  6,3 24.3 ± 4.11 99.1 ± 48.3 10 7 9 (9; 10)  
Group 2, n = 7 144.5 ± 4.5 17.2 ± 1.13 46.9 ± 5.7 2 5 10 (9;10)  
Group 3, n = 15 139.1 ± 6.3 15.4 ± 1.03 24 ± 7.6 11 4 9 (8;10)  
Group 4, n = 12 138.0 ± 5.9 16.4 ± 0.6 24.7 ± 9.2 8 4 9 (9;10)  

T a b l e  2 

Variability of IL-6, IL-8, and IL-10 levels in the clinical groups, pg / ml Me (Q1; Q3)

Parameter Group 1, n = 17 Group 2, n = 7 Group 3, n = 15 Group 4, n = 12
IL-10 1.83 (1.10; 3.72)2 0.92 (0.43; 1.14)1, 2 2.1 (1.15; 3.79)1 1.26 (1.09; 2.05)
IL-8 8.9 (5.48; 14.25)2 4.36 (2.23; 4.76)1, 2, 3 9.6 (6.43; 29.3)1 8.9 (7.5; 11.01)3

IL-6 1.3 (0.46; 5.39)2 0.46 (0.25; 0.46)1, 2, 3 5.3 (1.02; 20.6)1, 4 0.48 (0.46; 1.49)3, 4

Note :  significant differences (р < 0.05) between the groups: 1 “Asthma” and “Visceral obesity”, 2 “Obesity” and “Visceral obesity”, 3 “Visceral 
obesity” and “Healthy Children”, 4 “Asthma” and “Healthy Children” (Mann – Whitney U-test). 

The IL-10 level in the “Asthma” (p < 0.006) and 
“Obesity” (p < 0.008) groups was significantly high-
er than  in the “Visceral Obesity” group (Table 2). 
When evaluating proinflammatory IL-8, significant-
ly higher  levels were  found in patients with asthma 
(p < 0.003) and obesity (p < 0.003) than in patients 
with visceral obesity. The study of proinflammatory 
IL-6 demonstrated its higher content in the “Asthma”  

(p < 0.001) and “Obesity” (p < 0.028) groups com-
pared to the “Visceral Obesity” group (Table 2). 

At the next stage, the overall cytokine profile 
was assessed  using  a multivariate analysis of  vari-
ance, which included such characteristics as age, BMI, 
gender, clinical group, and VFA. Table 3 shows the 
correlation between these characteristics and the over-
all cytokine profile.

Tarabrina A.A., Ogorodova L.M., Samoilova Yu.G. et al. The cytokine profile in obesity and asthma in children
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T a b l e  3

Correlation between patients’ characteristics and the overall 
cytokine profile (IL-6, IL-8, IL-4, IL-10)

Parameter R2 p
Age 0.015 0.353
Gender 0.033 0.059
BMI 0.045 0.018
VFA 0.045 0.019
Clinical groups 0.110 0.028

Note :  R2 – coefficient of determination (here and in Table 4).

The  results of  the  nonparametric analysis 
of variance showed that the “Clinical groups” param-
eter explained 11% variability in the cytokine levels 
(R2 = 0.110, p = 0.028), 4% variability in the BMI (R2 

= 0.045, p = 0.018), and 4% variability in VFA (R2 = 
0.045, p = 0.019). 

After that, the intergroup differences in the over-
all cytokine profile were analyzed using the pairwise.
adonis function (Table 4).

T a b l e  4

Correlation between the cytokine profile and the clinical groups
Clinical groups R2 p p-adjusted

Asthma vs Visceral Obesity 0.247 0.0021 0.0105
Asthma vs Obesity 0.049 0.169 0.241

Asthma vs Healthy Children 0.100 0.031 0.078
Visceral Obesity vs Obesity 0.140 0.007 0.023

Visceral Obesity vs Healthy Children 0.177 0.001 0.005
Obesity vs Healthy Children 0.029 0.545 0.681

Note :  achieved significance level with the FDR – p-adjusted.  

During the pairwise comparisons of the clinical 
groups in the overall cytokine concentration, sig-
nificant differences were found between the follow-
ing groups: “Asthma” and “Visceral Obesity” (R2 = 
0.247, p = 0.002); “Visceral Obesity” and “Obesity” 
(R2 = 0.140, p = 0.007); and “Visceral Obesity” and 
“Healthy Children” (R2 = 0.177, p = 0.001). Howev-
er, no significant differences were found between the 
“Asthma” and “Obesity” groups (Table 4).

DISCUSSION
Obesity and asthma are included in the group of 

chronic non-communicable diseases in children and 
adolescents [20]. Researchers are actively discussing 
the role of obesity and visceral obesity as possible risk 
factors for the development of asthma, as well as con-
comitant diseases that aggravate the course of asthma 
[4, 20–22]. The results of this study indicate similar 
upward changes in some non-T2 cytokines (IL-6, IL-
8, IL-10) in asthmatic children and obese children 

without asthma. It is the unidirectionality of proin-
flammatory changes that can be the fundamental basis 
for the realization of the risk of developing asthma in 
obese children. These changes were not confirmed in 
the group of patients with visceral obesity without an 
increase in BMI, which may indicate lower proinflam-
matory activity of VAT in these patients in relation 
to the production of the studied cytokines and / or the 
significance of high BMI in the pathogenesis of these 
abnormalities.

In terms of heterogeneity of clinical manifestations 
and differences in the immune response,  two  main 
endotypes of asthma are distinguished [20]. The T2 
endotype (T2-high),  which is  mediated predomi-
nantly through the activity of Th2 lymphocytes, is 
the main mechanism of childhood allergic asthma, 
characterized by eosinophilic inflammation and se-
cretion of T2 cytokines (IL-4, -5, -9, and -13)  [23, 
24]. Indeed, patients with asthma had high levels of 
IgE and IL-4, reflecting the activity of Th2 inflam-
mation. Along with the basic allergic mechanism, 
high levels of non-Th2 cytokines (IL-6, IL-8, and IL-
10) were also registered in the patients with asthma 
during the study. The overall cytokine profile in asth-
ma during the multivariate analysis of variance did 
not show significant differences with the “Obesity” 
group, but significantly differed from the “Visceral 
Obesity” group due to lower levels of the studied  
cytokines.

It is well-known that  IL-6  is involved in the de-
velopment of neutrophilic inflammation [25]. Studies 
also indicate that the involvement of this cytokine in 
the development of inflammation in allergic asthma is 
associated with  the ability to regulate differentiation 
of naive CD4 T lymphocytes to Th2 cells through syn-
thesis of IL-4 [26, 27]. 

IL-8 shows high levels in children with asthma. 
This cytokine has chemoattractant activity, mainly 
in relation to neutrophil chemotaxis in the focus of 
inflammation [14, 28]. Meanwhile, M. Hodeib et al. 
(2021) found a correlation between the IL-8 concen-
tration and the IgE level (r = 0.789, p < 0.001) in the 
blood serum [29].

On the one hand, published data confirm the role 
of IL-10 in the regulation of allergic inflammation and 
IgE synthesis [30, 31]. On the other hand, IL-10 pro-
motes the activation of M2 macrophages in the adi-
pose  tissue  and exerts a direct effect on adipocytes, 
reducing their proinflammatory activity, which may 
explain high levels of this cytokine in obese patients 
[32].
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CONCLUSION
Therefore, the  non-Th2  cytokines studied in this 

work (IL-6, IL-8, IL-10), which are well-known par-
ticipants of systemic inflammation in obesity, are also 
involved in the development of inflammation in aller-
gic asthma. Altogether, this similarity of mechanisms 
may underlie the contribution of obesity as a risk fac-
tor for asthma in children, possibly through overpro-
duction of these proinflammatory cytokines that pro-
mote allergic Th2-mediated inflammation. 

As for visceral obesity, the results of this study do 
not allow to confirm the independent role of VAT in 
the implementation of systemic inflammation in the 
context of the studied proinflammatory cytokines.
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Prognostic value of the levels of CTLA-4 and its ligand B7.2 in patients  
with colorectal cancer
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ABSTRACT

Aim. To develop a computer program to determine the probability of colorectal cancer based on the assessment of 
the levels of CTLA-4 and its ligand B7.2. 

Materials and methods. The study included 44 patients with colorectal cancer (CRC) and 25 patients with benign 
tumors of the colon. The control group consisted of 25 individuals who had been operated for colon injury. We 
determined the levels of CTLA-4 and B7.2 in the blood serum and in the supernatants of tumor tissue and lymph 
node homogenates using flow cytofluorometry.

Results. We found that the level of CTLA-4 in the blood serum increased by 2.77 times in CRC patients compared 
to the control group (p < 0.001). The concentration of CTLA-4 in the tumor tissue in patients with CRC was 2.34 
times higher than in the control group (p = 0.007). The concentration of the B7.2 ligand in the blood serum of 
patients with CRC exceeded this parameter in the control group by 2.51 times (p = 0.002). The concentration of 
B7.2 in the tumor tissue of CRC patients was 1.68 times higher (p = 0.004) than in the control group. The analysis 
of the obtained data determined the parameters that have prognostic value in the structure of the diagnostic model. 
Using these parameters, we developed a computer program to determine the probability of CRC in the patient. 

Conclusion. The data obtained demonstrate an increase in the levels of CTLA-4 and its ligand B7.2 in the serum 
and tumor tissue of patients with CRC.
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Прогностическое значение уровня белка CTLA-4 и его лиганда B7.2  
у больных раком толстого кишечника

Четверяков А.В., Цепелев В.Л. 

Читинская государственная медицинская академия (ЧГМА) 
Россия, 672000, г.  Чита, ул. Горького, 39а

РЕЗЮМЕ

Цель. Разработать программу для определения вероятности онкологической патологии толстого кишечни-
ка на основании оценки уровня белка CTLA-4 и его лиганда B7.2.

Материалы и методы. В исследование включены 44 пациента с колоректальным раком (КРР) и 25 
больных с доброкачественными опухолями толстого кишечника. Контрольную группу составили  
25 пациентов, оперированных в плановом порядке (пластика колостомы), сформированной ранее по пово-
ду травмы толстой кишки. Концентрацию CTLA-4 и B7.2 определяли в сыворотке крови, а также в суперна-
тантах гомогенатов ткани опухоли и лимфатических узлов с помощью метода проточной цитофлуометрии.

Результаты. Установлено, что у пациентов с раком толстой кишки уровень CTLA-4 в сыворотке крови 
увеличивается в 2,77 раза в сравнении с группой контроля (p < 0,001). Концентрация CTLA-4 в ткани 
новообразования у пациентов с КРР была выше аналогичного показателя группы контроля в 2,34 раза  
(p = 0,007). Концентрация лиганда B7.2 в сыворотке крови у пациентов с КРР превышала данный показа-
тель в группе контроля в 2,51 раза (p = 0,002). Концентрация лиганда B7.2 в ткани опухоли у пациентов с 
КРР превышала таковую в группе контроля в 1,68 раза (p = 0,004). При анализе полученных данных опре-
делены параметры, которые имеют значимость в структуре диагностической модели. На основании этих 
параметров разработана компьютерная программа для определения вероятности наличия онкологической 
патологии толстого кишечника. 

Заключение. Полученные данные демонстрируют увеличение уровня CTLA-4 и его лиганда B7.2 в сыво-
ротке крови и ткани опухоли у пациентов с колоректальным раком.

Ключевые слова: иммунные контрольные точки, CTLA-4, B7.2, колоректальный рак
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INTRODUCTION 

Colorectal cancer (CRC) is one of the late-diag-
nosed tumors. Moreover, it ranks third worldwide for 
mortality among malignant neoplasms [1, 2]. Its abil-
ity to escape the immune surveillance plays an essen-
tial role in the development and growth of the tumor. 
To escape the immune surveillance, tumor cells use 
certain molecular pathways, known as immune check-
points (ICP) [3, 4]. The main function of ICP is to 
regulate immune processes and prevent the activated 

immune system from attacking cells indiscriminately 
[5]. These data made it possible to develop a new type 
of targeted immunotherapy for cancer based on block-
ing ICP [6]. 

Cytotoxic T-lymphocyte-associated protein 4 
(CTLA-4, CD152) is an ICP mainly expressed by T 
cells [7, 8]. B 7.2 (CD86) is CTLA-4 ligand. The in-
teraction between CTLA-4 and this ligand is an im-
portant mechanism in the immunosuppressive regula-
tion of T cell activity [9–11]. The mechanism of this 
regulation is triggered when CTLA-4 captures B 7.2 
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from the surface of an antigen-presenting cell (APC) 
or cancer cell and transfers them into the T lympho-
cyte via transendocytosis [12]. A number of studies 
devoted to the analysis of the effectiveness of mono-
clonal antibodies to CTLA-4 demonstrated objective 
positive responses in cases of breast cancer, melano-
ma, and kidney cancer [11]. However, studies con-
firming the effective use of monoclonal antibodies to 
CTLA-4 in patients with CRC are insufficient.

The aim of our research was to study the level of 
CTLA-4 and B7.2 in the blood serum and tumor tis-
sue, as well as to assess the diagnostic value of these 
parameters in patients with CRC.

MATERIALS AND METHODS
A total of 44 patients with CRC were included in 

the study. The comparison group consisted of 25 pa-
tients with benign neoplasms of the colon who were 
treated at the Regional Oncology Dispensary in Chita 
from 2019 to 2020. The control group consisted of 25 
patients admitted to the Regional Clinical Hospital for 
elective surgery (reconstruction of colostomy) due to 
prior colon injuries. All the patients were examined in 
accordance with the clinical guidelines approved by the 
Ministry of Healthcare of Russia [13]. In each case, a 
patient signed an informed consent. The study was ap-
proved by the Ethics Committee of Chita State Medical 
Academy of the Ministry of Healthcare of the Russian 
Federation and complied with the requirements of the 
Declaration of Helsinki of the World Medical Associa-
tion (2013). Inclusion criteria were a patient’s consent 
to participate in the study and a history of colon tumor.  
Exclusion criteria were HIV-positive status; autoim-
mune diseases; viral and bacterial infections; chemo-
therapy or radiation treatment before surgery. 

A histologic examination of tumor tissue specimens 
showed that 39 CRC patients (88.6%) had moderately 
differentiated adenocarcinoma (G2). Well differentiat-
ed adenocarcinoma (G1) was diagnosed in three cases 
(6.8%). Two CRC patients (4.6%) had poorly differ-
entiated adenocarcinoma (G3). Six patients had stage 
I of the disease, 24 patients were diagnosed with stage 
II. Stages III and IV were diagnosed in eight and six 
patients, respectively. 

Blood sampling was carried out in the morning,  
2 hours before the surgery. The day before sampling, 
patients received standard preoperative medication. 
Biopsies of the tumor tissue, lymph node tissue, and 
colon specimens in the control group weighing up 
to 1 gram were homogenized using the Ultra-Turrax 
T 10 basic homogenizer (IKA, Germany) in phos-

phate-buffered saline (pH 7.4). Then they were centri-
fuged at 5,000 rpm for 10 minutes, and a supernatant 
was selected. The concentration of CTLA-4 and B7.2 
in the blood serum and tissue homogenate supernatant 
was determined by flow cytofluorometry on the Cyto-
Flex LX analyzer (Beckman Coulter, USA) using the 
LEGENDplex™ HU multiplex immunoassay panel 
(Immune Checkpoint, USA) in accordance with the 
manufacturer’s instructions. 

In the statistical analysis, we followed the recom-
mendations of the International Committee of Medical 
Journal Editors (ICMJE) and Statistical Analysis and 
Methods of Published Literature (SAMPL) Guidelines 
[14, 15]. Nominal data were described in absolute and 
relative values. The Pearson’s chi-square test (χ2) was 
used to compare the nominal data of the study, which 
allowed to assess the significance of differences be-
tween the actual number of outcomes or qualitative 
characteristics of the sample falling into each category 
and the theoretical number that can be expected in the 
studied groups if the null hypothesis is valid [16]. 

As the number of participants in the study groups 
was less than 50, we used the Shapiro – Wilk test to 
assess the normality of the distribution of quantita-
tive variables. Taking into account that the distribu-
tion of characteristics in all groups was different from 
normal, the data obtained were presented in as the 
median and the interquartile range Me [Q1; Q3]. The 
Kruskal – Wallis  H  test was performed to compare 
three independent groups in terms of one quantitative 
characteristic. If there were statistically significant 
differences, a pairwise comparison was performed 
using the Mann – Whitney U test with the Bonferroni 
correction [17]. The Spearman’s rank correlation co-
efficient was used to measure correlations between the 
studied parameters. The strength of the relationship 
between the studied parameters was determined by the 
Chaddock scale [18].  

The diagnostic model was constructed by bina-
ry logistic regression. To determine the value of the 
model, we applied the ROC analysis, which made it 
possible to assess the sensitivity, specificity, and ac-
curacy of the model. Statistical processing of the re-
search results was carried out using the IBM SPSS 
Statistics Version 25.0 software package (Internation-
al Business Machines Corporation, USA). 

RESULTS 
We found that the level of CTLA-4 in the blood se-

rum in CRC patients increased by 2.77 times compared 
to the control group (U = 119.0, p < 0.001). There were 
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no significant differences in the level of CTLA-4 in the 
blood serum of CRC patients and those with benign tu-
mors of the colon (Table 1). The data obtained indicate 

that an increase in the concentration of CTLA-4 in the 
blood serum may be a marker of a colon tumor, but it 
does not allow to determine its nature.

T a b l e  1

CTLA-4 level in patients with colon tumor, pg / ml, Me [Q1; Q3]

Parameter
Group

Test statistics, df = 2
Control group, n = 25 Benign tumor, n = 25 Colorectal cancer, n = 44

Blood serum 4.88 [4.38; 6.22] 10.48 [10.30; 14.50] 13.50 [13.07; 20.80] H = 34.26, p < 0.001
Tumor tissue 6.06 [6.03; 8.40] 9.42 [8.84; 11.37] 14.17 [13.72; 27.28] H = 8.82, p = 0.012

Note :  H – the Kruskal–Wallis H test, p – the achieved level of significance (here and in Table 2).

Similar changes were observed in the study of the 
CTLA-4 concentration in the tumor tissue. The level 
of CTLA-4 in the tumor tissue was 2.34 times high-
er in CRC patients compared to the control group  
(U = 334.0; p = 0.007). This parameter in CRC pa-
tients was 1.5 times higher than in patients with be-
nign colon tumors (U = 371.0; p = 0.02) (Table 1). The 
results obtained allowed to note that an increase in the 
CTLA-4 concentration was associated with the nature 
of the tumor. However, these statistically significant 

T a b l e  2

B7.2 level in patients with colon neoplasms, pg / ml, Me [Q1; Q3]

Parameter
Group Test statistics,

 df = 2Control group, n = 25 Benign tumor, n = 25 Colorectal cancer, n = 44
Blood serum 33.00 [30.08; 40.11] 79.00 [78.68; 97.46] 82.93 [76.70; 113.26] H = 23.08, p < 0.001
Tumor tissue 37.09 [34.11; 44.34] 40.40 [43.36; 48.90] 62.31 [61.74; 79.93] H = 9.96, p = 0.007

data are of no practical interest, since a histologic ex-
amination of the obtained material can determine the 
nature of a neoplasm.

The concentration of the B7.2 ligand in the blood 
serum of CRC patients was 2.51 times higher than 
in the control group (U = 302.5; p = 0.002). We also 
found that the levels of B7.2 in the blood serum of 
patients with colon cancer and patients with benign 
colon tumors had no statistically significant differenc-
es (Table 2). 

The data obtained demonstrate an increase in the 
concentration of B7.2 in patients with colon tumors. 
However, it is impossible to differentiate between a 
benign and a malignant tumor by analyzing the con-
centration of this biological marker. 

A similar increase in the parameters was noted in 
the tumor tissue. The concentration of the B7.2 ligand 
in the tissue in CRC patients was 1.68 times higher 
than in the control group (U = 319.0; p = 0.004). The 
level of B7.2 in CRC patients was 1.54 times higher 
than in patients with benign colon tumor (U = 387.0; 
p = 0.04) (Table 2). The concentration of the B7.2 
ligand was increased in the tumor tissue, as was the 
CTLA-4 level in the tissue. The data obtained allow 
to differentiate between a benign and a malignant neo-
plasm in the colon.

We determined the concentration of CTLA-4 
and B7.2 in the tissue of regional lymph nodes in 
CRC patients. The level of CTLA-4 in the lymph 
node tissue was 132.22 [117.36; 174.40] pg / ml; 

the concentration of B7.2 was 537.35 [466.76;  
650.84] pg / ml. 

The analysis of the data obtained indicated that the 
level of CTLA-4 in the blood serum had a moderate 
correlation with the level of CTLA-4 in the tissue (ρ 
= 0.37; p < 0.01). No statistically significant correla-
tions were found for B7.2 ligand. The level of B7.2 in 
the blood serum did not correlate with its level in the 
tumor tissue (ρ = 0.008; p= 0.94). At the same time, 
a pronounced correlation was revealed between the 
levels of CTLA-4 and B7.2 in the blood serum (ρ = 
0.57; p < 0.01). At the same time, there was a weak 
direct correlation between the described membrane 
molecules in the tissue (ρ = 0.28; p = 0.004), which 
confirmed the role of B7.2 as a ligand for CTLA-4, 
and not as a separate biomarker.

When analyzing the data, we identified parameters 
that may be essential in the diagnostic model for de-
termining the probability of cancer (Table 3) and ob-
tained the following equation:
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where CTLA-4ser is the level of the CTLA-4 protein 
in the blood serum; B7.2ser is the level of B7.2 in the 
blood serum; 3.25 is the constant of the logistic re-
gression level; 0.42 and 0.03 are non-standardized B 
coefficients, e-exponent ~ 2.72. When the coefficient 
C is ≥ 0.59, the development of a tumor in the colon 

is diagnosed. In the control group, this parameter (C) 
was 0.40 [0.36; 0.50], it was 0.86 in the patients with 
cancer [0.82; 0.87]. The controls were found to have 
C ≥ 0.59 in 20% of cases (5 / 25), CRC patients had  
C ≥ 0.59 in 94.2% (65 / 69) of cases (Sensitivity of this 
conclusion is 0.94, specificity and accuracy are 0.80 
and 0.90, respectively (AUC = 0.88 [95% CI 0.79–
0.97], p < 0.001) (Figure).

T a b l e  3

Value of CTLA-4 and B7.2 in the structure of the diagnostic model

Parameter B Root mean square 
error Wald test Degree of free-

dom, df Significance, p Exp (B) 95% CI for Exp B

CTLA-4 in the blood serum 0.42 0.132 9.98 1 0.002 1.52 1.17–1.96
B7.2 in the blood serum 0.03 0.013 3.78 1 0.05 1.03 1.01–1.05
Constant –3.25 0.968 11.28 1 0.001 0.04 –

Note :  CI – confidence interval.
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When analyzing the data, we identified parameters that may be essential in the diagnostic 

model for determining the probability of cancer (Table 3) and obtained the following equation:

𝐶𝐶𝐶𝐶 = 1
1+𝑒𝑒𝑒𝑒3,25−0,42∗𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶4𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−0,03∗𝐵𝐵𝐵𝐵7.2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,

where CTLA-4ser is the level of the CTLA-4 protein in the blood serum; B7.2ser is the level 

of B7.2 in the blood serum; 3.25 is the constant of the logistic regression level; 0.42 and 0.03 are non-

standardized B coefficients, e-exponent ~ 2.72. When the coefficient C is ≥ 0.59, the development of 

a tumor in the colon is diagnosed. In the control group, this parameter (C) was 0.40 [0.36; 0.50], it 

was 0.86 in the patients with cancer [0.82; 0.87]. The controls were found to have C ≥ 0.59 in 20% 

of cases (5 / 25), CRC patients had C ≥ 0.59 in 94.2% (65 / 69) of cases (𝑥𝑥𝑥𝑥2 = 53.14, 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 1, 𝑝𝑝𝑝𝑝 <

0.001). Sensitivity of this conclusion is 0.94, specificity and accuracy are 0.80 and 0.90, respectively 

(AUC = 0.88 [95% CI 0.79–0.97], p < 0.001) (Figure).

Figure. Evaluation of the diagnostic value of the developed model by the ROC analysis

[На рисунке оставить только английский текст!].
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The described method can be used in both out-
patient departments and surgical hospitals to predict 
the presence of cancer in the colon. We developed a 
program for the Windows-based Object Pascal devel-
opment environment (Borland Delphi) to simplify the 
method when used in clinical practice. A set of actions 
is created in a special mode of the user window, in 
which the user gets access to entering data on the level 
of CTLA-4 (pg / ml) and its B7.2 ligand in the blood 
serum (pg / ml) in patients with complaints of func-
tional intestinal disorders. The program is applicable 
and provides an opportunity to determine the proba-
bility of cancer in the colon, which makes it possible 
to identify a risk group and optimize the strategy for 
their examination and treatment [19]. 

DISCUSSION 

We found that the levels of CTLA-4 and B7.2 in-
creased in the blood serum of CRC patients. There 
were no significant differences between the concentra-
tions of CTLA-4 and B7.2 in the blood serum of CRC 
patients and patients with benign intestinal neoplasms. 
The data obtained demonstrate that an increase in the 
level of CTLA-4 and B7.2 indicates the presence of a 
colon tumor, but it is impossible to determine whether 
it is malignant or benign. 

Similar changes in their concentration were ob-
served in the study of these markers in the tumor 
tissue. The levels of CTLA-4 and B7.2 in the tumor 
tissue in CRC patients were higher than in the control 

Chetveryakov A.V., Tsepelev V.L. Prognostic value of the levels of CTLA-4 and its ligand B7.2 in patients with colorectal cancer
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group. In addition, the concentration of these markers 
in CRC patients was increased in comparison with pa-
tients with a benign colon tumor.  

We also determined cut-off values for CTLA-4 and 
B7.2 markers in the blood serum, which are significant 
in the structure of the diagnostic model. The devel-
oped computer program makes it possible to suspect a 
colon tumor, which will allow to form risk groups and 
optimize the examination strategy.  

Similar data on high CTLA-4 expression in the 
tumor tissue were obtained in patients with breast 
cancer and cholangiocarcinoma [20, 21]. This fact 
indicates that the presence of CTLA-4 in the tumor 
microenvironment is one of the markers of immune 
suppression development, which contributes to the 
growth and spread of tumor cells. We believe that the 
CTLA-4 protein is an important link in the pathogen-
esis of cancer cells escaping from the immune sur-
veillance. X.J. Guo (2021) discussed the role of the 
CTLA-4 protein in the activation of regulatory T cells 
(Treg), which are the strongest inhibitors of the im-
mune response [21]. Therefore, the role of CTLA-4 
in the activation of regulatory T cells in malignant 
neoplasms of various localizations requires further 
comprehensive studies.

CONCLUSION 
The data obtained demonstrate an increase in the 

levels of CTLA-4 and B7.2 in the blood serum and 
tumor tissue in CRC patients, as well as their direct 
correlation with each other. Thus, we suppose that 
these proteins are essential in the pathogenesis of can-
cer cells escaping from immune surveillance in colon 
cancer. Based on the established patterns, we devel-
oped a computer program to determine the probability 
of colon cancer in the patient.
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ABSTRACT

The review considers the molecular structure of inflammasomes, routes of inflammasome activation, appropriate 
downstream effects, and their association with autoinflammatory, autoimmune, neurodegenerative, and allergic 
diseases and malignancies with a focus on the involvement of the skin in these pathologies. Inflammasome 
activation is interpreted as an early pathophysiological event before the onset of inflammation, and, especially, 
if inflammasome dysregulation occurs. All research aspects related to the NLRP3 inflammasome are described in 
detail. The review also considers promising directions for therapeutic interventions in NLRP3-associated diseases. 
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РЕЗЮМЕ

В обзоре рассмотрены молекулярная структура, последовательность, пути активации инфламмасом, ва-
рианты нисходящих эффектов и их связь с аутовоспалительными, аутоиммунными, нейродегенеративны-
ми, аллергическими и злокачественными патологиями, с фокусом на вовлечение кожи в патологический 
процесс. Дана интерпретация инфламмасом как раннего патофизиологического события перед началом 
воспалительного процесса и возможные варианты нарушения регуляции их функционирования. Более под-
робно описаны все аспекты исследований, относящихся к инфламмасоме NLRP3. Приведены данные по 
имеющимся и перспективным направлениям терапевтических интервенций при NLRP3-ассоциированных 
болезнях. 

Ключевые слова: инфламмасома, NLRP3, AIM2, миелоидные клетки, кератиноциты, паттерн-распознаю-
щие рецепторы, сигнальная трансдукция, каспазы, IL-1β, IL-18, IL-33, пироптоз, старение клетки в связи с 
воспалением, кожные болезни
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Klimov V.V., Zagreshenko D.S., Urazova O.I. et al. Inflammasome as an early pathophysiological phenomenon of inflammation

INTRODUCTION

The skin is the largest barrier organ of the body 
in the face of environmental microbes, allergens, and 
multiple dangerous chemical and physical factors [1, 
2]. The skin consists of epidermis and dermis, where-
as the epidermis is subdivided into cornified, granular, 
spinous, clear, and basal layers. Some researchers do 
not differentiate stratum lucidum (a clear layer) as a 
separate layer of the epidermis. Many skin cells, in-
cluding keratinocytes, Langerhans cells, intraepithelial 
CD8αα+ T lymphocytes, NK cells, innate lymphoid 
cells (ILC), macrophages, mast cells, eosinophils, neu-
trophils, and memory T cells, are related to the immune 
system and, in fact, represent its secondary organ [2, 3]. 

Most of them express pattern recognition recep-
tors, such as Toll-like receptors (TLRs), NOD-like 
receptors (NLRs), RIG-I-like receptors (RLRs), and 
AIM2-like receptors (ALRs), to sense pathogen-as-
sociated molecular patterns (PAMPs), damage-as-
sociated molecular patterns (DAMPs) [1, 4], and 

allergens [5]. Keratinocytes undergo differentiation 
during keratinization, which is an essential innate im-
munity mechanism. Lymphocytes (90%) along with 
some other cells (10%) are structured in the skin-as-
sociated lymphoid tissue (SALT). The skin also con-
tains melanocytes and fibroblasts [3]. Inflamed skin 
contains a variety of cells (Fig. 1)., including many 
cells of the immune system. Keratinocytes, dendritic 
cells, neutrophils, macrophages, and fibroblasts can 
serve as container cells for inflammasomes. A new 
transcriptomic technology, single-cell RNA sequenc-
ing, described skin cell landscape in some skin dis-
eases [6, 7].

The inflammasome is an early phenomenon of 
inflammation under a harmful effect and refers to in-
nate immunity mechanisms. Structurally, any inflam-
masome represents a high-molecular-weight protein 
complex located in the cytosol and containing pattern 
recognition receptors, signaling molecules (includ-
ing ASC Speck [8, 9]), enzymes (including caspases 
[10]), and other components [1, 2, 11].
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Fig.1. Cells of the inflamed skin: SALT – skin-associated lymphoid tissue, LC – Langerhans cell, CD8αα – γδT cell with CD8αα+ 
phenotype, ILC – innate lymphoid cell, MC – mast cell, N – neutrophil, Me – melanocyte, M – macrophage, Fb – fibroblast, E – 

eosinophil, DC – dendritic cell
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innate immunity mechanisms. Structurally, any inflammasome represents a high-molecular-

weight protein complex located in the cytosol and containing pattern recognition receptors,

signaling molecules (including ASC Speck [8, 9]), enzymes (including caspases [10]), and other 

components [1, 2, 11].

Inflammasome structure, activation, functioning, and regulation

INFLAMMASOME STRUCTURE, 
ACTIVATION, FUNCTIONING,  
AND REGULATION

The inflammasome was first described in 2002 by 
F. Martinon et al. [12]. Nowadays, about twenty dif-
ferent inflammasomes (NLRP1-NLRP14, NLCR4/
NAIP, AIM2, IFI16, CARD8, and PYRIN) have 
been identified [4, 11]. Their components belong to 
different families (NLR, ALR, and PYRIN), which 
recognize different molecular patterns. For example, 
the NLR family is subdivided into five subfamilies 
(NLRA, NLRB, NLRC, NLRP, and NLRX) and has 
up to 23 members in total [4, 13]. In the skin, myeloid 
cells, keratinocytes, and fibroblasts can serve as main 
container cells for inflammasomes [4, 14]. Over the 
past 20 years, inflammasomes in myeloid cells have 
been characterized in detail, however, inflammasomes 
contained in non-myeloid cells, such as keratinocytes 
and fibroblasts, have been described to a lesser extent.

The functioning of inflammasomes implies a down-
stream effect, such as development of inflammation 
due to proinflammatory cytokines with or without cell 
death. For this, an inflammasome has to be activated 
and assembled. Inflammasome activation proceeds in 
four key steps [1]: 

(1) priming – expression of the main inflammasome 
components and inactive cytokine forms after molec-
ular pattern recognition by TLRs; 

(2) sensing or recognition of additional activation 
signals by NLRs or other pattern recognition receptors 
in the cytosol; 

(3) oligomerization – assembly of the inflam-
masome as a high molecular mass multimeric com-
plex; 

(4) final activation of caspases that results in cyto-
kine secretion through membrane pores and promo-
tion of pyroptosis and possible different types of cell 
death [15–17]. 

Depending on the activation route, all inflam-
masomes are divided into canonical and non-canon-
ical [2, 18–20]. Canonical activation of the LRP3 
inflammasome is implemented by two consecutive 
signal groups. Initially, the first group of impulses go 
from PAMP / TLR or DAMP / TLR couples and in-
terleukin (IL)-1β, TNF /their receptor couples, which 
leads to expression of genes encoding inactive pro-
IL-1β, pro-IL-18, pro-IL-33, and components of a fu-
ture inflammasome. After that, the second activation 
signals arise from many sources and lead to the in-
flammasome assembly when caspases like caspase-1 
enzymatically activate immature forms of IL-1β, IL-
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18, and IL-33 before their secretion [11, 20, 21] and 
promote a cell death mechanism like pyroptosis [18]. 
A non-canonical activation route is mediated by direct 
binding of PAMP or DAMP to caspase-4 or caspase-5 
[11, 18, 22]. Unfortunately, descriptions of signaling 
pathways made by various researchers are quite con-
troversial.

In canonical activation, PAMP and DAMP mo-
lecular patterns are recognized by TLRs expressed on 
the cell surfaces or located in endosomes. Next, TLR 
signaling is triggered which involves adaptor proteins 
MyD88 and TRIF. Also, external cytokines TNF and 
IL-1 are sensed by appropriate cytokine receptors to 
take part in the same pathway. After that, transcription 
factors AP-1, NF-κB, and IRF-3 stimulate expression 
of genes encoding components related to a future in-

flammasome and its proinflammatory cytokines [1, 3, 
18, 23]. 

So, the first step (priming) is over. As a result of the 
next steps, some upstream signaling events occur, in-
cluding K+ efflux, Ca++ influx, Cl- efflux, lysosomal dis-
ruption, mitochondrion-derived reactive oxygen species 
(ROS) generation, and release of oxidized mitochondrial 
DNA. During oligomerization, the NLRP inflammasome 
is assembled as a high molecular weight complex. In the 
fourth step, the formed NLRP inflammasome activates 
caspase-1 to cleave pro-IL-1β, pro-IL-18, and pro- IL-
33, as well as a pore-forming protein gasdermin D that 
promotes pyroptosis and leads to membrane pore forma-
tion. Through the pores, cytokines are released outside 
[14, 18, 21].  More information about the canonical acti-
vation route is presented in Fig. 2. 

4
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Fig. 2. The canonical inflammasome activation route on the example of NLRP3: TLR – Toll-like 
receptor, LPS – lipopolysaccharide, MyD88, TRIF, ASC – adaptor proteins, AP-1, NF-κB, IRF-3
– transcription factors, LRR, NACHT, PYD – NLRP3 domains, IL-1β, – interleukin-1β,, IL-18 –
interleukin-18, IL-33 – interleukin-33, ROS – reactive oxygen species

Priming, sensing, oligomerization, and final activation are the four steps of the canonical NLRP3 
inflammasome activation route. After PAMPs and DAMPs are recognized by TLRs expressed on 
a container cell, the cell generates immature forms of IL-1β, IL-18, and IL-33, and inactive 
components of the NLRP3 complex. The NLRP3 complex consists of 1) leucine-rich repeats
(LRRs), 2) central NACHT domain, 3) pyrin domain (PYD), 4) apoptosis-associated speck-like 
(ASC) protein, and 5) pro-caspase-1. The NLRP3 complex is committed to sense signals, including

Fig. 2. The canonical inflammasome activation route on the example of NLRP3: TLR – Toll-like receptor, LPS – lipopolysaccharide, 
MyD88, TRIF, ASC – adaptor proteins, AP-1, NF-κB, IRF-3 – transcription factors, LRR, NACHT, PYD – NLRP3 domains, IL-1β, 

– interleukin-1β,, IL-18 – interleukin-18, IL-33 – interleukin-33, ROS – reactive oxygen species

Priming, sensing, oligomerization, and final ac-
tivation are the four steps of the canonical NLRP3 
inflammasome activation route. After PAMPs and 
DAMPs are recognized by TLRs expressed on a 
container cell, the cell generates immature forms of 
IL-1β, IL-18, and IL-33, and inactive components of 
the NLRP3 complex. The NLRP3 complex consists 
of 1) leucine-rich repeats (LRRs), 2) central NACHT 

domain, 3) pyrin domain (PYD), 4) apoptosis-associ-
ated speck-like (ASC) protein, and 5) pro-caspase-1. 
The NLRP3 complex is committed to sense signals, 
including those of PAMPs, cathepsins, ion fluxes, 
and ROS, required for NLRP3 inflammasome as-
sembly. Eventually, active caspase-1 upregulates the 
production of membrane pore-forming gasdermin D 
that leads to pyroptosis. Also, caspase-1 cleaves cyto-
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various disorders, particularly autoinflammatory, neu-
rodegenerative, and cardiometabolic diseases, and 
cancer [20].

PYROPTOSIS, APOPTOSIS, NECROPTOSIS, 
AND PANOPTOSIS

Nowadays, our understanding of the types and 
mechanisms of cell death and its effects on the func-
tioning of the whole body has increased significantly; 
some pathways of programmed cell death have been 
described in current research: apoptosis [27, 28], pyro-
ptosis [18, 27], necroptosis [16, 27], and PANoptosis 
[15]. In addition, NETosis and ferroptosis are known 
[27]. Cell death has both physiological and patholog-
ical features. For example, clonal deletion of T lym-
phocytes in the thymus, selection of B lymphocytes 
in the bone marrow, and embryonic development are 
physiological processes required for the body; con-
versely, death of numerous cells during chronic in-
flammation and tissue damage is an absolutely patho-
logical event [28]. 

Apoptosis is commonly a non-inflammatory event, 
but in case when acute inflammation prolongs and 
efferocytosis of apoptotic cells is delayed, late apop-
tosis, a lytic form of cell death, occurs [27]. Apopto-
sis-related conditions and specific features, including 
wound healing in space and molecular mechanisms of 
apoptosome assembly in both extrinsic and intrinsic 
apoptosis, are well-known and described in some re-
view articles [27, 29].

Pyroptosis is described as inflammasome-depen-
dent programmed cell death, which is implemented by 
gasdermin family members at the last step of inflam-
masome activation. It is characterized by cell swell-
ing, early cytoplasm membrane rupture, and nuclear 
condensation. Release of cell content into the extra-
cellular space upregulates both inflammatory and re-
pair processes [18, 27].

Necroptosis is the most unfavorable programmed 
cell death type for organs and tissues. It contributes 
to the pathogenesis of many severe disorders (toxic 
epidermal necrolysis, acute pancreatitis, neurodegen-
erative diseases, complications of cardiovascular pa-
thologies, etc.). When apoptosis signaling is blocked, 
necroptotic pathways are activated, and caspase-8, 
PIP1 / PIP3 kinases, and MLKL pseudokinase are up-
regulated [16, 28]. So far, the precise mechanism of 
the necroptosome assembly is not entirely clear.

PANoptosis is a newly described programmed 
cell death type implemented by a recently identified 
cytoplasmic multimeric protein complex termed the 

kine pro-forms, which become active secreted IL-1β, 
IL-18, and IL-33. Here, the early pathophysiological 
event preceding inflammation completes. Not all the 
details of the NLRP3 inflammasome activation are 
presented in Fig. 2.

In non-canonical activation, lipopolysaccharide 
(LPS) in Gram-negative bacterial infection, is recog-
nized by TLR4 that leads to type I interferon (IFN) 
upregulation and then expression of GTPases (in-
cluding IFN-induced GTP-ase IRGB10) and gua-
nylate-binding proteins (GBPs). They destroy intra-
cellular bacteria and promote release of LPS into the 
cytosol [24]. The cytosolic LPS activates caspase-4 
and caspase-5. Subsequently, caspases cleave gas-
dermin D to induce pyroptosis. In parallel, caspase-1 
upregulates the conversion of pro-IL-1β to a secreted 
IL-1β form [14, 18, 23].

In addition, an alternative inflammasome activa-
tion route was described [1, 23, 25] which enables the 
secretion of cytokines without gasdermin D involve-
ment and pyroptosis induction. In response to LPS that 
proceeds in the absence of other activation signals, the 
TRIF-RIPK1-FADD-caspase-8 complex triggers this 
activation route.

The functioning of any inflammasome is a well-reg-
ulated process [4, 18, 20, 26]. It is crucial to establish 
the optimal balance between inflammasome activation 
and inhibition. Due to differences in the structures and 
molecules of inflammasome sensors, different inflam-
masomes are regulated by different mechanisms [20]. 
Depending on polarization control, inflammasome 
can be canonical and non-canonical [11, 18, 20, 23], 
proinflammatory and anti-inflammatory [4], and pro-
tumoral and anti-tumoral [11]. 

Paradoxically, NLRP10 and NLRP12 inflam-
masomes downregulate caspase-1, and NLRP6 and 
NLRP7 inhibit IL-1β, manifesting anti-inflammato-
ry properties. However, NLRP10 and NLRP12 are 
known to be associated with atopic dermatitis [4]. In 
cancer, the functioning of various inflammasomes is 
contradictory. On the one hand, inflammasomes take 
part in upregulating anti-tumor immunity, but, on the 
other hand, they can directly contribute to pathologi-
cal tolerance or promote tumor cell survival, prolifer-
ation, and metastasis [11].

Appropriate inflammasome activation is a physio-
logical event for the body to protect against environ-
mental and its own reactivated microbes using innate 
immunity mechanisms. However, aberrant inflam-
masome activation can cause uncontrolled cell death 
and damage to healthy tissues that may contribute to 
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PANoptosome. At the same time, the PANoptosome 
can involve three key modalities of programmed cell 
death, such as pyroptosis, apoptosis, and necroptosis 
[15]. Although the PANoptosome incorporates fun-
damentally distinct mechanisms of cell death, in fact, 
PANoptosis is a combined inflammatory cell death 
pathway. Expressed PANoptosome components are 
associated with autoinflammatory, autoimmune, and 
neurodegenerative diseases, and many cancer types 
[15].

INFLAMMAGING
There are many environmental factors affecting 

the skin and cells of the immune system in the skin 
and other barrier organs. Some of these factors can be 
harmful, represent danger signals, and, at least, induce 
inflammasome formation or skin inflammation.

In an experiment on NLRP1 and NLRP3 inflam-
masomes, normal human epidermal keratinocytes 
were exposed to UVB (ultraviolet B) radiation and 
adenosine triphosphate (ATP), which resulted in re-
lease of caspase-1, whereas the bacterial toxin nigeri-
cin and urban dust did not exert such an effect [30]. 
In another experiment, it was described that cigarette 
smoke extract increased the caspase-1 activity via 
the NLRP3-independent and TLR4-TRIF-caspase-8-
dependent pathway. Simultaneously, it inhibited the 
expression of the NLRP3 inflammasome and release 
of IL-1β and IL-18, acting at the transcriptional level 
[31].

Solar UVB radiation is a major challenge for the 
skin, which can induce inflammation, cell aging, and 
even skin cancer. Upon inflammasome activation, the 
secretion of proinflammatory cytokines and pyropto-
sis occur. Using the CRISPR / Cas9 protocol with re-
gard to human primary keratinocytes, it was report-
ed that NLRP1 plays a more important role in UVB 
sensing and subsequent IL-1β and IL-18 secretion 
than NLRP3 [32]. Other signals apart from pattern 
recognition receptors are required for NLRP3 forma-
tion and caspase-1 activation; they are signals from 
ATP, nigericin, uric acid crystals, or asbestos. UVB 
and nigericin are known as inflammasome activators 
in myeloid cells and keratinocytes, because they both 
promote IL-1β secretion only in the presence of ASC 
and NLRP1, whereas knocking out NLRP3 does not 
impact IL-1β release [33]. 

In general, the influence of harmful factors on 
the skin results in development of chronic low-grade 
subclinical inflammation or inflammaging [34]. This 
phenomenon is associated with a combination of en-

vironmental and genetic factors, which can include 
accumulation of persistent senescent cells and cellu-
lar memory formed by epigenetic modifications of the 
genome [35]. Based on the experiments using cell cul-
tures and laboratory animals, it has been reported that 
cellular senescence is greatly dependent on the tumor 
suppressive protein p53 and caspase-4 (caspase-8 in 
mice) non-canonical pathway triggered by stress and 
cytoplasmic LPS [22, 36].

If persons already suffer from atopic dermatitis, 
psoriasis, and acne, exposure to air and contact pollut-
ants and UVB leads to exacerbation of chronic condi-
tions due to an increase in skin inflammation caused 
by IL-1β and IL-18 [33, 37]. If the exposure lasts for 
a long time, inflammasome-associated diseases devel-
op. Furthermore, UVB may trigger the development 
of skin cancer [9, 33]. 

INFLAMMASOME-ASSOCIATED DISEASES
Inflammation is not a single downstream effect of 

inflammasomes, since there are other forms of their 
activity, such as antigen presentation, transcription 
[4], post-transcriptional and post-translational regula-
tion [18, 19], cell aging and death [37], and tumori-
genesis [9]. In case inflammasomes have been over-
activated in an uncontrolled manner, their combined 
downstream effects can result in the development of 
inflammasome-associated diseases: autoinflamma-
tory [38–40], autoimmune [41, 42], allergic [43, 44] 
diseases, and cancer [11, 45] (Table). Classical, most 
common inflammasome-associated disorders are au-
toinflammatory diseases, such as Familial Mediterra-
nean fever, сryopyrin-associated syndromes, periodic 
fever, Still’s disease, etc. [38, 39].

T a b l e 

Association of inflammasomes with pathologies
Inflammasome Diseases and syndromes References

NLRP1

Generalized vitiligo, congenital 
toxoplasmosis, Addison’s disease [2, 4]

Сutaneous squamous cell 
carcinoma [45, 46]

NLRP2 Early-onset childhood atopic 
dermatitis [4, 47]

NLRP3

Atopic dermatitis, psoriasis, acne 
vulgaris, urticaria, bullous pem-

phigoid, vitiligo

[1, 2, 13, 23, 
42, 48–52]

Allergic contact dermatitis [53]
Autoinflammatory, 

neurodegenerative, and 
cardiovascular diseases, cancer

[9, 23, 38]

NLRP10, 
NLRP12

Atopic dermatitis [4]

Periodic fever [38, 39]
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Inflammasome Diseases and syndromes References
NAIP-NLRC4 Autoinflammatory syndromes [1, 38]

NLRC5 Melanoma, fibrous tumors [4, 54]

AIM-2
Vitiligo, allergic contact dermati-
tis, aldosterone-induced  kidney 

injury
[1, 2]

IFI16 Cervical cancer [55]
PYRIN Autoinflammatory diseases [1, 38]

The skin is a barrier organ through which invaders 
enter the body, therefore, it is here that both innate 
and adaptive immune responses most frequently pro-
ceed. Most immune-related skin diseases are affected 
by genetic and epigenetic mechanisms and environ-
mental factors in different combinations among which 
inflammasomes occupy a specific place. 

As seen from Table, almost all skin diseases 
were included in the list of inflammasome-associat-
ed conditions.  In the past 15 years, great progress 
has been made in identifying new associations of in-
flammasomes and their components with skin disor-
ders and developing new medications, which enable 
to regulate inflammasome activity. The canonical 
NLRP3 and AIM2 inflammasomes were especial-
ly well studied [1, 2, 42]. Functional deficiencies 
in some NLRs and skin colonization with S. aureus 
were observed more frequently in persons with atopic 
dermatitis than in healthy controls. Higher expression 
of NLRs was also found in plaque psoriasis [4]. The 
role of NLRP3 inflammasomes in the pathogenesis 
and therapy for psoriasis has been demonstrated at 
different levels, including epigenetic regulation. In 
particular, researchers reported that miR-155 can trig-
ger psoriasis-like inflammation via activation of the 
NLRP3 inflammasome [56]. The NLRC5 presence is 
downregulated in melanoma cells due to a decrease 
in oncoantigen presentation [54], and, conversely, it 
is highly upregulated in keloid fibroblasts and skin 
fibrous tumors [4].

There are new interesting data related to anoth-
er barrier organ, the unified airway. It has been de-
scribed that NLRP3 inflammasome activation pro-
motes the development of allergic rhinitis via nasal 
epitheliocyte and macrophage pyroptosis [57, 58]. It 
was found that the NLRP3 inflammasome is involved 
in cytokine shock in a severe course of COVID-19 
and acute respiratory distress syndrome due to the 
fact that SARS-CoV-2 N protein strongly upregu-
lates the binding of NLRP3 to ASC and NLRP3 as-
sembly [59].

PROSPECTS OF THERAPEUTIC 
INTERVENTIONS

The use of the NLRP3 inflammasome as a target 
in new therapeutic approaches to disease treatment is 
rapidly progressing. Some known drugs used in oth-
er diseases were tested in NLRP3 inflammasome-as-
sociated pathologies [23]. Many new medications, 
including small molecules, became promising candi-
dates in trials [20]. Depending on inflammasome po-
larization, current treatment for NLRP3 pathologies 
focuses on medications with inhibitory or stimulatory 
effects [18]. More often used inhibitors are directed 
to NLRP3 activation, signaling molecules, caspases, 
ASC, and NLRP3-derived proinflammatory cytokines 
[23]. Approved for clinical use, tranilast, an analog of 
a tryptophan metabolite, directly binds to the NACHT 
domain of the NLRP3 complex and downregulates the 
assembly of the NLRP3 inflammasome by blocking 
NLRP3 oligomerization step [60].

Over last years, the main approach to treatment 
for NLRP3-associated pathologies was inhibition of 
the inflammasome-derived cytokine IL-1β. Three bi-
ologicals were approved by the US FDA for many 
inflammatory (or inflammasome NLRP3-mediated) 
diseases: canakinumab, an IL-1β inhibitor; anakinra, a 
recombinant IL-1 receptor antagonist; and rilonacept, 
a decoy receptor that binds IL-1β and IL-1α [18, 61]. 
In particular, canakinumab, an anti-IL-1β monoclonal 
antibody, has been reported to treat a generalized pus-
tular psoriasis patient and resulted in complete remis-
sion of skin lesions [62]. Effective anti-TNF therapy 
by monoclonal antibodies in psoriasis has also been 
described [49]. However, in some cases, these biolog-
icals displayed side-effects [18].

The second approach directly targeting NLRP3 
by small molecules, is specific, cost-effective, and 
less toxic compared to cytokine blockade [18, 63]. 
B. pertussis bacteria-derived outer membrane vesi-
cles (nanoparticles) are proposed as a new vaccine 
platform targeted at the NLRP3 inflammasome in 
macrophages. Bacterial LPS can be delivered by the 
nanoparticles and transfected into macrophage NLRP3 
inflammasome components to trigger the non-canon-
ical activation route and then innate immunity [64]. 

The novelty of recent years has been the under-
standing of the association between NLRP3 inflam-
masome activation and the development of united 
airway diseases like allergic rhinitis. The NLRP3 in-
flammasome appears to be a new target in drug thera-
py to supplement or even replace traditional therapeu-
tic approaches in the future [65].

T a b l e  ( c o n t i n u e d ) 
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There are not many medications for the therapy 
for NLRP3-associated diseases currently approved 
by the FDA or other agencies. It remains crucial to 
assess the safety, tolerance, and dose-dependent tox-
icity of NLRP3 inflammasome modulators to imple-
ment them into clinical practice [23]. Nevertheless, 
novel research data on inflammasome-associated 
pathogenesis of skin diseases can help to transfer mo-
lecular knowledge into clinical therapy in the nearest 
future.

CONCLUSION
The discovery of the inflammasome as an early 

event just before the onset of the inflammatory pro-
cess at the beginning of the XXI century was a start-
ing point for the impressive cellular and molecular 
research that followed, leading to a new understand-
ing of the mechanisms of inflammation and innate im-
munity. So far, about 20 inflammasomes have been 
identified, but only two canonical inflammasomes, 
NLRP3 and AIM2, have been described in detail. 
Such container cells for inflammasomes as previously 
well-known myeloid cells and keratinocytes and fi-
broblasts, related to the skin have also been studied. 
Omics technologies made it possible to renew and up-
date our understanding of cell landscape of the skin.

Inflammasome research involved specialists of 
various specialties: pathologists, histologists, immu-
nologists, molecular biologists, clinicians, etc. As is 
often the case in science, at the interface of different 
approaches, new thoughts are born and discoveries are 
made. At the fundamental level, an understanding of 
the structure, routes of inflammation activation, sig-
naling pathways, and various downstream effects not 
limited to the onset of inflammation has been shaped. 
However, transfer of fundamental knowledge into 
clinical practice has not yet happened. There is a rea-
son to believe that new therapeutic approaches and 
drugs with high efficacy and a better adverse effect 
profile will contribute to modern therapy for autoin-
flammatory, autoimmune, neurodegenerative, allergic 
diseases, and cancer in the nearest future.
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Stem cell properties of cancer cells in ascitic fluid of patients with ovarian 
cancer:  a key to control over cancer progression
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ABSTRACT

Ovarian cancer is considered to be the most malignant and aggressive tumor of the female reproductive system, 
which is largely associated with early development of malignant ascites and peritoneal carcinomatosis. Cancer cells 
representing the primary focus, as well as those contained in the ascitic fluid, are extremely heterogeneous in terms 
of morphological, immunohistochemical, and molecular genetic aspects. Cancer stem cells play a significant role 
in tumor self-renewal, differentiation, metastasis, and development of chemoresistance.

This literature review is aimed at summarizing the available data on cancer stem cells in ovarian cancer and their role 
in tumor progression. A bioinformatic search was carried out in the PubMed, NCBI, Google Scholar, and eLibrary 
databases using the keywords “cancer stem cells”, “ovarian cancer”, “malignant ascites”, “chemoresistance”, etc. 

The data presented in the review make it possible to comprehensively characterize the role of stem cell properties 
of ovarian cancer cells. The review presents up-to-date information on the molecular and biological parameters of 
cancer stem cells in ovarian cancer, which are the cellular component of malignant ascites, as well as data from the 
authors’ studies. Along with this, the article describes modern ideas about the mechanisms of formation of cellular 
spheroids and their contribution to cancer progression.

Cancer stem cells are an extremely promising target in the development of future therapeutic strategies based 
on the study of signaling pathways in ovarian cancer stem cells, the mechanisms of spheroid formation, and the 
contribution of immune cells to the acquisition of cancer stem cell properties.
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Стволовые свойства опухолевых клеток асцитической жидкости 
у больных раком яичника: ключ к управлению распространением 
процесса
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РЕЗЮМЕ

Рак яичника принято рассматривать как наиболее злокачественную и агрессивную опухоль женской репро-
дуктивной системы, что во многом связано с ранним развитием злокачественного асцита и перитонеально-
го канцероматоза. Опухолевые клетки, представляющие первичный очаг, а также содержащиеся в составе 
асцитической жидкости, крайне гетерогенны с морфологической, иммуногистохимической и молекуляр-
но-генетической позиций. Значимую роль в процессах самообновления опухоли, ее дифференцировки, ме-
тастазирования и развития химиорезистенстности играют опухолевые стволовые клетки.

Настоящий обзор направлен на обобщение имеющихся данных о стволовых опухолевых клетках рака яич-
ников и их роли в опухолевой прогрессии. При написании обзора проведен биоинформационный поиск в 
универсальных базах данных PubMed, NCBI, Google Scholar и eLibrary с применением следующих ключе-
вых слов для поиска: cancer stem cells, ovarian cancer, malignant ascites, hemoresistance и т.п.

Представленные данные позволяют всесторонне охарактеризовать роль стволовых свойств опухолевых 
клеток рака яичника. Изложена актуальная информация о молекулярно-биологических параметрах ство-
ловых опухолевых клеток рака яичника, представляющих клеточный компонент злокачественного асцита, 
с приведением данных собственных исследований. Отражены современные представления о механизмах 
формирования клеточных сфероидов и их вкладе в прогрессирование опухолевого процесса.  
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INTRODUCTION

Ovarian cancer (OC) is an extremely malignant 
and the most aggressive tumor among all neoplasms 
of the female reproductive system. Tumor progres-
sion is accompanied by early development of malig-
nant ascites with metastatic spread of the tumor to the 
abdominal organs [1]. The modern stem cell theory 

of cancer postulates that cancer stem cells (CSCs) are 
responsible for self-renewal, differentiation, metas-
tasis, and development of chemotherapy resistance. 
By their nature, CSCs are capable of symmetric and 
asymmetric division with subsequent differentiation 
of tumor subclone(s), which contributes to phenotypic 
and functional heterogeneity in the hierarchical orga-
nization of tumors [2].
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CANCER STEM CELL MARKERS IN OVARIAN 
CANCER

It should be noted that identification of CSC prop-
erties in cancer patients is rather challenging due to 
the lack of a universal marker or panel of markers. 
Currently, there is a wide variety of proteins whose 
expression is considered as a sign of stem cell-like 
properties in these cells (Table 1). 

T a b l e  1

Cancer stem cell markers in ovarian cancer

Marker Description Reference

CD133 
(prominin-1)

Glycosylated transmembrane 
protein [3]

CD44 Hyaluronic acid receptor [4, 5]

CD24 P-selectin ligand [6]

CD177 Type III tyrosine kinase receptor [7]

MyD88 TIR domain-containing cytosolic 
adaptor protein [8–10]

EpCAM Calcium-independent homotypic 
epithelial cell adhesion molecule [11]

ALDH1 Enzyme catalyzing oxidation of 
aldehydes to carboxylic acids [12, 13]

CXCR4 CXCL12 chemokine receptor [14–16]

Nanog Transcription factor [17–19]

SOX2 Transcription factor [20, 21]

OCT4 Transcription factor [22]

A number of diagnostic markers proved useful 
for isolating ovarian CSC subpopulations, includ-
ing CD133+ [23, 24] CD133+ ALDH+ [25], CD44+ 
CD117+ [7], EpCAM [26]. 

EpCAM, a calcium-independent homotypic epi-
thelial cell adhesion molecule, is a type I transmem-
brane glycoprotein expressed by subpopulations of 
normal epithelial cells and numerous stem cells, in-
cluding ovarian CSCs [11, 27]. It was shown in vivo 
that EpCAM-positive tumor cells isolated from the 
remaining ovarian carcinoma cell population have 
greater tumorigenic potential in comparison with Ep-
CAM-negative tumor cells [28].

CD133 is a glycosylated transmembrane protein 
which is encoded by the PROM1 gene. The physio-
logical function of this protein is not fully understood 
to date, but it was shown that this receptor is actively 
involved in modulating tumor spread and develop-
ing drug resistance of the tumor. CD133 is one of 

the most studied CSC markers of ovarian, colon, 
prostate, and lung cancer [3]. Y.J. Lee et al. (2016) 
demonstrated a correlation of CD133 expression with 
tumor differentiation. The CD133 expression score 
in grade III tumors (high-grade tumors) was sig-
nificantly higher than in grade I tumors (low-grade  
tumors) [5].

ALDH1 is a member of the family of enzymes that 
catalyze oxidation of aldehydes to carboxylic acids. 
Metabolic activity of this enzyme was detected by the 
ALDEFLUOR assay in identifying CSCs in a num-
ber of solid tumors. High ALDH1 expression is sig-
nificantly associated with poor clinical outcomes in 
serous ovarian cancer. Currently, ALDH is used as a 
CSC marker in ovarian cancer [12, 13].

CD44 is a receptor for hyaluronic acid and many 
other components of the extracellular matrix. CD44 
is responsible for cell – cell interactions, adhesion, 
and cell migration. The accumulated data indicate that 
CD44, especially a CD44v isoform, is a CSC mark-
er in various tumors including ovarian carcinomas. 
CD44 is also involved in the regulation of stem cell-
like properties including self-renewal, tumor initia-
tion, metastasis, and chemotherapy and radiotherapy 
resistance. In addition, there is ample evidence that 
CD44 expression, especially of  the CD44v isoform, 
correlates with poor patient survival. This is signifi-
cantly an unfavorable prognostic marker. In turn, the 
CD44v isoform can be a promising target for targeted 
therapy [4, 5].

CD24 is a ligand of P-selectin, an adhesion receptor 
on activated endothelial cells. It is often co-expressed 
in CD44 and CD133-positive tumor cells in ovarian 
carcinomas. CD24-positive tumor cells have a higher 
metastatic potential compared to CD24-negative cell 
populations. It is important that CD24 induces EMT 
that leads to the formation of a highly proliferative 
mesenchymal CSC phenotype as well as the develop-
ment of drug resistance of the tumor through the acti-
vation of the PI3K / Akt, NF-κB, and ERK signaling 
cascades [29]. 

Recent studies of ascitic fluid in ovarian cancer pa-
tients by multicolor flow cytometry showed that the 
cellular composition of ascitic fluid is heterogeneous. 
A big proportion of ascites tumor cells is represented 
by atypical / hybrid cell forms with stemness traits, 
as well as Epcam+CD45-CD44+CD24+CD133+/- 
CSCs both with and without EMT [30]. In addition, 
we found that the number of ascites tumor cells with 
Epcam+CD45-CD44-CD24+CD133-Ncadherin+ and 
Epcam+CD45-CD44-CD24+CD133+Ncadherin+ 
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phenotypes as well as the number of atypical / hybrid 
Epcam+CD45+CD44+CD24+/-CD133+/-Ncadher-
in+/- cells have a positive correlation with the carcino-
matosis index [31]. It should be noted that these cells 
are CD24-positive.

MyD88 is a TIR domain-containing cytosolic 
adaptor protein involved in signal transduction from 
Toll-like receptors. Activation of the TLR4 / MyD88 
/ NF-κB signaling pathway enhances the aggressive 
tumor phenotype and worsens the clinical outcome in 
patients with ovarian cancer. Expression of this pro-
tein is often detected in CSCs [8–10].

CD177 is a type III tyrosine kinase receptor, which 
activates phosphorylation by initiating transcriptional 
processes in various cell types. It is involved in the 
regulation of cell apoptosis, differentiation, prolifera-
tion, chemotaxis, and adhesion. The receptor is often 
expressed in hematopoietic stem cells (HSCs), my-
eloid progenitor cells, pro-B cells, progenitor cells, as 
well as in CSCs [7].

CXCR4 is a chemokine receptor. The receptor is 
involved in cell chemotaxis in response to CXCL12 
chemokine binding and is used as one of the  
markers of ovarian CSCs. It is assumed that CXCR4 
is associated with the induction of ovarian cancer 
metastasis, as well as poor overall survival of pa-
tients [14–16].

NANOG as a transcription factor is one of the most 
important markers used to identify CSCs. It is report-
ed that NANOG mRNA was detected in pluripotent 
mouse and human stem cells, but not in differentiat-
ed cells (Chambers et al., 2003). Nanog expression 
is known to be statistically higher in CSCs compared 
to tumor cells without stemness traits. NANOG is re-
sponsible for morphofunctional plasticity and self-re-
newal of embryonic stem cells through interaction 
with other transcription factors, such as SOX-2 and 
Oct-4. These genes attach to Octamer / SOX elements 
in the NANOG promoter, which leads to activation of 
NANOG transcription (Rodda et al., 2005). NANOG 
was found to maintain CSC traits through activation 
of various signaling pathways, including TGIF-β, 
Wnt / β-catenin, JAK / STAT, Notch, and Hedgehog 
(Alemohammad et al., 2020). NANOG overexpres-
sion was found in tumors from embryonic cells, which 
correlates with cell proliferation, tumor recurrence, 
clonal tumor evolution, oncogenicity, invasiveness, 
and resistance to treatment, such as chemotherapy and 
radiotherapy [17–19].

SOX2 is a member of the SOXB1 transcription 
factor family, and its three main domains are the 

N-terminal domain, the high mobility group (HMG) 
domain, and the transactivation domain.  SOX2 is 
an important marker of CSCs. It was observed that 
SOX2 is overexpressed in spheroids as well as in 
subsequent generations of cancer cell spheroids. 
SOX2 expression is closely associated with chemo-
resistance and a poor prognosis in patients with ovar-
ian cancer [20, 21].

Oct4 transcription factor is expressed in embryonic 
stem cells as well as in ovarian CSCs [22].

The analysis of the key stemness-related genes in 
CSC subpopulations found new promising markers 
closely related to the development of ovarian carcino-
ma including LCP2, FCGR3A, COL1A1, COL1A2, 
MT-CYB, CCT5, and PAPPA [32].

REGULATION OF STEM CELL-LIKE 
PROPERTIES OF OVARIAN CANCER CELLS

To date, many mechanisms of regulation of ovarian 
stem cell-like properties have been described. S. Bai 
et al. (2021) showed that epidermal growth factor-like 
protein 6 (EGFL6) acts as a stem cell regulatory fac-
tor, promotes asymmetric division of ALDH-positive 
ovarian CSCs, and thereby increases tumor cell pro-
liferation in vitro and tumor growth in vivo [33]. EI-
F5A2 factor positively regulates ovarian cancer cell 
stemness through the E2F1 / KLF4 pathway [34]. The 
L1CAM / FGFR1 / SRC / STAT3 signaling pathway 
is considered as a new driver of stemness in ovari-
an cancer. L1CAM was shown to potentiate several 
stemness-related properties in ovarian cancer cells, 
including spheroid formation and tumor initiation in 
vivo [35]. FOXK2-driven activation of IRE1α leads 
to unconventional splicing of XBP1 and activation 
of SOX2, OCT4, NANOG, and ALDH1A1 stemness 
pathways [36].

Interestingly, the CSC phenotype is regulated in 
particular by the tumor microenvironment. It has been 
shown that activation of NF-κB signaling leads to in-
creased activity of the Wnt signaling pathway, which 
leads to dedifferentiation of tumor cells from non-stem 
cells into CSCs [37]. Heterospheroids including po-
larized CD206+ M2 macrophages showed increased 
aldehyde dehydrogenase (ALDH) activity, which sug-
gests an interaction between CSCs and macrophages 
promoting tumor cell activation and self-renewal of 
CSCs [38].

Cells of the tumor microenvironment secrete fac-
tors that contribute to the acquisition of stemness traits 
in tumor cells, such as KIT ligand and R-spondin as 
ligands for CD117 [39] and LGR5 [40], respectively.
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INDIVIDUAL CELLS WITH STEM CELL-LIKE 
PROPERTIES IN ASCITIC FLUID IN OVARIAN 
CANCER

A study by S.O. Genning et al. (2021), which ex-
amined stem cell populations in ascites, showed that 
95.5% of CSCs had a CD44+ / CD133- phenotype and 
4.5% had a CD44- / CD133+ phenotype. The popu-
lation of CD44+ / CD133+ cells was minor (0.2%) 
[41]. In other studies, ascites cells with a high level 
of CD44 and CD133 expression, which were obtained 
from ovarian cancer patients, had a great potential for 
self-renewal and long-term proliferation [42–45].

The co-expression of CD133 and CD44, as well 
as the expression of each marker individually was the 
highest in tumor cells that were present in ascitic flu-
id of primary human ovarian cancer. In addition, the 
expression of CD97, CD104, CD107a, CD121a, and 
CD307c was significantly higher in CD133+CD44+ 
tumor cells of malignant ascites than in primary tumor 
cells or metastatic ovarian tumors [5]. In studies by 
M. Jäger et al. (2012) double staining of ascites cells 
in samples obtained by cytospin revealed the presence 
of CD133+ / EpCAM+ cells in 100% of the studied 
patients [46].

Stemness-related markers can be expressed not 
only by classical tumor cells, but also hybrid cells 
found in ascitic fluid. Their presence is characteristic 
of ovarian carcinoma. M.Z. Akhter et al. (2018) state 
that the entire EpCAM+CD45+ population is highly 
invasive and consists of ovarian CSCs (CD133+ and 
CD117+CD44+) [47]. Another striking finding of this 
study is that CSC phenotypes are primarily restricted 
to the EpCAM+CD45+ compartment. This does not 
allow to deny the existing hypothesis that CSCs arise 
due to dysregulation of tissue-specific stem cells [48].

Similar results were obtained in the studies by E.V. 
Kaigorodova et al. (2020) that showed high hetero-
geneity of EpCAM+ cells in ascitic fluid of ovarian 
cancer patients. A high concentration of these cells 
was represented by atypical and hybrid forms of Ep-
CAM+CD45+ cells with stemness traits [30, 49]. In 
addition, another study demonstrated a positive cor-
relation between the number of EpCAM+CD45+ cells 
with stemness traits in ascitic fluid and the carcino-
matosis prevalence index in ovarian cancer patients 
[31]. It was also revealed that the number of atypi-
cal / hybrid EpCAM+CD45+ cells in ascitic fluid in 
patients with borderline ovarian tumors was signifi-
cantly lower than in patients with serous ovarian car-
cinomas (p = 0.02) [50]. A review by E.V. Kaigoro-

dova et al. (2022) suggests theories of hybrid tumor 
cell formation, their varieties and characteristics and 
shows the role of cancer-associated macrophage-like 
cells (CAMLs) and circulating hybrid cells (CHCs) as 
tumor biomarkers [51].

The most comprehensive and complex study of 
ascites cells in patients with ovarian cancer was per-
formed by B. Izar et al. (2020) [52]. The authors con-
ducted RNA sequencing (scRNA-seq) of individual 
cells (approximately 11,000 cells) from 22 ascites 
samples obtained from 11 ovarian cancer patients, 
while they comprehensively characterized the as-
cites ecosystem in high-grade serous ovarian can-
cer (HGSOC). Eighteen different cell clusters were 
annotated, encompassing epithelial cells (5 clusters 
labeled by EPCAM, cytokeratins, kallikreins), mac-
rophages (4 clusters labeled by CD14, AIF1, CS-
F1R, CD163) cancer-associated fibroblasts (CAFs) 
(4 clusters labeled by PDPN, DCN, and THY1), 
dendritic cells (2 clusters labeled by CD1C, CD1E, 
CCR7, CD83), B cells (CD19, CD79A/B), T cells 
(CD2, CD3D/E/G), and red blood cells (GATA1, he-
moglobin). Signaling pathways that differed in ma-
lignant cells of each patient were identified among 
the five tumor clusters. One cluster of cells contained 
distinct markers of stem (ALDH1A3 and CD133 / 
PROM1) and mesenchymal (FN1, ACTA2, and 
MYL9) cells, as well as AXL and its only known li-
gand GAS6, which is associated with drug therapy  
resistance [53]. 

COMPLEXES OF CELLS WITH STEM  
CELL-LIKE PROPERTIES IN ASCITIC FLUID 
IN OVARIAN CANCER

There is limited information about the study  
of stem cell-like properties of individual cells. At  
the same time, complexes of cells found in ascites, 
which also have stemness traits, are widely described. 
Indeed, it is common to distinguish single tumor 
cells, cell aggregates, and cell spheroids among the 
cellular component of malignant ascites in ovarian 
cancer [54].

Moreover, formation of essential spheroids is con-
sidered as a stemness trait. The process of spheroid 
formation can be easily observed when cells are cul-
tured in vitro. In patients, however, it is not always 
possible to establish whether they were formed from 
a single detached cell due to its proliferation, follow-
ing aggregation of individual cells or a release of cell 
complexes from the primary tumor.

S.A. Bapat et al. (2005) isolated two tumorigenic 
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clones (A2 and A4-T) of CD44+ ovarian stem-like 
cancer cells that were capable of forming spheroids 
in ascitic fluid. When these cell lines were further 
cultured, NESTIN and NANOG were overexpressed 
in A2 and A4-T monolayers, while a decrease in the 
level of spheroid expression from these cell lines was 
noted. The described phenomenon gave the authors 
a reason to believe that the formation of spheroids 
represents an event of differentiation. In addition, the 
spheroids showed expression of markers that may 
indicate differentiation into the ovarian surface epi-
thelium (cytokeratin 18 and vimentin), granulosa (cy-
tokeratin 18 and E-cadherin), or germ cells (alkaline 
phosphatase, etc.). The differentiation into germ cells 
was aberrant [55].

In contrast to the results obtained during the study 
of CD44+ / CD24- breast cancer stem cells, the data 
obtained by H. Jiang et al. (2012) show that in asci-
tes transformation of CSCs occurs with formation of 
a tumor subclone, referred to as side population (SP) 
cells. This cell population is more differentiated and 
does not correspond to primary cancer cells (non-SP 
cells), which is probably due to epithelial – mesen-
chymal transition (EMT) [27]. In addition, the authors 
showed that SP ovarian cancer cells showed a lower 
invasive potential. In contrast, non-SP ovarian cancer 
cells presumably have greater migration and invasive 
properties. The authors of the study made a reasonable 
assumption that SP cells can be responsible for the in-
teraction between the tumor and tumor microenviron-
ment, which is also determined by their lateral / edge 
localization in the tumor focus [28].

A number of questions remain, including whether 
the metastatic potential of single cells and spheroids 
is the same. 

MECHANISMS OF SPHEROID FORMATION 
IN ASCITIC FLUID IN OVARIAN CANCER

One hypothesis suggests that multicellular spher-
oids arise from single cells that aggregate in the ab-
dominal cavity [56]. It can be assumed that not all cells 
have the ability to aggregate and, perhaps, aggregation 
occurs only among cells with certain properties. For 
example, CD44 expression through homotypic inter-
actions is known to mediate tumor cell aggregation 
and polyclonal metastasis in patient-derived xenograft 
models of breast cancer [57]. The intercellular adhe-
sion molecule E-cadherin appears to play a crucial role 
in spheroid formation. Indeed, higher expression of 
E-cadherin was generally associated with denser and 
more compact spheroids [58]. MUC16 and integrin 

β1were also shown to be involved in spheroid forma-
tion [59]. The role of endogenous fibronectin (FN1) in 
the process of metastasis was previously demonstrat-
ed in experimental models of ovarian cancer. Using in 
vitro model, H.A. Kenny et al. [60] and M.P. Iwanicki 
et al. [61] showed that FN1, which is either secreted 
by mesothelial cells or ovarian cancer cells, is nec-
essary for tumor spheroids formed by ovarian cancer 
cells to survive in the absence of fixation and in an 
unsuitable metabolic environment.

An alternative mechanism of spheroid formation 
discussed by some authors is that cells separate from 
the primary tumor in whole groups (layers of cells), 
subsequently forming spheroids [62–64]. The authors 
report that spheroids predominantly form as a result of 
multicellular detachment from the primary tumor and 
are responsible for the development of peritoneal car-
cinomatosis. In addition, it was shown that detached 
spheroids after implantation and proliferation of tu-
mor cells form morphological structures correspond-
ing or similar to the patterns of the primary tumor, 
while possessing immunophenotypic heterogeneity.

The proportion of tumor cells in spheroids is poorly 
understood. Indeed, ascites spheroids in ovarian can-
cer are usually described as heterogeneous cell com-
plexes consisting of a small number of tumor cells and 
various types of non-tumor cells [65–68]. In addition, 
the proportion of cancer cells in the entire ascites var-
ies in patients and is reported to range from 1% [69] to 
approximately 8% [52] of the total cellular component 
of malignant ascites.

The role of fibroblasts and macrophages in the for-
mation of tumor spheroids is described in sufficient 
detail in the review by M. Rakina et al., which also 
discusses the specific functions of fibroblasts, macro-
phages, and T cells in tumor proliferation and implan-
tation in the peritoneum [70]. 

In Fig. 1, we presented our own scheme of the way 
tumor spheroids, which are a part of malignant ascites 
in ovarian cancer, are formed. On the basis of the lit-
erature data and our own studies, we can assume two 
main mechanisms of tumor spheroid formation. The 
first mechanism is due to the proliferation of single 
CSCs followed by the formation of a spherical struc-
ture. The second mechanism involves the detachment 
of a cell layer containing stem cells from the primary 
tumor (Fig. 1). Subsequently, tumor fibroblasts and 
M2 macrophages are attached to the spheroid, and 
adhesion of non-stem cells to the formed structure 
occurs, followed by the dissemination through the ab-
dominal cavity.
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Fig. 1. A contemporary view on the formation of tumor spheroids as a part of malignant ascites in ovarian cancer
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CHEMORESISTANCE OF CSCS  
AND STRATEGIES TO OVERCOME  
IT IN OVARIAN CANCER

The property of excreting cytotoxic substances 
from their cytoplasm is characteristic of CSCs, and 
on the basis of this property it is possible to identi-
fy them. This property was used in the isolation of 
CSCs by fluorescence-assisted cell sorting (FACS). 
In in vitro and in vivo experimental models, cells 
were incubated with a dye and separated into differ-
ent fractions using FACS based on their ability to 
retain the dye. It was shown that cells that excret-
ed most of the dye had more pronounced stemness 
traits compared to the rest of the cells. This method 
was first used to isolate tumor-initiating cells in acute 

myeloid leukemia [71]. Resistance to cisplatin, to-
potecan, and docetaxel was described in tumor cells 
forming spheroids [72].

Stimulation of CSC differentiation can be a rath-
er promising approach to ovarian cancer therapy.  
Chemotherapy regimens targeting CSCs may be in-
effective since the possibility of proliferation and 
dedifferentiation of daughter CSCs can replace the 
population of eradicated therapy-sensitive CSCs. 
Currently, there are developed approaches to differ-
entiation therapy, for example, using all-trans-ret-
inoic acid in the treatment of acute promyelocytic 
leukemia [73]. Similar strategies using bone mor-
phogenetic proteins proved effective in experimental 
therapy of gliomas, which led to a decrease in the 
number of CSCs [74]. 
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Some studies discussed that fasudil treatment for 
lateral osteosarcoma in murine models induced de-
differentiation of some CSCs caused by the implan-
tation of a cell-line with an inhibited c-Myc gene 
(osteosarcoma-mimicking cells). These cells were 
capable of trilinear differentiation (into osteocytes, 
chondrocytes, and adipocytes). Some of the resis-
tant tumor cells with stem cell-like properties were 
transformed into adipocytes under the effect of che-
motherapy, thereby contributing to tumor pathomo-
rphosis [75]. In the literature, there are no data on 
differentiating agents for ovarian CSCs, but it was 
shown that mullerian inhibitory substance (MIS) or 
its mimetic SP600125 specifically inhibit CD44+C-
D24+Epcam+ CSCs in ovarian cancer cell lines de-
rived from ascites cells [27]. 

The point of impact for systemic therapy for 
ovarian cancer, which is aimed at suppressing stem 
cell-like properties can be various signaling path-
ways regulating stemness. For example, one of the 
mechanisms for the development of chemoresistance 
of spheroids derived from the culture of tumor cells 
in malignant ascites was demonstrated in vitro. It 
consists in the transition of these cellular structures 
into the quiescent stage (G0 phase) by reducing the 
synthesis of B-protein kinases due to inhibition of 
AKT (alpha serine / threonine-protein kinase) gene, 
which led to increased expression of p130/ RBL2 and 
p27Kip1 and a decreased SKP2 level. Subsequent-
ly, it was shown that after spheroid adhesion on the 
surface optimal for implantation, activation of the  

AKT signaling pathway occurs, thereby triggering 
tumor cell invasion and proliferation [76]. Two AKT 
inhibitors, capivasertib and ipatasertib, are currently 
undergoing phase III clinical trials for cancer treat-
ment [77].

A strategy based on destroying or preventing 
spheroid formation also seems quite promising. Inhi-
bition of another known Hedgehog signaling pathway 
by cyclopamine resulted in the induction of a 10-fold 
decrease in spheroid formation in ovarian cancer cell 
lines [78]. Nectin-4 peptide 10 (N4-P10) is known to 
lead to rapid disruption of spheroid formation in ovar-
ian cancer [78]. The study by S. Rafehi et al. showed 
that spheroid formation from cells isolated from as-
cites of ovarian cancer patients was impaired by SB-
431542, which made the cells susceptible to carbopla-
tin-induced cell death [79].

Interaction of tumor and non-tumor cells within 
spheroids could be another possible application point 
for therapy. Paracrine activation of Wnt during the in-
teraction of CSCs and M2 macrophages represents a 
positive feedback loop, which probably contributes to 
the formation of a more aggressive tumor cell phe-
notype [38], which makes the Wnt pathway a poten-
tial target for CSC suppression. In addition, studies 
showed that catumaxomab eliminates CD133+ / Ep-
CAM+ CSCs by activating T cells in ascites in ad-
vanced ovarian cancer [80].

In Figure 2, we presented a scheme describing sev-
eral strategies to overcome CSC chemoresistance in 
ovarian cancer.

Fig. 2. Strategies to overcome chemoresistance of cancer stem cells in ovarian cancer
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CONCLUSION
Future ovarian cancer treatment strategies will be 

based on the study of signaling pathways in ovarian 
CSCs, mechanisms of spheroid formation, as well as 
the contribution of immune cells to the acquisition of 
stem cell-like properties by tumor cells. It is also im-
portant to highlight the possibility of using prognostic 
biomarkers based on the determination of CSCs. This 
can be extremely promising in modifying approaches 
to predict ovarian cancer outcomes and individualize 
chemotherapy with current treatment regimens. 

Considering that CSCs can mediate chemoresis-
tance in ovarian cancer, evaluation of the stem cell-
like properties of tumor cells in ascites will allow to 
quickly predict the efficacy of ongoing therapy in pa-
tients. However, identification of CSCs remains the 
main challenge. Numerous studies show that subpop-
ulations of ovarian cancer cells were found to express 
stemness markers at very different levels in various 
combinations, with none of these markers being oblig-
atory. These data confirm the phenomenon of tumor 
plasticity, which researchers have begun to be study 
recently, and which requires further research in clini-
cal practice.
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ABSTRACT

The aim of the review is to highlight the main factors affecting the development of liver fibrosis and possible 
mechanisms of liver damage in patients who have experienced COVID-19. A search was carried out using 
keywords in the Scopus, Web of Science, and PubMed databases in literary sources of the last three years on factors 
associated with fibrogenesis in novel coronavirus infection.

The review presents the main mechanisms of liver damage in COVID-19: direct effects on hepatocytes and 
cholangiocytes, hypoxia, and immune-mediated and drug-induced damage. We analyzed the significance of factors 
affecting fibrosis development in patients with COVID-19: chronic diffuse liver diseases, against which COVID-19 
occurs, such as non-alcoholic fatty liver disease, alcohol-associated liver disease, chronic hepatitis B, C, and 
cirrhosis of the liver.

Damage to the liver in coronavirus infection develops by several mechanisms. The development of COVID-19 
against the background of diffuse liver pathology of various genesis is associated with progression of these diseases 
(increased fibrogenesis) and a poorer prognosis.
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РЕЗЮМЕ

Цель обзора – осветить основные факторы, влияющие на развитие фиброза печени, и возможные механиз-
мы повреждения печени у пациентов, перенесших COVID-19. Проведен поиск с использованием ключевых 
слов в текстовых базах данных Scopus, Web of Science, PubMed по литературным источникам последних  
3 лет о факторах, ассоциированных с фиброгенезом, при коронавирусной инфекции.

Представлены основные механизмы повреждения печени при COVID-19: прямое воздействие на гепатоци-
ты, холангиоциты, гипоксическое, иммуноопосредованное, лекарственно-индуцированное повреждение. 
Проведен анализ значимости факторов развития фиброза у пациентов, перенесших коронавирусную ин-
фекцию: хронические диффузные заболевания печени, на фоне которых протекает COVID-19: неалкоголь-
ная жировая болезнь печени, алкоголь-ассоциированная болезнь печени, хронические вирусные гепатиты 
В, С, цирроз печени.

Поражение печени при коронавирусной инфекции развивается по нескольким механизмам. Развитие 
COVID-19 на фоне диффузной патологии печени различного генеза ассоциировано с прогрессированием 
этих заболеваний (усиление фиброгенеза), худшим прогнозом.

Ключевые слова: факторы, фиброз печени, COVID-19

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

Источник финансирования. Работа выполнена в рамках темы госзадания «Эпидемиологический монито-
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механизмов развития распространенных терапевтических заболеваний в Сибири для совершенствования 
подходов к их диагностике, профилактике и лечению» (№ 122031700094-5).
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INTRODUCTION

A new coronavirus outbreak with an epicentre in 
the City of Wuhan, Hubei province, is known to have 
occurred in the People’s Republic of China (PRC) in 
late 2019. On February 11 2020, the World Health 
Organization (WHO) defined the official name of the 
infection caused by the new coronavirus – COVID-19 
(Coronavirus disease 2019) [1].  Within several 
months the coronavirus infection swept the globe, and 
it continues to spread. According to the available data 

as of March 2022, 436,520,897 cases were registered 
worldwide, of which 16,398,036 cases were confirmed 
in the Russian Federation.

People of all ages and with any health condition 
are at risk of contracting SARS-CoV-2. Risk factors 
for severe disease and mortality have been identified. 
They include old age, coexisting chronic pathologies, 
such as diabetes mellitus, cancer, obesity, cardiopul-
monary disease, and chronic kidney disease, as well 
as features of the living conditions (e.g. residents of 
long-term care facilities) [2].
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SARS-CoV-2 is an enveloped  virus with a posi-
tive-sense single-stranded RNA belonging to the 
Coronaviridae family, Betacoronavirus genus, Sar-
becovirus subgenus. This name is associated with the 
structure of the virus: large thorny spikes in the form 
of a mace, which resemble a crown, exit the supercap-

sid. The nucleocapsid is a flexible spiral consisting of 
a positive strand of RNA and a large number of nucle-
oprotein N molecules.  The supercapsid contains spike 
(S) glycoprotein, membrane (M) protein, small enve-
lope  (E)  protein, and hemagglutinin esterase (HEs) 
(Fig. 1) [1, 3]. 

Fig. 1. A model of the coronavirus structure, showing the location of spikes (S), membrane glycoproteins (M), and the envelope (E). 
The RNA is protected by a spiral capsid of protein (N) monomers [4]

The entry gateway of infection is the epithe-
lium of the upper respiratory tract and epithelial 
cells of the stomach and intestines [1]. The clini-
cal presentation includes fever and symptoms of 
acute respiratory infections (nasal congestion, sore 
throat, dry cough, anosmia, myalgia), as well as 
cardiovascular and hemostatic disorders, and dam-
age  to  the  gastrointestinal  tract (decreased appetite, 
vomiting, nausea, diarrhoea) [5].

The assessment of the course of the disease in 
74 patients with COVID-19 who had gastrointesti-
nal complaints showed that severe and critical infec-
tions occurred significantly more frequently (22.97 
and 31.08%, respectively) than in individuals without 
such symptoms (8.14 and 20.45%, respectively) [6].

The liver is the second most frequently affected 
internal organ in COVID-19 after the lungs [7]. With 

increasing numbers of cases and further studies, bio-
chemical parameters, such as serum alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
gamma-glutamyl transferase (GGT), and alkaline 
phosphatase (ALP), have been shown to be significant-
ly elevated in many patients with COVID-19, indicat-
ing hepatocellular and cholangiocellular damage [8].

Although hepatic disease does not appear to occur 
in the absence of pre-existing liver disease, liver dam-
age in COVID-19 may correlate with the overall dis-
ease severity and serve as a prognostic factor for the 
development of acute respiratory distress syndrome 
(ARDS) [9].

The aim of the review was to highlight the main 
factors affecting the development of liver fibrosis and 
possible mechanisms of liver damage in patients who 
have experienced COVID-19.

Kruchinina M.V., Pershina N.E., Svetlova I.O., Kruchinina E.V. Factors affecting the development of liver fibrosis in patients
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COVID-19 INVASION PROCESS

According to W. Tai et al. (2020), the key viru-
lence factor is the interaction of the receptor-binding 
domain of protein S located on the outer membrane 
of SARS-CoV-2 with the receptor of angiotensin-con-
verting enzyme 2 (ACE2) activated by human trans-
membrane serine proteases (TMPRSS2) [10].  The 
ACE2 receptor, an important part of the renin – angio-
tensin – aldosterone system, is the entry gateway for 
the penetration of SARS-CoV-2 into host cells. ACE2 
is located in the cytoplasmic membrane of many types 
of human cells, including alveolar type II epithelial 
cells in the lungs, enterocytes in the small intestine, 
endothelial cells in arteries and veins, smooth muscle 
cells in arteries, and macrophages. ACE2 and TM-
PRSS2 have been found in the tissue cells of the re-
spiratory organs, esophagus, intestines, heart, adrenal 
glands, bladder, brain, etc. [1]. 

As airborne transmission is the main transmission 
route for the infection, the respiratory tract is most of-
ten affected. Therefore, with a large amount of repli-
cation of SARS-CoV-2 and accumulation of various 
proinflammatory cytokines and chemokines, alveo-
lar epithelial cells can be damaged, and the integrity 
of the air – blood barrier can be compromised. The 
virus diffuses from damaged alveoli into capillaries 
and spreads to organs and tissues [11]. Since the liv-
er has dual blood supply, it can be easily exposed to 
COVID-19. Another way of SARS-CoV-2 penetrat-
ing into the liver is also possible. After penetration of 
SARS-CoV-2 into the intestinal tract, it can damage 
the intestinal epithelium and the vascular barrier and 
enter the liver through the portal vein. Then SARS-
CoV-2 can enter the bile via bile capillaries after the 
virus infects hepatocytes [8].

The mechanism of liver damage in COVID-19. Sev-
eral mechanisms for the damaging effects of the novel 
coronavirus infection on the liver are being currently 
considered, such as the direct effect of SARS-CoV-2 
on the liver (direct cytotoxicity due to active viral 
replication in liver cells), immune-mediated liver in-
jury in the light of hyperinflammatory syndrome with 
cytokine storm, hypoxia (associated with lung dam-
age), multiple organ failure, use of hepatotoxic drugs, 
vascular changes due to coagulopathy, endotheliitis or 
right ventricular heart failure, and exacerbation of the 
underlying liver disease, although the ultimate cause 
is likely to be multifactorial [9].  

Hepatic damage in COVID-19 manifests itself as 
a moderate increase in serum AST and ALT levels, 

accompanied by a moderate increase in total bilirubin 
[10, 12, 13]. Having analyzed 79 medical histories of 
patients who died of coronavirus infection, J.B. Ibra-
yeva et al. found that a 4-fold increase in ALT and 
AST levels was revealed in 28 and 16% of cases, re-
spectively. The total bilirubin level in 96.0% of pa-
tients remained within the normal range [14].

Direct effects of COVID-19 on the liver. X. Chai 
et al. found low expression of ACE2 in hepatocytes 
(2.6%), with an average expression level being 20 
times lower than that in cholangiocytes [15]. Al-
though the level of ACE2 expression in the liver is 
very low, the distribution of the ACE2 receptor does 
not correspond to the level of infection of the organ 
[8]. It has been shown that the virus can bind directly 
to ACE2-positive cholangiocytes, but not necessarily 
to hepatocytes [15].

Y. Wang et al. performed a liver biopsy in two 
deceased COVID-19 patients with elevated transam-
inase levels. Using transmission electron microscopy, 
immunohistochemistry, and postmortem studies, they 
found large numbers of SARS-CoV-2 particles in the 
cytoplasm of the liver cells in these patients [16]. The 
authors suggested that liver injury caused by SARS-
CoV-2 is more associated with the biliary system, and 
to a lesser extent – with the impact of the virus on 
ACE2 hepatocytes. The post-mortem biopsies also 
revealed massive hepatic apoptosis and binuclear 
hepatocytes in the histologic sections, mitochondrial 
swelling, and dilation of the endoplasmic reticulum on 
transmission electron microscopy [2]. These findings 
suggest that liver injury in patients with SARS-CoV-2 
and SARS pneumonia may be due to cholangiocyte 
dysfunction and other causes, such as drug-induced 
injury and systemic inflammation [15].

Hypoxic damage. The liver has high metabolic ac-
tivity and active blood supply, which makes it particu-
larly vulnerable to circulatory disorders [17]. The liver 
is sufficiently protected against ischemic damage by 
the dual circulatory system (almost 25% of the cardi-
ac output that the liver receives is distributed between 
the portal vein and the hepatic artery). It has highly 
permeable sinusoids (which allows for increased dif-
fusion of oxygen to hepatocytes) and is also able to 
respond to decreased cardiac blood flow by releasing 
adenosine and dilating the hepatic vasculature to in-
crease hepatic blood flow [18].

 As is known, COVID-19 most commonly affects 
the lungs; therefore, it can cause the development of 
respiratory failure (RF). Hypoxemia is the main he-
modynamic factor in the development of hypoxic hep-
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atitis in RF.  Associated with RF, a very low level of 
oxygen partial pressure can be noted. Cardiac output 
and hepatic blood flow in this condition are within 
the normal range or even increased [19]. In addition 
to hypoxia, coronavirus infection can cause a num-
ber of complications, such as systemic inflammatory 
response syndrome and multiple organ dysfunction, 
which can lead to reperfusion injury [19, 20]. These 
two processes lead to a decrease in the oxygen content 
and accumulation of lipids in hepatocytes [21], which 
results in cell death. A subsequent increase in reactive 
oxygen species (ROS) and their peroxidation products 
can act as a secondary mediator, further enhancing the 
release of multiple proinflammatory factors and liver 
injury [17].

In addition, there is evidence that SARS-CoV-2 is 
capable of secreting non-structural proteins orf1ab, 
ORF10, and ORF3a, which easily penetrate the eryth-
rocyte cell membrane and displace a divalent Fe atom 
from the porphyrin nucleus of the beta chain in hemo-
globin molecules. One Fe atom is capable of trans-
porting four oxygen molecules. Thus, hemoglobin is 
destroyed inside the erythrocyte. The released iron ion 
contributes to further oxidation of organic molecules. 
Hemolytic and microhemolytic anemia occurs. The 
authors attribute the occurrence of respiratory fail-
ure primarily to the resulting hemoglobin deficiency 
and the oxidative damage initiated by iron ions and 
haemolysis [22]. Such exposure can lead to increased 
inflammatory processes in the lungs, development of 
oxidative stress, hypoxemia, hypoxia, symptoms of 
acute respiratory distress syndrome, and multiple or-
gan failure due to oxygen deficiency [23].

Immune-mediated liver injury. The spectrum of po-
tential pathophysiological mechanisms of liver dam-
age in COVID-19 is extensive, including immune-me-
diated liver damage due to a severe inflammatory 
response [9]. The occurrence of multiple organ failure 
in critically ill COVID-19 patients is mainly associ-
ated with the sudden onset of an inflammatory storm. 

The so-called inflammatory (cytokine) storm, or 
systemic inflammatory response syndrome (SIRS), is 
closely linked to the activation of both humoral and 
cellular immunity triggered by COVID-19 infection. 
[12] The term “cytokine storm” refers to an immuno-
pathological condition characterized by elevated lev-
els of proinflammatory cytokines in the blood, such as 
tumour necrosis factor (TNF) , interleukin (IL)-2, IL-
6, IL-7, IL-18, granulocyte colony-stimulating factor 
(G-CSF), granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF), interferon (IFN)γ, and ferritin,  

as well as by impaired immune defence mechanisms, 
and development of life-threatening systemic reac-
tions [17, 24]. 

SARS-CoV-2 binds to lung epithelial cells and in-
duces multiple proinflammatory signals via Toll-like 
receptors (TLRs), as well as activation of cytotoxic T 
cells. After infection with SARS-CoV-2, cytotoxic T 
cells are rapidly activated, producing GM-CSF, IL-6, 
and other proinflammatory cytokines. Later, GM-CSF 
activates CD14+ / CD16+ inflammatory monocytes, 
which produce more IL-6 and other proinflammatory 
cytokines. Activated T lymphocytes attack infected 
cells of the body, leading to their apoptosis and necro-
sis, until the T lymphocytes are shrivelled [7].

Drug-induced liver injury. Liver injury that occurs 
in some patients with coronavirus infection depends 
on age, geographical region, severity of COVID-19 in 
general, and a number of other circumstances. The liv-
er is the main organ serving as a metabolic and detox-
ification tool; thus, maintaining healthy liver function 
is crucial for the efficacy and tolerability of different 
COVID-19 treatment regimens [25].

Many medicines have been tested to fight against 
the novel coronavirus infection. Some pharmaceuti-
cals or their combinations can cause exacerbations of 
chronic liver disease (CLD) and drug-induced  hep-
atotoxicity and can interact with other medicines to 
increase their toxic effects on the liver. 

Earlier clinical guidelines recommended the use 
of lopinavir / ritonavir, ribavirin, chloroquine, and 
hydroxychloroquine for etiotropic drug therapy for 
COVID-19. Currently, it is recommended to prescribe 
such drugs as favipiravir, molnupiravir, remdesivir, 
umifenovir, and interferon alpha. In addition to anti-
viral drugs, antipyretics, antibiotics, glucocorticoids, 
and genetically-engineered biological drugs (GEBD) 
are used [1]. 

It was shown that the increase in serum enzyme 
levels during treatment with hydroxychloroquine was 
low and similar to that in patients receiving placebo or 
reference listed drugs [26]. But in one of the cases de-
scribed, a patient with severe COVID-19 pneumonia, 
who received hydroxychloroquine, was shown to have 
a 10-fold increase in the transaminase levels; these 
levels quickly regressed after withdrawal of this drug 
[27]. Tocilizumab may be the cause of the elevated 
transaminase level and acute liver damage in patients 
with COVID-19 [28]. The mechanism of drug-in-
duced hepatotoxicity mainly includes mitochondrial 
dysfunction, oxidative stress, endoplasmic reticulum 
stress, lipodystrophy, and insulin resistance [8, 29].

Kruchinina M.V., Pershina N.E., Svetlova I.O., Kruchinina E.V. Factors affecting the development of liver fibrosis in patients
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Favipiravir is a synthetic antiviral l drug, a selec-
tive RNA polymerase inhibitor, which acts against 
RNA-containing viruses. In a study including 200 
men and women with COVID-19 aged 18–80 years, 
L.A. Balykova et al. investigated the hepatotoxic-
ity of favipiravir.  The favipiravir group included 
53 (50.96%) men and 51 (49.04%) women, and the 
standard therapy group encompassed 47 (49.02%) 
men and 55 (50.98%) women. Both groups showed 
an increase in both ALT (17.3 and 18.6% for the ex-
perimental and control groups, respectively) and AST 
(12.5 and 12.7%, respectively). Thus, favipiravir itself 
does not lead to an increase in the level of transami-
nases, and their increase is most likely due to other 
factors [1, 30]. 

Lopinavir / ritonavir is a combination antiviral 
medication, a protease inhibitor of human immuno-
deficiency virus.  This drug is mainly metabolized in 
the liver, first of all through cytochrome P450 (CYP). 
This pathway produces a toxic intermediate product 
that can cause drug-induced liver injuries. [29] Mod-
erate to severe elevation of serum aminotransferase 
levels can be found (> 5 times higher than the upper 
limit of the normal range) in 3–10% of patients taking 
lopinavir / ritonavir [12]. Remdesivir (RDV), original-
ly used to treat Ebola disease, also shows antiviral ac-
tivity against SARS-CoV-2. Studies have shown that 
the use of RDV is associated with an increase in the 
AST and ALT levels [29]. In most cases, the increase 
in enzymes did not reflect severe liver damage. [31].  
However, cases of acute liver failure, presumably 
caused by the use of RDV, have been reported. Two 
patients have been described who had a significant in-
crease in transaminase levels between days 3 and 10 
of RDV therapy, accompanied by coagulopathy and 
encephalopathy [31]. Therefore, hepatotoxic drugs 
should be used with caution in patients with reduced 
liver function. 

S. Gao et al. performed a retrospective, multi-
center study that included 4,010 patients treated for 
coronavirus infection between December 19, 2019 
and April 26, 2020. 395 patients (9.85%) developed 
acute liver failure during hospitalization. Acute liv-
er failure was diagnosed with an increase in ALT or  
AST ≥ 3 × upper limit of normal (ULN), alkaline phos-
phatase or total bilirubin ≥ 2 × ULN. Drug therapy 
for hospitalized patients with COVID-19 mainly in-
cluded antiviral drugs, antibacterial, antifungal drugs, 
hydroxychloroquine / chloroquine, corticosteroids, 
traditional Chinese medicine (TCM), immunotherapy, 
and diet therapy. Among the patients who developed 

acute liver failure, 293 (12.71%) patients were treat-
ed with antibiotics and 25 (35.71%) patients received 
antifungal medicines. Regarding antiviral drugs, 52 
(18.18%), 200 (19.92%), 252 (7.23%), 88 (23.78%), 
and 80 (19.42%) patients were treated with ribavirin, 
corticosteroids, TCM drugs, parenteral nutrition (PN), 
and enteral nutrition (EN), respectively. There was a 
significant difference in the incidence of drug-induced 
hepatotoxicity between the patients who used and 
those who did not use these drugs (p < 0.05). Patients 
who received hydroxychloroquine / chloroquine (362 
(95.26%)) and TCM drugs (3,234 (92.77%)) were less 
likely to develop acute liver failure [25].

DEFINITION AND PATHOGENESIS OF LIVER 
FIBROSIS

Liver fibrosis (LF) is accumulation of major ex-
tracellular matrix components (collagen, non-collag-
enous glycoproteins, glycosaminoglycans, proteogly-
cans, and elastin) in the liver tissue. Development of 
septal and perisinusoidal fibrosis is a universal mech-
anism of progression of chronic hepatitis and cirrhosis 
of the liver [32]. 

 Hepatitis B and hepatitis C viruses, immune and 
metabolic disorders in the liver, oxidative stress ac-
companied by activation of free radical lipid peroxi-
dation, various hepatotoxins, and hypoxia act as trig-
gers for the development of liver fibrosis [32]. Fibrotic 
changes in the liver also occur in diseases, such as pri-
mary sclerosing cholangitis, hereditary hemochroma-
tosis, alpha-1 antitrypsin deficiency, Wilson’s disease, 
primary biliary cholangitis, and chronic heart failure 
[33].

In the era of the coronavirus pandemic, triggers for 
the development and progression of liver fibrosis can 
be hypoxia, cytokine storm, the effects of medications, 
as well as the direct effect of SARS-CoV-2 on hepato-
cytes. This, in turn, leads to damage to hepatocytes, 
which begin to release various substances, including 
peroxides and proteases. As a result, these biologi-
cally active substances (BAS) activate macrophages. 
Activated macrophages, in turn, begin to secrete BAS, 
causing activation of stellate cells. The main inducers 
of their activity include proinflammatory cytokines 
(IL-1), TNFα, peroxides, nitric oxide, endothelin, but 
the main role in stellate cell activation is attributed to 
the platelet-derived growth factor (PDGF), plasmin-
ogen activator, and transforming growth factor beta 
1 (TGFβ1). Under their influence, stellate cells come 
out of a state of rest and undergo a number of trans-
formations. Along with this, the number of cytokine 
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receptors stimulating proliferation and fibrogenesis 
increases [34].

In the first step, the resting stellate cell, under the 
influence of the macrophage and endothelial cell prod-
ucts listed above, loses its retinoid depot and starts se-
creting TGFβ1, which plays a key role in the develop-
ment of subsequent stellate cell autoactivation. Under 
its influence, stellate cells not only continue to activate 
themselves, but also acquire the ability to migrate to 
areas of inflammation. 

The next stage is accompanied by transformation 
of stellate cells into myofibroblasts, which are elon-
gated cells containing alpha actins (which gives them 
some ability to contract). These cells continue to se-
crete TGFß1 and are also capable of producing the 
hepatic extracellular matrix. Myofibroblasts acquire 
the ability to actively divide in areas of inflammation. 
Liver fibrosis is a reversible process, but only if the 
etiological and / or pathogenetic factor is timely re-
moved [34].

CHRONIC LIVER DISEASES  
AND CORONAVIRUS INFECTION

Individuals with chronic liver diseases, especial-
ly those having cirrhosis of the liver, are more sus-
ceptible to the novel coronavirus infection due to 
weakened immunity [35]. Therefore, it is likely that 
they are more susceptible to a more severe course of 
COVID-19 with a potential for liver fibrosis progres-
sion. The most common diseases are non-alcoholic 
fatty liver disease (NAFLD), alcohol-related liver dis-
ease (ARLD), chronic viral hepatitis B and C (CHB, 
CHC), and the outcome of these diseases is the cirrho-
sis of the liver. 

Non-alcoholic fatty liver disease. Non–alcoholic 
fatty liver disease (NAFLD) is a chronic liver disease 
of metabolic genesis in individuals with no exogenous 
factors of toxic damage caused by accumulation of 
lipids in the cellular elements that make up the liv-
er lobule. According to histologic signs, steatosis, 
non-alcoholic steatohepatitis (NASH), and cirrhosis of 
the liver are distinguished as the outcome of NAFLD. 
The prevalence of NAFLD in the general population 
worldwide ranges from 6.3 to 33.0%. The disease af-
fects all age groups but is significantly more frequent 
in obese individuals (up to 62–93%) [36]. 

The level of ACE2 expression in the adipose tis-
sue is higher than in the lung tissue. This conclusion 
may explain vulnerability of the adipose tissue to 
COVID-19 invasion [37]. A retrospective study con-
ducted by M.F. Fondevila et al. showed that in the liv-

er of obese patients, SARS-CoV-2 penetration factors 
depend differently on type 2 diabetes and NAFLD. At 
the same time, in obese women suffering from type 2 
diabetes, the levels of ACE2 and TMPRSS2 are unex-
pectedly lower than in obese women with normogly-
caemia, whereas in obese patients with steatohepati-
tis, the expression of these genes is noticeably higher. 
Consequently, late stages of NAFLD may predispose 
to COVID-19 [38]. 

It is worth noting that the risk of developing se-
vere COVID-19 is significantly higher in patients with 
NAFLD who have been diagnosed with liver steatosis 
by computed tomography (CT) (odds ratio (OR) 4.32; 
95% confidence interval (CI) 1.94–9.59) or in individ-
uals with intermediate-risk and high-risk of fibrosis 
according to the FIB-4 scoring system (OR 5.73; 95% 
CI 1.84–17.9), regardless of metabolic comorbidities, 
compared to patients with NAFLD with a low FIB-4 
index or persons without NAFLD [39].

However, a two-sample Mendelian Randomisation 
Study (TSMR) showed that NAFLD (OR 0.97, p = 
0.61), the ALT level (OR 1.03, p = 0.47), the degree 
of steatosis (OR 1.08, p = 0.41), the degree of NA-
FLD intensity (OR 1.02, p = 0.39), and fibrosis stage 
(OR 1.01, p = 0.87) were not associated with severe 
COVID-19. Among all the associated NAFLD factors, 
the risk of severe COVID-19 was associated only with 
body mass index (BMI) (OR 1.73, p = 7.65 × 10–9),  
waist circumference (WC) (OR 1.76, p = 2.58 × 10–5), 
and hip circumference (HC) (OR 1.33, p = 7.26 × 10–3).

Currently, it seems likely that general obesity (in-
dexed by BMI, WC, and HC), rather than NAFLD, 
plays a causal role in the development of severe 
COVID-19 symptoms. The potential mechanism 
underlying the increased risk of developing severe 
COVID-19 with an increase in BMI remains unclear. 
Preliminary hypotheses explaining this phenomenon 
included lower cardiopulmonary reserve and immune 
dysregulation in patients with high BMI, which ex-
acerbate the symptoms of COVID-19. In general, 
weight control may be the most important modifiable 
risk factor for preventing the development of severe 
COVID-19 [40].

Alcohol-related liver disease. Alcohol consump-
tion is one of the leading risk factors for the develop-
ment of pathology of internal organs. Alcohol-related 
diseases are associated with almost 10% of deaths in 
the world among the population aged 15–49 years 
[41]. According to the National Research Center of 
Narcology in Moscow, alcohol consumption has in-
creased in the context of the COVID-19 pandemic. 
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Alcohol-related liver disease (ARLD) is independent-
ly associated with a 1.8-fold increased risk of mortali-
ty in patients with COVID-19 [39]. 

There are many reasons why alcohol consumption 
can predispose to worsening of COVID-19 outcomes. 
Firstly, alcohol consumption and concomitant liver 
disease disrupt the innate and adaptive immunity, af-
fecting the functioning of immune cells important for 
protection against viral infections [42].

Secondly, chronic alcohol consumption is associ-
ated with increased susceptibility to acute respiratory 
distress syndrome [43]. This may be due to the direct 
effect of alcohol on immune function in addition to the 
dysfunction of the alveolar epithelium and a decrease 
in the concentration of pulmonary antioxidants in peo-
ple with chronic alcohol abuse [43]. 

Thirdly, patients with excessive alcohol consump-
tion often have other concomitant diseases, including 
metabolic syndrome, chronic kidney disease, and to-
bacco smoking, which were independently associated 
with severe outcomes of COVID-19 [43].

Coinfection of SARS-CoV-2 and viral hepatitis B. 
Currently, hepatitis B virus (HBV) remains the main 
cause of cirrhosis of the liver, liver failure, and hepa-
tocellular carcinoma [44]. L. Chen et al. showed in 
their study that among 326 confirmed COVID-19 pa-
tients, of whom 20 (6.1%) were coinfected with HBV, 
there was no difference in the length of hospital stay 
between the two groups. According to the authors, 
HBV coinfection did not affect the course and prog-
nosis of COVID-19 [45]. 

Yu. Rentao et al. observed 67 patients who were 
divided into HBsAg+ (n = 7) and HBsAg- (n = 60) 
groups with an assessment of the levels of AST  
and HBV markers (HBsAg, HBsAb, HBeAg,  
HBeAb, HBcAb, and HBV-DNA) at admission 
and discharge. There were no significant differenc-
es between the groups of patients with positive and 
negative HBsAg. The authors suggested that SARS-
CoV-2 infection was not associated with HBV reac-
tivation in the examined patients. On the other hand, 
the presence of HBV also did not affect the severity 
of SARS-CoV-2 [46].  

From a virological point of view, coinfection with 
HBV did not increase the cycle of virus spread or the 
incubation period of SARS-CoV-2 infection. From a 
clinical point of view, HBV coinfection did not inten-
sify the severity of diseases or the duration of hospi-
talization in patients with COVID-19 [46]. HBV can 
also cause immunological exhaustion, in which stim-
ulated T cells cannot produce such a strong cytokine 

response to SARS-COV2 infection, resulting in a less 
severe course of the disease [2].

For patients with severe COVID-19 and HBV 
coinfection, there is a risk of HBV reactivation. This 
is usually associated with immunosuppressive thera-
py, such as treatment with IL-6 receptor antagonists 
(tocilizumab and siltuximab), IL-1 receptor antago-
nists (anakinra), and high doses of corticosteroids.  
These drugs are used to control cytokine storm, there-
by reducing immune-mediated multiple organ dys-
function [44]. 

J. Liu et al. observed 21 patients with SARS-CoV-2 
and HBV coinfection in a retrospective study. 19 pa-
tients were tested for HBV DNA viral load at least 
twice during hospitalization. Three of the 19 patients 
developed HBV reactivation, which manifested itself 
by a rapid increase in the viral load of HBV DNA. 
These three patients were negative for the hepatitis 
B antigen and had not received any treatment against 
HBV prior to hospitalization. During hospitalization, 
two out of three patients received methylprednisolone, 
which may explain the reactivation, and one patient 
did not receive corticosteroids [47].

Coinfection of SARS-CoV-2 and hepatitis C virus. 
Chronic hepatitis C virus (HCV) is a chronic inflam-
matory disease lasting more than 6 months with pre-
dominant lesion of the liver tissue due to infection 
with HCV. Globally, an estimated 1% of the popula-
tion (about 71 million people) have HCV antibodies 
(anti-HCV), of whom 2/3 are chronically infected and 
1/3 have recovered or have been cured [48].

B. Cerbu et al. conducted a study that included 
1,057 patients infected with HCV, in 126 (11.9%) indi-
viduals COVID-19 was verified. Of these, 95 patients 
(75.4%) were treated according to the SOF / VEL reg-
imen or achieved a stable virological response, while 
the remaining 31 (24.6%) patients showed active HCV 
replication. The proportion of severe COVID-19 cas-
es in the active HCV group was significantly higher 
compared to the inactive HCV group (32.2 vs. 7.3%, 
p < 0.001). It was also shown that the length of stay 
in the hospital and intensive care unit for COVID-19 
was significantly greater in patients with active HCV 
infection [49]. Currently, data on the effect of coro-
navirus infection on the course of HCV, as well as its 
prognosis, are insufficient.

Cirrhosis of the liver. Cirrhosis is a late stage of 
liver fibrosis caused mainly by NAFLD / NASH, 
ARLD, and chronic viral hepatitis [39]. In a study 
conducted in New York, only 0.4% of patients with a 
novel coronavirus infection had pre-existing cirrhosis. 
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The effect of cirrhosis on the course of COVID-19 is 
not fully known yet. Liver cirrhosis has been found to 
be associated with increased mortality in patients with 
acute respiratory distress syndrome [50]. ACE2 levels 
are known to increase (a 97-fold increase in the pa-
renchyma) in cirrhosis [51]. Therefore, patients with 
cirrhosis may be more vulnerable to SARS-CoV2 in-
fection. 

CONCLUSION
COVID-19 is a multisystem disorder. Damage 

to the liver can occur in several ways: via direct im-
pact of SARS-CoV-2 on hepatocytes, immune-medi-
ated damage due to a severe inflammatory response, 
hypoxia, and drug use.

Particular attention is paid to diffuse chronic liver 
diseases, such as NAFLD, ARLD, viral hepatitis, and 
cirrhosis of the liver. Coronavirus infection, apparent-
ly, can contribute to the progression of these diseases, 
as well as have a worse outcome in these conditions.

Data on the follow-up of patients with chronic liv-
er disease who have experienced SARS-CoV-2 are 
currently insufficient for definite conclusions, and this 
situation requires further research.
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ABSTRACT

The article discusses modern ideas about cervical carcinogenesis as a multi-stage process of multifactorial genesis. 
Currently, ideas about the pathogenesis of cervical cancer (CC) are based not only on understanding the role of 
high-risk oncogenic human papillomavirus (HPV) in this process and accumulation of genetic changes caused 
by it, but also on formation of a complex HPV interactome, or a network of intermolecular interactions of HPV 
oncoproteins with host cell proteins. Carcinogenesis also involves a wide range of epigenetic events and, above 
all, impairment of the regulatory function of miRNAs. An important role in cervical carcinogenesis is attributed 
to the concept of cancer stem cells (CSCs) formulated in recent years, which is closely related to the explanation 
of disease recurrence and treatment resistance, as well as to new approaches to treatment. The cervicovaginal 
microbiome and cervical microenvironment, which are responsible for natural clearance of HPV, regression of 
epithelial lesions, and modeling of the immune response, are becoming promising objects for research. 

The aim of the review was to present up-to-date information on the most important mechanisms of cervical 
carcinogenesis, as well as on new approaches to the treatment of CC, based, in particular, on the use of knowledge 
about regulatory miRNAs, CSC markers, and the state of the cervicovaginal microbiota.
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Cовременные представления о цервикальном канцерогенезе
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РЕЗЮМЕ

Рассматриваются современные представления о цервикальном канцерогенезе как многостадийном 
процессе мультифакторного генеза. В  настоящее время представления о патогенезе рака шейки матки 
(РШМ) базируются не только на понимании роли в этом процессе вируса папилломы человека (ВПЧ) 
высокого онкогенного риска и накоплении обусловленных им генетических изменений, но и формировании 
сложного интерактома ВПЧ, или сети межмолекулярных взаимодействий онкобелков ВПЧ с белками 
клетки-хозяина. Также в процессе канцерогенеза принимают участие эпигенетические модификации 
широкого спектра и, прежде всего, нарушения регуляторной функции микроРНК.  Важное место в пред-
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ставлениях о цервикальном канцерогенезе занимает сформулированная в последние годы концепция рако-
вых стволовых клеток (CSCs), с которой тесно связано объяснение рецидивов заболевания и устойчивости 
к лечению, а также понимание новых подходов к лечению. Перспективным объектом для исследования 
становится также цервиковагинальный микробиом и цервикальное микроокружение, ответственные за 
естественный клиренс ВПЧ, регрессию эпителиальных повреждений и моделирование иммунного ответа. 

Цель обзора – изложение актуальной информации о важнейших механизмах цервикального канцерогенеза, 
а также новых подходах к лечению РШМ, базирующихся в частности на использовании знаний о 
регуляторных микроРНК, маркерах CSCs и состоянии цервиковагинальной микробиоты. 

Ключевые слова: цервикальный канцерогенез, геномика рака шейки матки, микроРНК, раковые стволо-
вые клетки, микробиота
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INTRODUCTION 

All over the world, cervical cancer (CC) is one of 
the most common malignant gynecological diseases, for 
which morbidity and mortality rates tend to worsen. In 
2020, more than 600,000 new CC cases were detected 
globally and 342,000 deaths were registered [1]. CC 
ranks fourth among cancer types in women after breast 
cancer, colorectal cancer, and lung cancer [2–4] and is 
the second cause of death from cancer in women aged 
20–39 years [1, 5–7]. In underdeveloped countries, with 
high CC prevalence (ranks second in cancer incidence 
in women) and late diagnosis, the 5-year survival rate of 
patients with CC is less than 50% [2–4]. Despite existing 
screening programs (human papillomavirus (HPV) tests, 
cytology, colposcopy) and vaccination leading to a de-
crease in mortality from CC, there is a growing need for 
screening for precancer and CC at early stages, allowing 
for the use of organ preserving therapy that ensures fer-
tility preservation [5, 6, 8].

Ideas about cervical carcinogenesis are closely re-
lated to the modern understanding of the features of 
the transition zone between the endo- and exocervix, 
which is known as the squamo-columnar junction of 
the cervix (SCJ) and is characterized by the presence of 
cervical stem cells (SCs) [2, 4, 5, 9]. The discovery of 
SCs provides an understanding of not only the mech-
anisms of physiological and reparative regeneration of 
cervical epithelium, but also of the appearance of can-
cer stem cells (CSCs) that are the origin of carcinogen-
esis [2, 4, 5, 9, 10]. 

CSCs determine the malignant potency of the tu-
mor that is the rate of development and metasta-

sis and the degree of regression during treatment  
[4, 5, 9, 11].  

Although persistent high-risk HPV infection (HR-
HPV) is of particular importance in tumor transformation 
[1, 5], CC is a multifactorial disease caused not only by 
the accumulation of genetic changes, but also by a wide 
range of epigenetic changes: impaired DNA methyla-
tion and modification of histones and non-coding RNA 
(ncRNA) [6, 12–15]. The oncogenic potency of HPV 
infection is determined by a large number of addition-
al factors including the influence of hormones, multiple 
sexual partners, obesity, smoking, alcohol abuse, poor 
nutrition, immunosuppressive cervical microenviron-
ment, abnormal vaginal microbiota, coinfections with 
Chlamydia trachomatis or human immunodeficiency vi-
rus [1, 5, 7, 16–19]. 

Lactobacillus spp. are the main representatives of the 
vaginal flora and the first line of defense against patho-
genic microflora in HPV infection, and as the severity 
of cervical intraepithelial neoplasia (CIN) increases, the 
prevalence of an increasingly toxic flora including Fuso-
bacterium, Sneathia, and Streptococcus is diagnosed [5, 
16, 20]. Researchers are accumulating more and more 
data on the critical role of the cervicovaginal microbi-
ome (CVM) in the dynamics of HPV infection: the nat-
ural clearance of HPV, CIN regression, and the immune 
response modeled by the CVM [1, 5, 7, 16]. 

The study of molecular mechanisms of CC pathogen-
esis based on the methods of systems biology (genom-
ics, transcriptomics, proteomics, metabolomics of CC) is 
crucial for obtaining a large amount of data on prognos-
tic and important for treatment CC biomarkers and for 
developing effective CC therapies [3, 21].
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ONCOGENIC HPV STRAINS AND 
MOLECULAR GENETIC MECHANISMS OF 
CERVICAL CANCER PATHOGENESIS

Currently, more than 200 HPV and animal genotypes 
have been described and sequenced, of which approxi-
mately 30 types affect the anogenital tract, 15 of these 
types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 
68, 73 and 82) were classified as HR-HPVs associated 
with CIN2/3 and cancer in situ or high-grade intraepi-
thelial lesion (HSIL) and invasive cervical cancer. HPV 
16 and 18 cause about 70% of squamous cell carcino-
mas and more than 90% of adenocarcinomas [2, 12–14, 
22, 23]. 

At the same time, it was proven that in almost 90% 
of HPV-infected women the virus is no longer detected 
(transient infection) 6–18 months after infection, in one 
tenth of infected women the infection persists (persistent 
infection), and precancerous cervical lesions may devel-
op [2, 14, 22] which progress to invasive cervical cancer 
in 0.3–1.2% of cases.  The question of the possibility 
of complete elimination of the virus, with it remaining 
latent in basal cells with the preservation of the reacti-
vation potential is still to be discussed. Persistent HPV 
infection is diagnosed in the presence of viral DNA of 
the same type upon re-examination after 6–12 months 
[2, 22, 23]. 

The life cycle of HPV penetrating through a micro-
trauma into basal cells of the exocervical epithelium is 
closely related to the differentiation of epitheliocytes, 
depends on a number of cellular factors and sequential-
ly expressed viral proteins, and is described in detail in 
numerous reviews [4, 5, 12, 14, 15]. The virus can exist 
in an episomal, integrated, or mixed (cooccurrence of 
an integrated and episomal form) forms in infected cells 
[14, 24]. 

Integration of viral DNA into the host cell genome 
can have different signatures (more than 3,500 break-
points have been described) and cause amplification of 
oncogenes, inactivation of tumor suppressor genes, in-
ter- or intrachromosomal rearrangements, and genomic 
instability [14, 24]. Changes are more often detected in 
the PIK3CA, TP53, KRAS, and PTEN genes, often in 
STK11, POU5F1B, FHIT, KLF12, KLF5, LRP1B, LEP-
REL1, etc. [3, 6, 24, 25]. The integration of viral DNA 
into the host genome is accompanied by the destruction 
of the E2 viral gene, which regulates the E6 and E7 on-
coproteins, which leads to their overexpression [14].

During integration, the viral genome incorporates 
into the host cell genome at sites of damage or dou-
ble-strand breaks in DNA due to the deactivation of the 
normal DNA damage response (DDR) by oncoproteins 
E6 and E7, which consists of ATR and P53 activation 

[3, 12].  The E7 protein affects the ATR protein kinase 
and inactivates Rb, disrupting the cell cycle inhibitors 
p21, p27.The E6 protein inhibits DNA repair, causes un-
controlled proliferation of infected cells through disrup-
tion of apoptosis (ubiquitin – proteasome degradation of 
the p53 tumor suppressor and binding to procaspase-8), 
and suppresses the response of many genes to interfer-
on [3, 12, 14]. The E6 protein activates the PI3K / Akt 
pathway, promotes the degradation of the transcriptional 
repressor NFX1, and induces the activation of hTERT 
(human telomerase reverse-transcriptase), leading to the 
immortalization of transformed cells [3, 5, 12, 14].

Currently, the existence of a complex HPV interac-
tome or a network of E6 and E7 intermolecular interac-
tions with host cell proteins has been established [12, 14, 
15]. The E6 and E7 proteins can modulate the gene ex-
pression profile, host cell proteome, and intracellular sig-
naling pathways, including MAPK-, Wnt-, Akt-, Notch-, 
mTORC-, and STAT-dependent cascades, which leads 
to changes in the epithelial phenotype [12, 14]. 

Integration of viral DNA into the genome of bas-
al cells with stem-like properties in the transformation 
zone leads to their transformation into CSCs [2, 5, 15], 
the population of which is maintained by activation of 
Wnt/β-catenin, Notch, and Hedgehog [3, 12, 14], Oct3/4, 
NANOG, and SOX2 signaling pathways by oncoproteins 
[26]. A study of CC (whole exome sequencing) carried 
out as a part of the Cancer Genome Atlas (TCGA) re-
vealed a huge number of mutations. So, 192 “tumor – 
control” pairs in the aggregate contained 43,324 somatic 
mutations; 11 samples containing more than 600 muta-
tions per sample were identified as hypermutated [25]. 

Integrative clustering of CC samples using data 
from the analysis of the genome (DNA), transcriptome 
(mRNA), DNA methylation, microRNA expression 
(miRNA), and copy number variations (CNV) of genes 
revealed pronounced molecular heterogeneity of CC. In 
particular, three clusters of CC were identified: clusters 
of squamous CC with high and low expression of keratin 
genes and a cluster that includes predominantly adeno-
carcinomas. The three clusters identified were associated 
with features of CC histology, HPV types, HPV integra-
tion status, UCEC-like status, APOBEC mutagenesis 
level, evaluation of the epithelial – mesenchymal transi-
tion (EMT) and mRNA, expression of KRAS, ERBB3, 
and HLA-A. The isolated clusters differed not only in the 
expression of the SPRR and TMPRSS genes involved in 
keratinization, but also of SMGs, ARID1A, NFE2L2, and 
PIK3CA genes responsible for various metabolic path-
ways in the cell [25, 27]. 

For the first time, mutations in ERBB3, CASP8, 
HLA-A, SHKBP1, and TGFBR2 were identified in CC, 
and ERBB3 (HER3) was immediately identified as a 
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therapeutic target due to aberrant signaling between mu-
tant HER3 and activated HER2. Mutations of HLA-A, 
HLA-B, NFE2L2, MAPK1, CASP-8, SHKBP1, and 
TGFBR2 have been found exclusively in squamous CC 
[25]. The detected amplifications of CD274 (PD-L1) and 
PDCD1LG2 (PD-L2), which significantly correlate with 
the expression of granzyme A and perforin, key genes of 
cytolytic effector cells, do not exclude the effectiveness 
of immunotherapy in some types of CC [25].

Also, 1,026 epigenetically silent genes were identi-
fied including zinc-metalloproteinases ADAM and AD-
AMATS modeling the extracellular matrix and collagen 
genes (COL), which were methylated to a greater extent 
in CC than in the control samples [25].

In the PIK3CA gene, there were mainly activating 
mutations of the helical domain E542K and E545K, in 
which the main nucleotide substitution pattern was as-
sociated with the mutagenesis of APOBEC, a family of 
cytidine deaminases that play the main role in the deam-
ination of cytidine to uridine in DNA and RNA and con-
trol various biological processes (embryogenesis, innate 
immunity, regulation of protein expression). Currently, 
APOBEC mutagenesis, which causes tumor mutations 
due to the aberrant DNA editing mechanism, is consid-
ered as a molecular driver of CC pathogenesis [23, 25]. 
In HPV-negative CC, a lower rate of APOBEC muta-
genesis and high expression of miRNAs responsible for 
EMT were noted [27]. 

In general, the differences were found in CC patho-
genesis in the presence and absence of its association 
with HPV in terms of three important characteristics 
including cancer driver genes, the severity of genomic 
instability, and mitotic pathways in cancer pathogenesis 
[28]. It is the features of molecular mechanisms and ge-
netic disorders that underlie cancer pathogenesis in each 
specific case that determine various outcomes of СС [28, 
29]. 

EPIGENETIC MODIFICATIONS IN CERVICAL 
CARCINOGENESIS

Recent studies have shown that the integration of the 
viral genome into the host cell genome is not enough for 
the development of CC [12–14]. CC pathogenesis is a 
multi-stage process associated not only with the accumu-
lation of genetic changes, but, above all, with the accu-
mulation of a wide range of epigenetic modifications in 
the viral and host cell genomes. These modifications are 
associated with impaired DNA methylation and modi-
fication of histones and ncRNA [12–15, 30]. Epigene-
tic changes referring to reversible modifications of gene 
function are natural mechanisms of cellular adaptation 
and occur under the influence of a wide range of fac-
tors including age, lifestyle, endocrine profile, chronic 

inflammation, and cellular stress. These factors, in turn, 
form a cellular microenvironment with a complex net-
work of interactions of cytokines, chemokines, free radi-
cals, growth factors, and enzymes, which determines the 
effect on critical signaling pathways involved in main-
taining cellular homeostasis [12–14, 17, 18, 30, 31].

In CC, cytosine methylation (the replacement of a 
hydrogen atom by a methyl group) catalyzed by DNA 
methyltransferases (DNMTs) is predominantly observed 
in the CpG motif. Methylation of the gene promoter usu-
ally leads to gene silence, while demethylation causes an 
increase in its expression, and it is also possible when 
oncogenes are expressed due to demethylation of their 
promoters (shown on the example of serine / threonine 
kinase 31 (STK31)), as well as variation in the effects of 
DNA methylation depending on ethnicity [13, 14]. 

The E6 and E7 oncoproteins can induce the expres-
sion of DNMTs and histone-modifying enzymes, includ-
ing histone deacetylases (HDACs), acetyltransferases 
(HATs), methyltransferases (HMTS), and demethylas-
es. They can also alter the activity of proteins associ-
ated with chromatin remodeling complex and miRNA 
processing [13]. The E6 oncoprotein activates DNMT1 
expression through degradation of p53 and release of 
transcription factors Sp1, which bind to the DNMT1 
gene promoter, while the E7 oncoprotein activates the 
expression of a stable complex with pRB and the release 
of the transcription factor E2F [12–14]. In CC, CADM1, 
CDH1, DAPK1, EPB41L3, FAM1A4, MAL, PAX1, and 
hTER are the most frequently methylated genes [13]. 
At the early stage of CC pathogenesis, the retinoic acid 
receptor β (RARβ) gene associated with cell differentia-
tion and the Wnt/β inhibitory factor gene, the product of 
which inhibits the Wnt/β-catenin signaling pathway, are 
often methylated [14]. 

The HPV genome also undergoes epigenetic modifi-
cation, as during the virus life cycle, methylation of late 
L1 and L2 oncoproteins and the LCR regulatory region 
changes [12, 13]. LCR hypermethylation prevents the E2 
protein from regulating the expression of viral E6 and E7 
oncogenes, causing its overexpression [14]. 

Post-translational modifications of histones (acetyl-
ation, methylation, phosphorylation, SUMOylation, and 
ubiquitination) affecting the structural state and tran-
scriptional activity of chromatin are crucial in the regu-
lation of the cell cycle, cell differentiation, maintenance 
of SCs, and epigenetic inheritance of transcriptional pro-
grams [14]. In normal cells, the balance between HDACs 
and HATS ensures the control over cell proliferation and 
death; E6 and E7 oncoproteins disrupt this balance, caus-
ing uncontrolled proliferation of cancer cells [12, 14]. 
Inhibition of HDACs, which reduce the level of histone 
acetylation and cause the silence of tumor suppressor 
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genes, is becoming a promising approach in cancer ther-
apy. So, the inhibitor of HDAC all-trans retinoic acid 
(ATRA) in combination with suberoylanilide hydroxam-
ic acid (SAHA) increases the content of acetylated his-
tones in the promoter of the tumor suppressor genes 
RARβ2, E-cadherin and β-catenin, the deacetylation of 
promoters of which is reduced or absent in CC. The com-
bination of valproic acid (VPA) and ATRA demonstrates 
additional antitumor effects due to reactivation of the ex-
pression of RARβ2, E-cadherin, P21CIP1, and P53 and 
a decrease in the expression of the STAT3 gene, which 
activates transcription of genes responsible for prolif-
eration. These results do not exclude the use of HDAC 
inhibitors and RARβ2 agonists as a new approach to the 
CC treatment [14].

Due to advances in biotechnology and high-through-
put sequencing, the leading role of the aberrant expres-
sion of ncRNAs, single-stranded RNA transcripts, which 
include miRNAs, long ncRNAs (lncRNAs), and circular 
ncRNAs (circRNAs) in cancer pathogenesis has become 
clear. MiRNAs are of particular importance in this pro-
cess, since they can participate in the regulation of both 
the most important biological processes (proliferation, 
differentiation, apoptosis) and molecular pathways of 
cancer pathogenesis (cell cycle, Wnt / β-catenin pathway, 
P53, E6-p53, E7 -pRb, PI3K-Akt, Notch) [3, 12–15, 30, 
32–34].  MiRNA dysregulation may be a consequence 
of genomic mutations, abnormal modification of DNA 
methylation at miRNA gene loci or single-nucleotide 
polymorphisms (SNPs), as well as dysregulation of pro-
teins involved in miRNA biogenesis [15, 32, 35]. 

Based on their effect on proto-oncogenes and oncos-
uppressors, miRNAs are respectively divided into on-
comiRNAs and tumor suppressor miRNAs (TSMIRs); 
the content of the latter is significantly reduced in most 
types of cancer [15]. MiRNAs can also affect viral DNA 
replication; in turn, E6 and E7 oncoproteins can cata-
lyze aberrant methylation of genes encoding miRNAs 
through the induction of DNMT overexpression [32]. 
Continuous E6 / E7 expression is associated with a de-
crease in intracellular concentrations of miR-23a, miR-
23b, miR-206, miR-143, miR-15, and miR-16, all of 
which are associated with antitumor activity [12, 14].

Almost every stage of CC development has its own 
miRNA signature, which theoretically can be of great 
importance for the diagnosis, treatment, and monitoring 
of the process [15, 33, 36]. So, increased expression of 
miR-16, miR-21, miR-34a, and miR-143 was found in 
LSIL. In HSIL, increased expression of miR-21 and a de-
crease in expression of miR-143 were found [36] along 
with an increase in miR-205-5p, miR-130a-3p, and miR-
3136-3p expression and suppression of miR-381-3p and 
miR-4531, while miRNA expression patterns did not 

depend on HR-HPV infection [33]. MiR-499 and miR-
18a are described as markers of invasive CC; miR-125, 
which suppresses VEGF and migration and invasion of 
tumor cells (already used as TSMIR in the treatment of 
CC), and miR-375, acting through regulation of MELK 
and increased apoptosis, are described as oncosuppres-
sors [15]. 

Downregulation of let-7c, miR-124, miR-126, miR-
143, and miR-145 regulates oncogene expression. De-
stabilization of p53 by the E6 oncoprotein leads to sup-
pression of miR-34a expression, which affects several 
components of the cell cycle, including CDK4, cyclin 
E2, E2F-1, hepatocyte growth factor MET receptor, and 
Bcl-2 [14]. Overexpression of miR-21 and downreg-
ulation of miR-29 were found useful for the diagnosis 
of invasive CC [15]. Activation of miR-31 and miR-9 
expression and overexpression of miRNA-21 under the 
influence of E6 / E7 are associated with the progression 
of CC and poor prognosis [14].

Currently, several hundred miRNAs have been iden-
tified that are differentially expressed in CC [15, 34, 36]. 
Participation of ncRNAs in cancer pathogenesis signifi-
cantly complicates the understanding of the molecular 
biology of cancer and makes these transcripts the subject 
of numerous studies aimed at revealing their diagnostic 
and prognostic value [14]. Their use in diagnosis has not 
yet been successful due to methodological problems and 
pronounced variability in the composition of miRNAs in 
different patients with the same type of cancer. In treat-
ment based on miRNAs, it is also necessary to overcome 
the problem of their degradation by nucleases, inaccurate 
delivery to target cells, and side effects in the form of 
activation of immune responses [15].

CANCER STEM CELLS 
In accordance with the hypothesis on cancer stem 

cells (CSCs), a tumor is characterized by a special hier-
archy of cells, in which a small part of the subpopulation, 
called CSCs, has stem cell-like properties, including the 
ability to undergo asymmetric division, self-renewal, on-
cogenesis, and resistance to chemo- and radiation thera-
py due to the presence of detoxification or elimination 
systems [4, 5, 8, 9, 30, 37]. As a result of asymmetric 
division of CSCs, one daughter cell remains a stem cell, 
while another one losing its stemness gives rise to de-
scendants that form the bulk of tumor cells of various 
degrees of differentiation [9]. The CSC paradigm allows 
to approach the understanding of the genesis of cancer, 
including CC, the explanation of the mechanisms of its 
metastasis, relapses, and resistance to chemo- and radia-
tion therapy [4, 9, 11, 30, 38].

There are several theories on the origin of CSCs. 
Mutations leading to the appearance of CSCs can occur 
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in SCs and in already transformed (tumor) cells, caus-
ing the selection of cells with high oncogenic activity 
[5, 30]. Researchers cannot rule out the presence of a 
subpopulation of resident CSCs that ensure the devel-
opment and maintenance of the initial tumor and are 
dormant in the niches of CSCs [4, 5, 8, 30], as well 
as circulating in the blood and disseminating CSCs re-
sponsible for metastasis. The CSC niche is a microen-
vironment of cells formed by the extracellular matrix 
and stromal cells (fibroblasts, macrophages, etc.) and 
which, through call – cell and cell – matrix interactions 
involving a large number of various signaling mole-
cules (cytokines, miRNAs, hormones), determines the 
regulation of the dormant state of CSCs, activation of 
CSCs in response to stress (hypoxia, chemotherapy), as 
well as proliferation and differentiation of their descen-
dants [4, 39]. Cancer cells are able to transit stochasti-
cally between these states, which also supports the hier-
archy of differentiation and occurs, in particular, during 
treatment [9]. 

The existence of CSCs determines the heterogeneity 
of most tumors, including CC, which is manifested both 
through intertumor heterogeneity that refers to different 
aggressiveness and different clinical outcomes in the 
same type of tumor and through intratumor heteroge-
neity which is manifested by biological and molecular 
differences between tumor cells in the same tumor in 
one patient. The tumor is a combination of CSCs with 
mixed mesenchymal / epithelial phenotypes and cancer 
non-stem cells, which can acquire stem cell-like prop-
erties when exposed to EMT [4, 9]. EMT characterized 
by the induction of transcription factors SNAI1, SNAI2, 
TWIST1, and BMI1 is considered as the main source 
of CSCs [4, 5]. CSCs are capable of transdifferentiating 
into vascular endothelial cells, as well as into other tu-
mor-associated stromal cells, which can also contribute 
to tumor heterogeneity [4, 9]. 

CIN and subsequent events of CC pathogenesis 
develop in the cells of the transition zone between the 
endo- and exocervix, which is known as SCJ of the cer-
vix or the transformation zone [4, 5]. The cells at the 
cervical SCJ have unique morphology and their specif-
ic markers include keratin 7 (Krt7), anterior gradient 2 
(AGR2), CD63, matrix metalloproteinase 7 (MMP7), 
and guanine deaminase (GDA). The persistence of the 
SCJ genetic profile in CIN and CC cells indicates the or-
igin of numerous CC subtypes from the cells at cervical 
SCJ and suggests that SCJ may be a niche for cervical 
CSCs [4, 9, 26].

Existing methods of treatment (chemo- and radi-
ation therapy) eliminate only cancer non-stem cells, 
CSCs survive in niches that protect them and lead to 
cancer relapse [4, 5, 8, 9, 39], which allows them to be 

considered as a core of the malignant tumor [39] and 
the most likely target for treatment [8, 9, 39]. The mo-
lecular mechanisms that determine the future of CSCs, 
cell – cell interactions, and the molecular profile of the 
cervical CSC niche are still largely unclear, and labora-
tory protocols have not been developed to isolate CSCs 
in a sufficient amount, which makes their identification 
a difficult task [9, 11]. 

Currently, there is no set of universal markers for the 
identification and isolation of CSCs. The main source of 
material for studying CSCs is the so-called side popu-
lation, which is a small (up to 20%) subpopulation of 
cells inside the tumor, exhibiting the properties of CSCs 
[4, 5]. Identification of multipotent CSCs can be based 
on the ability of these cells to secrete the Hoechst fluo-
rescent dye and under certain conditions to form spher-
oids that are cells of the epithelial / mesenchymal phe-
notype. The existing method of isolating CSCs is based 
on determining the expression of surface markers using 
fluorescence-activated cell sorting (FACS), confocal mi-
croscopy, immunohistochemistry, reverse transcription 
polymerase chain reaction (RT-qPCR), as well as subse-
quent testing of the oncogenic efficiency of the obtained 
cells in an animal experiment and analyzing the resulting 
tumor subpopulation [5].

A number of cytokeratins (CK-5, 8, 13, 17, 18 and 
19) of CSCs and SCs of the cervix have common ex-
pression, but only CK-19 and CK-17 are considered as 
possible CSC markers, since their high expression in СС 
is associated with high malignancy and metastasis, while 
the side population of cells expressing CK-19 and CK-17 
demonstrates high oncogenicity [5, 11]. Np63, a key pro-
tein of the Sonic-Hg signaling pathway, is also consid-
ered as a putative CSC marker, and it may be responsible 
for stemness through the induction of the Bmi-1 protein 
required for SC proliferation [11].

Common CSC markers in cancers of various body 
locations include high expression of CD44, CD90, 
CD44, CD133, CD271, CD49f, ALL+ [4, 5, 26] and 
OCT4, NANOG, β-catenin, and aldehyde dehydroge-
nase (ALDH1). ALDH1 is associated with detoxifica-
tion of chemicals through the oxidation of aldehydes and 
protection from high concentrations of reactive oxygen 
species. Expression of ALDH1 correlates with high tu-
mor activity and radioresistance [3–5, 11, 26]. The re-
sistance of CSCs to death is provided by active repair 
of DNA damage through phosphorylation of ATM and 
CHK1 / CHK2 or activation of anti-apoptotic WNT / 
β-catenin, PI3K / Akt, and Notch signaling pathways 
[4]. The development of therapies that prevent DNA re-
pair in cancer cells or target anti-apoptotic proteins of 
the Bcl-2 family has proven to be more difficult than ex-
pected; studies of PARPi inhibitors (poly(ADP-ribose) 
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polymerase), which is involved in DNA repair, mainly 
concern ovarian cancer [15]. 

The SOX2-positive cell population in CC demon-
strates radioresistance and expresses higher levels of 
genes related to stemness (OCT4 and ALDH1) and 
EMT, which confirms that SOX2 is a marker for cervical 
CSCs. As a key transcription factor, SOX2 plays an im-
portant role in SCs and may be involved in the initiation 
of the tumor process [9, 26, 40].

The resistance of CSCs to treatment and the occur-
rence of relapses are associated with increased activity 
in CSCs in carrier proteins, including MDR1 (ABCB1), 
ABCC1 (MRP1,) and ABCG2. ABCG2 is an ATP-bind-
ing cassette transporter that blocks absorption, pumps 
a wide range of chemical compounds out of cells, and 
plays an important role in the development of multiple 
drug resistance in a number of cancer types [4, 5, 9, 11, 
26]. ABCG2 activity is also associated with an increase 
in the expression of HIF-2ɑ, a transcription factor in-
duced by hypoxia 2, which, in turn, is associated with 
the expression of Oct4, a transcription factor that main-
tains CSC stemness [11]. In СС, the Nrf2 transcription 
factor plays an important role in regulating the expres-
sion of some endogenous antioxidants and detoxification 
enzymes [9]. 

Osteopontin (OPN), a chemokine-like protein of the 
extracellular matrix, which is secreted by tumor and stro-
mal cells, is also considered as a potential CSC marker. 
Overexpression of OPN in CC correlates with resistance 
to hypoxic cell injury during radiation exposure and poor 
survival rate. OPN also induces tumor angiogenesis by 
modulating HIF1α-dependent VEGF expression in re-
sponse to hypoxia, regulates CD44-mediated p38 phos-
phorylation, affects the nuclear factor kappa-B (NF-kB) 
in activated B cells and NF-kB-dependent furin expres-
sion, which are involved in the response to HPV. The 
self-renewal ability of CSCs mediated by OPN can be 
suppressed by a decrease in NF-κB expression [9].

More and more data are accumulated on epigenetic 
programming of stemness, in particular, the involve-
ment of miRNAs in the regulation of the cell cycle of 
both SCs and CSCs by direct or indirect influence on 
its various components (RB, p53, p21, LATS2, PTEN, 
cyclins, CDKs, and CDKIs) [4, 30], while differences 
in the transcription level of individual miRNAs in res-
ident SCs and CSCs were revealed [30]. In CSCs of 
various tumors, a decrease in the expression of the let-
7 miRNA family with oncosuppressive properties was 
revealed, which leads to overexpression of the MYC, 
RAS, HMGA2, and BLIMP oncogenes. Members of 
the let-7 family also downregulate PTEN, cause inac-
tivation of the PI3K / AKT / MTOR pathway, and sup-
press EMT [30]. 

Therapeutic strategies targeting CSC signaling path-
ways and the niche of CSCs are under development [4]. 
As a component of the CC treatment, DNMT inhibitors, 
which are anti-CSC compounds, are already used. The 
use of a dual delivery system with sequential release of 
drugs suppressing tumor cell proliferation can be poten-
tially effective. The use of drugs (antibodies) that affect 
CSCs can be also effective along with targeting molecu-
lar mechanisms that maintain the dormant state of CSCs 
indefinitely or eliminate a subpopulation of such cells, in 
particular, ablation of cytosolic phospholipase A2 alpha 
(CPLA2a). CPLA2a is a key mediator of inflammation 
and the pathophysiology of cancer. It markedly improves 
the sensitivity of CSCs to chemotherapy by suppressing 
β-signaling catenin. Targeting CSCs using nanoparticles 
can be an effective approach [4].

EPITHELIAL – MESENCHYMAL TRANSITION
Mortality in CC is largely determined by the recur-

rence of the tumor process. At the same time, EMT plays 
the most important role in invasion, metastasis, and met-
astatic recurrence of a tumor [4, 41]. EMT is character-
ized by transdifferentiation, or the acquisition of a mes-
enchymal phenotype by an epithelial cell due to a loss of 
expression of epithelial markers (E-cadherin, β-catenin, 
occludin, claudin, plakophilin, cytokeratins, desmoplak-
ins) and increased expression of mesenchymal markers 
(N-cadherin, vimentin, fibronectin) [30, 41–43]. 

EMT can be initiated by dysregulation of various 
signaling pathways, which include transcriptional regu-
lators of oncogenes and oncosuppressors, miRNAs, and 
growth factors [30, 41]. The transcriptional regulators of 
EMT in CC include Snail / Slug / Smug; Zeb1 / Zeb2; 
Twist1 / Twist2; E47; among growth factors – TGF, 
EGF; among oncogenes – HVP16; E6 / E7; Sam68; 
AEG1; FTS, among oncosuppressors – Klotho, SFRPs; 
and a wide range of miRNAs – miR200, the miR-155 
and miR361-5p family [25, 41], as well as a number of 
other molecular factors – β1-integrin receptors, MMPs7 
/ 9, IL-6, TNF-α, etc. [41]. EMT is also determined by 
the regulatory function of the chemokine network, in 
particular, by the level of CXCL6. In CC, a decrease in 
the level of miR-101-5p was found, which normally sup-
presses cancer progression through inhibition of CXCL6 
promoting EMT [32]. Twist1 / Twist2 are the main reg-
ulators of EMT; they are responsible for the activation 
of the AKT and β-catenin pathways and the preservation 
of CSCs [41]. EMT-exposed CSCs can enter a dormant 
state, evading traditional therapies that target actively di-
viding cells [4]. 

In the EMT cluster in CC, studies revealed high im-
munoreactivity of the stroma with high expression of 
caveolin-1, MYH11, and RAB11, as well as YAP and 
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ZEB1 dysregulation, which may be associated with 
lower levels of miR-200A-3p expression in this cluster. 
These data suggest a potential role of YAP and stromal 
reactivity in the regulation of EMT and progression of 
CC [25]. Understanding the molecular aberrations char-
acteristic of EMT and the underlying cellular signaling 
of EMT is important for the development of treatment 
leading to reduction of mortality from CC [4, 41]. 

VAGINAL MICROBIOTA AND CERVICAL 
MICROENVIRONMENT

In recent years, studies have accumulated data on the 
significant role of the cervicovaginal microbiome (CVM) 
in the dynamics of HPV infection, including the natural 
clearance of HPV, CIN regression, and the immune re-
sponse modeled by the CVM [7, 16, 19]. The protective 
role of the normal vaginal microbiota is associated with 
certain types of lactobacilli: Lactobacillus (L.) crispatus, 
L. gasseri, L. jensenii, L. iners, which produce a number 
of antimicrobial compounds and lactic acid, providing 
low vaginal pH (≤ 4.5) necessary to suppress coloni-
zation by pathogenic species (Chlamydia trachomatis, 
Neisseria gonorrhoeae, and G. Vaginalis) and maintain 
vaginal homeostasis [2, 7, 16, 19, 22, 44–46].

In dysbiosis, or bacterial vaginosis, lactobacilli are 
depleted and replaced by a polymicrobial consortium 
of microaerophilic and anaerobic bacteria [2, 7, 22, 
44, 47]. HPV infection is more often associated with 
non-lactobacillus dominance in the CVM, when Atopo-
bium, Mycoplasma hominis, Haemophilus, Gardnerella, 
Sneathia and Megasphaera, Prevotella dominate. The 
development of CIN is caused by the presence of Sneath-
ia, Atopobium, Parvimonas, Fusobacterium, Anaerococ-
cus, Peptostreptococcus, Mycoplasmateles, Pseudoma-
nales [7, 19, 22]. CC is associated with an increase in 
aerobic bacterial flora and the presence of Corynobacte-
rium spp. and Staphylococcus spp. [20]. A high risk of 
HR-HPV infection and the development of CIN is as-
sociated with a small number of L. crispatus producing 
peptidoglycans that activate Langerhans cells, which are 
the most important antigen-presenting cells in the cervi-
cal epithelium. A strong relationship was established in 
vivo between Langerhans cell activity and the clearance 
of HPV, while L. crispatus was the most common Lacto-
bacillus species in individuals with the natural clearance 
of HPV [7, 5, 46]. The clearance of HPV is also associ-
ated with L. gasseri [22].

Vaginal dysbiosis is accompanied by an alteration of 
the epithelial barrier due to the production of sialidase 
by anaerobes, alters immune and metabolic signaling, 
supporting the production of proinflammatory cytokines 
and chemokines, activating a number of cell signaling 
pathways, in particular the NF-κB pathway. It also in-

duces genomic instability of epithelial cells, angiogene-
sis, impaired proliferation, and apoptosis [16, 22, 46]. It 
also plays an active role in the progression of the tumor 
process in both CC, endometrial and ovarian cancer, in-
cluding through participation in the modulation of estro-
gen metabolism [22]. 

A comprehensive analysis revealed signatures asso-
ciated with the development of the tumor process and 
the composition of the cervicovaginal microbiota and 
identified features of the cervicovaginal microenviron-
ment (immune mediators, vaginal pH), which may con-
tribute to the persistence of HPV, the development of 
precancerous lesions, and cancer progression [16, 19, 22, 
47–50]. A number of studies demonstrated the critical 
role of CVM in the modulation of cervicovaginal im-
mune responses and even host susceptibility to HIV [7]. 
Potencies of LSIL (low-grade squamous intraepithelial 
lesion) and HSIL are closely correlated with the func-
tional state of the immune system, in particular T- and B 
lymphocytes, dendritic cells, NK cells, and macrophages 
[6, 46]. The depletion of T cells that helps tumors escape 
the host immune system is phenotypically characterized 
by co-expression of immune inhibitory receptors or im-
mune checkpoints, a gradual loss of proliferation, cyto-
kine secretion, and cytolytic activity. 

In CC, the most promising immune checkpoints are 
PD-1 (programmed cell death protein 1) and CTLA-4 
(cytotoxic T lymphocyte antigen-4) [6]. In HSIL, the im-
mune microenvironment is characterized by the absence 
of intraepithelial CD3+, CD4+, and CD8+ T cell infil-
trates and Langerhans cells compared to normal epitheli-
um and an increase in CD25+FoxP3+ regulatory T cells 
(Tregs) and CD163+ M2 macrophages. Spontaneous re-
gression of HSIL is associated with a low Treg count, an 
increasing number of intraepithelial CD8+ T cells, and a 
high ratio of CD4+/CD25+ T cells [46]. 

L. crispatus can suppress anaerobic growth and ac-
tivate Langerhans cells by lowering factors associated 
with epithelial barrier disruption (sialidase and anaerobic 
biopellicle) and immune suppression through the effect 
on Treg, Th2, Th17 cells, IL-10, IL-17, and TGFß. At 
the same time, the expression of biomarkers of activat-
ed Langerhans cells, which include antigen-binding lan-
gerin and TLR9, antigen-presenting CD1a and MHC-I, 
co-stimulatory CD80 / 86 and CD40 molecules, and 
CMI-associated molecules (cytotoxic T lymphocytes, 
Th1, IFNγ, TNFα), increases [7]. 

In general, the effect of CVM on the CC pathogenesis 
is a complex and not yet fully clear process. It is proba-
bly associated with the implementation of various enzy-
matic mechanisms and metabolic pathways involved in 
protecting the epithelium, removing toxins, and stimu-
lating and regulating the immune system, which makes 
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CVM a target for the development of innovative thera-
peutic approaches based on the use of microbial products 
as immune activators, in particular in HPV infection [7, 
16, 44, 46]. 

CONCLUSION 
Knowledge obtained in the field of cancer biology 

suggests that, despite the close relationship between 
СС and HR-HPV, a variety of epigenetic events play 
an important role in CC pathogenesis, as they regulate 
the cell cycle, determine chromosome stability, and ac-
tivate telomeres and apoptosis. These epigenetic events 
are functionally closely related to the state of the cer-
vicovaginal microbiota and immunity. Expanding the 
understanding of the most important mechanisms of CC 
pathogenesis determines both the variety of diagnostic 
and prognostic markers and potentially possible ways of 
treating CC, in particular, based on the use of knowledge 
about regulatory miRNAs, CSC markers, and the state of 
the cervicovaginal microbiota.
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Surgical revascularization in women: focus on factors worsening  
the prognosis

Serebryakova V.N., Kaveshnikov V.S., Kuzmichkina M.A.

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

ABSTRACT

In recent years, there has been an increase in the number of women undergoing coronary artery bypass  
grafting (CABG). Although the evidence of gender effects on outcomes is controversial, a number of publications 
have reported less favorable outcomes of CABG in women. The aim of this paper was to review the literature 
regarding factors that worsen short- and long-term prognosis in women undergoing surgical myocardial 
revascularization. 

Gender differences in early outcomes of CABG are largely explained by gender distribution of baseline 
clinical characteristics. Women, compared to men, undergo CABG at an older age and have a worse profile of 
cardiovascular disease (CVD) risk factors (RF), comorbidity burden, structural and functional cardiac pathology, 
and coronary lesions. In women, complete myocardial revascularization is less frequent than in men, venous shunts 
are used more frequently, and the left internal mammary artery is less frequently used as a conduit. In addition to 
the baseline characteristics, higher incidence of perioperative myocardial infarction (MI), higher prevalence of 
anxiety and depression, lower quality of life and social adaptation after CABG, and lower involvement of women 
in rehabilitation programs, compared to men, may contribute to a less favorable long-term prognosis after CABG 
in women.

There is a need for more information for physicians about the specifics of CVDs and anatomical and  
surgical aspects of CABG in women. It is also necessary to raise patients’ awareness of RF correction  
and to involve them in educational technologies. Recommendations for diagnosis and treatment of CVDs  
should be developed taking into account gender. Further research is also required to develop and implement  
sex-specific models for predicting surgical risks. Long-term follow-up is appropriate in women with recent MI 
and a history of diabetes mellitus. To further improve clinical outcomes of CABG in women, development 
of approaches that facilitate more complete revascularization and reduce the incidence of perioperative 
complications, such as MI and pneumonia, is needed. More answers to questions regarding gender differences in 
long-term outcomes of CABG may be obtained by analyzing further studies involving a larger number of female 
patients. 
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Хирургическая реваскуляризация у женщин: фокус на факторы, 
ухудшающие прогноз

Серебрякова В.Н., Кавешников В.С., Кузьмичкина М.А.

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

РЕЗЮМЕ

В прошедшие годы отмечается рост количества женщин, перенесших операцию коронарного шунтирова-
ния (КШ). Хотя данные о влиянии пола на исходы операции неоднозначны, в ряде публикаций сообщается 
о менее благоприятных результатах КШ у женщин. Целью данной работы явился анализ литературы в 
отношении факторов, ухудшающих краткосрочный и долгосрочный прогнозы у женщин, подвергнутых 
хирургической реваскуляризации миокарда. 

Гендерные различия в ранних исходах КШ в значительной мере объясняются особенностями распреде-
ления между полами исходных клинических характеристик. У женщин, по сравнению с мужчинами, КШ 
осуществляется в более старшем возрасте, и они имеют более отягощенный профиль факторов риска (ФР) 
сердечно-сосудистых заболеваний (ССЗ), коморбидной нагруженности, структурно-функциональной пато-
логии сердца и поражения коронарных артерий (КА). В отдельных случаях у женщин реже, чем у мужчин, 
осуществляется полная реваскуляризация миокарда, чаще используются венозные шунты, реже в каче-
стве кондуита используется левая маммарная артерия. Кроме исходных клинических характеристик менее 
благоприятному отдаленному прогнозу после КШ у женщин могут способствовать более высокая частота 
периоперационного инфаркта миокарда (ИМ), более высокая распространенность тревоги и депрессии, 
менее высокий уровень качества жизни и социальной адаптации, а также меньшая вовлеченность женщин 
в реабилитационные программы по сравнению с мужчинами.

Существует потребность в дополнительном информировании врачей относительно особенностей течения 
ССЗ и анатомо-хирургических аспектов КШ у женщин. Также необходимо повышение осведомленности 
пациентов в вопросах коррекции ФР, привлечение их к участию в обучающих технологиях. Рекомендации 
по диагностике и лечению ССЗ целесообразно разрабатывать с учетом пола. Также необходимы дальней-
шие исследования, направленные на разработку и практическое внедрение поло-специфических моделей 
прогнозирования хирургического риска. Долгосрочное наблюдение целесообразно у женщин с недавним 
ИМ и сахарным диабетом в анамнезе. Существенное значение имеет компенсация коморбидных состоя-
ний. Для улучшения клинических результатов КШ у женщин необходимо дальнейшее развитие подходов, 
способствующих осуществлению более полной реваскуляризации, а также снижению частоты периопера-
ционных осложнений, таких как ИМ и пневмония. Больше ответов на вопросы относительно гендерных 
различий в отдаленных исходах КШ может быть получено при анализе дальнейших исследований с уча-
стием большего числа пациентов женского пола. 

Ключевые слова: коронарное шунтирование, женский пол, женщины, осложнения, предикторы, прогноз 
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INTRODUCTION

It is well known that cardiovascular diseases 
(CVDs) are one of the leading causes of death, in 
particular among women, and they continue to be the 
subject of close attention of scientists. Understanding 

the potential influence of gender on the development 
of not only CVDs but also their complications is cur-
rently of paramount importance to eliminate gender 
differences in approaches to the diagnosis and treat-
ment of this group of diseases. A characteristic feature 
of coronary artery disease (CAD) is that this patholo-
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gy has clinical manifestations mainly in patients over 
the age of 40 years. Development of many chronic 
diseases (multimorbidity) with age is explained by in-
volutionary processes, and the deterministic possibil-
ity of their combination (comorbidity) remains a very 
urgent problem for scientific research, both among 
men and women [1–3].

One of the most effective methods for improv-
ing long-term prognosis and quality of life (QoL) in 
patients with severe CAD is coronary artery bypass 
grafting (CABG) [4]. About a million CABGs are 
performed annually in the world among patients with 
chronic CAD. Attention is drawn to repeated reports 
of a less favorable immediate and long-term progno-
sis after CABG in women [5–7]. Predictors that af-
fect the immediate and long-term outcome of CABG 
have been actively studied over the past decades. At 
the same time, the factors explaining the gender dif-
ference in the outcome of surgical treatment for CAD 
have not been fully determined yet. The aim of this 
work was to review the literature regarding factors 
that explain gender differences in the immediate and 
long-term prognosis after CABG. 

According to research data, the mortality rate from 
CAD among women is higher than among men and 
amounts to 23 and 21%, respectively [8]. Accord-
ing to the US Society of Thoracic Surgeons, a study 
of 344,913 patients who underwent CABG showed 
a higher rate of operative mortality among women  
(4.5 vs. 2.6% in men, p < 0.001) [9]. The results of 
other studies also support this standpoint. Thus, in a 
large meta-analysis, it was noted that postoperative 
mortality was significantly higher in women than in 
men (relative risk (RR) = 1.77; 95% confidence inter-
val (CI): 1.67–1.88) [10]. 

When CABG is performed with the aid of cardio-
pulmonary bypass (CPB), in-hospital mortality among 
women is also higher than among men. M. Alam et al. 
revealed higher mortality among women compared to 
men, not only in the short term, but also in the medium 
and long term after CABG [10]. A less favorable long-
term prognosis in women after CABG is also con-
firmed by other works [6, 11–13]. At the same time, 
the analysis of CABG cases in the period from 2003 to 
2015 showed that the 30-day survival rate in women 
(average age 67 years) was lower, but the long-term 
survival, on the contrary, was higher than in operated 
men (average age 64 years) [14]. J.F. ter Woorst et al. 
noted lower rates of long-term mortality (120 days) 
in women after CABG performed without the use of 
CPB compared to the traditional revascularization 

method. No such difference was found in men [15]. A 
similar pattern was previously identified in the work 
by S.P. Fu et al. [16].

Despite the fact that criteria for selecting patients 
for surgery have been developed, hospital-acquired 
complications remain relevant in cardiac surgery 
practice. The most common complications are periop-
erative myocardial infarction (MI), neurological and 
infectious complications, systemic inflammatory re-
sponse, as well as development of renal failure and 
various arrhythmias [17–20]. A number of studies 
have noted that in-hospital mortality and a higher pro-
portion of severe complications (MI, stroke, acute kid-
ney injury with the development of renal failure) af-
ter the intervention are more characteristic of women 
[21–23]. In women, angina pectoris recurs more often, 
there is higher incidence of intraoperative MI, acute 
heart failure, or chronic decompensation, respectively 
[24, 25]. In the long term after CABG, women were 
more likely to have repeated hospitalizations for MI 
and congestive heart failure than men, but survival did 
not differ between the genders [26].

However, in the available literature there are data 
that do not confirm the prognostic value of gender. For 
example, in a study by C.R. Herman et al. [27] that 
evaluated immediate outcomes of cardiac surgery, 
no gender effect on the development of a composite 
end point (infection, stroke, acute renal failure, death) 
was revealed. Among age-matched patients under 65 
years, gender-specific mortality did not show statisti-
cally significant differences [28]. Other authors note 
that perioperative mortality among women was no 
higher than among men, and differences in the im-
mediate CABG outcomes related only to infectious 
wounds, neurological complications, the frequency of 
resternotomy, and the duration of inpatient treatment 
[29]. A number of studies have shown that gender did 
not have a significant impact on the long-term progno-
sis [30, 31]. Thus, the data on the effect of gender on 
the immediate and long-term prognosis after CABG 
are ambiguous: in some studies, prognostic parame-
ters in women do not differ from those in men, in oth-
ers, they show less favorable trends.

Of the factors potentially influencing gender differ-
ences in the outcomes of CABG we should first of all 
consider the effect of age. According to the results of 
numerous studies, it has been established that men are 
3 times more likely to undergo CABG than women, 
which is due to an earlier onset of CAD [9]. Howev-
er, the situation changes with age: among candidates 
for CABG over the age of 65 years, women prevail 
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[32]. According to domestic and foreign researchers, 
women are admitted for surgical treatment for CAD at 
an older age than men [33–35]. It is also worth noting 
that the maximum gender differences in the incidence 
of MI and other cardiovascular complications in most 
studies are detected at a relatively early age and sig-
nificantly decrease after the age of 65 years. 

A study conducted in Germany showed the rela-
tionship between gender, age, and early mortality after 
CABG. It was found that in the group of young wom-
en under the age of 50 years, postoperative mortality 
was 2.4 times higher than in men, while in 80-year-old 
women, mortality was similar to that of men of the 
same age [36]. In another study, however, the largest 
gender difference in early mortality after CABG (180 
days) was noted in the age group of 70–79 years, with 
higher mortality rates in women [5]. At the same time, 
the difference between the genders in relation to the 
risk of in-hospital mortality was leveled after adjust-
ing for gender differences in the distribution of preop-
erative risk factors. A similar age pattern was revealed 
in the study by American researchers, who showed 
that in-hospital mortality was higher in women than 
in men in all age groups, but it was most pronounced 
among patients under 50 years of age (3.4 vs. 1.1%) 
[37].

Similar differences were noted among patients aged 
50–59 years – the probability of death among women 
was 2.4 times higher (2.6 vs. 1.1%) [37]. In older age 
groups, these differences were less pronounced (p < 
0.001). There were also no gender differences in early 
prognosis after CABG among 70–84-year-old patients 
in an observational study presented by Turkish car-
diologists that included 223 patients [38]. Thus, the 
severity of gender differences in relation to the imme-
diate prognosis after CABG largely depends on age. 
The reported age limits for the maximum gender ef-
fect are controversial, but there is a trend toward the 
most pronounced gender differences among relatively 
young patients and toward a gradual decrease in the 
differences as the age approaches 80 years and older.

A characteristic feature of the clinical manifes-
tations of CAD in women is significant severity of 
symptoms of the disease [39, 40]. Women who subse-
quently undergo CABG seek surgery with more severe 
symptoms of CAD and higher urgency for cardiac sur-
gery [6]. The possibility of systematic delays in recog-
nizing and diagnosing the severity of CAD in women, 
resulting in a less favorable outcome of CABG, cannot 
be ruled out [6, 41]. This, in turn, can be facilitated by 
a number of factors: in women, an atypical course of 

CAD is detected more often, the sensitivity of non-in-
vasive methods for diagnosing this disease is lower, 
diagnostic angiography is performed less frequently, 
stenosing coronary atherosclerosis is detected less of-
ten, and CAD develops 7–10 years later than in men 
[42]. However, American researchers showed that if 
women are admitted for CABG sufficiently early, this 
improves both the immediate outcomes of the surgery 
and patients’ QoL later after the surgery [43].

It should also be noted that until 2013, the clas-
sical anatomical EuroSCORE (European System for 
Cardiac Operative Risk Evaluation) risk scale was 
used. Undoubtedly, this scale helped in choosing the 
optimal method of revascularization, since it made it 
possible to identify patients with a high risk of adverse 
events after percutaneous intervention. This scale had 
a significant drawback – it did not take into account 
clinical parameters and gender. This drawback was 
corrected when a new scale had been developed – Eu-
roSCORE II, which made it possible to assess the sur-
gical risk of CABG with account of gender-associated 
comorbidities [13]. 

Less favorable outcomes of CABG in women are 
partly explained by gender differences in the preva-
lence of major CVD risk factors. It is known that the 
prevalence of risk factors leading to the development 
of CVD also differs among men and women. Thus, 
according to the epidemiological analysis, gender dif-
ferences are found both in the cardiovascular mortal-
ity and in the prevalence of the leading risk factors 
for CVD, such as smoking, obesity, diabetes mellitus 
(DM) [44]. In men, the predominant risk factors for 
CAD are smoking, age, arterial hypertension, high 
levels of low-density lipoproteins; in women – age, 
overweight, diabetes, and high triglycerides, respec-
tively. Women with a high triglyceride level have 
worse long-term survival rates (HR = 1.5; 95% CI: 
1.1–2.1) compared to men with high triglyceride 
concentration (HR = 1.1; 95% CI: 0.9–1.3) [45]. A 
number of studies report higher prevalence of obesity, 
DM, and arterial hypertension in women undergoing 
CABG [6, 46].

Higher incidence of complications after CABG in 
women is largely due to greater comorbidity burden 
compared to men [33, 43, 47]. Important factors of 
early mortality after CABG in women are previous 
MI and acute cerebrovascular accident (ACV) [36]. 
Higher incidence of stroke in history in women is 
predictable, since it has been found that a cerebrovas-
cular event (stroke and transient ischemic attack) in 
women marked the onset of CVD 1.5–2 times more 
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often than in men [9, 48]. In a study by V. Vaccarino 
et al. it was noted that women who were referred for 
CABG more often had a history of unstable angina 
and congestive heart failure in the preoperative peri-
od [35]. Several studies reported significantly higher 
prevalence of comorbidities in women, such as DM, 
chronic kidney disease, and chronic lung disease [46]. 
According to the American group of researchers, 
among women who underwent CABG, unstable an-
gina and a higher grade of angina pectoris were more 
common, they more often suffered from congestive 
heart failure, although left ventricular ejection frac-
tion (LVEF) did not significantly differ depending on 
gender [35].

It is believed that a number of perioperative risks 
in women come from the mechanisms of hormonal 
regulation, which are different in men and women. 
Before menopause in women, estrogen plays a pro-
tective role in preventing the development of CAD, 
which has a cardioprotective effect through specific 
estrogen receptors [49]. With the onset of menopause, 
a loss of this protective component leads to a cascade 
of pathological processes, such as deterioration of 
endothelial function, increased systemic vascular re-
sistance, activation of the platelet link of hemostasis, 
and a trend toward platelet aggregation [50, 51]. Es-
trogen deficiency in young women increases the risk 
of CAD by 7 times. Estrogen replacement therapy in 
the postmenopausal period does not show a protective 
effect. Operated women have more frequent microcir-
culation disorders, which is associated with hormonal 
deficiency and higher prevalence of DM compared to 
men [52]. Also, females are characterized by vascular 
hypersensitivity to serotonin, which is also considered 
as a causal factor in the development of adverse events 
after CABG [53].

An important role among the predictors of an im-
mediate and long-term prognosis after CABG is at-
tributed to baseline parameters reflecting the struc-
tural and functional state of the heart and coronary 
bed. Traditionally, predictors of early postoperative 
complications include LVEF < 50% and the degree 
of CA stenosis > 70% [9]. Compared to men, women 
undergoing CABG are more likely to have low LVEF 
[35] and more pronounced changes in the coronary 
bed [36].

The prognosis after CABG may be influenced by 
anatomical and operative factors. In particular, com-
pared to men, CAs in women have a smaller diam-
eter and are more often tortuous, which can make it 
difficult to perform more complete revascularization. 

In their work, O’Connor et al. found that anterior de-
scending artery diameter less than 1.5 mm increased 
the risk of in-hospital mortality [36]. It is reported that 
in women during CABG surgery, fewer distal anas-
tomoses are applied, venous bypasses are used more 
often, and the left mammary artery is less commonly 
used as a conduit. At the same time, there are no dif-
ferences between the genders in the remote patency 
of arterial bypasses, while lower rates are reported 
for venous bypasses in women. The reasons for these 
patterns continue to be the subject of discussion, in 
particular, the anatomical aspects already mentioned 
above are actively discussed. Another characteristic of 
the female population is insufficient development of 
the collateral circulation in severe stenosis or occlu-
sion of the CA, especially in DM and postmenopausal 
women. The combination of these factors can affect 
both the duration of the surgery and its immediate out-
comes [5, 6, 39, 40, 52].

Among the factors complicating the prognosis af-
ter surgical myocardial revascularization in women, 
one cannot but note psychosocial variables and QoL. 
Compared to men, women who underwent CABG had 
both more pronounced depression and a lower level 
of social adaptation. Since there is more pronounced 
comorbidity burden in operated women, they have 
lower QoL compared to men, both at baseline and six 
months after the intervention [35, 54].

Summarizing the above, we can conclude that a 
significant proportion of gender differences in terms 
of an early prognosis after CABG is explained by dif-
ferences between men and women in baseline clini-
cal characteristics, such as age, prevalence of risk 
factors for CVD and comorbid conditions, structural 
and functional state of the heart, and severity of CAD. 
Also, the gender effect can be influenced by anatom-
ical and operative factors, in some cases limiting the 
possibility of complete myocardial revascularization 
in women.

As has been repeatedly noted, the gender differ-
ence in hospital outcomes of CABG is largely due 
to gender differences in baseline clinical character-
istics. However, the situation changes in the longer 
term, in particular 3–6 months after the intervention. 
At this time, according to a number of studies, there 
is a discrepancy between the incident curves for clin-
ically significant outcomes with less favorable trends 
observed in the female population [6, 10–12]. In 
these terms, the impact of operative factors on the 
further prognosis gradually decreases, and the most 
important issue in terms of long-term outcomes after 
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CABG is the effectiveness of secondary prevention  
of CVD [45]. 

One of the key approaches to improve the effec-
tiveness of secondary prevention of CVD after CABG 
is cardiac rehabilitation. Participation in rehabilitation 
programs improves survival regardless of age, gender, 
program type, and intensity of moderate physical ac-
tivity [45]. At the same time, along with the elderly 
and people with low socioeconomic status, women 
belong to a specific population which is less frequent-
ly referred for cardiac rehabilitation [55]. Subjective-
ly, women tolerate CABG surgery relatively worse 
[24], it is more difficult for them to self-organize in the 
treatment of CAD due to fatigue, anxiety, depression, 
and the need to deal with household chores [56]. An-
other problem is that, in the long term, women are less 
committed to physical activity than men. Thus, 35% 
of women stop physical training 3 months after the 
end of the cardiac rehabilitation program [57]. These 
features can serve as potential barriers that reduce 
the effectiveness of secondary prevention of CVD in 
women after CABG.

Thus, apart from baseline clinical, structural, and 
functional variables, the long-term prognosis after 
CABG is largely influenced by the effectiveness of 
secondary prevention of CVD. A less favorable course 
of the late postoperative period in the female popula-
tion may be due to higher incidence of perioperative 
MI, higher prevalence of anxiety and depression, low-
er QoL and social adaptation, and less active partic-
ipation in rehabilitation programs compared to men.

CONCLUSION
In recent years, there has been an increase in the 

number of women undergoing CABG. At the same 
time, a number of publications report less favorable 
outcomes of CABG in women. In the course of this 
work, the review of the literature was carried out on 
factors explaining such gender differences. It was es-
tablished that gender differences in early outcomes of 
CABG are largely explained by the peculiarities of 
the distribution of the baseline clinical characteristics 
between the genders. Compared to men, women un-
dergo CABG at an older age, which largely explains 
a more burdened profile of CVD risk factors, comor-
bidity burden, structural and functional pathology of 
the heart, and CAD observed in them. In some cases, 
women are less likely than men to undergo complete 
myocardial revascularization, venous shunts are used 
more often, and the left mammary artery is less com-
monly used as a conduit. In addition to the baseline 

clinical characteristics, a less favorable long-term 
prognosis after CABG in women may be contributed 
by higher incidence of perioperative MI, higher preva-
lence of anxiety and depression, lower QoL and social 
adaptation level after CABG, as well as less active in-
volvement of women in rehabilitation programs, com-
pared to men.

Thus, there is a need for raising doctors’ awareness 
about the characteristics of the CVD course and the 
anatomical and surgical aspects of CABG in wom-
en. It is also necessary to increase the awareness of 
patients about RF correction and to involve them in 
educational technologies. Recommendations for the 
diagnosis and treatment of CVD should be devel-
oped taking into account gender. Further research is 
required to develop and implement gender-specific 
models for predicting surgical risks. Long-term fol-
low-up is reasonable in women with a history of re-
cent MI and DM. Correction of comorbidities is also 
essential. To further improve the clinical outcomes of 
CABG in women, it is necessary to develop approach-
es that promote more complete revascularization and 
reduce the incidence of perioperative complications, 
such as MI and pneumonia. More answers to ques-
tions about gender differences in long-term outcomes 
of CABG may be obtained by analyzing further stud-
ies with more female patients.
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A clinical case of the retroaortal course of the circumflex artery  
from the right coronary artery
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ABSTRACT

An anomalous course of coronary arteries is fairly rare pathology, which, however, may underlie clinical 
manifestations of coronary artery disease. Expanding the possibilities of diagnostic coronary angiography makes it 
possible to detect numerous types of congenital anomalies of the coronary arteries. 

However, if earlier they were considered as angiographic findings and were characterized as benign, now this 
attitude has been changed due to reports of cases of syncope, angina pectoris, and sudden cardiac death associated 
with their presence. In this regard, a trend emerged to consider such anomalies as “potentially malignant”, which 
explains special caution at their detection. The article presents a clinical case of an anomalous retroaortic course of 
the circumflex artery from the right coronary artery.
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РЕЗЮМЕ

Аномалии отхождения коронарных артерий являются достаточно редко встречающейся патологией, кото-
рая, однако, может лежать в основе клинической манифестации ишемической болезни сердца. Расширение 
возможностей проведения диагностической коронароангиографии позволяет обнаружить многочисленные 
виды врожденных аномалий коронарных артерий. 

Однако если ранее они считались ангиографическими находками и характеризовались как доброкачествен-
ные, то в дальнейшем такое отношение было изменено сообщениями о случаях синкопальных состояний, 
стенокардии и внезапной смерти, связанных с их наличием. В связи с этим сформировалась тенденция рас-
сматривать такого рода аномалии как «потенциально злокачественные», что диктует особую насторожен-
ность при их обнаружении. Представлен клинический случай аномалии ретроаортального хода огибающей 
ветви от правой коронарной артерии.
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INTRODUCTION

According to various data, the frequency of con-
genital anomalies of the coronary arteries (CAs) rang-
es from 0.6 to 1.8% [1, 2]. There are various types 
of dispositions of the CAs: anomalous origin of the 
left anterior descending artery (LAD) from the right 
coronary artery (RCA) (absence of the left CA trunk); 
an increase in the number of CAs branching from the 
aorta (absence of the right CA trunk); anomalous or-
igin of the circumflex artery (Cx) from the 2nd or 1st 
sinuses of the aorta or from the RCA.

 Pathological origin of the Cx is the most common 
anomaly of the CA origin, that is why in 1970 D. Ef-
fler recommended to call it a ‘normal variant” [3, 4]. 
The location of the anomalous Cx is always the same: 
from its origin it runs back and to the left, bending 
around the aorta from behind, then passes between the 
posterior wall of the aorta and the anterior wall of the 
right and left atria until it reaches the left part of the 
atrioventricular sulcus, where it is covered by the left 
atrial appendage and has the usual location [5].

 Despite the fact that this anomaly is still considered 
to be benign, cases of its association with sudden car-
diac death and angina pectoris have been reported [6]. 
These phenomena may be due to repeated compres-
sion of this vessel due to dilation of the aortic root or 
curvature following its retro-aortic position, followed 
by compression of the coronary ostium in the sulcus 

with the formation of an obstacle to the blood flow. It 
is also necessary to mention recent studies suggest-
ing that the anomalous origin of the CAs may increase 
the risk of atherosclerotic changes due to their acute 
angle of inclination [7]. The anomalous origin of the 
Cx from the right coronary sinus with the retroaortic 
course has been thoroughly studied and is not consid-
ered to be malignant because in this case the artery 
does not pass between two arterial structures [8].

CLINICAL CASE

A female patient Ch., aged 75 years, was admitted 
to the Regional Vascular Disease Center for patients 
with acute coronary syndrome with complaints of at-
tacks of burning sensations behind the sternum lasting 
3–10 minutes, arising from habitual physical activity 
and at rest. The patient had had a history of angina 
pectoris for more than 20 years with 3–5 attacks per 
week. During the last month, the patient noted a de-
crease in exercise tolerance and the fact that anginal 
attacks occurred at rest. 

Upon admission, troponin I, myoglobin, and cre-
atine phosphokinase-MB were negative. Other labora-
tory parameters were within the reference values. The 
ECG showed a normal sinus rhythm, heart rate of 64 
beats per minute, and disrupted repolarization of the 
myocardium in the anterior, septal, and apical regions 
of the left ventricle (Fig. 1). 
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The results of Holter monitoring were the follow-
ing: single (93) and paired (6) polytopic supraven-
tricular extrasystoles; paroxysms (3) of unstable su-
praventricular tachycardia; single (97) and paired (4) 
polymorphic ventricular extrasystoles; paroxysms (4) 
of wide QRS complex tachycardia; the total duration 
of episodes of ischemic ST-segment displacement was 
52 minutes; no significant changes in the QT interval 
were noted.

Echocardiography revealed type I left ventricular 
diastolic dysfunction (E/A= 0.7), ejection fraction 
(EF) 60%, slight left atrial dilatation (47 mm), and 
basal septal hypertrophy (12 mm). Hypokinetic and 
akinetic zones were not revealed.

The patient underwent coronary angiography, 
which revealed: atherosclerosis of the CAs, proximal 
LAD artery stenosis of the left CA of more than 70% 
with angiographic signs of plaque instability, stenosis 
of the middle segment of the RCA of about 50%; the 
origin of Cx from the RCA. At the end of the coronary 
angiography, percutaneous transluminal coronary an-
gioplasty (PTCA) was performed for proximal LAD 
artery stenosis: a 3.0 × 20 mm REBEL stent deployed 
at 14 atm, optimization with a 3.5 x 12 mm balloon at 
20 atm (Fig. 2–5).

The patient had no complications in the postopera-
tive period. Positive dynamics were noted. The patient 
had no angina attacks, dyspnea at rest and when walk-
ing. The patient could move actively in the ward, and 
then she was able to walk around the department. The 
patient was discharged on the 9th day in a satisfactory 
condition for the cardiology follow-up care in a clinic 

at the place of residence. Confirmation Holter mon-
itoring and echocardiography were to be performed 
after 6 months.

Fig. 1. Electrocardiogram before percutaneous transluminal coronary angioplasty. Speed 25 mm / s, voltage 10 mm / mV. 

Fig. 2. Coronary angiography view of the LCA branches. The 
arrow marks stenosis with angiographic signs of atherosclerotic 

plaque instability

DISCUSSION

The anomalous origin of Cx from the RCA may 
be asymptomatic until adulthood, as a result it is often 
diagnosed accidentally or even goes unnoticed. Late 
diagnosis can lead to poor health and limited physical 
activity due to impaired myocardial perfusion. 



168 Бюллетень сибирской медицины. 2023; 22 (2): 165–169

This anomaly can be identified with the help of 
coronary angiography, which is sometimes crucial in 
establishing the final diagnosis. However, the pres-
ence of anomalies causes difficulties in conducting se-
lective coronary angiography, since with conventional 
approaches, the results may not always have the diag-
nostic value. Moreover, this method is quite invasive, 
requires more items of specialized equipment, and 
cannot give an accurate spatial location of the anom-
alous Cx. These negative aspects can be eliminated 
by performing multidetector computed tomography 
of the CAs, which is a kind of mainstay for detecting 
coronary anomalies before the elective surgical inter-
vention [9].

 In this patient, the detected anomaly of the branch 
of the CA was an accidental finding. The severity of 
the stenotic lesion of the LAD artery served as an in-
dication for endovascular intervention (stenting) with 
a subsequent positive clinical effect. It should be noted 
that the lesion localization in the ostium or proximal 
RCA can be a significant obstacle for the formation of 
an adequate blood supply to the posterior diaphrag-
matic surface of the heart, including the sinus node. 
The peculiarities of coronary blood flow depending on 
the cardiac cycle should also be taken into consider-
ation: from the LCA basin – during the diastole, from 
the RCA basin – during the ventricular diastole and 
systole.

An increase in the scope of cardiac surgeries and 
X-ray-guided surgeries on the aortic valve also makes 
it necessary to focus on exclusion of anomalies in the 
origin of the CAs in the preoperative period. Thus, 
after aortic valve replacement, compression by a 
prosthetic valve ring or ligation of anomalous Cx are 
considered the main causes of myocardial ischemia; 

Fig. 3. Coronary angiography view  
of the RCA branches. The arrow  
marks the origin of the Cx from  

the RCA

Fig. 4. Image of the LCA branches  
after PCI. The arrow marks the  

site of stent implantation

Fig. 5. Coronary angiography view 
of the LCA branches after 19 months. 

The arrow marks the site of stent 
implantation

thorough and complete mobilization of the CAs is 
necessary to prevent this [10]. Also, a well-balanced 
approach to the surgical maneuver with preservation 
of coronary blood flow in the Cx should be consid-
ered when performing the Bentall procedure [11]. In 
some cases, balloon aortic valvuloplasty with subse-
quent transcatheter aortic valve replacement is more 
controlled, since it is possible to perform selective an-
giography of the anomalous Cx to confirm impaired 
blood flow in it early [12].

The presented clinical case confirms the impor-
tance of timely diagnosis of congenital anomalies of 
the origin of the CAs, since their presence can cause 
ischemia and arrhythmias and may also be associated 
with a risk of sudden cardiac death. Coronary angi-
ography in combination with multidetector computed 
tomography of the CAs are complementary methods 
for diagnosing this pathology.
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A family case of a rare autoinflammatory disease associated with mutations 
in the NLRP3 and TNFRSF1A genes in the practice of a rheumatologist
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ABSTRACT

The article presents a clinical case of a rare autoinflammatory disease – a family case of Muckle – Wells syndrome. 
The diversity of clinical manifestations and the impossibility of confirming the diagnosis without a genetic study by 
DNA sequencing determine the complexity of and delay in the diagnosis. The development of severe complications 
and, as a consequence, a fatal outcome necessitates early diagnosis. The described clinical case demonstrates the 
importance of DNA sequencing for the timely diagnosis of the disease, the features of the disease course, and the 
familial nature of the disease. The diagnosis of Mackle – Wells syndrome in young family members before the 
development of severe complications will allow to start adequate and timely treatment and prevent the development 
of amyloidosis.
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РЕЗЮМЕ

Представлен случай из клинической практики редкого аутовоспалительного заболевания – семейного 
случая синдрома Макла – Уэллса. Разнообразность клинических проявлений и невозможность 
подтверждения диагноза без проведения генетического исследования методом секвенирования ДНК 
определяет сложность и несвоевременность диагностики. Развитие тяжелых осложнений и, как следствие, 
летального исхода обусловливает необходимость ранней постановки диагноза. Описанный клинический 
случай демонстрирует как важность проведения секвенирования ДНК для своевременной диагностики 
заболевания, так и особенности течения болезни и семейный характер заболевания. Постановка диагноза 
синдрома Макла – Уэллса у членов семьи молодого возраста до развития тяжелых осложнений позволят 
начать адекватное своевременное лечение и предотвратить развитие амилоидоза.

Ключевые слова: аутовоспалительные заболевания, секвенирование ДНК, синдром Макла – Уэллса
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INTRODUCTION
Autoinflammatory diseases (AID) refer to a group 

of rare monogenic and polygenic diseases character-
ized by innate immunity activation in response to en-
dogenic and exogenic stimuli without the production 
of autoantibodies[1]. Nowadays almost 32 nosologi-
cal forms of diseases are registered in the Eurofever 
registry with definite clinical presentatiton, the com-
mon feature of all these forms is recurrent episodes 
of periodic fever. The main variants of monogenic 
periodic fevers involve cryopyrin–associated period-
ic  syndrome (CAPS), familial Mediterranean fever, 
tumor necrosis factor receptor-associated periodic 
syndrome (TRAPS), mevalonate kinase deficiency, 
etc. CAPS includes a group of diseases caused by 
variants of cryopyrin-encoding NLRP3 gene leading 
to inflammasome activation and interleukin (IL)-1 
overproduction [2]. 

Diversity of clinical features (fever, hives, irido-
cyclitis, sensorineural hearing loss, elevated inflam-
mation markers) and confirmation of the diagnosis 
exclusively by genetic testing (DNA sequencing) 
make the diagnosis challenging [3]resulting in ex-
cessive inflammasome activation with subsequent 
overproduction of interleukin (IL. To date, early di-

agnostic criteria have been developed to help suspect 
AID [4]. The need for timely diagnosis is due to the 
development of fatal complications, usually amy-
loidosis. Successful treatment for CAPS is directly 
associated with early administration of IL-1 inhib-
itors. Nowadays two monoclonal antibody drugs 
blocking IL-1 have been registered in the Russian 
Federation: canakinumab and anakinra. Also, there 
is some experience of using IL-6 and tumor necro-
sis factor (TNF)α inhibitors, but the greatest clinical 
effect is achieved using IL-1 inhibitors [5]efficacy 
and tolerability of biological disease-modifying an-
tirheumatic drugs (bDMARDs. The main limitation 
associated with routine use of IL-1 inhibitors is high 
cost of the drug. We would like to present a clinical 
case of diagnosing familial CAPS in the practice of a  
rheumatologist.

CLINICAL CASE
The study was carried out in accordance with eth-

ical standards developed in accordance with the Dec-
laration of Helsinki of the World Medical Association 
“Ethical principles for medical research involving hu-
man subjects” as amended in 2000 and Rules of Clin-
ical Practice in the Russian Federation approved by 
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the Order of the Ministry of Healthcare of the Russian 
Federation No. 266 of 19.06.2003.

Female patient X., proband (Fig. 1), aged 28 years, 
sought a consultation with a rheumatologist at the 
Research Institute of Clinical and Experimental Lym-
phology, branch of the Institute of Cytology and Ge-
netics SB RAS, Novosibirsk, in October 2021. The 
patient complained of recurrent hives on the body and 
limbs, inflammatory pain in small wrist joints, and ep-
isodes of hyperthermia up to 37.5 °С. 

thritis. After genetic testing, which revealed a patho-
genic variant of the NLRP3 gene, in 2018, their di-
agnosis was changed to cryopyrin-associated periodic 
syndrome, Muckle – Wells syndrome. Both children 
receive canakinumab with a good clinical response. 
The sibling also underwent a genetic testing in 2019 
and the pathogenic variant chr1:247587529C>T 
[hg19], NM_004895.4:c.784C>T, P_004886.3:p.(Ar-
g262Ter) (R262X), dbSNP:rs121908150 in the NLRP3 
gene and the pathogenic variant chr12:6442643C>T 
[hg19], NM_001065.3:c.362G>A, NP_001056.1:p.
(Arg121Gln) (R121Q), HGMD:CM012483, dbSN-
P:rs4149584 in the TNFRSF1A gene were identified 
(Table 1, 2). According to clinical data and genetic 
testing results, the diagnosis of Muckle – Wells syn-
drome was established. 

T a b l e  1

Characteristics of the pathogenic variant of the NLRP3 gene: 
Arg262Ter, found in the NLRP3 gene

Parameter Value

Genomic 
coordinates 
[hg19]

chr1:247587529C>T

dbSNP identifier rs121908150

Transcript NM_004895.4:c.784C>T
Protein NP_004886.3:p.(Arg262Ter)
Gene NP_004886.3:p.(Arg262Ter)
Exon 4/10
Pathogenicity Pathogenic

Pathogenicity criteria

PVS1 The nonsense variant of a gene, for which LoF 
variants are the known cause of pathology

PM2

The variant is absent in the control (or occurs 
with extremely low frequency). The highest 

known frequency in the population is 0.0004% 
(TOPMED).

PM1

The variant is located in an important function-
al protein domain that does not have known 

benign changes. According to InterPro Domain, 
protein NACHT domain is located here.

PP5

Reliable sources indicate the variant patho-
genicity. According to CLINVAR, the variant 
is considered pathogenic (CV000004622.5, 

RCV000004623.6, RCV000221297.4, 
RCV001067187.1, RCV001285973.1)

T a b l e  2

Characteristics of the pathogenic variant of the TNFRSF1A 
gene: Arg121Gln, found in the TNFRSF1A gene

Parameter Value
Genomic coordinates 
[hg19] chr12:6442643C>T

dbSNP identifier rs4149584
Transcript NM_001065.3:c.362G>A
Protein NP_001056.1:p.(Arg121Gln)

According to the medical history, since infancy, 
the proband has had relapses of hives on the body and 
limbs that do not respond to antihistamines and gluco-
corticoids. For that reason, the patient was repeatedly 
examined by an allergist and was followed-up with a 
diagnosis of chronic urticaria. In 2014, the proband 
turned to a rheumatologist for the first time with com-
plaints of pain and swelling of wrist joints. Inflamma-
tion markers were elevated, rheumatoid factor (RF) 
and anti-cyclic citrullinated peptides (ACCP) were 
negative. The patient was diagnosed with rheumatoid 
arthritis and prescribed methotrexate 15 mg which 
showed a good clinical response, joint syndrome be-
came minimal (DAS28 = 3.08). 

In May 2020, the patient discontinued metho-
trexate due to pregnancy planning. No exacerbation 
of joint syndrome was recorded during pregnancy 
and after childbirth. When taking a family history, 
it was revealed that patient’s mother (born in 1966) 
had the same recurrent hives, sensorineural hear-
ing loss, arthritis, and chronic kidney disease which 
caused her death at the age of 55. Also, proband’s 
sibling (born in 1989) has manifestations of hives, 
arthralgia in wrist joints, and episodes of hyperther-
mia up to 37.5 °С. Sibling’s children (boy and girl) 
were observed by a rheumatologist with juvenile ar-

Fig. 1.  Family tree
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Parameter Value
Gene TNFRSF1A
Exon 4/10
Pathogenicity Variant of uncertain clinical significance
Pathogenicity criteria

BS1

The allele frequency is higher than 
expected for the disease. The highest fre-
quency is 2.7% (population of Northern 

Sweden).

PM1

The variant is located in an important 
functional protein domain that does not 
have known benign changes. According 

to InterPro Domain, TNFR / NGFR 
cysteine-rich region is located here.

PP5

Reliable sources indicate the variant 
pathogenicity. According to HGMD, 
the variant is considered pathogenic 

(HGMD: CM012483)
	

The proband examination revealed the following: 
erythema on cheeks, hives on the body and limbs. 
There were vesicular breath sounds in the lungs. The 
heart sounds were clear and rhythmic. The patient did 
not feel pain in joints which were also not swollen. As 
for laboratory tests, ESR was elevated up to 45 ml / h, 
CRP 49 mg / l, creatinine 76 µmol / l, RF was negative 
(8 U / ml with the reference value 20 U / ml), ACCP 
was slightly positive (32 U / ml with the reference val-
ue 25 U / ml). Wrist and foot X-ray revealed no joint 
space narrowing, periarticular osteoporosis or erosive 
arthritis. 

Taking into account that the proband and her rela-
tives have the variant of the NLRP3 gene with typical 
manifestations of Muckle – Wells syndrome, Sanger 
sequencing of all exons of the TNFRSF1A and NLRP3 
genes was performed in the proband in October 2021. 
As a result, pathogenic gene variants previously 
found in the patient’s sibling were revealed in both 
genes: the pathogenic variant chr1:247587529C>T 
[hg19] in the NLRP3 gene and the pathogenic variant 
chr12:6442643C>T [hg19] in the TNFRSF1A gene 
(Fig. 2). 

Based on the clinical data and the results of mo-
lecular genetic testing, the diagnosis of cryopyrin-as-
sociated  periodic  syndrome: Muckle – Wells syn-
drome was verified. According to ACR / EULAR 
2010 criteria, the proband did not match with the di-
agnosis of rheumatoid arthritis, and joint syndrome 
was most likely caused by CAPS. Special attention 
should be paid to the examination of ACCP which 
was slightly increased in the patient, as its significant 
increase allows to diagnose rheumatoid arthritis by the  
ACR / EULAR criteria (symmetric polyarthritis of 
small wrist joints accompanied by elevated CRP). 
The combination of AID and rheumatoid arthritis is a 
rare and difficult to differentiate case. The proband’s 
sibling and mother were invited to the clinic of the 
Research Institute of Clinical and Experimental Lym-
phology, branch of the Institute of Cytology and Ge-
netics SB RAS for further examination (Table 3).

T a b l e  2  ( c o n t i n u e d ) 

T a b l e  3

Clinical manifestations of the family case of Muckle–Wells syndrome

Parameter Proband,  
28 years old

Proband’s mother, 
54 years old

Sibling,  
32 years old

Sibling’s son,  
11 years old

Sibling’s  
daughter, 9 years old

Hives + + + – –
Fever + + + – –
Arthritis / arthralgia of small wrist joints + + + + +
Conjunctivitis – – + – –
Sensorineural hearing loss – + – – –
Renal lesion (chronic kidney disease most 
likely due to amyloidosis) – + – – –

Uveitis – – – + +
Elevated acute phase reactants (ESR, CRP) + + + + +

According to Table 3, all family members had 
typical clinical manifestations of Muckle – Wells 
syndrome including fever, recurrent hives, joint syn-
drome, and elevated inflammation markers. All family 
members, with the exception of the proband’s moth-
er, underwent a molecular genetic testing, which re-
vealed the pathogenic variant of the NLRP3 gene. A 
proband’s child did not undergo genetic testing due to 

the absolute absence of any clinical manifestations of 
the disease. However, it is planned to conduct genetic 
testing later as the disease is likely to manifest itself 
not in early childhood. 

The proband’s mother had the most severe course 
of the disease with sensorineural hearing loss and 
chronic kidney disease that possibly caused her death 
in 2021. The presence of verified Muckle – Wells syn-
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drome with clear clinical manifestations and elevated 
inflammation markers was an indication for the use 
of genetically engineered biologicals. Also, the pres-
ence of a pathogenic variant of the TNFRFS1A gene 
is associated with a high level of TNFα, which may 
also determine the choice of genetically engineered 
biologicals. Currently, the patient and her sibling are 
undergoing safety screening to assess the possibility 
of prescribing genetically engineered biologicals, in-
cluding canakinumab.

According to the literature, the severity of Muck-
le – Wells syndrome can be divided into mild, mod-
erate, and severe[6]. As can be seen in the clinical 
case described, there are both severe manifestations 
of the disease among family members (in the pro-
band’s mother) and a moderate phenotype. It remains 
unclear whether the presence of a pathogenic variant 
of the TNFRFS1A gene affects the severity of Muckle 
– Wells syndrome phenotype. More and more studies 
are aimed at studying the effect of digenic mutations 
on the severity of the disease [7]. So,  A. Blaschek 
et al. described the combination of genetic variants 
of MEFV and TNFRSF1A genes that led to the on-
set of multiple sclerosis in childhood [8]. Other au-
thors discussed the digenic inheritance of MEFV and 
NLRP3 genes or MEFV and TNFRSF1A genes [9]. We 
could not find any data in the literature on the combi-
nation of genetic variants of TNFRSF1A and NLRP3 
genes, but it may determine a more severe course of  
Muckle – Wells syndrome.

CONCLUSION
This clinical case demonstrates the complexity of 

differential diagnosis between autoimmune and auto-
inflammatory diseases. As can be seen, even if a case 
formally meets the criteria of rheumatoid arthritis and 
there are clinical manifestations that do not correspond 
to definite nosological forms, physicians should con-
sider other causes of joint syndrome, hives, fever, etc. 
So, it is necessary for rheumatologists, clinical geneti-
cists, and molecular diagnosis specialists to cooperate 
in such cases. 

This clinical case represents an example of a rare 
monogenic disease, the diagnosis of which is highly 
difficult and impossible without DNA sequencing. 
The disease severity and the development of severe 

complications, which are the main cause of patient 
mortality, require early diagnosis and treatment. Pa-
tients should be timely referred to a clinical geneticist 
in order to identify indications for molecular genetic 
testing, so that the diagnosis of an autoinflammatory 
disease is confirmed and proper disease-modifying 
drug therapy is initiated. Also, testing of a larger num-
ber of genes may determine the treatment strategy and 
the choice of the drug.
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A clinical case of migrainous stroke

Plotnikov D.M.1, Alifirova V.M.1, Mosienko E.S.2

1 Siberian State Medical University (SSMU) 
2, Moscow Trakt, Tomsk, 634050, Russian Federation
2 Tomsk Regional Clinical Hospital 
96, I. Chenykh Str., Tomsk, 634063, Russian Federation

ABSTRACT

Migrainous stroke is a rare combination of frequently occurring diseases; only a few cases have been described 
in the domestic literature. The complexity of differential diagnosis is due to the fact that at the stage of initial 
manifestations, these two conditions can mimic each other. Treatment strategy and further prevention for each of 
these diseases is different, so timely and convincing early diagnosis is crucial. The presented clinical case describes 
a case of ischemic stroke in a young woman who had been suffering from migraine for a long time, which did not 
fully meet the criteria for migrainous infarction. The patient was treated at the regional vascular center of the Tomsk 
Regional Clinical Hospital, there was a positive trend in the neurological status. The catamnesis of the disease 
was tracked. It was suggested that endothelial dysfunction is the main pathogenetic factor in the formation of an 
ischemic focus against the background of a protracted migraine attack.

Keywords: migraine, ischemic stroke, migrainous infarction
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Мигренозный инсульт: клиническое наблюдение
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РЕЗЮМЕ 

Мигренозный инсульт – это редкое сочетание часто встречающихся заболеваний, в отечественной лите-
ратуре описаны лишь единичные наблюдения. Сложность дифференциальной диагностики связана с тем, 
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что на этапе начальных проявлений эти два состояния могут имитировать друг друга. Лечебная тактика и 
дальнейшая профилактика при каждом из этих заболеваний различны, поэтому так важна своевременная и 
убедительная диагностика на ранних этапах. 
В представленном клиническом наблюдении описан случай ишемического инсульта у молодой женщи-
ны, длительное время страдающей мигренью, который не вполне соответствовал критериям мигренозного 
инфаркта. Пациентка лечилась в региональном сосудистом центре Томской областной клинической боль-
ницы, отмечена положительная динамика в неврологическом статусе. Отслежен катамнез заболевания. 
Высказано предположение о том, что эндотелиальная дисфункция – основный патогенетический фактор 
формирования ишемического очага на фоне затянувшегося мигренозного приступа.

Ключевые слова: мигрень, ишемический инсульт, мигренозный инфаркт
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INTRODUCTION

Migrainous ischemic stroke or migrainous infarc-
tion (MI) is a rare disease that occurs in the popula-
tion with a frequency of 1.4–3.4 / 100,000, which is 
only 0.2–0.5% of all cases of ischemic strokes [1]. 
According to the brief version of the International 
Classification of Headache Disorders (ICHD-3 beta, 
2013, revised in 2018), this disease under code 1.4.3 
refers to complications of migraine [2]. Each of these 
diseases separately is quite common in the population 
[1], however, the study of the epidemiology of their 
combination is quite difficult. This is explained by 
the fact that before the introduction of clear diagnos-
tic criteria, the diagnosis of MI was vague. Even after 
their introduction, the establishment of this diagnosis 
largely depends on the traditions of the clinic and its 
technical equipment. 

The diagnostic criteria for MI are as follows: 
A. Migraine attack meets criteria B and C.
B. It occurs in a patient with migraine with aura 

and a typical previous attack when one or more aura 
symptoms last > 60 minutes.

C. Neuroimaging shows the presence of ischemic 
infarction in the corresponding area of the brain.

D. It does not correspond to another diagnosis 
largely [2].

In other words, MI can be diagnosed only in case 
of ischemic stroke without another proven cause in 

patients suffering from migraine with aura at the time 
of the attack in case of persistent focal neurological 
symptoms lasting more than an hour and similar to 
one or more manifestations of the aura, with manifes-
tations characteristic of ischemia on CT or MRI in the 
corresponding area of the brain. The influence of the 
following factors on the incidence of MI was prov-
en: female gender, frequency of attacks, smoking, and 
oral contraceptives with a high content of estrogen [1, 
3]. Strokes in patients with migraine that do not occur 
during an attack are considered only as an associated 
disease, and not as MI [2]. In real clinical practice, 
timely and robust diagnosis of MI is still challenging. 

CLINICAL CASE
Female patient F., born in 1969 (50 years old) pre-

sented to the Regional Stroke Center (RSC) of the 
Regional Clinical Hospital on November 27, 2019. 
She had complaints of tension throbbing headaches (5 
points on the Visual Analogue Scale (VAS)) without 
clear lateralization, nausea, periodic vomiting, awk-
wardness and left arm numbness. The day before, she 
was taken to the RSC by an ambulance with complaints 
of tension throbbing headache (9 points according to 
the VAS) in the right temporoparietal region, nausea 
and vomiting, difficulty speaking, which she had for 
three days. No convincing focal symptoms were found 
during the neurological exam, computed tomography 
(CT) of the brain showed no focal changes (Fig. 1). 
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sleeping for several hours helped to ease the attack. 
According to the patient’s health history, she suffered 
from periodic spontaneous vomiting in childhood. 
The patient had no chronic diseases, except for mi-
graine. She sometimes checked blood pressure, which 
was not increased. She did not take any medications 
regularly. 

The patient had one pregnancy and one childbirth. 
Ten years ago, she was operated on for uterine fi-
broids. For several months, the patient had irregular 
period. Before admission, she had no period for two 
months and suspected the onset of menopause. She 
has not turned not turn to a gynecologist lately and has 
not taken any hormonal medications. The patient did 
not smoke. The patient had no family health history of 
vascular pathology, but her father had similar head-
aches in his youth.

Upon admission, the neurological examination re-
vealed a slight monoparesis of the left arm; strength 
was reduced to 4 points, in the hand – up to 3 points, 
as well as left-sided hemihypesthesia, including the 
face. A CT scan of the brain on the right in the deep 
parts of the frontal lobe revealed an ischemic focus 5.0 
x 5.0 x 3.5 cm (Fig. 2). With the diagnosis of ischemic 
stroke in the right middle cerebral artery (unspecified 
subtype), the patient was hospitalized in the RSC, 
where an examination was carried out in accordance 
with the current regulatory documentation (procedure, 
standard and clinical guidelines).

The results of complete blood count and urinaly-
sis, biochemical blood test, electrolyte test, coagula-
tion test, and lipid profile test were all within the nor-
mal range. ECG: sinus rhythm, heart rate 75 beats per 
minute. The electrical heart axis was horizontal; ante-
rior rotation of the left ventricle around the longitudi-
nal axis of the heart. Daily monitoring of blood pres-
sure revealed no pathology. Echocardiography only 
revealed minor tricuspid regurgitation. Ultrasound 

Fig. 1. CT of the brain of patient F. One day before admission 
to the RSC

With the diagnosis of a protracted migraine attack 
(simple form), she was referred to a therapeutic hospi-
tal on duty. There, the administration of an analgesic 
(baralgin) eased headache a bit, and the patient was 
discharged for outpatient follow-up. The next day, 
moderate diffuse headache and nausea persisted. After 
sleep, the patient felt left arm numbness and weak-
ness, which was mainly in the hand. Due to her condi-
tion, patient’s relatives brought her to the RSC again. 
From the history of present illness, the patient was 
diagnosed with migraine more than 15 years ago, for 
9 years she has been taking sumatriptan (amigrenin), 
pentalgin, and nise during attacks. 

Attacks had the same pattern: a throbbing headache 
in the right temporoparietal region with nausea and 
vomiting, a feeling of pressure in the left eye that the 
patient suffered from 1–2 times a month. The symp-
toms lasted from several hours to 3 days and could 
begin spontaneously or be provoked by psycho-emo-
tional stress or odors. When the attack was provoked 
by odors, the patient had a burning sensation in her 
nose prior to it. The patient told that drugs, including 
sumatriptan, did not completely stop the attacks, but 

Fig. 2. CT scan of the brain of patient F. at the time of admission to the RSC
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examination of extracranial vessels showed asymme-
try of the blood flow distribution in the carotid and 
vertebral arteries. Blood flow deficiency was detected 
in the right carotid artery and in the left vertebral ar-
tery. There was increased peripheral resistance in the 
system of carotid arteries on the right and vertebral ar-
teries on both sides. Left vertebral artery had a small 
diameter. Examination of the fundus revealed slight 
optic disc swelling in both eyes. Retinal angioplasty 
in both eyes was of hypertonic type. A dynamic CT 
scan of the brain was conducted 7 days after admis-
sion and revealed the focus of subacute ischemia 5.7 

x 3.4 x 3.0 cm on the right in the frontal lobe, in the 
external capsule (Fig. 3). MRI of the brain on day 10 
after admission revealed foci of subacute ischemia on 
the right (increased T2 signal, T2-FLAIR, DWI): a 
focus of 51 × 11 mm in the subcortical regions of the 
frontal and parietal lobes and a focus of 11 × 12 mm 
in the periventricular (medial) regions of the parietal 
and occipital lobes. Pathology of intracranial vessels 
was not revealed (Fig. 4). After the examination, 
the patient was diagnosed with migrainous ischemic 
stroke in the right middle cerebral artery, left-sided 
upper mild monoparesis, hemihypesthesia.

Fig. 3. CT scan of the brain of patient F. 7 days after admission to the RSC

 
Fig. 4. MRI of the brain of patient F. 10 days after admission 
to the RSC. Modes: a – T1, b – T2, c – FLAIR, d – DWI, 

e – 3D-TOF

а

b

d

e
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The patient received the following treatment: infu-
sion therapy, citicoline, sulpiride, amitriptyline, ace-
tylsalicylic acid, exercise therapy, physiotherapy, and 
occupational therapy, and within a few days, strength 
was restored in the left hand up to 5 points, but awk-
wardness when moving fingers and hemihypesthesia 
remained. After the end of treatment, the patient was 
discharged with positive dynamics in a satisfacto-
ry condition for the second stage of rehabilitation at 
the rehabilitation center. She was recommended to 
receive a long course of aspirin cardio 100 mg and 
amitriptyline, a course of citicoline, and sumatriptan 
for migraine attacks.

Catamnesis was followed up by phone after 2.5 
years. After a course of rehabilitation treatment, the 
neurologic deficit regressed almost completely: senso-
ry disturbances recovered within 8 months, but some 
awkwardness in the left hand persisted. She also noted 
some memory loss, which did not affect daily activity. 
With the onset of menopause and a change of job (she 
left a managerial position), headaches changed. They 
became less frequent, no more than once a month, and 
less intense (5–6 points according to the VAS). The 
patient did not need to take sumatriptan, as headaches 
were usually eased by combined NSAIDs (pentalgin) 
and glycine. She did not take drugs regularly.

DISCUSSION
The presented clinical case does not fully meet the 

diagnostic criteria for MI [2]: the patient had no aura. 
These criteria were formulated based on several me-
ta-analyses, which showed an association of its oc-
currence with female gender, young age, frequency 
of attacks, the presence of aura, and the use of oral 
contraceptives [1, 4–6]. No statistically significant 
relationship was found between migraine without 
aura and the risk of ischemic stroke, although such 
cases were described in both foreign and Russian lit-
erature [7]. In addition, it was proven that ischemic 
foci are more often detected in the posterior circu-
lation and often in the cerebellum [8], while in this 
case, the ischemic focus was formed in the middle 
cerebral artery. 

According to modern concepts, the activation of 
serotonergic neurons of the raphe nuclei plays an im-
portant role in the onset of a migraine attack. It may 
initiate a wave of functional inactivation of cortical 
neurons. This wave of neuronal depolarization, fol-
lowed by a wave of oligemia, is referred to as “cortical 
spreading depression”, coincides with the aura phase, 
and is probably its pathophysiological basis [1]. 

Endothelial dysfunction may be a common risk 
factor for both stroke and migraine. The neurovas-
cular effects of endothelial dysfunction ultimately 
lead to impaired vascular reactivity. Moreover, this 
is a proven trigger for the activation of procoagulant, 
proinflammatory, and proliferative mechanisms. In 
patients with migraine, there is an increase in the ac-
tivity of key endothelial dysfunction biomarkers: von 
Willebrand factor, C-reactive protein, nitrate / nitrite 
levels, as well as circulating endothelial progenitor 
cells, which correlates with a longer duration of the 
disease [9]. During a migraine attack, there is an in-
crease in the level of platelet-activating factor, which 
is released from cerebral endothelial cells, platelets, 
and mast cells in response to hypoxia possibly in-
duced by cortical spreading depression [10]. It is im-
portant that this was found in a study of patients with 
migraine attacks without aura. Thus, during migraine 
attacks, a procoagulant state appears which can cause 
the formation of an ischemic focus.

Probably, in the given clinical case, this was the 
cause of ischemic stroke in the patient, since its asso-
ciation with a migraine attack is beyond doubt. 

CONCLUSION

The above clinical observation describes a case 
of migrainous stroke in the deep parts of the cerebral 
hemisphere in the patient suffering from migraine 
without aura for a long time during a protracted attack 
of hemicrania. This does not fully meet the criteria for 
migrainous infarction because they occur more fre-
quently in women suffering from migraine with aura 
in the posterior circulation. In this case, we do not 
have any doubts that migraine caused stroke, while 
endothelial dysfunction with activation of procoagu-
lant systems during a protracted attack of hemicrania 
most likely caused the formation of an ischemic focus. 
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ABSTRACT

Global digitalization has become one of the most significant challenges in the field of medicine and healthcare. 
Rapid development of digital technologies determines a growing demand for constant access to real-time big 
data. Their use is in need for research and technological projects in the field of artificial intelligence technologies. 
Siberian State Medical University developed the first Russian-language clinical data repository “SibMed Clinical 
Data Repository” in Russia (https://dataset.ssmu.ru/). The article describes the structure and functions of the 
repository as well as features of its potential use.
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РЕЗЮМЕ

В эпоху глобальной цифровизации отрасли здравоохранения, благодаря развитию медицинских информа-
ционных систем, все большую актуальность и значимость приобретают открытые медицинские данные. Их 
использование востребовано для научных исследований и технологических проектов в сфере искусствен-
ного интеллекта. ФГБОУ ВО СибГМУ Минздрава России впервые в России инициировал создание первого 
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русскоязычного репозитория клинических данных SibMED Data Clinical Repository (https://dataset.ssmu.ru/). 
В статье описывается структура, функции репозитория, а также перспективы его использования.

Ключевые слова: репозиторий открытых клинических данных, открытые данные, медицинские информа-
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Digitalization has become one of the most signifi-
cant challenges in the field of medicine and healthcare 
in the XXI century. The introduction of digital solu-
tions in modern clinical practice makes it possible to 
improve the quality and effectiveness of medical care, 
reduce healthcare costs, and achieve patient safety. 
The rapid development of telemedicine and artificial 
intelligence technologies determine the growing de-
mand for constant access to real-time big data [1, 2].

The Institute for Statistical Studies and Econom-
ics of Knowledge of Higher School of Economics, 
using the iFORA big data analysis system, has identi-
fied digital technologies that are the most in demand 
in medicine and healthcare. Thus, among the leading 
technologies are open health data / electronic medical 
records [3]. Big data accumulated in medical databas-
es are actively used for the development of IT tech-
nologies [4-6].

One of the large-scale projects that develops such 
algorithms is the MIMIC-IV open database of clini-
cal data. The database was developed in collaboration 
with Beth Israel Deaconess Medical Center and the 
Massachusetts Institute of Technology [7]. Such data 
are in great demand, however, due to the divergence 
of health systems in different countries, the use of 
MIMIC is limited [8].

The development of open health data sources re-
quires formalized algorithms for aggregation and stor-
age of datasets, ensuring information security [9, 10].

Siberian State Medical University developed 
the first Russian-language clinical data repository 
“SibMed Clinical Data Repository” (https://dataset.
ssmu.ru /). The SibMed Clinical Data Repository proj-
ect includes the formation of a digital infrastructure 

for storing and quick access to health data and a train-
ing program focused on the work with structured and 
unstructured biomedical data to solve research and 
technological problems.

The repository combines datasets of outpatient and 
inpatient services of multidisciplinary SibMed clinics, 
contains anonymized health information, and is con-
tinuously updated. The data are depersonalized in ac-
cordance with the legal requirements.

SibMed Clinical Data Repository is recommend-
ed for use both for researchers, specialists in the field 
of data science, machine learning, and healthcare 
management, entrepreneurs, and for organizations 
developing digital solutions in healthcare. The tasks 
that SibMed Clinical Data Repository solves include: 
development and testing of new digital products for 
healthcare and business, data analytics in diagnosis 
and treatment, implementation of artificial intelli-
gence technologies, development of treatment and di-
agnostic programs.

The openness of health data within this project 
will contribute to the creation of new solutions for 
medicine and healthcare, improve the quality of life 
of the population, and provide more affordable med-
ical care.
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