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Abstract
Aim. To evaluate the effect of vascular endothelial growth factor A (VEGF-A) on the subpopulation composition of 
monocytes in the blood mononuclear cell culture of patients with coronary heart disease (CHD), with and without 
ischemic cardiomyopathy (ICMP).
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Materials and methods. A single-center, experimental in vitro study was conducted. The study included 22 patients 
with CHD: 11 with ICMP, 11 without ICMP, and 10 healthy donors. Blood mononuclei were isolated from venous blood 
by immunomagnetic separation for CD14 and CD34 antigens, then incubated with and without the addition of VEGF-A 
50 ng/mL (control and stimulated samples). After 6 days, the total monocyte content, the proportion of classical 
CD14++CD16–, intermediate CD14++CD16+, non-classical CD14+CD16++, and transitional CD14+CD16– monocytes were 
assessed using flow cytofluorimetry.
Results. In groups of patients with CHD and in those groups where the patients were considered relatively healthy, 
a decrease in the content of CD14++CD16+ in the control and stimulated samples was shown. Only in the CHD group 
with ICMP relative to the control sample, after VEGF-A stimulation, a statistically significant increase in all CD14+ 
was found: 10.63% (6.80; 17.64) vs. 15.28% (8.75; 27.99), p < 0.01, and their subpopulations: CD14++CD16−: 6.08% 
(1.76; 8.84) vs. 8.57% (3.51; 16.8), p < 0.05, CD14++CD16+: 3.64% (2.03; 8.59) vs. 6.26% (3.87; 10.3), p < 0.05. In the 
same group, a tendency towards an increase in CD14+CD16++ was noted after stimulation: 0.19% (0.18; 1.11) vs. 
0.61% (0.37; 1.58), p = 0.062. No differences in the content of all monocytes and their subpopulations after VEGF-A 
stimulation were found in the CHD without ICMP group nor in the healthy group. The content of CD14+CD16– in all 
groups in the control and stimulated samples did not differ.
Conclusion. CHD is characterized by a deficiency of all CD14+ cells and intermediate monocytes due to their 
transdifferentiation. VEGF-A affects the subpopulation composition of monocytes in CHD only in the presence of 
ICMP by increasing the content of all CD14+ cells, and in their intermediate and classical forms without exceeding the 
indicators in healthy donors.
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Аннотация 
Цель. Оценить влияние фактора роста эндотелия сосудов A (VEGF-A) на субпопуляционный состав моно-
цитов в культуре мононуклеаров крови у пациентов с ишемической болезнью сердца (ИБС) в зависимости 
от наличия ишемической кардиомиопатии (ИКМП). 
Материалы и методы. Проведено одноцентровое экспериментальное исследование in vitro. В исследование 
включены 22 пациента с ИБС: 11 – с ИКМП, 11 – без ИКМП и 10 здоровых доноров. Мононуклеары кро-
ви выделяли из венозной крови иммуномагнитной сепарацией по антигенам CD14 и CD34, инкубировали 
без и с добавлением VEGF-A 50 нг/мл (контрольная и стимулированная пробы). Через 6 суток методом про-
точной цитофлуориметрии оценивали общее содержание моноцитов, долю классических CD14++CD16–, про-
межуточных CD14++CD16+, неклассических CD14+CD16++, переходных CD14+CD16– моноцитов.
Результаты. У пациентов с ИБС в обеих группах относительно здоровых доноров показано снижение содер-
жания CD14++CD16+ в контрольной и стимулированной пробах. Только в группе ИБС с ИКМП относительно 
контрольной пробы после стимуляции VEGF-А установлено значимое увеличение всех CD14+: 10,63% (6,80; 
17,64) vs. 15,28% (8,75; 27,99), р < 0,01, и их субпопуляций: CD14++CD16−: 6,08% (1,76; 8,84) vs. 8,57% (3,51; 16,8), 
р < 0,05, CD14++CD16+: 3,64% (2,03; 8,59) vs. 6,26% (3,87; 10,3), р < 0,05. В этой же группе отмечена тенденция 
к увеличению CD14+CD16++ после стимуляции: 0,19% (0,18; 1,11) vs. 0,61% (0,37; 1,58), р = 0,062. В группах ИБС 
без ИКМП и здоровых доноров не установлено различий содержания всех моноцитов и их субпопуляций 
после стимуляции VEGF-A. Содержание CD14+CD16– во всех группах пациентов в контрольной и стимулиро-
ванной пробах не различалось.
Заключение. Для ИБС характерна недостаточность всех CD14+ клеток и промежуточных моноцитов ввиду 
их трансдифференцировки. VEGF-A влияет на субпопуляционный состав моноцитов при ИБС только при на-
личии ИКМП, увеличивая содержание всех CD14+ клеток, их промежуточных и классических форм без превы-
шения показателей у здоровых доноров.
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HIGHLIGHTS

Patients with CHD exhibit a reduction in the number of intermediate monocytes in vitro due to their spontaneous transdifferentiation which 
is most pronounced in ICMP.

VEGF-A demonstrates an in vitro protective effect in patients with ICMP, preventing excessive loss of mononuclear cells with classical, 
intermediate, and, to some extent, non-classical immunophenotypes.

The effect of VEGF-A on the subpopulation composition of monocytes is not associated with an excessive accumulation of intermediate 
and classical forms, regardless of the presence of ICMP. This suggests a potential use of this cytokine in CHD treatment without the risk 
of exacerbating atherogenesis.

Cardiovascular diseases remain one of the leading 
causes of mortality worldwide [1]. Despite significant 
advancements in conservative and surgical treatments, 
the search for novel therapeutic strategies for 
patients with atherosclerosis continues. Among these 
strategies, the induction of angiogenesis has emerged 
as a promising approach both for patients with 
ischaemia and for individuals who have undergone 
endovascular or open surgical interventions to prevent 
stent or graft restenosis [2]. Vascular endothelial 
growth factor A (VEGF-A) has become one of the most 
extensively studied signalling proteins for stimulating 
angiogenesis in patients with atherosclerosis. To date, 
not only recombinant VEGF-A but also a drug for 

prolonged in vivo synthesis  – Neovasculgen®  – has 
been successfully used in the treatment of critical limb 
ischaemia [3].

VEGF-A is a highly conserved secretory signalling 
protein that binds to type 1 and type 2 VEGF-tyrosine 
kinase receptors (vascular endothelial growth factor 
receptors – VEGFR) on the surface of endothelial cells. 
VEGFR2 stimulates endothelial cell proliferation, 
migration, and survival, while VEGFR1 can act as a 
decoy receptor for VEGF-A [4]. Additionally, VEGF-A 
can increase vascular permeability, leading to the 
infiltration of the vascular wall by monocytes, or mediate 
the development of collateral vessels by recruiting and 
activating endothelial cells and monocytes [4].
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Currently, four immunophenotypically distinct 
subpopulations of monocytes have been identified 
in humans: classical, intermediate, non-classical, 
and transitional cells. The majority of monocytes in 
circulation are classical CD14++CD16– monocytes, 
which exhibit pronounced phagocytic and pro-
inflammatory properties. These characteristics are also 
shared by CD14++CD16+ monocytes (intermediate cells). 
Non-classical CD14+CD16++ monocytes possess limited 
phagocytic capacity but promote reparative processes 
by secreting anti-inflammatory cytokines and growth 
factors [5]. Transitional CD14+CD16– monocytes remain 
poorly studied; they are likely precursors of classical 
monocytes or may differentiate from them [6]. It has 
been demonstrated that the development of coronary 
heart disease (CHD) and atherosclerosis is associated 
with an increase in the proportion of intermediate 
monocytes and a decrease in the number of classical 
forms. This imbalance is further exacerbated in acute 
coronary syndrome and myocardial infarction [7, 8]. In 
contrast, in ischaemic cardiomyopathy (ICMP), there is 
anergy of monocyte differentiation with a deficiency of 
non-classical forms [9].

Despite existing evidence on the involvement 
of monocyte subpopulations in the development of 
ischaemic disorders in atherosclerosis, as well as the 
practical application of VEGF-A for the treatment 
of such conditions, the influence of VEGF-A on the 
differentiation of various monocyte subpopulations 
possessing angioprotective or pro-inflammatory 
properties remains unexplored. This effect could have 
a significant impact on disease progression during 
VEGF-A therapy.

Aim of the study:  To evaluate the influence of 
VEGF-A on the subpopulation composition of monocytes 
in peripheral blood mononuclear cell cultures from 
patients with CHD, depending on the presence of ICMP.

MATERIALS AND METHODS
A single-centre, experimental in vitro study was 

conducted. Consecutive sampling of patients was carried 
out from those admitted to the Research Institute of 
Cardiology – a branch of the Tomsk National Research 
Medical Centre – between 1 December 2022 and 31 May 
2023. The required number of patients in the subgroups 
was determined during the experimental planning stage 
using Mead’s resource equation, aiming to achieve 
a degree of freedom for error equal to 20. During the 
experiment, the sample size was increased in accordance 
with Lehr’s formula, based on a pilot analysis of data 
obtained from studying the initial number of patients 
determined by Mead’s resource equation.

Patient recruitment
The patient inclusion flowchart is presented in Figure 

1. A total of 28 patients were assessed for participation in 
the study. Exclusion criteria were identified in 6 patients. 

The study included 22 patients with CHD (19 men and 
3 women) aged between 54 and 70 years, of whom 11 
had ICMP and 11 did not. During the first 4 months, 11 
CHD patients with ICMP and 8 patients with ICMP were 
recruited. Over the following 2 months, only patients 
with ICMP were included in the study to increase the 
sample size to the calculated value (n = 11).

Inclusion criteria:
•	 Age: 18 to 70 years;
•	 Signed informed consent to participate in the study;
•	 History of myocardial infarction more than 6 months 

prior;
•	 Additional criterion for the ICMP group: left 

ventricular systolic dysfunction (ejection fraction 
less than 40%), accompanied by one or more of the 
following:
−	 Myocardial infarction or myocardial 

revascularisation at least 6 months prior;
−	 Stenosis of the left main coronary artery > 75%;
−	 Stenosis of two or more coronary arteries > 75% 

[10].

Exclusion criteria:
•	 Acute infectious diseases within 3 weeks prior to the 

study (n = 2);
•	 Autoimmune or allergic diseases in the acute phase 

(n = 2);
•	 Malignant neoplasms (n = 1);
•	 Viral hepatitis (n = 1);
•	 Syphilis (n = 0);
•	 Human immunodeficiency virus (HIV) infection  

(n = 0);
•	 Erythropoiesis-stimulating (n = 1) or 

immunosuppressive therapy (n = 1) within 3 weeks 
prior to the study.

The control group consisted of 10 generally healthy 
donors (7 men and 3 women, median age 57.5 [48.0; 
65.5] years) without any cardiovascular diseases or 
related complaints, who provided informed consent to 
participate in the study (Fig. 1).

Isolation of blood mononuclear cells
The study material consisted of 30 ml of blood 

collected in a single draw from the cubital vein in the 
morning on an empty stomach, prior to physical activity 
and diagnostic or therapeutic procedures. The blood was 
stabilised with heparin (25 IU/ml).

Blood mononuclear cells were isolated using density 
gradient centrifugation with Ficoll (density 1.077 g/cm³)  
(LLC NPO “PanEco”, Russian Federation). After 
washing the mononuclear cells twice with 0.5% PBS 
(pH = 7.2), immunomagnetic separation was performed 
using CD14 MicroBeads and CD34 MicroBead Kit 
(“Miltenyi Biotec B.V. & Co. KG”, Germany), MS 
separation columns (“Miltenyi Biotec B.V. & Co. KG”,  
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Germany), and a MiniMACS magnet (“Miltenyi 
Biotec B.V. & Co. KG”, Germany) according to the 
manufacturer’s instructions. The proportion of CD14+ 
cells (all monocytes) and CD34+ cells (stem and 
progenitor haematopoietic cells, as potential precursors 
of monocytes, also present in the blood) in the culture 
was 80-85% and 3–5%, respectively.

Cell viability was assessed using a 0.1% trypan 
blue test (LLC NPO “PanEco”, Russian Federation). 
Cells with a viability of at least 96% were seeded 
into 2 wells of a 24-well plate at 106 cells per well. 
The cells were incubated for 6 days under 5% CO2 in 
complete culture medium (RPMI-1640 medium (LLC 
NPO “PanEco”, Russian Federation), foetal bovine 
serum, L-glutamine, penicillin-streptomycin) with the 
addition of 50 ng/ml recombinant human VEGF-A 
(“Cloud-Clone Corp.”, USA) to one of the wells. 
After 3 days of incubation, a partial medium change 
was performed, and the stimulant was re-added at the 
same dose. The sample with recombinant VEGF-A 
was considered stimulated, while the sample without 
VEGF-A served as control. After 6 days, the cells were 
detached from the plate surface by incubation with 
500 µl of 0.05% trypsin-EDTA solution (LLC NPO 
“PanEco”, Russian Federation) per well for 5 minutes 

at 37 °C. After washing the cells with 500 µl of 0.5% 
PBS, the pellet was resuspended, and the cells were 
used for flow cytometry (Fig. 2).

Immunophenotyping of monocyte 
subpopulations
Fluorescence intensity was measured using a 

“CytoFLEX” flow cytometer (“Beckman Coulter 
International S.A.”, USA) with the “CytExpert 2.3” 
software application (“Beckman Coulter International 
S.A.”, USA). The boundaries for positive fluorescence 
signals were established using FMO (Fluorescence 
Minus One) controls, as a third antibody (not presented 
in this publication) was also used in the study. 
However, the determinants CD14 and CD16 were 
evaluated independently of the expression of its ligand. 
The proportion of cells positive for each marker was 
assessed as a percentage of the total number of events, 
excluding the region of small objects (FSC less than 
100×104).

Statistical data analysis
For the presentation of results, the median and 

interquartile range (25th and 75th percentiles) were 
calculated. The normality of the distribution in samples 

FIG. 1. Study flowchart.
Note: HIV – human immunodeficiency virus; CHD – coronary heart disease; ICMP – ischemic cardiomyopathy; EF – ejection fraction. 
1 With ≥ 1 feature: myocardial revascularization > 6 mo.; left main coronary artery stenosis > 75%; stenosis of two or more coronary arteries > 75%.

Patients hospitalized for preparation for coronary artery 
bypass grafting 

n = 28 

Patients included 
n = 22 

Inclusion criteria:  
− age 18−70 years; 
− history of myocardial infarction > 6 mo. 

Healthy donors 
n = 10 

Non-inclusion criteria:  
• acute infectious diseases < 3 weeks (n = 2) 
• autoimmune or allergic diseases in the exacerbation phase (n =2) 
• malignant tumors (n = 1) 
• viral hepatitis, HIV infection, syphilis (n = 1) 
• erythropoiesis stimulating, immunosuppressive therapy (n = 2) 

Left ventricle systolic dysfunction (EF < 40%)1 

CHD with ICMP Group 
n = 11 

CHD without ICMP Group 
n = 11 
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was assessed using the Kolmogorov-Smirnov test. 
Given the deviation of the sample data from a normal 
distribution, comparative analysis was performed using 
Mann-Whitney test (for independent samples) and 
Wilcoxon test (for dependent samples), with Benjamini-
Hochberg correction for multiple comparisons. Statistical 
significance of differences in relative indicators was 
evaluated using Pearson’s chi-square test. Spearman’s 
correlation coefficients were calculated. The strength 
of association was assessed using Chaddock’s scale: a 
correlation coefficient of 0–0.3 was considered very 
weak, 0.3–0.5 as weak, 0.5–0.7 as moderate, 0.7–0.9 
as strong, and 0.9–1 as very strong. The results of the 
statistical analysis were considered significant at a level 
of p < 0.05. Statistical data analysis was performed using 
“Statistica 10.0” software (StatSoft Inc., USA).

RESULTS
Baseline Patient Characteristics
Patients with CHD showed no significant differences 

in age, sex, or prescribed therapy between the studied 
groups (with and without ICMP) (Table 1). Calcium 
channel blockers were not administered to patients 
with ICMP due to their negative inotropic effects. The 
majority of patients in both groups presented with 
angina pectoris of functional class II-III and heart failure 
of functional class II-III, as classified by the New York 
Heart Association (NYHA).

The Effect of VEGF-A on Monocyte 
Subpopulation Composition
The addition of VEGF-A to the mononuclear cell 

culture of healthy donors did not alter either the total 
monocyte count or the ratio of their subpopulations. 
Notably, the total monocyte count in the culture remained 
at approximately 40%, irrespective of the presence of the 
stimulant (Table 2).

In samples from patients without ICMP, a threefold 
reduction in the proportion of intermediate CD14++CD16+ 
monocytes was observed compared to the healthy 
donor group, while the percentages of other monocyte 
immunophenotypes and the total monocyte count 
remained comparable. The addition of VEGF-A to the 
mononuclear cell culture in these patients, as in healthy 
donors, had no effect on the total monocyte count or their 
subpopulation composition (Table 2).

In patients with ICMP, similar to those without ICMP, 
a deficiency in the number of intermediate CD14++CD16+ 
monocytes was observed in the mononuclear cell 
culture, regardless of the presence of the stimulant. 
In unstimulated samples from patients with ICMP, a 
profound deficit in the total monocyte count (fourfold) 
and intermediate CD14++CD16+ monocytes (tenfold) was 
identified compared to the healthy donor group. These 
two parameters showed a statistically significant increase 
under the influence of VEGF-A relative to the control 
sample, although they did not reach the levels observed 

FIG. 2. Experimental design.
Note: CHD – coronary heart disease; ICMP – ischemic cardiomyopathy; VEGF-A – vascular endothelial growth factor A.
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in healthy donors. Unlike in patients without ICMP, 
the proportion of classical CD14++CD16− monocytes 
in patients with ICMP significantly increased after 
incubation with VEGF-A compared to the unstimulated 
sample, reaching levels comparable to those in the 
healthy donor group (Table 2).

No statistically significant differences in the 
number of non-classical CD14+CD16++ monocytes and 
transitional CD14+CD16− monocytes were observed 
between the control and VEGF-A-stimulated samples 
across the studied groups. However, only in patients with 
ICMP was there a notable trend (p = 0.062) towards an 
increase in the proportion of non-classical CD14+CD16++ 
monocytes in the cell culture containing VEGF-A 
compared to the unstimulated sample (Table 2).

Correlation of Monocyte Subpopulations with 
Total Monocyte Count
(1) Among All Patients with Coronary Heart Disease
Correlation analysis conducted among all patients 

with CHD (both with and without ICMP) revealed a 
strong positive association between the total monocyte 
count and the proportion of intermediate CD14++CD16+ 
and classical CD14++CD16− monocytes in the control 
sample (Fig. 3A). The strength of this association 

remained unchanged following the addition of VEGF-A 
to the culture (Fig. 3B). A similarly positive, moderate-
strength correlation between the total monocyte 
count and the percentage of transitional CD14+CD16− 
was observed in the control sample; this correlation 
strengthened to very strong in the presence of VEGF-A. 
Additionally, a moderate-strength association between 
the total monocyte count and the number of non-classical 
CD14+CD16++ monocytes, identified in the unstimulated 
mononuclear cell culture, weakened to a weak correlation 
under the influence of VEGF-A (Fig. 3C, 3D).

(2) Depending on the Presence of Ischemic 
Cardiomyopathy and VEGF-A Stimulation

The analysis of correlations between the content of 
individual monocyte subpopulations and total monocyte 
count revealed associations of variable strength, 
depending both on the presence of ICMP and the addition 
of VEGF-A to the mononuclear cell culture (Fig. 4).

A common feature found in both groups of patients 
and in healthy donors was a strong positive correlation 
between the total monocyte count and the proportion 
of intermediate monocytes in the control (across all 
categories of individuals) and VEGF-A-stimulated 
sample (in the control group and in patients without 

Table 1. Baseline characteristics of patients with coronary heart disease in the studied groups

Feature
Coronary heart disease

p value
without ICMР (n = 11) with ICMР (n = 11)

Men, n (%) 10 (91) 11 (100) n.s.

Women, n (%) 1 (9) - n.s.

Age, years 63,5 (58,0; 67,5) 60,5 (56,5; 64,0) n.s.

Stable angina:

Class II, n (%) 2 (18) 3 (27) n.s.

Class III, n (%) 8 (73) 7 (64) n.s.

Class IV, n (%) 1 (9) 1 (9) n.s.

Left ventricular ejection fraction, % 59,25 (50,00; 67,50) 30,50 (22,75; 36,50)  < 0,001

NYHA classification of heart failure

Class I, n (%) 2 (18) 1 (9) n.s.

Class II, n (%) 4 (36) 7 (64)? n.s.

Class III, n (%) 5 (46) 3 (27) n.s.

Medications:

Long-acting nitrates, n (%) 7 (64) 6 (55) n.s.

β1 blockers, n (%) 10 (91) 9 (82) n.s.

Calcium channel blockers, n (%) 7 (64) 0 0,001

ACE inhibitors, n (%) 3 (27) 5 (46) n.s.

Antiplatelet agents, n (%) 8 (73) 9 (82) n.s.

Statins, n (%) 9 (82) 10 (91) n.s.

Note: ACE – angiotensin-converting enzyme; ICMР – ischemic cardiomyopathy; n.s. – not significant, не значимо; NYHA – New York heart 
association.
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ICMP). A distinctive characteristic of patients with 
ICMP was a strong positive correlation between the total 
monocyte count and the percentages of three monocyte 
subpopulations (classical, intermediate, and transitional) 
in the absence of the stimulant. However, upon the 
addition of VEGF-A, the correlation with the number of 
intermediate monocytes disappeared. Contrastingly, in 
patients without ICMP, a strong positive correlation of the 
total monocyte count with the proportion of classical and 
intermediate cells identified in the unstimulated sample 
was, after stimulation with VEGF-A, accompanied by an 
additional strong positive correlation with the level of 
transitional monocytes (Fig. 4).

DISCUSSION
The study revealed a consistent trend across all 

three groups of examined individuals  – CHD patients 
without ICMP, patients with ICMP, and healthy donors – 
characterised by a low proportion of CD14+ cells after 
culturing compared to their initial purity (80-85%) 
after isolation, regardless of VEGF-A stimulation. In 
the samples of healthy donors, approximately 40% of 
CD14+ cells remained after 6 days of culturing, whereas 
in ICMP patients, this proportion dropped to 10–15%, 
despite maintaining cell viability at ≥96% (indicating 
that the cells remained alive but had lost their monocytic 
identity). This phenomenon can be attributed to the 
high plasticity of monocytes, which enables them to 
differentiate into various subpopulations, as well 
as into macrophages [11], and even fibrocytes and 
fibroblasts, which lack the CD14 surface marker [12]. 
Additionally, a small subset of monocytes, specifically 
CD14+CD34+VEGFR2+ endothelial progenitor cells 
(comprising 1–6% of blood monocytes), can directly 

differentiate into endotheliocytes when exposed to an 
endothelial (pro-angiogenic) microenvironment [13, 14].

Notably, in healthy donors, monocytes also undergo 
spontaneous transdifferentiation during culturing (only 
40% of CD14+ cells remain). In CHD patients without 
ICMP, this process tends to be more pronounced 
(approximately 18% CD14+ cells remain), while 
in patients with ICMP, it is enhanced considerably, 
reaching statistical significance (only 10% CD14+ cells 
remain). The latter may represent an in vivo pathogenetic 
mechanism contributing to the development of ICMP, 
which is characterized by diffuse myocardium fibrosis 
[15], likely driven by the excessive transdifferentiation 
of monocytes into fibroblasts and fibrocytes.

Analysis of the subpopulation composition of 
monocytes in native mononuclear cell cultures revealed 
distinct differences in the content of specific monocyte 
subsets between the two CHD patient groups. In CHD 
patients without ICMP, the trend towards a reduction in 
the total CD14+ cells was accompanied by a significant 
decrease in intermediate CD14++CD16+ monocytes. In 
contrast, ICMP patients exhibited a profound deficit 
of intermediate CD14++CD16+ monocytes and a 
marked tendency towards a deficiency of non-classical 
CD14+CD16++ monocytes, alongside a statistically 
significant reduction in total CD14+ cells. Intermediate 
and non-classical monocytes represent activated 
monocytic forms, and their proportion increases in 
various disease states [16]. This may explain why their 
numbers declined most significantly during culturing in 
both patient groups, influencing the overall monocyte 
count. Such interpretation is supported by a positive 
correlation between the total monocyte count and the 
proportion of intermediate CD14++CD16+ monocytes 

Table 2. Content of monocyte subpopulations in the mononuclear cell culture in the control and in the VEGF-A stimulated 
samples in all groups studied

Monocyte content

Coronary heart disease Healthy donors
(n = 10)without ICMP (n = 11) with ICMP (n = 11)

Control VEGF-A p value Control VEGF-A p value Control VEGF-A p value

All monocytes CD14+/++, % 17,79 
(7,15; 
35,63)

21,50 
(7,15; 
38,8)

n.s. 10,63 
(6,80; 

17,64)b

15,28 
(8,75; 

27,99)а

<0,01 40,42 
(21,70; 
47,62)

41,25 
(20,55; 
46,69)

n.s.

Classical monocytes 
CD14++CD16−, %

5,45 
(2,13; 
15,27)

8,45 
(3,23; 
9,09)

n.s. 6,08 
(1,76; 
8,84)

8,57 
(3,51; 
16,8)

<0,05 10,72 
(6,73; 
2,04)

10,66 
(6,37; 
12,31)

n.s.

Intermediate monocytes 
CD14++CD16+, %

9,12  
(5,23; 

23,06)a

11,10 
(4,60; 
23,9)a

n.s. 3,64  
(2,03; 
8,59)b

6,26  
(3,87; 
10,3)а

<0,05 30,42 
(13,36; 
35,77)

34,81 
(13,73; 
40,85)

n.s.

Non-classical monocytes 
CD14+CD16++, %

0,86 (0,47; 
1,28)

1,06 (0,22; 
1,81)

n.s. 0,19 (0,18; 
1,11)

0,61 (0,37; 
1,58)

0,062 0,92 (0,56; 
1,27)

0,89 (0,33; 
1,45)

n.s.

Transitional monocytes 
CD14+CD16−, %

2,90 (1,49; 
4,47)

2,23 (1,58; 
4,59)

n.s. 2,48 (1,53; 
4,80)

2,40 (1,70; 
3,51)

n.s. 2,53 (2,11; 
4,78)

2,49 (1,92; 
6,204)

n.s.

Note: ICMP – ischemic cardiomyopathy; VEGF-A – vascular endothelial growth factor A; n.s. – not significant; 
a – p < 0.05 in comparison to the same sample in healthy donors; b – p < 0.01 in comparison to the same sample in healthy donors.
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in both patient groups, whereas a correlation with non-
classical CD14+CD16++ monocytes was observed only 
in healthy donors. Furthermore, intermediate monocytes 
are known to produce the highest levels of reactive 
oxygen species under unstimulated conditions [16], and 
an elevated count of these cells is linked to an increased 
risk of cardiovascular diseases [7–9, 17].

The addition of VEGF-A to mononuclear cell cultures 
from ICMP patients increased both the total monocyte 
count and the proportion of intermediate CD14++CD16+ 
and classical CD14++CD16− monocytes compared to 
control sample. In contrast, VEGF-A stimulation had 
no effect on the studied parameters in CHD patients 
without ICMP or in healthy donors. Given that the 
primary cause of the reduction in CD14+ monocytes 
during culturing appears to be their transdifferentiation 
into CD14− cells (fibrocytes, fibroblasts, and endothelial 
cells), it is plausible that VEGF-A inhibits this process in 

ICMP patients, thereby preserving a greater number of 
intermediate and classical monocytes.

Classical CD14++CD16− monocytes, which participate 
in innate immune responses following extravasation 
[11, 18], demonstrate the highest level of plasticity 
[11]. Consequently, their level should decrease the 
most during culturing as they differentiate into CD14− 
cells. However, according to our observations, patients 
with CHD showed the greatest deficit of intermediate 
monocytes, while the reduction in classical monocytes 
was less pronounced. This data indicates that intermediate 
monocytes exhibit more active transdifferentiation 
during the culturing process. The comparable number of 
classical CD14++CD16− monocytes in CHD patients and 
healthy donors is consistent with their high plasticity, 
as they represent the predominant population of blood 
monocytes [9], whereas intermediate CD14++CD16+ 
monocytes are the most abundant population in culture. 

FIG. 3. The correlation of the total number of monocytes in culture with their individual subpopulations in the control and in the 
VEGF-A stimulated samples in all patients with coronary heart disease.
Note: VEGF-A – vascular endothelial growth factor A.
A.	The content of classical CD14++CD16− and intermediate CD14++CD16+ monocytes in the control sample.
B.	The content of classical CD14++CD16− and intermediate CD14++CD16+ monocytes after VEGF-A stimulation. 
C.	The content of non-classical CD14+CD16++ and transitional CD14+CD16− monocytes in the control sample.
D.	The content of non–classical CD14+CD16++ and transitional CD14+CD16− monocytes after VEGF-A stimulation.
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This suggests that, under culturing conditions, classical 
monocytes initially differentiate into intermediate forms, 
as observed in vivo [19], and subsequently undergo 
transdifferentiation into non-monocytic cells. The 
more pronounced reduction in intermediate monocytes 
compared to classical monocytes is likely due to the 
fact that the majority of classical monocytes have 
already transitioned into intermediate forms after 6 
days of culturing. Surprisingly, VEGF-A inhibited the 
differentiation and transdifferentiation of monocytes in 
patient-derived cultures, despite its primary association 
with adaptation to hypoxia and angiogenesis rather 
than to monocytopoiesis and inflammation. This effect 
can be attributed to the expression of pro-inflammatory 
VEGFR1 and pro-angiogenic VEGFR2, which 
are present in 5-10% of monocytes [20]. Notably, 
the corrective influence of VEGF-A was observed 
exclusively in patients with ICMP and was absent in 
CHD patients without ICMP and in healthy donors. This 
phenomenon may stem from receptor hyperexpression or 
enhanced intracellular signaling through the ‘cytochrome 
P450 4A/F – 20-hydroxyeicosatetraenoic acid’ pathway, 
which is upregulated by hypoxia [21]; in ICMP, this 
hypoxia becomes chronic due to widespread myocardial 
ischemia [14].

Studies have demonstrated that the elimination 
of VEGF results in mitochondrial fragmentation, 

suppression of cellular metabolism, and death of 
autophagic cells [21]. These effects are mediated 
by the transcription factor FOXO (forkhead box 
protein), which activates autophagy and promotes 
the survival of hematopoietic stem cells under 
metabolic stress. In endotheliocyte cultures, VEGF 
exposure deactivates FOXO1 and inhibits cell death 
[22]. While the correlation patterns for classical and 
intermediate monocytes did not significantly differ in 
the presence or absence of VEGF-A, the proportion 
of non-classical and transitional monocytes in the 
absence of VEGF-A stimulation correlated with the 
total monocyte count. However, upon the addition of 
VEGF-A, the correlation between the total monocyte 
count and transitional monocytes strengthened, 
whereas the correlation with non-classical monocytes 
was lost. Furthermore, a notable trend towards a 
3-fold increase (p = 0.062) in the proportion of non-
classical monocytes in cultures from ICMP patients 
in the presence of VEGF-A underscores VEGF-A’s 
ability to attenuate transdifferentiation and address 
the deficiency of non-classical monocytes. This effect 
is advantageous, as non-classical monocytes exhibit 
protective properties toward the endothelium by 
removing immune complexes and dead cells from its 
surface; it is the deficiency of these cells in the blood 
that is characteristic for patients with ICMP [9].
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FIG. 4. The correlation of the total number of monocytes in culture with their individual subpopulations in the control and in the 
VEGF-A stimulated samples in all groups studied.
Note: VEGF-A – vascular endothelial growth factor A; CHD – coronary heart disease; ICMP – ischemic cardiomyopathy;  CD14++CD16– – classic 
monocytes; CD14++CD16+ – intermediate monocytes; CD14+CD16++ – non-classic monocytes; CD14+CD16– – transient monocytes.
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The observed differences in correlation patterns 
among the three groups of individuals, depending on 
the presence or absence of VEGF-A in cultures, indicate 
that CHD is associated with qualitative impairments 
in monocyte reactivity, which are most pronounced 
in ICMP. These disturbances are characterized by a 
dysregulation of the spontaneous transdifferentiation 
of classical, non-classical, and transitional monocytes 
in response to both in vitro conditions and VEGF-A 
stimulation. The ability of intermediate monocytes to 
undergo spontaneous transdifferentiation is heightened 
in CHD, irrespective of the presence of ICMP. However, 
only in ICMP is this phenomenon accompanied by a 
reduction in the total monocyte count in culture and is 
mitigated by the presence of VEGF-A.

Limitations of the Study and Directions  
for Future Research
The findings are applicable to patients from the 

West Siberian region who have a history of myocardial 
infarction dating back at least 6 months and who have 
signs of multivessel coronary artery disease. The data 
indicating that VEGF-A normalises the subpopulation 
composition of monocytes suggest that VEGF-A could 
be utilised for CHD therapy to promote angiogenesis 
without the risk of exacerbating atherosclerosis. 
Additionally, insights into the pathologically enhanced 

transdifferentiation of monocytes in CHD could inform 
the development of novel therapeutic strategies aimed at 
regulating this transition.

CONCLUSION
The development of CHD, irrespective of the 

presence of ICMP, is associated with a reduction in the 
number of intermediate monocytes in vitro due to their 
spontaneous transdifferentiation. This phenomenon 
is most pronounced in ICMP and represents a 
pathogenetic factor of this condition. Stimulation 
of blood mononuclear cells from CHD patients 
with the cytokine VEGF-A in vitro modulates the 
subpopulation composition of monocytes exclusively 
in individuals with ICMP, mitigating the enhanced 
transdifferentiation and preventing excessive loss 
of cells with classical, intermediate, and, to some 
extent, non-classical immunophenotypes, which 
demonstrates a protective effect of VEGF-A. At the 
same time, VEGF-A does not promote excessive 
accumulation of cells with pro-inflammatory properties 
(intermediate and classical forms). In CHD without 
ICMP, VEGF-A has no impact on the subpopulation 
composition of monocytes, suggesting a potential 
therapeutic opportunity for the use of this cytokine 
in CHD treatment without  the risk of  exacerbating 
atherogenesis.
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нический материал и осуществляли консультирование по вопро-
сам планирования исследования и интерпретации клинических 
данных. Все авторы утвердили окончательную версию статьи.
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