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ABSTRACT

Aim. To evaluate the nature of changes in the expression of markers of endothelial progenitor cells (VEGFR2,
CD34, CD14) and endothelial cells (CD146) in association with the expression of the leukocyte common antigen
CD45 in the culture of blood mononuclear cells in the presence of M-CSF in patients with coronary heart disease
(CHD) and healthy donors.

Materials and methods. The study included 12 patients with CHD with class III-V angina pectoris and 10 healthy
donors, from whom 30 ml of venous blood was taken on an empty stomach in the morning and stabilized with
heparin. Blood mononuclear cells were isolated by Ficoll density gradient centrifugation (1.077 g / cm?) and
subject to immunomagnetic separation using CD14-MicroBeads and CD34-MicroBead Kit (Miltenyi Biotec B.V.
& Co. KG, Germany). The resulting CD14" and CD34" culture of mononuclear cells was incubated for 6 days
in a complete nutrient medium with and without M-CSF 50 ng / ml (Cloud-Clone Corp., USA) with complete
replacement of the medium and repeated application of M-CSF on day 3. After 6 days, the proportions of CD45",
CD14*, CD34", VEGFR2", and CD146" cells in the culture were assessed by flow cytometry using CD14-FITC,
CD34-PE, VEGFR2-Alexa Fluor 647; CD45-FITC and CD146-PerCP antibodies (BD Biosciences, USA).

Results. It was shown that in healthy donors, the proportion of CD146" cells in the co-culture of blood mononuclear
cells with M-CSF exceeded their number in the sample without it, with comparable expression rates of CD45, CD14,
and VEGFR2 markers between the control and stimulated cultures. In CHD patients, the number of CD146+ and
VEGFR2" cells did not change when M-CSF was added to the mononuclear cell culture; however, the proportion
of CD14" cells increased and the proportion of CD45" cells decreased compared to the control sample. The number
of CD34" cells was comparable both between control and stimulated samples, and between the groups of examined
individuals. At the same time, in patients with CHD, an increased proportion of VEGFR2" cells was found in the
control and stimulated samples compared to healthy individuals, while an increased proportion of CD14" cells was
detected only in the stimulated culture.

Conclusion. The development of CHD disrupts the response of blood mononuclear cells to the effect of M-CSF,
increasing the number of CD14" and reducing the proportion of CD45" cells in the culture in the absence of
stimulating effects on the expression of endothelial cell marker CD146. At the same time, M-CSF does not affect
the expression of CD34 and VEGFR2 in endothelial progenitor cells both in patients with CHD and in healthy
individuals.
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Bnnanne M-CSF Ha 3Kcnpeccnio MapKepoB NPOoreHNTOPHbIX
SHAOTENVaNbHbIX KNEeTOK B KyJibType MOHOHYKJ/IeapOB KpOBI
npu nwemmnyecKkon 6onesHmn cepaua
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PE3IOME

Hens: oneHUTs XapakTep M3MEHEHHH YKCIPECCHH MapKepOB SHI0TETHAIBHBIX TPOreHnTOpHEIX KieTok (VEGFR2,
CD34, CD14) u sunotemmornuros (CD146) B acconnanuu ¢ sKcrpeccuell nameiikonntapaoro mapkepa CD45 B
KyJIbType MOHOHYKJICapoB KpoBH B npucytcTBur M-CSF 'y GonpHBIX nmemudeckoit 6onesnsio cepana (UBC) n
3JI0POBBIX IOHOPOB.

Marepuajbl 1 MeToabl. B nccinenosanne Bouutn 12 6ompabix MUBC co creHokapaueit Hanpspkenus [11-V ¢yHk-
LIMOHAJILHOTO Ki1acca 1 10 310pOBBIX IOHOPOB, Y KOTOPHIX YTPOM HATOIIAK 3a0Mpaid BEHO3HYO KPOBb B KOJIMYE-
crBe 30 MJI ¥ CTabHIIM3MPOBAIH TenaprHOM. MOHOHYKJIeaphl KPOBH BBIJEISUTH Ha IpajaueHte Gpukomia 1,077 r/em?
1 TIO/IBEprajii UMMYHOMAarHuTHON cenapanuu ¢ npuMmeHerneM antuten CD14-MicroBeads u CD34-MicroBead
Kit (Miltenyi Biotec B.V. & Co. KG, I'epmanus). [Toxydennyto cmemannyio no CD14 u CD34 kynbTypy MOHO-
HyKJIeapoB HHKYOUpOBaiy 6 CyT B MOnHOU muTarensHol cpene ¢ podasnernneM M-CSF 50 ur/min (Cloud-Clone
Corp., CIIIA) u 6e3 Hero ¢ MONHOK 3aMEHOH cpeasl U MOBTOpHBIM BHeceHneM M-CSF na 3-u cyT. Uepes 6 cyT
OILIEHUBAJIH 10110 TO3UTHBHEIX 0 CD45, CD14, CD34, VEGFR2, CD146 KIeTOK B KyJIBTYpe ¢ TOMOIIBIO aHTUTET
CD14-FITC, CD34-PE, VEGFR2-Alexa Fluor 647; CD45-FITC u CD146-PerCP (BD Biosciens, CLLIA) meTogom
HPOTOYHOHN LUTO(ITYOPUMETPHU.

Pe3syabTatsl. [Tokazano, yTo y 310poBBIX J0HOPOB A0t CD146" KieToK B CMEIIaHHOH KyJIbTYPe MOHOHYKJIEApOB
kpoBu npu go6asiennn M-CSF npeBbliaeT uX KOJIMYECTBO B IpoOe 0e3 ero BHECEHUs IPH CONOCTaBUMBIX TTOKa-
3arensix skcnpeccun Mmapkepos CD45, CD14 u VEGFR2 mexay KOHTPOIbHOM U CTUMYJIUPOBAHHON KYJIbTypaMu.
VY 6onpubix UBC uncnennocts CD146'u VEGFR2" knetok He namensnack npu nodasnenun M-CSF B kynbTypy
MOHOHYKJIEapoB, oxHako noist CD14" knerok Bo3pacrana, a CD45" KJIeTOK CHU)Kalach OTHOCUTENIBHO KOHTPOJIb-
Hoit poObl.  KomnuectBo CD34" kineTok OBLIO COMOCTAaBUMBIM KaK MEXIY KOHTPOJIBHON M CTUMYJIMPOBAHHOH
npobaMu, Tak U MeXIy rpynnamu odcieoBaHHbIX juil. [Ipu 3ToMm y 60ibHbIX IBC ycTaHOBIEHO MpeBbIlIeHNE
nonn VEGFR2' ki1eTok 0THOCUTENIBHO 3J0POBBIX JOHOPOB B KOHTPOJIbHOU U cTuMynupoBanHoi M-CSF mpo6ax,
a 11 CD 14" MOHOHYKJIEapOB — TOJIBKO B CTUMYJIMPOBAHHOM KyJIbTYpe MOHOHYKJICAPOB.

3aximoyenne. @opmuposanue MBC HapyliaeT peakiuo MOHOHYKIIeapoB KpoBu Ha aelictBue M-CSF, yBennuu-
Bas yucso CD14" u ymenbmas gosnto CD45* kiieTok B KyJIbType IpU OTCYTCTBUM CTUMYJIUPYIOLIETO BIUSHUS Ha
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akcrnpeccuto mapkepa CD146 sunorenuanbHbix KiaeTok. [Ipu 3Tom M-CSF He Biuser Ha 9KCIpeccuio MapKepoB
CD34u VEGFR2 OIIK kak y 6onbHbIX MBC, Tak n'y 3/0pOBBIX JHII.

KiroueBbie ciioBa: MOHOLMTBI, IPOTCHUTOPHBIC SHAOTCINAIbHBIC KIICTKH, M-CSF, penapanus COCya0B, SHAOTE-
JIMOIMTHI, MIICMHUYCCKasA 0oJ1e3Hb cepana

KOHq)JIPlKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIUAJIbHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHIJ_Ief/’I CTaTbHU.

Hcrounuk ¢punancupoBanus. VcciegoBanue BRIIOIHEHO 3a cyeT rpaHTa Poccuiickoro Hayunoro ¢onma Ne 22-
25-20038, https://rscf.ru/project/22-25-20038/ u cpenct AnmuHUCTpanuu ToMcKol 00IacTu.

CooTBeTcTBHE NPUHLIMIIAM 3THKH. Bece manueHTs! noamucant HHGOPMUPOBAHHOE COTACHe Ha y4acTHE B HC-
cnenoBanuu. MceaenoBanus NpoBeAeHBI ¢ paspelieHus JOKaIbHOro 3THueckoro komurera CuolI'MY (mpotokon
Ne 9299 ot 28.11.2022).

Jns uutupoBanus: Yymakosa C.I1., Ypazosa O.1., lllunymua B.M., I'mankockas M.B., Arapees C.JI., He-
Bckast K.B., 3uma A.I1., Hukynuna E.JI. Bmusane M-CSF Ha skcnpeccuto MapKepoB MPOT€HUTOPHBIX SHAOTEIH-
aNBHBIX KIETOK B KyJIbType MOHOHYKJICAPOB KPOBH P HIEMHUYECKON Oone3Hn cepauna. broemens cubupckou
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INTRODUCTION

For many decades, cardiovascular diseases have
been the main cause of death in many countries of the
world [1, 2]. Studies of the pathogenesis of vascular
pathology are often limited to studying vasomotor
endothelial vascular dysfunction [3, 4], however,
its angiogenic form which includes impairment of
angiogenesis and reparative processes in the vessels is
insufficiently studied [5].

In atherosclerosis, which underlies coronary heart
disease (CHD), monocytes can have both a negative
and a protective effect. On the one hand, plaque
macrophages, maintaining chronic inflammation,
prolong vascular alteration with the help of matrix
metalloproteinases (MMPs) [1, 6, 7] and promote
vascularization in atheroma, which increases the
risk of plaque hemorrhage with subsequent plaque
destabilization [3, 8]. On the other hand, monocytes
containing a population of endothelial progenitor
cells (EPCs) [9] can participate in the angiogenesis
induction, which is necessary for the formation of
collateral blood flow and repair of damaged vessels,
which has a protective and adaptive value in CHD.

Angiogenesis is realized by early and late EPCs,
which have monocytic VEGFR2'CD34*CD14" and
non-monocytic VEGFR2*CD34*CD14- immuno-
phenotypes, respectively [2, 9]. Early EPCs stimulate
the mature endothelial cells survival in a paracrine way,
can acquire their markers, but have limited proliferative
activity; late EPCs have a high proliferative activity
and differentiate into endotheliocytes [2, 9]. It is

known that circulating EPCs can be isolated from
peripheral blood mononuclear cells. Moreover, when
monocytes are cultured in the presence of vascular
endothelial growth factor (VEGF), they transform into
an intermediate cell phenotype and further differentiate
in endotheliocytes, losing the CD45 pan-leukocyte
marker [10]. The ability of other growth factors to
stimulate angiogenesis has also been demonstrated.
Thus, the cultivation of bone marrow cells with
granulocyte colony-stimulating factor (G-CSF) and
macrophage colony-stimulating factor (M-CSF)
increased the expression of endothelial markers CD31
and CD146 [11], and the cultivation of EPCs isolated
from blood monocytes with granulocyte — macrophage
colony-stimulating factor (GM-CSF) increased their
proliferative activity [12]. Considering the above,
it can be assumed that blood monocytes (CD14%)
enriched with hematopoietic stem (CD34") cells [2]
can modulate their phenotype under the influence of
various stimuli. Since early EPCs are monocytic cells,
it is possible that the cultivation of a mixed culture
of monocytes (CD14%) and hematopoietic stem cells
(CD34") in the presence of M-CSF can affect the
expression of markers characteristic of EPCs.

The aim of the study was to evaluate the nature of
changes in the expression of markers of endothelial
progenitor cells (VEGFR2, CD34, CDI14) and
endotheliocytes (CD146) in association with the
expression of the leukocyte common antigen CD45
in CD14" and CD34" blood mononuclear cell culture
in the presence of M-CSF in patients with CHD and
healthy individuals.
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MATERIALS AND METHODS

A single-stage, case-control, single-center,
observational study was conducted from December
2022 to May 2023. The study included 12 patients
with CHD (10 men and 2 women, mean age 62.0
[56.5; 64.0] years) with class II-IV angina pectoris
and mainly NYHA class II-1II heart failure, who had a
history of myocardial infarction and were admitted to
the Cardiology Research Institute of Tomsk National
Research Medical Center to undergo coronary bypass
grafting. Patients received standard anti-anginal
therapy with long-acting nitrates, pl-blockers,
calcium channel blockers, angiotensin-converting
enzyme inhibitors, as well as antiplatelet therapy with
acetylsalicylic acid preparations or P2Y12 receptor
blockers and lipid-lowering therapy with statins. The
comparison group consisted of 10 apparently healthy
donors (7 men and 3 women, mean age 57.5 [48.0;
65.5] years), who did not have any cardiovascular
diseases and complaints of a corresponding nature.

The exclusion criteria were as follows: age over 70
years, autoimmune diseases, an allergic process in the
acute phase, a tumor process, viral hepatitis, syphilis,
HIV infection, anemia, treatment with iron-containing
drugs, erythropoietin or immunosuppressive therapy,
acute infections within less than 3 weeks before the
study, as well as the patient’s refusal to participate in
the study.

The studies were carried out in accordance with the
ethical principles set out in the Declaration of Helsinki
(1975) and approved by the local Ethics Committee at
Siberian State Medical University (Protocol No. 9299
0f28.11.2022).

The material of the study was blood from the
cubital vein in a volume of 30 ml, taken in the morning
on an empty stomach before exercise, diagnostic and
therapeutic procedures, which was stabilized with
heparin (25 IU / ml). Blood mononuclear cells were
isolated by Ficoll density gradient centrifugation
(1.077 g /em?®) (PanEco LLC, Moscow). After double
washing of mononuclear cells with 0.5% PBS (PBS,
pH=7.2), immunomagnetic separation was performed
using CD14 MicroBeads and CD34 MicroBead Kit
antibodies (Miltenyi Biotec B.V. & Co. KG, Germany),
MS separation columns (Miltenyi Biotec B.V. & Co.
KG, Germany), and a MiniMACS magnet (Miltenyi
Biotec B.V. & Co. KG, Germany) according to the
manufacturer’s instructions. The purity of isolation,
i.e. the proportion of CD14+ and CD34+ cells in the
culture, was 80-85% and 5-7%, respectively. Cell

viability was determined in a test with 0.1% trypan
blue (PanEco LLC, Moscow). If it was at least 96%,
cells were added to 2 wells of a 24-well plate, 106 cells
each. The samples were incubated for 6 days with 5%
CO, in a complete nutrient medium (nutrient medium
RPMI-1640 (PanEco LLC, Moscow) supplemented
with fetal calf serum, L-glutamine, penicillin —
streptomycin) with the addition of 50 ng / ml of
recombinant human M-CSF (Cloud-Clone Corp.,
USA) to one of the wells. After 3 days of incubation,
the medium was partially replaced and the stimulant
was re-introduced at the same dose. The sample with
recombinant M-CSF was considered stimulated, and
the sample without M-CSF was considered control.
After 6 days, the cells were removed from the plate
surface by incubating them with 500 pl of 0.05%
trypsin — EDTA solution (PanEco LLC, Moscow) per
well for 5 min at 37 °C. After washing the cells with
500 wl of 0.5% PBS, the pellet was resuspended, and
the cells were used for flow cytofluorometry.

To determine the expression of CD45,CD14,CD34,
VEGFR2 (KDR; CD309), and CD146 molecules in
the co-culture culture of blood mononuclear cells,
flow cytometry was performed using monoclonal
antibodies with two combinations of labels:
CD14-FITC, CD34-PE, VEGFR2(KDR; CD309)-
Alexa Fluor 647 and CD45-FITC, CD146-PerCP,
VEGFR2(KDR; CD309)-Alexa Fluor 647, according
to the manufacturer’s instructions (BD Biosciences,
USA). Dead cells were excluded from the analysis
using DAPI staining (Wuhan Servicebio Technology
Co., Ltd, China). The fluorescence intensity was
measured on the CytoFLEX flow cytometer
(Beckman Coulter International S.A., USA), and the
data obtained were analyzed using the CytExpert 2.3
software (Beckman Coulter International S.A., USA).
The positivity boundaries of the label luminescence
were established using fluorescence minus one (FMO)
controls. We estimated the proportion of cells positive
for each marker as a proportion (%) of the total number
of cases, excluding the area of small objects (FSC less
than 100 x 10%).

Statistical data was analyzed using the Statistica
10.0 program. In the statistical description of the
results, the median and interquartile range were
calculated (Me [Q1; Q3]). The Mann — Whitney test
(for independent samples) and the Wilcoxon test (for
dependent samples) were used to perform comparative
analysis of sample data. The results of the statistical
analysis were considered statistically significant at
p <0.05.
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RESULTS

The comparative analysis of control and M-CSF-
stimulated samples of CD14" and CD34" blood
mononuclear cell co-cultures in healthy donors
revealed a statistically significant increase in the
proportion of CD146" cells only in the sample with
M-CSF compared to the sample without M-CSF with
comparable expression parameters for CD45, CD14,
and VEGFR2 markers (Table). On the contrary, in
patients with CHD, the number of CD146" cells did
not change when M-CSF was added to the culture, as
did the number of VEGFR2" cells, but the proportion

of CD14* mononuclears increased significantly, and
CDA45* decreased compared to the control sample. In
the meantime, CD34 expression did not differ between
the control and stimulated samples, or between the
groups of examined individuals.

The analysis of the expression parameters of the
studied markers between the groups of examined
patients revealed an excess of the relative number
of VEGFR2" cells in CHD patients compared to
healthy donors in both control and stimulated M-CSF
samples, and for CD14" mononuclear cells — only in
the stimulated sample (Table).

Table

Expression of markers of endothelial progenitor cells and endotheliocytes, as well as CD45 molecules in the CD14* and CD34" blood
mononuclear cell co-culture stimulated and not stimulated with M-CSF in patients with CHD and healthy donors, Me [Q ; O,]

The proportion of cells Healthy donors CHD patients
expressing the marker Control sample Sample with M-CSF Control sample Sample with M-CSF
17.68
30.93 30.79
CD45, % 56.18 [23.40; 47.12] [19.66; 46.60] [11.62; 23.90]
[40.55; 64.20] s s p=0217
b P .= 0.049
2036
19.17 26.43
CD14,% 28 [12.32; 26.80] [15.93; 30.12] [25.14; 51.69]
[18.34;31.10] P o p=0.046
P p== p=0.031
19.18 1584 1732
2271 [15.07;23.76] ' [14.24;22.31]
D .
D34, % [18.14; 27.58] p.=0.743 10.86: 24111 =020
P p,=0.855
2547
5.62 21.16
VEGFR2, % 4.38 [2.51; 11.43] [13.05; 28.56] [13.80: 32.16]
[1.75; 9.25] e o p=0013
s p=0. .= 0.407
236
2.82 1.44
CDI146, % P [1.63; 5.40] [090; 3.82] [1.59: 4.27]
[0.94; 2.70] o o p=0.763
O p=0 p.=0.194

Note: p_— the level of statistical significance of the differences in the parameters compared with the cell content in the control sample, p — in

healthy donors.

DISCUSSION

The study of the M-CSF effect on the marker
expression inherent in early EPCs (VEGFR2, CD34,
CD14) and more differentiated endotheliocytes
(CD146) established the differences in the effects of
this cytokine on the culture of blood mononuclear
cells mixed in CD14" and CD34" in CHD patients
and healthy donors (Table). It was shown that the
physiological response of these cells to M-CSF
consists in increased CD146 expression, which does
not occur in patients with CHD.

TheCD146moleculeisexpressedonendotheliocytes
and pericytes, promoting the formation of cell — cell

interactions between them, increasing endothelial
adhesiveness and endothelial cell survival, and also
contributing to pericyte recruitment, EPC homing,
vessel architectonics, and their stabilization [13,
14]. Its soluble form sCD146 was shown to enhance
the angiogenic properties of EPCs, and sCDI146
injection improved neovascularization in a murine
ischemia model, which was mediated by VEGFRI,
VEGFR2, angiomotin, and the shCD146 isoform
[13]. Therefore, an increase in CD146 expression in
the blood mononuclear culture in healthy individuals
can be considered as a positive effect of M-CSF,
which could have a protective effect on vessels of
the ischemic myocardium affected by atherosclerosis
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in patients with CHD, but it is not realized in CHD
(Table).

Using a model of chronic obstructive pulmonary
disease, it was shown that CD146 deficiency in
pulmonary endothelial cells was associated with
its increased permeability and tissue infiltration by
monocytes, and the addition of sCD146 increased
monocyte transmigration in vitro [13]. Accordingly,
impaired CD146 expression under the effect of
M-CSF in patients with CHD can not only inhibit
angiogenesis, but also enhance monocyte migration
into the vessel wall and tissues, contributing to
inflammation and fibrosis. CD146 deficiency is
associated with suppression and enhancement of the
non-canonical and canonical Wnt pathways, which
leads to a profibrotic state [15].

Since CDI146 is more present on mature
endotheliocytes and is often used as a marker of
desquamated endothelial cells [14, 16, 17] and to a
lesser extent — on EPC [9, 14], in healthy individuals,
a mature phenotype of endotheliocytes is probably
more likely to form under the M-CSF influence in
blood mononuclear cell culture. At the same time, the
expression of VEGFR2, which is inherent in EPCs and
endotheliocytes, did not change in blood mononuclear
cell culture in the presence of M-CSF in both healthy
individuals and patients with CHD (Table).

Binding of VEGFR?2 to its ligands VEGF-A and
VEGF-C stimulates the expression of adhesion
molecules, vascular permeability, cell survival
(through activation of the PI3K/AKT pathway),
cell attachment and migration (through activation
of p38MAPK and focal adhesion kinase FAK), and
proliferative response (through activation of mitogen-
activated protein kinase (MAPK) and extracellular
signal-regulated kinase (ERK)) [18]. Therefore, it
can be assumed that early VEGFR2'CD34°'CD14*
and late VEGFR2'CD34°CDI14- EPCs present in
the mononuclear cell culture (because they were
separated by CD34") were transformed under the
M-CSF influence in healthy donors into a more mature
phenotype with CD146 expression, but without
increasing the proliferative potential of cells through
VEGFR?2 signaling. This transformation obviously did
not occur in CHD. Since the expression of VEGFR2
and CD34 in the blood mononuclear cell culture did
not increase in the M-CSF presence in both healthy
individuals and CHD patients (Table), it cannot be
argued that M-CSF promotes EPC differentiation or
proliferation. However, the proportion of VEGFR2"
cells in the co-culture of blood mononuclear cells in

CHD patients was higher than in healthy individuals,
both with M-CSF and without it (Table). This fact
is obviously associated with the initially greater
VEGFR2*CD34* cell separation in patients due to
the high VEGFR2" cell content in the blood of CHD
patients, which we discussed earlier [17].

A significantly higher percentage of CD34"
cells in both groups of examined individuals after
mononuclear cell culture (Table) is worth noting
compared to that obtained using immunomagnetic
separation (see Materials and Methods section). It
has been shown that blood mononuclear cells in the
culture can transform not only into endothelial cells
and macrophages, but also into fibrocytes expressing
CD34 [19]. We observed the spindle cell formation in
culture (the results are not presented, they are being
statistically processed), the shape of which is inherent
in both fibrocytes [19] and terminal endothelial cells
[2, 10]. However, without studying specific fibrocyte
markers, such as the presence of intracellular collagen
and CD34 in the absence of CD33, CD35, and CD93
expression [19], it is impossible to discuss the M-CSF
effect on fibrocyte differentiation.

The unchanged proportion of CD34" mononuclear
cells in the culture under the M-CSF effect in the
examined individuals of both groups (Table) can also
be associated with the induction of multi-directional
processes by this cytokine: stimulation of its formation
from monocytes (CD14") that do not express CD34"
into fibrocytes carrying it, and with the transition of
CD34" EPCs into mature endothelial cell forms that
lose CD34*. Thus, CD34" cells with high expression of
endothelial cell markers, surrounded by spindle cells,
were found in the blood monocyte culture in vitro.

Over time, two types of colony-forming units
(CFU) were isolated in the monocyte culture: CFU-
Hill cells and endothelial colony-forming cells. The
former are phagocytic and express CD14, CDA45,
CD115, but do not have proliferative and vasculogenic
activity, while the latter do not have CD14, CDA45,
CD115 and express markers of endothelial cells and
form capillary-like structures in vitro and vessels
in vivo [2]. Exposure to M-CSF caused CD14" cell
accumulation (Table) in CHD patients compared to
healthy individuals, which indicates increased CFU-
Hill cell formation. At the same time, the decrease
in the expression of the leukocyte common antigen
CD45 on the cultured blood mononuclear cells in CHD
patients with M-CSF can probably be explained by its
stimulating effect on the transformation of monocytes
into various cells not carrying CD45 (endothelial [2])
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and weakly expressing it (fibrocytes and macrophages
[19]).
CONCLUSION

In CHD, the nature of the response of CD14"
and CD34" blood mononuclear cells to the M-CSF
action changes, which is manifested by an increase
in the CD14 marker expression and inhibition of
CD45 molecule expression. At the same time, the
physiological response of these cells to M-CSF
stimulation in the form of increased endothelial
marker CD146 expression is lost. Meanwhile, M-CSF
does not change the EPC marker (VEGFR2, CD34)
expression on CD14" and CD34" blood mononuclear
cells both in healthy individuals and in CHD patients.
The obtained knowledge creates the concept of the
effectiveness of cytokine and cell therapy using
M-CSF for the angiogenesis induction in CHD patients
and the mechanisms of its possible therapeutic effect.
These data can become the grounds for developing a
new method for treating this disease. Provided that the
recombinant M-CSF side effects are excluded, further
research is required in vivo.
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