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Insulin-positive cells in liver and exocrine part of pancreas in animals with 
experimental diabetes mellitus
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ABSTRACT

Aim. To compare the number of insulin+ cells in the liver and exocrine part of the pancreas with the type of exper-
imental diabetes, blood glycose and glycated hemoglobin (HbA1с) level and with the number of Pdx1+ cells.

Materials and methods. The experiment was carried out on 25 male Wistar rats (weighting (303.0 ± 25.3) g) that 
were divided into 3 groups: the first group consisted of intact animals, the second had animals with experimental 
diabetes type 1, and the third with animals with experimental diabetes type 2. Biochemical, immunohistochemical, 
ELISA methods and statistical analysis were used.

Results. Insulin+ and Pdx1+ cells of rats with experimental diabetes were found in the liver and exocrine part of 
pancreas. The highest number of insulin+ cells in the liver was detected in type 2 diabetes (T2D). A strong positive 
correlation between the number of insulin+ cells in the liver and level of glycosylated hemoglobin in theblood was 
revealed in both type 1 and type 2 diabetes.

Conclusion. Insulin+ cells are detected in the liver and acinar part of pancreas of both intact rats and rats with 
experimental diabetes. Group with T2D is characterized by the highest number of insulin+ cells in the liver 
compared with type 1 diabetes (T1D). The localization of insulin+ cells in the liver changes depending on the type 
of diabetes. In T2D insulin+ cells are located in all parts of liver acini, meanwhile in animals with T1D such cells are 
mainly detected in the periportal area. The expression of Pdx1+ in acinar cells of pancreas and liver cells is likely a 
mechanism for their reprogramming into insulin+ cells in experimental diabetes mellitus.

Key words: diabetes mellitus, pancreas, liver, insulin+ cells, Pdx1+ cells.  
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Инсулин-позитивные клетки печени и экзокринной части поджелудочной 
железы у животных с экспериментальным сахарным диабетом

Байкенова М.Б.1,2, Черешнев В.А.1, Соколова К.В.1,2, Гетте И.Ф.1, Емельянов В.В.2,  
Данилова И.Г.1

1Институт иммунологии и физиологии Уральского отделения Российской академии наук (ИИФ УрО РАН) 
Россия, 620049, г. Екатеринбург, ул. Первомайская, 106
2 Уральский федеральный университет (УФУ) имени первого Президента России Б.Н. Ельцина  
Россия, 620002, г. Екатеринбург, ул. Мира, 19

РЕЗЮМЕ 

Цель исследования: сопоставить количество инсулин-положительных (инсулин+) клеток печени и экзо-
кринной части поджелудочной железы с концентрацией глюкозы и гликированного гемоглобина (HbA1с) 
в крови, а также с количеством Pdx1-положительных (Pdx1+) клеток в этих органах при различных типах 
сахарного диабета в эксперименте.

Материалы и методы. Эксперимент проводился на 25 самцах крыс (линия Wistar, масса (303,0 ± 25,3) г), 
которые были разделены на три группы: 1-я – интактные животные, 2-я – животные с экспериментальным 
сахарным диабетом 1-го типа, 3-я – животные с экспериментальным сахарным диабетом 2-го типа. В работе 
осуществляли биохимический, иммуноферментный, иммуногистохимический и статистический анализы.

Результаты. В печени и экзокринной части поджелудочной железы крыс с экспериментальным сахарным 
диабетом 1-го и 2-го типов обнаружены инсулин+ и Pdx1+-клетки. Наибольшее количество инсулин+-клеток 
в печени отмечается при сахарном диабете 2-го типа. Установлена корреляция между количеством инсу-
лин+-клеток в печени и концентрацией HbA1с в крови при сахарном диабете 1-го и 2-го типов.

Заключение. Инсулин+-клетки определяются в печени и экзокринной части поджелудочной железы ин-
тактных животных и крыс, у которых воспроизведена модель сахарного диабета 1-го и 2-го типов. Жи-
вотные с экспериментальным сахарным диабетом 2-го типа характеризуются большим количеством ин-
сулин+-клеток печени по сравнению с крысами с экспериментальным сахарным диабетом 1-го типа. В 
зависимости от типа сахарного диабета в печени меняется локализация инсулин+-клеток. При экспери-
ментальном сахарном диабете 2-го типа инсулин+-клетки печени расположены во всех частях печеночной 
дольки, тогда как у животных с экспериментальным сахарным диабетом 1-го типа эти клетки обнаружива-
ются преимущественно перипортально. Вероятно, экспрессия  Pdx1+ в ацинарных клетках поджелудочной 
железы и клетках печени представляет собой механизм их перепрограммирования в инсулин+-клетки при 
экспериментальном сахарном диабете.

Ключевые слова: сахарный диабет, поджелудочная железа, печень, инсулин+-клетки, Pdx1+-клетки. 
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INTRODUCTION
The relevance of the study of diabetes mellitus 

(DM) is due to its prevalence, high level of disability 
in patients and their high mortality rate. Currently, 
more than 422 million people worldwide have di-
abetes [1]. The exponential increase in the number 
of patients with diabetes requires new therapeutic 
strategies to reduce the socio-economic burden of 
this disease [2]. Diabetes is a chronic disease cha- 
racterized by hyperglycemia, which is the result of 
absolute or relative insulin deficiency. Both classic 
forms of diabetes are characterized by the inability 
of pancreatic beta (β) cells to satisfy the body’s need 
for insulin secretion due to either an almost complete 
loss in type 1 diabetes (T1D) or a deficit of β-cells 
as a result of insulin resistance in type 2 diabetes 
(T2D). The deficit in β-cell mass, which is up to  
90% in long-standing T1D and approximately 65% 
in long-standing T2D is considered to be a conse-
quence of β-cell destruction [3]. 

Insulin synthesis is specific for pancreatic islets’ 
β-cells and is tightly controlled at the transcription 
level. The transcription factor Pdx1 determines the 
transcription rate and stability of insulin m-RNA. 
Pdx1 is both a factor of β-cell differentiation during 
embryogenesis and a regulator of the insulin-produc-
ing function of islet cells in mature islets of Langer-
hans [4]. In the differentiation process of pancreatic 
cells, the expression of the Pdx1 gene is enhanced 
in β-cells, while in exocrine and duct cells, the ex-
pression of this gene, on the contrary, is gradually re-
duced. It is believed that the activity of the Pdx1 gene 
is preserved in a differentiated state only in β-cells 
[5]. However, currently insulin+ cells have been de-
tected in exocrine part of the pancreas, in the brain, 
bone marrow, spleen, liver and adipose tissue of an-
imals [6, 7].  

Since the liver and pancreas are of endodermal 
origin in ontogenesis, there is an assumption that 
both tissues include the same precursor cells that can 
differentiate both into hepatocytes and pancreatic 
β-cells. Moreover, hepatocytes and pancreatic β-cells 
express a large group of specific transcription factors 
and also use the same type of glucose transporter 
into the cell (GLUT2) including it in the metabolism 
through phosphorylation with glucokinase [8].   

Based on the preceding, the aim of our research 
was to compare the number of insulin+ cells in the 
liver and exocrine part of pancreas with the blood 
glucose and glycated hemoglobin (HbA1с) levels and 

with the number of Pdx1+ cells in these organs in dif-
ferent types of diabetes mellitus in the experiment.

MATERIALS AND METHODS 
Experiment was carried out on 25 male Wistar 

rats weighting 303.0 ± 25.3 g that were divided into 
3 groups: the first of intact animals (n = 10), the sec-
ond of experimental diabetes type 1 (T1D) (n = 8),  
the third of experimental diabetes type 2 (T2D)  
(n = 7). T1D was modeled by intraperitoneal (i.p.) 
injection of alloxan, diluted in 0.85% sodium chlo-
ride solution in a total dose 170 mg/kg of animal’s 
body mass, according to the modified author’s  
method [9]. T2D was induced by i.p. injection of 
streptozotocin diluted in citrate buffer in a dose 65 
mg/kg with preventive (15 minutes before) i.p. in-
jection of nicotinamide dissolved in water in a dose 
110 mg/kg [10]. The animals were sacrificed by 
ether overdose on the 30th day from the beginning of 
the experiment after taking blood from the tail vein. 
After median laparotomy pancreases and livers 
were removed and fixed in 10% neutral formalin for 
24 hours. After being washed for 8 hours, tissue was 
subjected to standard histological protocol using Au-
tomatic Tissue Processor Leica TP 1020 (Leica Mi-
crosystems, Germany) and Tissue Embedding Sta-
tion Leica EG1160 (Leica Microsystems, Germany). 
Tissue slides 3–4 µm thick were made using Leica 
SM2000 К Sliding microtome (Leica Microsystems,  
Germany).    

To confirm experimental diabetes, plasma glu-
cose, glycated hemoglobin (HbA1с) and insulin con-
centrations were determined in the blood. To detect 
glucose and glycated hemoglobin (HbA1с) concentra-
tion, standard kits for biochemical analysis were used 
(VectorBest, Russia; GLIKOGEMTEST, Russia). To 
measure blood insulin, Rat/Mouse Insulin ELISA kit 
(Millipore, USA) and Automatic immunofermental 
analyzer LAZURITE (Dynex Technologies, USA) 
were used.  

Immunohistochemical examination of the pan-
creas and liver was performed using mouse an-
ti-proinsulin and insulin (clone INS04+INS05, In-
vitrogen, USA) and anti-Pdx1 antibodies (Abcam, 
USA) according to standard protocols. Tissue sec-
tions were incubated with primary antibodies in 
1: 200 dilution for 16 hours at 4 oC. Detection of 
insulin was performed, using the avidin–biotin–pe- 
roxidase complex. To detect Pdx, Goat anti-Mouse 
IgG (H + L) conjugated with fluorescent dye Texas 
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Red (ThermoFisher, USA) was used. Negative and 
positive tissue controls were used to check the pro-
tocol and exclude non-specific binding. As positive 
control for immunohistochemical determination of 
insulin and Pdx1, pancreatic tissue sections of in-
tact rats were taken [11, 12]. Negative control was 
carried out on the similar tissue sections and using 
the same protocols, excluding primary antibodies  
[12, 13].  

Analysis of tissue slides and calculation of insu-
lin+ cells were performed using light microscope Lei-
ca DM 2500 (Leica, Germany) and Video TesT-Mor-
phology 5.0 software (Video TesT Ltd., Russia), 
calculation of Pdx1+ cells was carried out with the 
help of a confocal laser scanning microscope LSM 
710 (CarlZeiss, Germany) and ZEN 2.0 (CarlZeiss, 
Germany) software. 

The number of insulin+ cells and Pdx1+ cells in 
exocrine part of pancreas per 1 mm2 of a pancreat-
ic slide was calculated. In the liver, the number of 
insulin+ cells and Pdx1+ cells in hepatic plates in all 
zones of hepatic lobule was determined. In sinusoidal 
capillaries, the following parameters were calculated: 
the total number of sinusoidal cells throughout the 
entire hepatic lobule and the total number of insulin+ 
sinusoidal cells, located in all parts of hepatic lobule 
per 1 mm2 of a hepatic tissue slide. Functional activi-
ty of insulin+ cells was evaluated based on the optical 
density (OD) of their cytoplasm. 

Statistical analysis was performed using Statistica 
6.0 (DELL, USA) and Microsoft Excel 2003 (Micro-
soft, USA). To test the hypothesis of homogeneity of 
two independent samples, the nonparametric Mann – 
Whitney U-test and Kruskal – Wallis test were used. 
The results were considered significant at p < 0.05. 
The data were presented as the mean and the standard 
error of the mean (М ± m). To reveal the relationship 
between the number of insulin+ cells, Pdx1+ cells and 
the concentration of glucose and glycated hemoglo-
bin (HbA1с) in blood, the Pearson pairwise linear cor-
relation coefficient (r) was calculated.

RESULTS
Blood glucose and glycated hemoglobin (HbA1с) 

levels in experimental T1D and T2D rats are signifi-
cantly higher in comparison with intact rats, while 
blood insulin concentration decreases only in T1D. 
In T2D rats the level of blood insulin is significant-
ly higher than in the T1D group, which is typical of 
T2D (Table 1). 

T a b l e  1
Concentration of glucose, HbA1с and insulin in the blood  

of rats in all experimental groups, М ± m

Parameter
Group 1

(intact ani-
mals)

Group 2 
(animals with 

T1D)

Group 3
(animals with 

T2D)
Glucose, 
mmol/L 5.00 ± 0.30 10.88 ± 0.46* 10.90 ± 0.50*

HbA1с, % 4.40 ± 0.30 6.73 ± 0.78* 6.58 ± 0.97*
Insulin, mkg/L 1.28 ± 0.19 0.50 ± 0.09* 1.00 ± 0.13 #

*difference as compared with intact animals (p < 0.05); #difference as 
compared with T1D group (p < 0.05) (here and in Tables 2–4).

Immunohistochemical analysis showed the pres-
ence of insulin+ and Pdx1+ cells in the exocrine part 
of pancreas and in all zones of the hepatic lobule of 
experimental animals (Figure).

The number of insulin+ and Pdx1+ cells in the exo-
crine pancreas in T1DM and T2DM does not differ 
from their number in intact animals. The number of 
insulin+ cells in the liver of animals with T1DM and 
T2DM is higher than in intact animals. In T1D in-
sulin+ cells in the liver are primary localized in the 
periphery of the hepatic lobule, while in T2D such 
cells are in all zones of the hepatic lobule. The to-
tal amount of insulin+ and Pdx1+ cells was counted 
throughout the hepatic lobule. Additionally, the data 
on the number of insulin+ cells in the peripheral zone 
of the hepatic lobule are shown separately. The num-
ber of Pdx1+ cells in the liver of rats with experimen-
tal diabetes is bigger than in intact rats. This parame-
ter in T1D rats is higher than the similar parameter in 
intact animals (Table 2).

Optical density (OD) of cytoplasm in insulin+ cells 
of the liver and pancreas in T1D is less than in the 
intact group (Table 3). In animals with experimental 
T1D, contrary to rats with experimental T2D, insulin 
production in insulin+ sinusoidal cells increases, since 
the optical density of cytoplasm in these cells is higher 
in comparison with the similar parameter in intact an-
imals and animals with experimental T2D (Table 3).

The number of insulin+ sinusoidal cells increases 
in different types of diabetes in comparison with the 
similar parameter in intact animals. This parameter 
reaches the highest value in rats with experimental 
T2D, while these cells are localized in all zones of the 
hepatic lobule (Table 4).

To determine the relationship between the number 
of hepatic insulin+ cells and Pdx1+ cells and the level 
of glucose in rat blood, a pairwise linear correlation 
coefficient was used (Table 5). 
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Figure. Pancreas (a, c) and liver (b, d) of intact animals, animals with experimental T1D and animals with experimental T2D; 
immunohistochemical staining for insulin (a, b) and immunofluorescent staining for Pdx1+ (c, d). Insulin+ and Pdx1+ cells are shown 

by arrows, ×400

а

b

c

d

T a b l e  2

Number of insulin+ and Pdx1+ cells in the liver and exocrine part of pancreas (N/mm2 of the organ tissue), М ± m

Parameter Group 1
(intact animals)

Group 2
(animals with T1D)

Group 3
(animals with T2D)

Number of insulin+ cells in exocrine pancreas, N/mm² 
of pancreas 3.50 ± 0.54 3.67 ± 0.73 3.15 ± 0.34

Number of Pdx1+ cells in exocrine pancreas, N/mm² 
of pancreas 27.34 ± 4.92 – 21.54 ± 3.22

Number of insulin+ cells in liver, N/mm² of liver 14.26 ± 0.84 24.86 ± 2.36* 151.50 ± 7.34*#
Number of insulin+ cells in hepatic plates in the 
peripheral zone, N/mm² 0 13.58 ± 3.08* 41.10 ± 4.93* #

Number of Pdx1+ cells in liver, N/mm² of liver 32.11 ± 2.14 42.72 ± 1.59* 34.09 ± 2.46

T a b l e  3

Optical density (OD) of cytoplasm in insulin+ cells of the liver and exocrine part of the pancreas (in conventional units), М ± m

Parameter Group 1
(intact animals)

Group 2
(animals with T1D)

Group 3
(animals with T2D) 

OD of cytoplasm in insulin+ cells in the exocrine pancreas 0.44 ± 0.02 0.37 ± 0.02* 0.42 ± 0.02
OD of cytoplasm in insulin+ cells in hepatic plates 0.20 ± 0.01 0.17 ± 0.012* 0.19 ± 0.01
OD of cytoplasm in insulin+ sinusoidal cells 0.29 ± 0.24 0.35 ± 0.01* 0.30 ± 0.01#

Baykenova M.B., Chereshnev V.A., Sokolova K.V. et al. Insulin-positive cells in liver and exocrine part

Intact animals Animals with T1D Animals with T2D
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T a b l e  4
Number of sinusoidal and insulin+ sinusoidal cells in the liver of experimental animals, М ± m

Parameter Group 1
(intact animals

Group 2
(animals with T1D)

Group 3
(animals with T2D)

Total number of sinusoidal cells, N/mm² of liver 387.11 ± 14.19 645.22 ± 33.95* 713.15 ± 33.47*#
Total number of insulin+ sinusoidal cells, N/mm² 13.82 ± 0.63 19.19 ± 0.89* 37.80 ± 3.39*#
Number of insulin+ sinusoidal cells in the peripheral zone 
of the hepatic lobule, N/mm² of liver 
parenchyma, N/mm²/ (%)

0.63 ± 0.03
(4.6 ± 0.02%)

5.64 ± 0.32*
(29.7 ± 2.80%)*

17.91 ± 2.71*#
(48.1 ± 7.70%)*#

The obtained data indicate a strong positive cor-
relation between the number of insulin+ liver cells 
and the level of glycated hemoglobin in blood, which 
is evidence of strong hyperglycemia during a month, 
both in T1D and T2D. At the same time, positive 
correlation between the number of hepatic insulin+ 
cells and concentration of glucose, measured in rat 
blood on the 30th day of the experimental diabetes 
is weak in T1D and of moderate strength in T2D. It 
was established that there is a weak inverse correla-
tion between the number of insulin+ cells and Pdx1+ 
cells in liver (Table 5). Thus, the number of insulin+ 
cells in T1D is less than in T2D, however, the num-
ber of Pdx1+ cells increases as compared with T2D. 
Interrelation between the HbA1с concentration and 
the number of Pdx1+ cells in T1D and T2D is weak. 
The coefficient of pairwise linear correlation between 
concentration of glucose and Pdx1+ cells in T1D is 
relatively high, while T2D is characterized by a low-
er interrelation between these parameters.

DISCUSSION
Insufficient quantity and dysfunction of insu-

lin-producing β-cells in pancreatic islets are the main 
causes of hyperglycemia and the associated compli-
cations arising in T1DM and T2DM [14]. The search 
for methods, aimed at increasing the number and 
functional activity of preserved β-cells in diabetes, 
is a promising strategy for treatment of both dia-
betes types. Insulin+ cells, found in various organs, 

are attracting more and more researchers’ attention 
because they can partially compensate for the da- 
mage of β-cells of pancreatic islets in diabetes mel-
litus [15]. The quantity and localization of insulin+ 
cells in the liver and exocrine pancreas, depending on 
the type of the experimental diabetes mellitus, were 
studied in this work.

Insulin+ cells are found in the parenchyma of the 
liver and pancreas (outside the pancreatic islets) in 
small quantity in intact animals. In the rat pancreas, 
the number of these cells remains constant in T1D 
and T2D. The optical density of the cytoplasm of 
these cells also does not differ under the conditions 
of T1D and T2D models.

Depending on the type of diabetes, there are dif-
ferences not only in the number of insulin+ cells (in 
T2D their number is almost 5 times greater than in 
the liver of animals with T1D), but also in the loca- 
lization of these cells. In T2D, insulin+ cells are loca- 
ted in all parts of the hepatic lobule, while in animals 
of the T1D group these cells are found mainly in the 
peripheral zone. The structure, size and location of 
insulin+ cells in the liver correspond to hepatocytes.

Liver sinusoidal cells (LSC) are located along the 
hepatic sinusoids and make up about 33% of liver 
parenchyma cells. Endothelial cells, stellate macro-
phages (Kupffer cells), perisinusoidal lipocytes (Ito 
cells), pit cells, and dendritic cells are referred to as 
LSC. LSC are capable of phagocytosis and pinocyto-
sis and are involved in a wide range of immunologi-
cal reactions [17]. 

When analyzing the number of LSC, it was de-
termined that their number increases in both types of 
DM, but to a greater extent in DM2. According to the 
results of the study, in T2D the number of insulin+ 
sinusoidal cells is higher than in T1D. Counting the 
number of insulin+ sinusoidal cells in the peripheral 
zone of the hepatic lobule is necessary to compare 
this parameter with the number of insulin+ cells in 
hepatic plates (presumably hepatocytes), located in 
the similar zone.  Since there is evidence [6] that  

T a b l e  5 

Coefficients of pairwise linear correlation between the number 
of insulin+ cells and Pdx1+ cells and concentration of glucose 

and HbA1с in the rat blood. Coefficients of pairwise linear 
correlation between the number of insulin+ cells and Pdx1+ 

cells in the rat liver

Type of cell Glucose HbA1с
Pdx1+ 
cells  

Insulin+  cells in liver in T1D 0.13 0.84 –0.49
Insulin+ cells in liver in T2D 0.58 0.98 –0.25
Pdx1+ cells in liver T1D 0.84 0.47 –
Pdx1+ cells in liver in T1D 0.26 0.41 –
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insulin+ hepatocytes are localized mainly in the first 
(peripheral) zone of the hepatic lobule, the number of 
insulin+ sinusoidal cells, located in the intermediate 
(second) zone, is not indicated. As compared with 
pancreatic β-cells, insulin+ hepatocytes are general-
ly characterized by a lower optical density of cyto-
plasm, which indicates a relatively low concentration 
of insulin in these cells and reflects their low func-
tional activity. An increase in the number of this type 
of cells can be both the result of insulin synthesis in 
the cells themselves and their ability for endocytosis 
of extracellular insulin [18].

Pancreatic and duodenal Pdx1 is a key factor in 
development, proliferation, and functioning of β-cells 
in pancreatic islets [19]. The protein is able to bind 
to the insulin gene promoter, GLUT2, glucokinase 
and other, regulating gene expression of these pro-
teins [20]. It is believed that Pdx1 can reprogram any 
cells by stimulating insulin synthesis in them [21]. 
We observed differences in change in the number 
of Pdx1+ liver cells in experimental models of dia-
betes mellitus: in T1DM their number significantly 
increases, in T2DM their number does not change. 
The pairwise linear correlation coefficient indicates a 
strong relationship between the number of Pdx1+ liver 
cells and the HbA1c concentration in blood, which 
reflects the severity of hyperglycemia during the ex-
periment. Likely, in the model of T1DM, insulin-pro-
ducing cells in liver do not compensate for the lack 
of insulin, therefore, additional production of Pdx1 is 
required. On the contrary, in animals with T2D, the 
normalization of blood insulin concentration does not 
require further reprogramming of hepatocytes into in-
sulin-producing cells. It also cannot be ruled out that 
the reason of the revealed differences between ani-
mals with T1DM and T2DM may be explained by the 
involvement of other transcription factors, Nkx 6.1 in 
the differentiation of insulin-producing cells in parti- 
cular [5].  The obtained data allow us to put forward a 
hypothesis about the existence of an inverse relation-
ship between the insulin concentration in blood and 
the production of Pdx1 in hepatocytes as a mechanism 
for compensating for hypoinsulinemia in diabetes.

Thus, the lack of insulin in experimental DM1 and 
DM2 can be compensated for by increasing the num-
ber of insulin-producing cells in liver and exocrine 
pancreas. Reprogramming of differentiated cells such 
as hepatocytes into insulin+ cells can be considered 
a mechanism for obtaining more insulin-producing 
cells. New approaches in the treatment of diabetes, 

aimed at increasing the expression of Pdx1 and the 
number of insulin+ cells in various organs, appear to 
be extremely promising.

CONCLUSION 
It has been shown for the first time that in expe- 

rimental T1DM and T2DM there is an increase in the 
number of insulin+ and Pdx1+ cells in the rat liver. In 
animals with experimental T1DM, insulin+ liver cells 
are found mainly in the peripheral zone of the hepa- 
tic lobule.  In experimental T2DM, insulin+ cells are 
located in all parts of the hepatic lobule, and the num-
ber of Pdx1+ cells does not differ from that in intact 
animals. A strong positive correlation between the 
number of insulin+ cells in the liver and the HbA1c 
concentration in blood was found in both T1DM and 
T2DM. The correlation between the number of insu-
lin+ cells in liver and the glucose concentration in rat 
blood on the 30th day of the experiment is weak in 
T1DM and moderate in T2DM.
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High-fat, high-carbohydrate diet–induced experimental model of metabolic 
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ABSTRACT

Aim. The study is focused on development of high-fat, high-carbohydrate diet-induced experimental model of 
metabolic syndrome (MS) in rats.

Materials and methods. The 6-week old Wistar rats (n = 20) were used for study. Rats were separated into control 
and experimental groups. The rats from the control group were fed standard rat chow. The rats from the experi-
mental group had a high-fat, high-carbohydrate diet rich in lard (17%) and fructose (17%) and drank 20% fructose 
solution. At the end of the study, body weight and blood pressure (BP) were assessed. After 12 weeks of a diet load, 
an oral glucose tolerance test (GTT) and insulin tolerance test (ITT) were carried out. Lipid and protein biochemical 
parameters in plasma were analyzed. Adipose tissue and liver were measured at the end of the study. The levels of 
triacylglycerol (TAG) and cholesterol (Сh) in the liver were determined by enzymatic methods. 

Results. High-fat, high-carbohydrate diet feeding in rats for 12 weeks led to BP elevation and increase in the ad-
ipose tissue/body weight ratio. Hyperglycemia, impaired glucose tolerance and insulin resistance were found in 
rats with MS by means of GTT and ITT. Elevation of plasma TAG level was observed in the experimental group, 
although plasma total Сh and HDL-Ch did not differ from those of controls. Liver/body weight ratio and the level 
of TAG and Ch in the liver were elevated in rats with MS. 

Conclusion. Experimental rat model of diet-induced MS reproduces many aspects of MS in humans. This model 
may be useful for studying the pathophysiology of MS and methods for its prevention and treatment.

Key words: metabolic syndrome, high-fat, high-carbohydrate diet, obesity, dyslipidemia, hyperglycemia, insulin 
resistance.
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Экспериментальная модель метаболического синдрома у крыс  
на основе высокожировой и высокоуглеводной диеты
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РЕЗЮМЕ

Цель.  Разработать экспериментальную модель метаболического синдрома (МС) у крыс на основе 
высокожировой и высокоуглеводной диеты.

Материалы и методы. Исследование выполнено на 20 самцах крыс линии Вистар, которые были 
распределены на контрольную и опытную группы. Крысы контрольной группы находились на стандартной 
диете. Крысы опытной группы в течение 12 нед получали высокожировую и высокоуглеводную диету, 
содержащую животный жир (17%), фруктозу (17%) и 20%-й раствор фруктозы вместо питьевой воды. 
В конце исследования у животных измеряли массу тела, артериальное давление (АД), проводили 
глюкозотолерантный (ГТТ) и инсулинотолерантный (ИТТ) тесты. В плазме крови определяли отдельные 
показатели липидного обмена, в печени – содержание триацилглицеролов (ТАГ) и холестерина (ХС).

Результаты. Содержание животных на высокожировой и высокоуглеводной диете в течение 12 нед 
приводило к повышению АД, увеличению удельной массы висцеральной жировой ткани. Выполнение 
ГТТ и ИТТ позволило выявить у крыс с МС гипергликемию, нарушение толерантности к глюкозе и 
инсулинорезистентность. Было обнаружено увеличение концентрации ТАГ в плазме крови крыс опытной 
группы, при этом уровень общего ХС не отличался от контроля. У крыс с МС наблюдалось увеличение 
удельной массы печени, а также содержания в ней ТАГ и ХС. 

Заключение. Полученная экспериментальная модель диет-индуцированного метаболического синдрома 
воспроизводит большинство типичных признаков МС у человека и может быть полезна в изучении 
патофизиологических основ развития МС и методов его профилактики и лечения.

Ключевые слова: метаболический синдром, высокожировая и высокоуглеводная диета, ожирение, 
дислипидемия, гипергликемия, инсулинорезистентность.
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INTRODUCTION
The prevalence of metabolic syndrome (MS) in 

modern society has been increasing rapidly over the 
last few years, which has caused an increase in morbid-
ity and mortality. According to the International Dia-
betes Federation (IDF), 25–68% of people worldwide 
suffer from MS [1, 2]. Significant factors in the devel-
opment of MS are abdominal obesity and insulin resis-
tance [3, 4]. IDF defines MS as a condition of visceral 
obesity and at least two of the following parameters: 
high levels of triacylglycerols (TAG), low levels of 
high-density lipoproteins (HDL), high blood pressure 
(BP) and hyperglycemia [1]. Thus, MS is a complex of 
metabolic, hormonal and hemodynamic disorders that 
increases the risk of type 2 diabetes, non-alcoholic fat-
ty liver disease and cardiovascular diseases [3, 5, 6]. 

To study the pathophysiological mechanisms of 
the MS development and methods for its prevention 
and therapy, it is necessary to develop accessible ex-
perimental models [7, 8, 9]. One of these approaches 
is focused on the use of animals with a genetic de-
fect causing the development of various MS-typical 
pathological changes. Additionally, there is another 
approach to induce these disorders using special di-
ets [7]. In recent years, the combination of a high-fat 
diet with a high content of carbohydrates (also re-
ferred to as the “Western diet”, “the cafeteria diet”) 
has become widespread [10, 11, 12]. It was shown 
that animal fats (lard or beef fat) are more effective 
for MS modeling compared with vegetable fats [11]. 
Glucose [12], fructose [13, 14] or sucrose [15] can 
be used as carbohydrates added to the diet. Such a 
diet is similar to the nutrition of a modern person and 
is considered as the most adequate for MS modeling 
and reproducing of the pathogenetic factors and the 
phenomenology of metabolic disorders in MS.

In this regard, the aim purpose of the study was to 
develop an experimental model of MS in rats based 
on a high-fat, high-carbohydrate diet.

MATERIALS AND METHODS
The MS model was performed using male Wistar 

rats (20 animals with weight of 200–250 g, 6 weeks-
old). The studies were carried out in compliance with 
the principles of the European Community Directives 
(86/609/EEC) and the Declaration of Helsinki. Ani-
mals were fed ad libitum and housed in a 12-h light/
dark cycle. Rats were separated into control (n = 8) 
and experimental (n = 12) groups. The rats from the 
control group were fed with standard chow for labo-

ratory rats (“Delta Feeds”, Biopro, Russia, total ca- 
lories 3000 kcal/kg). The rats from the experimental 
group were fed with a high-fat, high-carbohydrate 
diet rich in lard (17%), fructose (17%) and drinking 
water was replaced with a 20% fructose solution (to-
tal calories 4,400 kcal/kg, 54% energy from fat). 

Before and at the end of the study body weight and 
BP (“Systola”, Neurobotics, Russia) were assessed. 
In the last week of the experiment, glucose tolerance 
(GTT) and insulin tolerance (ITT) tests were carried 
out [11, 16]. Fasted animals (12 h of food deprivation) 
were injected intragastrically with a glucose solu-
tion at a dose of 2 g/kg (D-glucose, Sigma-Aldrich, 
USA) or subcutaneously injected with short-acting 
insulin at a dose of 0.75 IU/kg (“NovoRapid Penfil”, 
Denmark). The glucose concentration in the blood 
obtained from the rat’s tail vein was determined 
after 0, 15, 30, 60, 90, and 120 min by spectropho-
tometric enzymatic method using a commercial kit 
(“Glucose-Novo V-8054”, Vector-Best, Russia). The 
glucose utilization rates (KITT, % glucose/min) were 
calculated as KITT = (0.693/t1/2) × 100, t1/2 – the time of 
the reduction of plasma glucose concentration by half 
after insulin administration [17]. Blood plasma was 
obtained by centrifugation (4 °C, 8,000 g, 6 min) and 
stored at −20 °C for subsequent analysis. The TAG, 
total cholesterol (Ch), and HDL-Ch plasma concen-
trations were measured with a biochemical analyzer 
(RX Imola, Randox, Japan). 

At the end of the experiment the rats were eutha- 
nized by CO2 asphyxiation. Visceral adipose tissue 
and liver were obtained and weighed using analytical 
balance, the ratios of their weight regarding to the 
body weight were calculated. The concentrations of 
TAG and Ch in the liver (mg/g of tissue) were deter-
mined after the extraction of the lipid fraction from 
the liver samples (50 mg) with chloroform-metha-
nol (2:1) by the method of J. Folch [18]. The TAG 
and Ch levels in extracted lipids were determined by 
enzymatic methods using commercial kits (Chrono-
lab, Spain). Before the analysis, a 20% chloroform 
solution of Thesit detergent (Sigma-Aldrich, USA) 
was added to the chloroform phase. Chloroform was 
removed by a stream of nitrogen; emulsified lipids 
were dissolved in distilled water. Reagents from the 
kits for the TAG and Ch determination were added 
directly to the aqueous emulsion. The Atherogenic 
Index of Plasma (AIP) was calculated [19].

Data were presented as mean and standard devi-
ation (M ± SD). The correspondence of the obtained 
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quantitative indicators to the normality was deter-
mined using the Shapiro-Wilk W-test. For statistical 
significance measuring between two groups the Stu-
dent t-test was performed using the IBM SPSS Sta-
tistics 21 software. The alpha level of significance for 
all experiments was set at p < 0.05.

RESULTS
Experimental models of MS reproduce most of 

the specific signs of the human metabolic syndrome 
such as excess weight, visceral obesity, insulin resis-
tance, impaired glucose tolerance, dyslipidemia, and 
arterial hypertension [8, 9].

High-fat, high-carbohydrate diet feeding of rats 
for 12 weeks led to systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) elevation and 
increase in the adipose tissue/body weight ratio and 
liver/body weight ratio (Table 1). 

One of the typical features of MS is central obesi-
ty. However, feeding the animals with a special diet 
does not always lead to a significant increase in the 
body weight [11, 12, 20]. In our experiment the fi-
nal body weight did not differ between control and 
experimental groups. A possible explanation of this 
finding is the fact that animals of the experimental 
groups consumed less of the food enriched in fat and 
fructose, probably due to the higher caloric intake 
with this diet.

T a b l e  1

 Effect of high-fat and high-carbohydrate diet on the 
physiological parameters of rats from the control and 

experimental group (Metabolic syndrome model), M ± SD

Parameter
Group

Control 
(n = 8)

Metabolic syndrome  
(n = 12)

Body weight, g 425.8 ± 25.6 463.1 ± 22.4 (р = 0.101)
SBP, mm Hg 124.1 ± 9.2 136.2 ± 8.3 (р = 0.007)
DBP, mm Hg 87.4 ± 10.2 100.3 ± 13.6 (р = 0.036)
Adipose tissue/body 
weight ratio, g 2.4 ± 0.3 4.9 ± 1.3 (р = 0.001)

Liver/body weight ratio, g 2.7 ± 0.4 3.5 ± 0.3 (р = 0.002)
Food intake, g/day/group 130.2 ± 8.4 101.7 ± 9.8 (р = 0.005)
Fluid intake, ml/day/group 249.5 ± 11.9 347.5 ± 12.6 (р = 0.011)

Note .  Here and in the Table 2: р – the level of statistical significance 
of differences in comparison with control.

At the same time, the adipose tissue/body weight 
ratio of the experimental rats, including mesente- 
ric, epididymal and retroperitoneal fat, increased 
for more than 2 times, which is also an important 
symptom of MS. Obtained experimental data indi-

cates the presence of obesity in rats of the experi-
mental group (Table 1). This information is consis-
tent with data from other diet-induced models of MS  
[12, 14, 21]. 

Feeding of experimental rats with high-fat, 
high-carbohydrate diet for 12 weeks led to hypergly-
cemia. It can be evidenced by an increased fasting 
plasma glucose level (Table 2). According to GTT, 
at 30 min after glucose administration, the blood glu-
cose level in rats of the experimental group exceeded 
the level in the control group by 25.2% (p = 0.005). 
After 60 min, the blood glucose level in rats of the 
control and experimental groups began to gradually 
decrease, remaining high in the group of rats with MS 
model: the difference was 32.4% (p = 0.003). After 2 
hours, the glucose level in the control group almost 
returned to the initial level, while in the experimen-
tal group it remained increased by 10% (p = 0.093)  
(Fig. 1, a). The area under the curve of glucose con-
centration – time (AUC0-120) in the experimental 
group was 809.9 ± 81.9 mmol/l × 120 min and excee- 
ded the control group value (585.5 ± 53.1 mmol/l ×  
120 min, p = 0.001) (Fig. 1, b).

It is known that ITT can detect a change in the 
target cells response to insulin, which may be caused 
by a decrease in the sensitivity or number of insu-
lin receptors [5, 22]. A gradual decrease of the glu-
cose concentration in the blood of animals of the 
control and experimental groups was observed af-
ter subcutaneous injection of insulin. However, its 
level remained higher in the experimental group at 
the point of 30 min after the injection of insulin (the 
difference after 30 min was 30.1% (p = 0.002), after  
60 min – 32.5% (p = 0.001), after 2 hours – 25.7%  
(p = 0.011) (Fig. 2, a)). The area under the curve 
“glucose concentration – time” (AUC0-120) in the ex-
perimental group was 440.9 ± 57.4 mmol/l × 120 min 
and exceeded the same parameter in the control group 
(307.1 ± 31.1 mmol/l × 120 min, p = 0.004).

The progression of insulin resistance in the group 
of animals with MS model was confirmed by the 
study of KITT. It was found that KITT in rats fed a high-
fat and high-carbohydrate diet was 1.3 ± 0.7% glu-
cose/min, which is 36.5% lower than that parameter 
in the control group (2.1 ± 0.7 % glucose/min, p = 
0.001) (Fig. 2, b). Thus, hyperglycemia, along with 
glucose tolerance and insulin resistance, indicates the 
development of MS in animals.

Dyslipidemia as the characteristic of MS demon-
strates both quantitative and qualitative changes in the 
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blood lipoproteins composition. The most important 
signs of dyslipidemia are: an increased level of TAG 
in very low-density lipoproteins (VLDL-Ch), which 
are the main transporters of endogenous fat synthe-
sized in the liver. At the same time, the level of Ch in 
low-density lipoproteins (LDL-Ch) increases, and also 
decreases in high-density lipoproteins (HDL-Ch) [4]. 

In this study, rats of the experimental group had 
shown an increase in plasma TAG concentration by 

2.1 times compared with the control group. This phe-
nomenon may occur due to the excessive consump-
tion of fructose with the diet that leads to the activa-
tion of lipogenesis in the liver [13, 23]. The total Ch 
level in animals fed with high-fat, high-carbohydrate 
diet did not significantly increase. At the same time, 
the level of atherogenic LDL-Сh increased in rats of 
the experimental group, while the level of HDL-Сh 
did not change (Table 2). 

Fig. 1. Dynamics of the blood glucose concentration in rats (a) and the area under the curve “glucose concentration-time” (b) in 
the oral glucose tolerance test. Here and in Fig. 2: the control group (solid line) and experimental group (dashed line). *р < 0.05 in 

comparison with the control group

Fig. 2. Dynamics of insulin-stimulated decrease in blood glucose concentration in rats (a) and glucose disposal rate (b) in the insulin 
tolerance test

а  						      b

а  						      b

T a b l e  2 

Effect of high-fat and high-carbohydrate diet on the biochemical parameters of plasma in rats from the control and experimental 
groups (Metabolic syndrome), M ± SD

Group
Parameter

Fasting glucose, mmol/l TAG, mmol/l Total Ch, mmol/l HDL-Ch, mmol/l LDL-Ch, mmol/l

Control (n = 8) 4.0 ± 0.5 1.8 ± 0.8 2.4 ± 0.5 0.9 ± 0.3 1.3 ± 0.3

Metabolic syndrome (n = 12) 5.3 ± 0.6
(р = 0.021)

3.7 ± 0.9
(р = 0.001)

2.8 ± 0.7
(р = 0.062)

0.8 ± 0.1
(р = 0.201)

1.9 ± 0.5
(р = 0.044)
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The literary data on changes in the Ch levels and 
HDL-Сh, LDL-Сh levels in the blood of animals 
with diet-induced MS differ significantly. Some re-
searchers have noted an increase in the total Ch con-
tent in plasma, for example, in experiments with diets 
rich in fructose or fats and fructose [10, 24]. Others 
noticed an absence of any changes in the level of Ch 
[12]. Data on the content of HDL-Ch in plasma also 
vary, with a predominance of facts on its reduction 
[15]. AIP of rats fed with a high-fat and high-carbo-
hydrates diet had increased threefold (0.2 ± 0.1 in the 
control group versus 0.6 ± 0.2 in the experimental 
group, p = 0.001). This indicator is widely used in 
clinical medicine in case to assess cardiovascular risk 
in patients. This parameter is considered as a poten-
tial biomarker for early cardiovascular diseases diag-
nosis [25].

It is known that feeding of animals with high-fat 
[14] or high-fat and high-carbohydrate [21, 26] diets 
leads to the significant metabolic changes in the liver, 
as it can be noticed during a non-alcoholic steatohep-
atosis. In our experiment, there was an increase in the 
liver/body weight ratio in animals with the MS mod-
el, as well as an increase in the liver TAG level by  
1.8 times (4.3 ± 1.5 mg/g in the control group versus  
7.8 ± 3.4 mg/g in the experimental group, p = 0.005).  
Ch liver level had increased by 2.4 times (1.1 ±  
± 0.4 mg/g in the control group versus 2.6 ± 0.6 mg/g 
in the experimental group, p = 0.020). Thus, the re-
sults of the study demonstrate that a high-fat and 
high-carbohydrate diet can contribute to the develop-
ment of fatty liver disease. 

CONCLUSION

It has been established that the use of the pro-
posed high-fat and high-carbohydrate diet in rats re-
produces most of the typical MS features: obesity, 
increased blood pressure, hyperglycemia, decreased 
glucose tolerance, insulin resistance, and dyslip-
idemia with triglyceridemia. This diet is similar to 
the high-calorie diet of a modern man. This model 
of diet-induced MS may be useful in studying the 
causes of the metabolic and hemodynamic disorders 
development and progression in the state of MS, as 
well as in exploring the potential approaches to its 
prevention and treatment. 
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Donor – recipient selection using epitope mismatches in kidney 
transplantation

Vatazin A.V., Zulkarnaev A.B., Stepanov V.A.

Moscow Regional Research and Clinical Institute 
Build. 6, 61/2, Schepkina Str., 129110, Moscow, Russian Federation

ABSTRACT

Aim. To evaluate the potential option of selecting donor – recipient pairs by using the number of epitope mismatches. 

Materials and methods. An observational cohort study was carried out, which included 824 adult recipients of 
ABO compatible deceased donor kidneys. The end point was a transplant loss. If a recipient with a functioning 
graft died, the observation was censored. The number of epitope mismatches (EpMM) was calculated using open 
source information on the population frequency of haplotypes and the repertoire of epitopes with confirmed 
immunogenicity. All possible combinations of the donor and recipient genotypes were compiled, and the probability 
of each combination was calculated. After that, the number of donor epitopes absent in the recipient was calculated 
for each combination with a non-zero probability, whereupon the weighted mean EpMM was calculated, where the 
weight coefficient was the normalized probability of occurrence of each combination. 

Results. All of the donor – recipient pairs had HLA-mismatches (HLA MM): 1.9% of recipients had 1 HLA 
MM, 6.7% had 2 HLA MM, 29.9% had 3 HLA MM, 38.5% had 4 HLA MM, 18.1% had 5 HLA MM, and 4.9% 
had 6 HLA MM. The HLA MM impacted graft survival was determined: log-rank test p < 0.0001, Breslow test  
p < 0.0001. The median values and the interquartile ranges of EpMM were 6 [4; 7], 12 [7.74; 17.25], 18 [14; 22], 
24 [20; 30], 30.5 [25; 37] and 36 [26.5; 44.5] for the cases of 1, 2, 3, 4, 5 and 6 HLA MMs, respectively. An in-
crease in HLA MM resulted in a higher risk of developing donor-specific anti-HLA antibodies (DSA). Hazard ratio  
(HR) = 1.21 [95% confidence interval (CI): 0.7; 1.9], 1.71 [95% CI: 1.22; 2.36], 2.04 [95% CI: 1.42; 2.73], 2.25 
[95% CI: 1.63; 2.96], 2.59 [95% CI: 2.03; 3.29] for 2, 3, 4, 5, and 6 HLA MM, respectively, versus HLA MM = 1. 
An increase in EpMM also resulted in a higher risk of developing DSA.  HR = 1.66 [95% CI: 1.09; 2.47], 2.1 [95% 
CI: 1.46; 2.91], 2.41 [95% CI: 1.86; 3.03], 2.61 [95% CI: 2.12; 3.12], 2.77 [95% CI: 2.26; 3.33] for 10–19, 20–29, 
30–39, 40–49 and >50 EpMM, respectively, versus EpMM < 10. An increase in HLA MM was associated with an 
increased risk of transplant loss. HR = 1.24 [95% CI 0.7; 2.15], 1.48 [95% CI 0.86; 2.33], 1.88 [95% CI 1.32; 2.52], 
2.41 [95% CI 2; 2.93], 2, 98 [95% CI 2.59; 3.46] at 2, 3, 4, 5, and 6 HLA MM, respectively, versus HLA MM = 1. 
An increase in EpMM also was associated with an increased risk of transplant loss. HR = 1.71 [95% CI 1.1; 2.49], 
2.11 [95% CI 1.59; 2.68], 2.4 [95% CI 1.96; 2.86], 2.59 [95% CI 2.17; 3.04], 2.71 [95% CI 2.31; 3.15] at 10–19, 
20–29, 30–39, 40–49 and >50 EpMM, respectively, versus EpMM < 10. In order to demonstrate the effectiveness 
of EpMM accounting, we analyzed graft survival among the patients with 4 HLA MM. With the number of EpMM 
in the range from 10 to 24 and from 25 to 43 the difference in survival rates was statistically significant, but only at 
the late stages of the post-transplant period: log-rank test p = 0.0067, Breslow test p = 0.0982. The median survival 
for EpMM 10–24 was 10.33 [95% CI 9.05; 11.61] years, for EpMM 22–43 – 8.67 [95% CI 7.68; 9.66] years, HR 
1.537 [95% CI 1.114; 2.12]. At the same time, it was not the median of survival that increased, but the proportion 
of patients with a functioning graft: at 10–24 EpMM after 15 years, 18.28% [95% CI 8.2; 31.67] grafts functioned, 
while at 25–43 EpMM only 4.75% [95% CI 0.94; 13.64] functioned.

Conclusion. In the routine practice of a transplantation center with a short waiting list of its own, it might be 
possible to improve the kidney transplant survival as a result of considering epitope mismatches, thus reducing the 
risk of developing donor-specific anti-HLA antibodies and ensuring a higher graft survival rate. This method can 
be used for additional ranking of transplantation candidates depending on the number of epitope mismatches within 
the fixed number of HLA-mismatches and thus select the optimal one. Besides, it is theoretically possible to use 
this method as an alternative to the traditional donor/recipient histocompatibility evaluation. Additional research 
is required.

*  Zulkarnaev Alexey B., e-mail: 7059899@gmail.com.
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Селекция пары «донор – реципиент» с учетом эпитопных несоответствий 
при трансплантации почки

Ватазин А.В., Зулькарнаев А.Б., Степанов В.А.
Московский областной научно-исследовательский клинический институт им. М.Ф. Владимирского 
(МОНИКИ им. М.Ф. Владимирского) 
Россия, 129110, Москва, ул. Щепкина, 61/2, к. 6

РЕЗЮМЕ

Цель. Оценить потенциал селекции пары «донор – реципиент» с учетом количества эпитопных несовпа-
дений.

Материалы и методы. Проведено обсервационное ретроспективное когортное исследование, в которое 
включено 824 совершеннолетних реципиента трупной почки, совместимых по группе крови. Конечной 
точкой считали утрату трансплантата. В случае смерти реципиента с функционирующим трансплантатом 
наблюдение подвергали цензурированию. Подсчет количества эпитопных несовпадений (EpMM) прово-
дили с использованием информации из общедоступных ресурсов о популяционной частоте гаплотипов и 
репертуаре эпитопов с подтвержденной иммуногенностью. Составлялись все возможные сочетания гено-
типов донора и реципиента, подчитывали вероятность каждого сочетания. Затем для каждого сочетания с 
ненулевой вероятностью определяли количество эпитопов донора, отсутствующих у реципиента. После 
этого вычисляли взвешенное среднее EpMM, где весовым коэффициентом была нормированная вероят-
ность появления каждого сочетания.

Результаты. Все пары «донор – реципиент» имели HLA несовместимости (HLA MM): 1,9% – 1 HLA 
MM, 6,7% – 2 HLA MM, 29,9% – 3 HLA MM, 38,5% – 4 HLA MM, 18,1% – 5 HLA MM, 4,9% – 6 HLA 
MM. Различия в HLA MM влияли на выживаемость трансплантатов: log-rank test p < 0,0001, Breslow test  
p < 0,0001. Медиана (Me)  и интерквартильный размах [Q1; Q3] EpMM составили 6 [4; 7], 12 [7,74; 17,25], 18 
[14; 22], 24 [20; 30], 30,5 [25; 37] и 36 [26,5; 44,5] для 1, 2, 3, 4, 5 и 6 HLA MM соответственно. Увеличение 
HLA MM было связано с ростом риска появления донор-специфических анти-HLA антител (ДСА). 
Отношение рисков (HR) = 1,21 [95%-й доверительный интервал (95%-й ДИ) 0,7; 1,9], 1,71 [95%-й ДИ 1,22; 
2,36], 2,04 [95%-й ДИ 1,42; 2,73], 2,25 [95%-й ДИ 1,63; 2,96], 2,59 [95%-й ДИ 2,03; 3,29] при 2, 3, 4, 5  
и 6 HLA MM соответственно по отношению к HLA MM = 1. Увеличение EpMM также было связано с 
ростом риска появления ДСА. HR = 1,66 [95%-й ДИ 1,09; 2,47], 2,1 [95%-й ДИ 1,46; 2,91], 2,41 [95%-й 
ДИ 1,86; 3,03], 2,61 [95%-й ДИ 2,12; 3,12], 2,77 [95%-й ДИ 2,26; 3,33] при 10–19, 20–29, 30–39, 40–49  
и >50 EpMM соответственно по отношению к EpMM < 10. Увеличение HLA MM было связано с ростом 
риска утраты трансплантата. HR = 1,24 [95%-й ДИ 0,7; 2,15], 1,48 [95%-й ДИ 0,86; 2,33], 1,88 [95%-й ДИ 
1,32; 2,52], 2,41 [95%-й ДИ 2; 2,93], 2,98 [95%-й ДИ 2,59; 3,46] при 2, 3, 4, 5 и 6 HLA MM соответственно 
по отношению к HLA MM = 1. Для демонстрации эффективности учета EpMM мы проанализировали 
выживаемость трансплантатов у пациентов с HLA MM = 4. Выживаемость при 10–24 и 25–43 EpMM 
различалась статистически значимо, но только на поздних этапах посттрансплантационного периода: log-
rank test p = 0,0067, Breslow test p = 0,0982. Медиана выживаемости для EpMM 10–24 составила 10,33  
[95%-й ДИ 9,05; 11,61] лет, для EpMM 22–43 – 8,67 [95%-й ДИ 7,68; 9,66] лет, HR = 1,537 [95%-й  
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INTRODUCTION

Over the history of clinical transplantology, the 
histocompatibility between the donor and the recipi-
ent has always been one of the key factors on which 
kidney allograft survival depended. As is known that 
the smaller the number of HLA-mismatches (HLA-
MM), the better the survival rate of the graft. This 
has been proven both in the case of deceased donor 
kidney transplantation [1] and in the case of living 
donor kidney transplantation [2].  

Despite the fact that the effect of this factor 
gradually decreases over the years, it still remains 
important in the current era of immunosuppression 
therapy. 

Each HLA-antigen comprises a unique reper-
toire of epitopes. At that, some of them are total-
ly unique and peculiar only to the specific allelic 
variant of a molecule (private epitopes), and some 
can be common for several HLA-molecules (public 
epitopes) [3]. 

Existence of public epitopes determines the pos-
sibility of selecting the donor/recipient pair based on 
this information.

ДИ 1,114; 2,12]. При этом главным образом увеличивалась не медиана выживаемости, а доля больных  
с функционирующим трансплантатом: при 10–24 EpMM через 15 лет 18,28% [95%-й ДИ 8,2; 31,67] транс-
плантатов функционировало, тогда как при 25–43 EpMM – только 4,75% [95%-й ДИ 0,94; 13,64].

Заключение. В рутинной практике трансплантационного центра с небольшим, обособленным листом 
ожидания учет эпитопных несоответствий может улучшить результаты трансплантации почки: снизить риск 
появления донор-специфичных анти-HLA антител и повысить выживаемость трансплантатов. Применение 
этого метода позволяет дополнительно ранжировать кандидатов на трансплантацию в зависимости от 
количества эпитопных несовпадений в рамках фиксированного количества HLA несовпадений и выбрать 
оптимального. Вместе с тем существует теоретическая возможность использования этого метода в 
качестве альтернативы традиционной оценке тканевой совместимости донора и реципиента. Необходимы 
дополнительные исследования.

Ключевые слова: трансплантация почки, HLA, эпитоп, эплет, тканевая совместимость, выбор реципиента, 
донор-специфичные антитела, анти-HLA антитела. 
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The aim of the study was to evaluate the poten-
tial option of selecting donor/recipient pairs using the 
number of epitope mismatches. 

MATERIALS AND METHODS
Study design and patients. An observational retro-

spective cohort study was conducted which included 
824 adult recipients. All of the patients underwent 
transplantation of a deceased donor kidney compati-
ble by ABO blood group. The end point was a trans-
plant loss. If a recipient with a functioning graft died, 
the observation was censored. 

In all cases, HLA-typing was performed (HLA A, 
B and DR loci). Before 2003, the serological HLA-typ-
ing was used (the split antigen level), while later, low 
resolution HLA-genotyping by means of SSO or SSP 
methods (allelic group level) was utilized. The cross-
match test (complement dependent lymphocytotoxic 
test) was negative in all cases. The anti-HLA antibody 
screenings were performed using multiplex technolo-
gy on Luminex platform with LIFECODES Lifescreen 
Deluxe (Immucor) reagents, while identification of an-
tibodies were done with the sets of LIFECODES LSA. 

Patient data are presented in Table 1.
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T a b l e  1

Patient data

Parameter Value

Recipient sex M/F, % 58/42

Age of recipients, years, Ме [Q1; Q3] 43 (27; 50)

Time on dialysis before transplantation, 
months, Ме [Q1; Q3]

34 (14; 42)

Repeated transplantation, % 9

Preexisting antibodies (PRA* ≥ 10%) 12.8

Age of donors, years, Ме [Q1; Q3] 38.1 (31.2; 51.8)

Brain death donor/asystolic donor, % 46/54

Preservation time, h, Ме [Q1; Q3] 8.4 (6; 14)

Follow up observation period, years,  
Ме [Q1; Q3]

8.1 (4.8; 10.4)

* panel-reactive antibody 

RESULTS
The recipients demonstrated different levels of 

compatibility with the donor kidney (Fig. 1). 
At that, HLA-incompatibility remains an import-

ant parameter that determines long term graft surviv-
al (Fig. 2).

Generally, differences in HLA-A locus compa- 
tibility significantly affected graft survival: log-rank 
test p = 0.0005, Breslow test p = 0.0049. The median 
survival for the 0, 1 and 2 HLA-A MM were 9.5 [95% 
CI 8.77; 10.23], 8.42 [95% CI 8; 8.87] and 8.33 [95% 
CI: 7.71; 8.96] years, respectively. Pair-wise com-
parisons: 0–1 HLA-A MM – log-rank p = 0.0092, 

Fig. 1. HLA incompatibility distribution: HLA MM – the number of donor antigens absent in the recipient

Breslow p = 0.0107, HR 1.32 [95% CI 1.079; 1.615]; 
1–2 HLA-A MM – log-rank p = 0.2157, Breslow  
р = 0.3156, HR 1.114 [95% CI 0.936; 1.326]; 
0–2 HLA-A MM log-rank p = 0.0003, Breslow  
p = 0.0012, HR 1.485 [95% CI 1.204; 1.831]. 

Differences in HLA-B locus compatibility sig-
nificantly affected graft survival: log-rank test  
p = 0.0034, Breslow test p = 0.0008. The median sur-
vival for the 0, 1 and 2 HLA-B MM were 9.99 [95% 
CI 8.38; 11.6], 8.67 [95% CI 8.1; 9.26] and 8.25 [95% 
CI 7.81; 8.69] years, respectively. Pair-wise com-
parisons: 0–1 HLA-B MM – log-rank p = 0.0656, 
Breslow p = 0.0632, HR 1.353 [95% CI 0.997; 1.836]; 
1–2 HLA-B MM – log-rank p = 0.0424, Breslow  
р = 0.1363, HR 1.19 [95% CI 1.009; 1.404]; 
0–2 HLA-B MM log-rank p = 0.0031, Breslow  
p = 0.0076, HR 1.582 [95% CI 1.213; 2.062]. 

Differences in HLA-DRB1 locus compatibili-
ty significantly affected graft survival: log-rank test  
p < 0.0001, Breslow test p < 0.0001. The median sur-
vival for the 0, 1 and 2 HLA-DR1 MM were 10.08 
[95% CI 9.15; 11.02], 9 [95% CI 8.47; 9.53] and 
8.25 [95% CI 7.58; 8.92] years, respectively. Pair-
wise comparison: 0–1 HLA-DR1 MM – log-rank  
p = 0.0021, Breslow p = 0.0152, HR 1.472 [95% 
CI 1.166; 1.858]; 1–2 HLA-DR1 MM – log-rank 
p = 0.0038, Breslow р = 0.0146, HR 1.283 [95% 
CI 1.084; 1.52]; 0–2 HLA-DR1 MM log-rank  
p < 0.0001, Breslow p < 0.0001, HR 1.888 [95% CI 
1.532; 2.237].
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Fig. 2. Death-censored graft survival. The graphs depict the results of assessment of differences according to the log-rank criterion 
for three curves

Altogether, the differences in compatibility 
across all loci significantly affected graft survival: 
log-rank test p < 0.0001, Breslow test p < 0.0001. 
The median survival for 1-2 HLA MM, 3-4 HLA-
MM and 5-6 HLA-MM were 11.85 [95% CI 9.93; 
13.78], 10 [95% CI 9.4; 10.6] and 8.42 [95% CI 
7.82; 9.02] years, respectively. Pair-wise compari-
sons: 1-2 HLA MM and 3-4 HLA MM – log-rank p = 
0.001, Breslow p = 0.041, HR 1.617 [95% CI 1.233; 
2.121]; 3-4 HLA MM and 5-6 HLA MM – log-rank 
p < 0.0001, Breslow p < 0.0001, HR 1.531 [95% CI 
1.286; 1.824]; 1-2 HLA MM and 5-6 HLA MM log-
rank p < 0.0001, Breslow p < 0.0001, HR 2.365 [95% 
CI 1.863; 3.002].

We calculated the average number of epitope mis-
matches for each HLA-MM quantity (Fig. 3).

An increase in numbers of HLA-mismatches and 
epitope mismatches significantly heightens the risk 
of anti-donor anti-HLA antibodies development and 
of graft loss (Fig. 4). 

In order to demonstrate that it is possible to apply 
the method of donor/recipient pair selection based on 
epitope mismatches in practice, we analyzed graft 
survival in case of 4 HLA-mismatches (the most 

common variant at our center) (Fig. 5). The patients 
were divided into two groups: the ones with EpMM 
less or equaling the median (the average number) and 
the ones with higher values.  

The difference in graft survival rates for the 10-
24 EpMM and 25-43 EpMM was statistically sig-
nificant, but only at late stages of the post-transplant 
period: log-rank test p = 0.0067, Breslow test p = 
0.0982. The median survival for the 10-24 EpMM 
was 10.33 [95% CI 9.05; 11.61] years, for the 25-43 
EpMM – 8.67 [95% CI 7.68; 9.66] years, HR 1.537 
[95% CI 1.114; 2.12].

DISCUSSION
At present (data date: August 2019), the modern 

HLA nomenclature includes 28 serologically identi-
fiable antigens of HLA A locus, 62 antigens of HLA 
B locus, 24 antigens of HLA DRB1 locus [7]. Con-
sidering the enormous amount of potential combina-
tions, it becomes evident that in order to select the 
optimal recipient, the waiting list must be comprised 
of thousands of transplant candidates. Unified wait-
ing lists of this kind exist in Europe (Eurotransplant) 
and in the USA (United Network for Organ Sharing). 
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Fig. 3. Concordance between HLA MM and the estimated number of EpMM: тhe graph shows the median, interquartile range, 
minimum and maximum values, HLA MM – the number of donor antigens absent in the recipient, EpMM – the number of donor 

epitopes absent in the recipient.

Fig. 4. The relationship between the risk of de novo donor-specific antibody development and HLA MM (a), EpMM (b),  
тhe relationship between the risk of graft loss and HLA MM (c), EpMM (d)
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In Russia, each transplantation center keeps a wai- 
ting list of its own, which substantially hinders se-
lection of the optimal recipient in terms of histo-
compatibility. Most of the recipients (68.4% accord-
ing to the data of our center) receive a graft carrying 
3 to 4 mismatched antigens, as waiting for a bet-
ter match would mean substantially longer waiting 
times. As we have shown before [8], extended wai- 
ting for transplantation while on dialysis worsens 
the comorbid background, which, in turn, reduces 
transplantation probability and leads to a higher risk 
of death. 

At the same time, the question of relative signi- 
ficance of such factors as the comorbid background 
and histocompatibility at various stages of waiting 
remains unresolved. At that, the importance of histo-
compatibility remains high. As we have demonstrat-
ed, the lower the number of HLA-mismatches, the 
better the graft survival rate, and this dependence is 
statistically significant.

However, it is remarkable that even with the total 
number of mismatches in terms of three loci consid-
ered, the median survival increases, though mode- 
rately (11.85 [95%CI 9.93; 13.78] years in case of 
1–2 mismatches and 8.42 [95%CI 7.82; 9.02] years 
in case of 5–6 mismatches). Clinical interpretations 
of this fact can differ. On the one hand, it may be 
regarded as a confirmation of immunosuppression 
effectiveness, thus, histocompatibility becomes less 
significant. On the other hand, it indicates its insuffi-
cient effectiveness at the late stages of the post-trans-
plantation period. Good histocompatibility generally 
leads to a substantial increase in the number of pa-

tients with a functioning graft in the late period rather 
than to the extension of the mean time of the graft 
functioning (median survival). Thus, in 15 years 
33.8% [95% CI 20.6; 47.41] of patients with 1 or  
2 HLA MM had their graft still functioning. In cases 
of 3 or 4 mismatches the graft remained functioning 
with 12.8% [95% CI 7.76; 19.2] of patients, and in 
cases of 5 or 6 mismatches with 3.6% [95% CI 1.84; 
6.21] of patients only.

Most recipients get grafts with 4 HLA-mismatch-
es (with consideration to HLA-A, HLA-B and HLA-
DRB1 loci only). At that, each of them is deemed a 
totally equal candidate for the transplant in terms of 
histocompatibility. We believe it would be a promis-
ing possibility to be able to additionally rank candi-
dates within the fixed HLA value taking into account 
EpMM. The expediency of application of such an ap-
proach to selecting the donor/recipient pair remains 
one of the main questions.

A major cause of graft loss at later periods is an-
tibody-mediated rejection, which accounts for ap-
proximately 50% of cases [9]. At that, it is already 
known that an increase in HLA-mismatches leads 
to a higher risk of occurrence of de novo DSA [10]. 
We have convincing evidence to support this fact 
(Fig. 4а). An increase in HLA MM and an increase 
in EpMM both significantly heightened the risk of 
de novo DSA occurrence. At that, the rate of risk 
increase was somewhat different: the risk increase 
in line with the increase of HLA MMs is linear  
(r2 = 0.9873). At the same time, the relation be-
tween the risk and EpMM is described quite well 
by the logarithmic approximation (r2 = 0.9991). In  

Figure 5. Death-censored graft survival in patients with 4 HLA mismatches: EpMM – the number of donor epitopes absent in the 
recipient, тhe median of EpMM in patients with HLA MM = 4 was 24
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other words, an increase in the number of HLA MMs 
proportionally increases the “antigen load” and the 
risk of antibodies occurrence, while to EpMM this 
risk seems to relate in a more complex manner. We 
did not notice a significant increase in risk with two 
HLA MM compared with one HLA MM. In view of 
that, pursuance of accounting epitope mismatches 
within the fixed amount of HLA MMs (in addition 
to the traditional approach to selecting the donor/
recipient pair) seems to be promising when it comes 
to the reduction of the “antigen load”. When the 
number of EpMM increases from > 10 to the range 
of 10 to 19, the risk of DSAs gets substantially high-
er. It is an important aspect in the context of this 
research, for, as is shown in Figure 3, the EpMM 
quantity of 10 to 19 can correspond both to 2 and 
to 6 HLA MMs. This, in its turn, defines whether it 
is potentially possible to select donor/recipient pairs 
using epitope mismatches not in addition, but as an 
alternative to the traditional approach. In order to 
evaluate the validity of this hypothesis, additional 
research is required.

Four and more HLA MMs entailed a substantial 
risk of losing the graft function. Considering this 
fact, one is to admit that most of our recipients ini-
tially have an unfavorable “immunological profile” 
due to poor histocompatibility of donors and recipi-
ents. Considering the current state of affairs in trans-
plantology assistance, one can presume that this will 
be applicable to the vast majority of transplantology 
centers in Russia.

The form of relation between the risk of graft 
loss and HLA-MMs can be well described using 
the exponential approximation (r2 = 0.9978). At 
that, if the number of EpMM exceeds 10, it sub-
stantially increases the risk of the graft loss; this 
relation is also well described by means of loga-
rithmic approximation (r2 = 0.9976). At the same 
time, the benefits of its use in selection of donor/
recipient pairs become evident only after a long-
term follow-up: we have noticed substantial differ-
ences over a long-term period only. Even though 
it leads only to a moderate increase in the median 
survival (from 8.67 to 10.33 years Fig. 5), it makes 
it possible to increase substantially the share of re-
cipients who have the graft still functioning in the 
long-term period: with 10 to 24 EpMM 18.28% [95 
CI 8.2%; 31.67] of grafts were still functioning 15 
years later, while only 4.75% with 25 to 43 EpMM  
[95 CI 0.94; 13.64].

Research limitations. Firstly, the study was retro-
spective. Secondly, the study was based on a large 
amount of clinical material collected over a long pe-
riod of time (around 30 years). In our analysis we 
did not consider factors such as immunosuppressive 
therapy. At the same time, it is evident that the immu-
nosuppression approaches have substantially evolved 
over this period of time [1, 2]. Thirdly, knowledge of 
antigenicity and immunogenicity consistently grows; 
we used the base [10] that was up-to-date in August 
2019. It is entirely possible that the results might dif-
fer if we repeat our calculations using a more recent 
and updated base. 

CONCLUSION
Summarizing all of the above, we come to a con-

clusion that in a routine practice of a transplantation 
center with a short individual waiting list, consider-
ation of epitope mismatches will make it possible to 
improve kidney transplantation results, reducing the 
risk of developing donor specific anti-HLA antibod-
ies and increasing graft survival. Using this meth-
od, it will be possible to perform additional ranking 
of transplant candidates, depending on the number 
of epitope mismatches within the fixed number of 
HLA-mismatches, and thus select the optimal one. 
Besides, theoretically it might be possible to use this 
method as an alternative to the traditional evaluation 
of histocompatibility between the donor and the re-
cipient. Additional research is required. 

REFERENCES
1.	 Shi X., Lv J., Han W., Zhong X., Xie X., Su B., Ding J. What 

is the impact of human leukocyte antigen mismatching on graft 
survival and mortality in renal transplantation? A meta-analysis  
of 23 cohort studies involving 486,608 recipients. BMC 
Nephrol. 2018; 19 (1): 116. DOI: 10.1186/s12882-018-0908-3.

2.	 Williams R.C., Opelz G., Weil E.J., McGarvey C.J., Chak-
kera H.A. The risk of transplant failure with HLA mismatch 
in first adult kidney Allografts 2: living donors, summary, 
guide. Transplant Direct. 2017; 3 (5): e152. DOI: 10.1097/
TXD.0000000000000664. 

3.	 Rodey G.E., Fuller T.C. Public epitopes and the antigenic 
structure of the HLA molecules. Crit. Rev. Immunol. 1987; 7 
(3): 229–267.

4.	 The National Marrow Donor Program Database. URL: https://
bioinformatics.bethematchclinical.org/

5.	 The Allele Frequency Net Database. URL:  http://www.allele-
frequencies.net

6.	 HLA Epitope Registry Database.  URL: https://www.epregis-
try.com.br/

7.	 HLA nomenclature website. URL: http://hla.alleles.org/no-
menclature/index.html

Bulletin of Siberian Medicine. 2020; 19 (4): 21–29

Vatazin A.V., Zulkarnaev A.B., Stepanov V.A. et al. Donor – recipient selection using epitope mismatches in kidney transplantation



29

Original  articles

__________________________

Authors information
Vatazin Andrey V., Dr. Sci. (Med.), Professor, Principal Researcher, Surgical Department of Kidney Transplantation,  Moscow 

Regional Research and Clinical Institute, Moscow, Russian Federation. ORCID 0000-0001-8497-0693.
Zulkarnaev Alexey B., Dr. Sci. (Med.), Leading Researcher, Associate Professor, Surgical Department of Kidney Transplantation, 

Moscow Regional Research and Clinical Institute, Moscow, Russian Federation. ORCID 0000-0001-5405-7887.
Stepanov Vadim A., Cand. Sci. (Med.), Senior Researcher, Surgical Department of Kidney Transplantation, Moscow Regional 

Research and Clinical Institute, Moscow, Russian Federation ORCID 0000-0002-0881-0599.

(*)  Zulkarnaev Alexey B., e-mail: 7059899@gmail.com.

Received 04.09.2019
Accepted 25.12.2019

Бюллетень сибирской медицины. 2020; 19 (4): 21–29

8.	 Vatazin A.V., Zulkarnaev A.B., Stepanov V.A. Survival anal-
ysis of patients on the waiting list for kidney transplantation in 
terms of competing risks. Russian Journal of Transplantology 
and Artificial Organs. 2019; 21 (1): 35–45 (in Russ.).  DOI: 
10.15825/1995-1191-2019-1-35-45. 

9.	 Gaston R.S., Cecka J.M., Kasiske B.L. Evidence for anti-
body-mediated injury as a major determinant of late kidney 

allograft failure. Transplantation. 2010; 90 (1): 68–74. DOI:  
10.1097/TP.0b013e3181e065de.

10.	Campos A., Malheiro J., Tafulo S., Santos S., Dias L., Mar-
tins S., Almeida M., Pedroso S., Henriques A.C., Cabrita A. 
Increase of allosensitization after a kidney graft failure: Pre-
dictors and effect on retransplantation outcomes. Nefrologia. 
2017; 37 (4): 397–405. DOI: 10.1016/j.nefro.2016.11.020. 



30

ORIGINAL  ARTICLES

*  Vtorushin Sergey V., e-mail: wtorushin@rambler.ru.

УДК 577.21:618.19-006.6]-036
https://doi.org/10.20538/1682-0363-2020-4-30-37

Studying GATA3, FOXA1, and ELF5 transcription factors in the evaluation  
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ABSTRACT 

Background. The identification of predictive molecular markers of luminal breast cancer will help to assess the 
risk of developing distant metastases and determine a personalized approach to predicting the outcome of the 
disease during hormone therapy.

The aim of the study was to investigate the relationship between the transcription factors GATA3, FOXA1, and 
ELF5 in the tumor and the occurrence of distant metastases in patients with luminal subtype of breast cancer during 
adjuvant hormone therapy.

Materials and methods. The study included 101 patients with breast cancer (aged from 30 years to 81 years, 
average age (54.8 ± 10.3) years), with stages T1–4N1–3M0 of the disease. The follow-up period was at least 5 years. 
The inclusion criteria for the study were luminal molecular genetic subtype of the tumor and lack of preoperative 
treatment. The exclusion criterion was stage IV disease. The study of transcription factors was carried out by 
the immunohistochemical method using polyclonal antibodies to GATA3, FOXA1, and ELF5, manufactured by 
Flarebio (Austria).

Results. Low expression of FOXA1 and ELF5 in the tumor was associated with the development of distant 
metastases (p = 0.000015 and p = 0.000002, respectively). In addition, it was found that high incidence of 
hematogenous metastases was associated with heterogeneous expression of FOXA1 (χ2 = 6.42; p = 0.01) and 
ELF5 (χ2 = 14.46; p = 0.0001) in the tumor. No similar differences were found in the study of GATA3 expression.

Conclusion. The level of expression of transcription factors FOXA1 and ELF5 and their distribution in the primary 
tumor can be considered as potential molecular markers in assessing the risk of hematogenous metastasis in patients 
with luminal breast cancer.

Key words: luminal breast cancer, transcription factors GATA3, FOXA1, ELF5, prognosis, distant metastases.
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Исследование факторов транскрипции GATA3, FOXA1, ELF5  
в оценке прогноза у больных люминальным раком молочной железы
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РЕЗЮМЕ

Актуальность. Выявление предсказательных молекулярных маркеров люминального рака молочной же-
лезы (РМЖ) позволит оценить риск развития отдаленных метастазов и определить персонализированный 
подход к прогнозированию течения заболевания при проведении гормонотерапии.

Цель. Изучить взаимосвязь транскрипционных факторов GATA3, FOXA1, ELF5 в опухоли с возникно-
вением отдаленных метастазов у больных люминальным подтипом РМЖ при проведении адъювантной 
гормонотерапии. 

Материалы и методы. В исследование включена 101 больная РМЖ (возраст от 30 лет до 81 года, сред-
ний возраст (54,8 ± 10,3) года), стадии T1–4N1–3M0. Срок наблюдения составил не менее 5 лет. Критериями 
включения в исследование явились: люминальный молекулярно-генетический подтип опухоли, отсутствие 
предоперационного лечения. Критерий исключения – IV стадия заболевания. Исследование транскрипци-
онных факторов проводилось иммуногистохимическим методом с использованием поликлональных анти-
тел фирмы Flarebio (Австрия) к GATA3, FOXA1 и ELF5.  

Результаты. Выявлено значимое снижение процента экспрессии FOXA1 и ELF5 в опухоли при развитии 
отдаленных метастазов (p = 0,000015 и p = 0,000002 соответственно). Кроме того, показано, что боль-
шая частота развития гематогенных метастазов сопряжена с гетерогенной экспрессией в опухоли FOXA1  
(χ2 = 6,42; p = 0,01) и ELF5 (χ2 = 14,46; p = 0,0001). Подобных отличий в отношении экспрессии GATA3 не 
обнаружено.

Заключение. Уровень и характер экспрессии транскрипционных факторов FOXA1 и ELF5 в первичной 
опухоли могут рассматриваться в качестве потенциальных молекулярных маркеров в оценке риска гемато-
генного метастазирования у больных люминальным подтипом карциномы молочной железы.

Ключевые слова: люминальный рак молочной железы, факторы транскрипции GATA3, FOXA1, ELF5, 
прогноз, отдаленные метастазы.
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INTRODUCTION

In recent decades, the overall incidence of breast 
cancer (BC) in women has remained consistently 
high, with a slight increase in overall five-year sur-
vival rate. In Russia, breast cancer is the leading 
oncological pathology in the female population and 
accounts for 20.9%, occupying the largest share in 
the age group 30–59 years [1, 2]. 

Recently, transcription factors (TFs) have attrac- 
ted the greatest interest as significant predictors of 
the course of primary breast cancer.

GATA binding protein 3 (GATA3) is a tran-
scription factor of the zinc finger family, which 
normally regulates the proliferation and differen-
tiation of breast luminal cells [3]. Mutation of this 
transcription factor plays an important role in breast 
cancer carcinogenesis, ranking third after TP53 and 
PIK3CA mutations [4]. A group of researchers (ME-
TABRIC Group) analyzed 2,433 and 2,000 breast 
carcinoma tissue samples for significant mutations 
and found that mutant GATA3 tumors in a subgroup 
of patients with ER + breast cancer had a low grade 
of malignancy and, therefore, a favorable prognosis 
and better overall 10-year survival rat [5]. Positive 
expression of GATA3 in breast carcinoma in the im-
munohistochemical study is also associated with a 
better prognosis and survival, and loss of expression 
is characterized by opposite effects [6]. 

The data on the relationship of this transcription 
factor with the development of metastases available 
in the literature are also contradictory and ambigu-
ous. In one of the studies, a discrepancy between the 
expression level of the described transcription factor 
in the primary tumor and in the lymph nodes affected 
by metastases was found. The authors of the work 
showed that in some cases positive expression of 
GATA3 was observed in the affected lymph nodes 
with negative expression of the marker in the prima-
ry breast tumor and vice versa [7]. In a number of 
other studies, the authors evaluated the expression 
characteristics of GATA3 in hematogenous metas-
tases of breast carcinoma of various localization and 
found that during the development of metastatic foci 
in the lungs, the expression of the TF under study 
was significantly lower in comparison with the pa-
rameters of its expression in metastases of other or-
gans and tissues. The data obtained may indicate the 
possible involvement of GATA3 in the mechanisms 
that prevent metastasis [8, 9].

Forkhead box A1 (FOXA1), or hepatic nuclear 
factor 3α (HNF3α), like GATA3, is a transcription 
factor that not only plays a key role in the embryonic 
development of various organs and tissues, but also 
participates in breast tumorigenesis [10]. The data 
available in the literature suggest a possible signifi-
cant potential of GATA3 in assessing the prognosis 
and response to hormone therapy [11, 12]. Accor- 
ding to a number of authors, breast cancer patients in 
whom primary tumors were characterized by posi-
tive FOXA1 expression in ER +/PR+ status had lon-
ger overall and disease-free survival [13, 14]. The 
prognosis of the disease in patients was primarily 
determined by the fact that FOXA1 was involved 
in the epithelial-mesenchymal transition (EMT),  
interacting with the key transcription factors 
Twist1 and Slug, which led to a decrease in overall  
survival [15].

E74-like factor 5 (ELF5), a transcription fac-
tor of the E26 family (ETS), is involved in the de-
velopment of breast tissue, while its primary role  
consists in formation of alveoli and transformation 
of progenitor cells into mature acinar cells [16]. This 
TF plays an essential role in EMT; in particular, the 
inhibitory effect of ELF5 on EMT in breast cancer 
was shown [17]. It was demonstrated in MCF-7 
mouse models that the expression of this marker in 
the tumor can be associated with resistance to hor-
mone therapy [18].

Thus, the data available in the literature remain 
controversial, which suggests the need to study the 
transcription factors ELF5, FOXA1, and GATA3 
in patients with breast cancer in order to clarify the 
mechanisms of tumor progression and consider the 
studied markers in relation to possible assessment 
of prognosis for creating a personalized approach to 
treatment of the disease.

The aim of the study was to investigate the rela-
tionship between the expression of the transcription 
factors GATA3, FOXA1, and ELF5 in the tumor and 
the occurrence of distant metastases in patients with 
luminal subtype of breast cancer during adjuvant 
hormone therapy.

MATERIALS AND METHODS
The study included 101 patients with breast can-

cer (aged from 30 to 81 years, mean age 54.8 ± 10.3 
years), stage T1-4N1-3M0. All patients were treated 
at the Cancer Research Institute, Tomsk National 
Research Medical Center. The diagnosis of breast 

Bulletin of Siberian Medicine. 2020; 19 (4): 30–37

Vtorushin S.V., Vasilchenko D.V., Zavyalova M.V. et al. Studying GATA3, FOXA1, and ELF5 transcription factors



33

Original  articles

cancer was established on the basis of core biopsy 
of the tumor in accordance with the WHO classi-
fication (2012). The molecular biological subtype 
of the neoplasm was assessed by immunohistoche- 
mistry (IHC).  Antibodies to ER (clone 1D5, Dako), 
PR (clone PgR636, Dako), Ki-67 (clone MIB-1, 
Dako), and Her2 / neu (polyclonal, c-erB-2, Dako) 
were used. The patients did not receive preoperative 
treatment. In terms of surgical treatment, all wom-
en underwent surgery in form of radical mastectomy 
or sectoral resection (breast‐conserving treatment). 
In 33% of patients at the time of diagnosis, men-
strual function was preserved, and 68% of patients 
were menopausal. After the surgical stage, all pa-
tients received hormone therapy with tamoxifen or 
aromatase inhibitors. The observation period was 
at least 5 years. The primary documents were ana-
lyzed, such as medical histories and outpatient re-
cords, the presence of local recurrence of the disease 
and the presence and localization of distant tumor 
metastases were assessed. The inclusion criteria for 
the study were luminal molecular tumor subtype and 
absence of preoperative treatment. The exclusion 
criterion was stage IV of the disease.

When examining the surgical material, the size 
of the tumor node, breast tissue outside the forma-
tion, the state of the resection margins, as well as 
all removed axillary lymph nodes were assessed for 
the presence of metastatic lesions. The tumor grade 
was determined according to the Nottingham His-
tologic Grade (Elston modification of the Bloom–
Richardson grading system). In the tumor stroma, 
the severity of infiltration by immune cells was as-
sessed in points (1 point – no infiltration or weakly 
pronounced, 2 points – moderately pronounced, 3 
points – strongly pronounced).

IHC of transcription factors was carried out ac-
cording to the standard technique. We used poly-
clonal rabbit antibodies to GATA3 (dilution 1 : 
200), FOXA1 (dilution 1 : 200), and ELF5 (dilution  
1 : 150) produced by Flarebio (Austria). The interpre-
tation of the staining results included the following 
features: the presence of marker expression (positive 
or negative expression) and the intensity of expres-
sion of the marker under study (on a scale from 1 
to 3 points). The percentage of tumor cells with po- 
sitive immunostaining was counted (the count was 
performed per 1,000 cells in 10 fields of view at 
×40). In addition, the type of the distribution of the 
expression of the studied transcription factors in the 

tumor was assessed. In case of uniform staining in 
the tumor cells, regardless of the intensity of the 
marker expression, the expression was considered 
homogeneous. The presence of foci with positive 
and negative expression in the tumor section, as 
well as foci with varying degrees of staining inten-
sity, the distribution pattern was considered hetero-
geneous. 

Statistical analysis of the data was carried out 
using the Statistica v.10 package using analysis of 
variance, χ2 test, and nonparametric Mann–Whitney 
U-test. Thee data were presented as the median and 
interquartile range Me (Q1÷Q3). Results with signi- 
ficant differences at p < 0.05 were discussed.

RESULTS AND DISCUSSION
 At the first stage, we analyzed the frequency of 

expression of the studied transcription factors in the 
tumor and possible combinations of these markers 
in patients with luminal BC. The frequency of oc-
currence of positive staining was as follows: in 96 
(95.1%) patients, positive nuclear staining of the 
GATA3 marker was noted, in 5 cases (4.9%), the 
expression of the marker was negative. Positive ex-
pression of FOXA1 was detected in 91 (90.1%) pa-
tients, negative – in 10 (9.9%) patients; at the same 
time, positive expression of the ELF5 factor was 
noted in 89 (88.1%) cases, in 12 (11.9%) cases, this 
factor was not detected in the tumor.

Analysis of the combination of the expression 
of all three studied transcription factors showed 
fairly high variability of their co-expression. The 
phenotype GATA3 + FOXA1 + ELF5 + was do- 
minant in the study group of patients and amounted 
to 78.2% (79 / 101). In 8 cases, the tumor showed 
positive staining only with antibodies to GATA3 and 
FOXA1 (GATA3 + FOXA + ELF5). In 4 cases, the 
tumor cells had the GATA3-FOXA1 + ELF5 + phe-
notype. In 3 cases, the neoplasm had the GATA3 + 
FOXA1-ELF5- phenotype, and in 5 patients the neo-
plasm had GATA3 + FOXA1-ELF5 +. It should be 
emphasized that 1 case in the study group was cha- 
racterized by the presence of only positive expres-
sion of ELF5 (GATA3-FOXA1-) and 1 case had 
negative expression of all three studied markers in 
the primary tumor (GATA3-FOXA1-ELF5-).

Our analysis showed that the frequency of po- 
sitive expression and the variant of the co-expres-
sion of all three studied transcription factors did 
not have any significant differences in the follow-
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ing clinical and morphological signs: the age of 
the patients, menstrual status, the luminal subtype  
(A, B1, B2), the stage of cancer. It was also shown 
that the percentage of positively stained tumor cells 
for GATA3, FOXA1, and ELF5 did not statistically 
differ depending on the above mentioned clinical and 
morphological parameters.

We have previously shown that there is a rela-
tionship between the expression of markers ELF5 
and FOXA1 and such an important parameter as the 
size of the primary tumor. In addition, it was found 
that the character of GATA3 and ELF5 expression 
was associated with the rate of lymph node metas-
tases [19].

At the follow-up stages, local tumor recurrence 
was diagnosed in 9 out of 101 (8.9%) patients. In 8 
(88.9%) cases, local tumor recurrence developed in 
the area of ​​the postoperative scar, and in 1 (11.1%) 
case in the remaining breast tissue after organ-pre-
serving treatment. In 7 (77.8%) cases, tumor recur-
rence was represented by a single node, while in 2 
(22.2%) cases, multiple tumor lesions were noted. 
Assessment of the expression of transcription factors 
in the tumor did not reveal significant dependence of 
the expression on the rate of recurrence in the stud-
ied group of patients.

Distant metastases were diagnosed in 15 out of 
101 (14.8%) patients. The site of metastatic foci 
and the time of their occurrence after surgery were 
assessed. Isolated bone metastases were found in 9 
out of 15 cases (60%). In 6 cases (40%), multiple 
metastatic lesions of the bones and visceral organs 
were observed. It was of interest to study the clinical, 
morphological, and molecular characteristics of the 
tumor in patients with luminal BC depending on the 
development of hematogenous spread. The incidence 
of distant metastases was associated with the size of 
the primary tumor (p = 0.002) and regional lymph 
node metastases (χ2 = 10,9, p = 0.00095). There was 
a clear tendency towards a higher rate of hematoge-
nous dissemination with an increase in the grade of 
tumor (χ2 = 4.9, p = 0.08). However, the develop-
ment of distant metastases was not associated with 
the Ki67 proliferative activity index of tumor cells 
(p = 0.8) and the luminal subtype of the neoplasm (p 
= 0.6). At the same time, significant differences were 
revealed in the expression of estrogen and proges-
terone receptors. Thus, in the group of patients with 
distant metastases, the expression (%) of both types 
of receptors was significantly lower (Table 1).

T a b l e  1
Indicators of expression of sex hormone receptors in the tumor 

depending on the presence of distant metastases in patients 
with luminal breast cancer

Hormone  
receptors

Expression in the tumor, %,
Me Q1÷Q3

Absence  
of hematogenous 

metastases

Presence  
of hematogenous 

metastases

ER 94.7 (70÷100) 69.3 (51.5÷93)
p1–2 = 0.02

PR 83 (59.5÷98) 49 (32÷74.4)
p1–2 = 0.038

Analysis of the relationship between the expres-
sion of the studied transcription factors in the tumor 
in groups of patients and the presence or absence 
of hematogenous metastases revealed significant 
differences in the percentage of FOXA1 and ELF5 
expression. It was found that with the development 
of distant metastases, the percentage of FOXA1 and 
ELF5 expression in the cells of the primary tumor 
is significantly lower than in patients with no signs 
of disease progression. No such differences in the 
expression of the GATA3 marker were recorded  
(Table 2). 

T a b l e  2
Indicators of expression of transcription factors in the tumor 
depending on the presence of distant metastases in patients 

with luminal breast cancer

Transcription 
factors

Expression in the tumor, % (Me Q1÷Q3)
Absence  

of hematogenous  
metastases

Presence of hematoge-
nous metastases

GATA3 100 (98 ÷ 100) 100 (100 ÷ 100)

FOXA1 100 (90.3 ÷ 100) 70 (42 ÷ 76)
p1-2 = 0.000015

ELF5 100 (100 ÷ 100) 76 (65 ÷ 100)
p1-2 = 0.000002

The study showed a relationship between the na-
ture of the distribution of the studied marker expres-
sion and the frequency of hematogenous metastases.

Most often, hematogenous metastases were ob-
served with heterogeneous expression of factors 
FOXA1 (Fig. 1) (χ2 = 6.42, p = 0.01) and ELF5 (χ2 = 
14.46, p = 0.0001) in the tumor (Table 3).

When studying the distribution pattern of GATA3 
expression in the tumor (Fig. 2) and the rate of dis-
tant metastases, no significant differences were re-
vealed. Infiltration of a tumor by immune cells is an 
important component of the microenvironment that 
affects the processes of proliferation, angiogenesis, 
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and invasion and can determine the characteristics of 
tumor progression, since it is involved in the mech-
anisms of the metastatic cascade. The expression of 
the studied transcription factors in the tumor was an-
alyzed depending on the degree of inflammatory in-
filtration in the neoplasm stroma. The study showed 
that the expression of GATA3, FOXA1, and ELF5 
did not differ in tumors with different degree of infil-
tration with immune cells. The expression of the lat-
ter had no significant association with the incidence 
of distant metastases (p = 0.57).

The study of GATA3, FOXA1, and ELF5 in the 
primary tumor in patients with the luminal subtype 
of breast cancer showed a clear relationship between 
their expression and the development of hematoge-
nous metastasis. The identified relationship between 
the low expression of ELF5 and FOXA1 and the rate 
of hematogenous metastasis can be explained in dif-
ferent ways. On the one hand, the revealed patterns 
can be caused by the pathogenetic influence of these 
factors on proliferation of tumor cells and angiogen-
esis, being a manifestation of EMT activation as a 
key mechanism in the development of hematoge-
nous progression. It is known that the transcription 
factors ELF5 and FOXA1 have a suppressive effect 
on EMT. Therefore, a decrease in the level of their 
expression in the tumor may promote the activa-
tion of important factors Twist1 and Slug. Howev-
er, these aspects require further study. On the other 
hand, hematogenous progression in the group of pa-
tients with low expression of FOXA1 and ELF5 with 
their heterogeneous distribution in the tumor along 
with low expression of ER and PR can determine the 
development of resistance to hormonal therapy and, 
therefore, become the pathogenetic basis of treat-
ment inefficiency and disease progression.

CONCLUSION
The results of this study demonstrate the clinical 

significance of the transcription factors FOXA1 and 
ELF5 in assessing the risk of distant metastasis in 
patients with luminal BC subtype and can be used 
to predict the course of the disease when choosing 
the management tactics for this category of patients. 
Analysis of these transcription factors in the tumor 
can be performed at the preoperative stage during a 
standard immunomorphological study and consid-
ered as additional tumor parameters when planning 
the patient’s treatment strategy. 

Fig. 1. Moderately pronounced heterogeneous nuclear 
expression of FOXA1 in tumor cells of invasive breast 
carcinoma, ×100. The lower right corner shows the presence of 
tumor cells with positive and negative expression, ×400. ICH

Fig. 2. Positive homogeneous nuclear expression of GATA3 in 
tumor cells of invasive breast carcinoma, ×100. ICH
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T a b l e  3
Rate of distant metastasis depending on the distribution  
of FOXA1 and ELF5 expression in patients with luminal  

breast cancer

Distribution of the marker 
expression in the primary 

tumor

Distant  metastases,
abs. number (%)

 Absence of 
hematogenous 

metastases

Presence of 
hematogenous 

metastases
FOXA1

Homogeneous (n = 45) 44 (97%) 1(3%) 
Heterogeneous (n = 46) 36 (78.2%) 10 (21.8%)

ELF5
Homogeneous (n = 56) 54 (96.4%) 2 (3.6%)
Heterogeneous (n = 33) 21 (63.6%) 12 (36.4%)
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Features of brain activity in alcohol dependence in the task of inhibitory 
control

Galkin S. A.1, Peshkovskaya A. G.1, Roshchina O.V.1, Kisel N.I. 1, Ivanova S. A.1, 2,  
Bokhan N. A.1, 2

1 Mental Health Research Institute, Tomsk National Research Medical Center (NRMC) of the Russian Academy of 
Sciences 
4, Aleutskaya Str., Tomsk, 634014, Russian Federation
2 Siberian State Medical University (SSMU) 
2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

Aim. To study neurophysiological correlates of inhibitory control to determine the features of inhibition processes 
in alcohol dependence.

Materials and methods. 77 patients with alcohol dependence were examined (42 men and 35 women) (F10.  
2 according to ICD-10). Patients were examined using a test to assess inhibitory control – Go / No – Go. According 
to the task performance, patients were divided into two groups: group 1 – without inhibitory control impairments, 
group 2 – with impaired inhibitory control. During execution of test, electroencephalogram recordings were 
made according to the “10–20” system. The values of spectral power and coherence of θ-, α- and β-rhythms were 
analyzed. Statistical processing was carried out using nonparametric Mann – Whitney U-test and Wilcoxon W-test.

Results. In patients with impaired inhibitory control, there was a decrease in the spectral power of the α-rhythm 
in the frontal cortex (p = 0.003), whereas in patients without inhibitory control disorders – in the Central cortex 
(p = 0.036). Patients with impaired inhibitory control responded by increasing β-power to cognitive stimulus in 
the occipital (p = 0.014), left temporal (p = 0.009) and right temporal (p = 0.008) cortex, while patients without 
inhibitory control disorders showed an increase in β-power only in the occipital (p = 0.007) and left temporal  
(p = 0.002) cortex. According to coherence data, patients with impaired inhibitory control have greater involvement 
of brain structures during the “Go/No–go” test in all frequency ranges.

Conclusion. Patients with and without impaired inhibitory control have regional differences in changes in brain 
bioelectric activity during the “Go/No–go” test.

Key words: alcohol dependence, inhibitory control, electroencephalography, diagnostics.
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Особенности мозговой активности при алкогольной зависимости  
в задаче на ингибиторный контроль

Галкин С.А.1, Пешковская А.Г.1, Рощина О.В.1, Кисель Н.И.1, Иванова С.А.1, 2,  
Бохан Н.А.1, 2

1 Научно-исследовательский институт (НИИ) психического здоровья, Томский национальный  
исследовательский медицинский центр (НИМЦ) Российской академии наук 
Россия, 634014, Томск, ул. Алеутская, 4
2 Сибирский государственный медицинский университет (СибГМУ) 
Россия, 634050, Томск, Московский тракт, 2

РЕЗЮМЕ

Цель: изучить нейрофизиологические корреляты ингибиторного контроля для определения особенностей 
процессов торможения при алкогольной зависимости.

Материалы и методы. Обследованы 77 пациентов (42 мужчины и 35 женщин) с алкогольной зависимо-
стью (F10.2 по МКБ-10). Пациенты обследованы с помощью теста для оценки ингибиторного контроля –  
Go / No – go. По результатам этого теста пациенты были разделены на две группы: группа 1 – без наруше-
ния ингибиторного контроля, группа 2 – с нарушением ингибиторного контроля. Во время выполнения те-
ста проводилась запись электроэнцефалограммы по системе 10-20. Анализировались значения спектраль-
ной мощности и когерентности θ- α- и β-ритмов. Статистическая обработка проводилась с применением 
непараметрического U-критерия Манна – Уитни и W-критерия Вилкоксона.

Результаты. У пациентов с нарушенным ингибиторным контролем происходило снижение спектральной 
мощности α-ритма во фронтальной коре головного мозга (р = 0,003), тогда как у пациентов без наруше-
ний ингибиторного контроля – в центральной коре (р = 0,036). Пациенты с нарушенным ингибиторным 
контролем реагировали повышением β-мощности на когнитивный стимул в затылочной (р = 0,014), левой 
височной (р = 0,009) и правой височной (р = 0,008) коре, при этом у пациентов без нарушений ингибитор-
ного контроля наблюдалось повышение β-мощности только в затылочной (р = 0,007) и левой височной  
(р = 0,002) коре. По данным когерентности у пациентов с нарушением ингибиторного контроля наблюда-
ется большая вовлеченность мозговых структур во время выполнения теста Go / No – go во всех частотных 
диапазонах.

Заключение. Пациенты с нарушением и без нарушения ингибиторного контроля имеют региональные 
различия в изменениях биоэлектрической активности головного мозга в процессе выполнения теста Go /  
No – go.

Ключевые слова: алкогольная зависимость, ингибиторный контроль, электроэнцефалография, диагности-
ка.
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INTRODUCTION
Understanding the psychological and neural pro-

cesses that lead to alcohol-related disorders is an 
urgent task in both health care and neuroscience [1, 
2].Current research has linked the inability to abstain 
from alcohol consumption, as well as maintain long-
term remission, with impaired cognitive functions that 
regulate behavior, in particular, weakened executive 
control [1, 3]. Inhibitory processes are important com-
ponents in controlling behavior [3]. Adaptive inhibi-
tory functioning reflects the ability to stop a potential 
behavioral response to an external stimulus [4].

The Go/No-Go method is widely used for evaluat-
ing the processes of inhibition in higher-order execu-
tive functioning [5]. A number of studies have shown 
a decrease in response inhibition in patients with alco-
hol use dependence (AUD) to the No-go signal [1, 6, 
7]. It is believed that alcohol consumption affects both 
the suppression of the response to the stimulus and its 
processing, which leads to the actualization of an erro-
neous response (response error) to the No–go signal [6, 
7]. However, some researchers found no differences in 
the Go/No-Go task between patients with AUD and 
moderate drinkers in healthy people [6, 8]. A number 
of authors are inclined to believe that there is not al-
ways a deficit of inhibitory control in alcohol depen-
dence [3]. Thus, the question of violation of inhibitory 
control in people with alcohol dependence is still open.

Recording and analyzing the bioelectric activi-
ty of the brain is one of the most accessible tools for 
studying the neurophysiological foundations of men-
tal disorders [9, 10]. Spectral and coherent analysis of 
the main rhythms of the electroencephalogram (EEG) 
are the most widely used in research. It is believed 
that changes in the spectral characteristics (amplitude, 
power) of the EEG are associated with the neurotrans-
mitter systems restructuring in the CNS [11]. Coher-
ence of electrical signals is a quantitative indicator of 
the synchronicity of involvement of various cortical 
departments in any process [9].

The use of the method of assessing the bioelectric 
activity of the brain in psychiatry and drug therapy 
can expand the available data on the neurophysiolog-
ical profile of patients with alcohol use dependence. 
However, despite the high availability and informa-
tive nature of EEG, studies of neurophysiological 
correlates of inhibitory control disorders in AUD are 
insufficient. Thus, the aim of our work was to study 
the neurophysiological correlates of inhibitory control 
to determine the features of inhibition processes in al-
cohol dependence.

MATERIALS AND METHODS
Materials. The study was conducted on the basis of 

the Department of the clinic of the Mental Health Re-
search Institute (Department of addictive conditions) 
Tomsk national research medical center of the Rus-
sian Academy of Sciences, according to the Protocol 
approved by the local ethics Committee at the Mental 
Health Research Institute (Protocol No. 114 of Octo-
ber 22, 2018).

We examined 77 patients (42 men, 35 women, 
age 45 [38; 51] years) with a diagnosis of: mental 
disorders and behavioral disorders associated with 
substance use, alcohol dependence syndrome (F10. 2 
according to ICD-10), after detoxification. Based on 
the literature data on various profiles of electrophys-
iological indicators in right-handed and left-hand-
ed people, right-handers were selected for the study 
group using a questionnaire of lateral characteristics. 
Diagnostic evaluation and clinical qualification of the 
disorder were performed using ICD-10 diagnostic cri-
teria, patient anamnestic data, and a set of standard-
ized psychometric tools. The inclusion criteria were 
verified diagnosis of an addictive disorder (alcohol de-
pendence) according to ICD-10, voluntary consent to 
participate in the study, normal or adjusted to normal 
vision, and age 18–55 years. The exclusion criteria 
were the presence of chronic somatic diseases in the 
acute stage, epilepsy, severe organic brain damage, 
traumatic brain injuries of any severity, mental retar-
dation, and refusal to participate in the study.

Methods. The Hamilton Anxiety Scale (HAM-A) 
and the Clinical Global Impression Scale (CGI-S) 
were used as psychometric tools. Data on the age of 
AUD disease, education, the number of hospitaliza-
tions and the amount of alcohol consumption were 
taken from the patient’s medical history.

The inhibitor control was evaluated using a com-
puterized Go/ No – go test (Fig. 1). Patients had to 
press the button when a green signal appeared on the 
computer screen (the Go signal) and not press the but-
ton when a red signal appeared (the No-go signal). 
The signals were presented in random order. The time 
of presentation of the signal was 500 ms, and the inter-
val between signals was 800 ms.

Recording and evaluation of bioelectric activi-
ty of the brain was performed on a 16-channel Neu-
ropoligraph EEG using the international system 
“10–20” (Fig. 2). The cutoff frequencies of upper and 
lower frequency filters were 30 and 1.5 Hz. The study 
procedure included recording the background EEG at 
rest with open eyes (1 min), after which the patients 
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performed a “Go/No – Go” test with simultaneous 
EEG registration. Artefact fragments were deleted 
from the EEG recordings. The signals were processed 
using fast Fourier transform, and the values of abso-
lute spectral power (mV2) and coherence for θ- (4–7 
Hz), α- (8–13 Hz) and β- (14–30 Hz) rhythms were 
analyzed.

Statistical analysis. Statistical data processing was 
performed using the Statistica 10.0 program. Sta-
tistical data is presented in the form of Me [Q1; Q3].  

Verification of agreement with the normal distribution 
law was performed using the Shapiro – Wilk test. The 
obtained data did not follow the normal distribution 
law. The nonparametric Mann – Whitney test was 
used to evaluate differences between two independent 
samples (group 1 vs. group 2) and the Wilcoxon test 
to evaluate differences between two related samples 
(rest EEG vs. EEG test). The differences were consid-
ered statistically significant at a significance level of  
p < 0.05.

Fig. 1. “Go/No-Go” tes

RESULTS
According to the obtained data of the Go/No-Go 

test, patients were divided into two groups: patients 
who did not make mistakes on the No-go signal (group 
1) and patients with errors on the No-go signal (group 
2) (Table 1).

T a b l e  1
Answers to the “Go/No – Go” test

Characteristic Group 1, n = 30 Group 2, n = 30 р
Number of errors per 
Go signal 10 [7; 13] 8 [3; 13] 0.092

Number of errors per 
No-go signal – 4 [3; 7] –

Reaction time (ms) 461 [455; 498] 489 [466; 500] 0.015

Median [Q1; Q3]; p – the level of statistical significance when 
comparing groups using the Mann – Whitney criterion. 

Fig. 2. Scheme of EEG

Patients from group 2 have fewer errors on the Go 
signal compared to patients from group 1, but no sta-
tistically significant differences were found (p > 0.05). 
However, patients in group 2 had statistically signifi-
cantly higher response times (p < 0.05).

Demographic and clinical characteristics of the 
studied groups of patients are presented in Table 2. 
There were no statistically significant differences in 
gender, age, level of education, duration of the disease, 
CGI-S scales (the average assessment of general health 
after detoxification corresponds to the indicator “mo- 
derate disorder”) and HAM-A (symptoms of anxiety in 
both groups) (p > 0.05). Compared with patients from 
group 1 (without violation of inhibitory control), pa-
tients from group 2 showed a statistically significantly 
higher number of hospitalizations over the entire me- 
dical history (p = 0.024) and alcohol consumption 
(days per week) over the past 6 months (p = 0.032).

T a b l e  2
Demographic and clinical characteristics of patients

Characteristic Group 1 Group 2 р

Composition 18 men;  
12 women

24 men;  
23 women.

0.43; 
0.35

Age (years) 44 [39; 50] 44 [36; 51] 0.915
Education (years) 13 [11; 14] 13 [11; 15] 0.501
Duration of the disease (years) 10 [4; 13] 9 [5; 12] 0.119
Number of hospitalizations 1 [1; 2] 3 [2; 4] 0.024
Amount of alcohol consumption 
in the last 6 months. (day per 
week)

2 [1; 4] 4 [2; 4] 0.032

CGI-S 4 [4; 5] 4 [4; 5] 0.522
HAM-A 19 [10; 25] 19 [12; 23] 0.702

Median [Q1; Q3]; p – the level of statistical significance when 
comparing groups using the Mann – Whitney criterion.
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According to the background values of spectral 
power and coherence of α-, β- and θ-EEG rhythms, 
patients with errors for the No-go inhibitor signal did 
not differ significantly from patients without errors  
(p > 0.05). We were able to divide patients qualitative-
ly only by changes in the EEG during the “Go/No –  
Go” test. Thus, an intragroup analysis of brain bio-
electric activity rearrangements in group 2 patients 
revealed a statistically significant decrease in the spec-
tral power of the α-rhythm in the frontal cortex (p = 
0.003) and a decrease in α-coherence in Fp1–Fp2 (p = 
0.021), T3–T4 (p = 0.003), Fp1–T3 (p = 0.003), T3–O1  
(p = 0.002) and C3–O1 (p = 0.034) during the  
Go/No-Go test. Whereas in group 1 patients, there was 
a statistically significant decrease in the spectral pow-
er of the α-rhythm in the Central cortex (p = 0.036) 
and a decrease in α-coherence in Fp1–Fp2 (p = 0.014), 
C3–C4 (p = 0.018), T3–T4 (p = 0.004) and T3–O1  
(p = 0.012) during the “Go/No – Go” test (Fig. 3).

Group 2 patients responded to a cognitive stim-
ulus in the occipital (p = 0.014), left temporal (p = 
0.009), and right temporal (p = 0.008) cortex with in-
creased β-power. And with decreased β-coherence in 

Fp1–Fp2 (p = 0.001), F3–F4 (p = 0.001), F7–F8 (p = 
0.006), C3–C4 (p = 0.001), P3–P4 (p = 0.001), T3–T4 
(p = 0.001), T5–T6 (p = 0.004), FP1–T3 (p = 0.045), 
FP2–T4 (p = 0.037), T3–O1 (p = 0.004), T4–O2 (p 
= 0.001), and C3–O1 (v0.005). Patients from group 
1 showed an increase in β-power only in the occipi-
tal (p = 0.007) and left temporal (p = 0.002) cortex, 
as well as a decrease in β-coherence in Fp1–Fp2 (p = 
0.001), F3–F4 (p = 0.002), F7–F8 (p = 0.009), C3–C4  
(p = 0.003), P3–P4 (p = 0.04), T3–T4 (p = 0.002), 
T3–O1 (p = 0.02), T4–O2 (p = 0.02) and C3–O1  
(p = 0.03) (Fig. 4).

Changes in the slow-wave rhythm (θ-rhythm) in the 
studied groups of patients with AUD during the “Go/
No – Go” test are shown in Fig. 5. Patients in group 
2 had a statistically significant decrease in θ-rhythm 
coherence in Fp1–Fp2 (p = 0.018), F7–F8 (p = 0.009), 
T3–T4 (p = 0.043), Fp1–T3 (p = 0.001), Fp1–C3  
(p = 0.021), T3–O1 (p = 0.001), T4–O2 (p = 0.001), 
C3–O1 (p = 0.009), and C4–O2 (p = 0.004) during the 
test. At the same time patients from group 1 showed 
a decrease in θ-rhythm coherence only in F7–F8  
(p = 0.026), O1–O2 (p = 0.007) and T3-T4 (p = 0.04). 

Fig. 3. Dynamics of EEG alpha rhythm during the “Go/No – Go” test, 
Median [Q1; Q3]: * level of statistical significance when comparing groups using Wilcoxon criterion at p < 0.05
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Figure 4. Dynamics of EEG beta rhythm during the Go/No-Go test  

Median [Q1; Q3]; * - level of statistical significance when comparing groups using Wilcoxon 

criterion at p < 0.05 

 

Changes in the slow-wave rhythm (θ-rhythm) in the studied groups of patients with AUD 

during the Go/No-Go test are shown in Fig. 5. Patients in group 2 had a statistically significant 

decrease in θ-rhythm coherence in Fp1-Fp2 (p = 0.018), F7-F8 (p = 0.009), T3-T4 (p = 0.043), Fp1-

T3 (p = 0.001), Fp1-C3 (p = 0.021), T3-O1 (p = 0.001), T4-O2 (p = 0.001), C3-O1 (p = 0.009), and 

C4-O2 (p = 0.004) during the test. At the same time patients from group 1 showed a decrease in θ-

rhythm coherence only in F7-F8 (p = 0.026), O1-O2 (p = 0.007) and T3-T4 (p = 0.04). 
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DISCUSSION
In this study, behavioral characteristics of inhibito-

ry control and its neural correlates were studied using 
the “Go/No – Go” method to determine the features of 
inhibition processes in AUD. The data obtained are 
consistent with the results of some studies using the 
cognitive “Go/No – Go” task in patients with AUD [4, 
6, 12]. It was found that patients with impaired inhib-
itory control (group 2) had a more severe course of 
AUD than patients from group 1: more hospitaliza-
tions and alcohol consumption per week. Moreover, 
there is evidence that impaired inhibitory control 
complicates the symptoms of AUD and increases re-
sistance to therapy [12].

The results of the electrophysiological study re-
vealed a number of important differences. First, in 
patients with impaired inhibitory control during the 

“Go/No – Go” test, there was a decrease in the spectral 
power of the α-rhythm in the frontal cortex, while in 
patients without impaired inhibitory control this oc-
curred in the central cortex. As a rule, the weaken-
ing of inhibitory control is reflected in the form of a 
decrease in the prefrontal cortex activity [1, 13, 14]. 
Consequently, the observed decrease in α-activity 
during the Go/No-Go task in the frontal cortex may 
objectively reflect a lack of brain resources in sup-
pressing the response to a stimulus. A decrease in the 
spectral power of the α-rhythm in the central cortex 
in patients without inhibitory control violations may 
reflect the processes of triggering behavior (suppres-
sion of the response to a stimulus) [13]. Secondly, we 
found an unusual increase in β-activity in the occipi-
tal-temporal cortex during the “Go/No – Go” task, and 
in patients with impaired inhibitory control, changes 
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Figure 5. Dynamics of EEG theta rhythm during the Go/No-Go test  

Median [Q1; Q3]; * - level of statistical significance when comparing groups using Wilcoxon 

criterion at p < 0.05 

 

DISCUSSION 

In this study, behavioral characteristics of inhibitory control and its neural correlates were 

studied using the Go/No-Go method to determine the features of inhibition processes in AUD. The 

data obtained are consistent with the results of some studies using the cognitive Go/No-Go task in 

patients with AUD [4, 6, 12]. It was found that patients with impaired inhibitory control (group 2) 

had a more severe course of AUD than patients from group 1: more hospitalizations and alcohol 

consumption per week. Moreover, there is evidence that impaired inhibitory control complicates the 

symptoms of AUD and increases resistance to therapy [12]. 

The results of the electrophysiological study revealed a number of important differences. First, 

in patients with impaired inhibitory control during the Go/No-Go test, there was a decrease in the 

spectral power of the α-rhythm in the frontal cortex, while in patients without impaired inhibitory 

control this occurred– in the central cortex. As a rule, the weakening of inhibitory control is reflected 

in the form of a decrease in the prefrontal cortex activity [1, 13, 14]. Consequently, the observed 

decrease in α-activity during the Go/No-Go task in the frontal cortex may objectively reflect a lack 

were observed in both hemispheres. These changes 
may be due to the fact that when inhibitory control is 
violated, there is an increased need to activate addi-
tional parts of the brain to perform cognitive function. 
Third, in terms of coherence parameters, we observed 
significant brain structures involvement in patients 
with impaired inhibitory control during the Go/No-Go 
test, and in all frequency ranges. This also confirms 
the conclusion that the functional activity of the cor-
tex is deficient in patients with AUD with impaired 
inhibitory control.

CONCLUSION
In general, the results of this study allow us to 

supplement and improve the understanding of neu-
ral functioning in cognitive processes, especially 
inhibitory control in patients with AUD. Our study 
showed the ability of the EEG method to detect differ-
ences in the electrical activity of the brain during the  
Go/No-Go task among patients with AUD with or 
without impaired inhibitory control. A better under-

standing of the various correlates of alcohol-related 
behavior and neural effects on regulatory processes 
can help in the diagnosis of AUD, as well as in the 
creation of predictive criteria for pathological attrac-
tion to alcohol.
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Aberrant angiogenesis in brain tissue in experimental Alzheimer’s disease

Gorina Ya.V., Komleva Yu.K., Osipova E.D., Morgun A.V., Malinovskaya N.A.,  
Lopatina O.L., Salmina A.B.

Krasnoyarsk State Medical University named after Prof. V.F. Voino-Yasenetsky 
1, Partizanа Zheleznyakа Str., Krasnoyarsk, 660022, Russian Federation

ABSTRACT

The aim was to study the molecular mechanisms of the violation of the structural and functional integrity of 
the blood-brain barrier in chronic neurodegeneration of the Alzheimer’s type associated with the development of 
cerebral angiopathy.

Materials and methods. The transgenic model of Alzheimer’s disease is the B6SLJ-Tg line mice (APPSwFlLon, 
PSEN1*M146L*L286V) 6799Vas group which includes 9 months aged males. The control group included 
C57BL/6xSJL mice, males aged 9 months.

Results. The total length of the vessels in the area of ​​the dentate gyrus is 2.5 times greater in transgenic animal 
models of Alzheimer’s disease than in animals of the control group (p < 0.01). The average diameter of blood 
vessels in all areas of the hippocampus is smaller compared with the control (p < 0.05). Transgenic modeling 
of neurodegeneration in the CA2 zone of the hippocampus increases the relative area of ​​tissue with increased 
permeability of blood-brain barrier (BBB) (17.80 [9.15; 36.75]) compared to control (1.38 [0.04; 7.60]) at p < 0.05. 
A similar difference (p < 0.05) is also observed in the hippocampal area CA1. A tendency (p > 0.05) to decrease 
the number of CD31+ endothelial cells in the dentate gyrus of the hippocampus (21.52 [17.56; 24.50]) in animals 
of the experimental group compared with the control group (23.08[21.18; 29.84]) was detected. A similar situation 
is observed in the CA2 and CA3 areas of the hippocampus.

Conclusion. Neurodegenerative changes in the hippocampus of animals with a transgenic AD model are associated 
with impaired microcirculation in the brain tissue as a result of a reduction in the diameter and branching of blood 
vessels, and damage and increased permeability of BBB.

Key words: angiogenesis, blood-brain barrier, CD31, Alzheimer’s disease.
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Аберрантный ангиогенез в ткани головного мозга  
при экспериментальной болезни Альцгеймера

Горина Я.В., Осипова Е.Д., Моргун А.В., Малиновская Н.А., Комлева Ю.К.,  
Лопатина О.Л., Салмина А.Б.

Красноярский государственный медицинский университет (КрасГМУ) имени профессора  
В.Ф. Войно-Ясенецкого  
Россия, 660022, г. Красноярск, ул. Партизана Железняка, 1

РЕЗЮМЕ

Цель – изучение молекулярных механизмов нарушения структурно-функциональной целостности гемато-
энцефалического барьера (ГЭБ) при хронической нейродегенерации альцгеймеровского типа, ассоцииро-
ванной с развитием церебральной ангипопатии.

Материалы и методы. Опытная группа – генетическая модель болезни Альцгеймера (БА) – мыши линии 
B6SLJ -Tg(APPSwFlLon,PSEN1*M146L*L286V)6799Vas, самцы в возрасте 9 мес. Контрольная группа – 
мыши линии C57BL/6 x SJL, самцы в возрасте 9 мес.  

Результаты. У животных с генетической моделью БА в зубчатой извилине гиппокампа общая длина со-
судов в 2,5 раза больше, чем у контрольной группы (p < 0,01), при этом средний диаметр сосудов во всех 
областях гиппокампа меньше по сравнению с контролем (p < 0,05).  Выявлено, что при генетическом мо-
делировании нейродегенерации в СА2 зоне гиппокампа наблюдается увеличение относительной площади 
ткани с повышенной проницаемостью ГЭБ (17,80 [9,15;36,75]) по сравнению с контролем (1,38 [0,04;7,60]) 
при p < 0,05. Подобное различие (p < 0,05) наблюдается и в зоне СА1 гиппокампа. У животных опытной 
группы выявлена тенденция (p > 0,05) к снижению количества CD31+ эндотелиальных клеток в зубчатой 
извилине гиппокампа (21,52 [17,56; 24,50]) по сравнению с контролем (23,08 [21,18; 29,84]). Аналогичная 
ситуация наблюдается в зонах СА2 и СА3 гиппокампа.

Заключение. Нейродегенеративные изменения в гиппокампе животных с генетической моделью БА ассо-
циированы с нарушением микроциркуляции в ткани головного мозга в результате сокращения диаметра и 
разветвленности сосудов, повреждения и повышения проницаемости ГЭБ.

Ключевые слова: ангиогенез, гематоэнцефалический барьер, CD31, болезнь Альцгеймера. 
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INTRODUCTION 
Alzheimer’s disease (AD) is a common neurode-

generative disease among older people, characterized 
by the accumulation of beta-amyloid plaques, neuro-
fibrillary tangles, and death of neuronal cells [1]. Ex-
perimental data established using magnetic resonance 
imaging indicate that AD without concomitant patho-
logical disorders is much less common than dementia, 

accompanied by pronounced vascular changes [2]. 
This confirms the significant contribution of vascular 
disorders to the development of cognitive dysfunction 
and, as a consequence, neurodegeneration. 

It is believed that beta-amyloid (Aβ) contributes to 
the damage to microvessels, the development of cere-
bral amyloid angiopathy (CAA), rupture of the vas-
cular wall, and impaired cerebral perfusion [3]. Thus, 
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as a result of a study of the brain of patients with AD 
with multiple cerebral microbleeds, low levels of Aβ 
in the cerebrospinal fluid were revealed. This is prob-
ably the result of an increased cerebral intravascular 
deposition of Aβ, which leads to a violation of the 
integrity of the vascular wall, causing microbleeding 
[4]. In addition, studies on two models of transgen-
ic lines of mice with stroke (APPswe / PS1dE9 and 
tg2576) showed that cerebrovascular disorders affect 
the clearance of Aβ and, therefore, contribute to its 
deposition in the brain area with pronounced damaged 
blood vessels [5]. Also, brain damage caused by im-
paired cerebral circulation increases the expression of 
amyloid beta precursor protein (APP) and, therefore, 
Aβ cleavage. Thus, against the background of Aβ 
deposition, which causes cerebrovascular dysfunc-
tion, subsequent ischemia can enhance the expression 
of APP and Aβ cleavage, forming positive feedback 
and leading to a violation of the structural and func-
tional integrity of the neurovascular unit (an integrat-
ed unit that consists of microvascular endothelial cells 
functionally associated with neurons, astrocytes, peri-
cytes, and extracellular matrix components) [6].

It is important to note that with age, the permea-
bility of the blood-brain barrier increases in patients 
with vascular dementia, namely, in sections of brain 
tissue (hippocampus and cortex), and an accumulation 
of neurotoxic blood proteins (thrombin, albumin, and 
immunoglobulins) is observed [7]. In addition, a vio-
lation of the BBB integrity in the hippocampus, espe-
cially the CA1 area and the dentate gyrus, correlates 
with the development of cognitive dysfunction and the 
destruction of pericytes [8].

Thus, a violation of the BBB integrity may contri- 
bute to the progression of AD associated with the devel-
opment of CAA. However, the molecular mechanisms 
underlying the pathogenesis are not completely clear. 
The purpose of this study is to study the mechanisms 
of violation of the structural and functional integrity of 
the BBB in chronic Alzheimer’s type neurodegenera-
tion associated with the development of CAA.

MATERIALS AND METHODS
 The experimental group consisted of transge- 

nic mice models of AD (a model of the formed neu-
rodegenerative changes) mice of the B6SLJ-Tg line 
(APPSwFlLon,PSEN1*M146L*L286V)6799Vas, 
males aged 9 months (n = 5). The control group con-
sisted of C57BL/6xSJL mice, males aged 9 months 
(n = 5). These mouse lines were obtained from The 
Jackson Laboratory.

 In vivo study of BBB permeability was performed 
by evaluating the permeability of the Evans blue dye 
in sections of the brain 4–5 hours after its intraperi-
toneal injection (2% solution in 0.9% NaCl solution, 
in a volume of 4 ml/kg of animal weight) according 
to the protocol described [9]. Transcardial perfusion 
of the brain with 10% formalin was performed to the 
animals. The Evans blue dye fluorescence area per-
cent of the total area of ​​the vessels in the field of view 
in the coronal sections of the brain (thickness 50 μm) 
was calculated using confocal microscopy. Evalua-
tion of the CD31 expression (Abcam, ab28364, rab-
bit polyclonal, 1: 1000) on free-floating sections was 
carried out using the standard method of simultaneous 
combined staining of the drug (free-floating sections 
staining protocol from Abcam, USA) [10]. The per-
centage of cells expressing CD31 was calculated (of 
the total cell number in the vascular region in the field 
of view, calculated from the nuclei of DAPI-positive 
cells localized in the vascular region) in three fields 
of view. Confocal microscopy was performed using 
an Olympus FV10i-W microscope (Japan). When  
analyzing photographs, Olympus FLUOVIEW View-
er 4.0 (Japan) was used.

The study of the features of the formation of the 
vascular network (angiogenesis) was conducted by 
the microscopic method using a ZOE microscope 
with photofixation and subsequent processing of the 
obtained photographs in ImageJ v1.43 (USA). The 
total length of the vasculature, the number of visible 
vessels, the number of branch points of the vessels, 
and the average diameter of the vessels in 1 mm3 of 
the hippocampal tissue in the areas CA1, CA2, CA3, 
dentate gyrus (DG) were calculated.

Statistical analysis of the results was carried out 
using the Statplus Professional program, assembly 
5.9.8.5/Core v.5.9.3.33 using nonparametric statis-
tical methods in GraphPad6.0 program. To compare 
the performance in independent samples, the Mann – 
Whitney test was used. Differences were considered 
significant at p ≤ 0.05. The results are presented in the 
form Me [Q1; Q3], where Me is the median, Q1 is the 
lower quartile, Q3 is the upper quartile, and p is the 
significance level.

RESULTS
 It was revealed that the total length of the vessels 

in the dentate gyrus region in transgenic animals is 
2.5 times greater than in animals of the control group 
(p = 0.006) (Fig. 1,а). Moreover, the total number of 
vessels in the CA1 area and the dentate gyrus exceed-
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ed the values ​​of the control animals 2.5 and 3 times, 
respectively (p = 0.008) (Fig. 1b). However, the num-
ber of branch points of blood vessels was significantly 
higher (1.5–2 times) in the CA1, CA2, CA3 regions in 
the control animals compared with the animals of the 
experimental group (Fig. 1,c). The mean vessel diam-

eter was statistically significantly smaller in animals 
with a transgenic model of AD than in animals of the 
control group in all studied areas of the hippocampus 
(Fig. 1d). Thus, the formation of CAA is accompanied 
by remodeling of the vascular network of the hippo-
campus.

Fig. 1. Features of the vascular network (angiogenesis) in certain areas of the hippocampus in the experimental groups: a – total 
length of blood vessels, mm3, b – number of blood vessels, mm3, c – number of branch points, mm3, d – average diameter of blood 

vessels; experimental group – animals with a transgenic model of Alzheimer’s disease, control group – wild-type animals

We evaluated BBB permeability using Evans blue 
as a marker for BBB damage. We found that the rela-
tive area of ​​brain tissue containing Evans blue dye in 
the CA2 zone of the hippocampus of transgenic an-
imals is statistically significantly (p = 0.025) greater 
(17.80 [9.15; 36.75]) compared to the control group 
(1.38 [0.04; 7.60]) (Fig. 2,а). A similar statistically 
significant difference (p = 0.033) is also observed in 
the CA1 zone of the hippocampus (Fig. 2,а). The ten-
dency (p = 0.149) to increase the relative area con-
taining the dye in the dentate gyrus of the hippocam-
pus is observed in animals of the experimental group 
(7.37 [1.25; 27.83]) compared with the control group 
(1.11 [0.05]; 6.35]) (Fig. 2,а). A similar situation  
(p = 0.157) was also detected in the CA3 zone of the 
hippocampus (Fig. 2,а).

The results above formed our interest in assess-
ing the expression pattern of one of the endothelial 
cell markers, namely, CD31, in various hippocampal 
subregions in animals with a transgenic model of AD. 
We revealed a tendency (p = 0.223) to decrease the 
number of CD31+ endothelial cells in the dentate gy-
rus of the hippocampus in animals of the experimental 
group (21.52 [17.56; 24.50]) compared with the con-
trol group (23.08 [21.18; 29.84]) (Fig. 2,b). A similar 
situation is observed in the CA2 and CA3 zones of the 
hippocampus (Fig. 2,b). However, a statistically sig-
nificant (p = 0.028) increase in the number of CD31+ 
cells in the CA1 hippocampal subregion is observed in 
animals with a transgenic model of AD (30.41 [20.50; 
31.82]) compared with the control group (22.56 [15, 
70; 25.34]) (Fig. 2,b).
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DISCUSSION 
CAA has been shown to play a key role in the 

pathogenesis of dementia. CAA is most common 
with the development of a sporadic form of AD, 
which indicates the presence of a pronounced rela-
tionship between AD and cerebral angiopathy. In ad-
dition, various microvascular disorders, in particular, 
decreased capillary density, vascular atrophy, and en-
dothelial dysfunction are observed in the brain with 
AD progression [11]. It is known that the action of 
angiogenic growth factors and cytokines in brain tis-
sue leads to the activation of endothelial cells. This 
promotes the formation of a microvascular network, 
which increases local microcirculation, inducing the 
flow of oxygen and nutrients into the affected tissue. 
The endothelium also has a direct local effect, pro-
ducing at least 20 paracrine factors that affect neigh-
boring cells. Although many of these factors are an-
ti-apoptotic, toxic substances, including neurotoxins 
and Aβ precursors, are also released in microvessels 
of affected tissues [12].

Our study showed significant changes in the mi-
crovascular bed of the hippocampus in animals with 
formed manifestations of chronic neurodegeneration. 
At the same time, the CA1 subregion of the hippo-
campus is the most affected area (an increase in the 
total number of vessels, a decrease in the number of 
branches of the vasculature, and a decrease in the ave- 
rage diameter of microvessels). Since we found that 
high levels of CD31 cells remained in precisely this 

hippocampal subregion, it is logical to assume that the 
CA1 zone and the dentate gyrus of the hippocampus 
dominate in the process of the microvascular network 
remodeling during Alzheimer’s type neurodegene- 
ration. Thus, the processes of the microvascular bed 
remodeling are multidirectional in the hippocampal 
subregions in animals with experimental AD: neoan-
giogenesis is typical for the CA1 zone of the hippo-
campus and the dentate gyrus, and local microcircu-
lation disorders due to the reduction in the diameter 
and branching of the vessels is typical for the CA2 and 
CA3 subregions.

These results are consistent with the data on the 
intensification of the brain neoangiogenesis in experi-
mental animals during Alzheimer’s neurodegeneration 
[13]. This may be accompanied by the development 
of pathological BBB permeability due to the impaired 
expression of tight junction proteins of cerebral en-
dothelial cells. At the microvascular level, endothelial 
cell and BBB dysfunction may be associated with de-
creased cerebral blood flow and hypoxia. In addition, 
Aβ concentration in microvessels can contribute to 
further damage to endothelial cells, which may be one 
of the links in the AD pathogenesis [14]. An impaired, 
due to endothelial dysfunction, Aβ drainage can lead 
to the accumulation of amyloid plaques in the brain 
parenchyma. Experimental data show [15] that the 
action of Aβ on proteins of tight and adhesive junc-
tions can change the BBB permeability. Damage to 
the BBB leads to the death of neuronal cells, glia acti-

Fig. 2. Permeability of BBB in vivo and an expression of CD31: a – the amount dye of Evans blue in certain areas of the hippocampus 
(%) in the experimental groups; b –  the number of cells expressing CD31 in certain areas of the hippocampus (%) in the experimental 

groups; experimental group – animals with a transgenic model of Alzheimer’s disease, control group – wild-type animals

а  						               b
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vation, and immune infiltration into the parenchyma. 
This has negative consequences for the affected areas 
of the brain: hormonal dysregulation in hypothalamic 
lesions [16], cognitive impairment in hippocampal le-
sions [17], which contribute to the progression of AD.

Thus, our results indicate that an increase in BBB 
permeability is most characteristic of the CA2 subre-
gion of the hippocampus, to a lesser extent, the CA1 
sub-region, and, most likely, the dentate gyrus of the 
hippocampus. A significant increase in BBB permea-
bility may be associated with intensive neoangiogene- 
sis, microvessel remodeling (decreased branching of 
vessels and a reduction in mean vessel diameter, and 
an increased expression of CD31 in the CA1 hippo-
campal subregion) against the background of the de-
velopment of CAA.

CONCLUSION 
It was found that neurodegenerative changes in the 

hippocampus of transgenic mice related to the Aβ ac-
cumulation are associated with the local disturbance 
of microcirculation. This is a consequence of a reduc-
tion in the diameter and branching of blood vessels, 
an increase in BBB permeability, and suppression of 
neoangiogenesis (except the CA1 subregion) as the 
disease progresses. These observations emphasize the 
importance of future research for a clear understan- 
ding of the molecular mechanisms of cerebral micro-
circulatory disorders and a violation of the structural 
and functional integrity of the BBB in chronic Alzhei-
mer’s disease neurodegeneration.
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Redox forms of glutathione in malignant lesions of the stomach with varying 
aggressiveness degrees 

Goroshinskaya I.A., Surikova E.I., Frantsiyants E.M., Neskubina I.V., Nemashkalova L.A., 
Medvedeva D.E., Maslov A.A.

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

ABSRACT

Aim. To study the levels of reduced and oxidized glutathione (GSH and GSSG, respectively), as well as the thiol 
status in gastric cancer (GC) tumors of various histological types and grades. 

Materials and methods. The indicators were determined by ELISA methods in tumor, peritumoral and visually 
intact tissues obtained during surgery from 52 patients with GC: 18 patients had a G1-2 adenocarcinoma (AC), 8 
with G3 AC, 6 with signet ring cell cancer (SRCC), 14 with combined gastric lesions (CGL) – AC with signet ring 
cell fragments, 6 with patients with a component of undifferentiated cancer, G4. 

Results.  In the groups of patients with low-differentiated and undifferentiated tumors, the GSH content in the tumor 
tissue and the peritumoral zone was higher than in the group of patients with well- and moderately-differentiated 
tumors. Tumor GSH levels in G3 AC and SRCC exceeded the values in visually intact tissues. Moreover, in the 
visually intact tissue of patients with SRCC, GSH level was reduced relative to G1-2 AC and CGL. GSH in all 
tissues of patients with CGL was higher than in patients with G1-2 AC. The lowest level of GSSG in the tumor 
tissue was registered in SRCC: 27.5% lower than in G1-2 AC and 30.3% lower than in G3 AC. Patients with 
undifferentiated tumors (G4 AC) had the highest GSH content in all studied tissues: by 29.9% in tumor; by 40.7% 
in peritumoral zone; and in visually intact tissue not only GSH, but also GSSG was increased by 22.5–25.5% in 
comparison with AC G1-2. G4 AC was also characterized by a sharp increase in the thiol status in tumor tissues 
by 80.2 and 89.9% higher than in visually intact and peritumoral tissues, and it was statistically higher than in AC 
G1-2, AC G3, SRCC and CGL. The ratio of GSH and GSSG was the most informative.  

Conclusion. Poor AC differentiation (in the row G1-2, G3, G4) and a change of histological tumor type (AC, SPL 
and SRCC), i.e. an increase in tumor aggressiveness, were accompanied by the enhancement of reductive processes 
in tumor tissue, as evidenced by the statistically significant increase in the GSH/GSSG coefficient and a sharp 
increase in the thiol status in G4 AC. 

Key words: stomach cancer, various tumor histotypes, tumor tissue, peritumoral and visually intact zones, reduced 
glutathione, oxidized glutathione, thiol status.

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

Source of financing. The study was performed as part of the state assignment of National Medical Research Centre 
for Oncology for 2018–2020 No. AAAA18-118072790016-2 “Development of prognostic algorithms based on the 
detection of new laboratory factors for the prognosis of malignant tumors”. 

Conformity with the principles of ethics. All patients signed an informed consent. The study was approved by the 
Ethics Committee at Rostov Research Institute of Oncology (Protocol No. №11/1 оf 03.11.2016).

For citation: Goroshinskaya I.A., Surikova E.I., Frantsiyants E.M., Neskubina I.V., Nemashkalova L.A., 
Medvedeva D.E., Maslov A.A. Redox forms of glutathione in malignant lesions of the stomach with  varying 
aggressiveness degrees. Bulletin of Siberian Medicine. 2020; 19 (4): 53–60. https://doi.org/10.20538/1682-0363-
2020-4-53-60.

*  Goroshinskaya Irina A., e-mail: iagor17@mail.ru.

Бюллетень сибирской медицины. 2020; 19 (4): 53–60



54

Редокс формы глутатиона при злокачественном поражении желудка  
разной степени агрессивности

Горошинская И.А., Сурикова Е.И., Франциянц Е.М., Нескубина И.В.,  
Немашкалова Л.А., Медведева Д.Е., Маслов А.А.

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

РЕЗЮМЕ

Цель: изучить уровень восстановленного и окисленного глутатиона (GSH и GSSG соответственно), а так-
же тиоловый статус в опухолях рака желудка (РЖ) различных гистологических типов и разной степени 
дифференцировки. 

Материалы и методы. Показатели определены методами иммуноферментного анализа в образцах 
опухоли, перитуморальной зоны и визуально интактной ткани. Образцы получены во время операции у 52 
больных РЖ, в том числе у 18 – с аденокарциномой (АК) G1-2, 8 – с АК G3, 6 – с перстневидноклеточным 
раком (ПКР), 14 – с сочетанным поражением желудка (СПЖ) и 6 – с компонентом недифференцированного 
рака G4. 

Результаты. В группах больных с низкодифференцированными и недифференцированными опухолями 
содержание GSH в ткани опухоли и перифокальной зоны было выше, чем в группе больных с высоко- и 
умеренно дифференцированными опухолями. При АК G3 и ПКР уровень GSH в опухолевой ткани значимо 
превышал уровень в визуально интактной ткани. При этом в визуально интактной ткани больных ПКР 
содержание GSH было ниже, чем при АК G1-2 и СПЖ. При СПЖ уровень GSH во всех тканях был выше, 
чем при АК G1-2. 

Наиболее низкий уровень GSSG в ткани опухоли отмечен при ПКР: на 27,5% ниже, чем при АК G1-
2, и на 30,3% относительно АК G3. При АК G4 наблюдалось самое высокое содержание GSH во всех 
исследованных тканях: в опухоли – на 29,9%, в перифокальной зоне – на 40,7%, а в визуально интактной 
ткани не только GSH, но и GSSG на 22,5–25,5% по сравнению со значениями у больных АК G1-2. Для G4 
также характерен высокий уровень тиолового статуса в ткани опухоли – на 80,2 и 89,9% выше, чем в ви-
зуально интактной ткани и перитуморальной зоне, и он был значимо выше (на 68–96%), чем при АК G1-2, 
АК G3, ПКР и СПЖ. Наиболее информативным оказалось соотношение восстановленной и окисленной 
форм глутатиона. 

Заключение. При снижении дифференцировки АК (в ряду G1-2, G3, G4) и изменении гистологического 
типа опухоли (АК, СПЖ и ПКР), т.е. при увеличении агрессивности неоплазмы, происходит усиление 
восстановительных процессов в опухолевой ткани, о чем свидетельствует статистически значимо более 
высокий коэффициент GSH/GSSG и уровень тиолового статуса в случае АК G4. 

Ключевые слова: рак желудка, различные гистотипы опухоли, ткани опухоли, перетуморальная и 
визуально интактная зона, восстановленный глутатион, окисленный глутатион, тиоловый статус.
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INTODUCTION
Gastric cancer (GC), which is a malignant tumor 

originating from the epithelium of the gastric muco-
sa, remains one of the most common diseases in the 
world. According to world statistics, GC is the fifth 
leading cause of cancer death and affects about 1 mil-
lion people every year [1–3].

The main histological type of GC is adenocarci-
noma, divided by the degree of differentiation into 
well-differentiated G1, moderately-differentiated G2 
and low-differentiated adenocarcinoma G3. Accor- 
ding to US statistics, the incidence of adenocarcinoma 
approaches 90% of all stomach tumors [4].

Another histological type of GC is signet ring cell 
cancer (SRCC), the frequency of which is increasing, 
according to some authors [5]. Gastric SRCC is usu-
ally associated with poor survival and low treatment 
efficacy in comparison with gastric adenocarcinoma. 
However, a meta-analysis showed no differences in 
survival between patients with SRCC and non-SRCC 
in the general population. The authors found that the 
early stages of SRCC were associated with a better 
prognosis, while advanced SRCC was associated with 
a worse prognosis [6]. 

Undifferentiated carcinoma is a relatively rare  
disease of the stomach, the incidence in Europe is 
about 1400 cases per year with mortality reaching 
1250 cases per year [7]. This is the most aggressive 
form of stomach disease with absolutely atypical cells 
that are unable to differentiate. Its characteristic fea-
tures are rapid predominantly infiltrative growth and 
metastasis in the early stages. In 75% of patients, un-
differentiated gastric cancer metastasizes at the begin-
ning of treatment. 

The ability to produce a large number of reactive 
oxygen species (ROS) is one of the characteristic fea-
tures of cancer cells that distinguish them from normal 
cells. This leads to an increased dependence of tumor 
cells on the antioxidant defense system [8]. Under-
standing the biology of redox processes that underlie 
the development of oncological pathology, and the 
mechanisms of their functioning, is of great importance 
for the development of new therapeutic approaches 
targeting resistant tumors based on changes in the re-
dox status of a neoplasm and its surrounding tissues 
[9, 10]. This determines the relevance of studying  
the redox characteristics of a particular tumor and its 
environment, especially in tumors of the stomach.

Glutathione plays a central role in protecting cells 
from oxidative damage, which makes it one of the 
main active components of cancer pathophysiology 

[11]. Reduced glutathione and glutathione-dependent 
enzymes are of great importance for the normal func-
tioning of the intestinal epithelium of the stomach,  
which refers to tissues that are characterized by  
continuous cell renewal, and the constancy of the  
epithelial structure is ensured only by coordinating the 
proliferation, differentiation, and apoptosis phases. If 
the balance of redox processes is disturbed, the initia-
tion of malignant transformation and the progression 
of neoplasia are possible [12, 13].

In the human body, glutathione is present in seve- 
ral redox forms, among which the most important are 
reduced glutathione (GSH) and oxidized glutathione 
(GSSG). Reduced glutathione accounts for up to 98% 
of the total pool of glutathione under normal condi-
tions [14]. The concentration and role of GSH are dif-
ferentiated and depend on the type of cells. GSH is a 
soluble antioxidant that is present in high cellular con-
centrations (1–10 mM) in the cytoplasm, mitochon-
dria, and nucleus. Mitochondria contain 10% of the 
cellular glutathione [15]. Red blood cells are rich in 
glutathione and contain 99% of the GSH content ver-
sus 1% present in plasma [16]. Plasma contains only 
about 20 μM glutathione with the dominant form of 
GSSG [17].

Earlier, we showed the features of redox systems in 
tumor tissue and surrounding tissues of gastric adeno-
carcinoma [18], as well as changes in the antioxidant 
status of the blood in patients with gastric cancer [19]. 

The aim of this study was to compare the levels 
of reduced and oxidized glutathione, as well as the 
thiol status in various histological types of stomach 
tumors. The indicators were studied in tumor tissue, 
peritumoral zone and conditionally healthy tissue in 
patients with gastric adenocarcinoma of different dif-
ferentiation degrees, signet ring cell cancer and com-
bined gastric lesions.

MATERIALS AND METHODS
This study included tissues obtained during the 

operation of 52 patients with gastric cancer (28 men 
and 24 women), divided into 5 groups according to the 
tumor histotype: adenocarcinoma G1–2 – 18 patients 
(T2–4N0–2M0); G3 adenocarcinoma – 8 patients (T2–
4N0–3M0); adenocarcinoma with the presence of un-
differentiated cells (G3 + G4) – 6 patients (T2–4N1–
3M0–1); combined gastric lesion (adenocarcinoma  
G2 or G3 with the presence of signet ring cell frag-
ments) – 14 patients (T3–4 N0–3M0–1); signet ring 
cell cancer – 6 patients (T1–4N1–3M0–1). The groups 
were comparable by gender and age (50–84 years). 
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Histological control was performed in all cases. All 
patients gave voluntary informed consent for the use 
of biological material. The content of reduced and oxi-
dized glutathione (redox forms of glutathione), as well 
as the thiol status were studied by ELISA methods in 
the tissues of the tumor, peritumoral zone, and condi-
tionally healthy tissues (visually intact) obtained on 
the resection line. 

Statistical processing of the results was carried out 
using the Statistika 6.0 software package according 
to the Student’s t-test for two independent samples, 
as well as using the non-parametric Mann – Whitney 
criterion. The samples were preliminarily checked for 
compliance with the normal distribution according to 
the Shapiro–Wilk W-test for small samples. Correc-
tion for comparison multiplicity was performed us-
ing the FDR control (False Discovery Rate control:  
Benjamini, Hochberg, 1995) [20]. The differences 
were considered statistically significant at p < 0.05, 

and the level of the statistical trend towards signifi-
cance was observed at 0.1 > p > 0.05. In the tables, the 
data were presented in the form M ± m, where M is the 
sample mean; m is the error of the mean.

RESULTS 
The predominance of patients with well- and mo- 

derately-differentiated adenocarcinoma in the study 
is consistent with the data presented in other studies 
[21].

As can be seen in Table 1, the content of GSH in 
the tumor tissue was higher than in the conditionally 
healthy tissue of the stomach in all groups of patients 
with gastric cancer; however, significant differences 
were detected only in SRCC. The GSSG content in 
SRCC and in patients with T4 status and at IV stage of 
the process, on the contrary, was significantly lower in 
the tumor tissue compared with conditionally healthy 
tissue.

T a b l e  1

The content of reduced (μg/g tissue) and oxidized (ng/g tissue) glutathione in the tumor tissue and adjacent areas in patients with 
gastric cancer with different histology and stages of the malignant process, M ± m

Histology Tumor Peritumoral zone Conditionally healthy tissue
Adenocarcinoma G1-2, n = 18
GSH
GSSG  

871.04 ± 40.07
499.14 ± 22.54

790.79 ± 39.64
513.73 ± 23.17

837.51 ± 21.27
473.97 ± 14.71

Adenocarcinoma (AC) G3,  n = 8
GSH
GSSG

968.46 ± 39.8
519.02 ± 28.61

942.99 ± 47.87
554.12 ± 27.39

808.05 ± 66.76
456.04 ± 45.91

Combined tumor (AC + SRCC), n = 14
GSH
GSSG

983.02 ± 29.9 
460.48 ± 25.04

943.79 ± 32.87
р < 0.025

464.5 ± 13.71

958.51 ± 56.21
502.49 ± 19.58

SRCC, n = 6
GSH

GSSG

810.95 ± 40.6
р1 = 0.095
р2 < 0.02

361.69 ± 26.46
р = 0.02
р1 = 0.01

718.21 ± 16.45
р1 = 0.01

р2 < 0.002

440.18 ± 37.28

693.01 ± 17.86
р < 0.002
р2 < 0.03

рtum < 0.05
504.72 ± 15.51

рtum < 0.002

SRCC and combined tumor, n = 20
GSH

GSSG

925.66 ± 30.57

430.84 ± 21.53
р1 =  0.075

876.11 ± 33.18

457.2 ± 14.36

878.86 ± 48.14

503.16 ± 14.24
рtum < 0.02
рper < 0.03

Undifferentiated tumor (G3+G4), n = 6
GSH

1,131.16 ± 111.22
р < 0.075
р3 < 0.07

1,112.53 ± 113.2
р < 0.02

р2 = 0.095

1,026.22 ± 29.04
р < 0.0006

р3 < 0.00001

GSSG 527.52 ± 34.13.
р3 = 0.01

р3 = 0.018
512.63 ± 59.58

594.65 ± 11.3
р < 0.001
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In the groups of patients with low-differentiat-
ed and undifferentiated tumors, the GSH content 
in the tumor tissue and the peritumoral zone was 
higher than in the group of patients with well- and 
moderately-differentiated tumors. In SRCC, the lev-
el of GSSG in the tumor tissue was lower by 27.5%  
relative to AC G1-2 and by 30.3% relative to AC G3 
(p = 0.01-002). Moreover, in conditionally healthy 
tissue of patients with SRCC, the GSH content was 
reduced by 17.3% relative to AC G1-2 (р < 0.002). 

Histology Tumor Peritumoral zone Conditionally healthy tissue

Т4 or IV st., n = 10
GSH

GSSG

905.48 ± 56.31

436.2 ± 26.66

800.98 ± 46.2
р2 < 0.035
р4 = 0.010

459.8 ± 27.5

812.67 ± 32.93
р3 < 0.03

р4 = 0.0006
515.77 ± 15.51

рtum < 0.04

Note .  Statistical significance of differences with FDR multiplicity correction: р – relative to AC G1-2, p1 – relative to AC G3, p2 – relative to 
combined lesion, p3 – relative to SRCC, p4 – relative to AC G4, ptum – relative to tumor tissue, pper – relative to peritumoral tissue.

T a b l e  1  ( c o n t i n u e d )

Patients with undifferentiated cancer (AC G4) were 
characterized by an increase in the GSH content in 
all the tissues examined: by 29.9% in the tumor, by 
40.7% in the peritumoral zone, while healthy tissues 
showed an increase in both GSH (by 22.5%) and 
GSSG (by 25.5%) compared with values in patients 
with AC G1-2.  

The most informative was the ratio of the reduced 
and oxidized forms of glutathione (GSH / GSSG × 10–3),  
presented in Table 2.

Бюллетень сибирской медицины. 2020; 19 (4): 53–60

T a b l e  2

The ratio of the reduced and oxidized forms of glutathione in the tumor tissue and adjacent areas in patients with gastric cancer with 
different histology and stages of the malignant process

Histology Tumor Peritumoral zone Conditionally healthy tissue
Adenocarcinoma G1-2, n = 18 1.656 ± 0.081 1.611 ± 0.102 1.815 ± 0.087
Adenocarcinoma (AC) G3, n = 8 1.89 ± 0.094 1.701 ± 0.004 1.83 ± 0.115
Combined tumor (AC + SRCC), n = 14 2.228 ± 0.153

р < 0.005
2.058 ± 0.098

р < 0.015
р 1 < 0.05

1.947 ± 0.136

SRCC, n = 6 2.29 ± 0.161
р < 0.005

1.689 ± 0.137
рtum= 0.018

1.383 ± 0.073
р < 0.05
р1 = 0.05
р2 = 0.075

рtum < 0.001

SRCC and combined tumor, n = 20 2.249 ± 0.113
р < 0.005

1.947 ± 0.087
р < 0.05

рtum = 0.039

1.778 ± 0.113
рtum < 0.015

Undifferentiated tumor (G3 + G4),  
n = 6

2.246 ± 0.357
р < 0.05

2.205 ± 0.09
р < 0.02

р1 < 0.001
р3 < 0.05

1.728 ± 0.052
р3 < 0.01

рper < 0.005

Т4 or IV st., n = 10 2.146 ± 0.093
р < 0.005

	

1.755 ± 0.066
р4 = 0.001

рtum = 0.003

1.596 ± 0.09
рtum < 0.005

Note .  Statistical significance of differences with FDR multiplicity correction: р – relative to AC G1-2, p1 – relative to AC G3, p2 – relative to 
combined lesion, p3 – relative to SRCC, p4 –- relative to AC G4, ptum – relative to tumor tissue, pper – relative to peritumoral tissue.

In patients with undifferentiated cells (G3 + G4), 
this coefficient was higher than in patients with G1–2 
by 35.6% (p < 0.05) in the tumor tissue and by 36.9% in 
the peritumoral zone (p < 0.02). In patients with tumor 

germination in the serous membrane and spreading to 
neighboring structures (T4), as well as at stage IV of 
the process, this indicator was higher than in patients 
with G1–2 by 30% (p < 0.005). The highest ratio of the 
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reduced and oxidized forms of glutathione was found 
in the tumors of patients with SRCC, which was higher 
than in patients with G1–2 by 38.3% (p < 0.005). The 
value in the tumors of patients with combined gastric 
lesions exceeded the value at G1–2 by 34.5%. 

 The data on the thiol status are presented in Table 3.  
As can be seen in the table, 4 out of 16 patients with 

well- and moderately-differentiated adenocarcino-
ma had high values of this indicator in tumor tissue, 
and in the whole group it was higher than in patients 
with low-differentiated adenocarcinoma by 70.4%  
(p < 0.005). The level of the indicator in patients with 
SRCC and patients with combined lesions of the stom-
ach occupied an intermediate position.

The high level of the thiol status in the tumor tis-
sue of adenocarcinoma with the presence of undiffe- 
rentiated cells (G4) was of interest: 80.2% and 89.9% 
higher than in the visually intact tissue and peritumor-
al zone (p < 0.005). It was 38.7% higher (p < 0.02) 
than in the tumor tissue of AC G1-2, 136.4% higher  
(p < 0.0001) than in AC G3, and 68.6% higher  
(p < 0.02) than in SRCC and combined lesions. 

DISCUSSION
A study of the levels of glutathione redox forms 

showed that the GSH content in the tumor tissue was 
higher than in the conditionally healthy stomach tissue 
in all groups of patients with gastric adenocarcinoma, 
but the degree of difference depended on the histolo- 
gical type and differentiation of the tumor. The redox 
status of glutathione, i.e. the ratio of reduced and oxi- 
dized glutathione, was most disturbed in the tumor 
tissue in SRCC. It should be noted that the reduced / 
oxidized glutathione ratio within the cell is considered 
to be one of the most important parameters that cha- 
racterizes the level of oxidative stress [22].

A high level of GSH in patients with low-differen-
tiated adenocarcinoma, and especially in patients with 
undifferentiated cells in the tumor, as well as a signifi-
cantly higher ratio of reduced and oxidized forms of 
glutathione in patients with SRCC, combined gastric 
lesions and undifferentiated gastric carcinoma indi-
cate the role of reduced glutathione in maintaining the 
ability of the tumor to grow and progress.

Apart from being a powerful antioxidant, reduced 
glutathione has a number of functions that are not re-
lated to ROS protection. It is involved in the detoxi-
fication of electrophilic compounds (xenobiotics), as 
well as in the metabolism of the prostaglandins and 
leukotrienes, in the transport of amino acids and in the 
absorption of trace elements from the intestine, main-
ly iron and selenium. However, the dominant role of 
GSH is undoubtedly as an antioxidant. It is not only 
a trap of free radicals, but it also deals with the res-
toration of damaged cells. Due to the presence of a 
thiol group (-SH) in a molecule, GSH has the ability 
to protect other thiol groups in proteins from oxidative 
damage [14]. In this regard, the almost twice as high 
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T a b l e  3

The thiol status μg/g tissue in the tumor tissue and adjacent areas in patients with gastric cancer with different histology and stages of 
the malignant process, M ± m

Histology Tumor Peritumoral zone Conditionally healthy tissue
Adenocarcinoma G1-2, n = 16
n = 4
n = 12  

156.62 ± 9.93
218.74 ± 5.84
125.91 ± 7.41

132.94 ± 10.04 124.16 ± 11.97

Adenocarcinoma (AC) G3, n = 8 91.91 ± 10.75
р < 0.005

115.1 ± 9.8 110.88 ± 15.94

Combined tumor (AC+SRCC), 
n = 14

128.76 ± 14.78 104.43 ± 5.54 115.76 ± 14.39

SRCC,  n = 6 129.0 ± 19.58 122.26 ± 15.49 130.69 ± 10.52
SRCC and combined tumor, n = 20 128.83 ± 11.61 109.78 ± 6.09 120.24 ± 10.51
Undifferentiated tumor (G3+G4), 
n = 6

217.26 ± 15.71
р < 0.02

р1 < 0.0001
р2 = 0.09
р3 < 0.02

114.39 ± 16.91
ptum < 0.005

120.58 ± 20.43
ptum= 0.004

Т4 or IV st.,  n = 10 114.17 ± 20.76
р = 0.09

119.23 ± 5.81 115.85 ± 10.13

Note .  Statistical significance of differences with FDR multiplicity correction: р – relative to AC G1-2, p1 – relative to AC G3, p2 – relative to 
combined lesion, p3 – relative to SRCC, ptum – relative to tumor tissue.

Goroshinskaya I.A., Surikova E.I., Frantsiyants E.M. et al. Redox forms of glutathione in malignant lesions of the stomach



59

Original  articles

thiol status detected only in tumor tissue in undiffer-
entiated tumors of the stomach is of interest for further 
research and analysis. The most important functions 
of SH groups in biological systems include the forma-
tion of complexes with metal ions, participation in the 
oxidation reactions and the formation of thiol radicals 
and disulfides [17]. As an antioxidant, GSH lowers 
ROS levels during enzymatic and non-enzymatic re-
actions. It regenerates other oxidized low molecular 
weight antioxidants, for example, vitamin C and vi-
tamin E. Moreover, it is involved in the restoration of 
protein molecules, nucleic acids and lipids damaged 
in peroxidation processes, and in maintaining the sul- 
fhydryl groups of proteins in a reduced state, which 
is necessary for DNA repair and expression [23–25]. 
The oxidized form, glutathione disulfide (GSSG), can 
be reduced to GSH. Consequently, the GSH / GSSG 
ratio is considered an important indicator of the redox 
balance in cells, and a higher ratio means less oxida-
tive stress [26].

The latest in vitro studies are of undoubted interest, 
showing that both reduced and oxidized glutathione 
inhibit the formation of superoxide (О2

-) by inhibiting 
the quinoid oxidation of adrenaline [27]. This enhanc-
es the importance of further studies of the glutathione 
redox forms in pathological conditions and may lead 
to a change in the prevailing ideas about the exclu-
sive role of reduced glutathione as an antioxidant and 
require some adjustment of the alleged participation 
mechanisms of the glutathione system in carcinogene-
sis and antitumor effects.

CONCLUSION
An analysis of our data and the above information 

on the characteristics of the antioxidant role of gluta-
thione contributes to the understanding of its involve-
ment in malignant progression in various histotypes 
of gastric tumors. Poor differentiation of adenocarci-
noma (in the row G1–2, G3, G4) and a change in the 
histological type of the tumor (adenocarcinoma, com-
bined lesion of the stomach, SRCC), i.e. an increase 
in the aggressiveness of the tumor, was accompanied 
by an increase in the reductive processes of the tu-
mor tissue, as evidenced by the statistically significant 
increase in the GSH/GSSG coefficient and a sharp 
increase in the thiol status in undifferentiated tumors 
(G4). An increase in GSH with poor differentiation of 
adenocarcinoma, as well as a higher ratio of the re-
duced and oxidized forms of glutathione in patients 
with SRCC, combined lesions and undifferentiated 
adenocarcinoma of the stomach, indicate the probable 

participation of reduced glutathione in maintaining 
the tumor’s ability to grow and progress.
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Changes in the ventilation function of the lungs during the formation  
of chronic obstructive pulmonary disease and its combination with lung 
cancer
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АBSTRACT

Aim. To study the ventilation function of the lungs in patients with varying degrees of severity of chronic obstructive 
pulmonary disease (COPD) and in patients with COPD combined with lung cancer (LC), as well as to establish the 
features of its disorders using spirography and body plethysmography.

Materials and methods. A clinical and functional study of 57 individuals was carried out with 10 healthy patients 
(control group), 30 patients with COPD and 17 patients in whom LC was combined with COPD using the Masterlab 
Pro diagnostic complex (Erich Jaeger, Germany).

Results. In patients with early COPD, a decrease in MEF75 (a ventilation parameter characterizing small airway 
patency) is the most informative. With the progression of bronchial obstruction, both restrictive and obstructive 
disorders, characterized by a decrease in FEV1, VC, a change in the structure of the total lung capacity in the 
form of an increase in the RV/TLC ratio such as an increase in the RV/TLC ratio and an increase in bronchial 
resistance were recorded. In patients with LC and mild COPD, pulmonary volumes, capacities, flow-volume loop 
and bronchial resistance parameters did not differ from patients with COPD with a similar bronchial obstruction. 
In patients with LC and more severe COPD, in contrast to patients suffering from a similar severity of COPD, a 
decrease in the patency of large, medium and small diameter bronchi (PEF, MEF25, MEF50, MEF75) was detected, 
which indicated development of generalized bronchial obstruction.

Conclusion. Modern diagnostics of pulmonary ventilation disorders in patients with LC and COPD should be 
aimed at identifying the disease, and drug therapy should target maximum leveling of reversible components of 
bronchial obstruction in order to increase the functional reserve of the respiratory system and reduce the risk of 
postoperative complications caused by COPD.

Key words: chronic obstructive pulmonary disease, lung cancer, pulmonary ventilation function, spirography, 
bodyplethysmography.
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Изменение вентиляционной функции легких в процессе формирования 
хронической обструктивной болезни легких и при ее сочетании с раком 
легкого

Добнер С.Ю.1, Дубаков А.В.2, Поровский Я.В.2, Тузиков С.А.1, 2, Миллер С.В.1,  
Родионов Е.О.1, 2

1 Научно-исследовательский институт (НИИ) онкологии, Томский национальный исследовательский 
медицинский центр (НИМЦ) Российской академии наук 
Россия, 634009, г. Томск, пер. Кооперативный, 5
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РЕЗЮМЕ

Цель. Изучение вентиляционной функции легких у пациентов с различной степенью тяжести хронической 
обструктивной болезни легких (ХОБЛ) и при ее сочетании с раком легкого (РЛ), а также установление 
особенностей респираторных нарушений с помощью спирографии и бодиплетизмографии.

Материалы и методы. Проведено клинико-функциональное исследование 57 лиц (10 здоровых (группа кон-
троля), 30 больных с ХОБЛ и 17 больных, у которых РЛ сочетался с ХОБЛ) при помощи диагностического 
комплекса Masterlab Pro (Erich Jaeger, Германия). 

Результаты. При начальной стадии ХОБЛ наиболее информативно снижение максимального объема 
скорости на уровне 75% от форсированной жизненной емкости легких (МОС75) – вентиляционного 
показателя, характеризующего проходимость мелких дыхательных путей. При прогрессировании 
бронхиальной обструкции отмечались как обструктивные, так и рестриктивные нарушения, 
характеризующиеся снижением объема форсированного выдоха за первую секунду, жизненной емкости 
легких, изменением структуры общей емкости легких в виде увеличения отношения остаточного объема 
легких к общей емкости легких и повышения бронхиального сопротивления. У пациентов, страдающих 
РЛ в сочетании с нетяжелой ХОБЛ, показатели вентиляции легких и бронхиальное сопротивление не 
отличались от пациентов с ХОБЛ, имеющих аналогичную степень бронхиальной обструкции. При РЛ в 
сочетании с более тяжелой ХОБЛ, в отличие от пациентов, страдающих аналогичной тяжестью ХОБЛ, 
установлено снижение проходимости бронхов крупного, среднего и мелкого диаметра (пиковая объемная 
скорость, МОС25, МОС50, МОС75), свидетельствующее о развитии генерализованной бронхиальной об-
струкции.

Заключение. Современная диагностика нарушений вентиляции легких у больных РЛ в сочетании с ХОБЛ 
должна быть направлена на выявление, а медикаментозная терапия – на максимальное нивелирование 
обратимых компонентов бронхиальной обструкции с целью повышения функционального резерва системы 
дыхания и снижения риска послеоперационных осложнений, вызванных ХОБЛ.

Ключевые слова: хроническая обструктивная болезнь легких, рак легкого, вентиляционная функция лег-
ких, спирография, бодиплетизмография.
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) 

and lung cancer (LC) usually coexist and represent 
a row of clinical problems [1–3]. At the same time, 
COPD more often leads to a decrease in the external 
respiration function and is a factor determining the 
frequency of complications and the risk of death in 
some patients with LC [4, 5].

The diagnosis of COPD is largely functional. 
Characteristics of the pulmonary ventilation function 
(PVF), namely, the forced expiratory volume during 
the first second of the test (FEV1), vital capacity (VC), 
and the Tiffno index are the “gold standard” for diag-
nosing COPD [1]. However, often at the onset of the 
disease, obstructive disorders developing in the distal 
parts of the bronchial tree are more effectively diag-
nosed using parameters of maximal expiratory flow 
(MEF) of the forced expiratory flow and body plethys-
mography [6, 8]. Body plethysmography additionally 
allows to determine bronchial resistance (Raw), to di-
agnose manifestations of lung hyperinflation, which 
are used in pulmonology as reliable signs of bronchial 
obstruction and changes in the lung tissue elastance 
[7, 8]. Identification of abnormality of these parame-
ters helps early diagnosis of COPD and more effective 
treatment of this common lung pathology [8].

Annually, 63–65 thousand people fall ill with LC 
in Russia, and 1.04 million people in the world, which 
makes up 12.8% of all recorded neoplasm cases [9]. 
A characteristic feature of everyday clinical practice 
is an increase in the number of patients operated on in 
older age groups and a high percentage of postopera-
tive complications [2, 4]. Soon, a further increase in 
demographic aging of the population and an increase 
in the number of patients with comorbid pathology are 
expected [10, 11].

In this regard, the increased interest in assessing 
COPD as a factor that can lead to complications in 
the perioperative period in patients with LC is under-
standable [4, 5]. The use of existing effective methods 
for diagnosing PVF disorders in this group of patients 
is an important task for modern scientific research.

The purpose of the study was to study PVF in pa-
tients with varying COPD severity and in patients 
with LC and COPD, as well as to identify the charac-
teristics of PVF disorders using spirography and body 
plethysmography.

MATERIALS AND METHODS
To meet the aim of the research, clinical and 

functional study of 57 patients was carried out with 

10 healthy patients (control group), 30 patients with 
COPD and 17 patients with LC and COPD. The sam-
ple of subjects included in the study was formed from 
patients being treated at the therapeutic clinic of Si-
berian State Medical University and the Department 
of Thoracic Oncology of Cancer Research Institute, 
Tomsk NRMC.

According to the PVF study, 8 patients with COPD 
had clinical signs of bronchitis and small bronchi 
obstruction, but FEV1 was normal (group 0). The re-
maining 22 patients were diagnosed with COPD ac-
cording to the COPD diagnostic criteria [1]: in group 
1 (10 subjects)  –  FEV1  ≥ 80% of the proper values; 
in group 2 (12 subjects) FEV1 < 80% of the proper 
values  –  7 patients had 50% ≤ FEV1  < 80%, and 5 
patients – 30% ≤ FEV1 < 50% of the proper values. In 
6 patients with LC + COPD, FEV1 was ≥ 80% of the 
proper values (group 3), in the remaining 11 patients 
(group 4), FEV1 was < 80% of the proper values, in 9 
of them – 50% ≤ FEV1 < 80%, and in 2 – 30% ≤ FEV1 
< 50% of the proper values.

PVF was evaluated on a Masterlab Pro diagnos-
tic complex (Erich Jaeger, Germany). The test was 
conducted in the morning on an empty stomach in 
conditions of relative rest in the orthostatic position 
of a patient. None of the patients in study groups 
received any bronchoactive agents for COPD. Spi-
rography and pneumotachography methods analyzed 
respiratory minute volume (RMV), vital capaci-
ty (VC), forced expiratory volume during the first 
second of the test (FEV1), Tiffno index (FEV1/VC), 
flow-volume loop parameters (FVL) – peak expira-
tory flow (PEF), maximum expiratory flow occurring 
at the point that is 25% of FVC from the beginning 
of the exhalation (MEF25), maximum expiratory flow 
occurring at the point that is 50% of FVC from the 
beginning of the exhalation (MEF50), maximum ex-
piratory flow occurring at the point that is 75% of 
FVC from the beginning of the exhalation (MEF75). 
Body plethysmography determined the structure 
of total lung capacity (TLC): residual lung volume 
(RV), residual lung volume to total lung capaci-
ty ratio (RV/TLC), as well as bronchial resistance  
(Raw).

The average age of patients with COPD (group 2) 
was 59.7 ± 3.0 years, they were older than the subjects 
in the control group, patients of group 0 and group  
1 (52.6 ± 2.7; 48.2 ± 3.0; 49.0 ± 2.2, respectively). The 
average age of patients with LC and COPD (group 3) 
was 56.7  ±  2.0, while of patients in group 4 is was 
60.8 ± 2.0. Patients of group 3 were older than patients 

Бюллетень сибирской медицины. 2020; 19 (4): 61–66



64

of group 1. There were no statistical differences in age 
between patients of groups 2 and 4. 

COPD confirmation was carried out by collecting 
complaints, medical history, physical examination 
and the questionnaire for the COPD diagnosis (CAT 
and mMRC scales) [1, 12]. Groups of patients with 
LC and COPD (groups 3 and 4) included patients with 
IIA – n IIIB stages of LC. Group 3 included 6 patients, 
3 patients of them had stage II, another 3 patients had 
stage IIIA. Group 4 included 3 patients with IIA–B 
stage of non-small cell lung cancer, 7 patients with 
IIIA stage and 1 patient with IIIB stage. Central LC 
was diagnosed in 12 (70.6%) patients and peripheral 
LC in 5 patients (29.4%).

The study inclusion criteria were the following: 
smoking; absence of other lung and severe somatic pa-
thology, which could affect the parameters of external 
respiratory function at the moment of inclusion in the 
study; absence of regular baseline and symptomatic 
COPD therapy, and consent to participate in the study.

Statistical analysis of the obtained data was car-
ried out on a personal computer using the statistical 
software package Statistica 10. The normal distribu-
tion was checked by the Shapiro – Wilk method.  Due 
to the lack of normal distribution, when comparing 
group averages for quantitative characters, the Mann 
– Whitney test was used. Quantitative data are pre-
sented as the median Me, the 25th and 75th percentiles 
(LQ; UQ). The differences were considered statistical-
ly significant at p ≤ 0.05.

RESULTS AND DISCUSSION
When analyzing the PVF parameters presented in 

the Table, it was found that in patients with COPD 
(group 0), bronchial patency at the level of MEF75 
was on average lower than in healthy subjects in the 
absence of differences in FEV1, as well as other flow 
and volume ventilation characteristics. In group 1, 
there was a decrease in the average values of FEV1, 
Tiffno index, VC, and FVL (MEF25, MEF50, MEF75) 
compared with the average values of the control group 
and a decrease in FEV1, MEF25, MEF50, MEF75 with 
an increase in RV, RV/TLC in comparison with group 
0. In addition, with an increase in obstruction, the pa-
tients of group 2 demonstrated an additional decrease 
in VC, an increase in RV, RV/TLC compared with the 
healthy subjects of group 0, as well as a pronounced 
tendency (85.2%) to increase RV/TLC compared with 
group 1.

The restructuring in the TLC structure, detected 
in patients with COPD in the form of an increase in 

RV/TLC with a progressive decrease in FEV1, indi-
cated the development of pulmonary hyperinflation 
(PHI), the formation of “air trapping”, an increase in 
lung volumes at the end of spontaneous expiration 
by the valve obstruction mechanism at the level of 
small airways [7, 13, 14] Studies show that PHI leads 
to unfavorable functional effects: respiratory muscle 
weakness, limited respiratory volume increase during 
exercise stress, positive end-expiratory pressure, and 
alveolar hypoventilation [8, 14]. 

Raw in patients with COPD in group 0 and group 
1 was in the reference range and did not differ from 
the control group (Table). In contrast, Raw in group 
2 averaged 153.6%, and was significantly higher than 
in the control group and in patients of group 0 and 
group 1. 

When analyzing the PVF parameters of patients 
with LC and COPD presented in the table below, it 
was found that in patients with degree 1 of obstruc-
tion (group 3), the average bronchial patency was 
reduced in comparison with control subjects and 
patients of group 0, in the absence of differences in 
parameters with COPD patients of group 1, who had 
a similar degree of reduction in FEV1. When compa- 
ring the PVF of patients with LC and COPD of group 
4 and patients with COPD with a similar reduction 
in FEV1 (group 2), the studied pulmonary volumes 
and capacities did not differ, however, in patients of 
group 4, PEF, MEF25, MEF50, MEF75 were decreased, 
which testified to widespread, generalized obstruc-
tion. Moreover, between the analyzed groups there 
were no differences in the magnitude of bronchial re-
sistance (Raw).

It can be assumed that in this case, local stenosis 
or complete obturation of the bronchial lumen (dys- 
telectasis, atelectasis) by a neoplasm, limited in length, 
leads to impaired ventilation of the lung tissue. At the 
same time, the Euler – Liliestrand mechanism restricts 
blood flow through the hypoventilated area, thereby 
preventing venous blood bypass, and the unaffected 
areas of the lungs can compensate for the loss of ven-
tilation. 

Despite the positive results achieved in the tech-
nique of surgical treatment for LC combined with 
COPD, the final effects of the treatment remain not 
entirely satisfactory, primarily due to the significant 
number of postoperative complications caused by 
COPD [15]. 

Studies have shown that tobacco smoking, and in 
a lesser extent exposure to other pathogenic particles 
or gases, is a major risk factor for developing COPD. 
These factors cause an inflammatory process in the 
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lungs, progression of which leads to typical patho-
physiological disorders: mucus hypersecretion and 
ciliary dysfunction, airflow limitation and hyperin-
flation, pulmonary hypertension and systemic effects, 
forming reversible and irreversible components of 

bronchial obstruction [6]. It can be expected that mod-
ern functional diagnostics and effective drug therapy 
of the reversible component of bronchial obstruction 
will open prospects for improving the perioperative 
results in patients with LC and COPD.

CONCLUSION
1. In patients with early COPD, a decrease in 

MEF75 (ventilation parameter characterizing small 
airway patency) is the most informative. With the 
progression of bronchial obstruction, obstructive and 
restrictive disorders develop, which are characterized 
by a decrease in FEV1, VC, a change in the structure 
of the total lung capacity in the form of an increase in 
the RV/TLC ratio, indicating the development of pul-
monary hyperinflation. It was found that a high degree 
of obstructive disorders leads to increased bronchial 
resistance.

2. In patients with LC and mild COPD, pulmonary 
volumes, capacities, flow-volume loop and bronchial 
resistance parameters did not differ from patients with 
COPD with a similar degree of bronchial obstruction. 

3. In patients with LC and COPD with a greater 
degree of obstructive disorders, in contrast to COPD 
with the same degree of reduction in FEV1, the de-
velopment of generalized bronchial obstruction at the 
level of bronchi of large, medium and small diameter 
(PEF, MEF25, MEF50, MEF75) was determined in the 
absence of differences in static and dynamic pulmo-
nary volumes, and bronchial resistance.
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T a b l e

Results of comparison (p) of PVF parameters in the control group, in patients with COPD and in patients with LC combined with 
COPD, Me (LQ; UQ)

Para- 
meter

Healthy 
(c) (n = 10)

COPD COPD + LC p

0
(n = 8)

1
(n = 10)

2
(n = 12)

3
(n = 6)

4
(n = 11) 0-c 1-c

1-0

2-c
2-0
2-1

3-c
3-0
3-1

4-2
4-3

VC 117.6
(107.7; 129.6)

106.4
(98.5; 112.5)

104.2
(97.0; 108.7)

93.3
(87.6; 100.3)

106.9
(106.2; 108.7)

91.8
(85.7; 93.1) 0.062 0.023

0.824

<0.001
0.037
0.013

0.074
0.846
0.415

0.406
0.001

FEV1
109.1

(102.0; 117.0)
107.8

(104.3; 117.7)
94.5

(85.7; 104.0)
44.4

(38.0; 65.3)
91.5

(86.9; 98.2)
73.9

(65.9; 80.9) 1.0 0.013
0.037

<0.001
<0.001
<0.001

0.004
0.008
0.745

0.056
<0.001

PEF 127.3
(113.7; 145.2)

127.4
(106.2; 145.7)

105.1
(94.1; 116.8)

44.6
(40.6; 74.3)

106.7
(97.5; 115.0)

78.4
(55.5; 101.8) 0.859 0.028

0.051

<0.001
<0.001
<0.001

0.057
0.175
0.828

0.023
0.087

MEF25

122.1
(100.0; 
141.6)

123.3
(101.2; 142.2)

77.6
(65.2; 86.7)

15.4
(11.7; 34.3)

60.4
(50.9; 75.8)

37.6
(31.3; 72.5) 0.657 0.003

0.001

<0.001
<0.001
<0.001

0.003
0.002
0.158

0.031
0.070

MEF50
83.9

(76.0; 102.6)
95.7

(80.1; 110.6)
47.2

(39.2; 57.3)
11.5

(7.5; 17.1)
54.1

(46.7; 66.2)
36.6

(24.1; 46.9) 0.656
<0.001
0.001

<0.001
<0.001
<0.001

0.003
0.012
0.278

0.018
0.035

MEF75
85.0

(60.8; 110.6)
50.0

(35.6; 62.4)
25.9

(21.9; 37.1)
        9.2

   (5.6; 19.8)
37.9

(30.7; 44.6)
26.4

(14.0; 33.4) 0.033
0.007

<0.001
<0.001
<0.001
<0.001

0.004
0.272
0.083

0.006
0.009

RV 99.7
(93.1; 110.0)

79.2
(63.7; 102.3)

105.2
(92.8; 129.9)

141.3
(132.1; 150.5)

127.0
(92.5; 136.4)

120.8
(110.2; 
142.2)

0.083 0.496
0.045

0.003
0.001
0.044

0.175
0.045
0.405

0.218
0.763

RV/TLC 90.5
(87.3; 94.6)

74.6
(70.6; 95.5)

104.6
(83.7; 120.0)

121.6
(115.1; 130.6)

102.1
(81.1; 105.4)

116.4
(107.1; 
124.1)

0.109
0.121
0.016

0.001
<0.001
0.056

0.481
0.272
0.329

0.295
0.003

Raw 73.7
(42.7; 94.0)

67.1
(51.5; 80.2)

65.3
(52.3; 126.0)

139.5
(101.9; 197.8)

98.3
(86.4; 119.2)

132.4
(94.5; 174.4) 0.859

0.405
0.789

0.002
0.004
0.011

0.074
0.081
0.447

0.622
0.269

Note: c – control group.
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Parameters of the glutathione system and thioredoxin in blood plasma  
and ascites and GSTP1 Ile105Val gene polymorphism as factors of resistance 
to platinum-containing chemotherapy in ovarian cancer patients

Dolgova D.R.1, Gening T.P.1, Abakumova T.V.1, Gening S.O.1,  2, Antoneeva I.I.1,  2,  
Fedotova A.Yu.1

1 Ulyanovsk State University 
42, Lva Tolstogo Str., Ulyanovsk, 432017, Russian Federation
2 Regional Clinical Oncologic Center 
90, 12 Sentyabrya Str., Ulyanovsk, 432017, Russian Federation

ABSTRACT

Background. Chemotherapy is one of the main types of treatment in ovarian cancer. Standard first-line treatment 
includes platinum drugs. Every fifth patient develops chemoresistance after platinum-containing first line therapy. 
Glutathione detoxification systems play an important role in platinum drugs utilization. 

Aim. To assess the redox status of blood plasma and ascitic fluid in ovarian cancer patients before and after 
neoadjuvant platinum-containing chemotherapy (NACT). 

Materials and methods. We determined the activity of the glutathione system and thioredoxin levels in blood 
plasma before and after NACT and in the ascitic fluid before NACT, and the presence of GSTP1 gene polymorphism 
(Ile105Val (rs1695), Ala114Val (rs1138272) in 30 III–IV FIGO stage ovarian cancer patients. Patients were divided 
into 3 groups: NR – no relapse in 2 years after last chemotherapy course; R1 – relapse in less than 6 months; R2 – 
relapse in more than 6 months. 

Results. We established an increase of the glutathione-transferase activity and a decrease of the GSH level in 
plasma after chemotherapy in R1 patients, and an opposite dynamic of glutathione-transferase and GSH in the R2 
group. Thioredoxin level in plasma of all patients was lower than in the control group; differences in levels between 
groups were not statistically significant. GSTP1 105Val allele was more frequently present in patients than in the 
control group, and more frequently in R2 than in R1.

Conclusion. The increase in plasma glutathione-transferase and glutathione-reductase levels can be a prognostic 
marker of early relapse. Thioredoxine dynamics do not correlate with the chemotherapy response. The presence of 
the GSTP1 105Val allele is a risk factor for ovarian cancer development, but a protective factor against early relapse.

Key words: ovarian cancer, ascites, chemoresistance, glutathione system, GSTP1 gene polymorphism.  
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Параметры глутатионовой системы и тиоредоксина в плазме крови  
и асците и полиморфизм гена GSTP1 Ile105Val как факторы резистентности 
к платиносодержащей химиотерапии у больных раком яичников

Долгова Д.Р.1, Генинг Т.П.1, Абакумова Т.В.1, Генинг С.О.1, 2, Антонеева И.И.1, 2,  
Федотова А.Ю.1

1 Ульяновский государственный университет (УлГУ) 
Россия, 432017, г. Ульяновск, ул.  Л. Толстого, 42
2 Областной клинический онкологический диспансер (ОКОД) 
Россия, 432017, г. Ульяновск, ул. 12 Сентября, 90

РЕЗЮМЕ

Введение. Химиотерапия является одним из основных видов лечения распространенного рака яичников 
(РЯ). У каждой пятой пациентки развивается химиорезистентность после платиносодержащей терапии 
первой линии. Система детоксикации глутатиона играет важную роль в утилизации платиновых препара-
тов из опухолевых клеток.

Цель. Оценить окислительно-восстановительный статус плазмы крови и асцитической жидкости у боль-
ных РЯ до и после неоадъювантной платиносодержащей химиотерапии (НАХТ). 

Материалы и методы. Мы определили активность глутатионовой системы и уровень тиоредоксина в 
плазме крови до и после НАХТ и в асцитической жидкости до НАХТ у 30 пациентов на III–IV стадиях (по 
FIGO) рака яичников. Пациенты были разделены на три группы: БР – без рецидивов в течение 2 лет после 
завершения химиотерапии; Р1 – рецидив заболевания в течение 6 мес после завершения химиотерапии 
первой линии; Р2 – рецидив после 6 мес от момента завершения химиотерапии первой линии. 

Результаты. Установлено увеличение активности GT и снижение уровня GSH в плазме после химиотера-
пии у пациентов с Р1, а также противоположная динамика GT и GSH в группе Р2. Уровень тиоредоксина 
в плазме у всех пациентов был ниже, чем в контрольной группе; различия в уровнях между группами не 
были статистически значимыми. Аллельный вариант 105Val гена GSTP1 выявлялся с более высокой часто-
той у пациентов с РЯ, чем в контроле, и чаще в группе Р2, чем у Р1. 

Заключение. Повышение активности GST и GR в плазме больных РЯ может быть прогностическим марке-
ром раннего рецидива. Динамика тиоредоксина не коррелирует с ответом на химиотерапию. Присутствие 
аллеля 105Val в гене GSTP1 является фактором риска развития рака яичников, но защитным фактором 
против раннего рецидива.

Ключевые слова: рак яичников, асцитическая жидкость, химиорезистентность, глутатионовая система, 
полиморфизм гена GSTP1.
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INTRODUCTION
The increased glutathione system activity underlies 

the resistance to platinum-containing chemotherapy (CT) 
in ovarian cancer (OC), among other causes. Binding 
to SH-groups of glutathione inactivates cisplatin, with 
mainly glutathione-S-transferases (GST) providing the 
neutralization [1]. Platinum-resistant cells demonstrate 
a higher activity of GST in the cytosol compared with 
the original platinum-sensitive SKOV3 and SGC7901 
cells, and the GSTP inhibition increases the cytotoxicity 
of platinum drugs by 4 times [2]. GST plays a role in 
drug resistance by providing the direct detoxifying effect 
and the MAP kinase pathway inhibition. GST modulates 
the tumor response to platinum-containing CT in OC 
[43]. GST activity in ovarian cancer ascites negatively 
correlates with the sensitivity to platinum drugs and pos-
itively correlates with the risk of recurrence. The expres-
sion of the glutathione-dependent enzymes genes reflects 
the adaptive antioxidant potential and can take part in 
drug resistance development [4].

The limited data are available on the thiol cell detox-
ification systems, represented by thioredoxin (Trx) and 
glutaredoxin, the regulators of the redox potential, cell 
proliferation, and DNA repair. Some authors propose 
that thioredoxin contributes to the formation of doxoru-
bicin and cisplatin resistance, protecting cells from the 
oxidative stress and inhibiting the apoptosis through pro-
tein kinases ASK1 and JNK1 [5].

The aim of the study was to assess the parameters of 
the glutathione system and thioredoxin in blood plasma 
and ascites and polymorphism of the GSTP1 Ile105Val 
gene as factors of chemoresistance in patients with ad-
vanced ovarian cancer.

MATERIALS AND METHODS 
The study included 30 patients (median age 62 years; 

lower quartile – 45, upper quartile – 65) with verified OC 
presenting with ascites (performance status according to 
ECOG – 0–2, life expectancy at least 6 months). The pa-
tients were treated with 2–4 cycles of the neoadjuvant 
chemotherapy (NACT) according to the AP regimen 
(cisplatin 75 mg/m² and doxorubicin 40 mg/m² intrave-
nously in the 1st day every 3 weeks) and, subsequent-
ly, cytoreductive surgery and adjuvant chemotherapy. 
Ascitic fluid (AF) for analysis was taken before starting 
chemotherapy. The cell-free fraction was collected after 
centrifugation at 1,500 rpm for 10 min. With dynamic 
observation, all patients were divided into groups: NR – 
no relapse; R1 – early relapse, relapse-free period up to 
6 months; R2 – late relapse, relapse-free period from 6 
to 12 months. In the plasma of patients before treatment 
and after NACT and AF before treatment, the activity 
of the glutathione system components was determined: 

glutathione-S-transferase (GST), glutathione reductase 
(GR), glutathione peroxidase (GPO), and the level of 
reduced glutathione (GSH) [6, 7]; thioredoxin (Trx) le- 
vel was evaluated by ELISA (Cloud Clone Corp., USA). 
Genomic DNA for the analysis of GSTP1 gene polymor-
phisms Ile105Val (rs1695), Ala114Val (rs1138272) was 
isolated with a “DNA express blood” kit (NPF Litech, 
Moscow). Genotyping of the samples was performed 
by allele-specific real-time PCR with Taq-Man probes 
(Syntol, Moscow). The control group consisted of 20 ap-
parently healthy women (median age 52, lower quartile 
45; upper quartile 58). Quantitative data are presented 
as median and lower and upper quartiles. Due to the 
abnormal distribution in the groups, the nonparametric 
Kruskal – Wallis test was used to describe the statistical 
differences (the differences were considered significant 
at p ≤ 0.05). The frequencies of the GSTP1 Ile105Val 
gene polymorphism, as well as the correspondence of the 
distribution of the observed genotype frequencies to the 
theoretically expected ones from the Hardy – Weinberg 
equilibrium, were checked using the χ2 test. To assess 
the relative risk of developing an event, the OR (odds 
ratio) value and confidence intervals were calculated us-
ing an on-line calculator in case-control studies (http://
gen-exp.ru/calculator_or.php). Statistical data process-
ing was carried out using the Statistica 13.0 software 
package.

RESULTS
The activity of GST statistically significantly differs 

between the groups of OC patients, depending on the 
time to the recurrence. Plasma GST activity in patients 
of the R1 group is several times higher than the values 
GST in the control, R2 and NR groups both before and 
after NACT (Fig. 1,a). The same dynamics exists in the 
AF: the early relapse is associated with high enzyme ac-
tivity before treatment (Fig. 1,b). The high detoxification 
potential of GST may reduce the effectiveness of plati-
num-containing NACT by conjugating the drug, along 
with a decrease in free GSH. After NACT, the enzyme 
activity in all studied groups slightly decreases, while re-
maining elevated in the R1 group. The decrease in the 
plasma GST activity after NACT is associated with a 
longer relapse-free period.

The main function of GR is to maintain glutathione 
in the reduced form, which conjugates with exogenous 
toxins. The change in GR activity in the plasma of OC 
patients is similar to the dynamics of GST in plasma  
(Fig. 1,a), which suggests a decrease in the enzymatic 
recovery of GSSG after NACT.

In the R1 group, the lowest GSH values ​​are found in 
blood plasma in comparison with all other groups stu- 
died (Table 1). In the NR group, low plasma GSH values ​​

Бюллетень сибирской медицины. 2020; 19 (4): 67–72



70

are observed before treatment, and a sharp increase (by 
3.5 times) happens after NACT, which possibly reflects 
an increase in the antioxidant status and may act posi-
tively, preventing the formation of resistance to doxoru-
bicin and cisplatin.

The activity of GPO, utilizing hydrogen peroxide, is 
lower than the control in blood plasma in all groups and 
does not differ significantly (Table 1).

Ascites sampling may reveal additional factors to 
clarify the molecular biological “portrait” of the ovarian 
tumor [8]. We found that the R1 group had the lowest 
GSH values ​​in AF, while the maximum level was in the 
R2 group (Table 1). Thus, an increase in GST and a de-
crease in GSH in plasma after NACT may be markers 
of early relapse. In contrast, low GST activity and high 
GSH levels in plasma and ascites occurred in the group 
of NR patients.

Trx may play a role in the mechanisms of antitumor 
drug resistance; this effect is tissue-specific and depends 
on the microenvironment [9]. We found that the Trx le- 
vel in blood plasma, decreased in all groups compared to 
the control, did not differ significantly before and after 
platinum-containing chemotherapy (Fig. 2).

Tumor sensitivity to cisplatin is determined by the 
activity of detoxification enzymes, which include GST, 
and the activity depends on gene polymorphism [10]. 
When comparing two groups, patients with OC and 
controls, we found that the presence of a functionally 
weakened GSTP1 allele (genotype Ile/Val or Val/Val) 
in the genotype is a risk factor for OC (OR = 1.82; 95%  
CI 1.1–2.8; p = 0.035). The GSTP1114Val allele is as-
sociated with a decrease in the functional activity of 
the enzyme and is also more common in OC patients 
than in the controls (19% versus 5.5%; OR = 3.20; 95%  
CI 1.5–6.8; p = 0.023). In the R1 group, compared with 
the R2 patients, the Ile/Ile GSTP1 genotype is more com-
mon (OR = 4.30; 95% CI 1.25–14.81; p = 0.034).

DISCUSSION 
Ovarian carcinogenesis provokes a prooxidant state, 

both in the tumor and in the adjacent normal tissues, 
and the subsequent chemotherapy aggravates this con-
dition. In the late stages of OC, depletion of antioxidant 

resources occurs. The glutathione system in the blood 
plasma can move to a higher level of functioning and 
provide protection of macromolecules from reactive ox-
ygen species. We describe such observation in the group 
of patients with a long relapse-free period. Conversely, 
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a

b

T a b l e  1

GSH and GPO levels in plasma and AF in patients with advanced OC before and after NACT, Me (Q1–Q3)

Parameters
GSH, mmol/l GPO, µmol/min/l

R1, n = 12 R2, n = 8 NR, n = 10 R1, n = 12 R2, n = 8 NR, n = 10

Plasma of primary patients 19.72
(15.64–22.44)

72.8
(54.0–95.5)
р = 0.00005

25.16
(23.8–30.2)
p = 0.003

9.075
(3.675–11.835)

7.905 
(4.372–12.278)

p = 0.653

11.048
(10.83–11.67)

p = 0.101

Plasma of patients after complet-
ing NACT

28.9
(14.96–44.4)

47.5
(27.3–74.45)

p = 0.219

105.5
(53.16–121.00)

p = 0.0006

10.477
(10.41–11.07)

10.695
(6.405–17.10)

р=0.477

8.28
(8.1–9.24)
p = 0.619

Ascitic fluid of OC patients 
before treatment

19.72
(17–27.2)

101
(93–112.5)
p = 0.003

32
20.4–98.5
p = 0.160

19.2
(12.3–30.3)

7.073
(4.22–9.82)
p = 0.037

19.83
(15.75–25.62)

p = 0.802

Control 80.72
(76.5–82.3)

52.01
(50.5–54.0)

Fig.1. Level of GST and GR in plasma (a) and ascitic fluid (b), 
depending on the duration of the relapse-free period: * marked 

data are significantly different from the group R1
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the decrease in the antioxidant proteins favors the sur-
vival of a tumor and the metastasis development. We 
observed significantly lower values ​​of GSH and Trx lev-

els in plasma in the group of OC patients with relapses 
in comparison to the NR group. The glutathione system 
plays a dual role in the process of carcinogenesis [11]. 

Fig. 2. Level of thioredoxin in plasma and ascitic fluid of patients with OC before and after NACT with early and late relapse  
(R1 + R2) (a) and without relapse for 2 years (NR) (b)

a 						                      b

On the one hand, its low activity disrupts the inac-
tivation of carcinogens. The decrease in the concentra-
tions of GSH and GSH-dependent enzymes in plasma 
and ascites are observed with tumor progression. Earlier 
in the experiment, we established a tendency towards a 
decrease in lipid peroxidation and oxidative modification 
of proteins in ascites with the progression of OC [12]. 
On the other hand, GSH and Trx in tumor reduce the 
cytotoxic effect of cisplatin; low levels of Trx in the cy-
toplasm of OC cells are associated with an increase in 
progression-free survival [13]. The observed dynamics 
of Trx levels in plasma and ascites needs further study-
ing of the Trx role in the formation of OC cells clones 
with a high antioxidant status.

GSTP activity differs depending on the substrate; 
with the GSTP1105Val allele, the overall survival in OC 
patients is reduced after the platinum-containing chemo-
therapy [14]. Thus, it can be assumed that overexpres-
sion of the GSTP gene determines the resistance of OC 
cells to platinum-containing CT.

CONCLUSION 
The platinum-containing NACT has a significant ef-

fect on the functional state of the glutathione system in the 
plasma of OC patients. The patients of the early relapse 
group have decreased GSH and Trx levels, and increased 
activity of GST and GR in plasma after NACT. In patients 
with no relapse in 2 years, an increase in the antioxidant 
status of plasma is observed: the levels of GSH and thiore-
doxin are increased, and the activity of GST is decreased. 
In general, the system of glutathione and glutathione-de-
pendent blood plasma enzymes dynamically changes its 

profile during ovarian carcinogenesis and may be used 
for assessing individual sensitivity to platinum-containing 
chemotherapy, as a prognostic marker for early relapse. 
The presence of the Ile105Val allele in the GSTP1 gene is 
a risk factor for the development of ovarian cancer, but a 
protective factor against early relapse.
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Polymorphism 3435c> t of the ABCB1 gene (rs1045642) does not affect 
the mirtazapine efficiency and safety profile in patients with depressive 
disorders comorbid with alcohol use disorder

Zastrozhin M.S.1, 2, Grishina E.A.2, Ryzhikova K.A.2, Skryabin V.Yu.1, Koporov S.G.1,  
Bryun E.A.1, 2, Sychev D.A.2 
1 Moscow Research and Practical Centre on Addictions  
37/1, Lyublinskaya Str., Moscow, 109390,  Russian Federation 
2 Russian Medical Academy of Continuous Professional Education  
Build. 1, 2/1 Barrikadnaya Str., Moscow, 123995, Russian Federation

ABSTRACT

Background. Mirtazapine is used to treat patients with depressive disorders. A large proportion of patients in this 
group do not adequately respond to mirtazapine therapy, while many develop undesirable drug reactions of type A. 
According to the previous studies, P-gp is involved in the biotransformation of mirtazapine, the activity of which 
is highly dependent on the polymorphism of the gene encoding it. 

Aim. To aim of our study was to study the effect of mirtazapine gene polymorphism on the efficacy and safety of 
mirtazapine therapy in patients with depressive disorders, comorbid with alcohol dependence.

Materials and methods. The study included 119 male patients with depressive disorders, comorbid with alcohol 
dependence (age 38.7 ± 16.0 years). As a therapy, mirtazapine was used at a dose of 37.8 ± 13.8 mg / day. Evaluation 
of the effectiveness profile was carried out using psychometric scales. The safety profile was evaluated using the 
UKU Side-Effect Rating Scale. Genotyping was carried out by polymerase chain reaction in real time.

Results. In the course of the study, results statistically significant in terms of evaluating efficacy and safety were 
not obtained (HAMD scores at the end of the course of therapy: (CC) 2.5 [2.0; 4.0], (CT) 2.0 [ 1.0; 3.0] and (TT) 
2.0 [1.0; 3.0], p > 0.999; according to the UKU scale: (CC) 3.0 [2.8; 3.0], ( CT) 3.0 [3.0; 3.0] and (TT) 3.0 [3.0; 
3.0], p > 0.999).

Conclusion. The study of 119 patients with depressive disorders comorbid with alcohol dependence showed 
that 3435C> T polymorphism of the ABCB1 gene (rs1045642) does not affect the clinical efficacy and safety of 
mirtazapine.

Key words: mirtazapine, ABCB1, pharmacogenetics, biotransformation, personalized medicine, depressive 
disorder, alcohol use disorder.
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РЕЗЮМЕ

Введение. Миртазапин используется для лечения пациентов с депрессивными расстройствами. Немалая 
доля пациентов данной группы не отвечает должным образом на терапию миртазапином, при этом у мно-
гих отмечается развитие нежелательных лекарственных реакций типа А. По результатам ранее проводи-
мых исследований показано, что в биотрансформации миртазапина принимает участие гликопротеин P, 
активность которого в высокой степени зависит от полиморфизма кодирующего его гена. 

Цель. Изучить влияние полиморфизма гена ABCB1 на эффективность и безопасность терапии миртазапи-
ном у пациентов с депрессивными расстройствами, коморбидными с алкогольной зависимостью.

Материалы и методы. В исследование было включено 119 пациентов мужского пола с депрессивными 
расстройствами, коморбидными с алкогольной зависимостью (средний возраст (38,7 ± 16,0) лет). В качестве 
терапии использовали миртазапин в дозе (37,8 ± 13,8) мг/сут. Оценка профиля эффективности производи-
лась с помощью психометрических шкал. Профиль безопасности оценивался с помощью валидизированной 
шкалы UKU Side-Effect Rating Scale. Генотипирование проводилось методом полимеразной цепной реакции 
в режиме реального времени.

Результаты. По результатам исследования не получены статистически значимые результаты в показателях 
оценки эффективности и безопасности (баллы по шкале HAMD в концу курса терапии: (CC) 2,5 [2,0; 4,0], 
(CT) 2,0 [1,0; 3,0] и (TT) 2,0 [1,0; 3,0], p > 0,999; по шкале UKU: (CC) 3,0 [2,8; 3,0], (CT) 3,0 [3,0; 3,0] и (TT) 
3,0 [3,0; 3,0], p > 0,999). 

Заключение. Продемонстрировано отсутствие влияния полиморфизма 3435C>T гена ABCB1 (rs1045642) 
на показатель клинической эффективности и безопасности миртазапина.

Ключевые слова: миртазапин, ABCB1, фармакогенетика, биотрансформация, персонализированная меди-
цина, депрессивные расстройства, алкогольная зависимость.
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INTRODUCTION

Depressive disorders are among the most frequent-
ly reported comorbidities in patients suffering from al-
cohol use disorder [1]. Antidepressants are commonly 
used in the depressive disorders treatment, and mir-
tazapine is a representative of this drug group [2]. Al-
though tetracyclic antidepressants are included in the 
depressive disorders treatment guidelines, the number 
of resistant patients and patients with reported adverse 
drug reactions (ADRs) remains high [3]. 

Glycoprotein P (P-glycoprotein, P-gp) is involved 
in the pharmacokinetics of many drugs used for de-
pressive disorders psychopharmacotherapy [4]. The 
gene encoding ABCB1 is highly polymorphic, which 
may affect the interindividual variability in P-gp met-
abolic activity [5]. Changes in the protein activity may 
influence the rate of xenobiotic elimination including 
substrate drugs that, in turn, may have an impact on 
their effectiveness and safety profiles [6].

There are four groups of metabolizers distin-
guished by their metabolic rate: extensive metabo-
lizers, poor metabolizers, intermediate metabolizers, 
and ultra-rapid metabolizers. Extensive metabolizers 
have normal metabolic rate. Poor metabolizers have 
mutations in the ABCB1 gene, which may lead to a 
decrease in the activity of the encoded protein, as well 
as a slowdown in the metabolism of substrate drugs, 
which may lead to an increased risk of adverse drug 
reactions. Intermediate metabolizers have a mutation 
in only one of the homologous chromosomes, which 
reduces the P-gp activity but to a lesser degree than in 
poor metabolizers. Ultra-rapid metabolizers have the 
genetically determined increased activity of CYP3A 
that leads to the accelerated elimination of substrate 
drugs and reduces treatment effectiveness [7].      

The study aimed to determine the influence of 
ABCB1 gene polymorphisms on the effectiveness 
and safety profile of mirtazapine therapy in patients 
with depressive disorders, comorbid with alcohol use  
disorder. 

MATERIALS AND METHODS

Clinical characteristics of the study subjects. 119 
male patients (average age 38.71 ± 15.96 years old) 
were enrolled in the study. The inclusion criteria were 
specified as follows: the existence of two comorbid 

diagnoses: “Depressive episode (F32.x)”, and “Men-
tal and behavioral disorders due to use of alcohol. 
Dependence syndrome. Currently abstinent but in a 
protected environment (F.10.212)”, a signed informed 
consent, and 16-days mirtazapine monotherapy. Ex-
clusion criteria were specified as follows: presence of 
any other mental disorders, presence of severe somatic 
disorders (except alcoholic hepatitis and toxic enceph-
alopathy), presence of any other psychotropic medica-
tions in treatment regimen, creatinine clearance values 
<50 mL/min, creatinine concentration in plasma >1.5 
mg/dL (133 mmol/L), bodyweight less than 60 kg or 
greater than 100 kg, age of 75 years or more, and pres-
ence of any contraindications for mirtazapine use.

Therapy effectiveness and safety evaluation. To 
evaluate mirtazapine effectiveness several interna-
tional psychometric scales were used: Penn Alcohol 
Craving Scale (PACS) [8] and Visual Analogue Scale 
(VAS) for urge to alcohol assessment [9], and the 
Clinical Global Impression (CGI) scale [10], Hospi-
tal Anxiety and Depression Scale (HADS) [11], and 
Hamilton Depression Rating Scale (HAMD) [12]. A 
safety profile was evaluated using the UKU Side-Ef-
fect Rating Scale (UKU) [13]. The patients were ex-
amined on days 1, 9, and 16 of mirtazapine therapy.

Genotyping. For genotyping, venous blood samples 
were collected into VACUETTE® (Greiner Bio-One, 
Austria) vacuum tubes on the 16th day of mirtazapine 
therapy. The DNA amplifiers “Dtlite” by DNA Tech-
nology (Russia), “CFX96 Touch Real-Time System” 
with CFX Manager software by Bio-Rad (USA), and 
the “SNP-screen” sets by Syntol (Russia) were used to 
perform the real-time polymerase chain reaction in or-
der to determine the 3435C>T single-nucleotide poly-
morphisms (SNPs) of the ABCB1 gene (rs1045642). 
The usage of two allele-specific hybridizations in 
every “SNP-screen” set enabled the determination of 
two alleles of the studied SNP separately on two fluo-
rescence channels.

Statistical analysis. The data were analyzed with 
non-parametric methods using the Statsoft Statistica 
v. 10.0 (Dell Statistica, Tulsa, USA). The normality of 
sample distribution was evaluated using the Sha- piro 
– Wilk W-test and was taken into account when choos-
ing a statistical method. The differences were consid-
ered statistically significant at р < 0.05 (power above 
80%). Two samples of continuous independent data 

ности и безопасности миртазипина у пациентов с депрессивными расстройствами, коморбидными с алко-
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were compared using the Mann – Whitney U-test with 
further correction of the obtained p-value using the 
Benjamin – Hochberg test due to the multiple com-
parison procedure. Several samples of continuous data 
were analyzed using the Kruskal – Wallis H-test. Cor-
relation analysis was performed using the Spearman 
nonparametric test. The data is presented in the form 
of the median and interquartile range Me [Q1; Q3].

RESULTS
The ABCB1 3435C>T polymorphic marker 

(rs1045642) genotyping performed in 105 subjects have 
revealed the following:

• The number of patients with the CC genotype was 
20 (16,8%); 

• The number of patients with the CT genotype was 
70 (58,8%); 

• The number of patients with the TT genotype was 
29 (24,4%). 

The frequency distribution of genotypes correspond- 
ed to the Hardy – Weinberg equilibrium distribution 
(Chi2 = 4.00; p-value = 0.05). 

The results of psychometric scales (PACS, VAS, CGI, 
HADS, HAMD) and side-effect rating scale (UKU) data 
analysis on days 1, 9, and 16 in patients who received 
mirtazapine are summarized in Tables 1–3, respectively.

Bulletin of Siberian Medicine. 2020; 19 (4): 73–79

T a b l e  1

Psychometric scales and side-effect rating scale (UKU) data on in patients received mirtazapine,  
day 1 of the research, Me [Q1; Q3]

Scale CC CT TT p-value

PACS 11.0 [11.0; 11.0] 11.0 [11.0; 11.0] 11.0 [11.0; 11.0] p > 0.999

VAS 51.0 [50.8; 52.0] 49.0 [46.0; 52.8] 49.0 [47.0; 51.0] p > 0.999

CGI 5.0 [5.0; 5.0] 5.0 [5.0; 5.0] 5.0 [5.0; 5.0] p = 0.086

HADS 37.0 [36.0; 38.0] 36.0 [34.2; 38.0] 37.0 [36.0; 38.0] p > 0.999

HAMD 22.0 [21.0; 22.0] 22.0 [21.0; 23.0] 22.0 [21.0; 22.0] p = 0.636

UKU 0.5 [0.0; 1.0] 1.0 [0.0; 1.0] 0.0 [0.0; 1.0] p > 0.999

T a b l e  2

Psychometric scales and side-effect rating scale (UKU) data on in patients received mirtazapine,  
day 9 of the research, Me [Q1; Q3]

Scale CC CT TT p-value

PACS 7.5 [7.0; 8.0] 7.0 [7.0; 8.0] 7.0 [7.0; 7.0] p > 0.999

VAS 32.5 [31.0; 35.2] 32.0 [31.0; 33.8] 32.0 [30.0; 36.0] p > 0.999

CGI 3.0 [3.0; 3.0] 3.0 [3.0; 4.0] 3.0 [3.0; 3.0] p > 0.999

HADS 25.0 [24.0; 26.2] 24.0 [23.0; 25.0] 24.0 [22.0; 25.0] p > 0.999

HAMD 15.0 [14.0; 16.0] 15.0 [13.0; 16.0] 14.0 [14.0; 15.0] p > 0.999

UKU 2.0 [2.0; 2.2] 2.0 [2.0; 2.0] 2.0 [2.0; 3.0] p > 0.999

T a b l e  3

Psychometric scales and side-effect rating scale (UKU) data on in patients received mirtazapine,  
day 16 of the research, Me [Q1; Q3]

Scale CC CT TT p-value

PACS 1.0 [1.0; 1.2] 1.0 [1.0; 1.0] 1.0 [0.0; 2.0] p > 0.999

VAS 5.5 [3.5; 7.2] 4.0 [3.0; 5.8] 5.0 [4.0; 6.0] p > 0.999

CGI 0.0 [0.0; 1.0] 1.0 [0.0; 1.0] 1.0 [0.0; 1.0] p > 0.999

HADS 4.0 [3.0; 4.0] 3.0 [1.2; 5.0] 4.0 [2.0; 5.0] p > 0.999

HAMD 2.5 [2.0; 4.0] 2.0 [1.0; 3.0] 2.0 [1.0; 3.0] p > 0.999

UKU 3.0 [2.8; 3.0] 3.0 [3.0; 3.0] 3.0 [3.0; 3.0] p > 0.999
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Figure 1 demonstrates the dynamics of changes in 
the HAMD scale scores among the patients with dif-
ferent genotypes. As shown, by the day 1 the studied 
groups had already had statistically significant diffe- 
rences: (CC) 22,0 [21,0; 22,0], (CT) 22,0 [21,0; 23,0], 
and (TT) 22,0 [21,0; 22,0], p = 0,035. By the 9th day 
of the study, statistically significant differences had 
ceased to be observed in carriers of different geno-
types for the studied polymorphic marker: (CC) 15.0 
[14.0; 16.0], (CT) 15.0 [13.0; 16.0], and (TT) 14.0 
[14.0; 15.0], p = 0.627. On the last 16th day of the 
study, as well as on the 2nd visit, no statistical diffe- 
rence was obtained: (CC) 2.5 [2.0; 4.0], (CT) 2.0 [1.0; 
3.0], and (TT) 2.0 [1.0; 3.0], p > 0.999. The similar 

dynamics of changes in scores as in the HAMD scale 
was obtained by other psychometric scales.

Figure 2 demonstrates the dynamics of changes in 
the UKU scores among the patients. As shown, by the 
day 1 of the research no statistically significant diffe- 
rences in scores for carriers of different genotypes for 
the studied polymorphic marker were obtained: (CC) 
0.5 [0.0; 1.0], (CT) 1.0 [0.0; 1.0], and (TT) 0.0 [0.0; 1.0], 
p = 0.535. By day 9, statistically significant differenc-
es disappeared (were not detected): (CC) 2.0 [2.0; 2.2], 
(CT) 2.0 [2.0; 2.0], and (TT) 2.0 [2.0; 3.0], p = 0.502. 
Statistically significant differences were not obtained on 
the 16th day of the therapy: (CC) 3.0 [2.8; 3.0], (CT) 3.0 
[3.0; 3.0], and (TT) 3.0 [3.0; 3.0], p > 0.999.

DISCUSSION
Statistical analysis of the data on mirtazapine clin-

ical effectiveness and safety profile in patients with 
different genotypes for the 3435C>T polymorphic 
marker of the ABCB1 gene (rs1045642) showed no 
statistically significant differences in effectiveness 
and safety (p > 0.999). These results may indicate the 
absence of the effect of this polymorphic marker on 
the clinical effectiveness and treatment safety of this 
group of patients.

Thus, according to the obtained results, which 
showed that the ABCB1 gene (rs1045642) 3435C> 
T genetic polymorphism does not affect the effec-
tiveness and safety rates of mirtazapine therapy in 
patients with depresssion disorders, comorbid with 
alcohol use disroder, it is possible to assume that it 

is not necessary to take into account the results of 
genotyping by the loci of this gene before prescrib-
ing mirtazapine to such patients. At the same time, 
prior studies manifested that CYP2D6 gene poly-
morphisms should be taken into account when ad-
ministering mirtazapine, as this may have an impact 
on the mirtazapine effectiveness and safety profile in 
patients with depressive disorders, comorbid with al-
cohol use disorder [14–16].  

CONCLUSION

The current study conducted on 119 patients with 
depressive disorders, comorbid with alcohol use dis-
order, found the absence of the effect of ABCB1 gene 
3435C> T polymorphism (rs1045642) on the clinical 
effectiveness and safety of mirtazapine.

Бюллетень сибирской медицины. 2020; 19 (4): 73–79

Day of the research
Fig. 1. Dynamics of changes in the HAMD scale scores among 
the patients with different genotypes in 3435C>T (rs1045642) 

ABCB1 polymorphic marker

Day of the research
Fig. 2. Dynamics of changes in the UKU scale scores among 
the patients with different genotypes in 3435C>T (rs1045642) 

ABCB1 polymorphic marker
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ABSTRACT

Aim. To study the association of the methylation of the promoter of the ABCA1 gene with sudden cardiac death 
(SCD).

Materials and methods. The study design is based on the case-control principle. The SCD group included  
150 men (mean age (46.7 ± 9.2) years) who died of sudden cardiac death according to forensic medical examination 
data (the main pathological diagnoses are acute circulatory failure, acute coronary insufficiency). The control group 
included 150 men (mean age (42.6 ± 1.2) years) who died suddenly, but not due to cardiovascular pathology. 
DNA was isolated by phenol-chloroform extraction from myocardial tissue. The methylation status of the ABCA1 
gene promoter was assessed by methyl-specific polymerase chain reaction. The results obtained were statistically 
processed in SPSS 16.0 using Pearson’s test and Fisher’s test with Yates’ correction for continuity. P < 0.05 was 
used as a level of significance.

Results. Comparing the groups revealed statistically significant differences in the methylation status of the gene 
promoter (p = 0.015). In the SCD group, the proportion of individuals whose ABCA1 gene promoter is methylated 
is statistically significantly higher compared to the control group (p = 0.020; OR = 5.86; 95% CI (1.28–26.89)).

Conclusion. Methylation of the promoter of the ABCA1 gene is associated with sudden cardiac death.

Key words: sudden cardiac death, methylation, ABCA1, promoter.
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INTRODUCTION
The term “sudden cardiac death” (SCD), according 

to the latest recommendations of the European Soci-
ety of Cardiology, is used when a fatal outcome has 
developed within 1 hour from the onset of acute symp-

Метилирование промотора гена ABCA1 и внезапная сердечная смерть
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РЕЗЮМЕ

Цель. Исследование ассоциации метилирования промотора гена ABCA1 с внезапной сердечной смертью 
(ВСС).

Материалы и методы. Дизайн исследования построен по принципу «случай – контроль». Группа ВСС 
включала 150 мужчин (средний возраст (46,7 ± 9,2) года), умерших внезапной сердечной смертью согласно 
данным судебно-медицинской экспертизы (основные патологоанатомические диагнозы – острая недоста-
точность кровообращения, острая коронарная недостаточность). Контрольная группа включает 150 мужчин 
(средний возраст (42,6 ± 1,2) года), умерших внезапно, но не вследствие сердечно-сосудистой патологии. 
ДНК выделена методом фенол-хлороформной экстракции из ткани миокарда. Оценка статуса метилирова-
ния промотора гена ABCA1 проведена методом метил-специфической полимеразной цепной реакции. По-
лученные результаты статистически обработаны в SPSS 16.0 с применением критерия Пирсона, критерия 
Фишера с поправкой Йетса на непрерывность. В качестве уровня значимости использован р < 0,05.

Результаты. При сравнении групп выявлены статистически значимые различия по статусу метилирова-
ния промотора гена ABCA1 между группами (р = 0,015). В группе ВСС доля лиц, у которых промотор  
гена ABCA1 метилирован, статистически значимо больше по сравнению с контрольной группой (p = 0,020; 
ОШ = 5,86; 95%-й доверительный интервал (1,28–26,89)).

Заключение. Метилирование промотора гена ABCA1 ассоциировано с внезапной сердечной смертью.

Ключевые слова: внезапная сердечная смерть, метилирование, ABCA1, промотор.
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toms in the case of a known fatal cardiac pathology/
found on autopsy fatal cardiac pathology/not found 
on autopsy of the causes of sudden death (sudden ar-
rhythmic death). In the absence of witnesses to death, 
the time criterion for SCD is increased to 24 hours.
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It is believed that the etiology of SCD at a young 
age is dominated by cardiac arrhythmias, cardiomyo- 
pathies, myocarditis and other more rare diseases, 
the contribution of which to the occurrence of SCD 
at the population level is small. At an older age,  
ischemic heart disease, also called coronary heart 
disease (CHD), heart failure, valvular defects, and 
secondary cardiac arrhythmias come out on top. At a 
young age, even after a high-quality forensic study, 
the cause of sudden death may remain unknown [1].

Currently, mortality due to cardiovascular diseas-
es (CVD) occupies a leading position in the structure 
of mortality in the Russian population (583.1 people 
per 100 thousand of the population per year according 
to the Federal State Statistics Service of 2018) [2]. In 
almost half of cases, SCD develops in a provisionally 
healthy person who did not have any previous mani-
festations of cardiovascular pathology. The survival 
rate of patients after an episode of SCD, even while in 
a hospital, is still low [1].

In this regard, the identification of biomarkers 
that will help determine the predisposition to the de-
velopment of SCD, especially in a patient without 
symptoms of cardiac pathology, is an important task 
of modern healthcare, since the existing clinical and 
diagnostic criteria for stratification of SCD risk play 
a significant role only for patients with already iden-
tified heart pathology, previous myocardial infarction 
and a history of sudden cardiac death. Thus, new bio-
markers are essential for early primary prevention of 
SCD development.

SCD is a multifactorial nosology, the contribu-
tion to the development of which is made by genetic 
and environmental factors. To date, a huge number 
of polymorphisms and gene mutations associated 
with SCD have been identified. However, it is still 
unclear how genes with a critical role in the patho-
genesis of SCD interact at the cellular level. It is 
not yet possible to use individual single nucleotide 
variants of genes as diagnostic markers of SCD. The 
data obtained during the study of DNA methylation 
can help to understand the mechanisms of the imple-
mentation of genetic information in the pathogenesis 
of SCD.

A number of studies have shown that the assess-
ment of methylation of individual genes, as well as 
the results of genome-wide methylation, can be used 
as diagnostic markers of the risk of developing a dis-
ease (for example, atherosclerosis, CHD), the severity 
of symptoms, and the prognosis of the course. If epi-
genetic studies of this kind are carried out for many 

CVDs, then, according to the world literature data, 
DNA methylation studies of SCD have not yet been 
carried out.

The ABCA1 gene (ATP binding cassette sub-
family A member 1, 9q31.1) encodes a protein that 
is required for the removal of cholesterol from peri- 
pheral tissues. It has been shown that gene inactiva-
tion by methylation of its promoter is associated with 
the development of coronary artery disease, which is 
the most common SCD substrate among middle-aged 
and older people [3].

Thus, the aim of the project is to study the asso-
ciation of methylation of the ABCA1 gene promoter 
with SCD.

MATERIALS AND METHODS
The study design is based on the case-control prin-

ciple. The SCD group included 150 men (mean age 
(46.7 ± 9.2) years) who died of sudden cardiac death 
according to forensic medical examination data (the 
main pathological diagnoses were acute circulatory 
failure, acute coronary insufficiency). Criteria for ex-
clusion from the group of sudden cardiac death were 
the presence of morphological changes in the heart tis-
sue characteristic of myocardial infarction and cardio-
myopathies. In addition, persons who were in a state 
of alcoholic and drug intoxication were excluded from 
the group. The control group included 150 men (mean 
age (42.6 ± 1.2) years) who died suddenly (1: 1 mat- 
ching method), but not due to cardiovascular pathol-
ogy. DNA was isolated by phenol-chloroform ex-
traction from myocardial tissue in the group of sudden 
cardiac death and in the control group.

The selection of a control group from the DNA 
bank of people who died suddenly, and the use of 
DNA isolated from myocardial tissue, both in the 
SCD group and in the control group, were dictated by 
the proven tissue-specificity of DNA methylation.

The methylation status of the ABCA1 gene promo- 
ter was assessed by methyl-specific polymerase chain 
reaction (PCR) on bisulfite-converted DNA. EZ DNA 
Methylation Kit (Zymo Research, USA) was used for 
bisulfite conversion of DNA samples. Methyl-spe-
cific PCR was carried out in two tubes: with primers 
specific for the methylated and unmethylated allele, 
according to the methods described in the study by  
H. Ghaznavi et al. [3].

The results obtained were statistically processed 
in SPSS 16.0 using Pearson’s test, Fisher’s test with 
Yates’ correction for continuity; p < 0.05 was used as 
a level of statistical significance.
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RESULTS
In the SCD group, 22% (33/150) of the ABCA1 

gene promoter is fully methylated (MM); 1.3% (2/150) 
is completely unmethylated (UU); 76.7% (115/150) 
had both methylated and unmethylated gene promot-
er (MU). In the control group, 27.3% (41/150) of the 
ABCA1 gene promoter is completely methylated; in 
7.4% (11/150) it is completely unmethylated; 65.3% 
(98/150) had both methylated and unmethylated gene 
promoters. When comparing the groups, statistical-
ly significant differences in the methylation status of 
the ABCA1 gene promoter were revealed between the 
groups (p = 0.015). In the SCD group, the proportion 
of individuals in whom the ABCA1 gene promoter is 
methylated is statistically significantly greater than in 
the control group (MM + MU vs. UU: p = 0.020; OR 
= 5.86; 95% confidence interval (1.28–26.89)).

DISCUSSION
Epigenetic changes form the boundary between 

genotype and environment. It is believed that epige- 
netic variability may significantly contribute to the de-
velopment of CVD. Over the past two decades, many 
studies have been conducted to find the link between 
DNA methylation and cardiovascular disease. DNA 
methylation is usually viewed in the context of CpG 
dinucleotide sequence (CpG sites). In mammalian so-
matic cells, most of the CpG sites are methylated. But 
CpG sites in regions of increased CpG density (CpG 
islands) are usually described as sites with reduced 
methylation. DNA methylation of the gene promoter 
is an important factor for the regulation of transcrip-
tion [4]. It is known that hypomethylation of a gene 
promoter increases its expression, while hypermethy- 
lation decreases it. It is important to note that the level 
of methylation of individual genes is tissue-specific 
[5]. The accumulated knowledge suggests that epi-
genetic changes, such as DNA methylation abnorma- 
lities, may help to find an alternative explanation for 
the pathophysiology of CVD [6].

A variety of loci have been studied for methylation 
of individual genes for each cardiovascular phenotype. 
Studies of the methylation level in SCD according to 
the available world literature have not been carried 
out. However, studies have been conducted to study 
methylation in other CVDs that underlie SCD or have 
a similar pathophysiological basis. The most studied 
nosology in relation to methylation is coronary heart 
disease and its varieties.

The ABCA1 gene (ATP binding cassette subfam-
ily A member 1, 9q31.1) encodes a transporter of 

molecules across extra- and intracellular membranes. 
Using cholesterol as a substrate, protein functions as 
an efflux pump for the reverse transport of lipids in 
cells. Gene mutations are associated with the deve- 
lopment of familial alpha-lipoprotein deficiency (hy-
poalphalipoproteinemia) and familial high-density 
lipoprotein deficiency [7]. Expression of the ABCA1 
gene has been identified as an independent predictor 
of the development of ischemic heart disease, athero- 
sclerotic plaques, including uncalcified ones [8]. 
Methylation of the ABCA1 gene promoter was iden-
tified as a significant risk factor for the development, 
but not the severity of the ischemic heart disease: the 
frequency of methylation of the promoter is higher in 
the group of people with ischemic heart disease com-
pared to the control group, as well as in the older age 
group [3]. The methylation level of the ABCA1 gene 
promoter negatively correlates with the concentration 
of high-density lipoprotein cholesterol in individu-
als with familial hypercholesterolemia. Additionally, 
methylation of the ABCA1 gene is associated with a 
history of ischemic heart disease [7].

In a pilot study, it was shown that methylation of 
the ABCA1 gene promoter can be used as a signifi-
cant biomarker for early diagnosis of atherosclerosis 
[9]. In women in Japan, an inverse relationship be-
tween methylation of the gene promoter and the level 
of high-density lipoprotein cholesterol was confirmed, 
and a relationship was found between the methylation 
level of the ABCA1 gene promoter and diet. In wo- 
men with a diet enriched with vegetables and vitamins, 
the level of gene promoter methylation is significant-
ly lower [10, 11]. Polymorphisms of the ABCA1 gene 
are associated with the level of a number of lipid me-
tabolism indicators: rs363717, rs2230806, rs4149313, 
rs9282541 – with the risk of coronary heart disease, 
rs2230808 – with the level of total cholesterol in the 
blood, rs363717, rs4149339, rs4149338 – with the 
increased levels of triglycerides in the blood. [9, 12, 
13]. The rs2230806 polymorphism is associated with 
triglyceride levels in patients with severe dyslipi- 
demia [14]. According to the meta-analysis, the level 
of high-density lipoprotein cholesterol is associated 
with the rs2246293 polymorphism [15].

According to our data, methylation of the ABCA1 
gene promoter is associated with the risk of SCD. In 
the SCD group, the proportion of individuals in whom 
the ABCA1 gene promoter is methylated is statistically 
significantly higher than in the control group. Accor- 
ding to the data of the world scientific literature, 
studies on the search for the relationship between  
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methylation of the ABCA1 gene promoter and SCD 
have not been carried out. Nevertheless, foreign stud-
ies have shown that methylation of the gene promoter 
is associated with the risk of ischemic heart disease 
and impaired lipid homeostasis. Since ischemic heart 
disease is the most common substrate for the devel-
opment of SCD in the older age group, our results 
are consistent. However, due to the small number of 
groups included in the study, additional verification of 
the identified association in groups with a larger size 
is required, with the inclusion of women in the study.

CONCLUSION
Methylation of the ABCA1 gene promoter is sta-

tistically significantly associated with sudden cardiac 
death.
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The role of recovered thiols in venous endothel adaptation in case  
of autovenous reconstruction of lower limb arteries

Kalinin R.E., Abalenikhina Yu.V., Pshennikov A.S., Vinogradov S.A.

Ryazan State Medical University 
9, Vysokovoltnaya Str., Ryazan, 390026, Russian Federation

ABSTRACT

Aim. To evaluate the role of thiol status and its correlative relationship with the level of nitric oxide metabolites and 
vascular endothelial growth factor A (VEGF-A) in the blood plasma of patients with critical lower limb ischemia 
(CLI) after autovenous reconstructions of femoropopliteal segment’s arteries in the setting of venous endothelium 
of the arterial bed.

Materials and methods. 54 patients with critical lower limb ischemia had been examined and divided into 
groups: synthetic prosthesis, in situ autovenous bypass procedure and reversed vein autovenous bypass procedure. 
Peripheral venous blood was taken on the 1st and 10th days, and in 1, 3 and 6 months after the operation. Nitric oxide 
metabolites level was examined with photocolorimetric method by reaction with Griess reagent on a microplate 
analyzer (Awareness Technology, USA). VEGF-A number estimation was done by ELISA test (PersonalLab, 
Italy) with the use of Human VEGF-A Platinum ELISA. The level of thiol (SH-) groups was estimated with the use 
of Ellman’s reagent (SERVA, Germany) on spectrophotometer (Saint-Petersburg, Russian Federation).

Results. The concentration of VEGF-A and the level of SH-groups increase on the 10th day and after 1 month in 
the group of patients operated on using a synthetic prosthesis. The level of NO metabolites, the concentration of 
VEGF-A, and the content of SH-groups increase statistically significantly and then decrease to the initial values ​​in 
the group of patients operated on by reversed vein autovenous bypass procedure. In the group of patients operated 
on by the in situ method, the level of nitric oxide metabolites increases, the concentration of VEGF-A increases on 
the 10th day, the level of SH-groups increases, and a positive correlation was found between the content of SH-
groups and the concentration of VEGF-A.

Conclusion. NO metabolites contribute to the build-up of SH groups and VEGF-A in patients operated by the 
“reversed vein” method, and in patients in the in situ group, the concentration of VEGF-A and the level of SH 
groups are not affected, which may be of clinical importance when prescribing NO donors.

The revealed patterns of change in the level of recovered thiols, nitrogen oxide metabolites, VEGF-A in combination 
with analysis of early and late postoperative complications make it possible to conclude the advantage of autovenous 
reconstruction of the femoropopliteal segment due to functional adaptation of the venous endothelium compared 
to the group of patients, operated on by the method of “synthetic prosthesis”. Method in situ on biochemical and 
angiological indicators proved to be more favorable in terms of the clinical course, than the “reversed vein” method.

Key words: nitric oxide metabolites, vascular endothelial growth factor, protein and nonprotein thiol groups, 
autovenous reconstruction of lower limbs arteries, reperfusion endothelial injury.
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Роль восстановленных тиолов в адаптации венозного эндотелия  
при аутовенозной реконструкции артерий нижних конечностей

Калинин Р.Е., Абаленихина Ю.В., Пшенников А.С., Виноградов С.А.

Рязанский государственный медицинский университет (РязГМУ) им. акад. И.П. Павлова 
Россия, 390026, г. Рязань, ул. Высоковольтная, 9

РЕЗЮМЕ

Цель. Оценить изменения тиолового статуса, выявить корреляционные связи между содержанием SH-групп 
и уровнем метаболитов оксида азота (NO), васкулоэндотелиальным фактором роста А (VEGF-А) плазмы 
крови пациентов с критической ишемией нижних конечностей (КИНК) после аутовенозных реконструкций 
артерий бедренно-подколенного сегмента в условиях артериального русла.

Материалы и методы. Обследованы 54 пациента с КИНК, которые разделены на три группы: 
шунтирование с использованием синтетического протеза, аутовенозное шунтирование по методу 
реверсированной вены и аутовенозное шунтирование по методу in situ. Забор периферической венозной 
крови производили на 1-е, 10-е сут, через 1, 3 и 6 мес после операции. Уровень метаболитов оксида 
азота оценивали фотоколориметрическим методом по реакции с реактивом Грисса на микропланшетном 
анализаторе (Awareness Technology, США). Определение концентрации VEGF-A осуществлялось путем 
иммуноферментного анализа (Personal Lab., Италия) с использованием Human VEGF-A Platinum ELISA. 
Содержания тиоловых (SH-) групп определяли с помощью реактива Эллмана (SERVA, Германия) на спек-
трофотометре СФ-2000 (г. Санкт-Петербург, Россия). 

Результаты. Концентрация VEGF-А и уровень SH-групп возрастают на 10-е сут, через 1 мес в группе 
пациентов, оперированных с использованием синтетического протеза. Уровень метаболитов NO, 
концентрация VEGF-А, содержание SH-групп статистически значимо возрастают, а затем снижаются 
до исходных значений в группе пациентов, оперированных по методу реверсированной вены. В группе 
пациентов, оперированных по методу in situ, уровень метаболитов оксида азота повышается, концентрация 
VEGF-А увеличивается на 10-е сут, уровень SH-групп возрастает и выявлена положительная корреляционная 
связь между содержанием SH-групп и концентрацией VEGF-А.

Заключение. Метаболиты NO способствуют нарастанию SH-групп и VEGF-A у пациентов, оперированных 
по методу реверсированной вены, а у пациентов в группе in situ не влияют на концентрацию VEGF-A 
и уровень SH-групп, что может иметь клиническое значение при назначении доноров NO. Выявленные 
закономерности изменения уровня восстановленных тиолов, метаболитов оксида азота, VEGF-A в 
совокупности с анализом ранних и поздних послеоперационных осложнений позволяют сделать вывод 
о преимуществе аутовенозной реконструкции бедренно-подколенного сегмента за счет функциональной 
адаптации венозного эндотелия по сравнению с группой пациентов, оперированных с использованием 
синтетического протеза. Метод in situ по биохимическим и ангиологическим показателям оказался более 
благоприятным с точки зрения клинического течения, чем метод реверсированной вены. 

Ключевые слова: метаболиты оксида азота, васкулоэндотелиальный фактор роста, белковые и небелко-
вые тиоловые группы, аутовенозная реконструкция артерий нижних конечностей, реперфузионное по-
вреждение эндотелия.
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INTRODUCTION
The use of an autovenous conduit from the great 

saphenous vein (GSV) remains an acceptable meth-
od of open reconstructive vascular surgery. Currently, 
autovenous bypass is performed using the reverse vein 
method and the in situ method. The discussion about 
the advantages and disadvantages of both methods 
has not stopped for more than half a century: will the 
transformation of the autovein take the path of adapta-
tion or maladjustment?

Published data describes a proposal on the possi-
bility of considering the concentration of SH-groups 
as an indicator of the adaptive capabilities of the or-
ganism [1]. Since the 1960s, a large number of clinical 
studies have been performed in which a decrease in 
the concentration of SH-groups in the blood serum of 
patients with various diseases was obtained: cardio-
vascular disorders [2], diabetes mellitus [3], chronic 
renal failure [4], alcoholic cirrhosis [5] and other pa-
thology [6]. The dynamics of changes in SH-groups 
against the background of autovenous reconstructions 
of the arteries of the lower extremities under condi-
tions of reperfusion damage to the endothelium may 
turn out to be a marker for predicting the adaptive 
transformation of an arterialized vein.

It is known that the most important and early 
marker of intimal damage is endothelial dysfunc-
tion associated, first of all, with the inhibition of the 
production of nitric oxide (NO), the most important 
regulator of vascular tone [7, 8]. Nitric oxide, due to 
its functions, is a universal angioprotective substance 
on which structural changes in the vascular wall de-
pend [9, 10]. It has been proven that NO helps to slow 
down the formation of neointima in the area of ​​sur-
gical anastomoses of an artery with a synthetic pros-
thesis in patients after surgery [11], therefore, it was 
suggested that treatment with drugs that stimulate 
the production of NO may have an inhibitory effect 
on the development of restenosis after surgery [12], 
acting as one of the mechanisms of long-term com-
pensation of blood circulation. Since NO is a “short-
lived” molecule, many of its protective properties are 
associated not only with direct action, but also with 
the endogenous protective systems activated by it, in 

Для цитирования: Калинин Р.Е., Абаленихина Ю.В., Пшенников А.С., Виноградов С.А. Роль восстанов-
ленных тиолов в адаптации венозного эндотелия при аутовенозной реконструкции артерий нижних ко-
нечностей. Бюллетень сибирской медицины. 2020; 19 (4): 86–93. https://doi.org/10.20538/1682-0363-2020-4- 
86-93.

__________________________

particular with the activation of vasculoendothelial 
growth factor (VEGF) [13].

In this regard, it is relevant to study the thiol sta-
tus and identify correlations between the content of 
SH-groups and the level of metabolites of nitric oxide,  
VEGF-A in blood plasma in combination with the 
analysis of early and late complications in patients 
with critical lower limb ischemia (CLI) after autove-
nous reconstruction of the arteries of the femoral-pop-
liteal segment to assess the degree of adaptation of the 
venous endothelium in the settings of the arterial bed.

MATERIALS AND METHODS 

The study included 54 patients with CLI (III–IV 
stage according to the Pokrovskiy – Fontaine clas-
sification), of whom there were 48 men (88.9%) and 
6 women (11.1%). The average age was (64.6 ± 6.6) 
years. All patients gave informed consent to participate 
in the study and to use their bioassay. The patients were 
divided into three groups depending on the type of graft 
used for revascularization of the arteries of the femo-
ral-popliteal segment: group A – synthetic prosthesis, 
group B – reversed vein and group C – in situ autove-
nous bypass grafting. Conical prostheses made of 4/8 
mm polytetrafluoroethylene were used as a synthetic 
graft in all cases. In patients with autovenous revascu-
larization, the ipsilateral great saphenous vein was used 
in all cases. Clinical groups were matched by gender, 
age, stage of the disease, comorbidity, initial minimum 
diameter of GSV, Rutherford outflow score (Table 1). 

Post-operative peripheral venous blood withdraw-
al for evaluation of the examined biochemical indica-
tors had been done on days 1 and 10, and on months 
1, 3 and 6. 

The level of nitric oxide metabolites (the total con-
centration of nitrates and nitrites) was determined by 
the photocolorimetric method by the development of 
color in the diazotization reaction with sulfanilamide 
nitrate, which is part of the Griess reagent (NevaReak-
tiv, Russia). Nitrites diazotize sulfanilamide, and the 
resulting substance reacts with azo coupling with naph-
thylethylenediamine to form a pink compound, the col-
or intensity of which is proportional to the total concen-
tration of nitrites and nitrates in the sample [14]. 
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The color intensity was assessed in the visible spec-
tral region with registration on a StatFax 3200 micro-
plate analyzer (Awareness Technology, USA) at a wave-
length of 540 nm and expressed in nmol/mg protein.

Determination of the active form of human vascu-
loendothelial growth factor A (VEGF-A) was carried 
out by enzyme immunoassay on Personal Lab units 
(Italy) using Human VEGF-A Platinum ELISA hu-
man VEGF-A (BMS277/2) (BioChimMac, Moscow, 
Russia). The intensity of the color measured at 450 
nm is directly proportional to the concentration of 
VEGF-A present in the samples. The VEGF-A con-
centration in the samples was determined using a stan-
dard curve and expressed in pg/ml.

The level of intracellular and extracellular reduc-
ing agents was assessed by the change in the content 
of thiol (SH-) groups, which were determined using 
Ellman’s reagent on an SF-2000 spectrophotometer 
(St. Petersburg, Russia) [15]. The reaction of sulf-
hydryl (thiol) groups with Ellman’s reagent (5,5’- 
dithiobis-2-nitrobenzoic acid, SERVA, Germany) 
breaks the disulfide bond in the reagent and forms 
2-nitro-5-thiobenzoic acid, which at alkaline pH in 
water turns into a quinoid form and has a bright yellow 
color. The resulting thionitrophilic anion is quantified 
on a spectrophotometer at 412 nm. To calculate the 
level of reduced thiols in blood plasma (in μmol/ml),  
the molar extinction coefficient of the Ellman reagent 
was taken as 14150 M–1 cm–1.

The statistical analysis of the results of the experimen-
tal study was carried out using the Statistica 10.0 pro-

gram. The normal distribution of data was checked using 
the Shapiro – Wilk test (W test). The results were presen- 
ted as Ме [Q 1 ; Q 3 ], where Ме is the median, Q 1 is the 
first quartile (25%), Q 3  is the third quartile (75%), arith-
metic mean and its error M ± m. To analyze the statistical 
significance of differences between independent sam-
ples, the Mann – Whitney rank test (U test) was used. To 
check the equality of the medians of several samples, the 
Kruskall – Wallis test was used. Spearman’s coefficient  
(R) was used to assess the rank correlation. The critical 
level of statistical significance of the differences in the 
null hypothesis (p) was taken equal to 0.05.

RESULTS AND DISCUSSION
NO metabolites level does not change significantly 

in Group A and increases in post-operation period in 
groups B and C. 

In groups B and C NO metabolites level signifi-
cantly grows on days 1 and 10, in the period from 
month 1 to month 6 NO level is stable but statistically 
higher than before operations (Fig. 1).

Any operative intervention on arteries leads to en-
dothelium damage which causes inflammation with 
adhesion and thrombocyte aggregation, proliferation 
and migration of smooth muscle cells into intima. 
Endothelium damage induces production of NO syn-
thase-2 (NOS-2) in smooth muscle cells and endothe-
lium [16, 17], which can explain the results reached 
in groups B and C. Venous conduit from great saphe-
nous vein has functional endothelial lining and reacts 
on local and systemic molecular and hemodynamic 
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T a b l e  1
Clinical characteristics of study groups

Parameter, unit of measure Group A Group В Group С
Number of patients, n 18 18 18
Age, years 64.15 ± 6.5 64.9 ± 6.5 65.6 ± 6.9
Male, n (%) 16 (88.9 %) 16 (88.9 %) 16 (88.9 %)
Female, n (%) 2 (11.1 %) 2 (11.1 %) 2 (11.1 %)

Disease state on Pokrovskiy – Fontaine classification
Stage III, n (%) 11 (61.1 %) 10 (55.6 %) 11 (61.1 %)
Stage IV, n (%) 7 (38.9 %) 8 (44.4 %) 7 (38.9 %)

Comorbidities
Ischemic Heart disease, n (%) 12 (66.7%) 11 (61.1%) 14 (77.8%)
Hypertensive disease, n (%) 15 (83.3%) 16 (88.9%) 18 (100%)
Cerebrovascular diseases, n (%) 4 (22.2%) 3 (16.7%) 5 (27.8%)

Base Anatomic-Morphological Characteristics
Great saphenous vein diameter on ultrasound duplex scanning, mm - 3.5 ± 0.6 3.7 ± 0.7
Condition of outflow tract on Rutherford, points 6.1 ± 1.1 6.7 ± 1.4 6.5 ± 1.6

Type of reconstruction of infrainguinal segment arteries
Method Synthetic Prosthesis Reversed vein in situ
Above knee joint cleft 13 (72.2 %) 10 (55.6 %) 13 (72.2 %)
Below knee joint cleft 5 (27.8 %) 8 (44.4 %) 5 (27.8 %)
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stimulants and regulates vascular tone and homeosta-
sis which is not the case of synthetic prosthesis due 
to absence of endothelium in it and that is why NO 
metabolites level does not change in group A (Fig. 1). 

Along with changes in the level of nitric oxide me-
tabolites, vascular endothelial growth factor VEGF 

is one of the well-studied indicators of angiogenesis, 
indicating the severity of the lesion [18]. It has been 
proven that VEGF ensures normal growth and devel-
opment of the body, wound healing. However, high 
levels of VEGF were found in the development of 
cancerous tumors and rheumatoid arthritis [19].

Fig. 2. Concentration of VEGF-A’s active form in blood plasma of patients with critical lower limb ischemia before and after 
femoropopliteal segment arteries reconstruction, Ме [Q1; Q3], pg/ml: * significant differences in data between pre-operation and 

post-operation (p < 0.05)
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Fig. 1. NO metabolites level in blood plasma of patients with critical lower limb ischemia before and after femoropopliteal segment 
arteries reconstruction, Ме [Q1; Q3]: * significant differences in data between pre-operation and post-operation (p < 0.05)
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The concentration of the active form of human 
VEGF-A in experimental group A increases statis-
tically significantly from the 1st day to 6 months, 
reaching a maximum on the 10th day. In experimental 
group B, the amount of VEGF-A statistically signifi-
cantly increased after 1 month relative to the values ​​
before surgery. In group C, it statistically significantly 
increases on the 10th day after surgery and decreases 

in the period from 1 to 6 months relative to the values ​​
before surgery.

It is known that the survival rate of patients with 
a high level of VEGF is significantly lower than that 
of patients with a low expression of VEGF-A [18], 
therefore, the results obtained indicate a positive trend 
in autovenous bypass grafting using the in situ tech-
nique.
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After surgery, the restoration of the body is ac-
companied by adaptation to new conditions. Cur-
rently, thiol-containing compounds (molecules con-
taining-SH groups) are considered not only as a new 
marker of oxidative stress, but also as an indicator of 
homeostasis and adaptation under pathophysiological 
conditions [20]. 

The level of reduced thiols in the blood plasma of 
patients in groups A and B increases on the 10th day and 

after 1 month, and in group C it statistically significantly 
increases from the 10th day to the 6th month (Fig. 3).

The degree of adaptation directly depends on the 
concentration of thiols: the higher the degree of adap-
tation, the higher the level of SH-groups in the blood 
serum. It follows from this that the functional adap-
tation of the venous endothelium is higher in patients 
operated on by the in situ method, compared with the 
reverse vein method.

Thiols are able to form reversible mixed disulfide 
bonds between protein and low molecular weight SH 
groups. The results obtained in group C indicate that 
oxidative stress decreases, disulfide bonds are restored 
to thiol groups, and thiol-disulfide homeostasis is 
maintained, and the body’s resistance to reconstruc-
tive surgery increases. Abnormalities in thiol-disulfide 
homeostasis can play an essential role as a biomarker 

in the development of pathophysiological conditions. 
In patients in groups A and B, after mobilization of 
the body’s defense reactions, which are expressed in 
an increase in the level of thiols, their decrease to the 
initial level is observed, which indicates adaptation or 
compensation without depletion.

The obtained biochemical results confirm the  
clinical observations given in Table. 2.
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Fig. 3. Reduced thiols level in blood plasma of patients with critical lower limb ischemia before and after femoropopliteal segment 
arteries reconstruction, Ме [Q1; Q3], μmol/ml: * significant differences in data between pre-operation and post-operation (p < 0.05)
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T a b l e  2

Clinical characteristics of early and late complications of patients in the study groups
Group А Group B Group C

Short-term results (up to 30 days)
Thrombosis, n (%) 2 (10%) 2 (10%) 1 (4.5%)
First-time passableness, % 90 90 95.5
Second-time passableness, % 90 95 100
Limb salvage,% 90 95 95.5
Major amputations, n (%) 2 (10%) 1 (5%) 1 (4.5%)
Minor amputations, n (%) 1 (5%) 5 (25%) 2 (9%)

Long-term results (6 months)
Thrombosis, n (%) 4 (20%) 3 (15%) 1 (4.5%)
First-time passableness, % 70 75 91
Second-time passableness, % 75 80 95.5
Limb salvage,% 80 85 95.5
Major amputations, n (%) 2 (10%) 2 (10%) 0
Minor amputations, n (%) 1 (5%) 1 (5%) 1 (4.5%)
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From the perspective of early and late postopera-
tive complications, patients in group C have a more 
favorable clinical picture, as indicated by a high per-
centage of primary and secondary patency of bypasses, 
a decrease in mortality, and an increase in the degree 
of limb preservation. The most unfavorable postopera-
tive period according to the list of declared angiologi-
cal signs is in patients in group A (see Table 2).

Interestingly, in terms of biochemical parameters 
in group B, positive correlations were revealed: the 

higher the level of nitric oxide metabolites, the high-
er the number of VEGF-A and SH-groups. Patients 
of group C showed a positive correlation between the 
amount of VEGF-A and free thiols, regardless of the 
level of nitric oxide metabolites (Table 3). Thus, in 
group B, NO metabolites promote the growth of SH-
groups and VEGF-A, and in group C, they do not af-
fect the concentration of VEGF-A and the level of SH-
groups, which may be of clinical significance when 
assigning NO donors. 

CONCLUSION
The obtained patterns of changes in the level of 

reduced thiols, nitric oxide metabolites, VEGF-A in 
patients with CLI indicate adaptation of the venous 
endothelium in the settings of the arterial bed during 
autovenous reconstruction of the femoropopliteal seg-
ment in comparison with the group of patients opera- 
ted on using a synthetic prosthesis, which is confirmed 
by the analysis of early and late postoperative compli-
cations. The in situ method demonstrates the devel-
opment of a more favorable clinical picture in terms 
of biochemical and angiological parameters than the 
reverse vein method.

REFERENCES
1.	 Zemtsova I., Stankevich L. The role of thiolic compounds in 

oxidative homeostasis maintenance in the process of athlet-
ic preparation. Science in Olympic Sport. 2015; 2: 37–44 (in 
Russ.). 

2.	 Mangoni A.A.,  Zinellu A.,  Carru C.,  Attia J.R.,  McEv-
oy M. Serum thiols and cardiovascular risk scores: a com-
bined assessment of transsulfuration pathway components 
and substrate/product ratios. J. Transl. Med. 2013; 11: 99. 
DOI: 10.1186/1479-5876-11-99.

3.	 Emmelien E.M., Pasch A., Feelisch M., Waanders F.,  Hendriks 
S.H., Mencke R.,  Harms G., Groenier K.H., Bilo H.J.G., Hil-
lebrands J.-L., Goor H.,  Dijk P.R. Serum free thiol sin type 2 
diabetes mellitus: A prospective study. J. Clin. Transl. Endo-
crinol. 2019; 16: 100182. DOI: 10.1016/j.jcte.2019.100182.

4.	 Otal Y., Şener A., Demircan S., Alisik M. Acute renal fail-
ure and thiol-disulfide homeostasis. J. Nephrol. Ther., 2018; 8: 
312. DOI: 10.4172/2161-0959.1000312.

5.	 Mungli P., Jeevan K., Sudeshna T. Serum total thiol status in 
alcohol abusers. Asian Journal of Biochemistry. 2008; 34 (1): 
8–51. DOI: 10.3923/ajb.2008.48.51.

6.	 Rodosskaia N.K.,  Chernousova G.M. Immune system and 
thiols: some peculiarities of thiolexchange. Compimmunol. 
Microbiol. Infect. 2010; 33 (1): 65–71. DOI: 10.1016/j.cim-
id.2008.08.001.

7.	 Deanfield J.E., Halcox J.P., Rabelink T.J. Endothelial function 
and dysfunction: testing and clinical relevance. Сirculation. 
2007; 115 (10): 1285–1295. DOI:  10.1161/CIRCULATION-
AHA.106.652859.

8.	 Morin F.C., Beierwaltes W.H., Solhaug M., Feld L.G.,  
Waz W.R. Nitric oxide: from molecular biology to clinical ne-
phrology. Pediatr. Nephrol. 1998; 12 (6): 504–511.

9.	 Pokrovsky V.I., Vinogradov N.A. Nitric oxide, its physiolog-
ical and pathophysiological properties. Therapeutic Archive. 
2005; 77 (1): 82–87 (in Russ.). 

10.	Piterková J., Luhová L., Mieslerová B., Lebeda A., Petřival-
ský M. Nitric oxide and reactive oxygen species regulate the 
accumulation of  heat shock proteins  in tomato leaves in re-
sponse to heat shock and pathogen infection. Plant Sci. 2013; 
207: 57–65. DOI: 10.1016/j.plantsci.2013.02.010. 

11.	Kalinin R.E., Suchkov I.A., Nikiforov A.A., Pshennikov A.S.  
Dynamics of some biochemical parameters in patients with 
obliterating atherosclerosis of the arteries of the lower ex-
tremities at different times after reconstructive operations. 
I.P. Pavlov Russian Medical Biological Herald. 2012; 20 (1): 
42–45 (in Russ.). 

12.	Suchkov I.A., Pshennikov A.S., Gerasimov A.A., Agapov A.B.,  
Kamaev A.A. Prevention of restenosis in reconstructive sur-
gery of the great arteries. Science of the Young – Eruditio Ju-
venium. 2013; 2: 12–19 (in Russ.). 

13.	Dulak J.   Józkowicz A.,  Dembinska-Kiec A., Guevara I., 
Zdzienicka A., Zmudzinska-Grochot D., Florek I., Wójtowicz A.,  
Szuba A., Cooke J.P. Nitric oxide induces the synthesis of 
vascular endothelial growth factor by rat vascular smooth 
muscle cells. Arterioscler. Thromb. Vasc.  Biol. 2000; 20 (3): 
659–666. DOI: 10.1161/01.atv.20.3.659.

14.	Metelskaya V.A., Gumanova N.G. Screening method for de-
termining the level of nitric oxide metabolites in blood serum. 

Bulletin of Siberian Medicine. 2020; 19 (4): 86–93

T a b l e  3

Correlation ratio (R) between NO metabolites level, VEGF-A, SH-groups of patients in pre-operation and post-operation periods
Group А Group В Group С

NO metabolites/VEGF-A R = 0.1; р > 0.05 R = 0.47; р < 0.01 R = 0.15; р > 0.05
NO metabolites/SH-groups R = 0.15; р > 0.05 R = 0.48; р < 0.01 R = 0.065; р > 0.05
VEGF-A/SH-groups R = 0.40; р < 0.01 R = 0.35; р < 0.01 R = 0.41; р < 0.01

Kalinin R.E., Abalenikhina Yu.V., Pshennikov A.S. et al. The role of recovered thiols in venous endothel adaptation in case



93

Original  articles

Russian Clinical Laboratory Diagnostics. 2005; 6: 15–18 (in 
Russ.). 

15.	Hu M.L. Measurements of protein thiol groups and glutathi-
one in plasma. Methods Enzymology. 1994; 233: 381–385.

16.	Vorobiev R.I. On the study of endothelial function in cardio-
vascular diseases. Cardiovascular Therapy and Prevention 
(appendix). 2006; 5 (6): 76–77 (in Russ.). 

17.	Kuryanov P.S., Razuvaev A.S., Vavilov V.N. Intimal hyper-
plasia in the area of the vascular anastomosis. Angiology and 
Vascular Surgery. 2008; 14 (4): 146–151 (in Russ.). 

18.	Svetozarsky N.L., Artifeksova A.A., Svetozarsky S.N. Vascu-
lar endothelial growth factor: biological properties and practi-

cal significance. Journal of Siberian Medical Sciences. 2015; 
5: 24 (in Russ.). 

19.	Gershtein E.S., Kushlinsky D.N., Adamyan L.V., Ognerubov 
N.A. Vascular endothelial growth factor is a clinically signifi-
cant indicator in malignant neoplasms. Tomsk State University 
Journal. 2014; 19 (1): 10–20 (in Russ.). 

20.	Asoğlu M., Kiliçaslan F., Beginoğlu Ö., Fedai Ü., Akil Ö.,  
Çelik H., Büyükaslan H. Thiol/disulphide homeosta-
sis as a new oxidative stress marker in untreated pa-
tients with generalized anxiety disorder. Anatolian Jour-
nal of Psychiatry. 2018; 19 (2): 143–149. DOI: 10.5455/ 
apd.261956.

__________________________

Authors contribution
Kalinin R.E. – verification of the manuscript, critical revision of the manuscript for important intellectual content, final approval of the 

manuscript for publication. Abalenikhina Yu.V., Pshennikov A.S., Vinogradov S.A. – conception and design of the study, analysis and 
interpretation of data, drafting of the article. Abalenikhina Yu.V. – carrying out of biochemical tests. Pshennikov A.S., Vinogradov S.A. –  
supervision of patients in the Department of Vascular Surgery of the Regional Clinical Hospital of Ryazan, treatment and surgical correction 
of the magistral blood flow, sampling of biological material from patients.

__________________________

Authors information 
Kalinin Roman E., Dr. Sci. (Med.), Professor, Rector, Head of the Department of Cardiovascular, Endovascular, Operative Surgery 

and Topographic Anatomy, Ryazan State Medical University, Ryazan, Russian Federation. ORCID 0000-0002-0817-9573.
Abalenikhina Yulia V., Cand. Sci. (Biology), Associate Professor, Department of Biological Chemistry, Ryazan State Medical 

University, Ryazan, Russian Federation. ORCID 0000-0003-0427-0967.
Pshennikov Alexander S., Dr. Sci. (Med.),  Associate Professor, Dean of the General Medicine Faculty, Professor of the Department 

of Cardiovascular, Endovascular, Operative Surgery and Topographic Anatomy, Ryazan State Medical University, Ryazan, Russian 
Federation. ORCID 0000-0002-1687-332X.

Vinogradov Sergey A., Post-Graduate Student, Department of Cardiovascular, Endovascular, Operative Surgery and Topographic 
Anatomy, Ryazan State Medical University, Ryazan, Russian Federation. ORCID 0000-0001-8547-4798.

(*)  Kalinin Roman E., e-mail: rzgmu@rzgmu.ru.

Received 06.09.2019
Accepted 25.12.2019

Бюллетень сибирской медицины. 2020; 19 (4): 86–93



94

ORIGINAL  ARTICLES

УДК 616.5-006.81:577.175.82
https://doi.org/10.20538/1682-0363-2020-4-94-101

Does change in neurotransmitter brain status affect the growth  
of transplantable melanoma?

Kit O.I., Frantsiyants E.M., Bandovkina V.A., Kaplieva I.V., Surikova E.I., Trepitaki L.K., 
Cheryarina N.D., Kotieva I.M.

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

ABSTRACT

Aim. To study the influence of the features of aminergic brain status on the development of B16/F10 melanoma in 
mice with urokinase gene knockout and chronic neurogenic pain (CNP).

Materials and methods. The study included female (n = 68) С57ВL/6 mice with the normal urokinase gene (+uPA) 
and C57BL/6-PlautmI.IBug-This Plau6FDhu/GFDhu mice with urokinase gene knockout (–uPA). The model of 
CNP was created in the animals, and in 14 days B16/F10 melanoma was transplanted. The mice were euthanized 
21 days after the transplantation. Levels of adrenaline (A), noradrenaline (NA), dopamine (DA), histamine (H), 
serotonin (5HT), 5-hydroxyindoleacetic acid (5HIAA) were determined in the brain using standard ELISA test 
systems (Cusabio, China).

Results. CNP in (+uPA) females resulted in the reduction of almost all studied biogenic amines (BA). On the 
opposite, (–uPA) females showed an increase in NA, DA, 5HT and a decrease of H. 5HIAA increased in both CNP 
and gene knockout. 5HT in (+uPA) females with CNP decreased, while its physiological level in gene knockout 
mice was maintained. After 3 weeks of tumor growth in animals with CNP, (+uPA) mice demonstrated increased 
levels of studied BA (except for 5HIAA) compared to mice with CNP alone. Only H increase was observed in  
(–uPA) mice from the similar group.

Conclusion. CNP in mice inhibited A-, NA-, H- and 5HT-ergic systems of the brain; the opposite effects were 
registered in urokinase gene knockout, except for the H-ergic system. Combination of CNP and melanoma in 
(+uPA) female mice activated all studied BA systems, and in (–uPA) females – H-ergic system only. Different 
stressful effects, CNP, and genetic disorders (urokinase gene knockout) contributed to changes in the brain BA 
system functions, leading to the activation of pro- or antitumor mechanisms.

Key words: B16/F10 melanoma, melanoma course, chronic neurogenic pain, uPA urokinase gene knockout, mice, 
brain, biogenic amines.
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INTRODUCTION 
The brain encloses a unique microenvironment 

which supports physiological homeostasis and re-
sponds to pathological changes, including cancer [1]. 
Skin cells that perceive both external and internal 
changes and participate in the regulation of the ho-

Оказывает ли влияние изменение нейротрансмиттерного статуса мозга 
на рост перевивной меланомы?

Кит О.И., Франциянц Е.М., Бандовкина В.А., Каплиева И.В., Сурикова Е.И.,  
Трепитаки Л.К., Черярина Н.Д., Котиева И.М. 

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

РЕЗЮМЕ

Цель. Изучить влияние особенностей аминергического статуса головного мозга у мышей при нокауте гена 
урокиназы и хронической нейрогенной боли (ХНБ) на развитие меланомы В16/F10.

Материалы и методы. Работа выполнена на самках мышей (n = 68) С57ВL/6 – с полноценным геном 
урокиназы (+uPA) и C57BL/6-PlautmI.IBug-This Plau6FDhu/GFDhu – с нокаутом гена урокиназы (–uPA). 
Животным моделировали состояние ХНБ, через 14 сут подкожно перевивали меланому В16/F10. Забой 
производили через 21 сут после перевивки. В головном мозге определяли содержание адреналина (А), 
норадреналина (НА), дофамина (ДА), гистамина (Г), серотонина (5НТ), 5-оксииндолуксусной кислоты 
(5ОИУК) с помощью иммуноферментных стандартных тест-систем (Cusabio, Китай).

Результаты. У самок (+uPA) ХНБ приводила к снижению содержания практически всех исследованных 
биогенных аминов (БА). У самок (–uPA), напротив, отмечался рост концентрации НА, ДА, 5НТ и снижение 
Г. Обнаружено увеличение уровня 5ОИУК при ХНБ и нокауте. У самок (+uPA) с ХНБ снижался уровень 
5НТ, но сохранялось его физиологическое содержание у мышей с нокаутом. Через 3 нед роста опухоли на 
фоне ХНБ у мышей (+uPA) обнаружено увеличение уровня всех изученных БА, кроме 5ОИУК, по срав-
нению с уровнем у мышей только с ХНБ. У мышей (–uPA) в аналогичной группе было увеличение только 
гистамина.

Заключение. ХНБ приводила к угнетению А-, НА-, Г-, 5НТ-ергических систем мозга мышей, а при нокауте 
гена урокиназы наблюдались противоположные эффекты, за исключением Г-ергической системы. Сочета-
ние ХНБ и меланомы у самок мышей (+uPA) приводило к активации всех изученных систем БА, а у самок 
(–uPA) –  только Г-ергической системы. Стрессорное воздействие – ХНБ, генетическое нарушение (нокаут 
гена урокиназы), способствовали изменению функционирования систем БА мозга, разнонаправленно вли-
яя на противоопухолевые механизмы.

Ключевые слова: меланома, хроническая нейрогенная боль, нокаут гена урокиназы uPA, мыши, головной 
мозг, биогенные амины.
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meostasis in the body are able to influence systemic 
regulators, and particularly the neuroamine status of 
the brain [2]. The close connection between skin cells 
and brain neurons is confirmed by studies in some 
neurodegenerative diseases, in particular, Parkinson 
disease [3], and mental disorders which are often 
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combined with chronic skin diseases and melanoma 
[4, 5]. Multifunctional biogenic amines modulate the 
response of the central regulatory system to various 
internal and external impacts and participate in the 
body response to stress, playing a crucial role in main-
taining homeostasis [6]. 

A number of studies have shown that stress can 
retard tumor growth through the action of neuroami- 
nes on the hypothalamus and immune system [7]. 
Scattered experimental data show the role of biogen-
ic amines of the brain in antitumor protection [8, 9]. 
With acute and chronic stress, there is a change of the 
level of histamine in the brain, which regulates the se-
cretion of hormones of the hypothalamus, the anterior 
pituitary gland, modulates the effect of certain trans-
mitters [10], and plays an important role in multiple 
diseases of the central nervous system [11]. Comorbid 
diseases associated with tumor growth are connected 
with differences in treatment, clinical management, 
prognosis, survival, cancer progression, and can also 
cause a higher risk of complications and lower quality 
of life. 

Moreover, despite the importance of taking comor-
bid diseases into account, there is not enough attention 
to the relation between melanoma and concomitant 
pathology [12]. While the effect of chronic neuroge- 
nic pain (CNP) on the transmitter status of the brain 
is beyond dispute [13, 14], the connection between 
the urokinase gene knockout and the balance of brain 
biogenic amines is not so obvious. There are expe- 
rimental data on the significant role of plasminogen 
activators in the processes of the brain recovery after 
ischemic lesion [15]. Models of animals with neural 
lesion that causes chronic neuropathic pain and ani-
mals with a modified genotype allow studying mul- 
tiple changes that occur in the main regulatory sys-
tems, as well as their possible impact on the tumor 
process development.

The aim of this work was to study the influence 
of characteristics of the aminergic status in the mice 
brain at the urokinase gene knockout and chronic neu-
rogenic pain on the development of the B16/F10 mel-
anoma.

MATERIALS AND METHODS
The work was performed on female mice (n = 68). 

All animals were kept under natural light conditions 
with free access to water and food. The studies were 
carried out according to the requirements and condi-
tions set out in the International Guiding Principles 
for Biomedical Research Involving Animals and the 

Order of the Ministry of Health of the Russian Federa-
tion No. 267 of 19.06.03 “On the approval of laborato-
ry practice rules”. The mice of the C57BL/6 line with 
a full urokinase gene (+uPA), n = 34, were obtained 
from Scientific Center for Biomedical Tech- nolo-
gies of Andreevka of the Federal Biomedical Agency.  
Animals of the C57BL/6-PlautmI.IBug-This Plau6F-
Dhu/GFDhu line with urokinase gene knockout  
(–uPA) (target mutation with production of a protein 
being unable to bind to the urokinase-type plasmino-
gen activator receptor), n = 34, were obtained from the 
Laboratory Animal Breeding Station of “Pushchino”.

The animals were divided into 8 groups: intact 
(+uPA) females (n = 7); (+uPA) females with CNP  
(n = 9); intact (–uPA) females (n = 7), (–uPA) females 
with CNP (n = 9); (+uPA) females with melanoma  
(n = 9); (+uPA) females with CNP and melanoma  
(n = 9); (–uPA) females with melanoma (n = 9);  
(–uPA) females with CNP and melanoma (n = 9).

The modeling of CNP by ligation of the sciatic 
nerve from both sides, the procedure for subcutane-
ous transplantation of the B16/F10 melanoma into the 
right subscapular region, the course of the experiment 
and the preparation of 10% of cytosolic fractions have 
been described before [13]. For this work, we used 
the B16/F10 murine melanoma obtained from the Re-
search Center for Oncology named after N.N. Blokhin 
of the Ministry of Health of the Russian Federation. 
The tumor proliferative pool was 71.6%. The materi-
al for transplantation of the B16/F10 melanoma was 
obtained from (+uPA) donor mice of the C57BL/6 
line, second passage, on days 12-16 of tumors deve- 
lopment. The animals with tumors were euthanized  
21 days after the melanoma transplantation. The 10% 
cytosolic fractions were obtained from the isolated 
brain and prepared on 0.1 M potassium phosphate buf-
fer pH 7.4 containing 0.1% Tween-20 and 1% BSA; 
all manipulations were performed on ice. The content 
of biogenic amines — adrenaline (A), noradrena-
line (NA), dopamine (DA), histamine (H), serotonin 
(5HT), 5-hydroxyindoleacetic acid (5HIAA), was 
determined using standard ELISA test systems (Cus-
abio, China).

The statistical processing of the material was car-
ried out using the Statistica 10.0 software; mean val-
ues and standard errors (M ± m) were determined. The 
significance of differences in average values was eval-
uated using the Mann – Whitney U-test and Student’s 
t-test (after checking for normal distribution using the 
Shapiro – Wilk test). The differences were considered 
significant at p < 0.05.
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RESULTS
First, there was a study of the effect of CNP, uroki-

nase knockout and their combination on the content of 
biogenic amines in the female mice brain. The results 
of the study of biogenic amines in the brain of (+uPA) 
females with CNP showed a decrease in the levels of 
adrenaline by 2.4 times, of noradrenaline by 2.3 times, 
of histamine by 2.1 times and serotonin by 1.9 times 
(p < 0.05) against the background of an increase in 
5HIAA by 3.3 times, compared with the indicators of 
intact (+uPA) females (Table 1). The dopamine con-
tent in the brain of (+uPA) females did not change un-
der the influence of CNP, but there was an increase of 
the DA/NA ratio by 2.3 times and a decrease of the 
(p < 0.05) A/5HT ratio by 1.3 times as well as of the 
5НТ/5HIAA ratio by 4.8 times. 

The urokinase gene knockout in female mice had 
no effect on adrenaline and serotonin levels in the 
brain, with an increase of the noradrenaline level by 
3.2 times, dopamine level by 2.9 times, and 5HIAA 
level by 2.0 times, but the histamine content was 
decreased by 2.1 times (Table 1). As a result, the 
5НТ/5HIAA ratio coefficient decreased by 2.5 times, 
the ratio of DA/NA and А/5НТ did not differ from 
indicators of intact (+uPA) females.

Modeling of CNP in (–uPA) females resulted in a 
decrease in the brain level of NA and DA by 1.5 times  
compared to (–uPA) females without pain (p < 0.05), 
however, relative to (+uPA) females, both intact 
and having the CNP background, the concentration 
of these neurotransmitters was higher: NA by 1.7 
times and 4 times, respectively, and DA by 2 times  
(p < 0.05). 

In (–uPA) females, CNP caused a decrease in his-
tamine by 1.8 times compared with intact (–uPA) and 
(+uPA) animals (p < 0.05), without statistically sig-
nificant differences compared with (+uPA) females 
with CNP. At the same time, there was an increase 
in serotonin content by an average of 3 times com-
pared with intact (–uPA) and (+uPA) animals and  
5.2 times compared with (+uPA) females with CNP  
(p < 0.05). Modeling of CNP in (–uPA) mice resulted 
in an increase of the brain concentration of 5HIAA 
by 1.7 times and 1.3 times (p < 0.05) compared with 
(–uPA) and (+uPA) intact animals, respectively, while 
there were no significant differences compared to 
(+uPA) females with CNP. As a result, the A/5HT ra-
tio in the brain decreased by more than 3.4 times and 
2.8 times compared to intact (–uPA) and (+uPA) fe-
males and 2.1 times compared to (+uPA) females with 

CNP, and the ratio between serotonin and its 5HIAA 
metabolite did not differ from (+uPA) intact animals, 
but was 2.2 times higher than the one of (–uPA) intact 
animals and 4 times higher than the one of (+uPA) fe-
males with CNP. The DA/NA coefficient in the brain 
of (–uPA) females with CNP did not have significant 
differences from (–uPA) and (+uPA) of intact ani-
mals, but it turned out to be 2 times lower than that of 
(+uPA) females with CNP.

The urokinase gene knockout and CNP contributed 
to a change in the biogenic status of the brain in dif-
ferent directions. If in (+uPA) females, CNP caused 
a decrease in the A and NA level, then the urokinase 
gene knockout, on the contrary, resulted in an increase 
in the NA and DA content, but did not affect the A 
value. The development of CNP in (–uPA) females 
was accompanied by a decrease not only in the brain 
level of NA, like in (+uPA) females with the CNP 
background, but also in the level of DA; however, the 
levels of these catecholamines remained significantly 
higher than in females with a normal genome, both 
with and without CNP.

Only in (–uPA) females, the A/5HT ratio in the 
brain was higher than the one in (+uPA) females; CNP 
reduced the A/5HT ratio both independently and in 
combination with knockout. It should be noted that in 
females, any of the exerted effects – CNP, urokinase 
gene knockout, alone or in combination with CNP, re-
sulted in an increase in the brain level of 5HIAA, a 
serotonin metabolite, as well as in a decrease in the 
histamine concentration.

Previously, we found that CNP in mice with a nor-
mal genome had a stimulating effect on the develop-
ment of transplanted melanoma, which was expressed 
in a decrease in life expectancy and latent period, as 
well as in more active metastatic spreading to non-spe-
cific sites against the background of a smaller tumor 
volume [13]. The development of transplanted mela-
noma in mice with the uPA gene knockout was cha- 
racterized by smaller tumor volumes and the absence 
of metastatic spreading after 3 weeks, against the back-
ground of the absence of differences in life expectancy 
and latent period. In female mice with the urokinase 
gene knockout and CNP with transplanted melano-
ma, a shorter life expectancy was observed, which is 
characteristic of animals with CNP and tumor growth, 
however, there was a larger latent period [16].

Taking into account the multidirectional changes 
in the neurotransmitter status of the brain in female 
mice under the influence of CNP and the urokinase 
gene knockout, as well as differences in the course 
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of malignant process, the content of biogenic amines 
in the brain was studied in female mice with CNP, 
the urokinase gene knockout and their combination 
after 3 weeks of growth of transplanted melanoma  
B16/F10.

As a control, the level of biogenic amines in (+uPA) 
female mice with self-developing melanoma (without 
concomitant CNP) was examined first. After 3 weeks 
of growth of the B16/F10 melanoma, there was an 
increase of the brain level of dopamine by 1.8 times  
(p < 0.05), of serotonin by 2.3 times and of 5HIAA by 
1.5 times (p < 0.05); the content of noradrenaline, his-
tamine and adrenaline did not have significant differ-
ences from values in intact (+uPA) females (Table 1). 
As a result, the A/5HT ratio decreased by 2.1 times, 
while the 5HT/5HIAA and DA/NA ratios increased 
by 1.5 times (p < 0.05).

In (+uPA) females with CNP, after 3 weeks of 
growth of melanoma in the brain, there was an increase 
of levels of adrenaline and dopamine by 1.4 times  
(p < 0.05), of noradrenaline by 2.2 times, of histamine 
by 2.0 times and of serotonin by 1.3 times (p < 0.05), 
together with a decrease in the content of 5HIAA by 
2.5 times, compared with indicators in the brain of 
(+uPA) females with CNP only (Table 1). As a result, 
the A/5HT ratio did not differ from the values in the 
brain of (+uPA) females with CNP only, 5HT/5HIAA 
was 3.3 times higher, and DA/NA, on the contrary, 1.6 
times (p < 0.05) lower. It should be noted that com-
pared with the amine content in animals with standard 
transplantation of melanoma, differences were also 
detected: lower levels of adrenaline, serotonin and the 
5HT/5HIAA ratio by 1.8 times (p < 0.05), 2.4 times 
and 2.1 times, respectively (Table 1).
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The level of catecholamines in the brain of (–uPA) 
mice decreased 3 weeks after tumor transplantation: 
adrenaline by 1.2 times (p < 0.05), noradrenaline and 
dopamine by 1.5 times (p < 0.05), and histamine, 
serotonin and 5HIAA, on the contrary, increased by 
2.1 times, 5.8 times and 1.3 times (p < 0.05), respec-
tively, compared with (–uPA) females. Moreover, the 
A/5HT ratio turned out to be 6.7 times lower, and the 
5HT/5HIAA ratio was 4.3 times higher. It should be 
noted that, compared with the indicators of (–uPA) fe-
males with melanoma without concomitant CNP, the 

content of NA in (–uPA) mice was higher by 1.7 times 
(p < 0.05), of serotonin by 2.0 times, of 5HIAA – by 
1.7 times (p < 0.05), but there was a decrease of the 
ratio of A/5HT by 2.4 times and of DA/NA by 1.6 
times (p < 0.05).

The melanoma growth in female mice with the uro-
kinase gene knockout and CNP was characterized by 
a low life expectancy 1.6 times (p < 0.05) lower than 
for females with the urokinase gene knockout without 
CNP, but with a latent period being larger by 1.7 times 
(p < 0.05). At that, in the brain of (–uPA) females with 
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T a b l e  1

Content of biogenic amines in the brain of female C57Bl/6 mice, M ± m

Parameter Intact 
(+uPA) mice

(+uPA) mice 
+ melanoma

В16/F10

(+uPA) mice 
+ CNP

(+uPA) mice + 
CNP + melanoma 

B16/F10

Intact (–
uPA) mice

(–uPA) mice 
+ melanoma 

B16/F10

(–uPA) mice 
+ CNP

(–uPA) mice + 
CNP + melano-

ma B16/F10
Adrenalin,
ng/g of tis. 8.5 ± 0.7 9.0 ± 0.8 3.5 ± 0.31 5.0 ± 0.61.3.4 8.6 ± 0.85 7.4 ± 0.694 8.6 ± 0.823 8.1 ± 0.78

Noradrenaline,
ng/g of tis. 19.4 ± 1.8 23.2 ± 2.2 8.5 ± 1.11 18.9 ± 2.03 61.4 ± 5.91 40.3 ± 0.382.4 33.7 ± 3.12.3 37.0 ± 3.2

Dopamine,
ng/g of tis. 17.5 ± 1.8 31.0 ± 3.11 17.9 ± 1.5 25.0 ± 2.21.3 50.0 ± 4.71 33.4 ± 0.312 35.8 ± 3.42.3 41.2 ± 3.9

Histamine,
ng/g of tis. 34.9 ± 3.2 30.4 ± 2.9 16.6 ± 1.21 33.5 ± 2.93 16.4 ± 1.51 34.0 ± 0.322 18.9 ± 1.6 28.2 ± 2.75

Serotonin,
ng/g of tis. 0.43 ± 0.03 0.97 ± 0.051 0.23 ± 0.021 0.4 ± 0.033.4 0.35 ± 0.03 1.9 ± 0.152.4 1.2 ± 0.112.3 1.2 ± 0.106

5-HIAA,
µg/g of tis. 0.15 ± 0.03 0.23 ± 0.031 0.5 ± 0.031 0.2 ± 0.011.3 0.3 ± 0.031 0.4 ± 0.032.4 0.5 ± 0.042 0.4 ± 0.03

А/5НТ 19.77 ± 1.4 9.28 ± 0.731 15.22 ± 1.21 12.5 ± 1.21.4 26.1 ± 0.241 3.89 ± 0.352.4 7.17 ± 0.692.3 6.75 ± 0.666

5HT/5HIAA 2.9 ± 0.25 4.22 ± 0.391 0.6 ± 0.051 2.0 ± 0.181.3.4 1.1 ± 0.091 4.75 ± 0.472 2.4 ± 0.182.3 3.0 ± 0.036

DA/NA 0.9 ± 0.08 1.34 ± 0.121 2.1 ± 0.201 1.32 ± 0.131.3 0.81 ± 0.07 0.83 ± 0.08 1.06 ± 0.093 1.11 ± 0.1

Note. 1 – statistically significant compared with intact (+uPA) animals; 2 – statistically significant compared with intact (–uPA) animals; 3 –
statistically significant compared with (+uPA) animals with CNP; 4 – statistically significant compared with (+uPA) animals with the B16/F10 
melanoma; 5 – statistically significant compared with (–uPA) animals with CNP; 6 – statistically significant compared with (–uPA) animals with 
the B16/F10 melanoma.



99

Original  articles

CNP after 3 weeks of growth of melanoma, only a 1.5-
fold increase (p < 0.05) in histamine levels was detected 
compared with the brain indicators of (–uPA) females 
with CNP without tumor transplantation (Table 1). The 
main difference compared with the neurotransmitter 
status in (–uPA) females with melanoma after 3 weeks 
of tumor growth was the decrease in the serotonin level 
by 1.6 times (p < 0.05), resulting in an increase in the 
A/5HT ratio by 1.7 times (p < 0.05) and a decrease in  
the 5HT/5HIAA ratio by 1.6 times (p < 0.05).

DISCUSSION
The development of transplanted melanoma is ac-

companied by a violation of central regulatory mec- 
hanisms, while the characteristics of the tumor devel-
opment may depend on the initial status and reactivity 
of the aminergic systems of the brain. In the course 
of this study, it was found that the growth of melano-
ma at standard transplantation to female mice, after 
3 weeks of the experiment, resulted in an imbalance 
of the dopaminergic and noradrenergic systems, with 
the prevalence of the first one, as well as in the sero-
tonergic system activation, which was expressed in an 
increase of levels of both serotonin and its metabolite.

First of all, it is noteworthy that CNP (in (+uPA) 
females) and the urokinase gene knockout in indepen-
dent variants have different effects on the adrenergic, 
noradrenergic and serotonergic systems, but these are 
equal in relation to the histaminergic system. From the 
obtained results, it can be seen that CNP in (+uPA) fe-
males results in a decrease of almost all of the studied 
biogenic amines in the brain, resulting in a violation of 
basic mechanisms of central regulation. The urokinase 
gene knockout, on the contrary, activates the norad-
renergic, serotonergic and dopaminergic systems in 
the brain of females, as well as changes the biogenic 
amines ratio.

The model of chronic neurogenic pain is a model 
of chronic prolonged stress, while animals with the 
urokinase knockout, although having a genetically de-
termined disorder, do not phenotypically differ from 
(+uPA) mice of the C57BL/6 line [15]. It is known 
that urokinase and its receptor are found in large quan-
tity in the developing brain [17], but their expression 
in the adult state is limited to certain groups of neu-
rons, mainly in the hippocampus and some subcor-
tical structures [18]. In our study, it was shown that 
the urokinase gene knockout, although it did not have 
phenotypic manifestations in the behavior of mice, 
was characterized by a significant increase in the brain 
levels of noradrenaline, dopamine, and serotonin, but 

a decrease in histamine. We suppose that the found 
increase in the absolute levels of dopamine, noradre- 
naline and serotonin, as well as a change in the balance 
of biogenic amines in the brain of females with the 
urokinase gene knockout, is one of the mechanisms 
that contribute to the restoration of neurogenesis and 
synaptic transmission of nerve endings in case of vari-
ous stress impacts under conditions of genetic damage 
to one of the links of the urokinase system.

The growth of most types of malignant tumors 
depends on the balance between factors promoting 
proliferation, angiogenesis, migration, and survival 
of the cells, and those that are involved in cell diffe- 
rentiation, inhibit proliferation and result in apop-
tosis [19]. Therefore, after transplantation of ma-
lignant melanoma cells into animals with different 
neurotransmitter status of the brain, which was ge-
netically determined or altered as a result of pro-
longed chronic exposure of neurogenic pain, the 
development of the malignant process may turn out 
to be modified due to various background states of 
central regulatory systems.

The decrease in biogenic amines in the brain of fe-
males under the influence of CNP resulted in a weak-
ening of the antitumor defense of the body, which re-
sulted in a decrease in life expectancy, latent period, 
and increase in activity and metastasis sites in animals. 
At the same time, the growth of transplanted melano-
ma in female mice with the urokinase gene knockout 
did not have significant differences in life expectan-
cy and latent period; however, the increase in tumor 
volume was significantly slower than at transplanting 
melanoma to mice with a wild type of the urokinase 
gene. We suggest that the urokinase gene knockout 
could have an antitumor effect at the local level, as we 
previously showed the participation of the system of 
growth factors and fibrinolysis in the pathogenesis of 
melanoma growth in female mice [20]. Experimental 
studies show the interaction of serotonergic and dopa-
minergic systems with each other, while affecting the 
brain plasticity and the ability of the body as a whole 
to recover and adapt [21]. Noradrenaline is involved 
in the protection of dopaminergic neurons through en-
hancing the tyrosine hydroxylase expression [22]. The 
depletion of the noradrenergic system of the brain is 
often associated with hyperactivation of the hypotha- 
lamo-pituitary-adrenal axis, which characterizes var-
ious mental disorders associated with stress, such as 
anxiety and depression, and neurodegenerative con-
ditions, such as Alzheimer disease and multiple scle-
rosis [23]. Recent studies show that this reaction has 
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gender differences, and females are less resistant to 
prolonged stress [24].

In this study, animals with CNP and the urokinase 
gene knockout showed a decrease in histamine levels 
in the brain. This fact, on the one hand, can be ex-
plained by the multifunctionality of histamine, which 
takes part both in nociceptive reactions and in resto-
ration processes in the brain. The difficulty in inter-
preting the results of changes in neuronal amines in 
general and histamine in particular lies in the activa-
tion of various receptors, which results in various ef-
fects. On the other hand, an increase in aminoxidase 
activity may cause a decrease in histamine levels. We 
have detected an increase in the level of the serotonin 
metabolite – 5HIAA both in CNP and knockout ani-
mals. A significant difference was a decrease in sero-
tonin in females with CNP, but the preservation of its 
physiological concentrations in knockout animals.

Moreover, the combined effect of CNP and (–uPA) 
results only in a decrease in the effect of the urokinase 
gene knockout and activation of the serotonergic sys-
tem metabolism against the background of an increase 
in the serotonin level. There is a possibility that it was 
the increase in the serotonin level in the brain of fe-
males with the combination of the gene knockout with 
CNP that affected the increase in the latent period of 
tumor development, although it did not result in an 
increase in the life expectancy of animals. 

CONCLUSION
Thus, the obtained study results indicate the un-

doubted effect of changes in the neurotransmitter 
balance of the brain under the influence of chronic 
neurogenic pain and genetically determined urokinase 
deficiency on the growth of transplanted melanoma. A 
better understanding of mechanisms underlying neu-
rotransmitter function at oncogenesis, neurogenesis, 
and chronic comorbid diseases will make it possible 
to predict the possible course of the disease and to de-
velop personalized antitumor therapy.
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Comparative analysis of N-acetyltransferase 2 genotyping results among 
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ABSTRACT

Aim. To assess the variability of the NAT2 gene and to comparatively analyze the prevalence of NAT2 polymor- 
phisms and acetylation types among Yakut and Russian patients newly diagnosed with pulmonary tuberculosis 
(TB), permanently residing in the Sakha Republic (Yakutia). 

Materials and methods. The study included 197 patients with newly diagnosed pulmonary TB (132 Yakuts and  
65 Russians) aged (43.3 ± 14.4). The following single-nucleotide polymorphisms were analyzed, using re-
al-time polymerase chain reaction (PCR): NAT2*5 (rs1801280, Т341С), NAT2*6 (rs1799930, G590A), NAT2*7 
(rs1799931, G857A), NAT2*11 (rs1799929, C481T), NAT2*12 (rs1208, A803G), and NAT2*13 (rs1041983, 
C282T). Genetically determined basal metabolic rates were calculated using the NATpred online tool.

Results. 75% of residents, both of Yakut and Russian ethnicity, were identified as carriers of NAT2 polymorphic 
variants known to be related to isoniazid biotransformation. NAT2*6 and *13 allelic variants were more frequent in 
Yakuts (occurring in 40.9% and 64.4%, respectively); variants NAT2*5, *6, *11, *12, and *13 were more common 
in Russians (69.2; 55.4; 67.7; 69.2, and 64.6%, respectively). The NAT2*5, *7, *11, and *12 polymorphisms were 
found to be significantly ethnicity-dependent. The study established substantial prevalence of medium acetylation 
type (58.3%) in Yakuts and slow acetylation type in Russians (61.5%). Correlations were shown between ethnicity 
and different prevalence rates of rapid, medium, or slow acetylation types among patients with TB.

Conclusion. The observed NAT2 polymorphism distribution patterns and isoniazid acetylation types among 
Yakut and Russian patients with newly diagnosed pulmonary TB demonstrated that pharmacologic responses 
can be significantly different between ethnic groups. Findings of pharmacogenetic studies in Yakut and Russian 
populations should be incorporated in clinical practice for personalized administration of isoniazid.

Key words: Yakut, Russian, tuberculosis, isoniazid, pharmacogenetics, polymorphism, NAT2, acetylation, 
isoniazid acetyltransferase.
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Сравнительный анализ результатов генотипирования гена N-ацетил- 
трансферазы 2 у пациентов с впервые выявленным туберкулезом органов 
дыхания, проживающих в Республике Саха (Якутия)
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РЕЗЮМЕ

Цель.  Оценить вариабельность гена N-ацетилтрансферазы 2 (NAT2), провести сравнительный анализ рас-
пространенности его полиморфизмов гена NAT2 и типов ацетилирования среди якутов и русских с впервые 
выявленным туберкулезом органов дыхания, проживающих в Республике Саха (Якутия).

Материалы и методы. В исследование включены 197 пациентов (132 якута и 65 русских) в возрасте  
(43,3 ± 14,4) года с впервые выявленным туберкулезом органов дыхания.  Методом полимеразной цепной 
реакции в режиме реального времени исследованы однонуклеотидные полиморфизмы NAT2*5 (rs1801280, 
Т341С), NAT2*6 (rs1799930, G590A), NAT2*7 (rs1799931, G857A), NAT2*11 (rs1799929, C481T), NAT2*12 
(rs1208, A803G), NAT2*13 (rs1041983, C282T). Генетически детерминированную скорость метаболизма 
рассчитывали с помощью онлайн-калькулятора NATpred.

Результаты. Полиморфные варианты гена NAT2, ассоциированные со скоростью биотрансформации изо-
ниазида, встречаются у 75% якутов и всех русских, проживающих в Якутии. Якуты являются частыми 
носителями аллельных вариантов NAT2*6 и *13 (с частотой встречаемости 40,9 и 64,4% соответственно), 
русские – носителями NAT2*5, *6, *11, *12 и *13 (с частотой встречаемости 69,2; 55,4; 67,7; 69,2 и 64,6% 
соответственно). Распределение полиморфизмов NAT2*5, *7, *11, *12 значимо зависит от национальности. 
Установлена большая распространенность промежуточного типа ацетилирования (58,3%) среди якутов, 
медленного типа – среди русских (61,5%). Различия распространенности быстрого, промежуточного и мед-
ленного типов ацетилирования у пациентов с туберкулезом зависят от национальности.
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INTRODUCTION
Conventionally recommended treatment for new-

ly identified drug-sensitive pulmonary tuberculosis 
consists of a combination of 4 most effective anti-TB 
drugs, such as isoniazid, rifampicin, pyrazinamide, 
and ethambutol, administered in standard doses 
(http://cr.rosminzdrav.ru/#!/schema/943). In reality, 
individual differences in pharmacologic responses to 
these drugs, developing quite often, include poor che-
motherapy outcomes in some patients, possible deve- 
lopment of M. tuberculosis drug resistance followed 
by disease relapse, and adverse drug reactions [1]. In 
particular, isoniazid is a drug with a known hepatoto- 
xic effect, which can cause liver damage with clinical 
manifestations ranging from asymptomatic hyperen-
zymemia (10–20% of patients) to severe hepatitis or 
acute hepatic failure (0.5–1%) [2]. Toxic liver effect is 
produced by highly active isoniazid metabolites, hy-
drazine and acetylhydrazine [3, 4].

Isoniazid is metabolized in the liver through reac-
tions of acetylation and hydrolysis. These reactions 
are catalyzed by N-acetyltransferase-2 (NAT2) and 
acylamidase, respectively [5]. A NAT2 isozyme is en-
coded by a highly polymorphic gene with 106 alleles 
established to date. NAT2 activity is determined by 
single-nucleotide substitution in the backbone region 
of the encoding gene [6, 7]. Combinations of NAT2 
gene alleles produce a variety of isoniazid acetylation 

Заключение. Особенности распределения полиморфизмов гена NAT2 и типов ацетилирования изониазида 
среди пациентов якутской и русской национальности с впервые выявленным туберкулезом органов дыха-
ния свидетельствуют о том, что фармакологический ответ может значительно различаться среди пациентов 
национальных групп. Данные фармакогенетического исследования у якутов и русских необходимо учиты-
вать в клинической практике для персонализированного применения изониазида.

Ключевые слова: якуты, русские, туберкулез, изониазид, фармакогенетика, полиморфизм, NAT2, медлен-
ный, быстрый, промежуточный, тип ацетилирования.

Конфликт интересов. Авторы декларируют отсутствие явных и потенциальных конфликтов интересов, 
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phenotypes: rapid acetylator (presence of 1 or 2 “ra- 
pid” alleles); medium acetylator (1 “slow” allele); 
slow acetylator (2 “slow” alleles) [5, 8].

NAT2 gene polymorphism distribution is known 
to vary substantially and has been shown to correlate 
with race, ethnic origin, and place of residence [9–11]. 
The aim of this study was to assess the variability of 
NAT2 gene and to comparatively analyze prevalence 
of NAT2 gene polymorphisms and acetylation types 
among Yakuts and Russians with newly identified 
pulmonary tuberculosis (PTB).

MATERIALS AND METHODS
Single-center, one stage, observational sampling 

study was conducted, including 197 patients with new-
ly identified PTB, selected from representatives of 2 
ethnic groups living in the Sakha Republic (Yakutia): 
132 Yakuts (77 women, 55 men) and 65 Russians (35 
women, 30 men). Patients were hospitalized to Phthi-
siatry Research-Practice Center in Yakutsk during 
the intensive chemotherapy phase. Patient’s average 
age was 43.3 ± 14.4 years. Inclusion criteria were 
PTB diagnosed for the first time, age of 18 years or 
over, informed consent, and Yakut or Russian ethnic-
ity. Ethnicity was established based on self-definition 
by patients and their parents; family trees were also  
analyzed to the second generation. In earlier studies, 
it was shown that ethnic self-definition corresponded 
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to microsatellite analysis in 99.9% of cases [12]. De-
scendants from mixed marriages and patients who did 
not meet any of the inclusion criteria were excluded.

Blood for genetic analysis was obtained from a 
superficial elbow vein. Using evacuated blood collec-
tion systems, whole blood specimens were collected 
in 4 mL tubes coated with finely dispersed ethylene-
diaminetetraacetic acid (Zhejiang Gongdong Medical 
Technology Co., Ltd); then desoxyribonucleic acid 
(DNA) was isolated using the ExtractDNA Blood re-
agent kit (Evrogen, Russia). Using Real-Time CFX96 
Touch (Bio-Rad, USA) PCR system and GenTest-M 
NAT2 (Nomotek, Russia) reagent kit, we identified 
the presence of the following polymorphic variants: 
NAT2*5 (rs1801280, Т341С), NAT2*6 (rs1799930, 
G590A), NAT2*7 (rs1799931, G857A), NAT2*11 
(rs1799929, C481T), NAT2*12 (rs1208, A803G), 
and NAT2*13 (rs1041983, C282T). Genetically de-
termined basal metabolic rates were calculated using 
NATpred online calculator [13].

Statistical analysis was performed using IBM 
SPSS Statistics ver. 23. Pearson’s chi-squared test and 
its modification with Yates’s correction were used for 
analysis. Compliance of genotype distribution with 
Hardy – Weinberg equilibrium was checked using 
95% Clopper – Pearson confidence intervals. The cri- 
tical significance level p was 0.05.

RESULTS
Yakut and Russian patients newly diagnosed with 

TB had the following polymorphic NAT2 gene vari-
ants known to be linked with the isoniazid biotrans-
formation rate: NAT2*5, *6, *7, *11, *12, and *13. 
In Yakuts, allele and genotype distributions of NAT2 
polymorphisms were consistent with Hardy – Wein-
berg equation (p > 0.05). In Russians permanently 
living in Yakutia, allele and genotype distributions of 
NAT2*5, *6, *7, *12, and *13 polymorphisms com-
plied with the Hardy – Weinberg equation, only the 
NAT2*11 polymorphism did not correspond to the 
equilibrium (Table 1).

NAT2 polymorphic variants were found in 75%  
(99 / 132) of Yakut patients and in all Russian patients 
(65 / 65). Two most frequent allelic variants found 
among Yakuts were NAT2*6 (40.9%) and NAT2*13 
(64.4%). In Russians, the following polymorphic 
variants were observed with almost the same frequen-
cies: NAT2*5, *6, *11, *12, and *13 (69.2%, 55.4%, 
67.7%, 69.2%, and 64.6%, respectively) (Table 1).

Statistically significant ethnicity-dependent differ-
ences were observed in the prevalence of single-nu-
cleotide polymorphisms (SNPs) NAT2*5, *7, *11, 
*12 (Table 1). Polymorphic variants NAT2*6 and 
NAT2*13 were equally frequent among Yakuts and 
Russians.
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T a b l e  1

Comparison of allele and genotype frequencies of NAT2 gene polymorphisms in Yakuts and Russians with newly identified pulmonary 
tuberculosis (PTB)

Polymorphism
Yakuts (n = 132) Russians (n = 65)

Genotype, n (%) Allele, % χ2 P Genotype, n (%) Allele, % χ2 P

NAT2*5 (Т341С)
T/T T/C C/C T C

1.17 0.558
T/T T/C C/C T C

1.28 0.527
91 (68.9) 35 (26.5) 6 (4.6) 0.82 0.18 20 (30.8)* 36 (55.4)* 9 (13.8)* 0.58 0.42

NAT2*6 (G590A)
G/G G/A A/A G A

0.64 0.727
G/G G/A A/A G A

0.004 0.998
78 (59.1) 49 (37.1) 5 (3.8) 0.78 0.22 29 (44.6) 29 (44.6) 7 (10.8) 0.67 0.33

NAT2*7 (G857A)
G/G G/A A/A G A

0.01 0.993
G/G G/A A/A G A

0.36 0.976
94 (71.2) 35 (26.5) 3 (2.3) 0.84 0.16 56 (86.2)* 9 (13.8)* 0 (0)* 0.93 0.07

NAT2*11 (C481T)
C/C C/T T/T C T

0.00 1.000
C/C C/T T/T C T

6.70 0.035
90 (68.2) 38 (28.8) 4 (3.0) 0.83 0.17 21 (32.3)* 40 (61.5)* 4 (6.2)* 0.63 0.37

NAT2*12 (A803G)
A/A A/ G G/G A G

0.17 0.916
A/A A/ G G/G A G

2.07 0.354
91 (68.9) 38 (28.8) 3 (2.3) 0.83 0.17 20 (30.8)* 37 (56.9)* 8 (12.3)* 0.59 0.41

NAT2*13 (C282T)
C/C C/T T/T C T

5.89 0.052
C/C C/T T/T C T

0.72 0.699
47 (35.6) 74 (56.1) 11 (8.3) 0.64 0.36 23 (35.4) 34 (52.3) 8 (12.3) 0.62 0.38

Note. χ2 – Pearson’s chi-square test, p – statistically significant differences (< 0.05). * significant differences, compared with Yakuts, p < 0.05.

58.3% (77 / 132) of Yakuts with newly diagnosed 
TB were characterized by medium acetylators, while 
in 22.7% (30/132) and 18.9% (25/132) slow and ra- 
pid acetylators, respectively, were observed. Among 
Russians, slow type was detected in 61.5% (40 / 65), 

medium type – in 35.4% (23 / 65), and rapid type – in 
3.1% (2 / 65). 

Differences in the prevalence of 3 acetylation 
types significantly depended on ethnicity (χ2 = 30.977;  
p = 0.000).
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Occurrence of NAT2*6, *7, and *11 genotypes 
among slow and medium acetylators did not differ 
much between Yakut and Russian patients, unlike the 
prevalence of NAT2*5, *12, and *13 polymorphisms, 
which showed statistically significant differences.

74% (57 / 77; CI [0.62–0.83]) of Yakut medium 
acetylators were carriers of homozygous T/T gen-

otype of NAT2*5 (T341C). In the group of Russian 
patients, this carriage was observed in 39.1% of cases 
(9 / 23; CI [0.19–0.61]) (p < 0.05).

Heterozygous T/C NAT2*5 genotype was identi-
fied in 24.7% of Yakut (19 / 77; CI [0.15–0.35]) and 
60.9% of Russian (14 / 23 CI [0.38–0.80]) (p < 0.05) 
medium acetylators (Table 2).
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T a b l e  2

Acetylation types in patients with PTB with different genotypes of NAT2 gene polymorphisms

Polymorphisms Genotype

Yakuts (n = 132) Russians (n = 65)
Slow  

acetylator  
(n = 30), n (%)

Medium  
acetylator  

(n = 77), n (%) 

Rapid acetylator 
(n = 25), n (%)

Slow  
acetylator  

(n = 40), n (%)

Medium acetylator 
(n = 23), n (%) 

Rapid acetylator 
(n = 2), n (%)

NAT2*5 (Т341С)
T/T 9 (30.0) 57 (74.0) 25 (100.0) 9 (22.5) 9 (39.1) 2 (100.0)
T/C 16 (53.3) 19 (24.7) 0 22 (55.0) 14 (60.9) 0
C/C 5 (16.7) 1 (1.3) 0 9 (22.5) 0 0

NAT2*6 
(G590A)

G/G 12 (40.0) 41 (53.2) 25 (100.0) 11 (27.5) 16 (69.6) 2 (100.0)
G/A 15 (50.0) 34 (44.2) 0 23 (57.5) 6 (26.1) 0
A/A 3 (10.0) 2 (2.6) 0 6 (15.0) 1(4.3) 0

NAT2*7 
(G857A)

G/G 16 (53.3) 53 (68.8) 25 (100.0) 32 (80.0) 22 (95.7) 2 (100.0)
G/A 12 (40.0) 23 (29.9) 0 8 (20.0) 1 (4.3) 0
A/A 2 (6.7) 1 (1.3) 0 0 0 0

NAT2*11 
(C481T)

C/C 9 (30.0) 56 (72.7) 25 (100.0) 9 (22.5) 10 (43.5) 2 (100.0)
C/T 18 (60.0) 20 (26.0) 0 27 (67.5) 13 (56.5) 0
T/T 3 (10.0) 1 (1.3) 0 4 (10.0) 0 0

NAT2*12 
(A803G)

A/A 9 (30.0) 57 (74.0) 25 (100.0) 10 (25.0) 8 (34.8) 2 (100.0)
A/G 19 (63.3) 19 (24.7) 0 23 (57.5) 14 (60.9) 0
G/G 2 (6.7) 1 (1.3) 0 7 (17.5) 1 (4.3) 0

NAT2*13 
(C282T)

C/C 3 (10.0) 19 (24.7) 25 (100.0) 6 (15.0) 15 (65.2) 2 (100.0)
C/T 18 (60.0) 56 (72.7) 0 27 (67.5) 7 (30.4) 0
T/T 9 (30.0) 2 (2.6) 0 7 (17.5) (4.3) 0

Among medium acetylators, 74% of Yakuts (57/77; 
CI [0.62–0.83]) and 34.8% of Russians (8 / 23; CI 
[0.16–0.57]) (p < 0.05) had A/A genotype of NAT2*12 
(A803G). Carriers of heterozygous A/G NAT2*12 
genotype were found more frequently among Russian 
patients (60.9%, 14 / 23; CI [0.38–0.80]), as opposed 
to rarer occurrence of this genotype among Yakut pa-
tients (24.7%, 19 / 77; CI [0.15–0.35]) (p < 0.05). C/C 
NAT2*13 genotype (C282T) was present in 24.7% of 
Yakuts (19 / 77; CI [0.15–0.35]) and 65.2% of Rus-
sians (15 / 23; CI [0.42–0.83]) (p < 0.05). In addition, 
Yakuts were more frequent carriers of T/C NAT2*13 
heterozygote (72.7%, 56 / 77; CI [0.61–0.82]) than 
Russians (30.4%, 7 / 23; CI [0.13–0.52]) (p < 0.05).

DISCUSSION
Genetic diversity of the NAT2 gene and acetylation 

phenotypes developed as a result of human adaption 
to living environment. Transition from nomadic to 
sedentary life profoundly changed food choices, re-

sulting in the body being exposed to novel pathogens 
and xenobiotics. Further, due to the need for better 
survival the activity of detoxifying enzymes had been 
altered, producing a new heritable phenotype of bio-
transformation [14].

Correlation between ethnicity and the prevalence 
of NAT2 gene polymorphisms has been observed 
across the globe. Based on data from the Internation-
al Genome Sample Resource (IGSR; https://www.
internationalgenome.org/), NAT2*5, *11, and *12 
polymorphic variants are more prevalent among 
the populations of Europe and South Asia (68.4% 
and 56.5% (first variant); 67.6% and 53.1% (second 
variant); 67.2% and 58.1% (third variant)). Variants 
NAT2*5, *11, and *12 have been observed in 7.3%, 
7.1%, and 7.7% of the population of East Asia, re-
spectively. NAT2*7 polymorphism is frequent among 
native population of East Asia (31.8%), but is rare 
among Europeans (4.6%). NAT2*6 polymorphism 
has been detected in 58.7% of people living in South 

Krasnova N.M., Efremova E.N., Egorova A.A. et al. Comparative analysis of N-acetyltransferase 2 genotyping results among



107

Original  articles

Asia, showing equal rates among populations of Eu-
rope (46.9%) and East Asia (43.2%). Proportions of 
people carrying NAT2*13 variant are nearly the same 
among Asian and European races (50.5% of Asians, 
69.4% of Europeans).

Our study demonstrated higher frequencies of 
NAT2*6 and NAT2*13 allelic variants among Ya-
kuts (Table 1), which complies with previously repor- 
ted prevalence rates among Asians. The frequency of 
NAT2*5, NAT2*11, and NAT2*12 variants among 
Yakuts was 31.1%, 31.8%, and 31.1%, respectively, 
which was inconsistent with previously estimated 
proportions among Asian people. The allelic vari-
ant NAT2*7 had almost the same occurrence among 
Yakuts (28.8%) and people from East Asia (31.8%); 
however, its frequency was lower in the population of 
South Asia (13.5%).

The frequencies of NAT2*5, *6, *11, *12, and *13 
polymorphic variants among Russians were 69.2%, 
55.4%, 67.7%, 69.2%, and 64.6%, respectively  
(Table 1). The frequency of NAT2*7 polymorphism 
in Russians residing in Yakutia was higher than in res-
idents of Europe (13.8% and 4.6%, respectively).

Comparative analysis of NAT2 genotype distri-
bution showed that Russian patients were more fre-
quent carriers of NAT2*5, *11, and *12 than Yakuts  
(Table 1). To date, evidence is lacking on the con-
tribution of NAT2*5 and *11 genotypes to severity 
and frequency of isoniazid-induced liver damage in 
patients with tuberculosis. There is a known correla-
tion between increased risk of isoniazid-induced hep-
atotoxicity and minor allele homozygous genotypes, 
compared with the same risk in carriers of major al-
leles of NAT*5 and *11 [15, 16].

Polymorphic variant NAT2*7 was more fre-
quent in Yakuts (28.8%) than in Russians (13.8%)  
(p < 0.05). Genotype A/A NAT2*7 was observed in 
a small number of Yakut patients (2.3%) and in none 
of the Russian patients (Table 1). Few studies have 
reported inconclusive data on association between mi-
nor allele A NAT2*7 and hepatotoxicity risk. Some 
authors pointed out a higher risk of hepatotoxic re-
actions to first-line anti-TB drugs in individuals with 
A/A genotype, in contrast to carriers of G/G genotype 
[17, 18], while other researchers reported absence of 
such associations [2, 19].

Major alleles of NAT2*5, *6, and NAT2*7 encode 
synthesis of NAT2 with altered amino acid sequence 
and, therefore, lower activity. People with NAT2*5 
allele in combination with NAT2*6, or *7 polymor-
phic variant are slow acetylators [8]. Geographic dis-

tribution of slow acetylators has been well studied: 
this phenotype occurs in 60% of the population of 
Europe, Middle East, North Africa, and South Asia, 
and in 10% of the population of East Asia and Native 
Americans [20].

In Yakut population, the most widespread acetyl-
ation type was medium type (58.3%), while Russians 
mostly were characterized by slow acetylation type 
(61.5%). The proportion of rapid acetylators was 
much larger among Yakuts, than among Russians 
(18.9% versus 3.1%). This is consistent with previous 
comparative studies among Asians and Caucasians.

In clinical practice, NAT2 polymorphism and ge-
netically determined variability in isoniazid acetyla-
tion speed can have a considerable impact on the out-
come and safety of tuberculosis pharmacotherapy. A 
link between liver damage rate and slow acetylation 
type was confirmed in several meta-analyses [21–24]. 
Slow acetylators showed high serum concentrations 
of isoniazid and its toxic metabolites [25]. Rapid 
acetylators had lower serum isoniazid concentrations, 
but higher risk of drug resistance to M. tuberculosis 
[25–28].

CONCLUSION
Our study results suggest that NAT2 gene poly-

morphisms linked to isoniazid acetylation have con-
siderable prevalence rates among Yakuts and Rus-
sians. Yakuts mostly tended to be carriers of allelic 
variants NAT2*6 and *13, while Russians mostly 
carried variants NAT2*5, *6, *11, *12, and *13. 
Comparative analysis within the study sample showed 
the presence of statistically significant differences in 
frequencies of NAT2*5, *7, *11, and *12 genotypes, 
depending on ethnicity. As a result of NAT2 geno-
type combinations, Yakuts tended to develop mostly 
medium acetylation type, while Russians more often 
developed slow acetylation type. The observed pat-
terns in distributions of NAT2 gene polymorphisms 
and acetylation types among Yakuts and Russians 
with newly identified TB can serve as a confirmation 
that pharmacologic responses can substantially differ 
depending on patients’ ethnicity.
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Analgesic action of hexaazaisowurtzitane derivative in somatic pain models 
caused by TRPA1 and TRPV1 Ion channels activation
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(IPCET SB RAS)  
1, Socialist Str., Biysk, 659322, Russian Federation

ABSTRACT 

The aim of this study was to assess the analgesic action of thiowurtzine in somatogenic nociception models by 
activation of TRPA1 and TRPV1 ion channels. 

Materials and methods. The object of the study is the compound 4-(3,4-dibromothiophenecarbonyl)-2,6,8,12-
tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo [5.5.0.03,11.05,9]dodecane (thiowurtzine). The analgesic activity of 
thiowurtzine was studied under the conditions of a chemogenic activation model of TRPA1 channels (by the 
formalin test), and by a selective test with an agonist of TRPV1 channels (the capsaicin test). The compound was 
administered once per os in a dose range of 50–200 mg/kg (water-tween solvent) an hour before the experimental 
manipulations. The reference drugs were diclofenac sodium in a preventive single per os dose of 10 mg/kg in 1% 
starch gel in a volume of 0.2 ml/mouse, and ketorolac in a dose of 6 mg/kg in the same solvent, volume and route 
of administration.

Results. Thiowurtzine, when administered in per os doses of 100 and 200 mg/kg, was found to effectively block 
nociceptive reactions caused by activation of TRPA1 and TRPV1 ion channels. At the same time, the analgesic 
activity of thiowurtzine turned out to be comparable and/(or) superior to the ketorolac and diclofenac action, 
depending on the model situation. In addition, it was found that thiowurtzine (200 mg/kg per os) corresponds to 
diclofenac sodium (10 mg/kg per os) and is superior to ketorolac (6 mg/kg per os) in terms of anti-inflammatory 
severity in the formalin test. 

Conclusion. The biphasicity of behavioral reactions in the prognostic formalin test do not allow for an unambiguous 
conclusion about the direction of the action mechanism of thiowurtzine, which confirms the polymodality 
hypothesis. The data obtained in the two models of somatogenic nociception do not exclude the fact that the 
modulation of the TRPA1 and TRPV1 activity is one of the mechanisms of the thiowurtzine analgesic action. By 
the key analgesic characteristics found herein, thiowurtzine proves to be a unique compound with a high therapeutic 
and innovation potential.

Key words: hexaazaisowurtzitane, thiowurtzine, analgesic activity, somatogenic nociception, TRP ion channels, 
formalin test, capsaicin, ketorolac, diclofenac, anti-inflammatory activity.
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Анальгетическое действие производного гексаазаизовюрцитана  
на моделях соматической боли, вызванной активацией  
TRPA1-  и TRPV1-ионных каналов
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академии наук 
Россия, 634028, г. Томск, пр. Ленина, 3
2 Институт проблем химико-энергетических технологий Сибирского отделения Российской академии наук 
(ИПХЭТ СО РАН) 
Россия, 659322, г. Бийск, ул. Социалистическая, 1

РЕЗЮМЕ

Цель. Оценка анальгетического действия тиовюрцина в условиях активации TRPA1- и TRPV1-ионных 
каналов на моделях соматогенной ноцицепции.

Материалы и методы. Объектом исследования является соединение 4-(3,4-дибромтиофенкарбо-
нил)-2,6,8,12-тетраацетил-2,4,6,8,10,12-гексаазатетрацикло [5,5,0,03,11,05,9]додекан (тиовюрцин). Исследо- 
вание анальгетической активности тиовюрцина проводили в условиях хемогенной модели активации TR-
PA1-каналов (формалиновый тест) и в селективном (капсаициновом тесте) с агонистом TRPV1-каналов – 
капсаицином. Соединение вводили однократно per os в диапазоне доз 50–200 мг/кг (водно-твиновый 
растворитель) за 1 ч до экспериментальных воздействий. В качестве референс-препаратов использовали 
диклофенак натрия превентивно однократно per os в дозе 10 мг/кг на 1%-м растворе крахмальной слизи 
в объеме 0,2 мл/мышь, кеторолак – в дозе 6 мг/кг в аналогичном растворителе, объеме и пути введения. 

Результаты. Установлено, что тиовюрцин при превентивном однократном per os введении в дозах 100 и 
200 мг/кг эффективно блокирует ноцицептивные реакции, обусловленные активацией TRPA1- и TRPV1-
ионных каналов. При этом анальгетическая активность тиовюрцина оказалась сравнимой и (или) превос-
ходящей действие кеторолака и диклофенака в зависимости от модельной ситуации. Кроме того, выявлено, 
что тиовюрцин (200 мг/кг per os) соответствует диклофенаку натрия (10 мг/кг per os) и превосходит кеторо-
лак (6 мг/кг per os) по выраженности противовоспалительного действия в формалиновом тесте.

Заключение. Бифазность поведенческих реакций в прогностическом «Формалиновом тесте» не позволяет 
однозначно сделать вывод о направленности механизма действия тиовюрцина, что подтверждает гипоте-
зу о полимодальности. Данные, полученные на двух моделях соматогенной ноцицепции, не исключают 
того, что модуляция активности рецепторов TRPA1- и TRPV1-ионных каналов является одним из механиз-
мов его анальгетического действия. По сочетанию выявленных ключевых для анальгетика характеристик  
тиовюрцин является уникальным веществом с высоким терапевтическим и инновационным потенциалом.

Ключевые слова: гексаазаизовюрцитан, тиовюрцин, анальгетическая активность, соматогенная ноцицеп-
ция, TRP-ионные каналы, кеторолак, диклофенак, капсаицин, формалиновый тест, противовоспалительная 
активность.
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INTRODUCTION

Nowadays, one of the new trends in pharmaceu-
tics is the synthesis of candidate molecules for use 
in designing non-narcotic analgesics to alleviate se-
vere and moderate pain [1]. Three types of pain kill-
ers are principally used to treat pain of various etiol-
ogies in patients in inpatient and outpatient settings: 
opiate- and cannabinoid-based drugs with different  
analgesic activity, nonsteroidal anti-inflammatory 
drugs (NSAIDs), and different combinations there-
of in multimodal treatment regimens [1, 2, 3]. For  
management of severe and moderate pain, non- 
narcotic analgesics could serve as opioid alternatives 
that act on the central and peripheral nervous systems 
in humans and offer a range of advantages. Howe- 
ver, the number of possible candidate molecules of 
non-opioid analgesics is extremely limited. One of 
the up-to-date approaches to making innovative mole-
cules is developing methods for streamlined construc-
tion and synthesis of original chemical entities.

The interdisciplinary partnership between the IP-
CET SB RAS and the GRIP&RM of NRMC resulted in 
4-(3,4-dibromothiophenecarbonyl)-2,6,8,12-tetraace-
tyl-2,4,6,8,10,12-hexaazatetracyclo [5.5.0.03,11.05,9]
dodecane (thiowurtzine), the world’s first molecule in 
a new class of compounds for medical use (RU Patent 
No. 2565766 as of 23.09.2015). This innovative com-
pound was created by the streamlined synthesis tech-
nique using the PASS software prediction data, and it 
is the ever-first in the class of hexaazaisowurtzitanes. 
Since the 80-ies of the last century, numerous studies 
focused on the synthesis of this class of compounds 
have primarily been of defense nature. And only in 
recent years, hexaazaisowurtzitane has been in use as 
a pharmacophore for the design of original pharma-
ceutical agents [4]. 

The previous studies revealed that this innovative 
compound demonstrated a pronounced analgesic ac-
tivity comparable and/or superior to diclofenac sodi-
um, ketorolac and tramadol in the “Hot plate” test and 

Acetic acid-induced writhing test, the model of acute 
visceral and deep somatic pain. Because thiowurtzine 
had no impact on the secretion of basic inflammation 
mediators (histamine, serotonin, and prostaglandin) 
and had no ulcerogenic activity in a dose range of 25-
200 mg/kg, there was a conclusion made that it has 
no COX-dependent action [5]. With that, its promi-
nent anti-inflammatory action in the arachidonic ac-
id-induced test and its moderate action in the brady-
kinin- and carrageenan-induced inflammation models 
were validated [6]. This compound can be referred to 
hazard category III (lethal dose (LD50) is in the range 
of 150–5000 mg/kg), GOST 12.1.007-76. The ma- 
ximum possible single dose of thiowurtzine did not 
reach LD50 (or animal lethality). Thiowurtzine did not 
evoke respiratory depression nor did changes in gas-
trointestinal reflexes. The study into the thiowurtzine 
action mechanism revealed naloxone-sensitive anal-
gesia, and no affinity to peripheral opioid receptors 
was proven using naloxone methiodide [5]. 

The above data altogether give evidence of the 
polymodal mechanism of the thiowurtzine action, 
which necessitates further research in this aspect.    

The present study aimed to evaluate the analge-
sic action of thiowurtzine by activation of TRPA1 
and TRPV1 ion channels in somatogenic nociception 
models such as formalin test and capsaicin test.

MATERIALS AND METHODS 
The experiments were done on 50 outbred sexu-

ally mature male mouse of CD1 stock and 48 male 
CBA strain mice (aged 7–8 weeks) of the first cate-
gory, conventional. The animals were provided by the 
Department of Experimental Biological Models at the 
GRIP&RM of Tomsk NRMC (animal health certifi-
cate available). The animal husbandry and experimen-
tal design were approved by the Bioethics Committee 
of the GRIP&RM (JACUC protocol No. 96092015 of 
16.09.2015) and were in compliance with Directive 
2010/63/EU “On the Protection of Animals Used for 
Scientific Purposes” of the European Parliament and 
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the Council of the European Union and with Order 
No. 199n as of 01.08.2016, of the Ministry of Health 
of the Russian Federation. 

The experimental design, sample size, experimen-
tal regimen, and choice of statistical analysis were de-
termined in the optimal way for this kind of research to 
acquire robust data for interpretation of results without 
expanding the number of animals. Before the experi-
ment, each animal inside the group was assigned an 
individual number labeled with carbol-fuchsin marks. 
The animals were divided into groups randomly by 
body weight criterion so that the individual weight 
value would not deviate from the average within one 
group by no more than ±10%. After the experiments 
were completed, the mice were euthanized by the 
cervical dislocation method.

The innovative molecule under study represents 
a polynitrogen polycyclic cage compound, 4-(3,4-di-
bromothiophene carbonyl)-2,6,8,12-tetraace-
tyl-2,4,6,8,10,12-hexaazatetracyclo[5.5.0.03,11.05,9]
dodecane. This is a newly synthesized compound 
obtained by acylation of commercially available 
2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracy-
clo[5.5.0.03,11.05,9]dodecane with 3,4-dibromothio-
phene carboxylic chloroanhydride. Thiowurtzine, a 
colorless crystalline product with an API content of 
99.0% and a single impurity content of below 0.2% 
(as per HPLC), Mp = 328–330°С), was characterized 
in full and validated by physicochemical analytical 
methods such as IR (ν/cm–1), 1H nuclear magnetic 
resonance (NMR) (DMSO-d6, δ, ppm) and 13C NMR 
(DMSO-d6, δ, ppm) spectroscopies.

The therapeutic analgesic dose of thiowurtzine was 
estimated to be per os 100 mg/kg as determined in 
the previous studies on thiowurtzine analgesic activity 
[5, 6]. Here, thiowurtzine was administered in a single 
dose at 50–200 mg/kg (water-tween solvent) through 
an oral gavage one hour before experimental manip-
ulations. The reference drugs were diclofenac sodium 
(Hemoharm, Russia) administered through gavage in 
a preventive single dose of 10 mg/kg dissolved in 1% 
starch mucilage in a volume of 0.2 mL/mouse, and 
ketorolac (Dr. Reddy’s Laboratories Ltd., India) in a 
dose of 6 mg/kg with the same solvent, administra-
tion volume and route. The used doses of the reference 
drugs were equivalent to the mean therapeutic human 
dose. The animals of the negative control group re-
ceived equivolumetric infusions of the water-tween 
solvent in the same regiment. 

Formalin test. Formalin test, a chemogenic model 
of acute pain response, mimics pain reactions of dif-

ferent genesis (somatic traumas, burns, cuts, chemical 
injuries, surgical skin incisions) [7]. One of the me- 
chanisms of the formalin nocigenic action is the  
activation of TRPA1 channels responding normally to 
cold and stimulating the development of thermal and 
mechanical hyperalgesia [8].

The animals were divided into 5 groups: I. Control, 
no treatment; II. Ketorolac, 6 mg/kg; III. Diclofenac, 
10 mg/kg; IV. Thiowurtzine, 100 mg/kg; V. Thio- 
wurtzine, 200 mg/kg. The test drug and the reference 
drugs were administered one hour before starting the 
tests. Hyperalgesia was simulated by subcutaneous 
injection of 20 µL/kg 2% aqueous formalin solution 
injected intraplantarily into the right hind paw pad af-
ter one hour. The pain response intensity in the first 
and second test phases were documented every sec-
ond for the number and duration of behavioral pat-
terns (flinches) of pain responses (licks, shakes) of the 
affected hind paw for 60 minutes. The pattern times 
were summated for each animal. The analgesic acti- 
vity of the drugs was evaluated against the decreas-
ing number of pain responses relative to the negative 
control, separately for phase I (initial 10 min after for-
malin injection) and phase II (from the 10th to the 60th 
minute following formalin injection) of the nocicep-
tive response.

Capsaicin test. Examination of a new mole-
cule for analgesic action in the selective test with a 
TRPV1 channel agonist is an essential step in explor-
ing the specific pharmacological activity. This test 
helps evaluate how a compound influences the sen-
sitivity of TRPV1 channels found basically in noci-
ceptive neurons of the central and peripheral nervous 
systems [9]. 

The animals were divided into 5 groups: I. Con-
trol, no treatment; II. Ketorolac – 6 mg/kg; III. Thio-
wurtzine – 50 mg/kg; IV. Thiowurtzine – 100 mg/kg; 
V. Thiowurtzine – 200 mg/kg. The test drug and the 
reference drugs were administered one hour before 
starting the experiment. In an hour, a 10 µL capsa-
icin solution (3 µg/10 µL of 10% ethanol dissolved in 
0.9% NaCl) was injected intraplantarily into the left 
hind paw. After injection, the paw was rubbed with 
ethanol to prevent capsaicin-induced skin irritation. 
Then, the time (latency period) to pass until response 
initiation (the mouse began violently shaking and  
licking the paw) was recorded. Afterwards, paw-lick 
patterns and total licking time were counted every  
second for 15 minutes for each mouse. The basic  
criteria of the drug efficacy were the total licking time 
and the pain reaction time.  
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Anti-inflammatory effect assessment. After the 
two tests were completed, the mice were euthanized, 
whereupon the both hind paws (inflamed and intact) 
were excised along the bone prominence below the 
junction of the splint bone and shin bone and above 
the talocalcaneal joint, and were weighed on an elec-
tronic analytical balance. The anti-inflammatory effect 
evaluated against the edema weight change was ex-
pressed as percentage to the control and was estimated 
by the appropriate formulae [10]. 

Statistical processing of the obtained results was 
performed by the variation statistics method using 
Statistica 6.0 software. For all the data, the mean value 
(X) and the standard error of the mean (M ± m) were 
estimated, which are given in summary Tables 1, 2 
together with the quantity n (number of variants in a 
group). Differences in the quantities under comparison 
were considered significant if the probability of their 
identity was below 5% (p < 0.05). Using sample coef-
ficients of asymmetry and excess, the approximation 
degree of the distribution law of the test characteris-

tic to the normal was evaluated. The non-parametric 
Mann – Whitney U-test was used for independent 
samples in the case of deviations in distributions of a 
characteristic from the normal. To reveal the reliabi- 
lity of differences in these qualitative characteristics, 
the Fisher transformation was used [10].

RESULTS 
The modern experimental system including the no-

ciceptive tests using electrical, thermal, mechanical, 
and chemical stimuli for pain modulation at different 
sensitivity levels can provide a range of anti-nocicep-
tive characteristics of novel chemical entities and, in 
some ways, predict the nature of their analgesic action 
in humans [9, 11, 12].

The subcutaneous injection of formalin into the 
dorsal surface of the hind paw evoked a typical, bi-
phasic, nociceptive behavioral response (Fig. 1), as 
evidenced by the score of pain reactions in the control 
mice: (30.8 ± 1.6) flinches in nociceptive phase I and 
(13.2 ± 2.6) in nociceptive phase II.  

to an injected chemical, and is mainly attributed to the 
direct activation of the thin unmyelinated C-fibers, 
most of which transmit impulses from the nocicep-
tors;in our case, from the TRPA1 channels [7, 8, 9]. 
At this point of observation, thiowurtzine moderately 
limited the acute pain caused by the formalin-induced 
activation of the TRPA1 channels (Fig. 1).

In phase II of formalin-induced inflammation, thio-
wurtzine in doses of 100 and 200 mg/kg diminished 
the number of paw-lick behavioral responses typical 
for this test by 3.4 (p < 0.05) times and by 3.2 times  
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In phase II of formalin-induced inflammation, thiowurtzine in doses of 100 and 200 

mg/kg diminished the number of paw-lick behavioral responses typical for this test by 3.4 (p 

< 0.05) times and by 3.2 times (p < 0.05) as compared to the control group (Fig. 1). The 

analysis of the number of paw-shake patterns revealed that the test drug and the reference 

drugs had a similar analgesic activity. This reaction was not detected in animals which 

received 200 mg/kg thiowurtzine, while a 100 mg/kg dose resulted in a 5.3-fold decrease in 

shakes compared to the negative control, indicating a pronounced inhibition of nociceptive 

manifestations. The scores of pain reactions when thiowurtzine was administered in doses of 

100 mg/kg (4.5 ± 1.6, p < 0.01) and 200 mg/kg (3.3 ± 1.0, p < 0.01) appeared to be similar to 

those of the reference drugs ketorolac (1.8 ± 0.8, p < 0.01) and diclofenac (3.0 ± 1.3, p < 0.01) 

in terms of formalin hyperalgesia severity.  

By examining the anti-inflammatory action of thiowurtzine in phase II of nociceptive 

behavior, its statistically significant effect at a dose of 100 mg/kg was detected. By the 

reduced paw inflammatory swelling, a 200 mg/kg thiowurtzine dose (26%) was 

commensurable with diclofenac sodium (32%) and superior to ketorolac (14%) (Table 1).  

In the formalin test, which simulates a clinical 
model of both acute (phase I) and tonic pain (phase 
II), thiowurtzine exhibited an analgesic activity in the 
both phases [8]. In test phase I, thiowurtzine when ad-
ministered as preventive single doses of 100 and 200 
mg/kg via an intragastric gavage caused a statistically 
significant decrease in the number of initial pain re-
actions in the form of paw lifting, as compared to the 
control group; with that, no activity of the reference 
drugs diclofenac and ketorolac was noticed. Phase I of 
the formalin test characterizes acute pain in response 
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(p < 0.05) as compared to the control group (Fig. 1). 
The analysis of the number of paw-shake patterns re-
vealed that the test drug and the reference drugs had 
a similar analgesic activity. This reaction was not de-
tected in animals which received 200 mg/kg thiow-
urtzine, while a 100 mg/kg dose resulted in a 5.3-fold 
decrease in shakes compared to the negative control, 
indicating a pronounced inhibition of nociceptive 
manifestations. The scores of pain reactions when 
thiowurtzine was administered in doses of 100 mg/kg  
(4.5 ± 1.6, p < 0.01) and 200 mg/kg (3.3 ± 1.0,  
p < 0.01) appeared to be similar to those of the ref-
erence drugs ketorolac (1.8 ± 0.8, p < 0.01) and  
diclofenac (3.0 ± 1.3, p < 0.01) in terms of formalin 
hyperalgesia severity.

By examining the anti-inflammatory action of thio-
wurtzine in phase II of nociceptive behavior, its sta-
tistically significant effect at a dose of 100 mg/kg was 
detected. By the reduced paw inflammatory swelling, 
a 200 mg/kg thiowurtzine dose (26%) was commen-
surable with diclofenac sodium (32%) and superior to 
ketorolac (14%) (Table 1). 

T a b l e  1 

Indicators of anti-inflammatory action of thiowurtzine in 
formalin test in outbred male CD1 stock mice

Test group, 
dose (mg/kg),

(number of animals)

Paw swelling,  
M ± m, %

Paw swelling 
inhibition, %

Control, water-tween solvent  
(n = 10) 48.0 ± 2.5 –

Ketorolac, 6 (n = 10) 41.2 ± 4.8* 14
Diclofenac, 10 (n = 10) 32.8 ± 1.5* 32
Thiowurtzine, 100 (n = 10) 41.2 ± 2.2* 14
Thiowurtzine, 200 (n = 10) 35.4 ± 3.2* 26

* рU < 0.05.

In test phase II, thiowurtzine diminished the tonic 
pain intensity due to the reduced inflammation (Ta-

ble 1) in the peripheral tissues, and due to a possible 
change in the neuronal function of the dorsal horns of 
the spinal cord where the neurons of ascending pain 
pathways are located. The formalin test has a quite 
high prognostic significance when the action me- 
chanism of novel potential analgesics are exam-
ined, as far as the opioid analgesics are known to 
block the both nociceptive phases, while non-steroid  
anti-inflammatory agents inhibit only the second 
phase, while local anesthetics suppress only the first 
phase [7, 8, 10]. 

The biphasic behavioral responses of the mice 
groups, which received thiowurtzine, do not allow for 
the unambiguous conclusion about the direction of the 
thiowurtzine action mechanism. Even though thio- 
wurtzine exhibited a moderate anti-nociceptive effect 
in phase I wherein the reference drugs of the nonste-
roidal anti-inflammatory group showed no activity, 
it effectively blocked the pain response in animals in 
phase II. That being said, the pain response level in 
phase II, judging from the shortened licking time in 
the thiowurtzine groups, turned out to be comparable 
with anti-nociceptive activities of ketorolac and di-
clofenac. Besides, the earlier detected naloxone-sen-
sitive analgesia of thiowurtzine does not preclude 
possible involvement of opioidergic system in its an-
tinociceptive activity in the both test phases [5]. The 
obtained results altogether necessitate further research 
in other nociceptive models.

The intraplantarily injected capsaicin solution 
evoked a marked nociceptive behavioral response 
manifested as paw licking and shaking in the con-
trol mice group. With that, all the indicators of pain 
reaction development and behavioral patterns were 
in agreement with the literature data (Table 2) and 
suggest that the model situation was reproduced  
(Table 2). 
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T a b l e  2

Indicators of antinociceptive activity of thiowurtzine administered in a preventive single dose in the capsaicin test in male CBA mouse 
stock, M ± m

Animal group, drug dose,
(number of animals)

Pain reaction latency 
time,  sec

Counts Total licking time, 
sec

Pain reaction time,  
secLicks Shakes

Control, purified water, (n = 8) 8.8 ± 1.8 9.4 ± 1.6 5.6 ± 1.3 86.6 ± 20.6 820.0 ± 31.1
Ketorolac, 6 mg/kg (n = 10) 25.1 ± 7.1* 5.0 ± 0.9* 1.6 ± 0.5* 38.4 ± 13.0 347.6 ± 79.6*
Thiowurtzine, 50 mg/kg (n = 10) 62.8 ± 21.6* 8.7 ± 2.0 2.6 ± 1.0 82.0 ± 35.1 579.4 ± 57.9*
Thiowurtzine, 100 mg/kg (n = 9) 18.7 ± 5.0* 6.3 ± 0.9 1.4 ± 0.4** 30.4 ± 10.2** 421.4 ± 75.0*
Thiowurtzine, 200 mg/kg (n = 10) 61.2 ± 20.1** 5,2 ± 1.2* 1.6 ± 0.7* 20.6 ± 5.0** 326.6 ± 86.4*

* рU < 0.05; ** рU < 0.01 relative to the negative control.
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As one should expect, ketorolac evoked a signifi-
cant decrease in pain reaction severity in male CBA 
mice: pain response latency period increased by 2.9 
times (p < 0.05), paw licks declined by 1.9 times (p < 
0.05) and paw shakes declined by 3.5 times (p < 0.05) 
compared to the control group (Table 2). It should 
be noted that the pain reaction time shortened by 2.4 
times (p < 0.01). The results given above are consisted 
with the literature data on expressiveness of ketorolac 
analgesic effect.    

The analysis of the results for the thiowurtzine 
groups allows for the conclusion of its prominent 
dose-dependent analgesic effect. With that, no statisti-
cally significant differences from the ketorolac group 
were detected. For instance, when thiowurtzine was 
administered in a 50 mg/kg dose, the pain response 
latency time was noticed to increase by a factor of 7.1 
(p < 0.05) compared to the control group and by a fac-
tor of 1.7 compared to the ketorolac group. Based on 
the overall data obtained, the pain response time short-
ened by 1.4 times (p < 0.05) relative to the negative 
control. 

The pronounced analgesic activity of thiowurtzine 
at 100 mg/kg manifested itself as a statistically signi- 
ficant increase in pain response latency, a decrease in 
paw shakes by 4.0 times (p < 0.01), a decrease in total 
licking time by 2.8 times (p < 0.01), and a decrease in 
pain response time by 1.9 times relative to the corre-
sponding indicators of the control group. 

In case thiowurtzine was dosed at 200 mg/kg, the 
difference in all test indicators was statistically signi- 
ficant between this group and the control group. For 
instance, the pain response latency increased by 7.0 
times (p < 0.05) and paw licks and shakes decreased 
by 1.8 times (p < 0.05) and 3.5 times (p < 0.01),  
respectively, with total licking time being reduced 
by 4.2 times (P < 0.01) and pain response time be-
ing reduced by 2.5 times (p < 0.01) compared to the 
negative control. The mechanism of pain reaction 
development is associated with ion channels of no-
ciceptors in tissues when exposed to chemical and 
mechanical injury. A capsaicin injection, a direct  
agonist of TRPV1 channels, can successfully pro-
voke such an injury [9]. 

The findings obtained herein indicate that the test 
compound blocked pain progress in capsaicin-injec- 
ted mice, at that the observed analgesic effect was 
dose-dependent, reached its maximum when thio- 
wurtzine was dosed at 200 mg/kg, and was commen-
surable with the ketorolac effect. 

The TRP ion channel family whose discovery was 

an important step in exploring the nature of pain sen-
sation at the molecular level is currently considered 
as the pharmacologically most urgent biotargets of 
the human nervous system for analgesia [13–16]. 
Searching for modulators and agonists of TRP ion 
channels and designing high-efficacy analgesics with 
minimum side effects on their basis is among the pri-
ority focal areas of research labs around the world 
[13, 16]. The discovered properties of thiowurtzine 
actualize further development of unique thiow-
urtzine-based drugs intended for therapy of acute and 
moderate pain of different genesis. The pronounced 
anti-nociceptive activity of thiowurtzine even one 
hour post injection suggests a potential use of thio-
wurtzine-based drugs to alleviate pain syndrome in 
extreme cases.   

CONCLUSION 
Thiowurtzine when administered in a preventive 

single per os dose of 100 and 200 mg/kg was found 
to effectively block nociceptive reactions caused by 
activation of TRPA1 and TRPV1 ion channels. That 
being said, the thiowurtzine analgesic activity turned 
out to be comparable and/or superior to ketorolac and 
diclofenac, depending on the model situation. Be-
sides, thiowurtzine (200 mg/kg per os) was found to 
be equivalent to diclofenac sodium (10 mg/kg per os) 
and superior in anti-inflammatory expressiveness to 
ketorolac (6 mg/kg per os) in the formalin test. The 
test results can assert that the pronounced anti-noci-
ceptive action of the innovative compound in the cap-
saicin and formalin tests is due to the interaction with 
the TRPV1 and TRPA biotargets. 

Moreover, all the data obtained previously may in-
dicate that the activity modulation of TRP ion chan-
nels is one of the mechanisms of thiowurtzine’s anal-
gesic action. By the combination of the revealed key 
characteristics typical of an analgesic, thiowurtzine is 
a unique chemical entity with a high therapeutic and 
innovation potential. 
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ABSTRACT

The aim was to study the basic physico-mechanical properties of hydroxyapatite (HA) composites (up to 25–50 
wt%) with polylactide (PLA-HA) and poly(e-caprolactone) (PCL-HA) prepared by melt compounding, as well as 
the osteogenic potential of PLA-HA in vivo.

Materials and methods. All biodegradable polymer composites were prepared by hot melt compounding and 
studied by dielectric spectroscopy in frequency domain, optical microscopy, X-ray diffraction analysis and tensile 
tests. An ability of PLA-5 wt% HA composites prepared by 3D-printing to induce bone tissue growth in vivo was 
detected with the help of ectopic subcutaneous test in inbred mice.

Results. Values of the real part of complex permittivity of PLA-HA and PCL-HA composites are increased by 
15–30% compared to those for initial PLA and PCL, while tand loss factor tanδ does not exceed 0.02 for PLA-
based composites and 0.2 for PCL-based composites. The crystallinity degree of PLA-HA composites is increased 
by 3 and 6 times with an increase of HA content from 25 to 50 wt% respectively compared to the indicator for PLA. 
The crystallinity degree of PCL-HA composites with 25 wt% HA is increased by 2 times compared to the value for 
PCL. It is due to the fact that HA powder particles play the role of additional nucleation centers. For all this, me-
chanical strength of composites diminished statistically. Even lowest HA content (5 wt%) in PLA-HA composites 
prepared by 3D-printing increased the incidence of ectopic osteogenesis by 40%. 

Conclusion. Designed biodegradable composites have a practical use potential for bone tissue engineering.

Key words: poly(lactic acid), poly(e-caprolactone), hydroxyapatite, melt compounding, physicochemical proper-
ties, ectopic osteogenesis, in vivo.
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РЕЗЮМЕ

Цель. Исследование основных физико-механических свойств композитов гидроксиапатита (ГА) (до 25–
50%) с полилактидом (ПЛА-ГА) и поли(e-капролактоном) (ПКЛ-ГА), полученных методом смешения в 
расплаве, а также остеогенного потенциала ПЛА-ГА in vivo.

Материалы и методы. Все биоразлагаемые полимерные композиции изготовлены методом горячего 
компаундирования в расплаве, исследованы методами диэлектрической спектроскопии в частотном ходе, 
оптической микроскопии, рентгеноструктурного анализа и испытаний на растяжение. Способность компо-
зитов ПЛА-5% ГА, полученных методом 3D-печати, к in vivo индукции роста костной ткани изучена при 
помощи теста подкожного эктопического костеобразования на линейных мышах. 

Результаты. Значения действительной составляющей комплексной диэлектрической проницаемости ком-
позиций ПЛА-ГА и ПКЛ-ГА увеличиваются на 15–30% по сравнению с исходными ПЛА и ПКЛ, при этом 
тангенс угла потерь не превышает 0,02 для композиций на основе ПЛА и 0,2 – для композиций на основе 
ПКЛ. Степень кристалличности для композиций ПЛА-ГА, по сравнению с показателем для ПЛА, увеличи-
вается в 3 и 6 раз при повышении содержания ГА с 25 до 50% соответственно. Для композиции ПКЛ-ГА 
при 25% ГА степень кристалличности увеличивается в 2 раза по отношению к значению для ПКЛ. Это 
обусловлено тем, что частицы порошка ГА играют роль дополнительных центров кристаллизации. При 
этом статистически значимо снижается прочность композитов на разрыв. Композиты ПЛА, полученные 
методом 3D-печати, даже с низким (5%) содержанием ГА на 40% повышают результаты эктопического 
остеогенеза. 

Заключение. Разработанные биоразлагаемые композиции имеют потенциал практического применения в 
приложении к биоинженерии костной ткани.

Ключевые слова: полилактид, поли(e-капролактон), гидроксиапатит,  компаундирование в расплаве, фи-
зико-механические свойства, эктопический остеогенез, in vivo.
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INTRODUCTION
Biodegradable polymers such as poly(lactic acid) 

(PLA) and poly(e-caprolactone) (PCL) are used ex-
tensively in the field of biomedical applications. In 
this case, biodegradable polymers are used as polymer 
scaffolds to assist tissue and cell growth during the 
bone tissue regeneration, and for drug delivery, when 
drugs are mixed with polymer matrix and they are 
gradually released as the polymer is dissolved in the 
body [1–8]. PLA and PCL can be degraded by micro-
organisms under environment conditions. In addition, 
PCL is susceptible to both alkaline and enzymatic hy-
drolysis [9–10].

Conventional single-phase polymer materials do 
not always meet the essential requirements of regen-
erative medicine therefore there is a great need to 
design multi-phase composites with properties simi-
lar to that of natural bone. For instance, poly(lactic 
acid) has a good biodegradability, however it has a 
very low elongation at break and brittleness limits its 
usage. On the other hand, poly(e-caprolactone) has a 
higher elongation at break, while its degradability rate 
is lower than for PLA. Various organic and inorgan-
ic fillers are used to improve the properties of biode-
gradable composites such as mechanical properties, 
water uptake, degradability rate, and biocompatibili-
ty, making these materials suitable for use in the field 
of biomedicine. Carbon nanotubes (CNT) and carbon 
fibers (CF), derivatives of graphite, graphene, lay-
ered silicates, ferroelectric and piezoelectric ceramics 
powders, and hydroxyapatite (HA) are often used as 
fillers with required properties in such multi-phase 
biodegradable composites [7, 11–18]. 

For example, in [19–21], the authors showed the 
effectiveness of “Osteomatrix” biocomposite mate-
rial, consisting of natural hydroxyapatites, amino-
glycans, and collagens, for bone tissue regeneration. 
Defects in damaged bones were filled with “Osteo-
matrix” biocomposite material in the form of powder, 
pellets or blocks, which significantly reduced the for-
mation time of a new bone tissue in patients.

Numerous authors have demonstrated that the ad-
dition of HA into PLA or PCL matrices can improve 
both biocompatibility and mechanical properties of 

polymer-ceramic composites because hydroxyapatite 
has the most similar chemical composition to human 
bone [1, 22–32]. Akindoyo et al. [23] reported that 
adding HA into PLA allows for better cell attachment 
and proliferation to the PLA-matrix. Adding the bios-
trong impact modifier (BSIM) into PLA-HA compos-
ites results in increase of impact strength, tensile and 
flexural properties at 5 wt% BSIM content. 

Russias et al. [28] observed that PLA-based com-
posites filled with either a fine-grained powder (av-
erage particle size – 5 μm) or larger whiskers (25–30 
μm long and 5 μm in diameter) of hydroxyapatite with 
about 70–85 wt.% ceramic contents can be used to 
prepare scaffolds with mechanical properties close to 
those of human cortical bone. 

Zhang et al. [31] showed that PLA-HA composites 
improve interfacial adhesion and the bending strength. 
Furthermore, these composites can be processed by 
3D-printing [30, 31]. Shen et al. [32] reported that 
PLA-based biocomposites filled with HA and carbon 
fiber (CF) (PLA-HA-CF) were manufactured of PLA-
HA-CF prepreg by hot pressing. PLA-HA-CF pre-
preg was prepared by mixing components in solution. 
They have found that biocomposites have excellent 
mechanical properties, for example, flexural strength, 
flexural modulus and shear strength reach 430 MPa, 
22 GPa, 212 MPa, respectively. Water uptake of PLA-
HA-CF biocomposites increased up to 5%, while the 
rate of mass loss was only 1.6%. After in vitro degra-
dation for 3 months, the pH value of phosphate buffer 
solution decreases by less than 0.1, indicating that the 
alkaline of HA neutralizes the acid formed following 
the degradation of PLA by hydrolysis, which prevents 
the harm of acidity for the patient’s body. Park et al. 
[33], Kim et al. [34] and Jiang et al. [35] demonstra- 
ted that the PCL-HA composites can be successful-
ly applied to manufacture biodegradable scaffolds by 
3D-printing for bone tissue engineering. 

However, the majority of PLA-HA and PCL-HA 
composites were prepared by mixing in solution, but 
even for these composites, studies of the main proper-
ties are episodic in nature. 

The aim of this work was to study the basic phys-
ico-mechanical properties of PLA-HA and PCL-HA 
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composites obtained by melt compounding, as well as 
in vivo osteogenic potential of PLA-HA composites. 

MATERIALS AND METHODS
Biodegradable poly(lactic acid) (PLA, Ingeo 

4043D, NatureWorks LLC, USA) and poly(e-capro-
lactone) (PCL, purchased from Sigma-Aldrich, 
USA) were used in this work as polymer matrices. 
Powder of hydroxyapatite (HA) produced by me- 
chanochemical method [36] provided by Sintel RPC 
LLC (Tomsk, Russia) was used as filler. All materi-
als were used as received without an additional treat-
ment. The filler content (C) in polymer composites 

was changed from 0 to 50 wt%. All composites were 
prepared by melt compounding in a measuring mix-
er 50 EHT (Brabender, Germany). Mixing time and 
processing temperature were 10 min and 190–210 °C 
for PLA-based composites and 80–100 °C for PCL-
based composites respectively. The speed of coun- 
ter-rotating blades of the mixer was changed from 30 
to 90 rpm as shown in Fig. 1. Filler was gradually 
introduced into the polymer melt up to the required 
fraction, while mixing until all fillers were evenly 
distributed in the polymer matrix. After preparation, 
all composites were granulated with the granulator 
(Brabender, Germany).

To prepare the samples with dimensions of 65 × 85 
× (0.05–1.0) mm by hot pressing, compression molds 
filled with polymer composite pellets were placed into 
a vacuum furnace heated to 200 °C (for PLA-based 
composites) and to 100 °C (for PCL-based compos-
ites) for 3 hours. After that, compression molds were 
pressed in a hydraulic press at 20 MPa for 20 minutes. 
Then, the compression molds were cooled at a cooling 
rate of 4°C / min to ambient temperature under pres-
sure in air.

Measurements of the e' real part of the e*(f) = e'(f) – 
e''(f)complex permittivity and the tand = e''(f)/e'(f) loss 
factor, where e'' is the imaginary part of the complex 
permittivity; d = 90° – j is the loss factor angle; and j 
is the angle between voltage and current, were carried 
out under 3V AC voltage in the frequency range from 
1 to 105 Hz using a “Solartron Analytical” instrument 
(Great Britain). From seven to ten measurements per 
decade in the entire investigated frequency range were 

carried out for all samples. Not less than three samples 
for each material were tested.

The morphology of developed composites, shape 
and dimensions of filler powder particles were studied 
by an optical microscopy (OM). The thickness of sam-
ples for the OM study was 50 mm.

The study of crystalline structure of polymer ma-
trices and composites was carried out by wide angle 
X-ray diffraction method (XRD) by means of the 
“Shimadzu XRD-7000” diffractometer (CuKa radia-
tion λ = 1,54 Å) at an accelerating voltage on an X-ray 
tube of 40 kV and current of 30 mA, in the angle range 
of 2q = 5–90°.

The mechanical properties of the developed poly-
mer composites were studied using an “Instron 3345” 
universal tensile testing machine (USA). The elastic 
modulus, elongation at break, and tensile strength for 
all tested samples were determined from the experi-
mentally obtained stress-strain curves.
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Fig. 1. Temporal diagrams of the melt temperature and torque on the agitator shaft for PLA-based composite
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To estimate the bioengineering potential of PLA-
HA composites, three-dimensional (3D) samples pre-
pared of 95 wt% PLA + 5 wt% HA composite were 
prepared in the form of disks (11 mm in diameter and 
1.2 mm thick) by computer-aided design in Blender 
software with open source code and subsequent lay-
er-by-layer deposition of filaments (diameter 1.75 
mm) using a CreatBot Duo 3D printer (CreatBot 3D 
Printer, PRC) as described previously [37]. Samples 
prepared of pure PLA were used as control ones. To 
improve the bone marrow adhesion to the surface of 
samples, one of sample surfaces was textured with 
0.3–0.5 mm wide grooves.

One of the modern methods to determine the os-
teogenic properties of materials and products is the ec-
topic (heterotopic) subcutaneous test, which makes it 
possible to evaluate the in vivo induction of differenti-
ation of mesenchymal stem cells into osteoblasts [38]. 

The experiments were carried out in compliance 
with the principles of humane treatment of labora-
tory animals in accordance with the “Rules for the 
use of experimental animals” (Appendix to the or-
der of the Ministry of Health of USSR No. 755 dated 
12.08.1977). Animals were kept according to RD-
APK 3.10.07.02-09. Drinking water was supplied to 
laboratory animals from the water supply system; wa-
ter quality was in accordance with SanPiN 2.1.4.1074-
01 (Russia). Animals were kept under artificial and 
natural light in accordance with the requirements of 
SNiP 23.05-95 (Russia).

BALB/c inbred mice were anesthetized and oper-
ated under sterile conditions. The skin was sterilized 
with 70% ethanol, samples with syngeneic bone mar-
row from femur were implanted into the lateral subcu-
tis pockets of the venter, and the wound was sutured 
and treated with 70% ethanol. The procedure was de-
scribed previously [39]. The bone marrow of an adult 
organism is the central pool and the source of mesen-
chymal stem cells (MSCs) [40].

Forty days later, the animals were sacrificed via 
CO2 asphyxiation, and the status of the tissues around 
the implants was assessed. The implants were re-
moved together with the adjacent soft tissues (tissue 
plates) on the “working” (textured) surface of the 
samples. Standard histological technique for prepar-
ing thin sections of fixed tissue lamellae and their 
hematoxylin and eosin staining was used [39]. Six 
implants were tested in both the control and experi-
mental groups. A formation of bone and/or bone tis-
sue with marrow in the tissue lamellae was consid-
ered as a positive result.

The ability of implants to induce bone growth was 
calculated as the percentage of test samples promot-
ing the induction of bone tissue growth (IBT) with or 
without bone marrow in the tissue plate per the total 
number of implanted samples according to the formu-
la: IBT (%) = [N2/N1] × 100%, where N1 is the number 
of implanted samples; N2 is the number of samples on 
which bone tissue growth was detected.

Statistical analyses were conducted using the STA-
TISTICA 13.3 software package for Windows. The 
normality of the data distribution was defined by the 
Kolmogorov – Smirnov test. The mean and mean error 
(M ± m), median and Me (Q1–Q3) interquartile range 
were calculated. To assess the statistical significance 
of differences, in the event that the distribution of data 
does not correspond to the normal distribution law, 
the nonparametric Mann – Whitney test was used. 
Statistically significant differences were considered at  
p < 0.05. 

RESULTS AND DISCUSSION
The results of dielectric spectroscopy in frequen-

cy domain are presented in Fig. 2. It is obvious that 
frequency dependencies of e'(f) for polymer compos-
ites exhibit typical behavior: the e'(f) is monotonical-
ly decreased with frequency for both polymer ma-
trices and composites based on them. When filling 
PLA with HA powder, the permittivity of PLA + 25 
wt% HA composite is increased by about 12–15% 
compared to the initial PLA over the frequency range 
studied due to the higher permittivity of HA, which 
is about 4–9 [41]. Increase in the permittivity of PLA 
+ 50 wt% HA composite is 23–32% compared to the 
initial PLA. Increase in the permittivity of PCL + 25 
wt% HA composite is 1–4% compared to the initial 
PCL. Tand(f) loss factor over the studied frequency 
range for PLA-based composites does not exceed 
0.02, while for PCL-based composites it does not ex-
ceed 0.2.

The results of OM are shown in Fig. 3. Howev-
er, the filler particles form agglomerates sized around 
100 mm, which are visible both for initial HA pow-
der (Fig. 3,a) and for composite with filler content 25 
wt% (Fig. 3,b). It can be seen that filler particles are 
quasi-uniformly distributed in the polymer matrix. 
Decrease in the average size of filler agglomerates for 
the composite with 50 wt% HA (Fig. 3,c) compared 
to that for composite PLA + 25 wt% HA is explained 
by de-agglomeration of filler powder particles during 
compounding due to an increase in the stiffness of 
composites.
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X-ray diffraction data (X-ray diffraction  analy-
sis, or XRD) for polymer matrices (PLA and PCL) 
and composites (PLA+HA and PCL+HA) are shown 
in Fig. 4. These results indicate that for PLA broad 
diffraction peak around 2Q » 16.2° due to reflections 
from (200) or (110) crystallographic planes is ob-
served (Fig. 4,a). On the other hand, peaks around 
26.12°, 29.16°, 32°, 40°, 46.9°, and 49.7° observed for 
PLA-HA composites are attributed to the characteris-
tic diffractions peaks of HA (Fig. 4,b and 4,c) due to 
reflections from (002), (210), (211), (310), (222) and 
(213) crystallographic planes. 

For initial PCL two strong reflections at 2Q » 21.4°, 
and 23.7°, corresponding to the (110) and (200) crys-
tallographic planes of the PCL crystalline form are 
observed (Fig. 4,d). The characteristic peaks around 
26.12°, 29.16°, 32°, 40°, 46.9°, and 49.7° for PCL-HA 
composites are due to the HA presence (Fig. 4,e), as 
well as for PLA-HA composites.

The degree of crystallinity for the used polymer ma-
trices and composites based on them are listed in Table 1.

It can be seen that the crystallinity degree of PLA-
HA composites is increased by 3 and 6 times for PLA 
+ 25 wt% HA and PLA + 50 wt% HA composites, 
respectively, compared with the initial PLA. 
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Fig. 2. Frequency dependencies of the real part of complex 
permittivity (relative units) (a) and tanδ (b) for: 1 – PLA; 2 – 
PLA+25% HA; 3 – PLA+50% HA; 4 – PCL; and 5 – PCL+25% 
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Fig. 3. OM micrographs of the HA filler powder (a) and PLA-HA composites: b – 25 wt% HA, c – 50 wt% HA, and d – PCL-HA 

composite with 25 wt% HA
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The crystallinity degree of PCL + 25 wt% HA com-
posite is increased by 2 times compared to the initial 
PCL. When polymer matrix is filled with HA powder, 
the filler particles act as an additional nucleating agent 
for the polymer matrix resulting in the increase of the 
crystallinity degree of polymer composites.

Fig. 5 demonstrates the results of tensile tests. It is 
seen that the addition of HA to the PLA results in a de-
crease in elongation and tensile strength, and only for 

the Young’s modulus there is a tendency to increase 
with increasing HA content.

For PCL-based composites the changes in the stud-
ied mechanical properties are similar, with the only 
difference being that the values of the Young’s mo- 
dulus and tensile strength are significantly lower than 
those obtained for PLA-based composites, while the 
elongation for PLA-based composites is negligible 
compared to with PCL-based composites. 
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Fig. 4. XRD patterns (a) initial PLA; b – PLA-HA composite with 25 wt% HA; c – PLA-HA composite with 50 wt% HA; d – initial 
PCL; and e – PCL-HA composite with 25 wt% HA
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The degree of crystallinity of polymer matrices and composites, M ± m
Material PLA PLA + 25 wt% HA PLA + 50 wt% HA PCL PCL + 25 wt% HA

The degree of crystallinity, % 11.6 ± 0.35 37.9 ± 1.14 71.45 ± 2.14 34.7 ± 1.04 75.53 ± 2.27
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Currently, biodegradable polymers and their com-
posites are widely used in tissue bioengineering. PLA 
implants are one of the most popular products in cli- 
nical practice. PLA products are resorbable over time 
and are replaced by bone tissue, according to various 
authors, not earlier than 7 years after implantation [42]. 
It can lead to complications in the form of an inflam-
matory reaction to a foreign body [43]. In this regard, 
a development and biomedical testing of new technol-
ogies for the manufacture and modification of compo- 
sites of (co)polymers and HA with controlled biodeg-
radation are very relevant. However, at high HA con-
tent, the potential enhancement of the osteogenic prop-
erties of composites [44] is offset by a real decrease in 
their physicomechanical properties (Fig. 5).

During subcutaneous implantation, test materials 
experience a biomechanical load (shock, compression, 

and lateral displacement) resulting in simulated in vivo 
conditions to bone implantation. While PLA compos-
ites with a low HA content (5 wt%) were subcutane-
ously tested, after 40 days there were no macroscopic 
signs of implant destruction and inflammatory reaction 
(in particular, severe hyperemia of the recipient bed, 
and the presence of exudate). The disks were surroun- 
ded by a thin (less than 50 μm) connective tissue cap-
sule, fixing them in the lateral subcutaneous pocket.

PLA and its composites promoted the conduction 
of grown tissues on the surface of the test samples. 
It was recorded by more than 3-fold increase in the 
area of tissue plates (Table 2). Histological evaluation 
of tissue lamellae showed induction of bone growth 
(IBT) as follows: 20% in the case of pure PLA sam-
ples; 60% in the case of PLA + 5 wt% HA composite 
scaffolds (Table 2).
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Fig. 5. The results of mechanical tests for PLA-based (a, b, c) and PCL-based (d, e, f) composites: a, and d – Young’s modulus;  

b – and e – elongation at break; c, and f – tensile strength
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Membrane reticulated bone, as well as the bone/
bone marrow system formed de novo due to in situ 
remodeling of bone marrow applied in vitro were 
revealed on histological sections of tissue lamellae 
(Fig. 6). 

Ectopic metaplasia of syngeneic bone marrow pro-
ceeds through the activation of a pool of donor MSCs 
differentiating into the precursors of chondro/osteo-
blasts. In turn, recipient hematopoietic stem cells re-
populate the implantation site [45]. 

Fig. 6. The positive result examples of histological slices of tissue lamellae grown on PLA and PLA + 5 wt% HA samples after 40-
day subcutaneous implantation: a – bone tissue, ×200; b) bone with marrow, ×100 hematoxylin-eosin staining

а							       b\

Бюллетень сибирской медицины. 2020; 19 (4): 119–129

T a b l e  2

Sample effect on geometric and histological features of tissues grown from bone marrow under subcutaneous ectopic test 
in BALB/с mice, Me (Q1–Q3)

Test groups of 
samples, n = 6 

Incidence of tissue  
lamella formation IBT Bone marrow (initial level 

before implantation)  
Properties of tissue lamellae 

(after implantation)

% % Area,
mm2

Area, % of bone 
marrow area Histological compound 

PLA 100 20 3.54 
(3.49–3.72)

306
(217–504)

Bone with marrow (1 case); connective 
and fat tissues (4 cases)

PLA + 5 wt% HA 100 60 4.53
(3.89–4.87)

382
(327–443)

Membrane reticulated bone (2 cases); 
bone with marrow (1 case);
connective tissue (2 cases)

Note: n – the number of test samples in each group; PLA – polylactide; PLA+5 wt% HA –hydroxyapatite (5 wt%) composite with polylactide.

CONCLUSION
Biodegradable polymer PLA- and PCL-based com-

posites filled with HA prepared by melt compounding 
were obtained, which allows introducing up to 25–50 
wt% HA into polymer matrices. HA particles and their 
agglomerates with a diameter of up to 100 μm are uni-
formly distributed over the matrix volume, increasing 
the degree of surface polarization and crystallinity of 
composites. As a consequence of high crystallinity, 
the mechanical strength of the composites decreases 
with filling. Developed biodegradable composites can 
be used for practical application in various areas of re-
generative medicine. In the field of bone tissue bioen-
gineering, PLA composites obtained by 3D printing, 

even with a low (5 wt%) HA content, increase ectopic 
osteogenesis by 40%. It allows considering MSCs as a 
cellular target of their biological activity.  
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ABSTRACT

The aim. To evaluate the association of fibrinogen (FGB), tumor necrosis factor α (TNFα), interleukin 1β (IL-1β), 
lipoprotein lipase (LPL), platelet glycoprotein (ITGB3), and transforming growth factor β (TGFB1) genes with the 
incidence of recurrent myocardial infarction (MI) in patients living in the middle Volga region.

Materials and methods. The study included 104 people with recurrent MI compared to 280 people who had just 
one episode of MI. TNFα (rs1800629), IL1B (rs16944), TGFB1b (rs1800469), FGB (rs1800788), ITGB3 (rs5918) 
and LPL (rs328) gene polymorphism was determined in all patients using competing TaqMan probes. Association 
estimation was performed with multivariate logistic regression analysis. 

Results. Patients with recurrent MI much more often had TNFα, IL1B, TGFB1b, FGB, ITGB3 and LPL allele and 
genotype polymorphism. Moreover the risk of MI increased significantly in a case of combination of FGB (alleles 
and genotypes) and TNFα (alleles and genotypes) gene polymorphisms (OR = 4.04, 95% CI = (1.895–8.615),  
p = 0.0001). 

Conclusion. Thus, FGB, LPL, TNFα, TGFB1b and ITGB3 gene polymorphism are associated with more severe 
coronary heart disease and may be a risk factor of recurrent MI development. The dominant total contribution of the 
FGB (rs1800788) and TNFα (rs1800629) polymorphic genes to the development of recurrent MI in the population 
of the middle Volga region was revealed.

Key words: recurrent myocardial infarction, gene polymorphism, TNFα, IL1B, TGFB1b, FGB, ITGB3, LPL.
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Особенности полиморфизма генов FGB, TNFα, IL-1β, LPL, ITGB3 и TGFB1  
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Маянская С.Д.1, Гараева Л.А.2, Тепляков А.Т.3, Филипенко М.Л.4, Соколова Е.А.4, 
Кравцова О.А.5, Березикова Е.Н.6

1 Казанский государственный медицинский университет (КГМУ)  
Россия, 420012, г. Казань, ул. Бутлерова, 49
2 Казанская государственная медицинская академия (КГМА) – филиал Российской  медицинской академии 
непрерывного профессионального образования (РМАНПО)  
Россия, 420012, г. Казань, ул. Муштари, 11 
3 Научно-исследовательский институт (НИИ) кардиологии, Томский национальный исследовательский 
медицинский центр (НИМЦ) Российской академии наук  
Россия, 634012, г. Томск, ул. Киевская, 111
4 Институт химической биологии и фундаментальной медицины Сибирского отделения Российской  
академии наук (ИХБФМ СО РАН) 
Россия, 630090, г. Новосибирск, пр. Ак. Лаврентьева, 8
5 Казанский (Приволжский) федеральный университет 
Россия, 420008, Республика Татарстан, г. Казань, ул. Кремлевская, 18
6 Новосибирский государственный медицинский университет (НГМУ) 
Россия, 630091, г. Новосибирск, Красный пр., 52

РЕЗЮМЕ 

Цель. Ассоциация полиморфизма генов фибриногена (FGB), фактора некроза опухоли α (TNFα), интер-
лейкина 1 β (IL-1β), липопротеинлипазы (LPL), тромбоцитарного гликопротеина (ITGB3) и трансформи-
рующего фактора роста β (TGFB1) с риском развития повторного инфаркта миокарда (ИМ) у пациентов, 
проживающих на территории Среднего Поволжья.  

Материалы и методы. В исследование вошли 280 человек с однократным и 104 человека с повторным ИМ. 
Генотипирование полиморфных локусов генов TNFα (rs1800629), IL1B (rs16944), TGFB1b (rs1800469 ), FGB 
(rs1800788), ITGB3 (rs5918 ) и LPL (rs328) осуществляли с использованием TaqMan-зондов. Статистическую 
обработку данных проводили методом многофакторного логистического регрессионного анализа. 

Результаты. Среди пациентов с повторным ИМ более часто встречались аллели и генотипы полиморфных 
маркеров генов TNFα, IL1B, TGFB1b, FGB, ITGB3 и LPL. При оценке суммарного вклада полиморфизмов 
исследуемых генов риск повторного ИМ значительно возрастал при наличии комбинации полиморфизмов 
генов FGB (аллели и генотипы) и TNFα (аллели и генотипы), OR = 4,04; 95% CI 1,895–8,615; p = 0,0001. 

Заключение. Таким образом, генотипы полиморфных локусов генов FGB, LPL, TNFα, TGFB1b и ITGB3 
могут быть ассоциированы с риском более тяжелого течения ишемической болезни сердца и приводить к 
развитию повторных инфарктов миокарда. Выявлен доминирующий суммарный вклад полиморфных локу-
сов генов FGB (rs1800788) и TNFα (rs1800629) в развитие повторного ИМ у населения Среднего Поволжья. 

Ключевые слова: повторный инфаркт миокарда, полиморфизм генов, TNFα, IL1B, TGFB1b, FGB, ITGB3, 
LPL.
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INTRODUCTION
Myocardial infarction is a severe cardiovascular 

disease with a multi-stage evolution consisting of dif-
ferent events. The genetic characteristics of each stage 
have a leading role in the determination of individual 
risk of atherosclerosis progression.

The key pathological processes that control coro-
nary heart disease severity are lipid metabolism and 
hemostasis disorder, as well as activity of inflammato-
ry process in atherosclerotic plaque. Several wide ge-
nome associated studies of recent years have revealed 
the responsibility of some gene polymorphisms for 
the amount and quality of production of various lipid 
metabolism and coagulation components and a num-
ber of cytokines, such as interleukins, transforming 
growth factors, adhesion molecules, etc. [1]. Remar- 
kably, most of the studies of disease severity are main-
ly based on evaluating of fatal complications frequen-
cy among patients with a stable angina. However, it is 
assumed that a transforming growth factor is associat-
ed primarily with an increase in the size of the athero-
sclerotic plaque itself, and not with a thinning of its 
lining [2], and an increase in the activity of interleukin 
Ib is associated with both aggravation of stenosis and 
the frequency of fatal complications [3]. The study of 
these genes polymorphism in aspect of cardiovascular 
disease progression is an essential step in understand-
ing the pathogenetic mechanisms of coronary artery 
occlusion, including cases of recurrent MI. Based on 
a number of studies, it has been suggested that mu-
tant alleles of cytokine cascade and thrombus forma-
tion genes, encoding main pathogenetic markers of 
restenosis and reocclusion of coronary vessels in pa-
tients with coronary artery disease (CAD), are quite  
frequent [2, 4]. 

Thus, the aim of the research is to study features of 
several genes polymorphism associated with inflam-
mation activity, lipid metabolism and hemostasis for 
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a personalized prediction approach of recurrent MI 
development. 

MATERIALS AND METHODS 

A total of 384 participants aged 44 to 85 years 
(mean age 66 ± 10.7 years) who had undergone inpa-
tient treatment in the cardiology department of City 
Clinical Hospital No. 7 in Kazan with acute myo-
cardial infarction (AMI) with ST segment elevation 
and/or “Q” -positive MI were enrolled. All patients 
signed informed consent to participate in the study. 
AMI diagnosis was verified by biomarkers analysis 
results: troponins, ECG, and coronary angiogra-
phy (CAG). In some patients (104 people), a pre-
vious MI was determined according to the anamne-
sis and previous research methods. A comparative 
study was conducted between a group of patients 
with single and repeated MI (280 and 104 patients,  
respectively).

All patients underwent genotyping of DNA sam-
ples isolated from peripheral blood leukocytes at the 
SNP of tumor necrosis factor alpha TNFα (rs1800629), 
transforming growth factor TGFB1b (rs1800469), in-
terleukin 1 beta IL1B (rs16944), platelet glycoprotein 
IT318GB (rs16944), platelet glycoprotein chains of fi-
brinogen FGB (rs1800788) and lipoprotein lipase LPL 
(rs328) using competing TaqMan probes. Genotyping 
reliability was confirmed by sequencing. Oligonucleo- 
tide primers design and genes study were carried out 
in laboratory of pharmacogenomics of the Institute of 
Chemical Biology and Fundamental Medicine of the 
Siberian Branch of the Russian Academy of Sciences 
(ICBFM SB RAS).

“Genetics” and “Hardy Weinberg” statistics packa- 
ges of the R-project software (www.r-project.org) 
were used for analysis. Compliance with the Hardy – 
Weinberg equilibrium was assessed using Fisher’s 
exact test. Association of genotype with severity of 
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CAD was carried out using multivariate logistic re-
gression analysis, from which OR (odds ratios), its 
confidence interval (95% CI) and the significance  
level of the results obtained (p-value) were calculated. 
The odds ratio was calculated adjusted for race and 
risk factors (gender, age, smoking, the presence of he-
reditary burden, arterial hypertension (AH), dyslipi- 
demia and obesity). Analysis was carried out for four 
models of inheritance: dominant, additive, recessive 
and co-dominant. The selection of the best of several 

competing models was based on the Akaike Informa-
tion Criterion (AIC). Data are presented as mean and 
mean error M ± m.

RESULTS
All participants were preliminarily assessed for 

their clinical status and comorbidities to exclude their 
possible impact when analyzing association of ge-
netic polymorphism with recurrent MI development  
(Table 1).

Бюллетень сибирской медицины. 2020; 19 (4): 130–137

T a b l e  1

Clinical characteristics of patients with MI (n =384)
Parameters 1 group, n = 280 (%) 2 group, n = 104 (%) р-value

Sex: male 
        female

1791 (64)
101 (36)

64 (61.5)
36 (38.5) p = 0.61

Age (years) 64.1 ± 10.3 70.3 ± 7.2 p = 0.31
Blood pressure 204 (72.8) 104 (100) p = 0.02
Smoking 186 (66.4) 63 (61) p = 0.29
TC 5.3 ± 0.98 5.19 ± 0.99 p = 0.38
BMI 29.9 ± 6.2 28 ± 6.2 p = 0.07
Hereditary burden 190 (67.8) 63 (60.5) p = 0.16
Type 2 diabetes 157 (56.0) 60 (57.6) p = 0.8
CHF: 
with  EF more 40%
with EF less 40%

194 (69.3)
86 (30.7)

60 (57.7)
44 (42.3) p = 0.033

Note. TC – total cholesterol; BMI – body mass index; CHF – chronic heart failure; EF – ejection 
fraction.

Thus, it was revealed that in the group with re-
peated MI, AH was detected significantly more of-
ten. Later, when conducting logistic regression anal-
ysis, corrections were made for this parameter, as 
well as for age. Taking stenosis into account, in the 
group with repeated MI lesions of the left coronary 
artery trunk and the anterior interventricular branch 
were observed more often. Allele frequencies were 
determined for all studied loci in patients in both 
groups. Alleles distribution of all genes in compar-

ison groups corresponded to the Hardy – Weinberg  
equation. 

 Association of gene polymorphism with the de-
velopment frequency of single and repeated MI was 
calculated in two variants: by presence of a polymor-
phic allele, as well as by genotypes among all genes, 
except for the LPL and TNFα genes, as their patholog-
ical genotype frequency of occurrence is too rare for a 
reliable assessment. Alleles and genotypes in groups 
association is presented in Table 2.

T a b l e  2
Association of polymorphic allele and genotype of the studied genes with the development of recurrent MI

ОNP 1 group (n = 280) 2 group
(n = 104)

Additive model 
OR 95% CI p-value

Co-dominant model 
Heterozygous genotype

OR 95% CI
p-value

Homozygous genotype
OR 95% CI

p-value

LPL CC 246
CG + GG  34 + 0

CC 78
CG + GG  21 + 5

2.92
[1.39–6.11]

0.005
– –

ITGB3
ТТ 213

CT + СС  
64 + 3

ТТ 82
CT + СС  11 + 11

1.21
[0.64–2.31]

p = 0,13

TC: 0.44 
[0.15–1.29] 

p = 0.14

CC: 7.08 
[1.46-34.22] p = 0.005

AIC: 238.6 AIC: 231.86
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According to the data, five candidate genes under 
study were associated with recurrent MI development, 
taking into account corrections for comorbidities and 
age. As it can be seen from Table 3, polymorphism of 
FGB rs1800788, LPL rs328, TNFα rs1800629, ITGB3 
rs5918 and TGFB1 rs1800469 had a statistically sig-
nificant effect on the incidence of recurrent MI. Thus, 
for the FGB gene, a rare allele (–249T) presence  
(OR = 1.91, 95% CI = (1.15–3.17), p = 0.01) was as-
sociated with a higher frequency of recurrent MI deve- 
lopment. For the TNF gene (–308G/A) it was possible 
to assess only the contribution of a rare allele, which 
is more common among patients without recurrent MI 
(OR = 0.21, 95% CI = (0.05–0.88), p = 0.03).

Besides, the rare −509T allele of TGFB1 gene was 
significantly more often detected in patients with re-
current MI (OR = 1.88, 95% CI = (1.12–3.16), p = 
0.002). And, finally, a strong correlation was demon-
strated by genotype of the ITGB3 gene (PlA2) ho-
mozygous for a rare allele (ORadj = 7.08, 95% CI = 
(1.46–34.22), p = 0.005), while the presence of one 
rare allele had no significant pathological effect.

Assessment of contribution of cumulative genes 
polymorphism effect revealed the risk of MI signifi-
cant increase in combination of FGB rs1800788 and 
TNFα rs1800629 polymorphisms (OR = 4.04, 95% 
CI = (1.895–8.615), p = 0.0001), while for LPL rs328 
and ITGB3 rs5918 this indicator turned out to be low-
er than in isolation for each of the genes (OR = 3.212, 
95% CI = (1.165–8.853), p = 0.030 (Table 3).

T a b l e  3

The combined contribution of FGB and TNFα gene 
polymorphism in the development of recurrent MINFα 

Parameter OR [95% CI] p-value

FGB rs1800788 – Т allele  
TNF rs1800629 – А allele

OR = 4.04
95% CI 1.895–8.615

p = 0.0001

LPL rs328 – G allele 
ITGB3  rs5918 – С allele

OR = 3.212, 
95% CI = (1.165–8.853),  

p = 0.030

Note. OR – odds ratio adjusted for risk factors; 95% C.I. – confidence 
interval. 

DISCUSSION
Heredity contribution to the development of coro-

nary atherosclerosis leaves no doubt, since numerous 
works are devoted to the influence of genetic poly-
morphism on the incidence of cardiovascular compli-
cations (CVC) of coronary artery disease. 

In particular, there are data of the studied SNPs of 
TNFα tumor necrosis factor alpha (−308G/A), TG-
FB1b transforming growth factor (−509 C/T), IL1B 
interleukin 1 beta (−511C/T), FGB fibrinogen beta 
chain (–249C/T) and its ITGB3 platelet glycopro-
tein (PlA1 / PlA2), as well as LPL lipoprotein lipase 
(rs328) effect on various manifestations of atheroscle-
rosis.

Thus, presence of polymorphic T allele in SNP 
rs1800788 in FGB gene is associated with incidence of 
MI in population, although some early studies hadn’t 
found connection between polymorphism and level 
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ОNP 1 group (n = 280) 2 group
(n = 104)

Additive model 
OR 95% CI p-value

Co-dominant model 
Heterozygous genotype

OR 95% CI
p-value

Homozygous genotype
OR 95% CI

p-value

FGB
СС 145
СТ + ТТ
110 + 25

СС 27
СТ + ТТ  66 + 11

1.91
[1.15–3.17]

p = 0.01

CT: 3.30
 [1.51–7.23] p = 0.003

TT: 2.45
 [0.70–8.60]

p = 0.16
AIC: 232.79 AIC: 230.94

TGFB1 CC 139
CT + TT 118 + 23

CC 27
CT + TT 63 + 14

1.88
[1.12–3.16]

p = 0.02

CT: 2.82 
[1.28–6.20] 

p = 0.01

TT: 2.81 
[0.86–9.23] p = 0.09

AIC: 233.19 AIC: 233.23

IL1B CC 128
CT + TT 118 + 34

CC 41
CT + TT 
47 + 16

1.36
[0.83–2.23]

p = 0.23

CT: 1.31
 [0.63–2.75] p = 0.47

TT: 1.89
 [0.66–5.39] p = 0.23

AIC: 239.48 TC: 0.44 [0.15–1.29] p = 0.14

TNFa
GG 219

GA + AA 
58 + 3

GG 96
GA + AA 

3 + 5

0.21
[0.05–0.88]

p = 0.03
- -

Note. ОNP – oligonucleotide primers; OR – odds ratio adjusted for risk factors; 95% CI – confidence interval; AIC – Akaike criterion; СС, СА, 
GG and others and others – genotype variants. 
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of fibrinogen in the blood and manifestations of IHD 
[5]. In many studies, TNFα gene polymorphism is also 
associated with the incidence of acute cardiovascular 
events [6]. C-509T polymorphism of TGFB1b gene 
has been considered a protective factor against athero-
sclerosis for a long time due to the anti-inflammatory 
effect of cytokine during atherogenesis [7]. However, 
in recent years, many studies have shown a negative 
effect of polymorphism on various manifestations of 
atherosclerosis, possibly due to development of proli- 
ferative changes in the intima, and note the relation-
ship of the mutant -509 T allele with the incidence of 
fatal CVC [2].

In most studies, LPL gene polymorphism has not 
shown a significant effect on coronary atherosclerosis 
incidence and severity [8], however, it is assumed to 
be associated with an unfavorable course along with 
a number of concomitant factors. In a large number 
of studies PlA2 polymorphism of the ITGB3 gene is 
associated with incidence of acute events, including 
in younger patients, but it is practically irrelevant for 
development of chronic conditions [9]. IL1β–511C/T 
polymorphism presence is associated with frequen-
cy and degree of atherosclerotic stenosis in various  
localizations, while data on its effect on incidence of 
MI are rather contradictory [10].

At the same time, most of the studies are carried 
out in groups of patients with CVD compared to a re- 
latively healthy population and reflect, first of all, the 
risks of disease occurrence, and not its dynamics. A 
distinctive feature of this work is a comparative as-
sessment of genetic polymorphism among patients 
with complicated atherosclerosis, namely, depending 
on presence of single or repeated MI with the possi-
bility of predicting it. It was found that patients with 
recurrent myocardial infarction showed a signifi-
cant association with polymorphism of four genes, 
FGB rs1800788, TNF rs1800629, LPL rs328, ITGB3 
rs5918, and TGF rs180046.

T allele in SNP rs1800788 of the FGB gene with 
high statistical significance was more common in pa-
tients with recurrent MI, which fully correlates with 
the data of other studies and may be explained by an 
increased amount of pure fibrinogen and its effect on 
atherothrombosis [5]. At the same time, the opposite 
picture was observed with the TNFα rs1800629 SNP. 
The polymorphic A allele was significantly more 
common in patients without signs of acute or previous 
MI, while normal G/G genotype was associated with 
an increased incidence of the disease. Whereas other 
studies have noted a protective role of the G allele, 

primarily in relation to acute events such as MI or un-
stable angina pectoris [11].

The LPL rs328 gene polymorphism contribution 
also manifested itself among patients with repeated 
MI and was highly associated with an increase in inci-
dence of pathology. Taking into account some studies 
of mutant G allele effect on atherosclerosis develop-
ment in patients after MI [12], a significance of this 
gene polymorphism specifically for patients with re-
current coronary artery occlusion can be assumed.

The polymorphism of the ITGB3 rs5918 gene sig-
nificantly increased the incidence of MI only in the 
case of the mutant homozygous genotype and was sig-
nificant only in the group of patients who underwent 
repeated MI. In general, this does not contradict the 
data on the pathological effect of the mutant ITGB3 
rs5918 allele on the amount of fibrinogen and plate-
let reactivity in severe CVD [13]. The presence of the 
polymorphic G allele of the TGF rs1800469 gene was 
also significant only in the case of repeated MI, which 
may indicate the significance of excessive synthesis 
of the extracellular matrix in severe coronary artery 
disease [2].

Contribution assessment of the cumulative genes 
polymorphism effect allowed us to assume dominant 
role of polymorphic allele combinations in atheroscle-
rosis progression risk prediction. Thus, with a combi-
nation of polymorphic alleles of the FGB rs1800788 
and TNFα rs1800629 genes, the risk of recurrent myo-
cardial infarction in patients with a single infarction 
increased significantly, even in comparison with the 
presence of a single gene polymorphism.

CONCLUSION 
Thus, a correlation between FGB rs1800788, LPL 

rs328, ITGB3 rs5918, TNFα rs1800629, and TGF 
rs1800469 genes polymorphisms and frequency of 
recurrent MI was revealed. Repeated MI is associat-
ed with the presence of any polymorphic genotype of 
the FGB rs1800788, LPL rs328, TGFB1 rs1800469 
genes and polymorphic homozygous genotype of the 
ITGB3 rs5918 gene, as well as normal homozygous 
genotype of TNFα rs1800629 gene. On the contrary, 
the presence of polymorphic genotype of TNFα gene 
rs1800629 indicates its protective effect on the devel-
opment of recurrent MI.

An increased incidence of some polymorphisms in 
group of patients with repeated MI compared to the 
group of patients with a single MI may indicate, first 
of all, an influence of these polymorphisms on ath-
erosclerosis progression and enlarging of stenosis in 
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coronary arteries. However, this thesis requires fur-
ther study. 

Assessment of total contribution of FGB rs1800788 
and TNFα rs1800629 genes polymorphism is appro-
priate to clarify both primary and recurrent myocar-
dial infarction development risk in order to optimize 
diagnostic and therapeutic measures.
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Receptor mechanism of infarct-limiting effect of adaptation to normobaric 
hypoxia

Naryzhnaya N.V., Mukhomedzyanov A.V., Tsibulnikov S.Yu., Maslov L.N.

Cardiology Research Institute, Tomsk National Research Medical Center (TNRMC), Russian Academy of Science  
111a, Kievskaya Str., Tomsk, 634012, Russian Federation

ABSTRACT

The aim of the study was to investigate the involvement of bradykinin, cannabinoid and vanilloid (TRPV1 channel) 
receptors in the implementation of the infarct-limiting effect of chronic normobaric hypoxia (CNH). 

Materials and methods. The study was performed on male Wistar rats (n = 117) weighing 250–300 g. Adaptation 
to CNH was modeled for 21 days at 12% pO2, 0.3% pCO2 and normal atmospheric pressure. A day after adaptation 
of rats to CNH coronary artery occlusion (45 min) and reperfusion (2 h) was performed. In the study the following 
compounds were used: selective cannabinoid CB1 receptor antagonist rimonabant (1 mg/kg), selective cannabinoid 
CB2 receptor antagonist AM630 (2.5 mg/kg), selective bradykinin B2 receptor antagonist HOE140 (50 μg/kg), and 
vanilloid receptor (TRPV1 channel) antagonist capsazepine (3 mg/kg). All antagonists were administered 15 min 
before coronary artery occlusion. 

Results. Adaptation to normobaric hypoxia promoted the formation of the pronounced infarct-limiting effect. 
The blockade of B2 receptor eliminated the infarct-limiting effect of CNH. Blockade of cannabinoid or vanilloid 
receptors did not affect the infarct-limiting effect of CNH. 

Conclusion. The infarct-limiting effect of CNH depends on the activation of B2 receptor, and the adaptive increase 
in cardiac tolerance to ischemia/reperfusion does not depend on cannabinoid or vanilloid receptors.

Key words: myocardium, ischemia, reperfusion, receptors, chronic hypoxia.
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INTRODUCTION 
It is known that in chronic moderate hypoxia, 

nonspecific myocardial resistance to damage during 
ischemia and subsequent reperfusion is formed. 
However, the pathways of forming myocardial re-
sistance during adaptation to hypoxia remain poorly 
understood. In particular, the receptor mechanisms of 
this phenomenon have not been sufficiently studied. 
Earlier, we found the participation of opioid recep-
tors in the infarct-limiting [1] and cytoprotective [2] 
effects of adaptation to continuous hypoxia. Howe- 
ver, other receptor mechanisms remain unexplored. 
At the same time, an important role of bradykinin, 
cannabinoid and vanilloid receptors in the regula-
tion of the heart’s tolerance to ischemia/reperfusion 
during ischemic and remote preconditioning is known  
[3–7].

The aim of this study was to investigate the par-
ticipation of bradykinin, cannabinoid, and vanilloid 
receptors (TRPV1 channels) in the implementation of 
the infarct-limiting effect of continuous normobaric 
hypoxia (CNH).

РЕЗЮМЕ

Цель исследования – изучение участия брадикининовых, каннабиноидных и ваниллоидных рецепторов 
(TRPV1-каналов) в реализации инфаркт-лимитирующего эффекта хронической нормобарической гипоксии. 
Материалы и методы. Исследование было выполнено на самцах крыс Вистар (n = 117) массой 250– 
300 г. Адаптацию к гипоксии (ННГ) моделировали в течение 21 сут при 12% pO2, 0,3% pCO2 и нормальном 
атмосферном давлении. Через 1 сут после адаптации у крыс воспроизводили коронароокклюзию  
(45 мин) и реперфузию (2 ч). В исследовании использовали следующие препараты: селективный антагонист 
каннабиноидных СВ1-рецепторов римонабант (1 мг/кг), селективный антагонист каннабиноидных 
СВ2-рецепторов AM630 (2,5 мг/кг), селективный антагонист брадикининовых B2-рецепторов HOE140  
(50 мкг/кг), антагонист ванилоидных рецепторов (TRPV1-каналов) капсазепин (3 мг/кг). Все антагонисты 
вводили за 15 мин до коронароокклюзии. 
Результаты. Адаптация к нормобарической гипоксии приводила к формированию выраженного инфаркт-
лимитирующего эффекта. Блокада B2-рецепторов устраняла инфаркт-лимитирующий эффект ННГ. Блока-
да каннабиноидных или ваниллоидных рецепторов не влияла на инфаркт-лимитирующее действие ННГ. 
Заключение. Инфаркт-лимитирующий эффект ННГ зависит от активации B2-рецепторов, а адапта-
ционное повышение толерантности сердца к ишемии и реперфузии не зависит от каннабиноидных или 
ваниллоидных рецепторов.

Ключевые слова: миокард, ишемия, реперфузия, рецепторы, хроническая гипоксия.
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MATERIALS AND METHODS
The study was performed on male Wistar rats (n = 

117) weighing 250–300 g. Animals of the experimen-
tal groups (adapted to hypoxia) were exposed to CNH 
(12% pO2, 0.3% pCO2) at normal atmospheric pres-
sure in the chamber for 21 days [1]. Monitoring the 
state of the gaseous medium was carried out using the 
TCOD-IR and OLC 20 sensors (Oldham) and the Bio-
Nova-204G4R1 apparatus (NTO Bio-Nova) through 
the MX32 control unit (Oldham). 24 hours before the 
start of the experiment, the animals of the experimen-
tal group were removed from the hypoxic chamber. 
Groups of rats of normoxic control were kept under 
standard vivarium conditions.

Before the coronary occlusion procedure, the ani- 
mals were anesthetized with α-chloralose (100 mg/kg  
i.p.). During subsequent manipulations, the animals 
were subjected to artificial ventilation with atmo-
spheric air, which was carried out using the SAR-830 ​​
Series ventilator (Central Wisconsin Engineers Inc., 
Schofield, USA) through an intubated trachea. To 
perform coronary occlusion, the chest was opened at 
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the intercostal space to the left of the sternum, the 
heart was freed from the pericardium and a liga-
ture was placed on the left descending coronary ar-
tery in its upper third for 45 minutes. Reperfusion 
was performed by releasing the ligature with visual 
control of the restoration of coronary circulation by 
hyperemia of the ischemic region [8]. The duration 
of reperfusion was 2 hours. To determine myocar-
dial infarction size, the ligature, previously placed 
on the left coronary artery, was again tightened; the 
isolated heart was washed through the aorta with 
physiological saline, and stained with 5% potassium 
permanganate solution. After washing the myocar-
dium with saline, the right ventricle was separated, 
both ventricles were weighed, the left ventricle was  
dissected into sections 1 mm thick parallel to the axis 
of the heart. 

Sections of the left ventricle were stained with a 1% 
solution of 2,3,5-triphenyltetrazolium (37° C, 30 min-
utes) and fixed for 1 day in a 10% solution of neutral 
formalin [8]. Slices were scanned (Scanjet G2710), the 
size of the necrosis zone and the area at risk (ischemia/
reperfusion zone) were determined planimetrically us-
ing the application software package. The magnitude 
of the infarct size was expressed as a percentage of 
the area at risk. The following drugs were used in the 

study: selective cannabinoid CB1 receptor antagonist 
rimonabant (1 mg/kg), selective cannabinoid CB2 
receptor antagonist of AM630 (2.5 mg/kg), selective 
bradykinin B2 receptors antagonist HOE140 (50 μg/
kg), and vanilloid receptor (TRPV1 channels) antag-
onist capsazepine (3 mg/kg). All antagonists were ad-
ministered 15 minutes before coronary artery occlu-
sion. The choice of doses of pharmacological agents 
was based on the previous data [9–12].

Statistical data processing was performed using 
the Statistica 6.0 software (StatSoft, Inc.). The mean 
value (M) and standard error of the mean (SEM) were 
calculated. The significance of differences between 
groups was determined using the nonparametric  
Mann – Whitney U-test. The critical significance level 
was taken as p = 0.05. 

RESULTS
Adaptation to normobaric hypoxia led to the for-

mation of a pronounced infarct-limiting effect, the size 
of the infarct formed during coronary occlusion-reper-
fusion, defined as the ratio of the size of necrosis to the 
risk zone, was 38% less than in non-adapted rats. It 
should be noted that the hypertrophy of the right ven-
tricle of the myocardium is characteristic of the state 
of chronic hypoxia (Table 1).

It was found that the inhibition of cannabinoid 
CB1 receptors by the selective antagonist rimonabant 
did not lead to a change in the infarct size in rats 
adapted to CNH (Table 1). These data indicate that 
CB1 cannabinoid receptors are not involved in the 
formation of the infarct-limiting effect of CNH. The 
injection of the selective CB2 cannabinoid receptor 
antagonist AM630 also did not affect the infarct size 

during coronary artery occlusion and reperfusion in 
rats adapted to CNH (Table 1). The administration 
of the selective cannabinoid receptor antagonists to 
non-adapted rats did not lead to a change in the in-
farct size during the subsequent coronary occlusion  
(Table 1). These data suggest that CB1 and CB2 can-
nabinoid receptors are not involved in the infarct-lim-
iting effect of CNH.
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T a b l e  1

Effect of CB1 cannabinoid receptor antagonist rimonabant and CB2 cannabinoid receptor antagonist Am630 on the infarct size after 
45-minute coronary occlusion and 120-minute reperfusion in rats adapted to normobaric hypoxia, М ± SEM

Groups n Area of necrosis, mg Area at risk, mg Infarct size, AN/
AR(%)

Right ventricular 
weight, mg

Left ventricular 
weight, mg

Control 12 186.9 ± 14.4 351.3 ± 9.8 53.2 ± 4.8 175.1 ± 11.3 981.7 ± 13.7
Rimonabant
(1 mg/kg) 12 185.6 ± 14.4 355.3 ± 9.8 48.0 ± 4.8 170.1 ± 10.3 981.7 ± 13.7

AM630
(2.5 mg/kg) 12 181.7 ± 19.4 367.1 ± 22.4 49.5 ± 7.2 173.4 ± 10.7 947.8 ± 64.6

CNH 12 124.1 ± 12.8* 369.3 ± 15.1 33.6 ± 6.8* 226 ± 12.2* 958.3 ± 12.6
CNH + rimonabant
(1 mg/kg) 12 131.8 ± 13.5* 374.3 ± 17.1 35.2 ± 8.3* 225.3 ± 17.6* 989.3 ± 15.5

CNH + AM630
(2.5 mg/kg) 12 118.6 ± 13.5* 364.8 ± 17.1 32.5 ± 8.2* 233.7 ± 13.9* 969.8 ± 12.9

Note: * p < 0.05 compared with the control group, Mann – Whitney U-test. AN – area of necrosis, AR – area at risk (here and in Table 2).
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Blockade of bradykinin receptors by the selective 
antagonist HOE140 contributes to an increase in the 
infarct size in rats adapted to CNH (Fig. 1). Moreover, 
in non-adapted rats, blockade of the bradykinin recep-
tors did not affect the infarct size. These data indicate 
that bradykinin receptors are involved in the forma-
tion of the infarct-limiting effect of CNH.

Inhibition of vanilloid receptors (TRPV1 chan-
nels) by the selective blocker capsazepine did not af-
fect the infarct size in rats after a course of CNH or 
in non-adapted animals (Table 2). The obtained data 
allow us to conclude that there is no connection of 
TRPV1 channel activation and the formation of cardi-
oprotection during adaptation to normobaric hypoxia.

DISCUSSION
The problem of myocardial protection in ischemic 

damage remains relevant, despite significant progress 
in this area. The reason for this is the lack of effective 
cardioprotective drugs that do not have strong side 
effects. Currently, beta-blockers, alpha-2-adrenore-
ceptor agonists, calcium channel blockers, nitrates, 
statins, and macroergic compounds are proposed to 
protect the myocardium from ischemic-reperfusion in-
jury [13]. The effectiveness of a number of these drugs 
is insufficient for anti-ischemic protection, which, in 
the presence of many side effects, casts doubt on the 
feasibility of the use of the indicated drugs. Thus, 
the search for new means for myocardial protection 
during ischemic-reperfusion exposure remains an ur-
gent task of modern pharmacology. 

One of the ways of a directed search for such 
agents is a study of the mechanisms of non-specific 
adaptive resistance of the myocardium to ischemic 
damage. Thus, it is known that the myocardium of ani- 
mals subjected to moderate chronic hypoxia is more 
resistant to ischemic effects than the myocardium of 
intact animals [1, 8, 14]. A study of this phenomenon 
has been conducted for 60 years, but many aspects of 
the formation of adaptive myocardial stability remain 

unexplored, its receptor mechanisms remain poorly 
understood. Previous studies in our laboratory have 
shown participation of opioid receptors in adaptive 
cardioprotection [1, 2]. 

This work revealed that bradykinin receptors are 
also involved in the mechanism of triggering the de-
fense mechanism when adapting to chronic hypo- 
xia. Both types of these receptors are known to be 
associated with Gi/o proteins that are located on the 
membrane of cardiomyocyte. Successive activation 
of receptors (opioid or bradykinin) and Gi/o proteins 
triggers an intracellular kinase mechanism that turns 
off protein kinase C, NO-synthase, tyrosine kinase, 
and subsequently activates ATP-sensitive potassium 
channels of mitochondria [14]. The result of the latter 
is inhibition of the opening of the pore that regulates 
the permeability of mitochondria (MPTP), an increase 
in the resistance of mitochondria to calcium ions, an 
improvement in the energy metabolism of mitochon-
dria, and thus a decrease in the sensitivity of cells to 
the damaging effects of ischemia and reperfusion [15].

CONCLUSION

The obtained results allow us to present bradyki-
nin receptors as one of the key mechanisms for the  
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T a b l e  2

Effect of vanilloid receptor (TRPV1 channel) blocker capsazepine on rat infarct size after CNH, М ± SEM

Groups n Area of necrosis, 
mg Area at risk, mg Infarct size, AN/

AR(%)
Right ventricular 

weight, mg
Left ventricular 

weight, mg
Control 12 186.9 ± 14.4 351.3 ± 9.8 53.2 ± 4.8 175.1 ± 11.3 981.7 ± 13.7
Capsazepine (3 mg/kg) 9 171.9 ± 18.5 353.6 ± 17.1 48.6 ± 6.2 199.4 ± 13.6 917.5 ± 19.3
CNH 12 124.1  ± 12.8* 369.3 ± 15.1 33.6 ± 6.8* 226 ± 12.2* 958.3 ± 12.6
CNH + capsazepine (3 mg/kg) 12 128.9 ± 12.2* 374.3 ± 17.1 34.7 ± 6.1* 218.1 ± 16.1* 976.6 ± 12.5

Note: * p < 0.05 compared with the control group, Mann – Whitney U-test. AN – area at necrosis, AR – area at risk.

Fig. 1. Effect of the bradykinin receptor antagonist HOE 140 
on the infarct size in rats after CNH

Note: * p < 0.05 compared with the control group, # – with the 
CNH group, Mann – Whitney U-test. AN – area of necrosis, 

AR – area at risk.

Control НОЕ 140 CNH CNH + НОЕ 140

Infarct size, AN/AR(%)
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formation of the infarct-limiting effect of continuous 
normobaric hypoxia. Taking into account the data on 
the important role of opioid receptors in cardioprotec-
tion in CNH [1, 2], we can talk about the implemen-
tation of the infarct-limiting effect of chronic hypoxia 
through Gi/o-protein-coupled opioid and bradykinin 
receptors. Cannabinoid receptors and TRPV1 chan-
nels do not participate in the infarct-limiting effect of 
adaptation to normobaric hypoxia.
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Modification of human monocytes and macrophages by magnetic 
nanoparticles in vitro for cell-based delivery
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ABSTRACT

The aim of the study was to develop a method for the modification of human monocytes/macrophages by iron 
oxide magnetic nanoparticles in vitro.

Materials and methods. Iron oxide magnetic nanoparticles were obtained by a co-precipitation method and coated 
with a thin SiO2 layer and polyethylene glycol 3000. Murine macrophage-like cell line RAW 264.7, primary human 
monocytes and macrophages were incubated with magnetic nanoparticles for 1–24 hours. The efficiency of cellular 
uptake of nanoparticles was measured using a ferrozine-based method and microcopy with Perls’ Prussian blue 
staining. The cell viability was tested by fluorescent flow cytometry using SYTOX Green.

Results. Incubation of RAW264.7 cell, human monocytes and macrophages with magnetic nanoparticles at a con-
centration ˃ 5 µg/mL on a rotator for 1 hour at 37 °С provides the loading of nanoparticles into > 99% of cells. The 
magnetic nanoparticles have no adverse effect on the cell viability. The RAW264.7 cells modified with nanopar-
ticles showed no change in migration activity. The efficiency of the nanoparticle uptake by macrophages was  
˃50 pkg (Fe)/cell. 

Conclusion. According to the proposed method, macrophages loaded with magnetic nanoparticles have proved 
viable, they retain the ability to migrate, and therefore can be used as cell-based delivery systems for tumor 
diagnostic and therapy.

Key words: magnetic nanoparticles, monocytes, macrophages, cell-based delivery system.
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INTRODUCTION
Magnetic nanoparticles (MNPs) are being actively 

studied to develop alternative approaches to therapy 
[1] and diagnostics of malignant neoplasms [2, 3], in-
cluding controlled drug delivery [4, 5] and monitoring 
the effectiveness of tumor chemotherapy [6].

Модификация макрофагов и моноцитов человека магнитными  
наночастицами in vitro для доставки, опосредованной клетками

Перекуча Н.А.1, Смолина П.А.1, Дёмин А.М.2, Краснов В.П.2, Першина А.Г.1, 3
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РЕЗЮМЕ 

Цель исследования – разработать протокол модификации макрофагов и моноцитов человека магнитными 
наночастицами оксида железа (Fe3O4) in vitro.

Материалы и методы. Магнитные наночастицы оксида железа получены методом со-осаждения, покрыты 
силоксановой оболочкой и полиэтиленгликолем 3000. Макрофаги мыши линии RAW 264.7, моноциты пе-
риферической крови и макрофаги человека инкубировали с магнитными наночастицами в течение 1–24 ч. 
Эффективность захвата наночастиц клетками оценивали феррозиновым методом и методом микроскопии с 
окрашиванием на железо по Перлсу. Исследование жизнеспособности клеток выполняли методом проточ-
ной цитофлуориметрии с использованием красителя SYTOX Green.

Результаты. Инкубация макрофагов с магнитными наночастицами в концентрации ˃5 мкг/мл в течение 
1 ч на ротаторе при 37 оС обеспечивает загрузку наночастиц в >99% клеток. Исследуемые магнитные 
наночастицы не оказывают негативных эффектов на жизнеспособность клеток. Клетки линии RAW 264.7, 
поглотившие наночастицы, сохраняют миграционную активность. Эффективность загрузки макрофагов 
магнитными наночастицами составляет ˃50 пкг (Fe)/клетку.

Заключение. Макрофаги, загруженные магнитными наночастицами согласно предложенному протоколу, 
являются жизнеспособными, сохраняют способность к миграции и перспективны в качестве систем достав-
ки, опосредованной клетками, для диагностики и терапии опухоли.

Ключевые слова: магнитные наночастицы, моноциты, макрофаги, системы доставки на основе клеток. 
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However, the problem of efficient delivery of MNPs 
to the tumor still remains unresolved [7]. One of the 
promising approaches to solving this problem is using 
autologous leukocytes as biocontainers for the deliv-
ery of nanoparticles [8, 9]. Leukocytes are capable  
of active migration, as they can pass through the  
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endothelium of capillaries and penetrate into the in-
tercellular space, which makes them ideal “couriers” 
[10], allowing them to increase the delivery efficiency 
by more than 100 times [11].

Among leukocytes, monocytes and macrophages 
are the most attractive populations for the develop-
ment of a nanoparticle delivery system within cells. 
An important feature of monocytes and macrophages, 
in contrast to neutrophils, is the ability to maintain 
their viability for a long time after phagocytosis of 
particles. The pronounced phagocytic capacity of 
monocytes and macrophages favorably distinguishes 
them from lymphocytes; to efficiently load the latter 
with nanoparticles, special methods are needed [12].

The ability of monocytes and macrophages due to 
chemotaxis [13] to penetrate into hypoxic zones of tu-
mor promises to solve the problem of impact on can-
cer cells in these areas, which are practically inacces-
sible for penetration of conventional pharmacological 
drugs [14].

The first step in implementing cell-based delivery 
systems is creating complexes of immune cells with 
nanoparticles. There exist several approaches [15, 16]; 
the main method is in vitro assembly, when nanopar-
ticles either attach to the surface of the cell membrane 
or are internalized in cells [17, 18]. An alternative ap-
proach is using nanoparticles coated with isolated cell 
membranes [19].

Optimization of the parameters of cell modifica-
tion with nanoparticles is important in the develop-
ment of delivery systems. The modification should not 
lead to significant changes in the cellular immune re-
sponse, the rate of differentiation, the migration ability 
of cells, or a decrease in viability [20].

The aim of this work was to develop a method for 
loading iron oxide (Fe3O4) MNPs into human macro-
phages/monocytes in vitro.

MATERIALS AND METHODS
Iron oxide (Fe3O4) MNPs with an average di-

ameter of 10 nm were obtained by a method of 
co-precipitation from aqueous solutions of Fe2+ and 
Fe3 + salts, coated with SiO2 and covalently modi-
fied with O-[N-(6-Maleimidohexanoyl)aminoeth-
yl]-O′-[3-(N-succinimidyloxy)-3-oxopropyl]poly-
ethylene glycol 3,000 (PEG). To obtain fluorescent 
labeled particles, Cyanine5 NHS ester (Lumiprobe, 
Cy5, Russia) was used. The received nanoparticles 
(MNP-PEG) formed stable colloidal suspensions 
in aqueous buffers with an average hydrodynamic  
diameter of 190 nm (PdI ˂ 0.06).

RAW264.7 cells were cultured in DMEM/F12 
complete medium (Thermo Fisher Scientific, USA) 
supplemented with 10% fetal bovine serum (FBS, 
Gibco, USA), L-glutamine (Glutamax, Gibco) and 
gentamicin at 5% CO2, 37 °C. A scraper was used to 
remove adhered cells.

To isolate monocytes, peripheral blood from 
healthy donors was collected from the cubital vein 
into a vacutainer with heparin (Green Vac-Tube with 
Li-heparin, Green Cross) in a volume of 30 ml. Isola-
tion of mononuclear cells from the peripheral blood of 
the healthy donors was carried out by centrifugation 
on a Ficoll 1.077 density gradient (PanEco, Russia). 
Isolation of monocytes from the mononuclear frac-
tion was carried out on magnetic columns (Miltenyi 
Biotec) using magnetic particles with antibodies to 
CD14 (Miltenyi Biotec Inc., Germany). Monocytes 
were cultured in RPMI 1640 complete medium (Pan-
Eco) mixed with 1% L-glutamine (Glutamax, Gibco), 
10% FBS, and 1% penicillin-streptomycin (PanEco). 
The purity of the human monocyte population was 
assessed using PE Mouse Anti-Human CD14 (Clone 
M5E2) antibodies (BD Biosciences, USA). The purity 
of the monocyte population was at least 97%.

To obtain macrophages, monocytes were incu-
bated in RPMI complete medium supplemented with 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF, Sigma, USA) to a concentration of 100 
ng/ml for 7 days, with a medium change every 3 days. 
Maturation was assessed using Pacific Blue anti-hu-
man CD11b Antibody (Clone ICRF44) (Biolegend, 
USA) and PE anti-human CD68 Antibody (Bio- 
legend). The purity of the macrophage population 
was at least 91%.

To study the uptake of nanoparticles, 105 cells of 
the RAW264.7 line in 450 μl of DMEM/F12 complete 
medium were introduced into 2 ml tubes or seeded in 
the wells of a 24-well plate. Then, 1/10 of the MNP-
PEG suspension (50 μl) in phosphate-buffered saline 
(PBS) was added to the cells. An equivalent volume of 
1 × PBS was added to control cell samples. The cells 
in tubes were incubated at 37 °C for 1 or 2 hours on 
a rotator, cells in 24-well plates were incubated for 1 
hour in a CO2 incubator.

After the incubation with MNP-PEG on a rota-
tor, the cells were centrifuged for 7 minutes at 180 × 
g, resuspended in 1 × PBS to wash away nanoparti-
cles, centrifuged, and the pellet was resuspended in 
200 μl of 1 × PBS. After the incubation with MNP-
PEG, the adherent cells were washed twice with  
1 × PBS, removed with a scraper, and transferred into 
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2 ml tubes. The cells were centrifuged for 7 minutes at  
180 g, the pellet was resuspended in 200 μl of  
1 × PBS.

Viability was assessed on a BD Accuri C6 flow 
cytometer (BD Biosciences) using SYTOX Green 
(Thermo Fisher Scientific). For confocal microscopy, 
cell nuclei were stained with Hoechst 33342 in PBS 
(5 μg/ml). The study was carried out on a Carl Zeiss 
LSM 710 confocal microscope. A Prussian Blue Iron 
Stain Kit (Polysciences, Inc., USA) was used to detect 
iron in the cells. The cells were analyzed using light 
microscopy (Leica DMi8). The iron content in cells 
was determined by the ferrozine method as described 
in [21]. The rate of cell migration was assessed ac-
cording to the proposed method [22].

Statistical analysis of the data was performed using 
the GraphPad Prism 7 software package. The Shapiro – 
Wilk test was used to control the normal distribu-
tion of the data. Data with normal distribution were 
presented as mean and standard deviation (M ± SD). 
The statistical significance of differences was deter-
mined using the Student’s t-test. For multiple com-

parisons, one-way ANOVA with post-hoc Dunnett’s 
test was used. The significance level was defined as  
p ˂ 0.05.

RESULTS
To select optimal conditions for loading cells with 

nanoparticles, two incubation modes were tested on 
RAW 264.7 cells: with cells adhered to a culture plate 
and in a suspension with continuous mixing on the ro-
tator. During the incubation of RAW 264.7 and MNP-
PEG in a concentration range of 0.625–5 μg/ml, it was 
found that MNP-PEG were more efficiently absorbed 
by the cells in the suspension (when incubated on the 
rotator) than by adherent cells. Particularly, at a con-
centration of MNP-PEG of 5 μg/ml after 1 hour of 
incubation on the plate, the proportion of Cy5-positive 
cells was 38.0 ± 2.5%; while during the incubation on 
the rotator, the percentage of the cells that were loaded 
with nanoparticles was 99.7 ± 0.1%. With a 2-hour 
increase in the incubation period on the rotator, the 
number of the cells that were loaded with nanoparti-
cles grew to 99.9 ± 0.04% (Fig. 1,a).
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а

b  							                   c

Fig. 1. Uptake of MNP-PEG by RAW264.7 cells: а – efficiency of MNP-PEG uptake by RAW264.7 cells under various incubation 
conditions; b  – viability of RAW264.7 cells under various incubation conditions as determined by fluorescence flow cytometry 
with SYTOX Green; c – image of RAW264.7 cells incubated without nanoparticles (control) and after incubation with MNP-PEG 
for 1 hour on the rotator, obtained by confocal microscopy (Carl Zeiss LSM 710). Cell nuclei are colored blue (Hoechst 33342), 

nanoparticles are colored red (Cyanine5). Scale bar: 50 μm
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After the incubation of cells with MNP-PEG on the 
rotator, more than 90% of RAW264.7 cells retained 
their viability. In particular, after 1 hour of incubation 
with MNP-PEG at a concentration of 5 μg/ml on the ro-
tator, the percentage of living cells was (90.7 ± 0.3)%,  
which did not differ from the values obtained for con-
trols (91.4 ± 0.8)% (Fig. 1,b). After the incubation of 
adhered cells on a plate with the addition of MNP-
PEG, the proportion of dead cells was 24.5 ± 4.0%  
and did not differ from the value in controls  
(24.0 ± 3.7)%. This outcome is probably due to the 
negative effect of using a scraper to remove adhered 
cells from the plastic surface.

The efficient uptake of MNP-PEG by RAW 264.7 
cells was confirmed by confocal microscopy data. In 
particular, Cy5-positive inclusions were observed in 
the cytoplasm of RAW 264.7 cells after their incuba-
tion with MNP-PEG (Figure 1b).

The selected incubation mode, 1 hour on the ro-
tator at 37 °C, was further used for quantitative as-
sessment of the efficiency of the “loading” of RAW 
264.7 cells. As many as 106 cells were incubated with 
MNP-PEG at a high concentration (50 μg/ml). Then 

the cells were washed and resuspended in 1 × MACS 
buffer. After sorting on the magnetic columns, the 
number of cells in the washing solutions and cell sus-
pension eluted from the column after it was removed 
from the magnetic separator was counted. The effi-
ciency of magnetic sorting for RAW 264.7 cells was 
77%. “Magnetically positive” cells were transferred 
into the wells of a 6-well plate and incubated for 2 
hours in a CO2 incubator for cell adhesion; then they 
were additionally washed from nanoparticles twice 
with 1 × PBS. Then the cells were removed from the 
plastic surface to determine the iron content in them. 
According to the ferrozine test, the efficiency of the 
uptake of nanoparticles by RAW264.7 macrophages 
was (58 ± 14) pkg/cell. According to flow cytometry 
data with SYTOX Green, after the modification of the 
cells with MNP-PEG nanoparticles, the proportion of 
dead cells was (9.9 + 3.6)%, which did not differ from 
the values obtained in controls (11.8 + 4.6)%.

When examining the “magnetically positive” 
RAW264.7 cells with light microscopy, a large num-
ber of Prussian blue positive granules were observed 
in the cytoplasm (Fig. 2).

The migration rate of RAW264.7 cells “loaded” 
with MNP-PEG was 12.6 μm/h (Fig. 3) and practical-
ly did not differ from the cell migration rate in controls 
(14.8 μm/h).

In the follow-up series of experiments, we studied 
the uptake of MNP-PEG by human peripheral blood 

monocytes and by macrophages differentiated from 
peripheral blood monocytes. Incubation was carried 
out under the conditions selected for RAW264.7 cells: 
non-adherent cells in a suspension were incubated with 
MNP-PEG at a concentration of 50 μg/ml for 1 hour on 
the rotator at 37 °C. MNP-PEG were absorbed by both 

Бюллетень сибирской медицины. 2020; 19 (4): 143–150

Fig. 2. Image of RAW264.7 cells (а), human peripheral blood monocytes (b) and (c) human monocyte-derived macrophages 
incubated without nanoparticles (control) and after loading with MNP-PEG and magnetic sorting. Prussian blue staining. Scale bar: 

50 μm
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human monocytes and macrophages. Light microscop-
ic images of “magnetically positive” human macro-
phages adhered to the plate are shown in Fig. 2,b.

According to the data on the iron content in cells 
after their incubation with MNP-PEG, it was found 
that the efficiency of the uptake of nanoparticles by 
monocytes was (46 ± 6) pkg/cell, and by macrophages, 
(369 ± 96) pkg/cell. The efficiency of magnetic sorting 
of macrophages after their “loading” with MNP-PEG 
was 93%. Despite the 100% modification of the cell 
population with nanoparticles (according to flow cy-
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а					               b
Fig. 4. Influence of MNP-PEG on the viability of human blood cells: viability of (а) mononuclear cells and (b) human peripheral 
blood monocytes after their incubation with MNP-PEG (12.5–100 mg/ml) for 1 and 24 hours according to fluorescence flow 

cytometry with SYTOX Green

а

b
Fig. 3. Study of the migration activity of RAW264.7 cells: а – calculation of the migration rate of RAW264.7 cells in controls and 
cells loaded with MNP-PEG: b – images of RAW264.7 cells incubated without nanoparticles (control) and after loading with MNP-

PEG and magnetic sorting, obtained within 18 hours after the formation of a “wound” on the adhesion layer

tometry data), the loading density of each individual 
cell might vary. As a result, some cells lack enough 
particles to effectively retain them on the magnetic 
column. It is important to note that the viability of the 
cells loaded with MNP-PEG did not differ from the 
values obtained in controls.

The research into the influence of MNP-PEG on 
the viability of human peripheral blood mononucle-
ar cells and monocytes after 24-hour co-incubation 
showed that MNP-PEG had no negative effects on cell 
viability (Fig. 4).
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DISCUSSION
Earlier experiments demonstrated successful cre-

ation of delivery systems based on monocyte-mac-
rophage cell lines modified by nanoparticles [23], as 
well as on alveolar [24], peritoneal [25], and bone 
marrow macrophages [20]. However, research works 
on the uptake of nanoparticles by primary cultures of 
human monocyte/macrophage cells are very scarce.

The incubation period with MNPs required to 
achieve maximum accumulation varies considerably 
from 1 to 24 hours, according to the literature. It was 
shown that timing depends on the type of surface 
modification of nanoparticles [26]. According to our 
data, an increase in the incubation period up to 2 hours 
did not lead to a noticeable increase in the number of 
“loaded” cells; and therefore, to optimize the method, 
an incubation period of 1 hour was chosen.

This research work established that macrophages 
exhibited a more pronounced phagocytic activity to-
wards nanoparticles, which is in line with the results 
of the comparative study on the uptake of nanopar-
ticles by cells of the human monocyte-like cell line 
THP-1 and after their differentiation into macrophages 
dTHP-1 [27]: the efficiency was 6 and 50 pkg/cell for 
THP-1 and dTHP-1, respectively. Note that the uptake 
efficiency of MNP-PEG is much higher.

CONCLUSION
Iron oxide MNPs coated with SiO2 and PEG are 

efficiently uptaken by RAW 264.7 mouse macro-
phage, human peripheral blood monocytes, and hu-
man monocyte-derived macrophages. The optimal 
loading conditions are incubation of non-adherent 
cells (in a suspension) with nanoparticles for 1 hour 
on the rotator at 37 °C. MNPs are absorbed by > 99% 
of cells in the suspension and have no cytotoxic effect 
on RAW 264.7 cells, human peripheral blood mono-
cytes and macrophages. Therefore, macrophages 
loaded with MNPs, according to the proposed meth-
od, are viable, retain the ability to migrate, and can be 
used as systems for delivering magnetic nanoparticles 
to a tumor.
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Gastroprotective effect of Ferulopsis hystrix (Bunge) Pimenov  
in ethanol-induced gastropathy
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Nikolaev I.G.1
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2a, Kechil-oola Str., Kyzyl, Republic of Tuva, 667003, Russian Federation

ABSTRACT

The aim of the study was to evaluate the gastroprotective effect of dry extracts from the roots and rhizomes of 
Ferulopsis hystrix in ethanol-induced gastropathy.

Materials and methods. The studies were carried out on 68 white Wistar rats. Ethanol-induced gastropathy was 
simulated by a single intragastric administration of ethanol in the dose of 10 ml/kg. Animals of the experimental 
groups received medicinal forms from the roots and rhizomes of F. hystrix: I – decoction in a volume of 10 ml/kg; 
II–V – dry extracts in the dose of 200 mg/kg, obtained by extraction with purified water, 30, 40 and 70% ethanol, 
respectively; VI – dry extract, prepared by double extraction with 40% and single extraction with 30% ethanol  
for 7 days before the modeling of gastropathy. Number of structural changes was determined in the gastric mucosa. 
They were differentiated into small, large, and strip-like erosions. The Pauls’ index was calculated for structural 
changes. Pathomorphological studies of the stomach were carried out.

Results. The total number of structural changes in the stomach of animals in experimental groups I, II, IV and V 
is 44% lower on average, in experimental group III it is 67% lower and in experimental group VI it is 3.6 times 
lower than in the control. The Pauls’ index for large erosions in experimental groups I–V is 38–75% lower, in 
experimental group VI it is 83% lower than the index in the control animals. No strip-like erosions are detected in 
animals of experimental groups III–VI. Pauls’ index for these destructions in experimental groups I and II is 7.0 
and 6.5 times lower than the index in the control animals. Microscopic morphological examination registered the 
increase of shallow-like erosions in the stomach of animals of experimental groups. Shallow-like erosions do not 
reach the muscularis mucosae. Microcirculation disorders and leukocyte infiltration are less pronounced than in 
the control group.

Conclusion. F. hystrix has the gastroprotective effect, increasing the resistance of the gastric mucosa to the effect of 
ethanol. The F. hystrix extract prepared with 30% and 40% ethanol shows the most pronounced pharmacotherapeutic 
effect in ethanol-induced gastropathy.

Key words: ethanol-induced gastropathy, Ferulopsis hystrix (Bunge) Pimenov, gastroprotective effect.

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

Source of financing. The studies were carried out as part of the state assignment (No. AAAA-A17-117011810037-0). 

Conformity with the principles of ethics. The study was approved by the local Ethics Committee of the Institute 
of General and Experimental Biology (Protocol No. 4 of 26.01.2017).

For citation: Salchak S.M., Razuvaeva Ya.G., Toropova A.A., Arakchaa K.D., Olennikov D.N., Nikolaev I.G. 
Gastroprotective effect of Ferulopsis hystrix (Bunge) Pimenov in ethanol-induced gastropathy. Bulletin of Siberian 
Medicine. 2020; 19 (4): 151–157. https://doi.org/10.20538/1682-0363-2020-4-151-157.

*  Salchak Saizana M., e-mail: saizana_salchak@mail.ru.

Бюллетень сибирской медицины. 2020; 19 (4): 151–157



152

Гастропротективное влияние Ferulopsis hystrix (Bunge) Pimenov  
при экспериментальной этаноловой гастропатии
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Россия, 670047, г. Улан-Удэ, ул. Сахьяновой, 6

Научно-исследовательский институт медико-социальных проблем и управления Республики Тыва (НИИ 
МСПУ РТ) 
Россия, 667003, Республика Тыва, г. Кызыл, ул. Кечил-оола, 2а 

РЕЗЮМЕ 

Цель. Оценка гастропротективного действия сухих экстрактов, полученных с использованием различных 
экстрагентов из корневищ с корнями Ferulopsis hystrix (Bunge) Pimenov при этаноловом повреждении же-
лудка у белых крыс.

Материалы и методы. Эксперименты проведены на 68 самцах и самках крыс линии Вистар. Этаноловую 
гастропатию моделировали однократным внутрижелудочным введением этанола в дозе 10 мл/кг. Живот-
ные опытных групп (I– VI) в течение 7 сут до моделирования гастропатии получали лекарственные формы 
из корневищ с корнями F. hystrix: I – отвар в объеме 10 мл/кг; II–V – сухие экстракты в дозе 200 мг/кг, 
полученные путем экстракции водой очищенной, 30-, 40- и 70%-м этанолом соответственно; VI – сухой 
экстракт, приготовленный двукратной экстракцией 40%-м и однократной экстракцией 30%-м этанолом.  
В слизистой оболочке желудка определяли структурные изменения, которые дифференцировали на мел-
кие, крупные и полосовидные эрозии. Проводили патоморфологические исследования желудка. 

Результаты. Установлено, что в I, II, IV и V опытных группах общее количество повреждений в желудке 
было в среднем на 44% меньше, чем в контроле, в III опытной группе – на 67% и в VI опытной группе – в 
3,6 раза. Индекс Паулса для крупных эрозий в I–V опытных группах был ниже контрольного показателя 
на 38–75%, в VI – на 83%. Полосовидные эрозии не выявлялись у животных III–VI опытных групп; индекс 
Паулса для данных деструкций в I и II опытных группах был в 7,0 и 6,5 раза ниже показателя контроль-
ных животных. В стенке желудка животных отмечались неглубокие эрозии, не достигающие мышечной 
пластинки слизистой оболочки; нарушения микроциркуляции и лейкоцитарная инфильтрация были менее 
выражены относительно контроля.  

Заключение. F. hystrix оказывает гастропротективное влияние, повышая резистентность слизистой обо-
лочки желудка к действию этанола. Наиболее выраженный фармакотерапевтический эффект проявляет 
экстракт, приготовленный двукратной экстракцией 40%-м и однократной экстракцией 30%-м этиловым 
спиртом. 
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INTRODUCTION
Ferulopsis hystrix (Bunge) Pimenov is a perenni-

al plant of Umbelliferae family growing in Russian 
South Siberia and Far East [1]. The given plant was 
formerly classified as Phlojodicarpus turczaninovii 
Sipl. The roots and rhizomes of F. hystrix are used 
in folk and traditional medicine. For a long time, the 
roots of F. hystrix known under the name “chuksug-
bai” have been in the common use in Tuvinian folk 
medicine and now it holds a leading position as an-
ti-inflammatory, wound-healing remedy, as well as in 
the treatment of tuberculosis and cancer [2]. In Mon-
golian and Buryat traditional medical systems, F. hys-
trix is a substitute of Costus speciosus (Tibet. ru rta) 
used in Tibetan medicine for the treatment of rlung of 
the blood, diseases of the lungs and throat, for amelio-
ration of “compression” in the stomach and stopping 
of necrosis [3].

Rhizomes and roots of F. hystrix contain various 
groups of biologically active substances among which 
coumarins play a leading role in the pharmacological 
activity of the plant; their total content is 3.9–4.6% 
[4, 5]. Coumarins have antiviral, antibacterial and 
antifungal properties [6, 7]; also, they have anti-in-
flammatory [8] and antioxidant activity [9, 10]. The 
experiments on animals have shown a marked gas-
tro-protective effect of natural and synthetic couma-
rins [11]. In this regard, the study of the gastro-pro-
tective effect of the F. hystrix roots and rhizomes is of 
great interest.

The aim of the study was to estimate the gas-
tro-protective effect of the dry extracts derived from 
the F. hystrix rhizomes and roots with the use of vari-
ous extraction solvents. 

MATERIALS AND METHODS
The experiments were carried out on 68 white male 

and female Wistar rats weighing 180–200 g. The an-
imal care was compliant with the rules of “Good La- 
boratory Practice” (GLP) and the Order of the Russian 
Health Ministry “On approval of Rules for Laboratory 
Practice” (No. 199N, 01.04.2016). Before the start of 
the experiments, the animals meeting the criteria were 
divided into groups taking into account the random-
ization principle. The experimental work followed the 
“European Convention for the protection of vertebrate 
animals used for experimental and other scientific pur-
poses” (Strasburg, 1986). 

The animals were divided into 7 groups: a control 
group and 6 experimental ones. The animals of group 
I received the decoction of F. hystrix in the volume 10 

ml/kg prepared according to the General Monograph 
1.4.1.0018.15 Infusions and decoctions. The animals 
of groups II–V received the dry extracts (200 mg/kg)  
obtained by extraction with purified water, 30, 40 
and 70% ethyl alcohol respectively; the raw materi-
al-to-extraction agent ratio was 1 : 10; they were pre-
pared at room temperature by vigorous shaking and 
successive vacuum drying. The animals of experimen-
tal group VI received the extract prepared by double 
extraction with 40% ethanol and the third extraction 
with 30% ethanol. The given choice of extraction sol-
vents allowed us to obtain the extract with maximum 
content of extractive substances and good physical 
qualities [12]. 

According to the data of high-performance liquid 
chromatography, coumarins are the main compo-
nents of the F. hystrix dry extract including peuceni-
din (3′-О-acetoxy-4′-О-senecioloxy-2′,3′-dihydro-
oroselol) and skimmin (umbelliferone-7-О-glucoside; 
1.26%), their content was 16.65 ± 0.33 and 1.26 ± 
0.03%, respectively. The quantitative analysis of cou-
marins in the F. hystrix  dry extract was performed 
with the HPLC method on the microcolumn liquid 
chromatograph Milichrom A-02 (Econova, Novosi-
birsk, Russia) on the column ProntoSIL-120-5-C18 
AQ (2 × 75 mm, Ø 5 um; Metrohm AG, Herisau, 
Switzerland); mobile phase: 0.2 М LiClO4 in 0.006 
M HClO4 (А), acetonitrile (В); gradient mode (% В): 
0–26 min 5–100, 26–29 min 100; flow rate 150 μl /
min; the column temperature was 35 °С; UV-detector, 
330 nm. The content of coumarins was calculated with 
the use of calibration curves constructed using com-
mercial reference samples of skimmin and peucenidin 
(> 95%; Wuhan ChemFaces Biochemical Co., Ltd., 
Wuhan, Hubei, PRC). The results are presented as the 
mean of triplicate (М ± SD). 

The tested medicinal forms of F. hystrix were in-
troduced intragastrically to animals for 7 days and the 
last dose was introduced 1 hour before the injection of 
ulcerogenic agent. The animals of the control group 
received purified water according to the same scheme. 
The lesion of the stomach mucosa was induced by a 
single introduction of absolute alcohol to animals in 
the dose of 10 ml/kg against the background of 24-hour 
food deprivation [13]. One hour after the alcohol in-
troduction, the rats were decapitated under light ether 
narcosis. To estimate the state of the gastric mucosa, 
the stomach was cut along the greater gastric curva-
ture and the number of destructions was determined. 
The destructions were differentiated as small erosions 
(≤ 2 mm), large erosions (2–5 mm) and stripe-like  
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erosions (>5 mm). The Pauls’ index was calculated 
for each kind of lesions according to the formula [13].

For patho-morphological studies, the material was 
fixed in 10% neutral buffered formalin, dewatered in 
ascending alcohol and embedded in paraffin. The sec-
tions were stained with hematoxylin and eosin.

The results obtained were processed with the use of 
the program Statistica for Windows 6.0. To describe 
statistical differences, nonparametric Mann – Whitney 
U-test was used. The results were presented as inter-
quartile range median Me (Q1; Q3). To compare the 
lesion frequency in comparison groups, the Fisher test 
was used. The differences were significant with p < 0.05.

RESULTS AND DISCUSSION
Small erosions have been revealed in all control 

animals; large erosion in 8 animals and stripe-like ero-
sions in 6 animals. The Pauls’ index was 4.0, 2.4 and 
1.1 respectively (Table 1). In the gastric mucosa of 
the control animals, hemorrhages and erosions in the 
form of narrow dehiscences resulted from desquama-
tion of necrotic cells in surface and glandular epithe-
lium were noted. Five in ten animals had deep lesions 
reaching up to muscular layer of mucous tunic that 
were classified as ulcers. At the bottom and edges of 
the ulcers, necrotic masses with signs of desquama-
tion were revealed. In the boundary zone, massive leu-
cocytic infiltration was noted, as well as cell elements 
of the glands in the state of marked dystrophy up to 
necrosis. In the vessels of microvasculature, nuclei 
of endothelial cells were bloated and plasma-impreg-
nated and had signs of plasmarrhage and diapedetic 
hemorrhages found partially along the vessels or at 
considerable range in the form of homogeneous pink 
masses with a touch of erythrocytes and leucocytes. 
In the vessel lumina sludge phenomenon, erythro- and 
leucostasis were noted. 

The use of the F. hystrix decoction and extracts 
prepared with the use of various solvents had gas-
tro-protective effect increasing the resistance of gas-
tric mucosa to ethanol impact. In the animals that re-
ceived the decoction and extracts prepared with the 
use of water and 70% ethanol, the total number of 
gastric mucosa lesions was 44% less on average than 
in animals of the control group. Small erosions were 
revealed in all animals of the experimental groups; 
their quantity and Pauls’ index were in line with the 
indices of animals in the control group. Large erosions 
were noted in 7-8 animals out of 10 in the given ex-
perimental groups. The Pauls’ index for large erosions 
in the experimental groups I, II, and V was less than 

in the control group by 38, 46 and 42%, respectively. 
Stripe-like erosions were noted in 2 out of 8 animals 
in the group, which received the water extract, and in 
2 out of 10 animals in the group, which received the 
decoction. The Pauls’ index for stripe-like ulcers in 
the given experimental groups was 7.0 and 6.5 times 
lower than that in the control group. In most animals 
of the experimental groups I, II, and V, microscopic 
studies revealed hemorrhages, erosions injuring no 
more than two-thirds of their muscular layer of mu-
cous tunic. Ulcers with deep necrosis of the muscu-
lar layer of mucous tunic and circumscribed by the 
marked leucocytic infiltration were revealed in two 
animals of the experimental groups I and II. The areas 
with signs of plasmarrhage and diapedetic hemorrha- 
ges were less marked.

In animals of the experimental groups III and IV, 
which received the extracts prepared with the use of 
30% and 40% ethanol, the total number of destructions 
in the muscular layer of mucous tunic was 67 and 45% 
less than that in the control animals (Table 1). Small 
erosions were noted in 8 animals of the experimental 
groups III and IV; large erosions – in 6 and 8 out of 10 
animals which received the extracts prepared with the 
use of 30% and 40% ethanol, respectively. No stripe-
like erosions were noted in the animals of the given 
experimental groups. The Pauls’ index for small and 
large erosions was significantly lower in the experi-
mental group III and was 1.4 and 0.6, respectively, as 
compared to 2.1 and 1.6 in the experimental group IV; 
it was 2.9 and 4.0 times lower than these indices in 
the control group. Histological studies of the muscular 
layer of mucous tunic in the animals of the experi-
mental groups III and IV revealed not deep erosions 
injuring only gastric superficial-foveolar epithelium. 
Single erosions penetrated into half of the muscular 
layer of mucous tunic. Leucocytic infiltration around 
erosions was marked moderately. Vessel dilatation in 
microvasculature along with erythro- and leucosta-
sis and small areas of plasmarrhage and diapedetic  
hemorrhages were noted.

The extract of F. hystrix prepared with the use of 
30 and 40% ethanol combination demonstrated more 
marked gastro-protective effect. The number of all de-
structions per one animal in the given experimental 
group was 2.5 (Table 1) that was 3.6 times less than 
that of the control group.  No stripe-like erosions were 
found. Small and large erosions were noted respec-
tively in 7 and 5 animals out of 10; the Pauls’ index 
was 3.6 and 6.0 times lower than that in animals of 
the control group. Patho-histological studies of the 
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stomach wall in animals of the group VI revealed de-
structive alterations only in the gastric superficial-fo-
veolar epithelium; its desquamation resulted in small 
erosions with slight leucocytic infiltration. The ves-

T a b l e  1

The effect of Ferulopsis hystrix on the severity of lesions in the gastric mucosa of white rats in ethanol-induced gastropathy

Indices

Groups of animals

Control,  
n = 10

Experi- 
mental I,
n = 10

Experi- 
mental II,

n = 8

Experimental 
III,

n = 10

Experimental 
IV,

n = 10

Experi-
mental V,

n = 10

Experimental 
VI,

n = 10

Total number of gastric 
mucosa lesions, Me (Q1; Q3)

9
(7;11)

5
(2;8)

р ≤ 0.05

6
(2;8)

р ≤ 0.05

3
(2;3)

р ≤ 0.05

4.5
(2;8)

р ≤ 0.05

5
(2;7)

р ≤ 0.05

2.5
(0;4)

р ≤ 0.05
Small erosions

Number of animals with 
erosions, % 100 60 100 80 80 100 70

Number of destructions,
Me (Q1; Q3)

4
(3;5)

3.5
(2;4)

3.5
(2;4)

2
(1;3)

р ≤ 0.05

2
(2;4)

р ≤ 0.05

3
(3;4)

2*
(0;3)

Pauls’ index 4.0 1.9 3.3 1.4 2.1 3.4 1.6
Large erosions

Number of animals with 
erosions, % 80 70 75 60 80 80 50

Number of destructions,
Me (Q1; Q3)

3
(2;4)

2.5
(0;4)

2
(0;3)

1
(0;1) р ≤ 0.05

2
(1;3)

2
(1;2)

0.5
(0;1) р ≤ 0.05

Pauls’ index 2.4 1.5 1.3 0.6 1.6 1.4 0.4
Stripe-like erosions

Number of animals with 
erosions, % 60 30 25 0

р ≤ 0.01
0

р ≤ 0.01
0

р ≤ 0.01
0

р ≤ 0.01
Number of destructions,
Me (Q1; Q3)

1
(0;3)

0
(0;1)

0
(0;2) р ≤ 0.05 0 0 0 0

Pauls’ index 0.84 0.12 0.125 0 0 0 0

Note: n – number of animals included in the analysis.

sels of microvasculature were moderately dilated and 
plethorical with signs of erythrostasis and erythrodi-
apedesis; no sludge phenomenon and plasmarrhages 
were noted.

The gastro-protective effect of the medicinal 
forms from the roots and rhizomes of F. hystrix is due 
to the content of phenolic compounds, particularly, 
coumarins and flavonoids, which have antioxidant, 
anti-inflammatory, anticoagulant and other effects. 
Coumarins inhibiting the enzyme COX-2 in the le-
sion suppress the synthesis of inflammation mediators 
(histamine, serotonin), proinflammatory cytokines – 
IL-1β, TNF-α and other biological substances; due to 
this, they have an anti-inflammatory effect promoting 
the decrease of vascular permeability and leucocyte 
migration [14, 15]. The vessel-dilating effect of cou-
marins is due to the decrease of intracellular calcium 
concentration in smooth myocytes in microvascula-
ture vessels. The decrease of thromboxane B2 synthe-
sis in thrombocytes due to cyclooxygenase inhibition 
plays an important role in the mechanism of coumarin 
anti-coagulating effect [16]. Hence, the inhibition of 
thrombocyte aggregation indirectly promotes micro-

circulation in the stomach mucosa, which, together 
with the vessel dilating and anti-inflammatory effects 
of coumarins, explains the presence of gastro-protec-
tive activity of F. hystrix in ethanol-induced stomach 
injury in white rats. This gastro-protective effect is 
probably due to antioxidant properties of coumarins 
and flavonoids contained in F. hystrix and their capa-
bility to chelate mixed-valent metal ions participating 
in the reactions of free radical formation [17], bind 
formed radicals [9] and increase the resistance of cell 
membranes [11].

CONCLUSION
Thus, the decoction and dry extracts from rhizomes 

and roots of F. hystrix prepared with the use of vari-
ous solvents have gastro-protective effect increasing 
the resistance of the stomach mucosa to the impact of 
ethanol, limiting the development of dystrophic and 
necrotic processes in the gastric superficial-foveolar 
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and glandular epithelia and preventing the develop-
ment of inflammatory processes in the stomach wall 
of white rats. The given medicinal forms may be ar-
ranged according to their pharmacological efficiency 
in ascending order: water extract of F. hystrix < ex-
tract of F. hystrix prepared with the use of 70% eth-
anol; < extract of F. hystrix prepared with the use of 
40% ethanol < extract of F. hystrix prepared with the 
use of 30% ethanol < extract of F. hystrix prepared 
with the use of 40 and 30% ethanol.
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Placental growth factor exerts modulatory effects on in vitro activated T cells

Smetanenko E.A.1, Leplina O.Yu.1, Tikhonova M.A.1, Pasman N.M.2, Ostanin A.A.1, 
Chernykh E.R.1
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14, Yadrintsevskaya Str., Novosibirsk, 630099, Russian Federation
2 Institute of Medicine and Psychology, Novosibirsk National Research State University 
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ABSTRACT

Background. Recent studies demonstrated immunosuppressive properties of vascular endothelial growth factor 
(VEGF-A) and identified VEGF-A as a key mediator of tumor-induced immunosuppression. Placental growth 
factor (PlGF) is another member of VEGF family in which dramatic elevation is associated with effective immune 
adaptation in successful pregnancy, whereas low concentrations are related to pregnancy complications resulting 
from the activation of immune system. Previously, we have shown that activated T cells express VEGF receptor 
type 1 (VEGFR-1), and PlGF inhibits T cell proliferation in VEGFR-1–dependent manner. 

The aim of the present study was to further characterize PlGF effects on T cell responses in vitro.

Materials and methods. Peripheral blood mononuclear cells (PBMC) from healthy donors were stimulated with 
anti-CD3 monoclonal antibodies (a-CD3) in the absence or presence of PlGF and assessed for IL-10 production, 
programmed cell death and the expression of inhibitory receptors (PD-1, CTLA-4, Tim-3) in CD4+ and CD8+ 
T cell subsets.   

Results. The addition of PlGF to PBMC cultures activated with a-CD3 resulted in increased percentages of IL-
10-producing CD4+ and CD8+ T cells. Besides, PlGF promoted CD8+ T cells apoptosis while did not affect 
programmed cell death within CD4+ T cells. Notable, T cell activation with a-CD3 in the presence of PlGF was 
accompanied by the enhancement of PD-1-expressing cells in CD8+ T cell subset and Tim-3-expressing cells in 
both CD4+ and CD8+ T cells, and by the increased expression of PD-1 and Tim-3 on T cells. 

Conclusion. Our in vitro findings indicate that PlGF can inhibit T cell responses due to the increasing interleukin-10 
(IL-10) production, promoting CD8+ T cell apoptosis and enhancing the expression of PD-1 and Tim-3 inhibitory 
receptors. Given the elevated levels of PlGF in successful pregnancy and its decrease in gestation complications, 
the obtained data also suggest that PlGF-mediated suppression may be implicated into the governing immune 
evasion in pregnancy.  

Key words: PlGF, T cells, apoptosis, IL-10, inhibitory receptors, PD-1, CTLA-4, Tim-3.
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Фактор роста плаценты модулирует ответ активированных in vitro  
T-клеток

Сметаненко Е.А.1, Леплина О.Ю.1, Тихонова М.А.1, Пасман Н.М.2, Останин А.А.1,  
Черных Е.Р.1

1 Научно-исследовательский институт фундаментальной и клинической иммунологии (НИИФКИ) 
Россия, 630099, г. Новосибирск, ул. Ядринцевская, 14
2 Новосибирский национальный исследовательский государственный университет (ННИГУ) 
Россия, 630090, г.  Новосибирск, ул. Пирогова, 2

РЕЗЮМЕ

Актуальность. Недавние исследования выявили иммуносупрессивные свойства фактора роста эндотелия 
сосудов (VEGF-A) и его ключевую роль в опухоль-индуцированной иммуносупрессии. Плацентарный 
фактор роста (PlGF) является еще одним представителем семейства VEGF, резкое возрастание которого 
ассоциировано с эффективной иммунной адаптацией при успешной беременности, тогда как низкие кон-
центрации PlGF являются предиктором гестационных осложнений на фоне активации иммунной системы. 
Ранее нами показано, что активированные Т-клетки экспрессируют рецепторы VEGF 1-го типа (VEGFR-1) 
и PlGF через связывание с VEGFR-1 ингибирует пролиферацию Т-клеток.

Цель. Дальнейшее изучение влияния PlGF на T-клеточный ответ in vitro.

Материалы и методы. Мононуклеарные клетки (МНК) периферической крови здоровых доноров стиму-
лировали моноклональными анти-CD3-антителами (a-CD3) в отсутствие и присутствии рекомбинантного 
PlGF и оценивали продукцию интерлейкина-10 (IL-10), уровень апоптоза и экспрессию ингибиторных ре-
цепторов (PD-1, CTLA-4, Tim-3) в субпопуляциях CD4+ и CD8+ T-клеток. 

Результаты. Активация МНК a-CD3 в присутствии PlGF приводила к возрастанию относительного содер-
жания CD4+ и CD8+ T-клеток, продуцирующих IL-10. Кроме того, PlGF усиливал апоптоз активированных 
CD8+ T-лимфоцитов, не влияя значимо на уровень программированной клеточной гибели CD4+ Т-клеток. 
Характерно, что активация Т-клеток a-CD3 в присутствии PlGF сопровождалась возрастанием PD-1 экс-
прессирующих клеток в субпопуляции CD8+ Т-клеток и Tim-3-экспрессирующих клеток среди CD4+ и 
CD8+ Т-клеток, а также повышением уровня экспрессии PD-1 и Tim-3 на Т-клетках.

Заключение. PlGF способен ингибировать Т-клеточный ответ посредством усиления продукции IL-10 и 
активационно-индуцированного апоптоза CD8+ Т-клеток, а также экспрессии ингибиторных рецепторов. 
Учитывая повышенный уровень PlGF при физиологической беременности и его снижение при гестаци-
онных осложнениях, полученные данные позволяют предполагать, что ингибиторный эффект PlGF на 
Т-клеточный ответ может являться еще одним механизмом, обеспечивающим защиту плода от иммунной 
системы матери. 

Ключевые слова: PlGF, Т-клетки, апоптоз, IL-10, ингибиторные рецепторы, PD-1, CTLA-4, Tim-3.
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INTRODUCTION
Vascular endothelial growth factor (VEGF) family 

proteins play a pivotal role in de-novo angiogenesis in 
physiological and pathological conditions. VEGF-A 
is the most active and the best-studied VEGF fami-
ly member that mediates pro-angiogenic activity via 
activation of two receptors with tyrosine kinase activ-
ity, i.e. VEGFR-1 (Flt-1) and VEGFR-2 (KDR/Flk-1) 
[1]. Placental growth factor (PlGF) is another potent 
pro-angiogenic factor that is ligated exclusively with 
VEGFR-1 [2, 3]. 

Recent studies showed that VEGF-A, in addition 
to pro-angiogenic activity, demonstrates immuno-
modulating properties: (i) induces accumulation of 
regulatory T cells and myeloid suppressor cells, (ii) 
inhibits maturation of dendritic cells (DCs) and T 
cell functions [4], and operates as a key factor of tu-
mour-induced immunosuppression [5]. Nevertheless, 
PlGF-dependent immunomodulating properties have 
not been extensively studied. It is known though that 
PlGF: (i) stimulates M2 macrophage polarisation, (ii) 
suppresses DC maturation, and (iii) induces regulato-
ry B-cells [3, 6]. However, the effects of PlGF on T 
cell functions remain largely unexplored. According 
to the literature data, the effect of VEGF on T cells is 
mediated via VEGFR-2 [7]. At the same time, PlGF is 
a selective ligand for VEGFR-1, and its role in regu-
lating functional T cell activity remains unclear. 

Studies of PlGF-dependent immunomodulating 
properties are motivated by a putative participation 
of this factor in tumour escape from immune surveil-
lance, since increased PlGF levels in most tumour 
types are associated with immune dysfunctions and 
correlate with tumour progression [8, 9]. PlGF-depen-
dent immunomodulating activity in pregnancy evoked 
even stronger interest owing to significantly increased 
serum PlGF levels in normal pregnancy, in contrast to 
decreased PlGF concentrations in gestational compli-
cations [10]. 

During pregnancy the immune system undergoes 
a significant rearrangement (termed “immune adapta- 
tion”) [11], which is directed on inducing tolerance to 
paternal alloantigens and preventing excessive inflam-
matory reactions. Several mechanisms underlying 
immune adaptation have been elucidated, including 
depletion of alloantigen-reactive T cells, Th1→Th2 
switch and induction of regulatory T cells [11]. Re-
cent studies have also demonstrated the role of T cell 
exhaustion in suppressing maternal T-cell-mediated 
cytotoxic activity [12, 13]. From this standpoint, im-
munomodulating activity of PlGF could represent yet 

another mechanism involved in fetal protection from 
the maternal immune system. 

Previously, we demonstrated VEGFR-1 expres-
sion on activated T cells, whereby ligation of PlGF 
with VEGFR-1 resulted in inhibition of CD4+ and 
CD8+ T cell proliferation in mononuclear cell cul-
tures [14]. This study aimed to elucidate the effects of 
PlGF on T cell responses in vitro, with particular ref-
erence to T-cell-derived immunosuppressive cytokine 
production (IL-10), T cell apoptosis and expression of 
inhibitory receptors (PD-1, CTLA-4, Tim-3) involved 
in T cell exhaustion.

MATERIALS AND METHODS
This study included 35 healthy blood donors of 

both genders aged 20–54 years. Peripheral blood mon-
onuclear cells (PBMC) were isolated from heparin-
ised venous blood using Ficoll-Verografin (р = 1.078 
g/ml) gradient centrifugation. PBMC were cultivated 
in round-bottomed 96-well plates in RPMI-1640 cell 
culture medium supplemented with 10% inactivated 
donor AB (blood group IV) serum, 2mM HEPES-buf- 
fer, 0.3 mg/ml L-glutamine and 100 μg/ml gentamycin 
(all reagents were from Sigma-Aldrich, St. Louis, MO 
USA) at 37°C in and 5% СО2. PBMC were stimula- 
ted in the presence of monoclonal anti-CD3 antibodies 
(1 μg/ml, a-CD3, ICO-90, MedBioSpektr, Moscow), 
0.1–100 ng/ml PlGF (R&D Systems, Abingdon, UK). 
To assess proliferation, cells were incubated for 4 
days, followed by pulse-labelling with 1.0 mCi/well 
of 3Н-thymidine. Cells were harvested, and radio-
activity was quantitated using a Liquid Scintillation 
Counter SL-30 (Intertechnic, France). 

In a separate set of experiments, we studied the ef-
fect of neutralising anti-VEGFR-1 antibodies (а-VEG-
FR-1) on suppressive PlGF properties. To this end, 
PBMC were stimulated with а-CD3 in the presence of 
PlGF (5 ng/ml) followed by cultivation in the presence 
or absence of neutralising а-VEGFR-1 or а-VEGFR-2 
antibodies (HumanVEGFR1/Flt-1; VEGFR2/KDR/
Flk-1 antibodies, 2.5 μg/ml; R&D Systems, USA), 
which were added to PBMC cultures concomitantly 
with PlGF or 24 h later.

Intracellular IL-10 expression was analysed in  
48 h PBMC cultures activated by а-СD3 in the pres-
ence or absence of PlGF. Cells were labelled by an-
ti-CD3 (Phycoerythrin, PE), CD8+ (Fluorescein 
isothiocyanate, FITC), CD4 (Peridinin chlorophyll, 
PerCP), IL-10(PE) antibodies (BD Biosciences, San 
Jose, CA, USA) followed by fixation/permeabilization 
using fixation/permeabilization Transcription Factor 
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Buffer Set (BD Biosciences), according to the manu-
facturer’s instructions. Content ratio of IL-10-secret-
ing cells in CD4+ and CD8+ T cell gates (altogether 
30,000 events were collected for each sample) was 
analysed by flow cytometry (BD FACSCalibur). 

Apoptosis of activated T cells was analysed by 
flow cytometry. To this end, PBMC were stimulated 
by a-CD3 and PlGF, as described above, and cultiva- 
ted for 48 h. Cells were labelled with anti-CD4(FITC) 
or anti-CD8(FITC) antibodies (BD Biosciences) 
followed by Annexin V/7-7-amino-actinomycin D 
(ADD) (PE-conjugated Annexin V/7-ADDkit), ac-
cording to the manufacturer’s instructions. Altogeth-
er 10,000 events were assessed for each sample, and 
percentages of Annexin V-positive and/or 7-ADD-po- 
sitive CD4+ and CD8+ T cells were analysed using 
CellQuest software (BD Biosciences, USA).

Cell surface expression of inhibitory receptors 
(PD-1, CTLA-4, Tim-3) on T cells was analysed by 
flow cytometry using anti-CD4(Pe), anti-CD8(FITC), 
anti-CTLA-4(Phycoerythrin/Cyanine dye tandem 
conjugate, PE-Cy5), anti-PD-1(Allophycocyanin, 
APC), anti-TIM-3(PerCP/Cyanine dye tandem con-
jugate, PerCP/Cy5.5) and relevant isotype controls 
(BD PharMingen, USA). Percentages and mean flu-
orescence intensity (MFI) of PD-1+, CTLA-4+, and 
Tim-3+ cells were analysed in СD4+ and СD8+ T 
cell gates. Statistical analysis was performed using an  
analytics software portfolio Statistica 6.0 for Win-
dows (StatSoft Inc., USA). The data are presented 
as Median (Me) with the interquartile range [Q1–Q3]. 
Related samples were compared using a nonparamet-
ric paired difference test (Wilcoxon signed-rank test) 
with the Bonferroni correction. Results were consid-
ered statistically significant at p < 0.05.

RESULTS  
PlGF-mediated inhibition of a-CD3-activated T 

cells is VEGF-independent. 
We showed previously that VEGFR-1 blockade 

aborted suppressive effects of PlGF on T cell pro-
liferation in a-CD3-stimulated PBMC cultures [14], 
suggesting that PlGF exerted a direct inhibitory effect 
on T cells via ligating with its cognate receptor VEG-
FR-1. PlGF is also known to activate PBMC and in-
duce VEGF production [15], which could also inhibit 
T cell proliferation [7]. Suppressive effects of VEGF 
have been described to manifest themselves from 
day 7 under high VEGF concentrations [7], which  
significantly surpassed VEGF levels present in PBMC 
cultures [15]. 

In order to rule out the involvement of VEGF in 
the inhibitory PlGF activity, we compared blocking 
effects of а-VEGFR-1 and а-VEGFR-2 on PlGF-me-
diated suppression. Blocking antibodies were added 
either simultaneously with PlGF or 24 h later taking 
into consideration low VEGFR expression levels on 
unstimulated T cells followed by significant augmen-
tation of VEGFR expression 24 h after the cultivation 
onset. Figure 1 shows that PlGF presence resulted in 
a significant (31%; 26–38%, p = 0.013) reduction in T 
cell proliferation levels in response to a-CD3 stimu- 
lation. Neutralising a-VEGFR-1 antibodies reduced 
PlGF suppressive activity to 9% (3–25%) if added 
concomitantly with PlGF and to 3% (0–16%) if add-
ed 24 h later. More pronounced inhibition of PlGF 
suppressive activity in the last case was likely to be 
due to higher VEGFR-1 expression on T cells 24 h 
after a-CD3 stimulation. Of note, VEGFR-2 bloc- 
kade did not abrogate PlGF-mediated suppressive  
effects.

The effect of PlGF on IL-10 production by 
a-CD3-activated CD4+ and CD8+ T cells.

To study the effect of PlGF on IL-10-producing 
capacity of T cells, we analysed percentages of CD4+ 
and CD8+ T cells with intracellular IL-10 expression 
in cultures of a-CD3-stimulated PBMC in the presence 
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Fig. 1. Neutralising а-VEGFR-1 antibodies withdraw the 
inhibitory effect of PlGF on T cell proliferation: PBMC were 
stimulated with а-CD3-antibodies in the absence (1) and 
presence of 5 ng/ml PlGF(2–6); neutralising а-VEGFR-1 (3, 
4) or a-VEGFR-2 (5, 6) antibodies were added at a dose of 
2.5 μg/ml concomitantly with PlGF (3, 5) or 24 h after the 
beginning of cultivation (4, 6), counts per minute (cpm), Ме 
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and absence of PlGF (Fig. 2). Activation of PBMC 
with a-CD3 significantly increased relative numbers 
of IL-10-positive cells in CD8+ T cell subpopulation 
(р = 0.028). Although we also detected an increase in 
IL-10-producing CD4+ T cells derived from most do-
nors studied here, these changes were not statistically 
different from the baseline levels (р = 0.06). 

The addition of PlGF to PBMC cultures increased 
proportion of IL-10+ cells both in CD4+, and CD8+ T 
cell subsets, as compared to a-CD3-stimulated PBMC 
cultures incubated in the absence of PlGF. Of note, 
percentages of CD8+IL-10+ T cells in PBMC cultures 
incubated with PlGF were 2.7-fold higher, as com-
pared to CD4+IL-10+ T cells (р = 0.018).

PlGF enhanced apoptosis of a-CD3-activated  
T cells. 

In order to address putative involvement of PlGF 
in programmed cell death regulation, we studied the 
effect of PlGF on the level of activation-induced ap-
optosis in CD4+ and CD8+ T cells. Apoptotic and 
necrotic cells were identified by a three-colour flow 
cytometry. Cells in early apoptosis are known to ex-
clude a DNA-labelling vital dye 7-ADD, thus consis-
tent with Ann+/7-ADD− phenotype. Late apoptotic or 
necrotic cells are permeable to 7-AAD and therefore 
could be identified as Ann+/7-ADD+. Most CD4+ and 
CD8+ T cells in freshly isolated PBMC were viable 
(Ann−/7-ADD− phenotype) and contained negligible 
proportion of apoptotic cells. Incubation of PBMC 
with a-CD3 for 48 h was accompanied by an increase 
in percentages of apoptotic cells in CD4+ and CD8+ 
T cell subpopulations (Fig. 3). Further supplementa-
tion of PBMC cultures with PlGF enhanced apoptosis 
in CD8+T cells (p < 0.05), but not in CD4+ T cells. 
Since the number of Ann+/7-ADD− cells reflects only 
proximal (early) apoptotic events, we performed addi-
tional analysis of the total amount of Ann+ T cells (i.e. 
Ann+/7ADD−/+). Relative proportions of Ann+СD8+ 
T cells were found to be higher in a-CD3-activa- 

ted PBMC incubated with PlGF than that in control 
a-CD3 stimulated PBMC. Meanwhile, no differences 
were detected in percentages of AnnV+CD4+ T cells 
incubated in the presence or absence of PlGF.

PlGF enhanced the expression of inhibitory recep-
tors on activated T cells. 

Overexpression of inhibitory receptors (also 
called inhibitory checkpoint molecules) is considered 
an important mechanism restraining T cell responses 
due to T cell exhaustion [12]. In order to assess the 
effects of PlGF on inhibitory receptor expression, we 
studied the expression of PD-1, CTLA-4, and Tim-3 
on CD4+ and CD8+ T cells in 48 h PBMC cultures 
(Table). 

PBMC stimulation with a-CD3 increased percent-
ages of T cells expressing checkpoint molecules. Thus, 
relative numbers of CD4+PD-1+ and CD8+PD-1+ T 
cells following anti-CD3 stimulation were statistically 
higher, as compared to that observed in unstimulated 
PBMC cultures. The addition of PlGF enhanced the 
proportion of PD-1-positive CD8+ T cells (p < 0.05), 
with no effect on CD4+PD-1+ T cells. Ligation of T 
cell receptors with a-CD3 antibodies resulted in an 
increased proportion of CD4+ T cells co-expressing 
CTLA-4, while incubation with PlGF did not affect 
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percentages of CTLA-4-positive CD4+ or CD8+ T 
cells. Furthermore, a-CD3 stimulation enhanced per-
centages of Tim-3-positive cells in CD4+ and CD8+ 

T cell subpopulations, while in the presence of PlGF 
both CD4+Tim3+ and CD8+Tim3+ T cells showed 
statistically significant increase (p < 0.05).

Effect of PlGF on the checkpoint molecules expression on a-CD3-activated CD4+ and CD8 + T cells, Ме [Q1–Q3], n = 8

PBMC
CD4+ T cells (%) CD8+ T cells, %

PD-1 CTLA-4 Tim-3 PD-1 CTLA-4 Tim-3
0 3.7 [2.2–4.3] 4.6 [2.1–7.1] 2.9 [2.0–3.6] 2.3 [1.6–2.8] 0.4 [0.1–0.8] 0.7 [0.1–1.6]
a-CD3 6.0* [3.0–8.5] 7.0* [2.4–10.2] 3.7* [2.7–5.3] 3.2* [2.4–4.2] 0.3 [0.1–0.7] 2.4* [1.6–3.2]
a-CD3+PlGF 5.5* [4.5–8.1] 7.3* [4.2–10.0] 5.0*# [3.3–6.6] 3.8 *# [2.9–4.5] 0.5 [0.3–0.7] 5.1*# [3.3–6.1]

Note. The percentage of PD-1, CTLA-4 and Tim-3-positive cells in the gates of CD4+ and CD8+ T lymphocytes was evaluated in 48-hour 
cultures of unstimulated PBMC (0) and PBMC activated by anti-CD3-antibodies in the absence of (a-CD3) and in the presence of 5 ng/ml PlGF 
(a-CD3+PlGF).
* p < 0.05 – significance of differences compared with unstimulated PBMC; # p < 0.05 –  significance of differences compared with a-CD3-
activated PBMC. 
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Fig. 3. PlGF enhances apoptosis of а-CD3-activated CD8+ T cells: the summarized data on the relative numbers of cells in the 
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presented. The data from four independent experiments were analyzed using the paired Wilcoxon test, n = 10

Importantly, PlGF not only increased percentages 
of PD-1- and Tim-3-positive T cells, but also enhanced 
the expression of these receptors on T cells. Thus, 
treatment of PBMC in the presence of PlGF facilitat-
ed the enhancement of mean fluorescence intensity 
(MFI) of PD-1 staining on CD4+ T cells from (37.1 
± 3.5) to (47.8 ± 5.8), while on CD8+ T cells MFI 
of PD-1 staining increased from (38 ± 3.3) to (47.0 ± 
4.1) (р < 0.05). MFI of Tim-3 staining increased on 
CD4+ T cells in the presence of PlGF from (41.0 ± 
4.2) to (49.0 ± 4.9), as well as on CD8+ T cells from 
(44.0 ± 4.5) to (49.0 ± 5.3) (р < 0.05). Taken together, 
activation of PBMC in the presence of PlGF resulted 
in moderate, but statistically significant augmentation 
of expression levels of PD-1 and Tim-3 on both CD4+ 
and CD8+ T cells. 

DISCUSSION

The data obtained in this study showed that in-
hibitory effects of PlGF on T cell proliferation in 
a-CD3-stimulated PBMC cultures were mediated via 
VEGFR-1, and that these effects were not associated 

with a probable increase in VEGF production by acti-
vated PBMC [15], as judged from the fact that VEG-
FR-2 blockade did not withdraw suppressive effects 
of PlGF. In addition, it was demonstrated that PlGF:  
enhanced IL-10 production by activated CD4+ and 
CD8+ T cells, aggravated apoptosis of CD8+ T cells, 
and increased expression of inhibitory receptors PD-1 
and Tim-3 on T cells, implying an important role of 
PlGF/VEGFR-1 signal transduction pathway in mod-
ulation of T cell functions. 

VEGFR-1 has been reported to possess low tyros-
ine kinase activity, which for a long time supported 
a paradigm that considered VEGFR-1 exclusively a 
ligand-trapping receptor [2]. However, it was subse-
quently shown that this receptor was expressed on 
haemopoietic precursors, monocytes/macrophages 
and DCs, and that VEGFR-1-dependent signalling 
pathway was involved in mobilisation of bone marrow 
precursors, activation and migration of monocytes, 
and regulation of DC maturation and cell proliferation 
[3, 16, 17]. Moreover, recent studies demonstrated 
that VEGFR-1-mediated signalling in hypoxic condi-
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tions activated STAT3 transcription factor [8], which 
plays an important role in regulating T cell functions 
by inhibiting proliferation and IL-2-producing capaci-
ty of T cells [18]. These observations are in agreement 
with our data that PlGF exerts inhibitory effect on T 
cell proliferation by binding to VEGFR-1. 

This study identified an interesting property of 
PlGF – this factor stimulated IL-10 production by ac-
tivated T cells. Y.L. Lin et al. demonstrated previous-
ly that PlGF modulated cytokine-secreting function 
of T cells indirectly via a DC-dependent mechanism. 
Thus, PlGF-modified DCs enhanced IL-13 and IL-5 
production by allogeneic T cells without affecting IL-
10 production in mixed leukocyte culture [6]. These 
results stress important differences between direct and 
DC-mediated effects of PlGF. 

J.Y. Shin et al. described the augmentation of 
IL-10 production due to VEGF mediated ligation of 
VEGFR-1 on activated spleen T cells and CD4+ T cell 
line [19], which supports the ability of VEGFR-1 to 
exert direct effects on T cells. However, the authors 
did not detect suppression of T cell proliferation under 
conditions of VEGFR-1 activation. This fact is likely 
explained by PlGF and VEGF exerting different ef-
fects when binding to VEGFR-1 due to the activation 
of different downstream transcription factors [17]. 

IL-10 is known to be a key immunosuppressive cy-
tokine involved in restricting immune responses and 
inducing tolerance in pregnancy [20]. Suppressive ef-
fects of IL-10 are mediated principally via generation 
of tolerogenic DCs, induction of regulatory T cells 
and activation of anti-inflammatory JAK1/STAT3 
signalling pathway in T cells [21]. Inhibitory effects 
of IL-10 are most clearly demonstrated with regard to 
CD4+ T cells, in which endogenous IL-10 production 
constitutes an important regulatory mechanism re-
straining CD4+ T cell functions [22]. The effect of IL-
10 on CD8+ T cell functions is far less unambiguous. 
Indeed, in tumour growth IL-10 could activate and 
stimulate expansion of cytotoxic CD8+ T cells [23], 
whereas in chronic infection a direct inhibitory effect 
of IL-10 on CD8+ T cells has been described [24]. 
Our data suggests that PlGF is capable of enhancing 
IL-10 production not only by CD4+, but also СD8+ 
T cells. However, whether IL-10 production underlies 
the suppressive effects of PlGF on T cell proliferation, 
with particular reference to CD8+ T cells, remains an 
open question and awaits further investigations. 

Importantly, this study also revealed that PlGF 
could enhance both apoptosis of CD8+ T cells and ex-
pression of inhibitory receptors (PD-1 and Tim-3) on T 

cells. The ability of PlGF to modulate apoptosis levels  
was recently demonstrated using an experimental 
lung emphysema model [25]. The authors showed that 
PlGF increased apoptosis of lung epithelium via acti-
vation of c-Jun N-terminal kinase (JNK) and protein 
kinase C. Our study demonstrated that PlGF enhanced 
apoptosis of activated CD8+ T cells for the first time. 

Interestingly, PlGF also increased the relative 
numbers of PD-1+ cells, and specifically in CD8+ 
(but not СD4+) T cell subpopulation, suggesting that 
PlGF-mediated augmented apoptosis of CD8+ T cells 
could be associated with enhanced PD-1 expression. 
An important role of PD-1 inhibitory receptors in sup-
pressing cytotoxic T cell functions has been convin- 
cingly demonstrated previously in cancer [26], and re-
cently in pregnancy [27]. PD-1-dependent signalling 
has been shown to inhibit T cells via various mech-
anisms, including apoptosis induction [28]. Further-
more, increased expression of checkpoint molecules 
could reflect T cell exhaustion state [12]. 

In addition to PD-1 up-regulation, treatment with 
PlGF enhanced relative numbers of Tim-3-positive 
cells, and notably both in CD8+ and CD4+ T cell 
subpopulations. Tim-3 is another checkpoint mole-
cule involved in the formation of T cell exhaustion 
status, thus playing an important role in suppressing 
maternal immune responses against fetal alloanti-
gens during successful pregnancy [29].  T. Voronet  
et al. demonstrated for the first time that VEGF-A 
strengthened expression of various inhibitory check-
point molecules (PD-1, CTLA-4, Tim-3) on CD8+ T 
cells in tumour-bearing mice by engaging a VEGFR-2 
signalling pathway [30]. These authors also detected 
simultaneous expression of several inhibitory recep-
tors on CD8+ T cells in the presence of high VEGF 
concentrations. 

Our data showed that angiogenic factors have sti- 
mulating effects on checkpoint molecule expression 
on human T cells, and, in particular, we demonstrated 
that PlGF enhanced the expression of PD-1 and Tim-3 
on T cells. Along with this, if the stimulatory effect of 
PlGF on PD-1 expression was observed only in CD8+ 
T cell subpopulation, the influence of PlGF on Tim-
3 expression was detected in both CD4+ and CD8+ 
T cell subpopulations. A co-expression analysis of  
different inhibitory receptors was beyond the scope of 
this investigation, which is a study limitation. Howe- 
ver, the increase of both CD8+PD-1+ and CD8+-
Tim-3 T cells associated with reduced CD8+ T cell 
proliferation in cultures with PlGF, implies that the 
up-regulation of  checkpoint molecules on the surface 
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of T cells could mediate inhibitory effects of PlGF on 
T cells. 

The data obtained in this study infer that PlGF 
could be considered a novel immunomodulator in 
pregnancy. Indeed, serum PlGF concentrations are 
known to increase during normal pregnancy, while 
declining PlGF levels observed in placental hypoxia 
serve as a predictor factor of pre-eclampsia and intra-
uterine growth retardation [10]. In spite of the high 
prognostic value of PlGF levels, its pathophysiolo- 
gical significance has not been fully elucidated.  
Taking into consideration an important role of im-
mune adaptation in successful pregnancy paralleled 
by pronounced immune impairments observed in 
women with pre-eclampsia [31, 32], we hypothesise 
that PlGF is involved in immune modulation in nor-
mal pregnancy, while reduced PlGF levels facilitate 
immune system activation leading to the development 
of pregnancy complications.

CONCLUSION
Taken together, this study showed that PlGF en-

hanced IL-10 production by activated CD4+ and CD8+ 
T cells, apoptosis of CD8+ T cells, and expression of 
inhibitory receptors PD-1 and Tim-3 on T cells, evi-
dencing an important role of PlGF/VEGFR-1 signal-
ling pathway in modulating T cell functions. Taking 
into account enhanced PlGF levels in normal preg-
nancy paralleled by their reduction during pregnancy 
complications, we envisage that inhibitory effects of 
PlGF on T cell responses could constitute yet another 
mechanism governing immune evasion in pregnancy.
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Features of polymorbid pathology in patients with autoimmune bullous 
dermatosis

Ufimtseva M.A., Izmozherova N.V., Gurkovskaya E.P., Bochkarev Yu.M.

Ural State Medical University 
3, Repin Str., Yekaterinburg, 620028, Russian Federation

ABSTRACT

Background. Autoimmune bullous dermatosis (ABD) is a group of inherited and acquired skin diseases, the main 
morphological elements of which are the bullas, developed as a result of autoantibody production directed against 
protein structures of the epidermis and dermo-epidermal junction, leading to epidermal detachment and blistering 
on the skin and mucous membranes.

The aim of the research was to analyze the detection rate and structure of polymorbid pathology in patients with 
autoimmune bullous dermatoses and to determine the Charlson index and 10-year survival in patients before and 
after prescription of glucocorticosteroid therapy.

Materials and methods. The research included retrospective and prospective stages. At the first stage, the analysis 
of primary medical records was carried out, and histories of 70 patients over 18 years old, before the onset of 
autoimmune bullous dermatosis were analyzed. Clinical and epidemiological data were taken into account, the 
main and concomitant diagnoses were determined in accordance with ICD X. The Charlson index was calculated 
for all patients, the 10-year survival rate of patients with autoimmune bullous dermatoses was determined. 

Results. Polymorbid pathology was recorded in 81.4% of patients, before the onset of autoimmune bullous 
dermatosis. 48.6% of patients had two or more concomitant diseases. Among patients with diseases of internal 
organs, those with cardiovascular pathology (52.8%) occupied the first place, patients with gastroenteric pathology 
(41.4%) occupied the second place, patients with endocrinopathy held the third place (20.0%). The Charlson 
index median in patients of this group was 2.5 (1–3), the risk of fatal outcome over a 10-year period was 16.5%. 
Subsequently, after the onset of autoimmune bullous dermatosis, 65.7% of patients required the prescription of 
glucocorticosteroid therapy. Decompensation of concomitant pathology was diagnosed in 39.1% of patients, 
therefore they needed consultation of related specialists. The median polymorbidity index increased to 3.5 (2–5), 
the risk of a death increased to 34.5% (p < 0.05).

Conclusion. Polymorbid pathology worsens the course of autoimmune bullous dermatoses, increases the risk of 
disability and mortality, especially in patients receiving systemic glucocorticosteroid therapy, and therefore these 
patients should be under regular medical check-up not only of a dermatovenereologist, but also of related specialists.

Key words: autoimmune bullous dermatosis, polymorbidity, Charlson index, glucocorticosteroids.
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INTRODUCTION 
Autoimmune bullous dermatosis (ABD) is a group 

of hereditary and acquired skin diseases that is formed 
as a result of the production of autoantibodies to va- 
rious structures of the dermoepidermal compound, 
leading to epidermal detachment and blistering [1, 2]. 
The most severe ABD leading to permanent disability, 

Особенности полиморбидной патологии у больных аутоиммунными  
буллезными дерматозами

Уфимцева М.А., Изможерова Н.В., Гурковская Е.П., Бочкарев Ю.М.

Уральский государственный медицинский университет (УГМУ) 
Россия, 620028, г. Екатеринбург, ул. Репина, 3

РЕЗЮМЕ

Цель. Изучить частоту выявления и структуру полиморбидной патологии у больных аутоиммунными 
буллезными дерматозами. Определить индекс полиморбидности Чарлсон и 10-летнюю выживаемость у 
больных до и после назначения глюкокортикостероидной терапии.

Материалы и методы. Исследование включало ретроспективный и проспективный этапы. На первом 
этапе проведен анализ первичной медицинской документации, 47 амбулаторных карт и 23 историй 
болезни больных старше 18 лет до дебюта аутоиммунного буллезного дерматоза. Учитывали клинико-
эпидемиологические данные, основной и сопутствующий диагнозы устанавливали в соответствии с 
Международной классификацией болезней 10-го пересмотра.  Всем пациентам рассчитан индекс Чарлсон, 
определена 10-летняя выживаемость больных аутоиммунными буллезными дерматозами.

Результаты. Полиморбидная патология до дебюта аутоиммунного буллезного дерматоза зафиксирована 
у 81,4% больных. У 48,6% пациентов выявлено два и более сопутствующих заболевания. Наиболее часто 
диагностируются заболевания сердечно-сосудистой системы (первое ранговое место – 52,8%), затем 
патология желудочно-кишечного тракта (второе ранговое место – 41,4%), на третьем месте – эндокринопатии 
(20,0%). Медиана индекса Чарлсон у больных данной группы составила 2,5 (1–3), риск летального исхо-
да за 10-летний период 16,5%. Впоследствии 65,7% пациентам, после дебюта аутоиммунного буллезного 
дерматоза, потребовалось назначение системных глюкокортикостероидов. Декомпенсация сопутствующей 
патологии диагностирована у 39,1% пациентов. Медиана индекса полиморбидности возросла до 3,5 (2–5), 
риск развития летального исхода увеличился до 34,5% (р < 0,05). 

Заключение. Полиморбидная патология ухудшает течение и прогноз аутоиммунных буллезных 
дерматозов, увеличивает риск инвалидизации и смертности, в особенности у пациентов, получающих си-
стемную глюкокортикостероидную терапию, в связи с чем больные должны находиться на диспансерном 
учете не только у врача-дерматовенеролога, но и смежных специалистов.

Ключевые слова: аутоиммунные буллезные дерматозы, полиморбидность, индекс Чарлсон, глюкокорти-
костероиды.
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as well as mortality, include acantholytic pemphigus, 
Lever’s bullous pemphigoid, Dühring’s herpetiform 
dermatitis, and acquired and congenital epidermolysis 
bullosa [3, 4].

Currently, mortality in ABD remains at a high 
level and varies from 15.0% to 30.0% despite patho-
genetic treatment with systemic glucocorticosteroids 
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(GCS) and immunosuppressants [5, 6]. The progno-
sis of the disease also depends on polymorbidity. Re-
searchers point out that ABD is often associated with 
diabetes, hypothyroidism, and inflammatory bowel 
disease, and an increased risk of stroke is observed in 
patients of this group [7, 8]. The presence of polymor-
bid pathology leads to a deterioration in the condition 
of ABD patients, an uncontrolled course of conco- 
mitant diseases and their resistance to basic therapy, a 
decrease in life quality, adherence of patients to drug 
therapy, and increased rates of patient disability and 
mortality [9].  

Most studies of domestic and foreign scientists 
come down to identifying the most common diseases 
in ABD patients and do not include an assessment of 
the diagnosed polymorbidity severity, which is rele-
vant, as it will enable to predict the course of both 
ABD and concomitant pathology, as well as to deter-
mine the death risk.

The aim of the research is to study the detection 
frequency and structure of polymorbid pathology 
in patients with autoimmune bullous dermatoses, to 
determine the Charlson polymorbidity index and 10-
year survival in patients before and after glucocortico-
steroid therapy.

MATERIALS AND METHODS 
The study included retrospective and prospec-

tive stages. At the first stage, the analysis of primary 
medical documentation was carried out: 47 ambula-
tory medical records and 23 patient charts of subjects 
older than 18 years before the onset of autoimmune 
bullous dermatosis. Clinical and epidemiological data 
were taken into account. The main and concomitant 
diagnoses were established in accordance with the In-
ternational Classification of Diseases, 10th Revision 
(ICD-10). Polymorbidity was registered by the num-
ber of nosologies in one patient. To assess somatic 
pathology, the Charlson index was determined. The 
overall score is the total of each patient’s comorbid 
conditions (weighted according to severity and age) 
and points for each decade of life if a patient exceeded 
the age of 40.

The diseases assessed by calculating the Charl-
son index include cardiovascular diseases, dementia, 
chronic lung diseases, connective tissue diseases, pep-
tic ulcer disease, liver damage, diabetes mellitus, kid-
ney disease, liver disease, malignant neoplasms, and 
acquired immunodeficiency syndrome. Depending on 
the severity of concomitant diseases, the number of 
accrued points may be equal to 1, 2, 3 and 6. 

With the help of the Charlson index, 10-year sur-
vival of patients with autoimmune bullous dermatoses 
was predicted. At the second stage, a clinical and in-
strumental examination of this group of patients was 
carried out, after the debut of autoimmune bullous 
dermatosis and the prescription of basic therapy. Sta-
tistical processing of the obtained data was carried out 
using the Excel 2000 and Statistica 13 packages. The 
median, upper and lower quartiles were calculated Me 
(Q1–Q3), nonparametric statistical methods (χ2) with 
continuity correction were used. The level of statis-
tical significance of the differences was considered at  
p < 0.05.

RESULTS 
According to the retrospective analysis of primary 

medical documentation of 70 patients with autoim-
mune bullous dermatoses (ABD), 81.4% (57/70) of 
them had polymorbid pathology diagnosed before the 
debut of bullous dermatosis. The median age in the 
group of men with ABD was 49 years (interquartile 
range (IQR): 41.5–63.0 years), and in the group of 
women it was 56 years (IQR: 45.0–67.5). In 48.6% 
(34/70) patients, two or more concomitant diseases 
were detected.

Moreover, in the structure of the internal organs 
pathology, diseases of the cardiovascular system were 
diagnosed in 52.8% (37/70) patients, pathology of the 
gastrointestinal tract was registered in 41.4% (29/70) 
patients, endocrinopathies were observed in 20.0 % 
(14/70) patients, diseases of the musculoskeletal sys-
tem were found in 15.7% (11/70) of ADB patients 
(Table). Patients also had diseases such as bronchial 
asthma, renal cell cancer, colon adenocarcinoma, se-
nile cataract.

It is noteworthy that among 37 patients with car-
diovascular pathology, all ABD patients showed 
arterial hypertension. Moreover, every second pa-
tient had stage 2 or stage 3 of high blood pressure. 
In 56.7% (21/37) of patients with arterial hyperten-
sion, target organs were affected (left ventricular hy-
pertrophy, atherosclerotic plaques of the magistral 
vessels, creatinine clearance <60 ml/min), and in 
35.1% (13/37) associated clinical conditions (ACC) 
were identified. Among patients with ACCs, 29.7% 
(11/37) patients with pathology of the cardiovas-
cular system demonstrated coronary heart disease, 
8.1% (3/37) patients had a history of myocardial 
infarction, 24.3% (9/37) patients were diagnosed 
with chronic heart failure, and 5.4% (2/37) patients 
had chronic renal failure. Atherogenic dyslipidemia 
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In the structure of the gastrointestinal tract (GIT) 
diseases, in 65.5% (19/29) of ABD patients with 
gastrointestinal pathology, endoscopic signs of gas-
tritis were diagnosed, every third patient suffered 
from chronic cholecystitis and / or chronic pancre-
atitis. 10.3% (3/29) patients had a history of gastric 
ulcer. It should be noted that only two ABD patients 
with gastrointestinal complaints had a history of eso- 
phagogastroduodenoscopy. In one case, esophagitis 
was diagnosed, in another, erosion was found through-
out the organ, which was regarded as a manifestation 
of erosive esophagitis. However, these manifestations 
regressed after the use of systemic glucocorticoste-
roids prescribed due to the debut of ABD. One patient 
had an esophageal stricture of unknown etiology.

In 72.7% (8/11) ABD patients with pathology of 
the musculoskeletal system, first detected or previ-
ously established osteoporosis and osteopenia were 
observed. It should be noted that therapy in these 
patients, before inclusion in the study, consisted of 
taking NSAIDs and calcium preparations.

Among endocrinopathies, 57.1% (8/14) ABD pa-
tients were diagnosed with type 2 diabetes mellitus, 
this pathology was detected before taking systemic 
glucocorticosteroids. And 28.5% (4/14) patients were 
diagnosed with autoimmune thyroiditis.

Pathology of the visual organs was detected in se- 
ven patients with ABD, patients with senile cataract 
occupy the first rank place, and every second patient 

required surgical treatment. Two patients were diag-
nosed with conjunctivitis and blepharitis.

Diseases of other organs and systems, such as 
bronchial asthma, chronic pyelonephritis, sensory 
polyneuropathy, iron deficiency anemia, were found 
in isolated cases. It should be noted that 4 out of 70 
ABD patients were diagnosed with a malignant neo-
plasm, which could be a trigger factor in the deve- 
lopment of paraneoplastic pemphigus and Lever’s 
bullous pemphigoid. 

The Charlson polymorbidity index was calculated 
for all patients with ABD. The median Charlson index 
in patients with ABD was 2.5 (1–3), the risk of death 
over a 10-year period is 16.5%. No gender differences 
were observed when comparing the Charlson index. A 
high proportion of patients with arterial hypertension, 
chronic heart failure, type 2 diabetes mellitus, gas-
tric and duodenal ulcer was found. None of the ABD 
patients reported diseases included in the calculation 
of the Charlson index: peripheral vascular damage, 
transient cerebrovascular accident, collagenosis, liver 
cirrhosis without portal hypertension, acute cerebro-
vascular accident with hemiplegia or paraplegia, acute 
and chronic lymphoid or myeloid leukemia, lympho-
mas, cirrhosis of the liver with portal hypertension, 
acquired immunodeficiency syndrome.

Six concomitant diseases were registered in one 
man with Lever’s bullous pemphigoid before the on-
set of ABD, including renal cell carcinoma of the right 

was reported in 13.5% (5/37) patients with ABD. It 
should be noted that two of the three patients with 
previously established arterial hypertension sub-

sequently required the prescription of high daily 
doses of systemic glucocorticosteroids due to the  
onset of ABD.
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T a b l e

The comorbidity structure in patients with autoimmune bullous dermatosis, n = 70

№ Chapter of the ICD-10
Total

n %
1 Chapter IX. Diseases of the circulatory system 37 52.8
2 Chapter XI. Diseases of the digestive system 29 41.4
3 Chapter IV. Endocrine, nutritional and metabolic diseases 14 20.0
4 Chapter XIII. Diseases of the musculoskeletal system and connective tissue 11 15.7
5 Chapter XIV. Diseases of the genitourinary system 7 10.0
6 Chapter VII. Diseases of the eye and adnexa 7 10.0
7 Chapter X. Diseases of the respiratory system 5 7.1
8 Chapter II. Neoplasms 4 5.8
9 Chapter V. Mental and behavioural disorders 2 2.8

10 Chapter VI. Diseases of the nervous system 1 1.4
Total number of patients with pathology of internal organs 57 81.4 

Note. The total number of observations exceeds 100.0% due to the presence of several pathological conditions in one person.
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kidney, coronary heart disease: post-infarction cardio-
sclerosis (2007), voltage angina pectoris (II functional 
class), hypertension (III stage, risk 4), chronic heart 
failure (II functional class), type 2 diabetes mellitus, 
cataract, and benign prostatic hyperplasia. The Charl-
son index was 8 and the risk of death was more than 
79.0% (Figure).

requiring correction of antihypertensive therapy by a 
cardiologist. 

Decompensation of type 2 diabetes mellitus was 
diagnosed in every second patient with previously es-
tablished endocrinopathy (7/14), so all patients nee- 
ded an endocrinologist’s consultation with a view to 
adjusting the dose of sugar-lowering drugs.

After the prescription of systemic glucocortico-
steroid therapy for patients with ABD, the Charlson 
index was re-calculated. The Charlson index median 
in 65.7% (46/70) of patients with ABD treated with 
glucocorticosteroid therapy was 3.5 (2–5), which re-
liably indicates an increased risk of death to 34.5%  
(p < 0.05) in a comparative analysis. It should be not-
ed that in this group of patients, the polymorbidity in-
dex increased by one, and the risk of death increased 
by 18.0%, compared with indicators before the debut 
of ABD and the prescription of glucocorticosteroid 
therapy.

DISCUSSION
Despite the low prevalence of ABD, according to 

domestic and foreign researchers, mortality reaches 
30.0%, which is due to both the disease severity and 
the development of complications during treatment 
[10, 11]. In this regard, patients with ABD should 
be kept at the dispensary of a dermatovenerologist 
throughout their lives [12]. 

In the last decade, doctors and scientists all over 
the world report the effect of polymorbid pathology 
on the clinical course of the disease, quality of life, 
treatment effectiveness of the underlying disease and 
its prognosis, noting that the more concomitant dis-
eases the patient has, the worse the patient’s quality of 
life and the higher the risk of death are [13, 14]. For-
eign authors point out that the most common concom-
itant diseases in patients with ABD were cardiovas-
cular, infectious and autoimmune diseases, metabolic  
disorders, while mortality in these patients was signifi-
cantly higher than in patients of the same age without 
ABD [15]. According to the results of the study, poly-
morbid pathology was detected in 81.4% of patients, 
while more than two concomitant diseases were found 
in 48.6% of patients.

M. Pishgahi and N. Namazi (2018) evaluated the 
risk of developing atrial fibrillation in ABD patients. 
The authors note that mortality among bullous derma-
toses patients with diseases of the cardiovascular sys-
tem, such as coronary heart disease and arrhythmia, is 
higher than in the population. Scientists report a high 
risk of developing atrial arrhythmias in patients with 
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Figure. Patient A., 63 year, Lever’s bullous pemphigoid

It should be noted that after the onset of ABD, 
65.7% (46/70) of patients required the prescription of 
pathogenetic therapy, namely systemic glucocortico-
steroid therapy. Patients with acantholytic pemphigus, 
bullous pemphigoid Lever, acquired bullous epider-
molysis were treated with medium and high daily do- 
ses of glucocorticosteroids. During treatment, 39.1% 
(18/46) of patients receiving systemic glucocortico-
steroid therapy were diagnosed with decompensation 
of concomitant pathology.

In 29,7% (11/37) patients with diseases of the car-
diovascular system, there was a lack of correction of 
arterial hypertension of varying degrees. Of these, 
nine patients reported an increase in blood pressure, 
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acantholytic pemphigus, while the risk is increased 
in patients taking high doses of glucocorticosteroids  
[16, 17]. 

We obtained similar data, however, the study re-
vealed high comorbidity in patients with ABD with 
arterial hypertension and type 2 diabetes mellitus, 
which is due to the drug therapy of the underlying dis-
ease – prolonged use of oral glucocorticosteroids. At 
the same time, it should be noted that diabetes, after 
the prescription of high-dose glucocorticosteroid ther-
apy, develops a more severe course and needs early 
prevention. 

Most foreign studies come down to assessing the 
incidence of concomitant diseases in patients with 
ABD without assessing the polymorbidity index and 
taking into account the severity of the comorbid dis-
ease diagnosed by them [18, 19]. The study was the 
first to conduct a comprehensive examination of pa-
tients with ABD with the determination of the Charl-
son index, which is the “gold standard” in various 
types of studies to assess polymorbidity. With its help, 
you can predict the risk of death, as well as personify a 
follow-up plan for patients receiving long-term high-
dose glucocorticosteroid therapy.

CONCLUSION 
Polymorbid pathology was detected in 81.4% of 

patients before the debut of ABD. The most common 
pathologies were hypertension, pathology of the gas-
trointestinal tract, type 2 diabetes mellitus and osteo-
porosis. After the debut of ABD and the prescription 
of systemic glucocorticosteroid therapy, decompen-
sation of somatic pathology was observed in 39.1% 
of patients. The presence of polymorbid pathology is 
a negative predictive factor that increases the risk of 
death, as evidenced by the high Charlson index. Thus, 
ABD patients receiving systemic glucocorticosteroid 
therapy need to be registered at the dispensary, not 
only by a dermatovenereologist, but also by related 
specialists.
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Features of the cytokine profile in children with autism spectrum disorder
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ABSTRACT

The aim of the study was to reveal the particularities of the concentration of cytokines IL4, IL6, IL10, IL17, IFNγ 
in blood serum in children with autism spectrum disorder (ASD).

Materials and methods. The blood samples obtained from children of two study groups: children with autism 
spectrum disorder (n = 93) and clinically healthy children (n = 30), served as the material for the study. Cyto-
kine concentrations were determined in blood serum using the Bender Medsystems (Austria) kits for IL17A and 
Vector-Best (Russia) kits for IL4, IL6, IL10, IFNγ. Serum cytokine concentrations were determined by enzyme 
immunoassay using kits for IL17A (Bender Medsystems, Austria), IL4, IL6, IL10, IFNγ (Vector-Best, Russia). As-
sessment of cognitive and psychophysiological indicators in children was performed using the Autism Treatment 
Evaluation Checklist (ATEC).

Results. The concentrations of IL17A (U = 54; p = 0.015) and IFNγ (U = 4.64; p = 0.006) were increased and the 
concentrations of IL6 (U = 327; p = 0.001) and IL4 (U = 177; p = 0.001) were decreased in children with ASD.

The concentration of IL6 correlates with the concentration of IL4 (r = 0.68; p < 0.05). The concentration of IL17A 
correlates with the concentration of IFNγ (r = 0.41; p < 0.05), IL6 (r = 0.87; p < 0.05) and ATEC score (r = 0.24; 
p < 0.05) in the group of children with ASD.

Conclusion. The cytokine imbalance in children with ADS, which was observed in the study, confirms the hypoth-
esis of their participation in the development of the disease and clearly shows the Th17 immunoregulation pathway 
in the pathogenesis of the autism spectrum disorder.

Key words: autism spectrum disorder, cytokines, neuroimmune inflammation, interleukin 17A.
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Особенности цитокинового профиля у детей с расстройством  
аутистического спектра

Худякова М.И.1, Черевко Н.А.1, Новиков П.С.1, Березовская К.В.2
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РЕЗЮМЕ

Цель работы: выявить уровень концентрации цитокинов IL-4, I-L6, IL-10, IL-17, IFNγ в сыворотке крови  
у детей с расстройством аутистического спектра (РАС).

Материалы и методы. Материалом исследования служили образцы крови, полученные от детей двух 
групп исследования: детей с расстройством аутистического спектра (n = 93) и клинически здоровых детей 
(n = 30). Средний возраст в обеих группах составил (7 ± 2) лет.

В сыворотке крови методом иммуноферментного анализа определяли концентрацию цитокинов IL-17А  
(с применением набора Bender Medsystems, Австрия) и IL-4, IL-6, IL-10, IFNγ (Вектор-Бест, Россия). Оцен-
ку когнитивных и психофизиологических показателей проводили с помощью анкеты Autism Treatment 
Evaluation Checklist (АТЕС).

Результаты. У детей с РАС повышены значения концентрации IL-17A (U = 54; p = 0,015) и IFNγ  
(U = 4,64; p = 0,006) и снижены – IL-6 (U = 327; p  = 0,001) и IL-4 (U = 177; p = 0,001) по сравнению с этими 
показателями у детей в контрольной группе. Установлены корреляции между концентрацией IL-6 и IL-4  
(r = 0,68; p < 0,05); между IL-17A и IFNγ (r = 0,41; p < 0,05), IL-6 (r = 0,87; p < 0,05), количеством баллов 
АТЕС (r = 0,24; p < 0,05) у детей с РАС. 

Заключение. Установленный нами дисбаланс цитокинов у детей с РАС подтверждает гипотезу его уча-
стия в развитии РАС и свидетельствует об Th17-направлении иммунорегуляции в патогенезе расстройств 
аутистического спектра.

Ключевые слова: расстройство аутистического спектра, цитокины, нейроиммунное воспаление, интер-
лейкин 17А.
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INTRODUCTION
Autism spectrum disorder (ASD) is a current prob-

lem of the 21st century. More new cases of the disease 
are being revealed every passing year. According to 
the statistics, the prevalence of ASD is 1:68 among 
children under 8 years of age [1]. 

The analysis of scientific data related to ASD over 
the last 5 years demonstrates the significant growth 
in global interest in the disease. However, the exact 
mechanism of ASD pathogenesis remains unknown. 
One of the modern theories of ASD development is 
the neuroimmune inflammation hypothesis, which is 
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associated with food intolerance and cognitive dys-
functions involving innate and acquired immunity and 
microbiota [2, 3]. In our previous studies, we identi-
fied the peculiarities of food hypersensitivity in chil-
dren with ASD [4].

In this regard, the study of the role of interleukin 
17 (IL17) which is thought to be responsible for im-
mune homeostasis control in intestine mucosa, inter-
leukin 6 (IL6), interferon gamma (IFNγ), and anti-in-
flammatory cytokines such as interleukin 4 (IL4) and 
interleukin 10 (IL10) in ASD pathogenesis in children 
is of current interest. 

The study aims to reveal the peculiarities of the 
concentration of cytokines IL4, IL6, IL10, IL17, IFNγ 
in blood serum in children with an autism spectrum 
disorder.

MATERIALS AND METHODS
The study was held in the outpatient department 

of the Center of Family Medicine (Tomsk, Russia). A 
total of 123 children selected for the study were split 
into two groups. The main group was represented by 
93 children with a varying severity level of ASD di-
agnosed 4–5 years ago. 30 somatically healthy chil-
dren were selected for the control group. The average 
age of the children in both groups was (7 ± 2) years. 
Differentiated food hypersensitivity reactions were 
detected in both groups of children [4].

All parents of the children signed an informed con-
sent for complex research and processing of personal 
data. 

The blood samples taken from antecubital subcuta-
neous veins in fasting subjects served as the material 
of the study. Concentrations of IL4, IL6, IL10, IL17, 
IFNγ were assessed. Cytokines concentrations were 
determined in blood serum using the Bender Medsys-
tems (Austria) kits for IL17A and Vector-Best (Rus-
sia) kits for IL4, IL6, IL10, IFNγ.

To assess the cognitive and psychophysiological 
changes in children with ADS and to determine the 
disease severity during the period of blood samples 
analysis the parents of the children were asked to fill 
the special questionnaire, the Autism Treatment Eval-
uation Checklist (АТЕС) in accordance with their ob-
servations. The scores of the questionnaire of children 
from the control group were less than 10, confirming 
the absence of the disease in those children.

The statistical analysis was performed using the 
IBM SPSS Statistics 23.0 (USA) software. The ob-
tained data were processed using Kolmogorov – 
Smirnov test, Mann – Whitney U-test, Wilcoxon 

signed-rank test, and Spearman’s rank correlation co-
efficient. Two-sided p-values of < 0.05 were consid-
ered statistically significant.

RESULTS AND DISCUSSION
The results of the study listed in the Table 1 show 

that the IL17A concentration in children with ASD is 
significantly higher than in the control group (U = 54;  
p = 0.015).

T a b l e  1

Cytokines concentration in children with ADS and children 
from the control group

Cytokines,
pg/ml

Children with ADS Control group
Med IQR Med IQR

IL4 1.75* 1.00–14.93 16.30 15.58–17.13
IL6 3.20* 1.00–15.33 15.75 18.30–20.43
IL10 17.45 15.38–20.89 17.50 16.28–19.48
IL17А 9.58* 3.76–26.75 6.85 2.95–15.05
IFNγ 14.90* 13.12–16.10 13.35 11.85–14.20

* p < 0.05 in children with ADS compared with healthy children; 
Note. Med – median; IQR – interquartile range. 

IL17A is the pro-inflammatory cytokine produced 
by several human immune cells such as Th17, neu-
trophils, peripheral blood mononuclear cells, type 3 
innate lymphoid cells (ILC 3). The majority of these 
cells are situated in barrier tissues where they take 
part in homeostasis control in the intestine. The cy-
tokines IL17A, IL17F and IL22 produced by ILC 3 
cells enhance the barrier function of the intestine by 
stimulating mucin and antimicrobial peptide produc-
tion [6]. The disturbance in Th17 cells regulation and 
IL17A production is associated with the progression 
of numerous inflammatory and autoimmune diseases 
including intestinal inflammatory diseases [7].

In literature sources, there are data concerning the 
IL17A effector role in children’s behavioral anomalies 
caused by maternal immune activation, which shows 
the relation of neuroinflammatory state and behavioral 
manifestations [8, 9].

It is important to note that the highest IL17A blood 
concentrations among the children selected for our 
study were detected in severe disease manifestations 
cases determined according to the results of the ATEC 
test (r = 0.24; p < 0.05).  It may indicate that the in-
crease of IL17A concentration in serum is closely as-
sociated with the ADS severity degree.

The IL17 concentration increase in blood serum of 
children with ADS may be interrelated with the high-
er levels of IFNγ (r = 0.41; p < 0.05). According to 
the present data, the increase in IFNγ production is 
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associated with the Th17 cell plasticity. The repeated 
stimulation with various microbial antigens in diffe- 
rentiated cells leads to transcriptional changes in the 
Th17 line. Examples of such plasticity are Th17/Th1-
cells or ILC3 cells which are able to produce both 
IL17A and IFNγ [10, 11]. In return, IL17A is a stimu-
lator of pro-inflammatory cytokines (such as IFNγ and 
IL12) produced by macrophages [12]. It may explain 
the increase of IFNγ concentration in the blood serum 
of children with ADS comparing with the results in 
the control group (U = 4.64; p = 0.006). According 
to the literature sources, the direct action of IFNγ in 
high concentrations may interfere with the normal 
development of the neural system affecting dendrites 
morphology and synapses formation which can lead to 
ADS development [13].

According to the results of our study, the IL17A 
concentration in children with ADS changes in a uni-
directional way with the levels of IL6 (r = 0.87; p < 
0.05), concentration of which in children with ADS 
was decreased (U = 327; p = 0.001). It is well-known 
that IL6 is the key factor in Th17 cell differentiation 
[14]. It is the multi-purpose cytokine which may cause 
the cell responses to mediating inflammation, neuro-
genesis, gliogenesis, cell growth, and survival as well 
as myelinization and demyelination in CNS [15]. 
Moreover, it has regenerative and anti-inflammatory 
activity and participates in metabolic and neural pro-
cesses regulation [16]. Consequently, IL6 takes part in 
immune system activation, hypothetically causing the 
development of the ADS-like phenotype in descen-
dants [17].

Whereas, in the group of children with ADS the 
levels of IL6 correlate with IL4 concentration (r = 
0.68; p < 0.05), which was significantly lower in chil-
dren with ADS comparing with the control group (U 
= 177; p = 0.001). It is proved that IL4 participates 
in cognitive processes as a neuroprotector [18]. It be-
comes active during CNS inflammation, causes alter-
native activation of glia cells, and protects them from 
apoptosis. Probably, the IL4 concentration decrease is 
associated with ADS development.

According to the obtained data, there is no signifi-
cant difference in IL10 concentration in both groups. 

CONCLUSION
The cytokine imbalance in children with ADS, 

which was observed in our study, confirms the hypoth-
esis of their participation in the development of the 
disease and clearly shows the Th17 immunoregulation 
pathway in the pathogenesis of the autism spectrum 

disorder. However, further studies of the cytokine fea-
tures in ADS patients are required. It will allow under-
standing of the mechanism underlying the progression 
of neurodegenerative diseases, such as ADS, caused 
by inflammation.
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ABSTRACT

The aim of this study was to identify features of the expression of pro-inflammatory and co-stimulatory molecules 
on the surface of macrophages in vitro in patients with pulmonary tuberculosis, based on the clinical form of the 
disease and sensitivity of the pathogen to anti-TB drugs.

Materials and methods. 40 patients (36 men and 4 women) with pulmonary tuberculosis (TB) were examined: 
18 patients (16 men and 2 women, average age (44.56 ± 8.10) years) with disseminated tuberculosis (DTB) and  
22 patients (20 men and 2 women, average age (46.54 ± 5.24) years) with infiltrative tuberculosis (ITB). Of those,  
30 patients had Mycobacterium tuberculosis (MBT) sensitive to the basic anti-TB drugs (ATBD), and 10 patients 
had MBT resistant to first-line anti-TB drugs. Venous blood was the study material. To isolate monocytes from 
the whole blood in order to transform them into macrophages, ficoll density gradient centrifugation with gradient 
density of 1.077 g/cm3 was used followed by immunomagnetic separation of CD14+ cells. Monocytes were cultured 
in a complete culture medium X-VIVO 10 with gentamicin and phenol red with the addition of the macrophage 
colony-stimulating factor (M-CSF) (5 ng/ml) at a concentration of 1×106 cells/ml with the following stimulators: 
interleukin (IL) 4 (10 ng/ml) and interferon (IFN) γ (100 ng/ml). Immunophenotyping of macrophages was 
performed using monoclonal antibodies to CD80, CD86, and HLA-DR on a Beckman Coulter CytoFLEX LX flow 
cytometer (Beckman Coulter, USA). The analysis of the obtained data was carried out using the CytExpert 2.0 
software application. The results were analyzed using statistical methods.

Results. The number of intact and cytokine-stimulated (IL-4 and IFNγ) CD80-positive macrophages in patients 
with ITB and drug-resistant TB (DR TB) exceeded their number not only in healthy donors, but also in patients 
with DTB and drug-sensitive TB (DS TB), respectively. In addition, an increase in CD86 expression on the surface 
of macrophages was registered in patients with ITB and DR TB after adding IFNγ (M1-activation inducer) to the 
suspension culture. In contrast, in patients with DTB and DS TB, the number of macrophages with expression of 
B7 family co-stimulating molecules decreased or remained within the normal values in the absence of a reaction to 
cytokines during cytokine induction. Deficiency of HLA-DR-positive macrophages was found in all TB patients. 
The minimal number of macrophages expressing HLA-DR was found in patients with DTB and DS TB after cell 
incubation with IL-4 (M2-activation inducer).

Conclusion. Evaluation of the expression of B7 (CD80/86) and HLA-DR membrane molecules on macrophages in 
TB patients allows to conclude that anti-TB immune response is impaired at stages of antigen presentation (in all 
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examined patients with TB) and co-stimulation (in DTB and DS TB). An increase in the expression of macrophage 
surface molecules CD80 (with M1- and M2-stimulation) and CD86 (with M1-stimulation) in patients with ITB and 
DR TB indicates an increase in cell reactivity in these forms of TB. In addition, deficit of expression of HLA-DR 
(a key marker of pro-inflammatory cell activation) on the surface of macrophages in TB can be considered as a 
general (independent of the clinical form of the disease and drug sensitivity of the pathogen) pathogenetic factor of 
immune imbalance in pulmonary tuberculosis.

Key words: macrophages, pulmonary tuberculosis, innate immunity, immune response, co-stimulating molecules, 
IL-4, IFNγ, CD80, CD86, HLA-DR.
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РЕЗЮМЕ

Цель работы – установить особенности экспрессии провоспалительных и костимулирующих молекул на 
макрофагах in vitro у больных туберкулезом легких в зависимости от клинической формы заболевания и 
чувствительности возбудителя к противотуберкулезным лекарственным средствам. 

Материалы и методы. Обследованы 40 пациентов (36 мужчин и 4 женщины): 18 пациентов с диссемини-
рованным туберкулезом легких (ДТБ) (16 мужчин и 2 женщины, средний возраст (44,56 ± 8,10) лет) и 22 
пациента с инфильтративным туберкулезом легких (ИТБ) (20 мужчин и 2 женщины, средний возраст (46,54 
± 5,24) лет) c туберкулезом легких (ТБ). Из них было 30 пациентов, выделяющих Mycobacterium tuberculosis 
(MBT), чувствительные к основным противотуберкулезным средствам (ПТС), и 10 пациентов, выделяю-
щих MBT, устойчивые к лекарственным средствам основного ряда противотуберкулезной терапии. Группу 
сравнения составили 15 здоровых доноров с сопоставимыми характеристиками по полу и возрасту.
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INTRODUCTION
It is known that immunity is a complex of factors 

of life-sustaining activity of an organism aimed at 
maintaining body homeostasis. Acquired resistance to 
tuberculosis is a result of complex immune respon- 
ses with involvement of macrophages, dendritic cells, 
lymphocytes, and granulocytes. At the same time, 
macrophages and human lymphatic system serve as a 
“phylogenetic cradle” for the causative agent of tuber-
culosis infection and promote the formation of symbi-
otic relationships between Mycobacterium tuberculo-
sis (MBT) and a host organism [1]. Macrophages play 

Материалом исследования являлась венозная кровь. Для выделения моноцитов из цельной крови с целью 
их трансформации в макрофаги использовали метод центрифугирования в градиенте фиколла плотностью 
1,077 г/см3 с последующей иммуномагнитной сепарацией CD14+ клеток. Моноциты культивировали в 
полной питательной среде X-VIVO 10 с добавлением колониестимулирующего фактора макрофагов (M-CSF)  
(5 нг/мл) в концентрации 1×106 клеток/мл со стимуляторами: интерлейкином (IL) 4 (10 нг/мл) и интерфероном 
(IFN) γ (100 нг/мл).  Иммунофенотипирование макрофагов проводили с использованием моноклональных 
антител к CD80, CD86, HLA-DR на проточном цитометре Beckman Coulter CytoFLEX LX (Beckman Coulter, 
США). Анализ полученных данных осуществляли при помощи программного приложения CytExpert 2.0 
(Beckman Coulter, США). Полученные результаты анализировали статистическими методами. 

Результаты. Количество интактных и стимулированных цитокинами (IL-4 и IFNγ) CD80-позитивных ма-
крофагов у больных ИТБ и с лекарственно-устойчивым ТБ (ЛУ ТБ) превышало их число не только у здоровых 
доноров, но и у больных ДТБ и с лекарственно-чувствительным ТБ (ЛЧ ТБ) соответственно. Кроме того, у 
больных ИТБ и ЛУ ТБ регистрировалось повышение экспрессии CD86 на макрофагах после добавления в 
суспензионную культуру IFNγ (индуктор М1-активации). У больных ДТБ и ЛЧ ТБ количество макрофагов 
с экспрессией костимулирующих молекул семейства В7 при индукции цитокинами, напротив, снижалось 
или сохранялось в пределах нормы в отсутствие реакции на цитокины. Дефицит HLA-DR-позитивных 
макрофагов обнаруживался у всех больных ТБ. Минимальное число макрофагов, экспрессирующих HLA-
DR, установлено у больных ДТБ и ЛЧ ТБ после инкубации клеток с IL-4 (индуктор М2-активации).

Заключение. Оценка экспрессии мембранных молекул B7 (CD80/86) и HLA-DR на макрофагах у больных 
ТБ позволяет сделать вывод о нарушениях противотуберкулезного иммунного ответа на стадии презентации 
антигена (у всех обследованных больных ТБ) и костимуляции (при ДТБ и ЛЧ ТБ). Увеличение экспрессии 
макрофагами поверхностных молекул CD80 (при М1- и М2-стимуляции) и CD86 (при М1-стимуляции) у 
больных ИТБ и ЛУ ТБ свидетельствует о повышении реактивности клеток при данных формах течения ТБ. 
Наряду с этим дефицит экспрессии на макрофагах HLA-DR (ключевого маркера провоспалительной активации 
клеток) при ТБ можно рассматривать как общий (не зависящий от клинической формы болезни и лекарствен-
ной чувствительности возбудителя) патогенетический фактор иммунного дисбаланса при туберкулезе легких.

Ключевые слова: макрофаги, туберкулез легких, врожденный иммунитет, иммунный ответ, костимулиру-
ющие молекулы, IL-4, IFNγ, CD80, CD86, HLA-DR.
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a crucial role in the successful realization of innate 
immunity mechanisms in during pathogen invasion 
into mucous membranes of the respiratory tract (in-
cluding MBT).

Macrophages are the most ancient immunocompe-
tent cells. They represent a heterogeneous population 
of resident professional antigen presenting cells. The 
macrophage is the main effector cell in protecting the 
host from pathogens and regulating the innate and 
adaptive immune responses. Macrophages are involved 
in remodeling and restoration of damaged tissues [2, 
3]. Versatility and plasticity of macrophages make it 
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possible for a rapid conversion of their functional phe-
notype in the focus of inflammation. This heteroge-
neity is determined by the ability of macrophages to 
implement different programs of activation in response 
to various stimuli, such as cytokine signals and sig-
nals associated with cell damage or penetration of the 
pathogen- and damage-associated molecular pattern 
molecules (DAMPs/PAMPs) into the body. In clas-
sic activation, macrophages maintain the course of an 
acute inflammatory Th1-dependent immune response 
while simultaneously performing the effector function 
(M1-activation). In alternative activation, macrophages 
acquire an anti-inflammatory phenotype resulting in 
their functional realignment and they start performing 
a tolerogenic function  promoting fibrogenesis and en-
hanced cell proliferation (M2-activation) [4, 5].

The classic macrophage activation leading to po-
larization of their maturation towards M1-cells is 
induced by interferon (IFN) γ produced by type 1 
T-helpers (Th1) and natural killers (NK) cells as well 
as tumor necrosis factor (TNF) α and bacterial lipo-
polysaccharides (LPS) [6]. Interleukins (IL) 4 and 10 
are the main differentiation factors for alternatively 
activated M2-macrophages [7, 8]. Toll-like receptors 
(TLR) on the surface and inside macrophages recog-
nize patterns of pathogenicity and, thus, trigger the 
activation of innate immunity. Molecules of the ma-
jor histocompatibility complex (MHC) (HDL-DR) 
and co-stimulating molecules of the B7 group form a 
functionally important group of surface macrophage 
molecules. The expression of MHC-II molecules is 
enhanced by cell activation; CD80 and CD86 act as 
co-stimulating molecules. The former appears on the 
macrophage surface only after activation, the latter is 
expressed constitutively, but in antigen induction the 
intensity of expression increases [9–11]. 

Inflammation is the major effector mechanism of 
innate immunity which is implemented in the lungs 
in response to M. tuberculosis invasion into alveo-
lar macrophages. This occurs if macrophages do not 
perform a phagocytic function for some reason. The 
effectiveness of inflammatory and regenerative poten-
tial of macrophages is determined, first of all, by their 
functional phenotype and the intensity of pro-inflam-
matory molecule expression on the cells.

Thus, the aim of this study was to identify the 
features of the expression of pro-inflammatory and 
co-stimulatory molecules on the surface of macro-
phages in vitro in patients with pulmonary tuberculo-
sis, depending on the clinical form of the disease and 
sensitivity of the pathogen to anti-TB drugs.

MATERIALS AND METHODS
We examined 40 patients (36 men and 4 women): 

18 patients with disseminated tuberculosis  (DTB) (16 
men and 2 women, average age (44.56 ± 8.10) years) 
and 22 patients with infiltrative tuberculosis (ITB) (20 
men and 2 women, average age (46.54 ± 5.24) years). 
The diagnosis was established on the basis of medi-
cal history data, clinical findings, results of an X-ray  
examination of the lungs, and bacteriological and  
microscopic examination of the sputum. 

Drug sensitivity of the pathogen to the basic ATBD 
was examined in all patients with TB. According to 
this criterion, 30 patients secreted MBT sensitive to 
the basic ATBD and 10 patients secreted MBT re-
sistant to the first line ATBD (isoniazid, rifampicin, 
streptomycin, ethambutol). The exclusion criteria 
were under the age of 20 years and over 55 years, the 
presence of allergies, and severe concomitant diseases 
of infectious and non-infectious origin. 15 healthy do-
nors with comparable characteristics by age and gen-
der composed the comparison group.

The material for the study was venous blood col-
lected from healthy donors and TB patients. Blood 
sampling was carried out once, in the middle of the 
disease course, before the start of anti-TB chemother-
apy. To isolate monocytes from the whole blood with 
the aim of their following transformation into macro-
phages, the method of magnetic separation of CD14+ 
monocytes (MACS MultiStand, Germany)  was used 
according to the manufacturer’s instructions (Miltenyi 
Biotec GmbH, Germany). 

20 ml of the whole venous blood was collected 
into vacuum blood collection systems with an antico-
agulant (K3-EDTA). The blood was diluted with phos-
phate-buffer saline (PBS) at a 1:1 ratio and layered 
over 15 ml of ficoll with a density of 1.077 g/cm3. 	
The samples were centrifuged for 30 min at 0.016 g. 
The resulting mononuclear fraction was collected and 
washed from PBS twice. After that, 5 ml of PBS was 
added, and the mixture was stirred; then the number 
of mononuclear cells was counted using an automatic 
cell counter Scepter 2,0 (Merck Millipore, Germany). 
The cell suspension was centrifuged, the supernatant 
was removed, and the appropriate volume of MACS 
Separation Buffer (containing bovine serum albumin 
(BSA), EDTA, and 0.09% azide) and CD14+ magnetic 
particles (Micro Beads, Germany) were added based 
on the number of cells, followed by incubation for 
40 min. The resulting suspension underwent positive 
magnetic separation according to the manufacturer’s 
protocol (Miltenyi Biotec, Germany).
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IN VITRO MACROPHAGE CULTIVATION
Monocytes were cultivated in X-VIVO 10 com-

plete growth-supporting medium with gentamycin 
and phenol red (Lonza, Switzerland) at a concen-
tration of 1×106 cell/ml with the addition of M-CSF  
(5 ng/ml; RnD Systems, USA). Recombinant cyto-
kines IL-4 (10 ng/ml; PeproTech, USA) (for M2-cell 
activation) and IFNγ (100 ng/ml PeproTech, USA)  
(for M1-cell activation) were used for additional cell 
induction. The samples had been cultivated in the 
CO2-incubator for 6 days at 37 ° C and 7.5% of CO2 
without additional stimulation and with the addition of  
M1- and M2-activation cytokines.

IMMUNOPHENOTYPING OF 
MACROPHAGES

Macrophage phenotyping was performed on the 
sixth day of cultivation. To collect cells, a plate with 
the cell culture was placed on ice and held for 10 min-
utes, then the cells were collected using a cell scraper 
(Cell-scraper, USA). Monoclonal antibodies to CD80, 
CD86, and HLA-DR (eBioscience, USA) were ad- 
ded for immunophenotyping of macrophages. Mea-
surement of cell suspensions was implemented using 
Beckman Coulter CytoFLEX flow cytometer (Beck-
man Coulter, USA). The analysis of obtained data was 
performed using CytExpert 2.0 software application 
(Beckman Coulter, USA).

SPSS Statistics 17.0 and Microsoft Excel were 
used for statistical analysis of the obtained data. The 
data were presented as the median (Me) and 25th and 
75th percentiles (1st and 3rd quartiles: Q1 and Q3 re-
spectively). To perform a comparative analysis, the 
non-parametric Mann – Whitney test with the Benja-
mini – Hochberg correction was applied. The results 
of statistical analysis were considered significant at  
p < 0.05.

RESULTS

When studying the expression of co-stimulating 
B7 molecules (CD80 / CD86) and HLA-DR activa-
tion marker on the surface of macrophages, it was 
found that the number of macrophages expressing 
CD80 molecules in patients with ITB was higher than 
in patients of the control group and patients with DTB. 
In DTB patients, it was lower than in healthy donors 
(Table 1, Fig. 1). The addition of IFNγ to cell cultures 
in patients with ITB was accompanied by an increase 
in the expression of CD80. The addition of IL-4 to the 
cell culture, on the contrary, was accompanied by a 
decrease in the CD80 expression, compared with its 
value in the absence of stimulation (Table 1). In DTB, 
the level of cytokine-induced expression of CD80 did 
not significantly differ from normal values, but in the 
absence of stimulation it was significantly lower than 
in healthy patients (Table 1).
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T a b l e  1
Expression of pro-inflammatory markers on the surface of macrophages depending on the clinical form of the disease in patients with 

TB, %, Me (Q1–Q3)

Markers  
of macrophages

Groups of compar-
ison

During cultivation
without stimulation

During cultivation
with IL-4

(M2-stimulation)

During cultivation
with IFNγ

(M1-stimulation)

CD80

Healthy donors 23.11 (15.14–27.11) 15.25 (7.53–25.14) 20.32 (10.91–31.44)
Patients

with DTB
12.23 (8.42–25.13)

р1 = 0.012 11.65 (8.01–26.13) 18.70 (9.34–28.27)

Patients with
ITB

48.60 (24.17–51.14)
p1 = 0.014
р2 = 0.022

41.61 (20.15–53.23)
p1 = 0.015
p2 = 0.031

58.50 (28.73–70.35)
p1 = 0.021
p2 = 0.012
p4 = 0.014

CD86

Healthy
donors 11.12 (8.52–28.01) 43.51 (32.53–54.55)

р3 = 0.012

23.22 (10.01–31.14)
р3 = 0.016
p4 = 0.025

Patients
with DTB 14.14 (9.37–21.52) 13.48 (4.73–19.04)

p1 = 0.012
15.52 (7.14–25.37)

p1 = 0.013

Patients
with ITB 16.54 (9.22–27.63) 19.12 (8.56–23.14)

p1 = 0.021

27.02 (15.23–39.14)
p2 = 0.012
р3 = 0.015
p4 = 0.034

HLA-DR

Healthy donors 95.61 (76.66–98.73) 97.33 (85.41– 98.43) 96.66 (76.32–99.32)

Patients
with DTB

71.12 (51.33–83.72)
p1 = 0.021

57.71 (33.62–77.71)
p1 = 0.022
р3 = 0.025

74.16 (42.74–84.23)
p1 = 0.017
p4 = 0.014
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The analysis of CD80 expression in TB patients 
depending on sensitivity of MBT to ATBD revealed 
the maximum number of CD80-positive macrophages 
in patients with DR TB compared to their number in 
healthy donors and patients with DS TB (Table 2). 
Herewith, in patients with DR TB, the expression of 
CD80 on the surface of macrophages stimulated by 
IL-4 and IFNγ cytokines was significantly higher than 
that on unstimulated cells (Table 2). In patients with 
DS TB after IFNγ induction of cells (М1-activation), 
the number of CD80-positive macrophages corre-
sponded to that in healthy patients but was 1.9 times 
higher than with IL-4 stimulation (M2-activation) and 
without the addition of cytokines (Table 2).

In patients with TB, there were no differences in 
the expression of CD86 molecules by macrophages in 
the absence of stimulation by recombinant cytokines, 
regardless of the clinical form of the disease. When 
adding cytokines to the cell culture, the expression of 
CD86 on the surface of macrophages in healthy do-
nors increased by 3.9 times in response to IL-4 induc-
tion (M2-activation) and 2.1 times in response to IFNγ 

induction (М1-activation), as opposed to values with-
out stimulation. In patients with ITB, the number of 
CD86-expressing macrophages upon IFNγ induction 
was higher than in DTB patients and compared with 
their number in the absence of stimulation and with 
IL-4 induction of cells (it decreased, on the contrary) 
(Table 1). In addition, under IFNγ effects, an increase 
in CD86 expression by macrophages was observed in 
DR TB in comparison with patients with DS TB and 
in healthy donors, as well as in comparison with ex-
pression of the marker by unstimulated macrophages 
and during induction of cells by IL-4 (Table 2).

The analysis of the expression of HLA-DR-activa- 
ting marker on the surface of macrophages revealed its 
decrease in patients with TB compared with the group of 
healthy donors, regardless of the clinical form of the di- 
sease and sensitivity of the pathogen to ATBD (Table 1, 
2, Fig. 3). The maximum decrease in the number of mac-
rophages expressing HLA-DR was observed in patients 
with DTB and DR TB after incubation of cells with IL-4, 
as opposed to their number in cell culture without stimu-
lation and during IFNγ induction (Table 1, 2).

Fig. 1. The expression of CD80 on macrophages in patients with pulmonary tuberculosis depending on the clinical form of the 
disease, %: а – in healthy donors; b – in patients with DTB; c – in patients with ITB

а 				           b 					        c
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T a b l e  1  ( c o n t i n u e d )

Markers  
of macrophages

Groups of compar-
ison

During cultivation
without stimulation

During cultivation
with IL-4

(M2-stimulation)

During cultivation
with IFNγ

(M1-stimulation)

HLA-DR Patients 
with ITB

75.44 (51.51–87.53)
p1 = 0.012

67.51 (45.63–78.42)
p1 = 0.013

62.51 (44.72–83.43)
p1 = 0.024

Note: р1 – the level of statistical significance of differences compared to the value of the indicator in healthy donors; р2 – compared to the value in 
patients with DTB; р3 – compared to the value during in vitro cell culture without stimulation; p4 – compared to the value during in vitro cell culture 
with IL-4 (M2-stimulation).
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а 				       b 				       c
Fig. 2. The expression of CD86 on the surface of macrophages in patients with pulmonary tuberculosis depending on the clinical 

form of the disease, %: а – in healthy donors; b – in patients with DTB; c – in patients with ITB
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T a b l e  2

The expression of pro-inflammatory markers on the surface of macrophages depending on drug sensitivity of the pathogen to anti-TB 
drugs, %, Me (Q1–Q3)

Markers  
of macrophages

Groups  
of comparison

During cultivation
without stimulation

During cultivation
with IL-4

(M2-stimulation)

During cultivation
with IFNγ

(M1-stimulation)

CD80

Healthy donors 23.11 (15.14 –27.11) 15.25 (7.53 –25.14) 20.32 (10.91–31.44)

Patients
with DS TB

11.01  (9.21–26.63)
p1 = 0.041 12.22 (10.02–28.41)

23.55 (11.5–34.24)
p3 = 0.025
p4 = 0.017

Patients
with DR TB

51.22 (23.11–68.33)
p1 = 0.015
p2 = 0.022

62.33 (37.21–71.42)
p1 = 0.037
p2 = 0.025
р3= 0.027

61.22 (32.45–70.66)
р1 = 0.026
p2 = 0.022
р3= 0.011

CD86

Healthy
donors

11.12
(8.52–28.01)

43.51
(32.53–54.55)

р3 = 0.010

23.22
(10.01–31.14)

р3 = 0.015
p4 = 0.024

Patients
with DS TB 14.02 (8.51–21.44) 13.54 (10.25–25.11)

p1 = 0.031 17.23 (10.32–28.55)

Patients
with DR TB

18.22 (9.25–30.45)
p1 = 0.030

25.23 (14.01–36.12)
p1 = 0.042
p2 = 0.010

34.45 (18.23–41.56)
p1 = 0.024
p2 = 0.014
p3 = 0.012
p4 = 0.021

HLA-DR

Healthy donors 95.61 (76.66–98.73) 97.33 (85.41–98.43) 96.66 (76.32–99.32)

Patients with DS TB 69.23 (56.25–86.12)
p1 = 0.012

55.12 (43.22–75.23)
p1 = 0.022
p3 = 0.011

66.23 (42.5–84.23)
p1 = 0.031
p3 = 0.015

Patients
with DR TB

80.23
(59.12–94.54)

p1 = 0.044
p2 = 0.012

76.12
(49.52–90.13)

p1 = 0.034
p2 = 0.012

72.12
(57.32–86.42)

p1 = 0.035
p2 = 0.014

Note: р1 – the level of statistical significance of differences compared to the value of the indicator in healthy donors; р2 – in patients with DS TB; 
р3 – in in vitro cell culture without stimulation; p4 – in in vitro cell culture with IL-4 (M2-stimulation).
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Fig. 3. The expression of HLA-DR on the surface of macrophages in patients with pulmonary tuberculosis depending on the clinical 
form of the disease, %: а – in healthy donors; b – in patients with DTB; c – in patients with ITB.

а 				         b 				        c

DISCUSSION
Analysis of the expression of pro-inflammatory 

markers, namely B7 co-stimulatory molecules (CD80, 
CD86) and HLA-DR marker of activation on the sur-
face of macrophages, showed that the number of mac-
rophages expressing HLA-DR, which is necessary for 
implementation of their antigen-presenting function, 
was reduced in patients with DTB and ITB, especial-
ly during M2-activation of cells. Interestingly, mac-
rophage expression of CD80 and CD86 molecules in 
patients with TB was multidirectional. For instance, 
we observed a significant increase in the number of 
CD80-positive cells in patients with ITB, especially 
during stimulation with IFNγ (at M1-activation), while 
in patients with DTB, the number of CD80+ macro-
phages decreased (Table 1, Fig. 1). It should be noted 
that in DR TB, the expression of the CD80 molecule 
sharply increased both during M1- and M2-activation 
of macrophages (Table 2).

The expression of the CD86 molecule on the sur-
face of unstimulated macrophages did not general-
ly differ from that in the control group. However, it 
increased during M1-activation of cells in patients 
with infiltrative and drug resistant TB (Table 1, 2). It 
may be assumed that intensive expression of CD86 
co-stimulating molecule during in vitro differentiation 
of cells into M1-macrophages in ITB and DR TB was 
caused by the preservation of their pro-inflammato-
ry potential. At the same time, natural expression of 
CD86 on the surface of macrophages regardless of the 
antigen load and mediator stimulation should be taken 
into account. 

It is known that co-stimulating CD80 and CD86 
molecules are the members of the B7 family [12]. 

CD80 and CD86 markers were found not only on 
the surface of dendritic cells, activated B-lympho-
cytes, and macrophages [13], but also on the surface 
of non-professional antigen-presenting cells [14]. The 
CD80 molecule, often in the tandem with CD86, plays 
an important role in the regulation of both adaptive 
and innate immune responses. These molecules are 
ligands for the CD28 receptor on the surface of naive 
T-lymphocytes, and their interaction is an important 
co-stimulating signal in immunological synapse be-
tween a macrophage and a T-cell, which leads to the 
activation, proliferation, and differentiation of T-lym-
phocytes in a necessary direction [15].  CD80 is a key 
marker of the activation of macrophages and it is not 
expressed on the surface of cells in the absence of the 
antigen load [16]. In inflammation, interaction of the 
macrophage with the receptor on the surface of the 
T-lymphocyte via MHC-II leads to the activation of 
CD80 [13].

HLA-DR is constitutively expressed on the sur-
faces of monocytes, macrophages, and dendritic cells. 
Monocytes of a healthy human also express HLA-DR 
molecules on their surface at high density. Previous-
ly, while investigating in vitro dendritic cells trans-
formed from blood monocytes in patients with TB, 
we had showed enhanced generation of tolerogenic 
dendritic cells (HLA-DR-negative) associated with an  
imbalance of their cytokine secretory activity [17].

HLA-DR expression on the surface of monocytes 
and macrophages is crucial for the presentation of mi-
crobial peptides by T-cells, which contributes to the 
initiation of the adaptive immune response [18]. The 
negative role of decreased expression of HLA-DR on 
the surface of macrophages has been shown. Mono-
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cytes and macrophages with reduced or no expression 
of HLA-DR are not able to perform their antigen-pre-
senting function. The change in the expression of 
HLA-DR on the surface of monocytes/macrophages 
is considered to be an informative marker of the dyna- 
mics of the immune response in critical conditions 
[19]. A decrease in the number of HLA-DR-positive 
monocytes has been described in severe injuries, in 
the postoperative period, in acute pancreatitis, and 
burn injury [20, 21]. In the development of hospi-
tal-acquired infection, a decrease in the expression of 
HLA-DR on the surface of monocytes determines the 
development of sepsis [22].

Thus, a significant decrease in the number of 
HLA-DR-positive cells (especially in patients with 
DTB) established by us indicates impairment of the 
mechanism of classic activation of macrophages and 
their antigen-presenting and effector functions.

CONCLUSION
According to the obtained findings, changes in in 

vitro expression of CD80/CD86 co-stimulating mo- 
lecules on the surface of macrophages in patients with 
TB are multidirectional. In case of DTB and DS TB, 
the number of intact (unstimulated) CD80-positive 
macrophages is lower than the normal value; and in 
ITB and DR TB, the number of such macrophages is 
higher than the normal value, both in the absence of 
stimulation and with M2- and especially M1-activa-
tion of macrophages. The latter in association with an 
increase in the expression of CD80 during IFNγ-me-
diated M1-induction of macrophages in ITB and DR 
TB patients indicates an increase in pro-inflammatory 
reactivity of cells in these forms of TB. The absence of 
increase or, on the contrary, a decrease in expression 
of CD80 and CD86 on the surface of macrophages in 
response to cytokine stimulation in patients with DTB 
and DS TB along with a deficiency of the expression 
of HLA-DR may be considered as a pathogenetic 
factor of the immune imbalance, a manifestation of 
secondary immune deficiency in pulmonary tubercu-
losis, and an indicator of an unfavorable prognosis of  
the disease.
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ABSRACT

The aim of this study was to investigate the prevalence of Internet addiction (IА) and the structure of consumed 
content among adolescents in Central Siberia.

Materials and methods. From January to May 2019, 3,012 adolescents (45.8% of boys and 54.2% of girls) aged 
12–18 years were examined (average age 14.5 ± 1.3 years). Younger adolescents (12–14 years old) accounted for 
52.5%, and seniors (15–18 years old) accounted for 47.5%. Peculiarities of online behavior were evaluated accord-
ing to Chen’s Internet Addiction Scale (CIAS) adapted by V.L. Malygin and K.A. Feklisov; a total CIAS score of 
≥ 65 indicated Internet addiction. Gambling addiction was rated according to the Game Addiction Scale for Ado-
lescents, and addiction to social networks was rated according to the Social Media Disorder Scale. The structure of 
the consumed content was estimated in the overall sample and in two age groups. The data obtained were processed 
by non-parametric statistical methods using the Statistica 12.0 software. Quantitative characteristics are presented 
as the median and the interquartile range Me (Q25 – Q75), binary signs are represented as a share (%) and the confi-
dence interval. The significance of the differences (p) for quantitative indicators was evaluated by Mann – Whitney 
U-test and for binary characters  by Pearson’s χ2 criterion. The differences between the groups were considered 
statistically significant at p ≤ 0.05.

Results. The overall prevalence of IА was 6.9%, adaptive use of the Internet was observed in 49.4% of adolescents, 
non-adaptive use was registered in 43.6% of cases. The frequency of Internet addiction increases with age: from 
6.0% in 12–14 year-old adolescents to 8.0% in 15–18 year-old adolescents (p = 0.0324). Content consumed by 
adolescents included gambling addiction (11%), addiction to social networks (8.0%), mixed IA (2.6%), and un-
differentiated Internet addiction (2.8%). Younger adolescents are more often dependent on online games (12.2%), 
social networks (9.3%), and mixed IА (3.3%), while in older adolescents, undifferentiated IА is more often ob-
served (39.5%).

Conclusion. High level of IA prevalence in adolescents in Central Siberia confirms the relevance of this problem 
and indicates the need to develop preventive measures aimed at maintaining child and adolescent health.
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РЕЗЮМЕ

Цель данного исследования – изучение распространенности интернет-зависимости (ИЗ) и структуры 
потребляемого контента у подростков Центральной Сибири. 

Материалы и методы. С января по май 2019 г. обследованы 3 012 подростков (45,8% мальчиков и 54,2% 
девочек) в возрасте 12–18 лет (средний возраст 14,5 ± 1,3). Младшие подростки (12–14 лет) составили 
52,5%, старшие (15–18 лет) – 47,5%. Особенности онлайн-поведения оценивались по шкале интернет-
зависимости Чена (CIAS) в адаптации В.Л. Малыгина, К.А. Феклисова; величина общего CIAS-балла, рав-
ная 65 и выше, свидетельствовала о наличии интернет-зависимости. 

Игровая зависимость оценивалась по шкале Game Addiction Scale for Adolescents, зависимость от 
социальных сетей – по шкале The Social Media Disorder Scale. Структура потребляемого контента оценена в 
общей выборке и двух возрастных группах. Полученные данные обработаны методами непараметрической 
статистики в программе Statistiсa 12. Количественные признаки представлены в виде медианы и 
интерквартильного размаха Me (Q25–Q75), бинарные признаки – как доля (%) и доверительный интервал. 
Значимость различий р для количественных показателей оценивалась по U-критерию Манна – Уитни, 
для бинарных признаков – по критерию χ2 Пирсона. Различия между группами считались статистически 
значимыми при p ≤ 0,05.

Результаты. Общая распространенность ИЗ составила 6,9%, адаптивное пользование интернетом 
отмечалось у 49,4% подростков, неадаптивное – у 43,6%. Частота встречаемости интернет-зависимости 
увеличивается с возрастом: с 6,0% у подростков 12–14 лет до 8,0% – у подростков 15–18 лет (р = 0,0324). 
Потребляемый подростками контент включал игровую зависимость (11%), зависимость от социальных 
сетей (8,0%), смешанную (2,6%) и недифференцированную интернет-зависимость (2,8%). У младших 
подростков чаще формируется зависимость от онлайн-игр (12,2%), социальных сетей (9,3%) и смешанная 
(3,3%), у старших подростков – недифференцированная И3 (39,5%).

Заключение. Высокий уровень распространенности ИЗ у подростков Центральной Сибири подтверждает 
актуальность данной проблемы и свидетельствует о необходимости разработки профилактических 
мероприятий, направленных на сохранение здоровья детского подросткового населения.

Ключевые слова: подростки, интернет, интернет-зависимость, потребляемый контент.
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Источник финансирования. Исследование выполнено при финансовой поддержке Российского фонда 
фундаментальных исследований (№ 18-29-22032/18).

Соответствие принципам этики. Письменное информированное согласие на участие в исследовании 
было подписано родителями подростков младше 15 лет или самими школьниками в возрасте старше  
15 лет. Исследование одобрено локальным этическим комитетом НИИ МПС ФИЦ КНЦ СО РАН (протокол 
№ 1 от 16.01.2019). 
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INTRODUCTION
Currently, the problem of Internet addiction (IA) 

around the world is becoming an alarming issue due 
to its high prevalence and an upward trend, which re-
quires immediate solutions, especially for adolescents 
and youth [1–3]. The Internet is the newest means of 
communication that has both positive and negative 
impact on the human psyche [4], and at the same time 
it imposes special demands on the physical and mental 
health of a modern person [5].

According to cross-national epidemiological stu- 
dies, the prevalence of IA in adolescents in European 
countries varies and ranges from 4.4% in Italy (83.4% 
of adaptive Internet use (AIU), 12.2% of maladaptive 
Internet use (MIU)), 5.1% in Germany (79.7% of AIU, 
15.2% of MIU), 7.2% in Spain (75.5% of AIU, 17.3% 
of MIU), 8.7% in Romania (68.9% of AIU, 22.4% of 
MIU), and up to 11.5% in Estonia (63.4% of AIU, 
25.1% of MIU) [6]. In countries of the Asia-Pacific re-
gion, the numbers are as follows: 6.2% in Japan, 9.6% 
in China, 9.7% in South Korea, 14.1% in Malaysia, 
16.4% in Hong Kong, and 21.1% in the Philippines 
[7]. The prevalence of Internet addiction among ado-
lescents in various regions of Russia varies from 4.2% 
in Moscow [8] and 12.0% in Khabarovsk [9] to 38% 
in several other Russian regions [10]. In recent years, 
Russia has seen a trend towards an increase in Inter-
net-addicted users [11]. Significant differences in the 
results obtained in different countries suggest that the 
prevalence of IA depends on many factors, including 
social and ethnocultural ones, geographic location, 
country and place of residence (city / village), ethni- 
city, lack of a unified methodology, and differences 
in the used diagnostic tools and applied assessment 
criteria [12].

It should be noted that most of the conducted stu- 
dies contain the results of investigating the preva-
lence and structure of online behavior and often in-
clude analysis of psychopathological conditions and 
emotional disorders, but, unfortunately, do not always 
describe the structure of consumed content, which 
makes it difficult to evaluate and compare the present-
ed data. At the same time, studying the peculiarities 
of teenagers surfing the Internet is undoubtedly an im-
portant aspect in preventing Internet addiction. A re-
view of a large number of studies on the prevalence of 
computer games among youth and adolescents around 
the world showed that 0.2–12.3% of those surveyed 
meet the criteria for gaming addiction [13]. 

In recent years, there has been a marked increase 
in the addiction of adolescents to social media (from 

1.6% to 34%, according to various authors) [14]. How-
ever, the risks of frequent and prolonged use of social 
media for the development of IA remain insufficient-
ly explored. Different authors use different screening 
methods and clipping modes, which makes it difficult 
to compare the results of all studies.

Internet addiction is a complex multidimensional 
phenomenon, not limited solely to addictive or depen-
dent behavior of the subject or to their social, psycho-
logical, and psychophysiological characteristics [15]. 
It is determined by the specifics of modern relation-
ships between young people, with the Internet being 
a part of their subculture, as well as by individual 
properties that regulate the integrative development of 
their personality [16], the level of social tension, low 
living standards, and other objective reasons [17–19]. 
Still, in all cases, the Internet functions as the back-
ground for their development. Teenagers are the most 
susceptible to gaming and Internet addiction [20, 21].

Only a small number of studies have been devoted 
to investigating the frequency of IA and the structure 
of consumed content in adolescents in the Russian 
Federation in general and in Siberian region, in par-
ticular, using clear diagnostic criteria and valid me- 
thods, which makes it difficult to conduct a compara-
tive analysis of the results. In the context of the pre-
sented data, studying the prevalence and structure of 
Internet addiction and the characteristics of online 
content consumed by adolescents of different age 
groups and in different regions is a priority area of 
scientific research, the ultimate goal of which is sub-
stantiation and development of effective methods for 
correcting and preventing Internet-addictive behavior 
in children and adolescent.

The aim of this study was to investigate the pre- 
valence of Internet addiction (IA) and the structure of 
consumed content among adolescents in Central Si-
beria. Two hypotheses were put forward: 1) the pre- 
valence and severity of IA will be associated with the 
age of adolescents, 2) the structure of consumed con-
tent will be different in different age groups.

MATERIALS AND METHODS
From January to May 2019, random samples of 

adolescents aged 12–18 years (males and females) 
were examined. The overall number of examined ad-
olescents was 3,012 people (mean age (14.5 ± 1.3)
years), they were students of 10 general educational 
institutions in 5 districts of Krasnoyarsk. Younger 
adolescents (12–14 years old) accounted for 52.5%, 
while older adolescents (15–18 years old) made up 
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47.5%. The study was approved by the Ethics Com-
mittee at the Research Institute of Medical Problems 
of the North and supported by the RFBR grant No. 
18-29-22032/18. The necessary information was col-
lected through questionnaires after obtaining a written 
informed consent to participate in the study from ado-
lescents over 15 years of age and from parents for ado- 
lescents under 15 years. The inclusion criteria were 
age of 12–18 years, permanent residence in the city of 
Krasnoyarsk, status of a student of a comprehensive 
school, and written informed consent from parents to 
participate in the study. Criteria for exclusion were the 
following: age under 12 and over 18 years, residence 
outside the city of Krasnoyarsk, lack of the status of a 
comprehensive school student, and refusal to partici-
pate in the study. All studied indicators were analyzed 
in general for the whole group of the examined ado-
lescents and for two separate age groups: 12–14 years 
(1,580 people) and 15–18 years (1,432 people).

We applied the terminological apparatus used in 
conducting international medical and social studies 
of online behavior disorders in adolescents [6]. Three 
types of online behavior were considered: 1) adaptive 
Internet use (AIU), in which there is a minimal risk 
of Internet addiction behavior; 2) maladaptive Internet 
use (MIU), in which there is a tendency to the emer-
gence of Internet-addictive behavior; 3) pathological 
Internet use (PIU), in which there is a pronounced and 
stable pattern of Internet addictive behavior, or Inter-
net addiction (IA).

To verify the type of online behavior of adolescents, 
Chen’s Internationally Accepted Internet Addiction 
Scale was used (CIAS) [22], adapted by V.L. Maly-
gin and K.A. Feklisov [23]. The criterion for the pres-
ence of Internet addiction was the overall CIAS score  
≥ 65. The score of 27–42 indicated the absence of In-
ternet addiction (or AIU), the score of 43–64 was used 
to indicate maladaptive Internet use (MIU).

Analysis of the content structure of online behavior 
in adolescents was carried out using the Russian ver-
sion of the Game Addiction Scale for Adolescents, a 
questionnaire for assessing gambling addiction [24], 
and the Social Media Disorder Scale, a questionnaire 
on social media addiction [25]. In the structure of the 
consumed content, the following types of addiction 
were distinguished: gaming addiction, social media 
addiction, mixed Internet addiction (the presence of 
both gaming and social media addiction), and undif-
ferentiated Internet addiction (adolescents with IA 
that was confirmed by the overall CIAS score ≥ 65, 
who did not have gaming or social media addiction, 

but who showed predominance of other types of on-
line activities).

Statistical data processing was carried out by 
non-parametric statistical methods using the Statistica 
12.0 software. The results of quantitative trait analysis 
are presented in the form of the median (Me) and the 
interquartile range (Q25 – Q75). Binary features are pre-
sented as % share and the confidence interval estimat-
ed by the Wilson score interval. The achieved level of 
significance of differences (p) for quantitative indica-
tors was determined by the Mann – Whitney U-test 
and for binary signs by the Pearson’s χ2 criterion. The 
differences between the groups were considered sta-
tistically significant at p ≤ 0.05.

RESULTS
Of all the adolescents included in the survey, 2,936 

people completed the CIAS. The analysis of the ques-
tionnaire scale values revealed that adaptive Inter-
net use (AIU) is typical for 49.4% (1,451/2,936) of 
respondents, CI = 47.6–51.2%; maladaptive Internet 
use (MIU) was observed in 43.6% (1,281/2,936) of 
adolescents, CI = 41.9–45.4%; and pathological In-
ternet use (PIU) was detected in 6.9% (204/2,936) of 
the examined, CI = 6.1–7.9%; these adolescents were 
identified as Internet addicts.

Analysis of online behavior in terms of age differ-
ences demonstrated a decrease in adaptive Internet 
use and an increase in the pathological Internet use 
(Internet addiction) with age. Therefore, adaptive 
use of the Internet was typical of 51.2% (786/1,536) 
of adolescents aged 12–14 years, CI = 48.7–53.7%, 
and of 47.5% of the examined teenagers (665/1,400) 
aged 15–18 years , CI = 44.9–50.1% (p = 0.0469). 
The incidence of maladaptive Internet use was com-
parable among adolescents in both compared groups: 
42.8% (658/1,536), CI = 40.4–45.3%, in adolescents 
of the younger age group and 44.5% (623/1,400),  
CI = 41.9–47.1%, in the examined older age group  
(p = 0.3646). There were more Internet-addicted ado-
lescents in the older age group compared to the young-
er one: 8.0% (112/1,400), CI = 6.7–9.5% versus 6.0% 
(92/1,536), CI = 4.9–7.3% (p = 0.0324). We should 
note the absence of significant differences in the share 
(%) of occurrence of key Internet addiction symp-
toms and problems related to Internet addiction in 
the age groups of 12–14 and 15–18 years in the com-
pared groups of teenagers with AIU, MIU, and PIU 
(indicating the presence of Internet addiction). At the 
same time, the analysis of the quantitative values of 
the scales of key Internet addiction symptoms (KIAS) 
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revealed the presence of statistically significant dif-
ferences between the above mentioned age groups  
(Table 1).

T a b l e 1

Quantitative values of the scales of the key Internet addiction 
symptoms in the age groups of 12–14 and 15–18 years  

(boys + girls), Ме (Q25–Q75)

Indicators

Groups examined p
(using the 

Mann – Whitney 
U-test)

12–14 years 
old

(n = 1,579)

15–18 years 
old

(n = 1,442)
Total score on the 
Key Symptoms of 
Internet Addiction 
(IA-Sym) scale

2.0
19.0–30.0

25.0
20.0–30.0 0.0507

Total score on the 
Internet Addiction 
Problem Scale 
(IA-RP)

17.0
14.0–21.0

17.0
15.0–22.0 0.0382

Total CIAS score 42.0
35.0–51.0

43.0
35.0–52.0 0.0364

The analysis of the content consumed by adoles-
cents revealed that 11.0% of respondents (331/3,012) 
had addiction to online games, CI = 9.9–12.2%; so-
cial media addiction was found in 8.0% (241/3,012) 
of cases, CI = 7.1–9.0%; mixed IA was identified in 
2.6% (79/3,012) of individuals, CI = 2.1–3.3%, and 
undifferentiated IA – in 2.8% (85/3,012) of adoles-
cents, CI = 2.3–3.5%.

When analyzing the structure of consumed con-
tent in adolescents of two age groups, it was found 
that gambling addiction, social media addiction, and 
mixed type of addiction (combined online commu-
nication with gaming) were significantly more often 
registered in adolescents of a younger age group (Fig-
ure). Adolescents of the younger age group were char-
acterized by higher values of gambling addiction indi-
cators: 10.0 (7.0–14.0), in comparison with the older 
group: 10.0 (7.0–13.0), p < 0.0001.

With age, adolescents have a decrease in in-
terest in online gaming: from 12.2% (193/1,580),  
CI = 10.7–13.9% in the younger age group to 9.6% 
(138/1,432), CI = 8.2–11.3% in the older group  
(p = 0.0239). Communication using social media 
attracts attention of a larger number of younger ad-
olescents – 9.3% (147/1,580), CI = 8.0–10.8%, 
compared with their older peers – 6.6% (94/1,431),  
CI = 5.4–8.0% (p = 0.0057). Adolescents aged 12–14 
years were also characterized by a higher incidence 
of mixed Internet addiction (in which there was a 
combination of enthusiasm for Internet games and 
communication via social media) – 3.3% (52/1,580),  

CI = 2.5–4.3%, as opposed to the value of 1.9% 
(27/1,431), CI = 1.3–2.7% in the group of older ad-
olescents (p = 0.0161). The prevalence of undif-
ferentiated Internet addiction was comparable in 
both age groups: 34.3% (36/105), CI = 25.9–43.8% 
in the 12–14 year-old group and 39.5% (49/124),  
CI = 31.4–48.3%,  in the group of 15–18 year-olds  
(p = 0.4143) (Figure).

 
Figure. Distribution of adolescents of two age groups of 12–14 and 15–18 years (m + 

d) according to the prevalence of gaming addiction (1), addiction to social networks (2), 
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DISCUSSION
For the first time in Central Siberia, we conduct-

ed a large-scale screening of online behavior of ado-
lescents (3,012 people) and analyzed the age-related 
characteristics of Internet addiction and consumed on-
line content. Internet addiction was detected in 6.9% 
of adolescents, adaptive use of the Internet was typical 
of 49.4% of individuals, and maladaptive Internet use 
was reported for 43.6% of the examined teenagers. 
The study confirmed our hypothesis about the growth 
of pathological Internet use among Krasnoyarsk ado-
lescents with age. For example, it was found that ado-
lescents of the older age group tend to be more addict-
ed to the Internet (8.0%) compared to their younger 
peers (6.0 %, p = 0.0324). This trend was also con-
firmed by the direction of changes in the quantitative 
indicators of the analyzed scales: the older group of 
adolescents was characterized by higher indexes on 
the scale of the key Internet addiction symptoms, and 
adolescents of the younger age group were character-
ized by higher quantitative values on the total gaming 
addiction score.

Our second assumption was that the structure of 
consumed online content depends on age. The re-
sults of our comparative analysis confirmed that the  
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features of consumed online content of adolescents 
of a younger age group differ from those of the older 
age group and include higher frequency of occurrence 
of gambling addiction, social media addiction, and 
mixed Internet addiction, while the prevalence of un-
differentiated Internet addiction is more or less similar 
for both age groups.

According to a number of studies conducted in 
various countries, the prevalence of IA among ado-
lescents varies from 1 to 18%, depending on the com-
pared age, ethnosocial groups, applied questionnaires, 
and diagnostic criteria [26]. So, in Europe, IA was de-
tected in 1–11% of adolescents (on average, in 4.4% 
of examined individuals); in the USA, the proportion 
of Internet-addicted adolescents in the total sample 
varied from 0.3 to 8.1% [6, 27, 28]. According to our 
data, the incidence rate of IA (6.9% in the total sam-
ple) was comparable with the prevalence of IA in ado- 
lescents in Spain (7.2%) [6] and Japan (6.2%) [7], 
and in some cases it differed from screening results 
in other countries. So, the frequency of IA that was 
established for Krasnoyarsk schoolchildren was high-
er than that for Moscow and the Moscow region ado-
lescents (4.2%) [8], as well as for adolescents in Italy 
(4.4%) and Germany (5.1%) [6]. At the same time, the 
% of IA occurrence in the examined adolescents was 
lower than that in the teenage populations of Romania 
(8.7%), Estonia (11.5%) [6], and some other regions 
in Russia, for example, Khabarovsk (12.0%) [9]. Re-
cent studies have shown that in Asian countries (Chi-
na, Hong Kong, South Korea, etc.), the prevalence of 
IA among teenagers and young adults is significantly 
higher than in Europe and the USA and ranges from 9 
to 37.9% [29, 30].

In the context of the presented data, our results 
were generally lower than those provided by resear- 
chers from Asian countries. The level of IA verified 
by us among Krasnoyarsk adolescents was lower 
than in China (9.6%), South Korea (9.7%), Malaysia 
(14.1%), Hong Kong (16.4%), and the Philippines 
(21.1%) [7]. In our work, we also compared the 
structure of the content consumed by schoolchildren 
of Krasnoyarsk with similar characteristics of on-
line behavior of adolescents in other countries. It is 
known that the main components in the structure of 
the content consumed by Internet addicts are gaming 
addiction and social media addiction. A study of the 
prevalence of online gaming among young people in 
many countries of the world showed that the frequen-
cy of occurrence of gaming addiction in the studied 
populations of adolescents and students ranges from 

0.2 to 12.3% [13, 16]. The number of schoolchildren 
with gaming addiction in Krasnoyarsk (11% from the 
total sample) turned out to be comparable with the 
data for adolescents in Croatia (12.3%), but exceeded 
the indexes for GB (0.8%), Hong Kong (0.9%), Den-
mark (1.3%), Germany (2.2%), the United Kingdom 
(2.2%), Italy (2.6%), Serbia (3.1%), Norway (3.4%), 
Lithuania (4.2%), Sweden (4.2%), Cyprus (4.4%), 
Spain (4.6%), Finland (4.8%), Romania (4.9%), and 
Albania (5.3%) [13].

The frequency of social media addiction that was 
identified for Internet-addicted adolescents in Kras-
noyarsk (8% from the total sample) turned out to 
be higher than the level of this parameter in Nigeria 
(1.6%), comparable to the parameter value in Peru 
(8.6%), but lower than this indicator in China (12%) 
and Hong Kong (34%) [14] as well as in the Nether-
lands (11%) [31].

Thus, all three psychometric tools used (CIAS, 
Social Media Disorder scale (SMDS), and Game Ad-
diction Scale for Adolescents (GASA)) show that the 
prevalence of pathological use of the Internet among 
urban adolescents in Central Siberia is lower than in 
most Asian countries, but it exceeds the average Euro-
pean level. The ambiguity of population data obtained 
in different countries suggests that the prevalence 
rates of IA depend on many factors, including social 
and ethnocultural features, research methodology, di-
agnostic tools, and assessment criteria.

To date, several etiopathogenetic models of for-
mation of Internet-addictive behavior in adolescents 
have been proposed [32]. Some researchers suggest 
the presence of predominantly neurobiological risk 
factors, which are associated with the insufficient ma-
turity of certain parts of the adolescent’s brain, which 
is manifested by insufficient effectiveness of volitio- 
nal control, high impulsivity, and excessively activated 
reward circuitry [33, 34]. However, the biopsychoso-
cial model is the most recognized by researchers today; 
it involves a combination of psychosocial problems 
(especially problems in relationships with parents and 
peers) and neurobiological risk factors [32, 35, 36].

The biopsychosocial model of IA formation in ado- 
lescents can explain the differences in IA prevalence 
through both ethnically determined spectrum of secre-
tion and reception of neurotransmitters and sociocul-
tural characteristics of the populations. Analysis of the 
available literature shows that insufficient attention is 
paid to the ethnic factor in the analysis of IA preva- 
lence. For example, in the fundamental systematic re-
view by S.E. Luczak et al. [37] that was devoted to 
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ethnic differences in 11 forms of addictive behavior 
in the classification by S. Sussman, M. Lisha, and M. 
Griffiths, only one study could be found (cited earlier 
in the review by D.J. Kuss et al. [38]) that had been 
taking the ethnic factor of IA into account. 

The study by T.M. Yates et al. [39] examined 
1,470 college students with similar sociocultural 
living conditions according to a single protocol and 
showed higher incidence of Internet addiction among 
representatives of Asian nationalities (8.6%), com-
pared to non-Asians (3.8%). The same review cited 
a number of sources showing high frequency of com-
puter games addiction in non-European Americans  
(indigenous people, Negroids), compared to represen-
tatives of the Caucasian race [37]. 

In a large, multicenter (11 countries) European 
study of Internet addiction in adolescents, the most 
pronounced comorbidity with suicidal behavior, de-
pression, and anxiety was revealed, but the contribu-
tion of each comorbidity factor varied from country 
to country. The authors concluded that there is a need 
for further research in this direction with the obli- 
gatory allowance for sociocultural and, possibly, eth-
nic (genetic) differences [40, 41]. From our point of 
view, analysis that would be considering the role of 
ethno-geographic differences in the prevalence of eth-
no-genotypic characteristics of populations seems to 
be a promising direction in the neurogenetics of addic-
tion in adolescents, especially in such a multinational 
country as the Russian Federation.

We are currently implementing a research project 
supported by the Russian Foundation for Basic Re-
search “Internet addiction in adolescents in Central Si-
beria: prevalence, content structure, ethno-geograph-
ical differences, mental and somatic comorbidity, 
neurotransmitter associations and genetic predictors”, 
the data of which was partially used in this article. 
The project investigates the prevalence of Internet 
addiction, its degrees of severity, addiction patterns, 
and content variants for adolescents in large, ethni-
cally different cities in Central Siberia (Krasnoyarsk, 
Abakan, Kyzyl). In addition, it is planned to study 
the associative role of candidate neurotransmitters 
and conduct a population analysis of polymorphisms 
in the candidate genes of oxytocinergic, dopaminer-
gic, serotonergic, noradrenalinergic, melatoninergic, 
and nicotine neurotransmitter systems of IA forma-
tion. The research design developed for this project 
involves further psycho-neurobiological comparison, 
which, in accordance with our hypothesis, will allow 
to identify specific predictor genes and neurotransmit-

ters that correspond to certain patterns of adolescent 
online behavior, taking into account the ethno-social 
characteristics of populations. The results of the study 
will help to open up new perspectives in assessing the 
fundamental neurobiological causes of IA formation 
and personalizing treatment strategy for Internet-ad-
dicted adolescents.

CONCLUSION
Modern epidemiology of Internet addiction based 

on valid diagnostic approaches, with mandatory con-
sideration of regional, age, gender, and ethno-social 
factors as well as the range of consumed content is 
currently a priority area. From this perspective, the 
novelty of this study consists in the fact that for the 
first time the largest sample (including testing of 3,012 
respondents aged 12–18 years) was gathered to inves-
tigate the prevalence of Internet addiction in Russian 
adolescents using the CIAS scale adapted by V.L. Ma-
lygin and K.A. Feklisov. It is a validated psychometric 
tool that allows for cross-national and cross-cultural 
comparisons, which was developed specifically for 
adolescents. For the first time, data were obtained on 
the prevalence of IA among urban adolescents in Cen-
tral Siberia. Pathological Internet-addicted behavior 
was recorded in 6.9% of teenagers from the unbiased 
school sample in Krasnoyarsk.

The results of the study demonstrate fairly high 
prevalence of Internet addiction and borderline types 
of online behavior in adolescents, which confirms 
the urgency of the problem of Internet addiction in 
adolescents. The obtained data indicate the need for 
further study of the characteristics of online behavior 
of adolescents and the structure of the content they 
consume. Further research should be devoted to inves-
tigation of Internet addiction with account of gender, 
ethnicity, characteristics of regional and environmen-
tal living conditions, and risk factors for IA formation 
for optimizing treatment and preventive measures in 
the adolescent population of Internet users.
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ABSTRACT

The presented review highlights the peculiarities of cardiovascular system damages in burn injury. The 
epidemiological data on the incidence of thermal injuries are reported. The pathogenic mechanisms of heart 
disorders during various periods of burn injury, as well as pathological changes in the myocardium are examined 
in detail. The main clinical manifestations of heart damage on the background of burn disease have been identified 
(heart failure, myocarditis, infectious endocarditis, cardiac arrhythmias and conduction disturbances, myocardial 
infarction). Special attention is paid to laboratory and instrumental methods for investigation of the heart with 
a discussion of the benefits and disadvantages of each method. The manuscript discusses the main therapeutic 
approaches for the management of burn patients with cardiac pathology, as well as the possibilities of using and the 
effectiveness of modern treatment methods aimed at improving survival, diminishing the severity of cardiovascular 
disorders and improving the prognosis of such patients.

Key words: thermic burns; burn injury, heart in burn trauma, heart failure; pathogenesis, pathomorphology,  
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РЕЗЮМЕ

Обзор посвящен особенностям поражений сердечно-сосудистой системы при ожоговой болезни. Приведе-
ны эпидемиологические данные о распространенности термических поражений. Подробно рассмотрены 
патогенетические механизмы повреждения сердца в различные периоды ожоговой травмы, а также пато-
морфологические изменения миокарда. Выделены основные клинические проявления поражений сердца 
на фоне ожоговой болезни (сердечная недостаточность, миокардит, инфекционный эндокардит, наруше-
ния ритма и проводимости сердца, инфаркт миокарда). Особое внимание уделено лабораторным и инстру-
ментальным методам исследования состояния сердца с обсуждением преимуществ и недостатков каждого 
метода. Рассмотрены основные терапевтические подходы ведения ожоговых больных с кардиальной пато-
логией, а также возможности и эффективность использования современных методов лечения, направлен-
ных на улучшение выживаемости, выраженности сердечно-сосудистых нарушений и улучшение прогноза 
таких пациентов.

Ключевые слова: термические ожоги, ожоговая болезнь, сердце при ожоговой травме, сердечная 
недостаточность, патогенез, патоморфология, клиническая картина, диагностика, лечение.
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INTRODUCTION

Thermal damage is a serious medical, social and 
economic problem. It is related to the high frequency of 
burn injuries in everyday life, at work and during mili-
tary conflicts, the complexity and duration of treatment 
of the patients, frequent disability and high mortality. 
According to the data, 11 million people worldwide 
sought medical care for burns in 2004. The risk of burns 
tends to increase with lower socioeconomic status, and 
up to 90% of burns occur in low- or middle-income 
countries. According to WHO, about 180 thousand 
cases of deaths caused by burns are registered annual-
ly worldwide [1]. In Ukraine, the overall incidence of 
thermal injuries is also quite high and accounts for 152 
cases per 100 thousand inhabitants. In the Russian Fed-
eration, 251,480 burns were recorded in 2018, which is 
171.2 cases per 100 thousand people [3].

With widespread and deep burns, a clinically pro-
nounced generalized reaction of the body develops. It 
begins in the first hours after the injury and lasts not 
only the entire period of the wound existence, but also 
some time after the complete restoration of the skin 
covering. This complex set of interconnected patho-
physiological changes and clinical manifestations that 

occurs in response to a burn injury is called a “burn 
disease” [4].

Thermal trauma is accompanied by a number of 
deviations and disorders in the activities of the body 
as a whole and, in particular, cardiac disorders. The 
diverse spectrum of morphological changes in the 
myocardium is observed in extensive burns. There are 
decrease in myocardial contraction, various rhythm 
and conduction disturbances, and development of 
heart failure (HF). Thus, according to some data, signs 
of myocarditis are revealed in 20–40% of cases, and 
signs of arrhythmia and heart block are seen in about 
35% of cases of burn disease.

Heart damage in burn injury with underlying car-
diovascular diseases can approach significant severity 
and not only be the cause of severe HF, but also the 
death of injured patients [5]. The initial presence of 
cardiopulmonary pathology in the burned patient in-
creases the risk of developing myocardial infarction 
(MI) or death by more than 6 times. Nevertheless, de-
spite the high occurrence of burns and common heart 
damage, special characteristics of cardiac pathology 
are poorly highlighted in the literature, and data on 
pathophysiological events, current diagnostic and 
treatment methods are revealed scantily.
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PATHOPHYSIOLOGY
The burn disease has a complex multicomponent 

pathogenesis, the individual links of which become 
prevailing in different time periods after a burn injury. 
On the first day after injury, hypovolemia, hemody-
namic shifts and disturbances of microcirculation de-
velop. Then, severe intoxication occurs (the first 1– 
2 weeks) and later, infectious complications emerge. 
In this regard, four periods are distinguished during 
the burn disease: burn shock (first 3–5 days), acute 
burn toxemia (5–10 days), septicotoxemia (from 11 
days to complete wound healing), and recovery.

In the first hours of the burn injury, even in the ab-
sence of massive shifts in the body’s water spaces, the 
severity of the patient’s condition is associated with 
pain syndrome and psycho-emotional stress, which 
serve as a trigger for the neuroendocrine response. 
The primary reaction occurs at the level of the spi-
nal neural-reflex arcs with irritation of the sympathe- 
tic nervous system and the release of catecholamines 
into circulation, which leads to vasospasm, increased 
total peripheral vascular resistance, centralization of 
circulation, ultimately resulting in the occurrence of 
peripheral tissue hypoxia and acidosis.

These events are exacerbated by impairment of re-
spiratory function (a decrease in the respiratory vol-
ume and vital capacity of lungs), which, in turn, leads 
to a decrease in blood oxygen saturation and tissue 
oxygenation, the accumulation of underoxidized met-
abolic products, and the development of respiratory 
and metabolic acidosis. Simultaneously, there is a 
short increase in the stroke and minute volume of the 
heart, an increase in blood pressure (BP), which sub-
sequently drops as hypovolemia deteriorates.

An increase in blood coagulability, microthrom-
bosis and alterations in microcirculation occur, which 
deteriorates tissue hypoxia and acidosis. In this set-
ting, a paralytic expansion of capillaries emerges, 
and microcirculatory and electrolyte disturbances in-
crease. Subsequently, pathological depolarization of 
the cell membranes of cardiomyocytes with alteration 
of their permeability develops.

Several hours post burn, a profound shock state 
develops due to the loss of preload as burn edema ad-
vances [6].

Immediately post burn, cardiac function is in-
hibited due to the pro-inflammatory effect of inter-
leukin-1B and tumor necrosis factor-alpha (TNFα), 
which can be blocked by CD14 knockout or slowed 
down due to kappa B nuclear factor blockers [7]. In 
the 48 hours post burn, tachycardia develops with 

increasing cardiac output (CO) and myocardial in-
flammation occurs due to β-adrenergic influence [8]. 
The decrease in the right ventricular ejection fraction 
[9], observed after endotoxemia, can be mitigated by 
thromboxane blockade. Initially, after the increase in 
total vascular resistance in catabolic phase of systemic 
inflammation and sepsis, vasoplegia develops deterio-
rating cardiogenic and redistributive shock leading in 
turn to multi-organ failure.

It was established [10] that, in case of burn injury, 
acidosis causes the increase in the cytosolic calcium 
content in cardiomyocytes, the secretion of pro-in-
flammatory cytokines by these cells, and activation 
of the apoptosis and autophagy processes. Myocardial 
damage in a burn injury leads to an alteration of its 
contractility and the development of HF. Inflamma-
tory cytokines (TNFα, interleukin-6) contribute to the 
development of diastolic dysfunction of the left ven-
tricle (LV).

 At the moment of thermal exposure to the skin, 
a huge number of cells are destroyed and damaged 
with the release of a bulk of various biologically ac-
tive substances: inflammatory mediators (kinins, se-
rotonin, histamine, acute phase proteins, complement 
factors, etc.). All of them have a vasoactive effect and 
significantly increase the permeability of the vascu-
lar wall. In burn patients, metabolic imbalance along 
with disorders of the endocrine, respiratory systems 
and psychoemotional status affect the cardiovascular 
system [11].

Another mechanism of myocardial damage in burn 
disease is the hyperproduction of reactive oxygen 
species and lipid radicals. An excess of free radicals 
causes cardiomyocyte membrane permeability dis-
turbances, change in ionic homeostasis, damage to 
their genetic apparatus and activation of programmed 
mechanisms of cell death [12].

An imbalance in the acid-base state and the elec-
trolyte content (in particular, hyper- or hypokalemia), 
specific to a burn disease, can lead to various distur-
bances in the cardiac conduction and heart rate, in-
cluding life-threatening arrhythmias.

In conditions of tissue destruction caused by burns, 
proteins of the injured patient acquire the properties 
of autoantigens. In this case, antibodies produced by 
the patient’s body interact with both pathologically al-
tered and normal tissue components, cardiomyocytes, 
in particular. One of the mechanisms responsible for 
the development of autosensitization is the formation 
of tissue and microbial antigen associations, in which 
the microbial part acts as an adjuvant. All these pro-
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cesses can lead to the development of burn myocar-
ditis.

In the period of burn toxemia and septicotoxemia 
due to the initiation of the secondary bacterial infec-
tions, various cardiac infective complications are also 
possible. In this setting, myocarditis, pericarditis and 
infectious endocarditis (IE) may develop.

PATHOMORPHOLOGY
Morphological examinations also indicate heart 

damage in case of the burn disease. Those who died 
in the first days of the burn injury the section show 
signs of circulatory disorders, edema of the intersti-
tial and perivascular tissue, foci of protein and fatty 
degeneration. During autopsy during the period of 
septicotoxemia in the burn disease, heart sizes were 
enlarged in the transverse direction, its walls became 
flabby, the cavities were extended and were filled with 
massive variegate blood clots. Histological examina-
tion of such myocardium revealed widespread dystro-
phic changes, especially pronounced in the LV wall, 
small damage areas and small-focal myocyte necrosis.

Pathological cardiac changes during septicoto- 
xemia of the burn disease are characterized by wide-
spread dystrophic lesions and edema of the intersti-
tial and perivascular myocardial tissue. In persons of 
young and middle age, injuries of this nature occurred 
most often in the setting of sepsis. In older people with 
a previous heart disease, extensive dystrophic myo-
cardial lesions were detected without generalization 
of the infection.

CLINICAL PICTURE
Heart failure (HF) plays a significant role in the 

clinical picture of heart damage in burn disease. In 
small lesions (up to 10% of the total body surface 
area (TBSA)), only moderate tachycardia and slight 
increase in BP can be observed in the injured. In more 
extensive and deeper burns (over 10–15% of TBSA) 
in the first period of the burn disease, dyspnea, pal-
pitations and chest pain often occur. Acrocyanosis, 
tachycardia and diminishing of the first sound at the 
cardiac apex are clinically detected. BP rises slightly 
during the erectile phase of burn shock and decreases 
in the torpid phase. In some cases indicating an un-
favorable prognosis, refractory arterial hypotension 
develops in the early stages after thermal injury. In 
patients with initial arterial hypertension, BP during 
shock usually drops to normal values and often re-
mains at the same level throughout the subsequent 
period of the disease [4].

In toxemia phase injured may remain shortness of 
breath, palpitations and chest pain. Due to tachycardia, 
systolic murmur at the apex, the decrease in BP and 
expansion of the heart borders are often determined.

In the period of septicotoxemia, pericarditis and 
endocarditis often develop which may be one of the 
reasons for the development and progression of HF. In 
these cases, the fluid infusion in large volumes used in 
the treatment of burn injured can deteriorate their condi-
tion due to the significant increase in pre- and afterload.

Electrolyte imbalance (hyper- or hypokalemia), 
myocardial ischemia and MI, myocarditis or under-
lying cardiac pathology can cause various rhythm 
and conduction disturbances in burn injured patients. 
These changes can occur within 6–8 hours after the 
injury, therefore, the sooner the measures will be 
taken to prevent and compensate them, the greater 
is the likelihood of a favorable course of the burn 
disease and the lower incidence of its serious com-
plications [4].

A relatively rare, but very severe complication of 
the burn disease is acute coronary syndrome, includ-
ing the development of MI. Vasospastic forms of acute 
coronary insufficiency in burn disease are described, 
in the origin of which the release of endogenous nickel 
possessing a powerful vasoconstrictor effect is consid-
ered [13]. M. Caliskan et al. [14] have demonstrated 
that vasoconstriction of the coronary arteries and ar-
terioles are caused by stress factors and increased ac-
tivity of the sympathetic tone attributable to the burn 
injury. Moreover, the authors found that vasoconstric-
tion causes a worsening of systolic and diastolic LV 
function, a decrease in the reserve of coronary blood 
velocity reflecting microvascular dysfunction in the 
absence of obstruction or narrowing of the coronary 
arteries lumen [14].

There are also descriptions of cases of the develop-
ment of stress-induced cardiomyopathy (Takotsubo) 
with severe hemodynamic abnormalities in setting of 
the burn injury. Results of studies confirm the basic 
concept of post-traumatic heart damage as stress-in-
duced cardiomyopathy and have demonstrated the po-
tential importance of stress in accelerating fatal out-
come in patients with injuries and thermal burns. 

DIAGNOSIS
Laboratory tests. It is known that during the first 

3–4 days in burn injured, there is most often an in-
crease in potassium in blood, which can be the cause 
of the development of various cardiac rhythm and con-
duction disturbances including life-threatening ones.
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Estimation of troponin levels is currently used as a 
standard biomarker for diagnostics MI and acute coro-
nary syndrome [15, 16]. In case of the burn disease, an 
increase in blood levels of myocardial damage mark-
ers, such as cardiac troponins and creatine phosphoki-
nase MB-fractions is observed. Moreover, the degree 
of their elevation reflects the severity of myocardial 
damage.  

In this context, it should be noted that an increase 
in troponin levels occurs under the influence of a 
wide range of non-cardiac and cardiac factors, such 
as physical endurance training, sepsis and other seri-
ous diseases, including stroke, pulmonary embolism 
[17], pericarditis, myocarditis, Takotsubo syndrome 
[18], acute coronary syndrome, acute HF, tachyar-
rhythmias, etc. It is suggested that TNFα increases 
the permeability of the cell membrane under stress or 
inflammation and is considered a possible mechanism 
responsible for increasing troponin levels [15].

Due to the above mentioned non-cardiac causes, 
many authors have shown that troponin levels can be 
increased in burns of significant areas. The increase 
in troponin levels usually occurs in patients with 
burns affecting ≥15% of TBSA and during the first  
72 hours after injury. In one study, no patients with 
burns <20% of TBSA showed the increase in tropo-
nin, despite matched age, weight, and gender charac-
teristics with those whose burn area exceeded 20% 
of TBSA. Data from the prospective study that found 
correlation between elevated troponin T levels and re-
gional abnormalities of LV wall movement in patients 
with the burn area > 20% of TBSA were presented. 
None of the patients with identified regional impair-
ment of LV wall movement showed the normal level 
of cardiac troponin. It is noteworthy that in experi-
mental studies and in burn injured, the decrease in the 
troponin level was revealed after surgical escharoto-
my (surgical excision of an eschar) [15].

The concentration of brain natriuretic peptide and 
its precursor (NT-proBNP) in blood plasma reflects 
the degree of hemodynamic load on the heart. There 
are suggestions that these indicators can be used to as-
sess the prognosis of burned patients in extremely se-
rious conditions. Thus, the level of NT-proBNP close-
ly correlates with the size of the burn area, the degree 
of fluid retention, the severity of organ failure, and 
mortality rates. In addition, the determination of the 
level of brain natriuretic peptide in the blood serum 
is considered to be a simple and informative method 
for detecting HF in patients with severe burns during 
resuscitation procedures in the setting of shock.

Electrocardiography (ECG). On the ECG records, a 
decrease in voltage, sinus tachycardia, various rhythm 
disturbances (atrial fibrillation and atrial flutter, pre-
mature cardiac beats, supraventricular and ventricular 
tachycardia, ventricular fibrillation), conduction dis-
turbances and pathological changes in the initial and 
final parts of the ventricular complex can be deter-
mined. There is often an increase in the QT dispersion 
with close correlation of this indicator with severity of 
the heart damage. Concerning the heart rate variabi- 
lity determined by 24-hour Holter ECG monitoring, it 
was found that abnormal heart rate variability during 
the immediate postburn period is strongly predictive 
of death [19, 20]. In burn injury, the inhibition of the 
wave structure of the heart rhythm and the total spec-
trum power indicators are observed [21]. S.Y. Joo et 
al. [20] revealed a sympathetic predominance during 
daytime and a decreased parasympathetic activity 
during nighttime in burn injured patients.

Transthoracic and transesophageal echocardiogra-
phy (TEE) has important diagnostic value in severe 
patients, since it allows evaluate the myocardial struc-
ture and function, clarify causes of HF. According to 
the results of a systematic review regarding the im-
portance of using TEE in 128 burn patients, the main 
pathological findings were deterioration of systolic 
and diastolic LV function, detection of vegetation on 
the heart valves, pulmonary hypertension, pericardi-
al effusion and right ventricular HF. The advantages 
of TEE over transthoracic echocardiography are the 
possibility of a more accurate assessment of valve 
function, myocardial contractility and, perhaps most 
important, monitoring the adequacy of acute hemo-
dynamic recovery and preload in the acute phase of 
resuscitation. TEE is especially informative in assess-
ing the structure of heart valves to confirm or exclude 
IE and its complications, due to the proximity of the 
location of the high-frequency ultrasonic transducer 
to the heart. Given the susceptibility of burn injured 
to local and general infectious complications, IE can 
develop in any patient, regardless of the burn area. 
Nevertheless, thorough discussion of the indications 
for TEE is necessary considering the relative inva-
siveness of the method, the frequent thermal dam-
age to the oral cavity and pharynx, the infrequent but  
existing probability of rupture of the esophagus and 
the risk of bacteremia.

Coronary angiography is used in patients with a 
clinical picture of acute coronary syndrome or acute 
myocardial infarction, which, as already noted, can 
develop against a background of the burn injury.

Vatutin N.T., Ignatenko G.A., Taradin G.G. et al. Cardiac disorders in burn injury
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MANAGEMENT
In addition to the appropriate treatment of burn 

wounds during a shock period, the burn disease treat-
ment includes the management of pain and patient 
exaltation, hypovolemia amelioration, replacement 
of the circulating blood volume, hemodynamic stabi-
lization, metabolic disorders correction and infection 
control [22].

Procedural pain complicates the patient manage-
ment and leads to the use of aggressive methods to 
combat it such as administration of potent opioids, 
ketamine, and regional or general anesthesia. Unfor-
tunately, high doses of opioids are associated with 
several serious adverse effects such as depressed con-
sciousness and the risk of developing delirium, hypo-
tension, respiratory depression and not infrequently 
obstipation. Therefore, there is an obvious need to 
reduce the number of doses of opioid administrating 
throughout treatment, and at the same time to provide 
a tolerable level of pain [23].

It was shown that intravenous infusion of lidocaine 
starting with a bolus dose (1 mg/kg) and then in the 
form of a continuous infusion (180 mg/hour) is not 
accompanied by adverse effects and had a 25% opioid 
sparing effect [23].

Given massive volumes of solution transfusions 
during this period, it is recommended to provide ino-
tropic myocardial support with dopamine at a dose of 
5–10 mg/kg/min. At this dosage dopamine improves 
myocardial contractility and increases CO. When 
signs of congestive HF appear, the volume of infusion 
therapy should be reduced and diuretics should be ad-
ministered.

Detoxification, the infection control and the cor-
rection of homeostasis are the main targets in the 
treatment of burn toxemia [22]. It is necessary to con-
duct timely and adequate correction of the acid-base 
state and electrolyte imbalance emerging in patients 
with severe burn injury. With the development of 
life-threatening disorders of cardiac rhythm and con-
duction (ventricular fibrillation, ventricular tachycar-
dia, asystole, electromechanical dissociation, some 
forms of supraventricular tachycardia), active antiar-
rhythmic therapy is indicated and emergency resusci-
tation measures are fulfilled.

Non-emergency antiarrhythmic therapy is pre-
scribed in cases where arrhythmia or heart block 
do not influence significantly a patient’s condition. 
Therefore, in sinus tachycardia, β-blockers (propran-
olol, bisoprolol) or calcium antagonists (verapamil, 
diltiazem) are usually used.

For the treatment of hemodynamically relevant si-
nus bradycardia, atropine (0.5–2.0 mg), isoprenaline 
(2–20 μg/min by intravenous administration) or pac-
ing are applied.

Extrasystoles usually do not require active antiar-
rhythmic therapy, since the prognosis for this form of 
arrhythmia depends entirely on the basic underlying 
process and the degree of structural damage of the 
heart. Class II and III of antiarrhythmic drugs, oma-
cor are used to terminate extrasystoles of high grades 
(coupled, salvos, early) that cause hemodynamic dis-
turbances in people with severe cardiac pathology 
(MI, myocarditis, severe LV dysfunction).

With the aim to terminate atrial fibrillation (AF) 
or flutter, electric cardioversion (ECV) or antiarrhyth-
mic drugs (propafenone, procainamide, amiodarone 
or sotalol) are administered. If it is impossible to ter-
minate AF, digoxin, verapamil or β-blockers are used 
to control the ventricular rate. Due to the high risk of 
thromboembolic complications, the treatment by anti-
coagulants is considered.

Paroxysms of atrioventricular tachycardia are 
stopped by vagal tests, intravenous infusion of ade-
nosine triphosphate (10–30 mg), adenosine (6–12 mg) 
or verapamil. Transesophageal pacing and ECV are 
also effective. Radiofrequency catheter ablation is 
considered as a radical way to treat this arrhythmia.

The most effective treatment for acute coronary 
syndrome and MI is an urgent percutaneous coronary 
intervention with the maximally rapid restoration of 
coronary blood flow.

In recent years, the effectiveness of various ap-
proaches to the prevention of myocardial damage and 
dysfunction arising from burns has been actively stu- 
died. The possibility of using angiotensin-converting 
enzyme inhibitors, drugs that modulate ion channels, 
anti-inflammatory agents, antioxidants, metabolic 
drugs and cardioprotectors, has been considered for 
this purpose.

The issue of prescribing propranolol to adult pa-
tients who suffered thermal injury is being actively de-
bated in order to reduce the hypermetabolic response 
[24–27]. Propranolol is being successfully used to 
block the effects of endogenous catecholamines which 
are involved as the first mediators of the hypermeta-
bolic response. In the first stages of the burn injury, 
the level of catecholamines in the blood is increased 
by 10 times. The hyperdynamic type of circulation, 
an increase in the level of basal metabolism and the 
catabolism of skeletal muscle proteins taken togeth-
er produce distinctly negative effect on the patient’s  



204 Bulletin of Siberian Medicine. 2020; 19 (4): 198–206

organism. The effects of propranolol in the burn pa-
tient include a decrease in thermogenesis, terminat-
ing or slowing down tachycardia, a decrease in CO 
and energy consumption at rest. The dosage used is 
individual for each patient, however, a reduction in 
heart rate by 20% causes a decrease in heart load and 
fatty infiltration (secondarily to a decrease in periph-
eral lipolysis). It has been shown that propranolol 
enhances the intracellular circulation of amino acids, 
which leads to a decrease in atrophy of muscle tis-
sue, thereby increasing muscle mass. Carvedilol may 
have additional advantages due to its ability to block 
α-adrenergic receptors and remove free radicals [6].

The use of ozone therapy is scientifically grounded 
for the treatment of thermal lesions. Medical ozone 
has bactericidal and analgesic effects. It improves 
microcirculation, normalizes immunity and the oxi-
dative-antioxidant state of blood and cells. There is 
the evidence that, during ozone therapy of patients 
with severe thermal injuries, the functional activity of 
the myocardium and CO increase. Moreover, an an-
tiarrhythmic effect is observed, myocardial ischemia 
decreases (with an improvement in the processes of 
myocardial repolarization on the ECG), hemodyna- 
mic parameters improve.

A number of studies have shown that early surgi-
cal intervention (necrotomy, necrectomy, dermabra-
sion with xenoplasty, autodermoplasty), optimization 
of the wound process using a culture of fetal human 
embryonic fibroblasts, stem cells [28, 29], adequate 
transfusion and antibacterial therapy can reduce com-
plications of the burn disease and decrease mortality.

The beneficial effect of listening to music on the 
course of a burn disease is shown. Thus, according to 
a meta-analysis [30], which covered 17 randomized 
controlled trials and 804 patients with burn injury, 
listening to music helped alleviate pain, decrease in 
anxiety and reduce heart rate.

PROGNOSIS
Although the most obvious consequences of ther-

mal injury are associated with damage of the skin, sys-
temic reactions that occur during burn disease affect 
many organs and tissues, including the heart, often 
causing an unfavorable outcome at the onset of the 
disease and having a negative effect in the long term. 
Therefore, according to data provided by J.M. Duke et 
al. [31] who compared individuals without a history 
of burns, patients with burn injuries over the age of 45 
years were 1.46 times more often (95% confidence in-
terval (CI): 1.36–1.56) and almost 3 times longer (95% 

CI: 2.60–3.25) were hospitalized due to pathology of 
the cardiovascular system. Patients with a history of 
burns were more often hospitalized for coronary heart 
disease (1.21, 95% CI: 1.07–1.36), HF (2.29, 95% CI: 
1.85–2.82), cerebrovascular pathology (1.57, 95% CI: 
1.33–1.84), and had higher mortality rates from car-
diovascular diseases (1.11, 95% CI: 1.02–1.20). Simi-
lar data were obtained among pediatric patients under 
the age of 15 years who suffered from thermal trauma 
[32]. According to L. Knowlin et al. [5] derangements 
in cardiac function can last for two years in pediatric 
patients post burn.

CONCLUSION
In summary, it should be emphasized that timely di-

agnosis of heart damage in burn disease, treatment and 
prevention of its occurrence, including correction of 
electrolyte disorders, adequate antibiotic therapy, and 
the use of cardiovascular drugs can improve the quality 
of treatment and reduce the mortality of such patients.
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ABSTRACT

Implementation of virtual patients allows avoiding risks for patient safety, using the standardized clinical 
situations repeatedly, and providing remote access to information. In order to create virtual patients, the project 
team comprised of specialists competent in the diverse subject areas. Every virtual patient is a structural model for 
a diagnostic and treatment process of a real patient augmented with textual and multimedia information. A sample 
comprising of 50 archival clinical charts of patients with typical cardiovascular diseases and rare pathology 
variants was formed. Textual information from medical records is supplemented with the multimedia results of 
instrumental and laboratory studies. Created data and knowledge base of virtual patients was designated for a 
demonstration of complete cardiovascular cases to the trainees in linear trajectory with an option of Web-access. 
The virtual patient repository will become a factual basis for problem-based distance learning of medical students 
and physicians. 
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РЕЗЮМЕ 

Виртуальные пациенты позволяют избежать рисков в отношении реального больного, неоднократно 
использовать стандартизованные клинические ситуации, обеспечить удаленный доступ к информации. Для 
создания виртуальных пациентов в команду проекта включены специалисты с компетенциями в разных 
предметных областях. Каждый виртуальный пациент является структурированной моделью лечебно-
диагностического процесса реального больного, наполненной текстовой и мультимедийной информацией. 
Сформирована выборка из 50 архивных историй болезни пациентов с типичными сердечно-сосудистыми 
заболеваниями и редкими вариантами патологии. Текстовая информация из историй болезни дополнена 
мультимедийными результатами инструментальных и лабораторных исследований. Созданная база данных 
и знаний о виртуальных пациентах предназначена для демонстрации обучающимся завершенных случаев 
кардиоваскулярных заболеваний в линейной траектории с возможностью Web-доступа. Репозиторий 
виртуальных пациентов станет фактологической основой проблемно ориентированного дистанционного 
обучения студентов и врачей.

Ключевые слова: виртуальные пациенты, case-технологии, анализ прецедента, дистанционное обучение, 
стандартизация, мультимедиа, Web-сервис, геймификация, репозиторий, база данных, база знаний.
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INTRODUCTION 
Problem-based learning is viewed as one of the 

principal approaches in medical education focusing on 
the development of skills for making clinical and di-
agnostic decisions [1]. These professional competen-

cies are formed in the very process of solving diverse 
problems regarding patient health. A trainee should be 
directly involved in a treatment of the patient to devel-
op the clinical decision making skills, which may not 
coincide with the desires of real-life patients and have 
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limitations in terms of medical insurance. The risks of 
problem-based learning in medical school can be mi- 
nimized by using the descriptions of complete clinical 
cases and simulation methods to avoid direct contact 
with patients. 

In this regard, virtual patients are widely imple-
mented in the medical education abroad. The term 
“virtual patient” has various interpretations including 
standardized clinical cases performed by actors or vo- 
lunteers, computerized robots, and multimedia com-
puter models of clinical situations. Virtual patients 
may serve as a basis for learning based on the case 
studies and effectively implemented in the clinical 
disciplines [2–4]. Conceptual cases may be developed 
based on the clinical charts so the virtual patients are 
created for further online use [5]. 

This paper reviews the development of a simula-
tion format that has been used abroad since late 20th 
century to develop decision making skills of trainees 
[6–8]. The computerized multimedia simulations for 
diagnosis and treatment allow avoiding the risks of in-
correct or inappropriate actions towards a real patient. 
The systematic reviews and meta-analyses demon-
strate the pedagogic effectiveness of virtual patients 
as well as the interest of trainees to this educational 
technology where the interactivity of trainees increa- 
ses and they get motivation for team work with a cer-
tain gamification of clinical training [9–12]. 

Hereinafter, the term “virtual patient” will be 
viewed as a computer multimedia interactive simula-
tion of scenarios for the diagnosis and treatment of 
patients [13]. A virtual patient can have a real deper-
sonalized prototype or be a result of developer imag-
ination, i.e. fully virtual. The use of real scenarios 
of treatment and diagnostic process is one of the ap-
proaches to creating of virtual patients. An incorpo-
ration of depersonalized data from the clinical charts 
and multimedia results of diagnostic studies into this 
model results in a complete case virtualization and al-
lows ensuring a remote access to this information. 

The aim of this paper is to describe the method for 
creation of virtual patients as a model of treatment 
and diagnostic process of patients with cardiovascular  
diseases. 

MATERIALS AND METHODS 
Project team for creation of virtual patients com-

prised of the physicians, specialists in radiology and 
functional diagnostics, software programmers, and 
analysts. The virtual patient was a compilation of 
textual and multimedia diagnostic and clinical infor-

mation. The creation of every virtual patient involved 
descriptions of a real clinical case. Analytical work al-
lowed to determine the common structure for informa-
tion representation and to develop the user interface 
and scenarios for presenting information about virtual 
patient to the trainees. 

The information basis of project consisted of 50 
depersonalized archival medical records of cardiovas-
cular patients and multimedia results of studies stored 
in the corresponding databases. Apart from the texts 
of complete cases, the test results and medical con-
clusions regarding electrocardiograms (ECG), Holter 
monitoring, echocardiography, ultrasound examina-
tions of carotid, femoral, and renal arteries, pleural 
cavity, and pericardium, multi-slice computed tomog-
raphy, magnetic resonance imaging, angiography, 
X-ray examination, laboratory diagnostics, and treat-
ment tactics were used.

Completeness and consistency of depersonalized 
information in each clinical case was evaluated by the 
experienced clinical teachers. After expert evalua-
tion, information was transferred to the analysts in the 
form of approved textual prototypes and files. They 
were systematically named to be posted in the tables 
carried out in the PostgreSQL database management 
system. Multimedia information model of virtual  
patients was developed using Web technologies: Java 
Script (framework Vue.js) and Twitter bootstrap. 
Database was hosted on a server with an option of 
remote access to the information. Successful imple-
mentation of the project was pre-defined by the fact 
that the specialists of the team were competent in  
diverse subject areas. 

RESULTS 
In order to create virtual patients, the team of de-

velopers had to answer several essential questions re-
garding the content: 

• Where can the required information be obtained 
from?

• Which structure would ensure the creation of in-
tegral image of a virtual patient?

• What are the trajectories of virtual patient presen-
tation to users? 

Two diagnostic categories were considered while 
establishing the sample of archival cases. The first cate-
gory comprised typical, most frequently occurring cas-
es of cardiovascular diseases. Several cases with dis-
tinct comorbidities and treatments were selected within 
each clinical entity. One part of clinical charts repre-
sented standard cases, which were essential for training 
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of medical residents and inexperienced physicians. The 
other part provided an opportunity to demonstrate cre-
ative approach to physicians and was of interest to the 
specialists advancing their qualification. 

The second subgroup of clinical records repre-
sented the rare occurring variants of cardiovascular 
pathology potentially leading to serious consequen- 
ces for a patient. The most interesting cases with 
rare clinical manifestation were included, which 
could hardly be demonstrated to the trainees in real 
life. All medical records in the sample were deper- 
sonalized.

The next stage was the analysis of a large pool of 
textual information present in medical records. De-
scriptions of anamnesis vitae, past medical history, 
and pharmacological anamnesis were edited and in-
troduced into the tables of virtual patient database. 
However, every clinical chart contains a fraction of 
information which does not play an essential role to 
clinical decision making. If the results of diagnostic 
studies do not provide any new information pivotal for 
establishing diagnosis, they may be omitted from the 
virtual patient structure. 

On the contrary, if a patient has not been investi-
gated for some reason, though study results could be 
potentially informative, the results may be extracted 
from record of another patient with similar clinical 
manifestation, anatomy, and demographic characte- 
ristics. Therefore, the necessary multimedia images 
and recordings (echocardiography, ultrasound, ECG, 
coronary angiography, MRI, angiography, etc.) were 
accumulated as a result of a team work of analysts and 
medical personnel.

It was decided to withdraw from using the patient 
animations, essentially gamifying the training. Infor-
mation model of a treatment and diagnostic process, 
i.e. a superposition of interrelated data on its dyna- 
mics in the textual and multimedia formats, is primar-
ily necessary to form and improve the skills of clinical 
and diagnostic decision making. This superposition is 
the information image of virtual patient. 

A real process of patient treatment in the hospital 
settings involves periodic contacts with the medical 
personnel and paraclinical services, periodic labo-
ratory and instrumental studies, periodic treatment 
correction, and modification of plans for the future. 
This predetermines discretion of the created multi-
media computer model of treatment and diagnostic 
process. 

Not all the records in a medical chart are equally 
important for an attending physician and, therefore, 

for the development of medical competencies of trai- 
nees. In this context, the analysts made the decision 
on discreet representation of information in the form 
of discrete units. They were designated for the trainees 
as a “visit” and represented information in chronolo- 
gical consequence according to the stages of treatment 
and diagnostic process of the case. The prototypes of 
two virtual patients were created as an example of 
this approach to information presentation. After that, 
the structure of patient description was redefined,  
broadened, and approved by the clinical teachers.

The number of visits may differ in virtual patients 
because not all contacts of the patient with medical 
personnel generate information useful for the treat-
ment and diagnostic process. The medical records 
containing new diagnostic and clinically significant 
data were selected and the list of acceptable formats 
of textual, graphic, and video information was estab-
lished for virtual patient. This stage of work resulted in 
a template where information from the archival med-
ical records and multimedia databases was prepared 
for all virtual patients. The information units generally 
corresponded to the traditional sections of a clinical 
case and served as the basis for the development of 
relational database tables. 

The analytical work with clinical teachers resulted 
in establishing the prototypes of screen forms, which 
underwent expertise and, after modification, were im-
plemented as the screen templates for various clini-
cal and diagnostic situations of virtual patients. The 
screen forms are supplemented with the tab pages 
containing all information components of the visit; the 
day of a hospitalization is designated on the tab page 
to allow an accurate evaluation of the events course by 
the trainees (Fig. 1). The tab page of the first visit is 
slightly different because it represents information at 
the moment of admission (patient anamnesis vitae and 
case history, results of previous diagnostic studies and 
physical examination at admission, differential diag-
nosis, administered symptomatic treatment, and plan 
of the following diagnostic procedures). 

The structure and pattern of information units on 
the tab pages of follow-up visits do not change, but the 
volume of information may differ. Anamnesis vitae 
and case history are available on the pages of all vir-
tual patient visits. However, data regarding the com-
plaints, administered studies, differential diagnosis, 
prescribed drugs, etc. are specified for the given visit. 
The number of tab pages (similar to the number of 
visits) is non-constant; the trainee may shift between 
tab pages along a free trajectory. 

Karas S.I., Arzhanik M.B., Kara-Sal E.E.  e al. Virtual patients as the basis for problem-based learning of cardiologists
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Fig. 1. Organization of the virtual patient interface

Fig. 2. Epicrisis at the final tab page of virtual patient
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Chronologically, the last tab page of a case corre-
sponds to the situation of patient discharge and ulti-
mately contains the document with epicrisis of a pa-
tient stay in hospital (Fig. 2). The images and video 
recordings of diagnostic examinations are placed on 
the tab pages for the visits following their adminis-
tration. 

The results of instrumental and laboratory meth-
ods are incorporated into the virtual patient structure 

as the scanned ECG recordings, fragments of video 
recordings for echocardiography, angiography, and 
vascular ultrasound, tomography images, and X-ray 
pictures with the textual medical specialist opinion 
(Fig. 3 and 4). Based on the current guidelines of the 
European Society of Cardiology and the Russian Car-
diology Society, compendiums of drugs are created 
with specification of doses and dosage frequency for 
treatment of a patient. 
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Fig. 3. Presentation of echocardiography results for virtual patient

Fig. 4. Presentation of concluding remarks on the results of examination
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DISCUSSION 

The implementation of virtual patients is a definite 
innovation for Russian higher medical education. This 
educational technology has several advantages com-
pared with education requiring contact with real pa-
tients or computerized mannequins. It also has some 
limitations. Considering this debate, one may discuss 
the optimality of virtual patients for the formation of 
clinical and diagnostic competencies. In medical edu-
cation, the patient safety, pedagogic effectiveness, and 
costs may be considered the most essential characte- 
ristics. 

First of all, the formation of competencies for de-
cision making and their evaluation using the computer 

simulations are absolutely safe for the real patients. 
There is no need to receive patient permission for a 
trainee to participate in the treatment and diagnostic 
process; there is no need to wait for a rare in-hospital 
case; and there is no need to apprehend the sanctions 
of an insurance company if “something goes wrong”. 

An opportunity to repeat the same clinical situation 
indefinite number of times is a very essential aspect of 
physician training as it is impossible to achieve with 
real-life patients. The standardization of terms and 
criteria for evaluation of task performance is the ad-
vantageous characteristic of virtual patient education 
technology, which is hardy achievable in a framework 
of teaching the clinical disciplines. The presence of 
real comprehensive results of instrumental studies in 

Karas S.I., Arzhanik M.B., Kara-Sal E.E.  e al. Virtual patients as the basis for problem-based learning of cardiologists
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the standardized formats (.dcm, .avi, .jpg, etc.) allows 
importing them into the computer models of treatment 
and diagnostic process, i.e. virtual patients. 

Pedagogic effectiveness of virtual patients is shown 
in a significant number of publications. There are not 
only the developed recommendations for their creation 
[14], but the certain proposals for the development of 
virtual patient-based clinical thinking skills [15]. The 
virtual cases, compared with the traditional medical 
records on paper, stimulate interaction between the 
trainees who are actively involved in the process. The 
branching trajectory makes virtual patient more rea- 
listic and useful for trainees, but it complicates the task 
and increases the frequency of mistakes [16]. All par-
ticipants of pedagogic process notice the prospects of 
virtual patients for the medical education, whereas the 
capabilities of distance learning and decision-making 
skill testing make this technology unique. 

The cost aspect of this educational technology 
is quite essential. The cost of development for each 
virtual patient case is one of the limiting factors for 
their widespread implementation in higher educa-
tion and constitutes at least $10,000–20,000 abroad 
[17]. Average prime cost of creating one virtual pa-
tient with a linear trajectory of demonstration in this  
project was less than $1,000 with one-year imple-
mentation period. 

The limitations of computer simulations in the 
clinical training include the absence of contact with 
patients and, as a consequence, the unawareness of 
patient psychological features and insufficient aware-
ness of other personal characteristics. Even without 
animation, this educational technology gamifying the 
learning process, which results in attenuation of es-
sential motivating factors and responsibility level of 
the trainees for their decision-making. 

Upon comparing expected advantages and disad-
vantages, one may consider the virtual patients an op-
timal educational technology in clinical disciplines in 
the distance and face-to-face electronic formats. 

The next step of ongoing project will be the deve- 
lopment of with branching structure.  It would simu-
late different variants of treatment and diagnostic pro-
cess with integrated rating system for the evaluation 
of trainee decisions. The informational basis for the 
clinical and diagnostic tasks will be the materials from 
virtual patients. In a framework of branching clinical 
and diagnostic tasks, there will be an opportunity for 
changing the trajectory of presenting information to 
the trainees. The interactivity of educational techno- 
logy will significantly expand and will consist in ma- 

king the step-by-step solutions affecting the choice of 
further trajectory for completing the task. 

Linear and branching multimedia models of the 
treatment and diagnostic process will be included in 
the repository of virtual patients with access for us-
ers in the form of Web-service. This resource will be-
come the factual basis for problem-based technology 
of distance learning and advanced medical training of 
physicians. 

CONCLUSION
The employed multimedia model of treatment and 

diagnostic process is designated for demonstration of 
complete cases of cardiovascular cases to the trainees 
along a liner trajectory. The interactivity of product 
is minimal and implies free choice of an information 
unit visit or (and) multimedia recording depending on 
the level of knowledge and interest of trainees. The 
software product complies with the technical design 
specification developed earlier. It passed the preli- 
minary testing of content quality, clinical and diag-
nostic information sufficiency, and friendliness of in-
formation presentation on screen forms and browsing 
trajectory of educational content. Web-access to the 
materials of virtual patient is technologically imple-
mented, which may be used for an in-person electron-
ic learning format and distance advanced professional 
training of physicians. 

As a result of the project competing, 50 virtual pa-
tients have been created to date for the higher medi-
cal education and postgraduate medical training. This 
database is hosted on the server at http://virtual.car-
dio-tomsk.ru as a component of factual basis for the 
problem-based learning technology and continuous 
medical education of physicians. 
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Еxtracellular matrix as a cellular information microenvironment 
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ABSTRACT

The article discusses modern ideas about the role of extracellular matrix (ECM) and cellular elements of connective 
tissue (CT) in tissue homeostasis in normal and pathological conditions. The works of recent years reflect a shift 
of interests concerning the study of many pathological processes, particularly carcinogenesis, to the state of the 
ECM and CT cells, which are considered as active components of the tissue that determine the processes of cellular 
proliferation, differentiation, migration, and apoptosis. The most important properties of the ECM attracting the 
attention of researchers include mechanotransduction, leading to the activation of cytoskeletal mechanisms and various 
cell signaling pathways; modeling of the effects of various cytokines, growth factors, and hormones; maintenance 
of the stem cell niches; influence on the emergence and course of the tumor process, in particular, formation of a 
cancerized field and premetastatic niches; and the epithelial-mesenchymal transition (EMT). Currently, CT cells 
are also an important object of study, in particular, fibroblasts, which are the main producers of ECM components. 
The attention of researchers is directed primarily to cancer-associated fibroblasts, the phenotype of which forms in 
the tissue long before the tumor appears. New knowledge about the role of ECM and CT cells in tissue homeostasis 
determines new approaches to treatment of many diseases, such as systemic sclerosis, tumors, etc.
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premetastatic niches.
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Экстрацеллюлярный матрикс как информационная клеточная микросреда

Наумова Л.А., Стародумова В.А.
Сургутский государственный университет (СурГУ) 
Россия, 628412, Ханты-Мансийский автономный округ – Югра, г. Сургут, ул. Ленина, 1

РЕЗЮМЕ

Рассматриваются современные представления о роли экстрацеллюлярного матрикса (ЭЦМ) и клеточных 
элементов соединительной ткани (СТ) в тканевом гомеостазе в норме и патологии. Работы последних лет 
отражают смещение интересов при исследовании многих патологических процессов, в частности опухо-
левого роста, в область состояния ЭЦМ и клеток СТ, которые рассматриваются как активные компоненты 
ткани, определяющие процессы пролиферации, дифференцировки клеток, миграции и апоптоза. К важней-
шим свойствам ЭЦМ, привлекающим внимание исследователей, относится механотрансдукция, ведущая к 
активации цитоскелетных механизмов и различных сигнальных клеточных путей; моделирование эффектов 
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цитокинов, факторов роста и гормонов; поддержание ниш стволовых клеток; влияние на возникновение и 
течение опухолевого процесса, в частности формирование опухолевого поля и преметастатических ниш, а 
также эпителио-мезенхимальный переход. Важным объектом исследования в настоящее время являются и 
клетки СТ, в частности фибробласты – основные продуценты компонентов ЭЦМ. Внимание исследовате-
лей привлекают, прежде всего, опухоль-ассоциированные фибробласты, фенотип которых формируется в 
ткани задолго до появления опухоли. Расширение представлений о роли ЭЦМ и клеточных элементов СТ 
в тканевом гомеостазе определяет новые подходы к лечению многих заболеваний – органных склерозов, 
опухолей и других. 

Ключевые слова: экстрацеллюлярный матрикс, эпителио-стромальные отношения и канцерогенез, фи-
бробласт, опухолевое поле, преметастатические ниши.
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INTRODUCTION
In recent years, ideas about extracellular matrix 

(ECM), which was previously considered mainly as 
a physical scaffold for cells and tissues, have changed 
significantly. Numerous studies confirm that the ECM 
is a physiologically active component of living cells 
and tissues that is responsible for the most important 
processes in them. The ECM (fibrous structures and the 
ground substance) along with various cellular elements 
(fibroblasts, macrophages, lymphocytes, mast cells, en-
dothelium of microvessels) belongs to the components 
of connective tissue (CT) that functions under normal 
and pathological conditions on the basis of the feed-
back and cooperative interaction of its cells with one 
another, ECM, blood cells, and organ parenchyma (or 
epithelium of the mucous membranes) [1–3].   

Due to communication between cellular elements 
and their microenvironment, which evolves during the 
development of tissues, a unique molecular compo-
sition of the ECM is formed, which has a powerful 
effect on the biochemical and biophysical processes 
in cells through adhesive contacts between cells and 
ECM proteins and determines the epithelial-stromal 
interactions [4].

The most important properties of the ECM that are 
attracting the attention of researchers at present in-
clude the mechanotransduction, which leads to the ac-
tivation of cytoskeletal mechanisms and various cell 
signaling pathways; modeling of the effects of various 
signaling molecules, which makes it possible to con-
sider the CT system as the most important information 

environment of the body [2]; maintenance of stem cell 
niches; influence on the emergence and course of the 
tumor process, in particular, formation of a cancer-
ized field and premetastatic niches; and the epithelial- 
mesenchymal transition (EMT). New knowledge 
about the role of the ECM and cell elements of CT 
in maintaining tissue homeostasis is essential for un-
derstanding the treatment strategy in many diseases, 
including the tumor process.

EXTRACELLULAR MATRIX AS A 
PHYSIOLOGICALLY ACTIVE COMPONENT 
OF THE LIVING TISSUE

ECM is a complex which has a three-dimension-
al composition represented by fibrous structures, or 
different types of collagens (28 types are currently 
known), and various proteins of the ground substance 
(glycoproteins and proteoglycans), which forms a cel-
lular microenvironment determining intercellular and 
cell-matrix adhesive contacts and is responsible  for 
cell polarity, phenotype, proliferation, migration, and 
intercellular communication processes [4–6].

ECM components are created and arranged by resi-
dent cells in accordance with the characteristics of the 
tissue. Thus, type I and V collagen predominate in the 
interstitial stroma and type IV collagen predominates 
in the basement membranes. The main producers of 
ECM components are fibroblasts, the most important 
CT cells [4, 7].

Being a network of proteins to which various sig-
naling molecules can bind, the ECM controls the most 
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important processes in living cells and tissues through 
modeling the effects of growth factors (GF), cytokines 
(CK), and hormones. At the same time, the ECM is a 
highly dynamic structure; it is constantly remodeled 
by matrix metalloproteinases (MMPs) with participa-
tion of their tissue inhibitors and various GFs [4, 7, 8].

Most post-translational modifications in the ECM 
are not encoded by DNA but are the result of phy- 
siological and pathological processes in the tissues. 
Factors of post-translational changes in the ECM in-
clude changes of MMP activity (during inflammation, 
fibrosis), nitrosylation and glycosylation of the ECM 
proteins, as well as cross-linking and isomerization, 
which significantly change the viscosity, elasticity, 
and rigidity of the ECM. Post-translational remo- 
deling of the ECM can be both a consequence of the 
pathological process, and a link in its pathogenesis, 
for example, in development of fibrosis and cancer. 
Therefore, the products of degradation of type II col-
lagen, which are formed during rheumatic diseases 
and enter the systemic circulation, acquire the pro- 
perties of signaling molecules [4], and endostatin that 
is produced from degradation of type XVIII collagen 
becomes the most powerful anti-angiogenic factor [7]. 

The main functional modifiers of the ECM include 
proteoglycans, or proteins containing glycosamino-
glycans (GAGs), which are covalently linked to them. 
GAGs are long, negatively charged repeating disac-
charide units that are represented by heparin sulfate, 
chondroitin/dermatan sulfate, hyaluronan, or keratan 
sulfate. Transmembrane proteoglycans (integrins, 
syndecans, discoidins), pericellular proteoglycans 
(perlecan, decorin, etc.), and extracellular proteogly-
cans (hyalectans and five classes of proteoglycans 
containing leucine, or small leucine-rich proteogly-
cans (SLRPs)) are distinguished [4]. 

Proteoglycans play a major role in transmission 
of signals from the ECM to the cell and are, in fact, 
cell receptors for the adhesive molecules of the ECM. 
They are responsible for the interaction of the cell 
with the microenvironment, or for intercellular and 
cell-matrix interactions, participate in tissue hydration 
and formation of collagen, modulate the effects of GF 
and CK, and influence cell proliferation, cell adhe-
sion, reparative processes, and tumor growth [4, 7, 8].

Laminin and fibronectin are among the most im-
portant glycoproteins of the ECM. Laminin is a 
three-dimensional glycoprotein consisting of ɑ, β, and 
γ-chains. It can form up to 60 unique laminins, but 
only 16 combinations are currently known. Due to in-
tegrin binding, laminins are able to create a dynamic 

connection between the cell and the ECM. Fibronectin 
as a multi-domain protein provides mechanosensitive 
interaction between the cell and the ECM and forma-
tion of the fibrillar network [4].  

Thus, protein molecules of the ECM are consi- 
dered as paracrine signaling molecules, which, along 
with GFs, CK, and hormones, have a profound effect 
on tissue homeostasis.

MECHANICAL PROPERTIES  
OF THE EXTRACELLULAR MATRIX

A cell cannot exist or undergo proliferation and 
differentiation without its mechanical environment. 
The cells assess the stiffness of their microenviron-
ment using lamellopodia and universal transmem-
brane proteins of the ECM: integrins and syndecans. 
Integrins, which are the main mechanosensors of the 
cell, bind to fibronectin, laminin, and collagens of the 
ECM through various combinations of their heterodi-
mers. On the other hand, they bind to the intracellular 
actin cytoskeleton through vinculin, talin, and other 
proteins, mechanically integrating extracellular and 
intracellular compartments. Recognition of the me-
chanical properties of the microenvironment by a cell 
and its reaction to the biophysical properties of the 
ECM are called mechanotransduction [4, 9].

Conformational changes in the integrin cytoplas-
mic domains lead to activation of several cell signa- 
ling pathways associated with the activity of kinas-
es and phosphatases, in particular, mitogen-activated 
proteinkinases (MAPs) and guanosine triphosphate 
phosphatases (Rho GTPase). The association of syn-
decans with fibronectin leads to synergy of the effects 
of integrin and syndecan with respect to the activation 
of signaling cascades through focal adhesion kinase 
(FAK) and subsequent stabilization of the focal ad-
hesion complex. Tissue cells have diverse receptors 
for various components of the ECM [4, 6, 10]. Thus, 
CD34 is a receptor for hyaluronan, 67kDa-laminin is 
the receptor for laminin, and discoidin domain recep-
tor (DDRs) is the receptor for collagen [4, 5, 11].

The mechanosensitivity of adhesion complexes 
formed by integrins and syndecans is currently an area 
of active research, yet much remains to be learned 
about the pathways providing ECM-mediated cellular 
responses [4, 7, 9].  

To transmit external information, biochemical and 
biophysical repeaters work together. It is assumed that 
simultaneous interaction of thousands of intregrin re-
ceptors with binding sites in networks of anisotropic 
ECM allows cells to have a topological description 
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of the chemical and mechanical properties of the mi-
croenvironment, with subsequent conversion of this 
information into intracellular signals generating ap-
propriate cellular responses, such as position, cell po-
larity, differentiation, growth, protein synthesis, and 
regulation of energy processes [9]. One striking exam-
ple of a mechanosensitive genetic regulator is a pair 
of transcriptional coactivators: the yes-associated pro-
tein (YAP) and the transcriptional coactivator with the 
PDZ-binding motif (TAZ). The role that YAP/TAZ 
(which are proto-oncogenic transcriptional regulators) 
play in cellular processes reflects the importance of 
mechanotransduction both in normal conditions (re-
generative processes) and in pathology, in particular, 
in the development of fibrosis and cancer [4, 7, 12].

It was found that during cultivation, the differenti-
ation of mesenchymal stem cells (MSCs) into osteo-
cytes, myocytes, or neurons depends on the elasticity 
of collagen matrices, i.e., mechanotransduction. When 
blocking myosin II, a key molecule of mechanotrans-
duction signaling pathways, MSCs become insensi-
tive to ECM elasticity and its effect on differentiation 
processes. The composition of the ECM, or the ad-
hesion gradient (haptotaxis), is a coordinated process  
between adhesion and anti-adhesion which significant-
ly affects the rate of cell migration. Thus, pronounced 
migration of fibroblasts is observed during cultivation 
on fibronectin, and it is absent during cultivation on a 
mixture of fibronectin/laminin or laminin  [4]. 

In fact, the ECM exhibits a dynamic plan of cell 
development, which is best reflected by the pheno- 
mena of branching, budding and formation of tubular 
structures during embryogenesis [4].

Therefore, spatial orientation of cells and tissue 
homeostasis as a whole are determined by mechano-
transduction or biophysical signals from the ECM, 
which are transformed into biochemical signals reg-
ulating gene transcription in the cell. Dysregulation 
of ECM remodeling, in particular, during the forma-
tion of fibrosis, significantly changes the fate of cells 
and leads to development of various diseases, such as  
disorders of the cardiovascular and musculoskeletal 
systems and tumor growth [4, 8, 9, 11].

EXTRACELLULAR MATRIX IN THE 
MAINTENANCE OF STEM CELL NICHES

The most important property of ECM is maintenance 
of stem cell niches [4, 13]. A niche is formed by an en-
semble of stromal cells and components of the ECM 
produced by them. A niche is characterized primarily 
by spatial organization and provides intercellular and 

cell-matrix interactions necessary for implementation 
of appropriate differentiation of embryonic stem cells, 
which give rise to various cell lines, or somatic stem 
cells, which are necessary for tissue repair [14].

Maintaining stem cell niches is crucial for normal 
functioning of the epithelial tissues which belong to 
the border tissues of the body and are characterized 
not only by high intensity of physiological regenera-
tion, but also by high frequency of damage and inten-
sive reparative regeneration [3, 13, 14]. At the same 
time, in tissues which cells were previously consi- 
dered post-mitotic, a low level of cell renewal is main-
tained throughout life due to stem cells niches [14]. 

A niche is represented by stem cells, their progeny 
and specific niche ECM. The niche provides integra-
tion of various signals received by stem cells (auto-
crine, paracrine, systemic, and cell-matrix signals) 
through adhesion and mechanotransduction receptors, 
which allows to coordinate the responses of stem cells 
to changing tissue needs. Stromal cells, in particular 
fibroblasts, play an essential role in maintaining ni- 
ches of resident stem cells through activation of Wnt, 
Notch, and BMP signaling pathways [13]. 

The methodology for preservation of stem cell 
niches proves that adhesion to the basement mem-
brane alone is insufficient for their maintenance; the 
proliferative capability of cells is related to their spa-
tial location and the influence of mechanical force, in 
particular rotational force which ensures the mitotic 
spindle orientation during the final phase of the cell 
cycle [15]. The function of many stem cells decrea- 
ses during life, which may underlie aging of the body 
[14], as well as formation of various types of patho- 
logy. Thus, it was found that the development of ha-
bitual miscarriages is largely associated with aging of 
endometrial stem cell niches [16].

Progress in understanding the principles of stem 
cell niche existence (identification of niche factors and 
signaling pathways) can be of great importance for re-
generative medicine and tissue engineering [13, 14]. 
Although some intercellular and cell-matrix interac-
tions in the niches of resident stem cells are well-stu- 
died (such as stem cell niches of the skin, intestines, 
hair follicles, mammary gland, and nerve trunks), 
many components of stem cell niches are still under-
studied. [14]. So, the question of cell dedifferentiation 
or regress of differentiated cells to a less differentiated 
state within their cell line with loss of stem cell niches 
in this tissue for implementation of the reparative pro-
cesses (in particular, in the gastric mucosa) remains 
relevant [13].  
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EXTRACELLULAR MATRIX AND 
EPITHELIAL-MESENCHYMAL TRANSITION

The most striking example of the influence of 
the physicochemical properties of ECM on the phe-
notype and behavior of cells is the epithelial-mesen-
chymal transition (EMT), or the trans-differentiation 
phenomenon, when epithelial cells acquire a mobile 
fibroblastoid/ mesenchymal phenotype. The EMT 
program, along with the endothelial-mesenchymal 
transition (EndMT), revealed commonality of mech-
anisms working both in embryogenesis and wound 
healing, and in carcinogenesis, in particular during the 
formation of cancer stem cells and at the stage of in-
vasive tumor growth  [8, 17–19].  

Activation and expression of transcription fac-
tors causing EMT occur through various signaling 
pathways, such as the Wnt-pathway, Sonic Hedge-
hog (Shh), Notch, and others, which can be triggered 
by different GFs (transforming growth factor beta 
(TGFβ), bone morphogenetic protein (BMP ), epi-
dermal growth factor (EGF), fibroblast growth factor 
(FGF), insulin-like growth factor 1 (IGF1), hepatocyte 
growth factor (HGF), platelet growth factor (PDGF)), 
signals from the ECM, and effects of hypoxia. Cells 
can integrate certain signals differently or respond to 
extracellular molecules with different sensitivity, de-
pending on their state and microenvironment [18].

EMT is associated with loss of the apiсal-basal 
polarity in epithelial cells, tight intercellular contacts 
involving adhesive molecules (claudins, occludin, 
E-cadherin), which ensure the formation of an epithe-
lial layer that is located on the basement membrane 
normally represented by type IV collagen and laminin, 
as well as by loss of expression of epithelial markers – 
cytokeratins. Epithelial cells acquire a fibroblastoid or 
mesenchymal phenotype due to the loss of intercellu-
lar contacts and a change in cell polarity. The ECM 
composition changes in parallel; fibronectin, N-cad-
herin, type I and III collagens begin to prevail, and the 
cells that have already changed their phenotype begin 
to express mesenchymal markers, such as vimentin, 
fibroblast-specific protein-1 (FSP-1), and ɑ-smooth 
muscle actin (ɑ-SMA). The acquired mobile mesen-
chymal phenotype allows the cells to invade through 
the basal layer with subsequent migration along the 
secreted fibronectin matrix [17, 18].

It is possible that EMT and reverse mesenchy-
mal-epithelial transition (MET) exist as binary states 
of the cell. The flexible nature of the epithelial/mes-
enchymal state makes this process difficult to observe 
[18].

During EMT, the amount of type I and III collagen 
drastically increases in the ECM. Placing epithelial 
cells on matrices containing these types of collagen 
can induce EMT through various signaling pathways. 
The pathways of signal transmission also induce the 
expression of genes encoding MMP-2 and MMP-9 
which cleave type IV collagen in the basal plate, facil-
itating tumor invasion [8, 18, 19].

As the composition of the ECM changes, the num-
ber of integrins on the cell surface increases, which 
contributes to the progression of EMT. Binding of 
latent TGFβ to integrins aVb6 and aVb8 induces pro-
teolytic release of latent associated peptide (LAP) and 
activation of TGFβ. In response to TGFβ signaling, 
synthesis of type I collagen and fibronectin increas-
es, which makes an additional contribution to EMT. 
Therefore, local accumulation of TGFβ is associated 
with the risk of initiating tumor growth through the 
development of EMT, while a decrease in the ex-
pression of TGFβ weakens EMT, invasion and tumor 
transformation itself. 

Type I collagen, in turn, causes phosphorylation of 
IkB (inhibitor of kB) via integrin-linked kinase (ILK), 
leading to an increase in the amount of NF-κB local-
ized in the nuclear region (kappa B nuclear transcrip-
tion factor), which stimulates expression of Snail1 
and lymphoid enhancer-binding factor-1 (LEF1) and 
induces EMT. An increase in the amount of type I 
collagen also activates the JNK pathway, the pharma-
cological inhibition of which cancels collagen-medi-
ated migration and metastasis of breast cancer cells. 
The interaction of integrin b1 subunits with type I 
collagen in ECM correlates with direct suppression 
of E-cadherin and induction of N-cadherin [18, 19]. 
ECM remodeling not only changes the types of matrix 
proteins that interact with the cell membrane, but also 
affects the environment of soluble cytokines that pro-
mote EMT [18].

EMT precedes the emergence of stem cell proper-
ties in tumor cells [17, 20], which represent a small 
part of tumor cells capable of self-renewing, generating  
heterogeneity of the tumor cell population, metastasi- 
zing [21–23], and generating secondary tumors [24].

THE IMPORTANCE OF DYSREGULATION OF 
EXTRACELLULAR MATRIX MOLECULES IN 
THE DEVELOPMENT AND PROGRESSION OF 
CANCER

Modern ideas about carcinogenesis are shifting 
towards the crucial role of the ECM in this process, 
forming the cellular microenvironment and actively 
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regulating cell proliferation, adhesion, migration, and 
apoptosis [4, 18, 25–27]. The effect of ECM on cell 
differentiation has been proven, in particular, by re-
turn of the breast tumor cells to a normal phenotype 
during their culture on a basement membrane created 
on the basis of 3D substrates coated with antibodies 
blocking β1-integrin [4].

The main components of ECM interacting with 
tumor cells include fibronectin, laminin, collagen, 
proteoglycans, and glycosaminoglycans, in parti- 
cular hyaluronic acid (HA). HA plays a crucial role 
in determining the compression properties of most 
tissues, participates in constant remodeling of ECM 
during embryogenesis and repair through interaction 
with cells of the immune system, is involved in tumor 
angiogenesis, and is an important modulator of the 
behavior of various cells in the tumor microenviron-
ment [27]. HA is both a signal inducer for EMT and a 
substrate for cell migration; therefore, a change in the 
concentration of HA in some tissues (breast, prostate 
gland) is considered as a predictor of malignancy [4, 
8, 27].

The formation of the HA-CD44 complex causes 
activation of the RhoGTPase signaling, leading to 
structural changes in actin assembly, cytoskeleton re-
organization, transcription activation, growth of tumor 
cells, their migration and invasion, and disruption of 
the endothelial barrier. Many exact mechanisms of the 
effect of HA on immune cells are not known yet, but 
this interaction can both stimulate tumor angiogenesis 
and inhibit tumor growth through the induction of ac-
tive immunity. One of the effects of the HA-CD44 sig-
naling is involvement of β-catenin, the main protein of 
the Wnt-signaling pathway that controls cell polarity, 
proliferation, and a number of angiogenesis factors, 
such as VEGF-A97 and Il-898. The development of 
anti-angiogenic tumor therapy is based on the study of 
these mechanisms; moreover, such therapy is more ef-
fective in combination with ɑ-interferon and chemical 
inhibitors of HA synthesis [27].

The most important role in tumor-stroma inte- 
raction is attributed to cancer-associated fibroblasts 
(CAFs), which are a heterogeneous cell population 
formed from various cells, including resident stromal 
fibroblasts, endothelial and smooth muscle cells, adi-
pocytes, and vascular pericytes [28–30]. It is possible 
that the source of CAFs can also be epithelial cells that 
underwent EMT [30]. An important role in the forma-
tion of CAFs is assigned to bone marrow stromal cells 
recruited into the tumor microenvironment under the 
effect of chemokines secreted by tumor cells (CCL12, 

CCL16, etc.) and giving rise to MSCs [28, 29, 31].
Cross-talks between tumor epithelial cells and 

CAFs are formed by means of exosomes, extracellular 
vesicles from 30 to 100 nm in diameter, which are re-
leased by cells into the intercellular space and transmit 
information due to diverse biomolecules contained in 
them, such as proteins, DNA fragments, lipids, va- 
rious GFs, miRNAs, and proteolytic enzymes [8, 17, 
30, 32]. Exosome exchange determines the change in 
the spectrum of genes expressed by fibroblasts, the 
VCAM-1 integrin ɑ4 signaling pathway is activated, 
the level of fibronectin in the ECM is increased, and 
the expression of VCAM-1 receptors in endothelio-
cytes is enhanced [17]. CAFs begin to secrete va- 
rious CKs (TGFβ, CCL-10, CCL-5, etc.) that model 
the behavior of both immune cells (macrophages, lym-
phocytes) and tumors [17, 30, 33]. For example, CD9 
positive fibroblast exosomes in scirrhous gastric can-
cer stimulate the migration and invasion of tumor cells 
associated with increased expression of MMP-2 [32]. 

Thus, CAFs begin to play an active role in tumor 
progression and metastasis, causing loss of E-cadhe- 
rin expression and development of EMT [34]. During 
angiogenesis, formation of the immune status of the 
tumor microenvironment, and development of drug 
resistance, they become the main cells in the tumor 
stroma and can be important therapeutic targets [29–
31, 33].

Moreover, in recent years it has been shown that 
changes in the stroma and the emergence of a CAFs-
like fibroblast phenotype can precede the formation 
of a tumor, or the appearance of malignant epitheli-
al cells. CAFs-secreted factors increase proliferative 
activity and mutagenesis in epithelial cells, activate 
angiogenesis, disrupt intercellular adhesion contacts, 
and suppress apoptosis, initiating a malignant pheno-
type in morphologically and genotypically normal ep-
ithelial cells [30].

It was found that CAFs-like fibroblasts are cha- 
racterized by a decrease in the expression of CD36 
(glycoprotein expressed on the surface of most cells) 
associated with high production of collagen and fi-
bronectin [30]. Such CAFs-like fibroblasts were 
obtained, in particular, from healthy women with 
increased mammographic density; compared with fi-
broblasts obtained from women with low breast den-
sity, they were characterized by a pronounced ability 
to form desmoplasia [35]. With precancerous changes 
in the stroma, a decrease in the expression of CD36 
and impairment of their functional state are observed 
in different stromal cells (adipocytes, fibroblasts, en-
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dotheliocytes, immune cells). Thus, suppression of 
CD36 in endotheliocytes is accompanied by an in-
crease in the angiogenesis; in preadipocytes, suppres-
sion of CD36 is associated with impairment of their 
differentiation into adipocytes; and in immune cells, it 
is accompanied by an increase in the population of M2 
macrophages [30].   

Repression of CD36 is associated with epigene-
tic changes, such as DNA methylation, modification 
of histones and nucleosome structure, or changes in 
miRNA expression, leading to a change in gene ex-
pression typical of CAFs [30, 36]. The phenotype 
of CAFs is associated with dysregulation of various 
signaling pathways, such as TGFβ, BMP, Wnt, Sonic 
hedgehog (Shh), PDGF, and some others [30].

Immune modulation and the development of in-
flammation caused by CAFs are considered as one of 
the mechanisms contributing to the growth and me-
tastasis of the tumor. The immunosuppressive effect 
of CAFs in the tumor microenvironment is mediated 
by the activation of glycoprotein Chitinase 3Like1 
(Chi3l1) in them, which determines the ability of fi-
broblasts to control the behavior of the tumor and its 
pro-inflammatory and immune environment and pro-
motes tumor growth and a shift in the balance of the 
immune system to type 2 immunity [33]. 

CAFs can be the main cellular component of the 
tumor stroma and the main source of connective tissue 
components in ECM and various classes of proteolytic 
enzymes. Thus, in breast and pancreatic cancer, CAFs 
can make up to 80% of the tumor mass, causing pro-
nounced desmoplasia [8, 30].

With an increase in the mass of tumor cells, their 
tissue microenvironment begins to experience the so-
called solid stress, which causes compression of the 
blood and lymph vessels, deformation of healthy tis-
sues and an increase in its resistance, which, in turn, 
causes solid stress in the tumor cells, leading to a 
change in gene expression and an increase in the rate 
of tumor cell proliferation and migration. The micro-
vascular compression in the tumor area also results in 
a decrease in the effectiveness of chemotherapy and 
immunotherapy [4, 8].

Severe desmoplasia in pancreatic cancer is associ-
ated with the activation of stellate myofibroblast-like 
cells accompanied by an increase in the mechanical 
density of the microenvironment, that reflects the for-
mation of positive feedback. Lysyl oxidase (LOX) se-
creted by tumor cells is responsible for cross-linking 
of collagen and elastin and an increase in the ECM ri-
gidity, which leads to activation of integrins and a rise 

in Rho-generated tension in the cell and its facilitated 
movement along thickened and straightened collagen. 

Inactivation of the ability of the stellate cells to re-
model the ECM prevents mechanical release of TGFβ 
from its latent form. Persistent tumor rigidity induces 
high expression of TGFβ and EMT. Solid stress en-
hances hypoxia in the tumor cells, their proliferative 
activity, and resistance to chemotherapy. Inactiva-
tion of mechanosensory and remodeling ability of the 
stellate cells may be one of the areas in the treatment 
strategy. As such, all-trans retinoic acid suppresses the 
mechanosensitivity of stellate cells by decreasing the 
contractility of actomyosin (MLC-2), which disables 
the positive feedback between the increased ECM ri-
gidity and stellate cell activation, resulting in reduced 
fibrosis and invasiveness of tumor cells [4].

The modulating effect on the tumor microenvi-
ronment is exerted by various ECM components and 
stromal cells (macrophages, dendritic cells, various 
populations of lymphocytes). So, an increase in the 
number of cancer-associated macrophages in the tu-
mor microenvironment leads to an increase of the syn-
thesis of type I, VI, and XIV collagen by fibroblasts. 
By modeling the activity of MMPs, it is accompanied 
by deposition, cross-linking, and straightening of col-
lagen fibers, which facilitates the invasion of tumor 
cells [37]. Mast cells also affect remodeling of ECM, 
invasion and metastasis of tumor cells, and angioge- 
nesis via neutral proteases (chymases, tryptases) se-
creted by them, which change the activity of MMPs,  
secretion of histamine, heparin, various growth factors 
(VEGF, FGF, TGFβ), tumor necrosis factor (TNF-α), 
and individual interleukins (IL-1, IL-6, IL-8) [38]. 

Therefore, tumor cells change the microenviron-
ment in which they grow, interacting with cells of 
CT and ECM, and vice versa, which can cause both 
favorable conditions for tumor growth, invasion, and 
metastasis, and unfavorable conditions, in particular 
through activation of the immunity. Findings of re-
cent studies drastically contrast with historically es-
tablished ideas about the initiation of tumor growth in 
epithelial cells due to their mutations. In some types 
of cancer, the stroma goes beyond the role of a me-
diator in the tumor process. The changes in the sig-
nal and transcriptional program of stromal cells can 
precede (or act independently of) changes in epithelial 
cells and actually act as a driver of the tumor process 
[25, 27, 30, 35], that dramatically shifts the focus of 
the treatment strategy towards returning the original 
phenotype to the stromal elements. Such therapy can 
be aimed at removing CAFs by interfering with their  
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survival or normalizing their phenotype through 
pro-tumorigenic signal management [20, 30].

EXTRACELLULAR MATRIX AND FIELD 
CANCERIZATION

The concept of field cancerization formulated by 
R. Willis back in 1953 and actively developed at the 
present time is closely related with the system of CT, 
its cellular composition, the nature of the ECM, the 
spectrum of signaling molecules, and the activity of 
MMPs [39–43]. The main provisions of the concept 
are well confirmed in practice and include non-in-
stantaneity of transformation; mosaic histological 
picture; tumor growth both due to transformation of 
cells entering the field zone and tumor proliferation; 
relapses caused not so much by non-radical treat-
ment, but by maintaining this field or forming a new 
one with the emergence of a tumor according to the 
same laws [39, 44].   

Zones of dysplasia and formation of blood vessels 
are considered as the first signs of field cancerization, 
while the size of the field can occupy both a part of 
the organ and extend to the entire organ. According 
to some authors, the field is associated with genetic 
and epigenetic lesions of the epithelium bordering 
the tumor growth zone [45–47], while others believe 
that the formation of the field is associated with the 
expression patterns of proteases and their inhibi-
tors, inflammatory mediators, and immune signaling  
molecules. Big importance is attributed to the present 
macrophage line, accumulation of Treg lymphocytes 
[40–43], and the metabolic and hormonal status in the 
peritumoral zone [48].  

The theory of field cancerization is constantly 
revised and updated and generally based on com-
plex interaction between stromal and tumor cells by 
means of various signaling molecules changing the 
microenvironment of the tumor (GFs, CK, chemok-
ines). Recently, great importance has been attributed 
to impairment of the regulatory role of miRNAs in-
volved in posttranscriptional regulation of genes [34, 
43]. So, in gastric cancer, an increase in the activity 
of some miRNAs (hsa-miR-10a, hsa-miR-483; hsa-
miR-664a), which regulate cancer suppressor genes 
APC, RUNX1, PTEN, TP53, etc., is observed, which, 
in turn, is a consequence of chronic inflammation de-
veloping in the peritumoral zone [47].

A manifestation of field cancerization is evolution 
of somatic cells, as a result of which they acquire in-
dividual phenotypic characteristics (focal hyperplasia, 
metaplasia, dysplasia), which do not yet fully corre-

spond to the tumor phenotype. The basis of this evolu-
tion is pro-oncogenic mutations which determine the 
formation of a mutant clone growing with formation 
of fields of cells predisposed to progression of changes 
to tumor cells; the cellular microenvironment plays a 
crucial role [43, 46]. In this context, precancerous di- 
seases characterized by an increased risk of develop-
ing a tumor are an example of field cancerization [43, 
46]. This is best illustrated by such precancerous dis-
eases as Barrett’s esophagus, prostatic intraepithelial 
neoplasia, and ductal carcinoma in situ in the breast, 
reflecting the growth of mutant cell lines evolving 
along the way to cancer [43].    

An indirect indicator of field evolution or a high 
risk of tumor transformation is genetic or clonal di-
versity of cells within the field. The existence of field 
cancerization raises a number of practically important 
questions. Is medical modification of field canceriza-
tion possible, for example, the use of non-steroidal 
anti-inflammatory drugs that reduce the frequency of 
mutations in Barrett’s esophagus or aspirin and 5-ami-
nosalicylates in inflammatory bowel diseases, to pre-
vent colorectal cancer? In addition, the effectiveness 
of treatment within the tumor field in precancerous 
diseases has been proven with respect to squamous 
cell carcinoma of the skin [46]. Is it necessary to re-
move the tumor field, which causes the risk of meta-
chronous tumors, simultaneously with the tumor? Be-
sides, the question of methods for visualizing the field 
(dysplastic lesions) during surgery also arises [43].    

EXTRACELLULAR MATRIX IN THE 
FORMATION OF PREMETASTATIC NICHES

In recent years, ideas about the interaction between 
the tumor and the ECM during its progression and me-
tastasis have significantly evolved. It has been shown 
that primary tumors have the ability to induce at a 
distance such microenvironment that will support the 
growth of tumor cells that have entered it. This new 
microenvironment formed away from the primary tu-
mor site is called a premetastatic niche (PMN) [4, 49, 
50]. Tumor cells entering the bloodstream from the 
primary focus die in large numbers, and only a part 
of them are able to survive and progress, being in the 
PMN [8, 49].

Tumor-derived secreted factors (TDSFs) and tu-
mor exosomes, as well as stromal, immune cells and 
bone marrow-derived cells, through complex intercel-
lular communication, determine the development of 
processes in niches, such as matrix remodeling, angio-
genesis, immunosuppression, organotropism, and the 
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nature of biomarkers expressed by niche cells  [4, 49].  
It is assumed that remodeling of the ECM (accu-

mulation of fibronectin, cross-linking of collagen us-
ing LOX) in the PMN occurs before tumor cells from 
the primary focus migrate into them, and then tumor 
cells that enter the vessels accumulate in the niches, 
that are characterized by higher tissue rigidity (this 
process is known as durotaxis) [4, 49]. An important 
role in ECM modification also belongs to prolyl 4-hy-
droxylase (P4HA), the expression of which increases 
under the effect of hypoxia and / or TGFβ and which 
causes deposition of high-stability collagen. 

Fibronectin and hyaluronan in the ECM determine 
directional migration and increase the metabolic ac-
tivity in the tumor cells. Fibronectin also promotes 
recruitment of bone marrow monocytes that turn into 
macrophages expressing VEGFR1. Neutrophils ap-
pearing in PMN due to leukotriene signaling (in par-
ticular, in lung PMN) also participate in the formation 
of an immunosuppressive environment by inhibiting 
CD8 + T-lymphocytes [49].

Many mechanisms of PMN formation are still not 
clear, in particular, the mechanism of metastatic tro-
pism to certain organs, although recent studies have 
shown that tumor exosomes have specific integrin 
expression patterns that determine organotropism. 
Exosome proteomics revealed that ос6β4 and ɑ6β1 
exosomal integrins are closely associated with lung 
metastasis, and ɑvβ5 exosomal integrins are closely 
associated with liver metastasis. Targeted removal of 
these integrins reduces the absorption of exosomes by 
resident tissue cells and decreases metastasis to the 
lungs and liver [4].

It is assumed that cancer treatment can become 
more effective when it is targeted to various mecha-
nisms of metastasis, in particular to the exosome-me-
diated mechanism. Exosomes can probably be used 
as a means of drug delivery to tumor cells, but many 
functions and mechanisms of exosome exchange have 
to be studied [4, 49, 50].

CONCLUSION
Thus, the works of recent years reflect a shift in 

the study of many pathological processes, in parti- 
cular, tumor growth, to the area of the ECM state and 
CT cellular elements. The extracellular matrix and CT 
cells, primarily fibroblasts, are considered as active 
tissue components that determine cell proliferation, 
differentiation, migration, and apoptosis, as well as 
progression and metastasis of tumors, and initiation 
of tumor growth. 

In recent years, the tissue (as well as its constituent 
elements) has been considered as a integrated struc-
ture, which is more than a simple sum of its constitu-
ents. The unique properties of the tissue arise from the 
collective behavior of its constituent components, and 
the architectural (structural), temporal, and dynamic 
aspects of tissue existence are integrated through feed-
back loops, which is clearly reflected in the formation 
of a cancerized field [30]. This understanding of the 
tissue, in particular cell-matrix interactions, defines a 
completely new treatment strategy in many diseases, 
including cancer.
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РЕЗЮМЕ

Цель: анализ известных маркеров пролиферации, апоптоза, аутофагии и ангиогенеза в патогенезе пищево-
да Барретта и аденокарциномы пищевода для улучшения качества диагностики и лечения.

Материалы и методы. Анализ доступной литературы российских и зарубежных авторов.

Заключение. Структурированы данные по известным маркерам, которые в дальнейшем планируется вне-
дрить в клиническую практику при диагностике и лечении пищевода Барретта и аденокарциномы пищево-
да на разных стадиях развития заболеваний.
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INTRODUCTION
Barrett’s esophagus is a pathological condition 

in which, under the influence of refluxate (stomach 
contents: hydrochloric acid, digestive enzymes, bile  
acids), the non-keratinizing squamous epithelium of 
the distal esophagus is replaced with specialized co-
lumnar epithelium with goblet cells, with the formation 
of areas with metaplasia and epithelial dysplasia. Ac-
cording to different authors, the frequency of Barrett’s 
esophagus (BE) in the population is 2.4–4% and is a 
“precancerous disease”, therefore, the problem of di-
agnosis, early detection of BE and monitoring of these 
patients is extremely important due to the high risk 
of malignization. In turn, esophageal cancer accounts 
for 3% and ranks 6th in the structure of all malignant 
diseases and is the third most common type of tumor 
of the gastrointestinal tract (after cancer of the sto- 
mach and rectum) [1]. The neoplastic progression of 
BE is expressed by the appearance of areas of metapla-
sia andan increase in the degree of epithelial dysplasia 
(low-grade dysplasia – high-grade dysplasia) [2–4]. 
With the continued effect of refluxate on the esopha-
geal mucosa, in the absence of treatment, esophageal 
adenocarcinoma (EAC) develops. It is rarely detect-
ed in the initial stages of the disease due to the late 
onset of clinical symptoms which include pain syn-
drome (which, in clinical practice, is often perceived 

as a manifestation of other pathological conditions/di- 
seases of the cardiovascular or bronchopulmonary sys-
tems), dysphagia, and respiratory issues in the form of 
a paroxysmal dry cough, and aggravation after eating 
and in the supine position. In this regard, the possibi- 
lity of surgical treatment at the time of diagnosis usu-
ally does not exceed 50% [4]. The incidence of EAC 
against the background of BE is steadily increasing, 
amounting to up to 5% of patients with BE per year, 
while the five-year survival rate of patients with EAC 
is extremely low and, according to various sources, is 
no more than 15% [1, 2, 4]. Predicting malignization, 
a clear definition of markers will make it possible to 
track the course of BE, predict the transition to EAC, 
and, accordingly, facilitate early detection and timely 
treatment of this pathology.

The search for appropriate markers for the diag-
nosis of PB is inseparable from the pathogenesis of 
the disease. The pathogenesis of BE is not well under-
stood. Metaplasia is considered a consequence of the 
long-term gastroesophageal reflux disease (GERD), 
in which there is constant contact of aggressive reflux 
factors with the stratified squamous epithelium of the 
esophagus.

The main risk factors are male gender, age over 
50, clinical symptoms of GERD. Additional factors 
include Caucasian race, hiatal hernia, obesity (abdom-
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inal type), smoking, family medical history and gene- 
tic predisposition.

Considering the above, it can be assumed that BE is 
a stage in the development of EAC. The reasons trig-
gering the development of metaplasia and dysplasia, 
as well as the molecular mechanisms of the pathogen-
esis of these conditions, are still poorly understood. 
There are several theories of the BE development, and 
discussions continue regarding the mechanisms of the 
pathogenesis of this pathology.

It is known that in the presence of acid reflux, the 
flat non-keratinizing epithelium in the damaged mu-
cous membrane of the esophagus is replaced by meta-
plastic columnar epithelium [2] (Fig. 1–4).

However, daily intraesophageal monitoring of pH 
and bilirubin revealed that mixed acid-biliary reflux 
predominates in up to 90% of patients with BE, which 
causes more severe damage to membranes and inter-
cellular contacts due to the synergistic effect of hydro-
chloric acid, gastric acid enzymes and bile acid con-
jugates [4]. Conjugated lipophilic bile acids increase 
the permeability of apical cell membranes, thereby 
facilitating the diffusion of hydrogen protons into the 
tissue, which ultimately has the main damaging effect. 
Damage to the cells of the surface layer of the epi-
thelium stimulates the regeneration and compensatory 
thickening of the epithelial layer under the influence 
of the epidermal growth factor, which leads to an in-
crease in the length of the proliferation zone, the for-

Fig. 1. The esophagus of a healthy person. Stained with 
hematoxylin and eosin, ×200

Fig. 2. The area of transition of the esophagus into the stomach 
in a healthy person. Stained with hematoxylin and eosin,  

×200

Fig. 3 The mucous membrane of the distal esophagus of 
a patient diagnosed with BE. Metaplastic type of mucous 

membrane. Stained with hematoxylin and eosin, ×200

Fig. 4. The mucous membrane of the distal esophagus of 
a patient diagnosed with BE. Metaplastic type of mucous 

membrane. Kreiberg mucin staining, ×200 
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mation and elongation of the papillae of the proper 
plate of the esophageal mucosa [6, 7]. At this time, the 
stem cells of the basal layer at the height of the papil-
lae are exposed to acid, enzymes and bile acids. In 
this regard, the basal epithelial progenitor cell, being 
pluripotent, can differentiate not into a flat, but into 
a cylindrical epithelium that is more resistant to the 
influence of refluxate components (a “defense mecha-
nism” against the action of aggressive reflux factors).

There are other theories of the mechanism of Bar-
rett’s metaplasia development. One of the first hy-
potheses for the development of BE, which consisted 
of the ascending migration of gastric epithelial cells 
from the esophageal-gastric junction as a reparative 
mechanism for replacing damaged acid and other 
components of esophageal mucosa refluxate, has by 
now yielded to the point of view that PB de novo de-
velops from cells inherent in the esophagus and not 
migrating from the stomach [4].

According to modern concepts, factors in the for-
mation of a malignant neoplasm include the ability 
of carcinogenic agents to cause damage to the cell 
genome. Malignant progression of any localization 
is characterized by an increase in proliferation and 
a decrease in apoptosis [8]. The esophagus is no ex-
ception in this regard. Neoplastic progression occurs 
in patients with acquired genetic instability, in which 
pathological clones of cells appear, in which aneuploi-
dy is determined, which allows us to consider aneu-
ploidy in PB as a marker of a high risk of malignant 
progression [9].

The progression of BE also affects the barrier 
function of the esophageal epithelium. Dysregulation 
of the complex of molecules of E-cadherin and β-ca- 
tenin, which are responsible for cell adhesion, and 
a decrease in their expression on the cell membrane 
occurs at the late stages of dysplasia development. In 
Barrett’s esophagus, a decrease in the expression of 
E-cadherin and β-catenin is observed with an increase 
in dysplasia [10]. Moreover, the more the expression 
of these proteins is reduced, the worse the prognosis 
in EAC is.

With an increase in the expression of cyclooxygen-
ase-2, cell adhesion decreases, angiogenesis and pro-
liferation increase, and apoptosis decreases [11].

Another potential point of studying the progression 
of BE in EAC is the expression of a marker such as 
maspin. Research in this area has shown that lesions 
of each pathological grade can be divided into sub-
types that show different patterns of the subcellular 
distribution of maspin, including nuclear only (Nuc), 

combined nuclear and cytoplasmic (Nuc + Cyt), only 
cytoplasmic (Cyt) and in general negligible (Neg). 
Thus, the Cyt subtype of the maspin expression pat-
tern can serve as a molecular marker of early EAC 
[12].

According to the literary sources, studies of differ-
entially expressed genes (DEG) are being conducted 
as potential markers of the “transition” of Barrett’s 
esophagus to esophageal adenocarcinoma. Consider-
ing the results of some studies, it can be assumed that 
a panel of differentially expressed genes can occur in 
cases of high sensitivity to the effects of “risk factors” 
in the development of EAC, as well as in the progres-
sion of this pathological condition [5].

There is data on the study of p504s and CD133 
markers, which can act as markers of proliferation and 
in the future will be used for the differential diagnosis 
of benign metaplasia and EAC [2].

Phosphorylated histone H3 is a potential marker by 
which it will be possible to differentiate between low- 
and high-grade dysplasia and EAC. According to the 
literary sources, adenocarcinoma had higher rates of 
mitosis (in terms of phosphorylated histone H3) than 
high-grade dysplasia [13].

Autophagy is of some importance in the pathogen-
esis of BE. Autophagy is a highly conserved mecha-
nism that is activated during cellular stress. Presum-
ably, autophagy can be caused by acid reflux, which 
causes damage and inflammation and, therefore, 
contributes to the development of BE and EAC [49]. 
Currently, the role of autophagy in BE and EAC is 
poorly understood. According to various researchers, 
autophagy functions to improve cell survival after re-
fluxate damage. Thus, autophagy may play a decisive 
role in the pathogenesis and progression of BE, which 
requires further study [14, 15, 40].

Another important and actively studied area is the 
mechanism of epigenetic drift is a gradual change 
in the DNA methylation profile with the age of the 
organism [16]. Presumably, this is a consequence of 
dysregulation of the molecular apparatus that main-
tains the normal methylation profile, which consists 
of the attachment of a methyl group to the cytosine in 
the CpG dinucleotide at position C5 of the cytosine 
ring [16–18]. Methylation in the promoter region of 
a gene usually leads to suppression of transcription of 
the corresponding gene. Methylated cytosine, in turn, 
can then be oxidized by special enzymes, which leads 
to its demethylation back into cytosine. Knowing that 
EAC is, as a rule, a consequence of BE, where nor-
mal squamous cell epithelium is replaced by intestinal 
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epithelium in response to chronic gastroesophageal 
acid-biliary reflux, and both of these conditions are 
characterized by loss of heterozygosity, aneuploidy, 
specific genetic mutations and clonal diversity, ge-
nome and epigenomic analyses can increase the accu-
racy of risk stratification [17]. Tests for detecting mo-
lecular changes associated with tumor progression can 
be used to improve the pathological assessment of BE/
EAC and to select patients at high risk of developing 
these pathologies for more intensive follow-up [16].

One should also consider that the development of 
BE and, in the future, EAC is associated with certain 
demographic and behavioral factors, including gen-
der, obesity/increased body mass index (BMI) and 
smoking [17–19].

Thus, the pathogenesis of BE is currently not ful-
ly understood; it is most likely to be multifactorial. 
Because of the strong relationship between EAC and 
BE and between BE and GERD, factors involved in 

Markers of Barrett’s Esophagus and Esophageal Adenocarcinoma
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MUC-1
"Intestinal" mucin. Its diagnostic sensitivity in BE is 95%. In 55% of cases, it is found in goblet cells. With severe dysplasia, i.e. 
progression of BE, its expression in cells increases [20].
Ki-67
It is a classic marker of cell proliferation. Its expression makes it possible to isolate cells that are in the active phase of the cell cycle 
throughout its entire length (G1-, S-, G2- and M-phases). Ki-67 is absent only in the G0-period. If Ki-67 is less than 15%, the tumor is 
considered less aggressive; if it is more than 30%, the tumor is considered highly aggressive [21.22].

CCK2R
Cholecystokinin-2 (CCK2R) receptors are overexpressed in various malignant diseases and therefore attract some attention as potential 
markers for studying the progression of Barrett's esophagus into EAC [24].

TFF1, TFF2
Trefoil factors are found in the secretions of goblet cells and Paneth cells and
provide regulation of proliferation, differentiation and apoptosis [24].

SATB1
SATB1 influences the expression of hundreds of genes, including some that are involved in the pathogenesis of human cancer. These data 
suggest that SATB1 may be involved in carcinogenesis and/or progression of human malignant tumors.
SATB1 shows promise as a prognostic biomarker and a novel therapeutic target based on its expression level in solid tumors [25–27].
Mcm2
Minichromosome maintenance protein is involved in all stages of cellular cycle.
Representation in adenocarcinoma is 28.4% to 3.4% in non-progressive forms [28].

P53
In the presence of mutations, accumulation occurs, including that in the nucleus of cells. The presence of the marker varies from 5% (no 
dysplasia); 10–20% for low-grade dysplasia, over 60% for high-grade dysplasia, and over 70% for adenocarcinoma [29, 30].

PCNA
(Proliferating cell nuclear antigen) is a nuclear non-histone protein required for DNA synthesis. It is an auxiliary protein for DNA 
polymerase alpha, which increases during the G1/S phase of the cell cycle. Expression of PCNA can be used as a marker of cell 
proliferation since cells proliferate for a longer time in the G1/S phase. In addition, this protein plays an important role in the metabolism 
of nucleic acids as a component of the mechanism of DNA replication and repair [10].
P27
Inhibits the E/Cdk2 complex, which prevents the onset of the S stage of the cell cycle.
The main types of damage are hypermethylation, decreased heterozygosity [28].

T a b l e  1

the development of GERD have been the focus of 
attention in recent years in an attempt to explain the 
observed increase in the prevalence of EAC. The pro-
cesses of increased proliferation and suppression of 
apoptosis, damage to the factors of the barrier function 
of the epithelium play an important role in the patho-
genesis of BE and its progression into EAC.

According to the data we have analyzed, the fol-
lowing markers are most often used to diagnose and 
assess the prognosis in BE and EAC:

– Ki 67 protein expression,
– p53 gene mutation, 
– BE aneuploidy,
– increased expression of COX-2 (low specificity, 

actively studied as a marker involved in the pathoge- 
nesis of PB),

– VEGFR (a marker of angiogenesis).
Table 1 summarizes the characteristics of some of 

the molecular markers.

Petenyova E.S., Salmina A.B., Berdnikov S.I. et al. Barrett’s esophagus and esophageal adenocarcinoma: biomarkers
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TGFα
They stimulate VEGF secretion by acting on metaplastic PB cells [31].
EGFR
EGFR is an oncogene that encodes a transmembrane tyrosine kinase receptor. Its dysregulation has been linked to several types of human 
cancers [31].
TGFβ 
It is central in the epithelial homeostasis, regulating both proliferation and differentiation. In normal cells, one of the functions of TGFβ 
is to induce cell-cycle block, and many epithelial tumors are resistant to this response. In contrast, TGFβ is involved in the epithelial-
mesenchymal transition in tumor cells, especially at invasive margins, where this change in phenotype is believed to promote invasion 
and metastasis. Expression of TGFβ is increased in EAC compared to the normal esophagus and BE [31].
erbB-2/Her2 receptor 
is amplified in approximately 10-50% of esophageal adenocarcinoma, with concomitant overexpression of mRNA or protein. Presumably, 
this lesion is a late stage in the carcinogenesis of Barrett's esophagus [31].
Cyclooxygenase-2 (COX-2) 
is a key enzyme in the prostaglandin synthesis pathway. It is believed that chronic inflammation can stimulate tumor development, at 
least in part due to mediators such as prostaglandins, which suggests that COX-2 promotes carcinogenesis in BE. Increased expression 
of COX-2 is found during the progression from BE to EAC and is associated with proliferation and decreased survival [30, 31].
MicroRNA
MicroRNA (miRNAs), a class of endogenous and single-stranded RNA, is a subfamily of small non-coding regulatory RNA, 18–22 
nt in size, involved in various physiological and pathological processes. miRNAs play an important role in oncogenesis by directly or 
indirectly regulating the expression of various oncogenes or tumor suppressors [32].
CYFRA 21-1
One of the structural elements of epithelial cells, which forms their framework (cytoskeleton), and numerous cytokeratin proteins. There 
are about 25 types of proteins, and Cyfra 21-1 is used to diagnose some cancerous tumors [33].
Fibronectin 1
Fibronectin 1 (FN1) is a member of the glycoprotein family located on the 2q35 chromosome. It has been reported that FN1 is activated 
in many tumors, and its expression is negatively associated with the prognosis and survival of cancer patients [34].
Leptin
It has been demonstrated that the expression of leptin and its receptor is present in cell cultures of some types of esophageal cancer, and 
the addition of recombinant leptin to these cell lines leads to a significant dose-dependent increase in cell proliferation and suppression 
of apoptosis [35].
P21
The exact role of p21 in carcinogenesis has not yet been fully established. Studies show that in some types of tumors, loss of p21 is a sign 
of a poor chance of survival. However, situations are known when an increased concentration of this protein in cells positively correlates 
with the aggressiveness of the tumor and its ability to metastasize. This is particularly the case when p21 accumulates in the cytoplasm, 
and not in the cell nucleus [22, 31].
CDX2
The cdx2 gene encodes a specific transcription factor; its protein is expressed in the early stages of small intestine development and 
may be important in the regulation of proliferation and differentiation of small intestinal epithelial cells. It is expressed in the nuclei 
of intestinal epithelial cells from the duodenum to the rectum. The protein is expressed in primary and metastatic tumors of the large 
intestine and is detected in intestinal metaplasia of the stomach and intestinal type of gastric cancer. It is not found in normal epithelial 
cells of the stomach [28, 36].
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VEGF, VEGFR
Provide neorevascularization of metaplastic tissues which is one of the early events supporting the tumor progression of BE [37].
VEGFR -1,2
VEGFR-1 regulates angiogenesis through mechanisms that include ligand uptake, homo- and heterodimerization of receptors. Its function 
in angiogenesis may include its ligand-binding extracellular region, acting as a VEGF trap to modulate the function of VEGFR-2 (which 
in turn is a receptor for vascular endothelial growth). The study of these markers plays an important role in the creation of "compounds" 
aimed at suppressing vascular
growth in tumors [37].
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P16
The main types of damage are hypermethylation, decreased heterozygosity, mutations, and promotor methylation.
A decrease in heterozyosity is observed in 75% of patients with adenocarcinoma [31].
NF-kb 
(Nuclear Factor kappa B) is activated in various types of cancer. This mediator of carcinogenesis forces malignant tumor cells to avoid 
apoptosis from the checkpoint of the cell cycle. In recent years, many studies have been performed demonstrating that miRNAs and NF-
κB play an important role in the development and progression of tumors [34].
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Based on the analysis of the literature available to 
us, it was revealed that studies in the field of etiolo-
gy, the pathogenesis of BE and EAC, as well as ver-
ification of these pathological conditions, prognosis 
and choice of treatment methods, remain incomplete. 
There is a situation of untimely detection and, accord-
ingly, late initiation of BE treatment, in connection 
with which the risk of EAC development increases. 
The literature analyzed shows a rather high risk of de-
veloping EAC against the background of BE which 
opens up new opportunities for us in the diagnosis and 
treatment of these pathological conditions. From our 
point of view, the most urgent are the issues of a de-
tailed study of the markers of proliferation, apoptosis, 
autophagy and angiogenesis, the selection of the most 
significant of them for the early diagnosis of esopha-
geal pathology and the use of markers as a possible 
immunobiological therapy for Barrett’s esophagus 
and esophageal adenocarcinoma. Consequently, the 
study of this problem does not lose its relevance and 
requires further research.
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ABSTRACT

Huntington’s disease (HD) is an autosomal dominant progressive neurodegenerative disease. Its molecular cause 
is a cytosine-adenine-guanine (CAG) trinucleotide repeat dynamic expansion in the huntingtin (HTT) gene. Alleles 
with 36–39 CAG-repeats are incompletely penetrant, as individuals might develop symptoms but typically with a 
later age of onset. When repeats are equal or greater than 40, the symptoms of the disease occur. It is considered 
that CAG-repeats in the “intermediate” alleles (27–35 repeats) also cause the symptoms of the HD. 

We present here the case of a patient who has clinical phenotype and family history of Parkinson’s disease (PD), 
but 27 CAG-repeats. The feature of this patient is early development of non-motor manifestations such as cognitive 
impairment, psychotic disorders, early dystonia in a hand, camptocormia and poor response to levodopa. It is 
believed that the intermediate allele of HTT gene might modify the clinical phenotype of PD in this patient.

Key words: parkinsonism, Parkinson’s disease, motor disorders, Huntington’s disease, differential diagnosis, 
expansion of CAG-repeats, HTT, neurodegenerative diseases; genetics.
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РЕЗЮМЕ

Болезнь Гентингтона (БГ) – аутосомно-доминантное прогрессирующее нейродегенеративное заболевание, 
молекулярной причиной которого является динамическая мутация, связанная с экспансией тринуклеотидных 
CAG (цитозин-аденин-гуанин) повторов в гене гентингтина (HTT). Аллели с 36–39 CAG-повторами при-
водят к неполной пенетрантности и более позднему началу заболевания, тогда как клинические симптомы 
заболевания обязательно развиваются при количестве повторов 40 и более. В последнее время появляется 
все больше доказательств о связи CAG-повторов в диапазоне от 27 до 35 (промежуточные аллели) с отдель-
ными клиническими проявлениями, характерными для БГ. 

Нами описан клинический случай пациентки с фенотипом болезни Паркинсона (БП), отягощенный 
семейным анамнезом по данной патологии и промежуточным аллелем c 27 CAG-повторами. Особенностью 
было раннее развитие в дебюте болезни таких немоторных проявлений, как когнитивные и психотические 
расстройства; ранняя дистония в кисти и камптокормия, а также слабый ответ на леводопу. Предполагает-
ся, что промежуточный аллель гена HTT модифицирует клинический фенотип БП у этой пациентки.

Ключевые слова: паркинсонизм, болезнь Паркинсона, двигательные расстройства, болезнь Гентингтона, 
экспансия CAG-повторов, HTT, нейродегенеративные заболевания, генетика.
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INTRODUCTION

Huntington’s disease (HD) is an autosomal domi-
nant disease developing as a result of a mutation as-
sociated with a pathological increase in the number of 
CAG repeats in the first exon of the huntingtin gene 
(HTT) mapped at the 4p16.3 locus. On the basis of the 
mutant HTT gene, a large protein of the same name is 
synthesized, which has an elongated chain of gluta-
mine residues in its composition, resulting in the for-

mation of pathological connections between mutant 
huntingtin and other proteins that contribute to the 
cytotoxicity and selective death of striatum neurons 
which is characteristic of the disease [1, 2]. HD is the 
most common monogenic neurodegenerative disorder 
in populations of European origin [1].

The number of copies of CAG repeats in healthy 
individuals varies from 10 to 35, and the presence of 
at least one allele with 36 CAG repeats in the HTT 
gene leads to the development of HD. Carriers of  
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alleles within 36–39 CAG repeats are characterized 
by incomplete disease penetration, and the expansion 
of 40 or more CAG repeats leads to the development 
of a complete clinical picture of HD. The severity of 
symptoms and early onset of the disease correlate pro-
portionally with an increase in the number of CAG 
repeats [3]. 

The carrier state of the so-called “intermediate” al-
leles (IAs) within the range of 27–35 CAG repeats is 
a characteristic of phenotypically healthy individuals. 
However, in recent years, some studies have appeared 
that note the correlation of “intermediate” alleles with 
a barely noticeable (subclinical), and sometimes ex-
plicit phenotypic manifestation of HD in some cases 
[3, 4]. A typical motor disorder in HD is characterized 
by both hyper- and hypokinesia, the latter is more pro-
nounced in the early stages of the disease. However, 
hypokinesia prevails from the very beginning in the 
primary akinetic-rigid form of HD, a rare variant of 
Westphal, manifesting most often in the first two de-
cades of life and characterized by a particularly unfa-
vorable outcome [5].

Alleles with 36–39 CAG repeats that are asso-
ciated with incomplete HD penetrance occur with a 
fairly high frequency among the general population. 
Thus, according to Kay C. and co-authors’ study there 
is one carrier of the HD mutation for every 400 peo-
ple among 7,315 individuals of European origin from 
the United States, Scotland, and Canada (this corre-
sponds to a prevalence of 250 per 100,000 population) 
[6, 7]. Most often, individuals with the number of 
36–37 CAG repeats were found in the studied cohorts  
(36 – 0.096%; 37 – 0.082%; 38 – 0.027%; 39 – 
0.000%; ≥ 40 – 0.041%). The obtained data indicate 
an underestimation of the true prevalence of HD [8]. 
Unfortunately, similar estimates of CAG-repeat ex-
pansion prevalence in residents of different Russia re-
gions are limited, which makes it necessary to conduct 
an all-Russian epidemiological study.

Regarding the “intermediate” alleles of the HTT 
gene, it was found that one IAs carrier with (27–35 
CAG repeats) accounts for 16 examined individuals. 
It is especially important because IAs carriers are the 
source of the de novo HD mutation (sporadic cases 
of the disease) in subsequent generations, reaching 
5–14% of the patients with HD total number [9]. Ac-
cording to an epidemiological study, the frequency of 
the intermediate alleles is 2.6% in Russian residents 
[10]. A fairly high frequency of “intermediate” alleles 
is also registered among patients with other neurolog-
ical diseases: up to 3.5% among patients with HD, 

reaching the maximum frequency of 6.0% in patients 
with Alzheimer’s disease [11, 12].

This article presents a clinical case of a patient 
with a phenotype that is largely compatible with the 
akinetic-rigid form of Parkinson’s disease, but with 
features suggesting that an “intermediate” allele of the 
HTT gene (27 CAG repeats) modified the classic Par-
kinson’s disease phenotype.

CLINICAL CASE 
Patient K., female, 54 years old, noted general 

weakness, fatigue, and slowness of movements, which 
she associated with the stress, so she did not seek 
medical help. Over the next two years (up to the age of 
56 years), poor left-hand control followed, interfering 
movements and performing any purposeful actions, 
with involuntary flexing of the fingers. Additionally, 
there was a tremor of the head and eyelids, increased 
hypokinesia in all types of activities, deterioration 
of handwriting, increased constipation, increased ol-
factory disfunction up to anosmia, and a constantly 
reduced mood background. Hypokinesia and hypo-
mimia were present during the examination, as well 
as a slight inclination of the body forward (camp-
tocormia) and slightly to the right (Pisa syndrome), 
small, shuffling step gait, disruption of balance control 
(rare falls up to once in 3–6 months) and clumsiness in 
fine motor skills. Symptoms of the disease prevailed 
on the left side of the body and in the left extremities.

The patient was examined. MRI of the brain: signs 
of microangiopathy with expansion of the basal cis-
terns, moderate atrophy of the frontal and parietal 
lobes cortex, rhinosinusitis. Electroencephalography: 
due to the high motor activity the EEG is overlaid by 
a myogram. Certain elements of epileptiform activi-
ty were registered for hyperventilation in the form of 
acute potentials, acute-slow wave complexes in the 
left central temporal area; irritation signs of subcor-
tical and brainstem structures. Laboratory tests: an-
tibodies to the thyroid-stimulating hormone receptor 
(TSH) in the blood: 2.3 mME/l; free thyroxine T4 in 
the blood: 12.7 nmol/l; anti-TPO in the blood: 3.3; 
hepatitis B virus antigen in the blood: negative; hep-
atitis C virus antigen in the blood: negative. General 
and biochemical blood tests: no pathology was detect-
ed. Ultrasound examination of the thyroid and para-
thyroid glands: diffuse changes in the thyroid gland 
were detected. Duplex scanning of brachiocephalic 
arteries with color Doppler mapping of blood flow: 
signs of carotid atherosclerosis without significant ste-
nosis; tortuosity of the carotid arteries on both sides 
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with compression of the jugular veins; signs of extra- 
vasal dynamic impact on the vertebral arteries. Com-
plex ultrasound examination of abdominal organs: 
moderate diffuse changes in the liver; signs of chronic 
cholecystitis. Radiography of the hands: deforming 
osteoporosis of the 1st degree. Ophthalmologist con-
sultation: hypertensive arteriosclerosis; initial cataract 
in both eyes; destruction of the vitreous body of both 
eyes. Consultation of a general practitioner: hyperten-
sion of the 2nd stage; chronic heart failure of 0 stage, 
risk 2; hypertensive heart disease with a primary heart 
lesion without congestive heart failure. Surgeon con-
sultation: constipation; scoliosis of the thoracic and 
lumbar spine levels.

The diagnosis of PD was established on the basis 
of physical and other examinations, since the signs 
and symptoms corresponded to the main diagnostic 
criteria of the disease: the presence of severe hypo-
mimia, hypokinesia, rigidity and a sense of clumsiness 
with a symptom predominance in the left half of the 
body and limbs, as well as gait disorders of the “Par-
kinsonian” type, and the presence of postural insta-
bility. The patient has no children. According to the 
patient, her mother’s brother also suffered from PD at 
the age of about 65. However, the patient’s relative’s 
medical history is not available. Dopamine receptor 
agonists and amantadine were prescribed (pramipexol 
4.5 mg/day, amantadine 150 mg/day).

Six months later (at the age of 57), the woman 
noted a significant deterioration in the form of an 
increased severe body inclination to the right and 
forward. During the examination, there was a slight 
postural and kinetic tremor of the upper extremities 
without a rest tremor, slight tremor of the head and 
eyelids. Rigidity was observed with a predominance 
in the left extremities. Bradykinesia was moderate, 
but obvious, and the gait was shuffling. Postural re-
flexes were impaired (falls started to occur), but it 
was still possible to walk without assistance. Ac-
cording to validated clinical tools: the MDS-Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS) 
III was 39 points, and the Unified Huntington’s Di- 
sease Rating Scale (UHDRS) III was 24 points. Due 
to the deterioration of condition (increased stiffness 
and hypokinesia), the drug levodopa/carbidopa/enta-
capon (at a dose of 300 mg per day) was added to the 
antiparkinsonic therapy scheme, along with physical 
therapy. This pharmacological approach gave a slight 
improvement of the condition: slightly decreased ri-
gidity, slightly decreased camptocormia, slightly 
improved gait. There was no clinically significant 

positive result after botulinum toxin injections for 
camptocormia correction.

Despite the presence of major symptoms, corre-
sponding to PD (bradykinesia, rigidity and postural 
instability), the patient had several PD not correspon- 
ding non-motor manifestations after four years of the 
motor symptoms onset: pronounced cognitive impair-
ment (13 points on the MoCA test and 18 points on 
the MMSE, which corresponds to moderately severe 
dementia), expressed anxiety and depressive disorders 
(according to HADS: subscale “anxiety” – 12 points, 
“depression” – 13), the presence of suicidal thoughts 
without suicidal behavior (according to the question-
naire C-CSSR) and no hallucinations. The young age 
of the onset is also notable (it is believed that the ave- 
rage age of PD onset is 65 years, the disease debuts 
earlier only in 10–15% of cases [13]). Such motor 
symptoms as camptocormia developed within three 
years from the onset of the disease, head tremor and 
the presence of involuntary flexor movements in the 
fingers of the left hand before the beginning of anti-
parkinsonic therapy were among motor disorders not 
filling the clinical picture of the disease.

In order to make a differential diagnosis of PD with 
other motor disorders manifesting as parkinsonism, a 
number of neurological tests were performed: there 
was a slight slowdown in initiation and hypometria of 
saccades, but eye movements were in full (in contrast 
to progressive supranuclear paralysis, in which pos-
tural instability is also observed). The patient could 
hold her tongue stuck out for 10 seconds without 
much effort (unlike Wilson – Konovalov’s disease). 
Only mild vegetative symptoms were observed (dif-
fuse hyperhidrosis, hypersalivation, moderately dry 
mouth, constipation in contrast to multi-system atro-
phy). For differential diagnosis between HD and PD, 
the Wartenberg glabellar reflex was tested, manifes- 
ting as a pronounced closing of the eyelids when a 
hammer strikes on the glabella (bridge of the nose) 
and considered an obligate sign of parkinsonism. The 
patient’s glabellar reflex showed rapid habituation and 
the absence of pronounced closing of the eyelids when 
hitting the glabella.

Due to the lack of dramatic response to levodopa 
(although very high doses were not tested) and the 
presence of clinical manifestations not typical for pa-
tients with PD, but more characteristic for HD, molec-
ular genetic analysis of the gene HTT was performed, 
in which the alleles associated with 27 and 20 CAG 
repeats were identified. The molecular genetic study 
of the number of HTT gene CAG-repeats was per-
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formed using a polymerase chain reaction with fluo-
rescently labeled primers according to the M. Bastepe, 
W. Xin, 2015 [14].

CONCLUSION
The phenotype of the patient K. basically corre-

sponded to the PD. Taking into account the clinical 
diagnostic criteria of the International Parkinson and 
Movement Disorder Society for PD, she was found 
to have hypokinesia, asymmetric muscle rigidity, and 
postural instability - three of the main PD characteris-
tics. However, one of the exclusion criteria (“red flag”) 
was found: early-developing dementia with memory 
and speech disorders. In a clinical study, the symp-
toms of the disease were more fully evaluated using 
the UPDRS scale, in comparison with the UHDRS. 
The clinical picture also met the supporting criteria, 
and therefore the diagnosis of clinically established 
PD was verified. 

Considering the fact that the “intermediate” al-
leles of the HTT gene have a noticeable effect on the 
deterioration of motor and cognitive functions [1], it 
seems likely that the presence of IAs in the patient’s 
genotype modifies the classic phenotype. According 
to this fact, the results of the patient’s glabellar reflex 
showed rapid habituation, as well as in patients with 
HD, whereas in PD no habituation was observed [2, 
4]. Moreover, although the clinical phenotype of the 
patient mostly corresponded to PD, however, there 
was early dystonia, when the patient did not receive 
dopaminergic antiparkinsonian drugs.

Thus, taking into account early dystonia, poor re-
sponse of motor symptoms to levodopa, and the results 
of neuropsychological testing indicating the presence 
of HD inherent signs, as well as clinical criteria, it can 
be concluded that the IAs carriage of the HTT gene 
modifies the PD phenotype in this patient. In world 
practice, several similar cases have been described, 
that is certainly of interest from the point of view of 
the need for medical and genetic counseling, both for 
differential diagnosis of the disease and risk assess-
ment in the patient’s family members, but at this stage 
it is important to accumulate data on the features of 
clinical manifestations of the huntingtin gene “inter-
mediate” alleles carriers for a more complete charac-
terization of subphenotypes.
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A case of myocardial metastasis of bladder cancer

Shatov D.V., Grigoriev P.E., Shalanin V.V.

V.I. Vernadsky Crimean Federal University 
4, Vernadsky Av., Simferopol, 295007, Russian Federation 

ABSTRACT

The case of metastatic heart damage manifesting by a clinical picture of acute myocardial infarction in a patient with 
urothelial carcinoma of the urinary bladder is described. A 69-year old patient was admitted with the symptoms of 
acute myocardial infarction from the neurological department, where he was hospitalized due to a space-occupying 
lesion of the right hemisphere of the brain, which manifested in a convulsive episode with the development of left-
sided spastic hemiparesis. After coronary angiography, percutaneous coronary intervention was performed for the 
lesions of the anterior interventricular branch of the left coronary artery. Despite the complex of the therapeutic 
measures, the patient died. A pathological study revealed urothelial carcinoma of the bladder with distant metastases 
to the brain and myocardium. This clinical case demonstrates the situation of intravital diagnosis of metastatic 
myocardial lesions, which requires a determination of the treatment approach in the described category of patients.

Key words: urothelial carcinoma of the bladder, metastases, metastatic heart damage, metastatic brain damage, 
myocardial infarction, heart lesion.
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Случай метастазирования рака мочевого пузыря в миокард

Шатов Д.В., Григорьев П.Е., Шаланин В.В.

Крымский федеральный университет имени В.И. Вернадского 
Россия, 295007, Республика Крым, г. Симферополь, пр.  Вернадского, 4

РЕЗЮМЕ

Представленный клинический случай метастатического поражения сердца у пациента проявился клиникой 
острого инфаркта миокарда при уротелиальной карциноме мочевого пузыря. Пациент 69 лет поступил с 
клиникой острого инфаркта миокарда из неврологического отделения, где находился по поводу объемного 
образования правого полушария головного мозга, манифестировавшего судорожным эпизодом с развитием 
левостороннего спастического гемипареза. 

После проведения коронарографии было выполнено чрескожное коронарное вмешательство по поводу 
поражений передней межжелудочковой ветви левой коронарной артерии. Несмотря на проведенный 
комплекс лечебных мероприятий, пациент скончался. При патологоанатомическом исследовании 
обнаружена уротелиальная карцинома мочевого пузыря с отдаленными метастазами в головной мозг и 
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INTRODUCTION

Metastasis of urothelial bladder cancer (UBC) 
in the heart is a rare and dangerous case in clinical 
practice. To date, only 5 descriptions of UBC-meta- 
stasis in the heart have been discovered [1–5]; another 
9 cases of metastases of the urogenital cancer (UC) 
in the heart with primary localization of the tumor in 
the urinary bladder (UB) were described in the arti-
cle [6]. The clinical manifestations in such patients 
consist of impaired conduction, progression of heart 
failure due to obstruction of the exit tract of the right 
ventricle, effusion pericarditis with symptoms of peri-
cardial tamponade and embolism of the pulmonary 
artery. In most of the cases described, patients lived 
(with rare exceptions) for no more than 1 month from 
the moment of verification and receiving medication, 
although in some cases pericardiocentesis, cytoreduc-
tive surgery and implantation of artificial pacemaker 
were performed. The cases described in the litera-
ture, as a rule, had other distant metastases; however, 
among them there were no patients with metastasis to 
the brain, which is why the case described in our arti-
cle is relevant and significant.

The aim of the research was to describe the clinical 
case of metastasis of bladder cancer in the myocardi-
um, taking into account the manifestation of the dis-
ease with neurological symptoms, which has not been 
previously described.

CLINICAL CASE

A 69-year old patient was admitted to the cardio- 
logy department with intensive care units of the N.A. 
Semashko Republican Clinical Hospital with com-
plains of intense burning pains behind the sternum, 
which suddenly appeared 3 hours previous, dyspnea, 
general weakness, and sweating.

Prior to this, he was admitted to another medical 
institution with a diagnosis of the space-occupying 
lesion of the right hemisphere of the brain, a convul-
sive episode, and left-sided spastic hemiparesis. Com-
puted tomography revealed the presence of extraaxial 
space-occupying formation adjacent to the parietal 
bone, measuring 4.5×3.0×7.0 cm, with density of 40–
45 HU, accumulating contrast medium up to 80 HU, 
and mass effect with deformation of the right ventricle 
and surrounding structures. Decrease in the density of 
the brain substance to 18 HU was found perifocally 
(Fig. 1).

Over the past three days the patient was suffe- 
ring from short-term episodes of sternal pain, which 
stopped on their own. On the day of admission, a pro-
longed pain attack occurred with the development of 
ST-segment elevation in I, II, III, aVL, V2–V6. Taking 
into account the contraindications for thrombolytic 
therapy, he was sent to the cardiology department for 
emergency coronary angiography and to determine 
the further treatment measures.

The general condition at admission was regar- 
ded as severe. Consciousness was clear. The skin was 
pale pink, dry, warm. The legs were pasty. The apical 
beat was in the 5th intercostal space. The boundaries 
of relative cardiac dullness were extended leftwards 
to the midclavicular line. The heart sounds were dull, 
regular. Blood pressure was 90/60 mm Hg, heart rate 
is 90 per minute. Respiratory rate was 18 per minute. 
Breathing during auscultation was rough, weakened in 
the lower parts on the right; at the same place crepita-
tion was heard. The abdomen was painful in the lower 
sections. There were no signs of peritoneal irritation. 
The lower margin of the liver was located at the level 
of the costal arch and was painless. On electrocardiog-
raphy the elevation of ST-segments in I, II, III, aVL, 
V2–V6 was found (Fig. 2). 
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The following diagnose was made: CHD, circu-
lar myocardial infarction with ST-segment elevation,  
atherosclerosis of the coronary arteries, Killip II.

Complete blood count: hemoconcentration (hemo-
globin 169 g/L, hematocrit 47%), leukocytosis up to 

22.4*109/L due to neutrophils (metamyelocytes 3%, 
stabs 42%, segmented 39%, toxigenic granularity of 
neutrophils – 50%). In the biochemical analysis of 
blood: urea – 17.7 μmol/L, creatinine – 126 μmol/L, 
total protein – 49 g/L, albumin – 28.9 g/L, potassium –  

Fig. 1. Computed tomography of the patient’s brain: а – without contrast enhancement; b – with contrast enhancement

Fig. 2. Electrocardiogram of the patient during admission: speed 25 mm/s; voltage 10 mm

а

b
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3.97 mmol/L, sodium – 124,7 mmol/L, cholesterol –  
2.71 mmol/L, triglycerides – 2.27 mmol/L, HDL –  
0.62 mmol/L, LDL – 1.42 mmol/L, LDH – 866 
units/L, creatine kinase – 727 units/L. Coagulogram: 
PTI – 69.8%, INR – 1.44, fibrinogen A – 4.53 g/L, 
APTT - 31.7 sec., thrombin time – 20.1 sec.

30 minutes after admission, emergency coronarog-
raphy was performed; it revealed atherosclerosis of 
the coronary arteries, the right type of coronary cir-
culation. Stenosis of the orifice of the anterior inter-

ventricular branch (AIB) is about 50%, stenosis of the 
proximal third of the AIB is more than 70% with an-
giographic signs of instability, the intramural course 
of the distal third of the AIB in systole is more than 
50%, stenosis of the proximal and middle thirds of the 
right coronary artery is about 40%. According to the 
results of coronarography, pre-dilatation, stenting and 
post-dilatation of stenosis of the proximal third of the 
AIB with good angiographic result were performed. 
The ECG after the intervention is shown in Fig. 3.

Fig. 3. Electrocardiogram of the patient after pre-dilatation, stenting and post-dilatation of stenosis of the proximal third of the AIB: 
speed; 25 mm/s.; voltage 10 mm

Bulletin of Siberian Medicine. 2020; 19 (4): 241–246

In the postoperative period, a chest X-ray and 
echocardiography were performed: aortic diameter in 
the ascending part is 4.6 cm, at the root – 3.5 cm, ope- 
ning of the aortic valve cusps – 1.8 cm, the chambers 
are not enlarged, left ventricular wall hypertrophy is 
present (posterior wall – 1.3 cm, interventricular sep-
tum – 1.4 cm), ejection fraction – 54%, anteroposte-

rior shortening – 22%, stroke volume – 29 ml, mitral 
and tricuspid insufficiency of the 1st degree are pre- 
sent. Disturbances of segmental contractility were not 
reliably detected due to tachycardia (heart rate – 140 
per minute). Separation of pericardial layers along the 
contour of the left ventricle is 12 mm, along the con-
tour of the right ventricle – 14 mm.
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In the postoperative period, the symptoms of heart 
failure continued to progress, despite the ongoing 
therapy. 12 hours after the intervention, the patient 
died.

The autopsy revealed urothelial bladder cancer G2 
(T3N3M1) with metastases to the brain, heart, liver, 
kidneys, lungs, paraaortic lymph nodes, pelvic lymph 
nodes, pericardial carcinomatosis complicated with fi-
brinous-purulent pericarditis. In the brain, edema of 
the pia mater, severe dystrophy of glial cells, rarifi-
cation fields, severe perivascular, pericellular edema, 
numerous metastases in the vessels of the pia mater 
and brain tissue, and plethora of the vessels were ob-
served (Fig. 4). In the heart: the epicardium is thic- 
kened and edematous, with severe leukocyte infiltra-
tion and accumulations of fibrin, perivascular metasta-
ses; the muscular fibers are moderately hypertrophied 
and have a coiled course; dystrophy of myocardio-
cytes, focal fragmentation of muscle fibers; in the 
parenchyma – extensive areas of metastatic growth; 
around them – edema of the stroma of cardiomyo-
cytes, signs of karyolysis and karyopyknosis; oxy-
philia of the cytoplasm, focal swelling and clumpy 
decomposition of muscle fibers; loose leukocyte inter-
muscular infiltration, spasm of part of arterioles with 
reorientation of the endothelium, focal pronounced 
hyperemia, especially in the subendocardial vessels; 
signs of small focal perivascular intermuscular sclero-
sis; the walls of the vessels of the heart are unevenly 
thickened, dissociated, fibrous, sclerotic, the vessels 
are full-blooded (Fig. 5,6). In the urinary bladder: in-
filtrating growth of urothelial cancer G2 with the inva-
sion of all layers of the wall.

DISCUSSION
The described clinical case is unique in the mani-

festation of UBC with a convulsive seizure and focal 
right hemisphere symptoms. Against the background 
of the progression of the disease in the form of the 
development of severe protein-energy insufficiency 
and the leukemoid reaction, the patient developed a 
clinical picture of acute circular myocardial infarction 
with ST-segment elevation, which required surgical 
intervention. Among the previously described cases, 
in one case under the metastasis being found in the 
myocardium, a two-chamber stimulator for resyn-
chronization therapy was implanted, and 17 months 
after the manifestation of metastasis against the back-
ground of pains of ischemic genesis the patient died 

Fig. 4. Metastasis of urothelial bladder cancer in the brain 
(arrow); Hematoxylin and eosin stain ×100

Fig. 5. A fragment of the patient’s epicardium and pericardium. 
Hematoxylin and eosin stain; ×100

Fig. 6. Metastasis of urothelial bladder cancer (on the left) to 
the myocardium (on the right); hematoxylin and eosin stain 

×100
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during the consideration of palliative stenting of the 
branch involved in metastasis [1].

The given clinical case raises the question about 
the extents of invasive care for patients with distant 
heart metastases, which requires an individual ap-
proach to avoid the exposing of the patients to unnec-
essary suffering.
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