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ABSTRACT

Aim. To assess the osteogenic potential of mesenchymal stem cells (MSCs) of epicardial adipose tissue (EAT) in
patients with stable coronary heart disease based on obtaining gene profiles (osteogenesis markers).

Materials and methods. In EAT MSCs, the expression levels of the RUNX2 (RUNX transcription factor encoding
gene), BGLAP (osteocalcin encoding gene), SPP1 (osteopontin encoding gene), SP7 (Osterix encoding gene)
genes were determined using real-time polymerase chain reaction (PCR). Using immunofluorescence staining, the
amount of RUNX2, osteocalcin, osteopontin, and Osterix proteins was determined in the supernatant of cultured
MSCs.

Results. It was found that the expression of RUNX? in cells cultured in a medium with osteoinducers was 1.88
times higher than in undifferentiated MSCs (p = 0.012). The level of RUNX2 protein was also higher in a differ-
entiated cell culture (p < 0.05). Similar results were obtained regarding the level of SPP/ mRNA expression (p =
0.012). BGLAP expression did not differ between differentiated and undifferentiated MSC cultures. The level of
SP7 gene expression did not differ in cells either with or without an osteoblastic medium. It is worth noting that us-
ing immunofluorescence staining, there were no differences detected in the expression of Osterix and OCN between
cultures of differentiated and undifferentiated cells.

Conclusion. It was found that EAT MSCs have osteogenic potential, which was manifested by the expression
of osteogenesis genes in both differentiated and undifferentiated MSCs. The increase in the expression level of
SSPI and RUNX2 mRNA on day 15 of cultivation with osteoblastic medium indicates that the studied cells are
preosteoblasts and are at the stage of extracellular matrix synthesis.
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PE3IOME

Henw. Ha ocHOBe mosyueHus mpoQuiIs FeHOB — MapKepPOB OCTEOr€He3a — OLIEHUTh OCTEOTeHHBII MOTEHIHAT Me-
3eHXHMMabHBIX CTBOJIOBBIX KieToK (MCK) snukapauansHoii sxupoBoit Tkanu (DXKT) y marueHToB co cTabMIbHOM
HIIeMHYEeCKOl 00JIEe3HBIO CepaLa.

Martepnaisl 1 metoabl. B MCK DXKT meronom nonumepasnoit nentoii peakiun (I1L[P) B peansHOM BpemeHH
OIIpEe/IeIISUIN YPOBHU dKcIpeccuu reHoB RUNX?2 (reH, koaupyroumii TpanckpunuuoHHbH Gaktop RUNX), BGLAP (ren,
koaupytommii ocreokansiima OCN), SPPI (reH, xomupyromuii ocreonontiud OPN), SP7 (ren, koaupyrornuid Osterix).
C moMoI1IbI0 IMMYHO(ITyOPECLIEHTHOTO OKPAIIMBAHU B CylepHaTanTe KynbruBupyemMsix MCK onpenernsimg koimdecTBo
oenxa RUNX2, OCN, OPN u Osterix.

PesyabTarhl. YcraHoBieHoO, 4To 3kcnpeccuss RUNX2 B kieTkax, KyJIbTUBUPOBaHHBIX B CPEJi€ C OCTEOMHIYKTO-
pamu, 6bu1a B 1,88 pasa Beimre, uem B Hemuddepennuposanasix MCK (p = 0,012). Yposens 6emxa RUNX Takke 65T
BBIIIE B TU((epeHIMPOBaHHON KyIbType KieTok (p < 0,05). AHaIornyHsle pe3yabTaThl ObLIH IOJyYEHE! B OTHOMICHUH
yposus 3xcnpeccun MPHK SPPI (p = 0,012). Oxcnpeccust BGLAP He oTiidanack B Ju(depeHIpOBaHHbIX U Heaud-
¢epennupoBanHbIX KyabTypax MCK Tak ke, kak ypoBeHb dKcIpeccur TeHa SP7 B KIIeTKax ¢ 0cTeo0IacTHOH cpeloi u
6e3 Hee. CTOUT OTMETUTB, YTO METOZOM NMMYHO(ITyOPECICHTHON OKPacK/ HAMH HE BBIABICHO Pa3IM4Ui B SKCIPECCHH
Osterix 1 OCN Mexny KynsTypamu audpepeHInpoBaHHbIX U HeqU(p(HepeHIPOBAHHBIX KIETOK.

3aximouenne. MCK DXKT uMEIOT OCTEOreHHBIH MOTEHIMAN, YTO MPOSBIIOCH 3KCIIPECCHEN TEHOB OCTEOTreHe3a
Kak 1udpepeHInpOBaHHBIX, TaK U HenudpeperuupoBanHsix MCK. YBenmuuenue yposas sxcnpeccun MPHK SSP/
u RUNX2 nHa 15-¢ cyT KyTbTHBUPOBAHUS C OCTEOOTACTHOM CpeZioi CBUAETENBCTBYET O TOM, UTO U3ydaeMble HAMHU
KIIETKH SIBIISIOTCS IIPEOCTe00IaCTaMH M HAXOAATCS Ha CTa[MH CHHTE3a BHEKJIETOYHOTO MaTPUKCA.

KnaroueBble ¢/10Ba: ME3eHXHUMAIbLHBIC CTBOJIOBBIE KJICTKH, JXKHUPOBas TKaHb, HIIIEMUYCCKasd 0oJe3Hb cepana, reHbl
OCTCOrcHe3a, Ka.HI)L[I/I(i)I/IKaHI/Iﬂ

KOHq)JIl/lKT HUHTEPECOB. ABTOpLI 3asBJISAIOT 00 OTCYTCTBHUHU SIBHBIX W NMOTCHIHAJIbHBIX KOHQ)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'lPlKaIIHeI>i HaCTOS[U.[efI CTaTbu.

Hcrounnk punancuposanus. Pabora BrmonneHa B pamkax ¢ynnamentansHoi Temsl HUM KIICC3 Ne 0419-
2022-0002 (mepuox BemonHeHust 20222026 rT.) «Pa3paboTka MHHOBAaIMOHHBIX MOZENEH yNpaBIeHHUs! PHCKOM

Bulletin of Siberian Medicine. 2025; 24 (1): 86-95 87



Uchasova E.G., Dyleva Yu.A,, Slesareva T.A. et al.

Osteogenic potential of mesenchymal stem cells of epicardial adipose tissue

pa3BuTHs 6OJIe3HEl CHCTEMbI KPOBOOOPAILIEHHUS C Y4eTOM KOMOPOHIHOCTH HAa OCHOBE W3y4YeHHs (yHAaMeHTab-
HBIX, KIIMHUYECKHX, STUAEMHUOJIOTHUECKUX MEXaHU3MOB M OPraHH3aL[OHHBIX TEXHOJIOT Uil MEAMIIMHCKO ITOMOIIN

B YCJIOBHSIX MPOMBIIUIEHHOTO perrnoHa Cuoupmy.

CooTBeTCTBHE IPUHIINNIAM dTHKH. Bee manmeHTs! noanucany HHGOPMUPOBAHHOE COTIIACUE HA MCIIOIB30BaHUE OHO-
JIOTHYECKOTO MaTepuana B HccieoBaHuu. McenenoBanue 000peHo JIoKanbHbIM dTHYeckuM komutetoM HUM KIICC3

(mpotokoi Ne 12 ot 20.03.2023).

Jast uurupoBanusi: Yuacosa E.I'., JlpumeBa FO.A., CnecapeBa T.A., benuk E.B., Ilonacenko A.B., Benuka-
HoBa E.A., MatseeBa B.I'., JIsaguaros 1.B., Tapacosa O.J1., ['py3aeBa O.B. OcTeoreHHbli noTeH1nan ME3eHXH-
MaJIbHBIX CTBOJIOBBIX KJICTOK 3MUKAPAHATbHON KUPOBOU TKAHH y MAI[MEHTOB C MIIEMUYECKOW OOJIE3HBIO Ceplia.
Bioanemens cubupcrou meouyunwt. 2025;24(1):86-95. https://doi.org/10.20538/1682-0363-2025-1-86-95.

INTRODUCTION

Atherosclerosis and its associated pathology —
coronary heart disease (CHD) are leading causes
of mortality in economically developed countries,
despite significant advancements in treatment.
A common complication accompanying CHD is
calcification of the coronary arteries [1]. Although
vascular calcification was recognized as a form of
extra-skeletal ossification over a century ago, it is
now understood to be a strictly regulated process. Its
stages are similar to bone morphogenesis, including
the expression of major pro-osteogenic factors such
as osteocalcin, osteoprotegerin, osteopontin, and
other markers [2]. The exact mechanisms underlying
the pathogenesis of coronary artery calcification
remain unclear.

For a long time, it was believed that at least 4
types of cells can lead to vascular calcification: 1)
pericytes in microvessels; 2) pericyte-like calcifying
vascular cells in the intima of the aorta; 3) smooth
muscle cells in the media; and 4) myofibroblasts
in adventitia. Along with resident cells, circulating
cells, including bone marrow-derived mesenchymal
stem cellss, can migrate into the vessel wall and
contribute to calcification [3, 4]. However, adipose
tissue (AT) surrounding the heart and blood vessels
may also be the source of mesenchymal stem cells
(MSC:s). [5]. It is assumed that the main function of
AT MSCs is to regenerate damaged areas surrounding
the organ, as well as to produce biologically active
substances, including anti-apoptotic, growth, and
immunomodulatory factors. At the same time, AT
MSCs are multipotent cells, possessing the ability
to differentiate into osteogenic, chondrogenic, and
adipogenic lines [6]. Information regarding the
function of AT MSCs surrounding the heart and
blood vessels is limited. Existing literature on this
topic indicates that the AT surrounding the heart and
blood vessels is a source of MSCs that are capable

of differentiating into various cell types [7, 8]. It is
also known that the paracrine activity of AT MSCs,
which involves the production of growth factors and
cytokines, has an effect on inducing angiogenesis and
increasing the survival of cardiomyocytes [5].

The ability of AT MSCs to differentiate
into osteoblasts secreting calcium salts into the
extracellular space may be a link in the pathogenesis
of vascular wall calcification. Currently, the role of
AT MSCs in the formation of vascular calcification
remains understudied. However, this area holds
significant promise from both fundamental and
clinical perspectives, since MSCs may not only
be one of the key participants in the development
of pathological calcification but also serve as
a therapeutic target for regulating osteoblastic
potential. Existing literature presents contradictory
information regarding the osteogenic ability of
AT MSCs. For example, A.B. Malashicheva et
al.compared subcutaneous fat MSCs from healthy
donors and patients with aortic valve calcification,
revealing a reduced osteogenic potential in the
MSCs of patients with aortic valve calcification [9].
Conversely, there is evidence that the ability of AT
MSCs to undergo osteogenic differentiation depends
on the tissue localization [10].

The aim of this study is to evaluate the osteogenic
potential of MSCs derived from epicardial adipose
tissue by assessing the expression levels of osteoblastic
differentiation genes and their corresponding proteins
in patients with stable coronary heart disease.

MATERIALS AND METHODS

The study included 5 patients with CHD, all
under the age of 75,who signed a voluntary informed
consent to participate. All patients had indications
for open-heart surgery, specifically direct
myocardial revascularization via coronary artery
bypass grafting (CABG). The study did not include
patients over the age of 75 and those with clinically
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significant concomitant pathologies (such as type 1
and type 2 diabetes mellitus, myocardial infarction
(MI), anemia, renal and liver failure, oncological
and infectious-inflammatory diseases during
exacerbation, autoimmune diseases). Epicardial
adipose tissue (EAT) stem cells were isolated from
biopsies of epicardial localization, with each biopsy
weighing from 3 to 5 grams.The source of EAT was
the right parts of the heart, particularly the regions
with the highest presence, namely the right atrium
and right ventricle. The obtained EAT samples
were thoroughly washed with a sterile phosphate-
buffered saline (PBS) (Gibco, USA) to remove
erythrocytes, blood clots, and local anesthetics
from the surface. Subsequently, the EAT was cut
into small, irregularly shaped pieces (1-3 mm?)
using scissors, with an average weight of about 4 g
per piece. The tissue pieces were then placed in 20
ml of PBS supplemented with penicillin (600 U/ml)
(Gibco, USA) and streptomycin (300 mg/ml, Gibco,
USA) in a 50 ml test tube for 5—10 minutes at room
temperature to remove remnants of connective
tissue and/or dermis, blood vessels. Following this,
the small pieces of adipose tissue were pipetted into
25 cm? culture vials (Biologix, Germany). The cells
were incubated in a CO, incubator (5% CO,, 95%
air, 37 °C), in a medium supporting the growth of
MSCs (MesenCult Proliferation Kit, STEMCELL
Technologies, Canada) with the addition of 100 U/
ml penicillin and 100 U/ml streptomycin (Gibco,
USA). When the primary cells reached 80-90%
confluence, they were treated with 0.25% trypsin
solution (Trypsin, PanEco, Russia) and transferred
into 75 cm? culture vials (Biologix, Germany). The
cells were then cultured to 80-90% cell fusion.

IMMUNOPHENOTYPING OF CELLS
(FLOW CYTOMETRY)

To confirm that the resulting cell culture consisted
of mesenchymal stem cells, their phenotype
was assessed using a combination of conjugated
monoclonal antibodies: CD90 FITC (BC, IM1839U),
CD 34 APC (BC, PN IM2472U), CD73 APCCy7
(Biolegend, 344022), CD 105 PE (Biolegend,
323206). The phenotype CD34-, CD73+, CD 90+,
CD 105+ was regarded as corresponding to the AT
MSC according to the definition of the International
Society for Cell Therapy (ISCT). The results are
presented as a percentage of the number of cells
exhibiting the corresponding antigens.

The gating strategy included the removal of
duplicates on the FSC-H/FSC-A histogram, followed
by the isolation of the studied population based on
FSC/SSC parameters. According to the expression
level of CD90 and CD73 receptors, the main cell
population was isolated: CD90+CD73+ (79.47%).
This population was subsequently examined for the
presence of CD105 and CD34 membrane antigens.
CD105 and CD90 were detected in 79.71% of the
cells, while CD105 antigenic marker was present in
17.54% of the cells, and CD34 was found in only
3.76% of the cells. Thus, the phenotype of the cell
culture obtained from the EAT was determined to be
CD73+CD 90+CD105+CD34-/+

OSTEOGENIC DIFFERENTIATION OF MSCS
OF EPICARDIAL ADIPOSE TISSUE

To perform osteogenic differentiation, cells from
the 3" passage of EAT were transferred into two T-75
vials. At the preparatory stage, human fibronectin
(PanEco, Russia) was diluted to a concentration of
20 pg/ml in a single-use PBS and introduced into a
6-well tablet (for RNA isolation) and an 8-well Ibidi
chamber (Germany) to ensure that the protein covered
the culture plastic. Following this, the fibronectin was
removed, and the PBS wells were washed (Gibco,
China), cells were added in an appropriate volume. To
start osteogenic cell differentiation, the MesenCult™
Osteogenic Differentiation Kit (Human, STEMCELL
Technologies, Canada) was used. Cell differentiation
process was conducted over a period of 15 days,
with the osteogenic medium being replaced every
2-3 days. Cells that did not undergo osteogenic
differentiation served as control samples.

DETERMINATION OF OSTEOGENIC
POTENTIAL OF AT MSCS BY GENE
EXPRESSION LEVEL VIA PCR

Total ribonucleic acid (RNA) extraction from
MSCs was performed on day 15 of osteogenic
differentiation to assess expression levels of a
screening panel of osteogenic differentiation genes
(quantitative polymerase chain reaction (PCR)
after reverse transcription), including RUNX2
(which encodes the transcription factor of the same
name), SP7 (which encodes Osterix transcription
factor), BGLAP (which encodes osteocalcin), and
SPPI (which encodes osteopontin). To do this, the
medium was removed from the 6-well tablet, and
each well was washed with 1 ml of single-use PBS.
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Subsequently, 1 ml of Trizol was added to each well
for 5 minutes and the MSC lysate was collected using
a scraper. In total, there were three wells designated
for osteogenically differentiated MSCs, while two
wells were allocated for undifferentiated MSCs.

To isolate the RNA, the samples were placed
in a cooled Trizol (Extract RNA Reagent,
Eurogene, Russia) for 5 minutes. RNA was then
extracted using guanidine-thiocyanate-chloroform
extraction with Trizol (Extract RNA Reagent,
Eurogene, Russia) according to the manufacturer’s
instructions. The amount and purity of the isolated
RNA were determined using a NanoDrop 2000
spectrophotometer (Thermo Scientific, USA), while
its quality was determined on a Qubit 4 fluorimeter
(Invitrogen, USA) by evaluating the RIQ index
(RNA Integrity and Quality) using a set of reagents
QubitRNA IQ Assay Kit (Invitrogen, USA). Reverse
transcription and synthesis of complementary DNA
(cDNA) from the isolated RNA were conducted

using the OT-M-MuLV-RH kit (Biolabmix, Russia).
The amount of synthesized cDNA was determined
using a NanoDrop 2000 spectrophotometer
(Thermo Scientific, USA). All samples were diluted
in RNase and DNase-free water (Sterile water
treated with diethylpyrocarbonate (DEPC, DEPC),
without RNase and DNase, Biolabmix, Russia) to a
volume of 1.5 ml, achieving a cDNA concentration
of 20 ng / 1.

The results of the analysis are presented as a
relative expression values. To calculate these values,
the ACt method (a variant of the Livak method)
was used. This method is based on determining the
difference between the Ct values of the reference
genes and the target Ct values for each sample.
Normalization of PCR results was performed
relative to the geometric mean of the Ct values of
three reference genes: ACTB (B-actin), GAPDH
(glyceraldehyde-3-phosphatedehydrogenase),  and
B2M (beta-2-microglobulin).

Table 1
Primers used to evaluate the expression of osteogenic differentiation genes
Gene name Primer
Forward Reverse
Genes used for normalization in calculating expression levels
GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC
B2M TCCATCCGACATTGAAGTTG CGGCAGGCATACTCATCTT
ACTB CATCGAGCACGGCATCGTCA TAGCACAGCCTGGACAGCAAC
Genes of interest

RUNX2 AGATGGACCTCGGGAACCCA TGAGGCGGGACACCTACTCT
SP7 TGCTTGAGGAGGAAGTTCAC AGGTCACTGCCCACAGAGTA
BGLAP TCACACTCCTCGCCCTATTG TAGCGCCTGGGTCTCTTCAC
SPPI CATCACCTGTGCCATACCAGTT TTGGAAGGGTCTGTGGGGCTA

Note: ACTB — B-actin, GAPDH-glyceraldehyde-3-phosphatedehydrogenase, B2M-beta-2-microglobu-
lin, RUNX2 (encodes the transcription factor of the same name), SP7 (encodes Osterix transcription
factor), BGLAP (encodes osteocalcin), SPP1 (encodes osteopontin).

IMMUNOFLUORESCENCE STAINING
OF AT MSCS AND OSTEOBLASTS

For immunofluorescence staining, rabbit and
mouse antibodies were selected as primary antibodies,
including RUNX2, osteopontin, osteocalcin, Osterix,
(Abcam, UK). Cells were stained with a blue
fluorescent dye for nucleic acids (DAPI) (dilution
1:100), the detection of the results of the study was
performed using a confocal microscope. Fluorescence
intensity was analyzed using the ImageJ software.
Ten visual fields were analyzed from each sample,

and the results are presented as conventional units of
fluorescence intensity.

Statistical analysis. Statistical data processing and
graphical representation of the results were conducted
using the standard package of statistical methods of
IBM SPSS Statistics 27. The data are presented as
median values along with the 25th and 75th percentiles:
Me [25%; 75%]. The nonparametric Mann — Whitney
U-test was used to evaluate differences in quantitative
characteristics when comparing two independent
groups with distributions that deviate from normality.
A critical significance level of p is <0.05.
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RESULTS

Evaluation of the immunophenotype
of the EAT cell culture

The analysis revealed that CD105 and CD90
were expressed in 79.71% of the cells in the EAT
of a patient with CHD. Notably, the surface marker
CD105 was present in 17.54% of the cells (Fig. 1).
Antigenic markers CD73 and CD90 were found in
79.47% of the cells, with CD73 being expressed on

the surface of 18.26% of the cells. In contrast, CD34
was present only in 3.76% of the cells. Thus, the
phenotype of the main cell culture derived from the
EAT was CD34-/+, CD73+, CD 90+, CD 105+, which
corresponds to one of the criteria of the AT MSC [11].
In addition to the main cell population, two minor
populations were identified within the EAT culture:
1. CD90+,CD34+,CD73+,CD105 — presumab-
ly representing an endothelial population, 2. CD90+
CD105-CD34-CD73 — the smallest cell population.
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Fig. 1. Flow cytometry of cells derived from epicardial adipose tissue of a patient with coronary heart disease.
Note: Blue color in the figure indicates the largest cell population according to the immunophenotype belonging to the MSC, green
and pink are two minor cell populations.

Expression of osteoblastic differentiation genes

The activation of transcription of genes involved
in osteogenic induction was assessed on day 15 of
culture, since during this period MSCs acquire
specific properties of preosteoblasts and actively
synthesize bone matrix proteins. Real-time PCR
analysis revealed that the expression of the key
osteogenic factor, the RUNX2 gene, in cells cultured
in a medium with osteoinducers was 1.88 times
higher than in undifferentiated MSCs (Fig. 2).

Similar results were obtained for the expression
level of SPPI mRNA (OPN, osteopontin), which,
like RUNX2, is expressed at the early stages of
mesenchymal cells differentiation into osteoblasts.
Thus, the expression of the SPPI gene was found
to be 1.35 times higher in MSCs cultured in the
presence of an osteogenic medium compared to the
control sample.

The expression of BGLAP, which encodes
osteocalcin (OSN) and is responsible for the
formation of mature osteoblasts, did not differ
between differentiated and undifferentiated MSC
cultures. The expression of the SP7 (Osterix) gene,
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Fig. 2. Expression levels of osteogenic genes in differentiated
and undifferentiated mesenchymal stem cells of epicardial
adipose tissue of patients with coronary heart disease on day
15 of culture. Note: MSC — Mesenchymal stem cells, EAT —
epicardial adipose tissue, RUNX2 — encodes the transcription
factor of the same name, SP7 — encodes the transcription
factor Osterix, BGLAP — encodes osteocalcin, SPPI — encodes

osteopontin

responsible for the differentiation of cells into mature
osteoblasts and finally into osteocytes during bone
formation, did not differ between cells cultured in
osteoblastic medium and those without it.
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Immunofluorescence staining

Based on the results of staining cells with specific
antibodies, an analysis was conducted to evaluate
the effect of directed osteogenic differentiation
on the culture of MSCs derived from EAT. It was
shown that a significant (p < 0.05) increase in
half of the studied markers was observed in the
culture of MSCs of EAT obtained on day 15 after
incubation with an osteoblastic medium compared
to control MSCs (Fig. 3, 4). Thus, the key regulator

40 =
ns
2 304 ns M
5 i
.8
2 20 *
7 m *
=10 ‘ ﬁ * -
0 | I I O IO N N L D L L
Osterix RUNX2  OCN OPB
3 MSC EAT without MSC EAT with osteogenic

osteogenic environment environment

MSC EAT without osteogenic environment
RUNXT RUNXT+DAPI

OCN«DAPI

O stevrdw D04 PT

DISCUSSION

The study of the osteo-cardiovascular continuum
represents a relatively new and promising area of
contemporary scientific research. Recent studies
have shown that during vascular calcification, various
signaling pathways associated with bone formation

Oslevin Osierix«DAPI the

and marker of osteogenic differentiation — RUNX2
— was 1.6 times higher in osteogenic-induced
MSCs than in intact (control) cell cultures. Another
marker of early osteogenic differentiation — OPN
— was also increased by 1.6 times in differentiated
MSCs. It is worth noting that by the method of
immunofluorescence staining, there were no
differences detected in the expression of Osterix
and OCN between cultures of differentiated and
undifferentiated cells (Fig. 3, 4).

Fig. 3. Quantitative analysis of osteogenic differentiation

markers of MSCs of EAT in the 3" passage (day 15) by

immunofluorescence staining: MSC — Mesenchymal stem

cells, EAT — epicardial adipose tissue, OCN — osteocalcin,
OPN - osteopontin

MSC EAT with osteogenic environment
RUNXT

RUNXI+DAP]

DN =DAP

Fig. 4. Immunofluorescence staining of
studied osteoblastic differentiation
markers. Note: DAPI — nuclear dye
(4’,6-diamidino-2-phenylindole), OCN —
osteocalcin, OPN — osteopontin.

and repair are activated in cells. For example,
G. Fadini et al. have shown that cells derived from
bone marrow can migrate from blood circulation
to blood vessels, transform into osteogenic cells,
and then contribute to the development of vascular
calcification [12]. With the potential for osteogenic
differentiation and recruitment of damaged vessels,

92 BlonneTteHb cMbupckon meguumHbl, 2025; 24 (1): 86-95



Original articles

MSCs play a crucial role in the “circulating calcifying
cell theory,” suggesting that they may serve as a
source of osteoblast-like cells. However, the role of
MSC in the process of vascular calcification remains
unclear and controversial. The question of whether
MSCs contribute to or inhibit the development of
vascular calcification is still to be determined.

In this study, we focused on the activation of
transcription genes involved in osteogenic induction
on day 15 of culturing MSCs derived from EAT,
since it is known that multipotent cells acquire
specific properties of preosteoblasts and begin to
actively synthesize bone matrix proteins during this
period [13, 14].

It is known that the maturation and function of
osteoblasts are directly related to the expression
of two main transcription factors of osteogenesis:
RUNX?2 and SP7 transcription factor (Osterix). The
RUNX2 transcription factor is an important regulator
of bone formation and the osteogenic differentiation
of MSCs; it initiates differentiation of MSCs into
preosteoblasts and suppresses adipogenic and
chondrogenic differentiation [15]. During osteoblast
differentiation, RUNX2  expression increases
in preosteoblasts, reaches a maximum level in
progenitor cells, and decreases in mature osteoblasts
[16]. RUNX2 activates the expression of calcification-
related proteins such as osteopontin, bone sialoprotein
I, and osteocalcin, thus inducing extracellular bone
matrix synthesis and mineralization.

According to the literature, RUNX2 is slightly
expressed in undifferentiated MSCs and increases
during the proliferation of preosteoblasts, which
corresponds to day 7 of culture in an osteogenic
medium. Its expression level is maintained at a
relatively low level throughout the entire period
of osteocyte differentiation. RT-PCR analysis
has shown that the expression of the RUNX2 gene
increases after the day 7 of cultivation and reaches
peak values on day 21 [17]. In this study, it was
shown that the level of RUNX2 mRNA in cells
cultured in an osteogenic medium was 66% higher
than in undifferentiated MSCs. According to the
results of the immunofluorescence study, it was also
shown that RUNX2 protein levels were higher in
differentiated cell culture.

The second most important factor (after RUNX2)
inducing osteoblast differentiation and the synthesis
of bone-specific proteins is Osterix [18]. Both of
these factors regulate the activation cascade of genes

encoding bone-specific proteins that form bone
tissue. [19]. The expression of SP7 is necessary for
the differentiation of preosteoblasts into mature and
functional osteoblasts. However, one of the most
important functions of this protein is its ability to
inhibit the differentiation of chondrocytes in RUNX2-
expressing osteoblast precursors [20]. In this study,
the expression level of the SP7 gene did not differ
between differentiated and undifferentiated MSCs.
Immunofluorescence staining of this osteogenesis
marker also revealed no significant difference in
Osterix levels between cultures of differentiated
and undifferentiated cells. At the same time, the
expression levels of SP7 mRNA and Osterix
protein were relatively high in MSCs incubated
both with and without osteoblastic medium. It is
possible that the absence of a significant difference
between differentiated and undifferentiated MSCs
may be attributed to the fact that, according to the
literature, an increase in SP7 gene expression is
noted at a later stage, approximately on day 16-21
of osteoblast formation (the phase of extracellular
matrix synthesis) [21].Osteopontin (OPN) is one of
the main non-collagenous bone proteins and plays
an important role in bone remodeling. OPN not
only mediates the early differentiation of osteoblasts
but also activates the function of osteoclasts during
resorption. A high level of expression of the SPPI
gene encoding OPN synthesis indicates an active
process of bone extracellular matrix formation, since
OPN is the main non-collagenous bone protein. The
maximum activity of OPN corresponds to the stage
of mineralization in the process of osteogenesis [22].
The results of this study are consistent with existing
data indicating that the peak of SPPI expression
during osteoblast differentiation is achieved twice:
during proliferation and mineralization, which
corresponds to days 3 and 14 of differentiation.
Using confocal microscopy on day 15 of osteoblastic
differentiation, it was also found that OPN levels
were higher in differentiated cells. In addition, the
SSP1I gene expression and the OPN level obtained
by immunofluorescence test were higher than other
studied osteogenic markers. These data may indicate
that the process of osteogenesis in cell cultures is in
the initial stage of extracellular matrix synthesis.
The next step was to evaluate the expression of
the BGLAP gene encoding OCN. Its level was lower
than that of other studied markers, which is consistent
with the literature. OCN performs a mechanical

Bulletin of Siberian Medicine. 2025; 24 (1): 86-95 93



Uchasova E.G., Dyleva Yu.A,, Slesareva T.A. et al.

Osteogenic potential of mesenchymal stem cells of epicardial adipose tissue

function in the bone matrix due to its ability to
firmly bind hydroxyapatite and form a complex with
collagen through the osteopontin matrix protein [23].
OCN is used as a late marker of bone formation,
as it is expressed at the later stages of extracellular
matrix mineralization by mature osteoblasts, which
corresponds to day 16-21 of differentiation. This may
explain why, in this study, we did not observe an
increase in the levels of the BGLAP gene and OCN
protein in cultures of differentiated MSCs.

CONCLUSION

It was found that MSCs derived from EAT have
osteogenic potential, which is manifested by the
expression of osteogenic differentiation genes in both
differentiated and undifferentiated MSC cultures.
These data can be the basis for further study of EAT-
derived MSCs from the perspective of their role in
the formation of vascular calcification in patients
with coronary heart disease. The high level of SPPI
expression, along with relatively low levels of
RUNX2 and BGLAP in differentiated cultures, may
indicate that on day 15 of incubation, EAT-derived
MSC:s are preosteoblasts and are at the initial stage of
extracellular matrix synthesis.
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