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ABSTRACT

Skin-derived mesenchymal stem cells (sMSCs) represent a promising and minimally invasive alternative to mesenchymal
stem cells obtained from bone marrow and adipose tissue. However, further studies are required to standardize isolation
protocols and to comprehensively characterize their biological properties.

Primary cultures of human sMSCs were established from dermal tissue fragments using explant technique. Morphological
characteristics, clonogenic potential (CFU-F assay), proliferative activity (MTT assay), immunophenotype (CD73, CD90,
CD105, CD45), and multilineage differentiation capacity (osteogenic, adipogenic, and chondrogenic induction) were evaluated.

Our results showed that, cells adhering from skin explants demonstrated a progressive transition from a morphologically
heterogeneous population at day 3 to a predominantly fibroblast-like monolayer by day 14. sMSCs exhibited pronounced
clonogenicity with the formation of well-defined CFU-F colonies and demonstrated stable proliferative activity at early
passages. Immunocytochemistry confirmed expression of characteristic MSC markers CD73, CD90, and CD105 with the
absence of hematopoietic marker CD45, corresponding to ISCT criteria. Multilineage differentiation assays verified the
functional plasticity of sMSCs, including lipid droplet formation during adipogenesis, calcium-rich mineralized matrix during
osteogenesis, and cartilage-like microspheroid formation with metachromatic Toluidine Blue staining in chondrogenic cultures.

Thus, human skin provides a readily accessible and reliable source of mesenchymal stem cells demonstrating stable
proliferation, high clonogenic potential, classical MSC immunophenotype, and preserved multipotency. These findings support
the translational relevance of SMSCs and create a foundation for further development of standardized protocols and potential
biomedical applications in regenerative medicine and tissue engineering.

Key words: Skin-derived mesenchymal stem cells; clonogenicity; immunophenotype; multilineage differentiation;

regenerative medicine.

INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent stromal
cells characterized by their ability for self-renewal and dif-
ferentiation into osteogenic, chondrogenic, and adipogenic
lineages, making them essential contributors to tissue repair
and regeneration [1,2]. Owing to their broad differentiation
potential, paracrine activity, and immunomodulatory proper-
ties, MSCs have become a central focus in regenerative med-
icine, cell therapy, and tissue engineering [3—5]. Beyond dif-
ferentiation-driven tissue regeneration, MSCs exert significant
therapeutic effects by secreting cytokines, growth factors, and
extracellular vesicles that modulate inflammation, promote
angiogenesis, and support wound healing [6,7].

MSCs can be isolated from various anatomical sources,
including bone marrow, adipose tissue, umbilical cord blood,
Wharton’s jelly, and skin [8—10]. Among these, skin-derived
MSCs (sMSCs) represent an especially promising popula-
tion due to the minimally invasive accessibility of skin biop-
sies, the skin’s high regenerative turnover, and the presence of
well-defined stem cell niches within the dermis and epidermis
[11]. Dermal MSCs exhibit high proliferative capacity, func-
tional plasticity, and the ability to interact with the local ex-
tracellular matrix and immune microenvironment, position-
ing them as attractive candidates for autologous cell-based
therapies [12].

According to the criteria established by the International
Society for Cellular Therapy (ISCT), sMSCs display the clas-
sical MSC immunophenotype expression of CD73, CD90,
and CD105 surface markers and lack of hematopoietic anti-
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gens such as CD34 and CD45 [13]. Skin-derived MSCs also
demonstrate stable proliferation and viability under optimized
in vitro culture conditions, especially when the culture micro-
environment recapitulates physiological parameters such as
oxygen tension, extracellular matrix composition, and growth
factor availability [14,15].

Despite substantial progress in MSC research, several
challenges remain unresolved. These include the standard-
ization of isolation strategies, optimization of culture media
to preserve multipotency and genomic stability, and evalua-
tion of long-term safety for clinical applications [16]. Criti-
cal factors such as seeding density, serum concentration, and
growth factor supplementation significantly influence cellular
expansion kinetics and functional activity, underscoring the
need for systematic comparative studies [17—19]. Ensuring re-
producible and phenotypically stable MSC cultures is essen-
tial for their successful translational application.

The present study aims to isolate and comprehensively
characterize primary mesenchymal stem cells derived from
human dermis. Particular emphasis is placed on optimizing
culture conditions, including medium composition and initial
cell seeding density, as well as performing detailed morpho-
logical, phenotypic, and functional assessments. These anal-
yses are complemented by tri-lineage differentiation assays
and expression profiling of lineage-specific markers to con-
firm the multipotency of isolated sMSCs.

MATERIALS AND METHODS

Isolation and culture of skin-derived MSCs
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Human facial skin samples were obtained from three pa-
tients (1 male and 2 females; 35-48 years old) who had un-
dergone head and face plastic surgery. All experiments were
authorized by the National Center for Biotechnology Lo-
cal Ethic Committee, and the patients gave their informed
consent to tissue donation. Fresh human skin samples were
transported to the laboratory of stem cells, and MSCs were
isolated in aseptic conditions. Briefly, all hairs and subcuta-
neous fat tissues were removed, and the samples were then
cut into 1-2 mm? explants containing the epidermis and der-
mis. Skin explants were attached to the 6-well culture plate,
and 2 mL of a-MEM with ribonucleosides (Thermo Fisher
Scientific, USA) supplemented with 15 % fetal bovine serum
(FBS; Thermo Fisher Scientific, USA), 10 ng/mL epidermal
growth factor (EGF; Abcam, UK), 10 ng/mL basic fibroblast
growth factor (bFGF; Abcam, UK), 100 U/mL antibiotic-an-
timycotic (Thermo Fisher Scientific, USA) were added. The
culture plates were incubated in a CO,-incubator at 37°C and
5% CO, for 5 days. After the remaining skin tissue fragments
were removed, the adherent cells were cultured in vitro, with
the growth medium refreshed twice per week. Once the cul-
tures reached confluence, the cells were detached using Try-
pLE Express (Thermo Fisher Scientific, USA) and centrifuged
at 200 x g for 5 minutes. The resulting cell pellet was subse-
quently reseeded and maintained in culture until passage 3.

Immunocytochemical analysis

Human skin-derived MSCs were fixed with a freshly pre-
pared 4% paraformaldehyde solution in PBS (pH 7.2) for 15
min. After a 5S-minute treatment with Triton X-100, the cells
were washed three times with PBS and incubated with 1% bo-
vine serum albumin (BSA; Sigma, USA) for 30 min. The cells
were then incubated with primary antibodies against CD90,
CD105, CD73, and CD45 (all from Abcam, UK). To obtain
the required working concentrations, the antibodies were di-
luted in a solution containing 1% BSA and 0.2% Tween-20
in phosphate buffer.

The primary antibodies were diluted as follows: mouse
monoclonal antibodies against CD90, CD105, and CD45
(1:100), and rabbit polyclonal antibodies against CD73
(1:200). Incubation with primary antibodies was carried
out at 37°C for 1 hour. After three 5-minute washes in 0.2%
Tween-20 in PBS, the cells were incubated with goat anti-rab-
bit and anti-mouse secondary antibodies (1:500) conjugated
with Alexa Fluor 488 (Invitrogen, USA) for 45 min at 37°C
in the dark.

The cells were washed three times for 5 min with 0.2%
Tween-20, air-dried, and then 20 pL of an anti-fade mounting
medium containing DAPI (Thermo Fisher Scientific, USA)
was applied to each slide. The samples were examined using
an Axio Observer A1 inverted fluorescence microscope (Carl
Zeiss, Germany) equipped with Zen 2011 software. Image
processing was performed using ImageJ software.

Fibroblast Colony-Forming Unit (CFU-F) Assay

Cells isolated from human skin were seeded into T25 cul-
ture flasks at 10 cells per cm? and cultured in complete growth
medium for 14 days at 37°C and 5% CO2. Upon termina-
tion of the culture period, cells were washed with PBS and
stained with a 0.5% Crystal Violet solution for 5 minutes at
room temperature. After washing twice with PBS, colonies

were counted with SZ61 stereomicroscope (Olympus, Ger-
many). The images were taken by an SC-100 CCD camera
(Olympus, Germany).

Morphological Analysis

The cell monolayer was washed twice with PBS, then
fixed for 2 minutes using ethanol:PBS (1:1) solution. After the
treatment, the cells were incubated for 10 minutes in freshly
prepared ethanol. The Petri dishes with cells were air dried
after removing the ethanol and stained for 25 minutes with
0.5% Crystal Violet. The Petri dishes containing stained cells
were rinsed in running water, followed by deionized water,
air-dried, and analyzed using Axio Observer Al inverted mi-
croscope (Carl Zeiss, Germany).

Multilineage Differentiation Assay

For differentiation into chondrocytes, cells were resus-
pended in differentiation medium consisting of high-glucose
DMEM, 1% ITS solution, 100 uM Ascorbate-2-phosphate,
1077 M Dexamethasone, 10 ng/ml TGF-B1 , at a concentra-
tion of 1.25 x 10¢ cells/ml. To produce chondrogenic pellets
(microbeads), (2.5 x 10° cells) were placed in each V-shaped
well of a 96-well polypropylene plate (Phoenix, USA) and
then centrifuged at 500 < g and transferred to a CO, incubator
at 37°C and 5% CO,. On the 21st day of differentiation, those
pellets were collected and fixed in a 4% paraformaldehyde
solution (pH 7.2). Samples were embedded in paraffin, cut
with a microtome, and processed for Toluidine Blue staining.

For osteogenic differentiation of the cells, induction me-
dium including 1077 M Dexamethasone, 10 uM B-glycerol
phosphate, and 50 uM Ascorbate-2-phosphate was used. Cul-
turing was conducted for 3 weeks, after which the cells were
stained with Alizarin Red S.

Adipogenic differentiation was achieved by culturing the
obtained cells in an induction medium containing: 10° M
Dexamethasone, 0.5 pM 3-isobutyl-1-methylxanthine, (10 ng/
ml) Insulin for 3 weeks. The cells were dyed with Oil Red O
dye at the end of the culture period.

Statistical analysis

All values of the counted and calculated cell numbers and
intensities of immunostainings were statistically analyzed by
the ANOVA test. Data were expressed as mean+SD. Differ-
ences were considered to be significant when P<0.05.

RESULTS AND DISCUSSION

The primary culture of mesenchymal stem cells derived
from human skin (sMSCs) was successfully obtained from
dermal tissue fragments using the explant culture technique.
By day 3 of cultivation, migrating spindle-shaped and polyg-
onal cells forming a morphologically heterogeneous mono-
layer were observed in the explant adhesion zone. By day 7,
the number of adherent cells increased, with the formation of
local clusters and a gradual predominance of fibroblast-like
cells. By day 14, the culture became predominantly homoge-
neous, consisting of elongated spindle-shaped cells exhibiting
dense adhesive growth in a monolayer (Fig. 1).

This dynamic pattern of morphological changes is consis-
tent with previously reported characteristics of dermal MSCs
and multipotent skin-derived precursors obtained using ex-
plant or enzymatic methods [2,11]. In particular, Toma et al.
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Figure 1 - Primary culture of human skin-derived MSCs (scale bar = 50 um). A—C. Primary culture (P0)
of human skin-derived MSCs observed on days 3 (A), 7 (B), and 14 (C).

A) On day 3, irregular and morphologically heterogeneous hSMSCs originating from a skin fragment
were visible in the culture plates. B) By day 7 of PO, actively proliferating hSMSCs with irregular shapes
were observed. C) After approximately 2 weeks of PO, the culture consisted of adherent, fibroblast-like
cells with a predominantly homogeneous morphology.

Figure 2 — Morphological and clonogenic characteristics of human
skin-derived MSCs. A) Morphology of MSCs. Crystal violet
staining. B) A Colony formation of MSCs isolated from human
skin.

demonstrated a similar transition from a heterogeneous popu-
lation to a relatively uniform fibroblast-like culture during the
isolation of multipotent skin-derived precursors [12], confirm-
ing the methodological comparability of our approach with es-
tablished protocols.

The clonogenic potential assessed using the CFU-F assay
demonstrated the ability of sMSCs to form well-defined col-
onies of various sizes (Fig. 2). The presence of pronounced
colony-forming activity indicates retention of self-renewal ca-
pacity and the presence of functionally active progenitor sub-
populations within the culture.

Similar to the findings reported for dermal and adipose-de-
rived MSCs by Riekstina et al. and Lindroos et al., our re-
sults confirm the high clonogenicity of sMSCs, comparable
to MSCs from other anatomical sources [11,18]. This is par-
ticularly important given the observations of Baxter et al.,
who showed that prolonged in vitro expansion may lead to ac-
celerated cellular ageing and reduced regenerative potential
[17]. In the present study, analysis was performed at early pas-
sages, minimizing the risk of replicative senescence and en-
suring the relevance of the obtained data for further biotech-
nological applications.

Immunocytochemical analysis confirmed that the obtained
cell population meets the minimal criteria of the International
Society for Cellular Therapy (ISCT) for mesenchymal stro-
mal cells [13]. The cells expressed the classical mesenchymal
markers CD73, CD90, and CD105 and did not express the he-
matopoietic marker CD45 (Fig. 3).

A similar immunophenotypic profile has been described
for MSCs derived from bone marrow, adipose tissue, and der-

160

Figure 3 — Immunocytochemistry of human skin-derived MSCs.
SMSCs displayed typical MSC morphology, expressed the
mesenchymal stem cell marker CD73, CD90, CD105 (green),
and were negative for the hematopoietic stem cell marker CD45.
Nuclei are stained with DAPI (blue).

mal stromal cells [8,11,18]. Our findings are consistent with
these reports and confirm that skin-derived MSCs can be re-
producibly characterized in accordance with international
standards, which is crucial for their translational and labora-
tory use [13,16].

The multilineage differentiation potential of sSMSCs was
confirmed in three classical mesodermal directions — adipo-
genic, osteogenic, and chondrogenic (Fig. 4). Under adipo-
genic induction, cells accumulated cytoplasmic lipid drop-
lets detected by Oil Red O staining, indicating adipocyte
differentiation. Under osteogenic conditions, mineralized de-
posits intensely stained with Alizarin Red S were observed,
indicating calcium accumulation and the formation of osteo-
blast-like cells. In chondrogenic culture, microspheroids ex-
hibiting intense metachromatic Toluidine Blue staining were
formed, reflecting the accumulation of sulfated glycosamino-
glycans in the cartilage-like matrix. This spectrum of differen-
tiation potential corresponds to the classical results reported
by Pittenger et al., Zuk et al., and subsequent studies of MSCs
from various sources [1, 8]. Thus, our results demonstrate that
skin-derived MSCs do not differ functionally from MSCs de-
rived from bone marrow or adipose tissue, while offering the
important advantage of minimally invasive tissue sampling.
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Figure 4 — Multilineage potential of human skin-derived MSCs. A) Adipocytes containing lipid vacuoles
stained with Oil Red O; B) Osteoblasts after Alizarin Red staining, showing orange-red mineralized
deposits indicating substantial calcium accumulation; C) Chondrogenic microsphere stained with
Toluidine blue.

The subsequent stageof the study was aimed at determin-
ing the optimal initial seeding density for the in vitro expan-
sion of MSC cultures. Four seeding densities were evaluated:
1x10%, 2x10%, 3.5x10% and 5x10° cells/cm?. Cell viability and
total cell number were assessed using trypan blue exclusion
and quantified with a TC20 automated cell counter (Bio-Rad,
USA). The proliferation dynamics and cumulative cell yield
across different seeding densities are summarized in Figure 5.

The highest total cell number was recorded at the seed-
ing density of 5x10° cells/cm?, where the culture reached ap-
proximately 600,000 cells by Day 7. However, the density of
3.5x10° cells/cm? resulted in a total yield of ~460,000 cells
and was identified as the most advantageous condition, pro-
viding a favorable balance between proliferation efficiency
and economical use of culture resources.

Taking into account both growth dynamics and practical-
ity of culture maintenance, the seeding density of 3.5x103
cells/cm? was determined to be optimal. This condition en-
sures efficient cell expansion while minimizing the consump-
tion of culture plasticware, reagents, and incubation surface
area, thereby offering the best balance between proliferation
rate and cost-effectiveness of cell production.
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Figure 5 — Growth of human skin-derived MSCs at Different
Seeding Densities. The bar chart illustrates the total number of
cells on Days 1 and 7 at the initial seeding densities of 1x10°,
2x103, 3.5x103, and 5x103 cells/cm?. Error bars indicate standard
deviation (n = 3).

Culture conditions and medium composition are of partic-
ular relevance in the context of translational use. In this study,
a-MEM supplemented with 15% FBS and a combination of
EGF and bFGF supported efficient adhesion and expansion
of cells. This is in line with the findings of Mohammadi et

al., who emphasized the importance of medium composition
and seeding density for maintaining proliferative activity and
phenotypic stability of MSCs [19]. At the same time, accu-
mulating evidence highlights the contribution of microenvi-
ronmental factors such as oxygen tension and signaling mol-
ecules to the maintenance of MSC stemness [15]. Although
hypoxic conditions were not specifically evaluated in our ex-
periments, the obtained data indicate that under standard nor-
moxic conditions SMSCs retain key stem-cell properties at
early passages. Future studies incorporating controlled hy-
poxia and more refined medium optimization may further en-
hance the functional performance of skin-derived MSCs, as
demonstrated by Han et al. and Kim et al. [14,15].

From a practical perspective, skin-derived MSCs repre-
sent a promising resource for regenerative medicine, tissue
engineering, and the development of cell-based products for
wound healing and reconstructive surgery. Their high prolifer-
ative activity, pronounced clonogenicity, and confirmed mul-
tipotency make them an attractive alternative to bone-mar-
row-derived MSCs, particularly in the context of autologous
therapies [3,9,10]. Nonetheless, unresolved challenges remain
regarding the standardization of isolation protocols and long-
term culture conditions, genomic stability control, and devel-
opment of GMP-compliant manufacturing workflows — as-
pects emphasized by Sensebé et al. and Galipeau & Sensébé
[5,16]. The results of this study provide a solid basis for fur-
ther investigations, including scale-up of cultures, evaluation
of immunomodulatory properties of sSMSCs, and the devel-
opment of both cell-based and cell-free (secretome, exo-
some-based) therapeutic approaches.

CONCLUSION

Overall, the results demonstrate that human skin is a read-
ily accessible and highly promising source of mesenchymal
stem cells. These cells exhibit morphological, phenotypic, and
functional characteristics comparable to MSCs from tradi-
tional sources and fully comply with ISCT standards. This
creates the prerequisites for the development of standardized
protocols for obtaining sSMSCs and their subsequent applica-
tion in biomedical research and clinically oriented regenera-
tive technologies.
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IOJYYEHHUE U XAPAKTEPUCTHUKA ME3EHXNUMAJIBHBIX CTBOJIOBBIX KJIETOK KOXHA
YEJOBEKA
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ABCTPAKT

Me3senxumainbHbie cTBONOBbIE KieTkH Kok (MCKK) mpencTaBisitor co00it MHOTOOOEMIAOITY 0 U MUHUMAJIBHO HHBA3UB-
HYIO aJIETEPHATHBY ME3CHXUMAIILHBIM CTBOJIOBBIM KJIETKaM, TIOJyYEHHBIM U3 KOCTHOTO MO3Ta U )HUPOBOi TKaHu. OHAKO He-
00XOMMBI JalTbHEHIIINE UCCIIEM0BAHMS [T CTAHIAPTU3AIMU IPOTOKOJIOB BBIJICIEHHS U BCECTOPOHHEH XapaKTEPUCTUKH MX
OHOJIOTMYECKUX CBOICTB.

[NepBuunbie kyapTypsl yenoBedeckux MCKK Obutn nomy4eHs! 3 (parMeHTOB IepMaIbHON TKAHU C UCTIOIb30BAHMEM JKC-
IUTAaHTAIMOHHON TEXHUKH. BN orieHeHb! Mopdonornieckne XapakTepUCTUKH, KIIOHOTeHHBIH rorennual (anann3 KOE-®),
nponudeparnsHas aktuBHOCTH (aHamu3 MTT), ummynodenorun (CD73, CD90, CD105, CD45) 1 ciocoOHOCTh K MYJIBTHIIO-
TeHTHOHU 1uddepeHpoBKe (OCTEOTeHHAs, aIMTIOTeHHAS! U XOHAPOTCHHAS HHTYKIIHs ).

Hamm pe3ynberaTsl moka3aliy, 9To KJISTKH, IPUKPENHUBIINECS K SKCIUIAaHTaTaM KOXKH, AEMOHCTPHUPOBAIIH IIOCTEIICHHBIH TTe-
pexon OT MOP(OJIOTHYECKH FeTepOreHHOH MOIMYIALNY Ha 3 IeHb K IPEUMYIIECTBEHHO (GrOpoOIacTonog00HOMY MOHOCIIOO
K 14 maro. MCKK miposBIisiin BeIpaskeHHYIO KIIOHOT@HHOCTE ¢ 00pa30BaHUEM YeTKO BhIpakeHHBIX kooHmi CFU-F n nemoH-
CTPHPOBAIIN CTAOMIBHYIO NPOIH(epaTHBHYIO aKTHBHOCTh Ha PAHHUX MaccakaxX. VIMMyHOIIMTOXHMUS ITOATBEPANIIA SKCIIPEC-
curo xapakTepabix MapkepoB MCK CD73, CD90 u CD105 mpu orcyTcTBHM reMarorosTiudeckoro Mapkepa CD45, gato cooTBeT-
ctByeT kputepusam ISCT. MuoronuneiHble quddepeHnnpoBoYHbIe aHAIN3bI IIOATBEPANIN (PyHKIHOHATIBHYTO INITACTHIHOCTD
MCKK, Bkirogast 00pa3oBaHHUE JIMIHIHBIX Karleldb BO BpeMs aUIoreHe3a, 00pa3oBaHue O00raToi KaJblieM MHHEPAIN30BaH-
HOW MaTpHIBI BO BpeMsI OCTEOTreHe3a U 00pa3oBaHue XPSIIIETTOA00HBIX MUKPOC(EPOHIOB C METAXPOMAaTHIECKUM OKpaIINBa-
HHUEM TOJIYHIANHOBBIM CHHUM B XOHJPOTCHHBIX KYJIBTYpaX.

Takum 06pa3om, Koxka 4elIOBEKa MPEACTABIAET COOOH JIETKOMOCTYTHBIM U HAaJIEKHbBIH HCTOYHUK ME3EHXUMAIbHBIX CTBO-
JIOBBIX KJIETOK, IEMOHCTPHUPYIONINX CTA0MIBHYIO Iponudepalio, BBICOKHH KIIOHOTEHHBIH OTEHINA, KITACCHYECKUN NMMY-
Ho(enotnn MCK 1 coxpaHEHHYIO MyIBTUIIOTEHTHOCTb. DTH PE3yIbTaThl IOATBEPKIAIOT TPAHCISIHOHHYIO 3HAYUMOCTh M-
36HXMUMAJIBHBIX CTBOJIOBBIX KJIETOK KOXH M CO3/1aI0T OCHOBY JUIS TAJIbHEHINIETO Pa3BUTHUSI CTAHAAPTH3UPOBAHHBIX IIPOTOKOJIOB
1 TIOTEHINAIbHBIX OMOMEUIIMHCKNX IPUMEHEHUH B PEreHepaTHBHON MEIWIIMHE 1 TKAHEBOH HH)KEHEPHHU.

KioueBble ciioBa: Me3eHXUMalIbHbIE CTBOJIOBBIE KJIETKU KOXKH; KJIOHOT€HHOCTh; IMMYHO()EHOTHIT; MYJIBTUIIOTEHTHAS
nuddepeHInpoBKa; pereHepaTiBHAs MEIUIIMHA.

AJJAM TEPICIHIH ME3EHXNMAJIBIK BATAHAJIBI ZKACYIIAJIAPBIH BOJIIII AJ1Y )KOHE
CHUITATTAY
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ABCTPAKT

Tepi mezeaxuMansIk Oaranansl xacymanapsl (TMBXK) cyliek keMiriHeH »oHe Mai TiHIHEH aJlbIHFaH ME3eHXUMAITBIK O0ara-
HaJIbl JKacylIajapFa MepCIeKTUBAIBI )KOHE MHHIMAIIBI HHBAa3UBTI Oanama 0obln TaOblIaabl. JlereHMeH, OKIIayaay Xarra-
MallapblH CTaHIAPTTAy KSHE OJNApAbIH OHOJOTHSUIBIK KACHETTEPIH )KaH-)KaKThl CHIIATTay YIIiH KOCBIMINA 3epPTTEYep KaKeT.

Anam TMBX-napberasry 6acTanmkbl JaKbUIIAPEI AKCIUIAHTAIMS 9IICIH KOJIJaHa OTBIPHIM, Tepi TiHIHIH QparMeHTTepiHeH
aeIHABL. Mopdonorusuislk cunarramanapsl, kioHoreH ik morenimaisl (CFU-F tanmayst), mponudeparusri 6encenaimiri (MTT
Tannaysl), immyHodperoturi (CD73, CD90, CD105, CD45) »xoHe MyasTHIOTEHTTI Auddepenuanusuiay Kadineri (ocTeoreH-
IK, aTUTOTEHAIK JKOHEe XOHIPOTEHIK HHAYKINS) OaramaHmpl.

Bi3miH HOTIOKENIEPIMi3 Tepi SKCIUIAHTTAPBIHA XKAOBICKAH YKacyIaaapablH 3-1i KyHI MOPGOIOTHSUIBIK TYPFBIIAH TE€TEPO-
TeH/Ii momymsiuusaan 14-mii KyHi HeriziHeH ¢puOpoOnacT Topizai MoHOKabarka OipTinaen aybickanbiH kepcerTi. TMBX aiikbin
KJIOHOTCH/IUTIK TaHBITThI, allKbIH KDY -F KoIOHUSITApBIH KYPabl )KOHE epTe OTYyIep/Ie TYPaKThl MPoardepaTHBTI OCICeHALTIK
kepcerti. UMmyHounToxumust CD45 remonostukaislk Mapkepi 6onmaran kezne CD73, CD90 xone CD105 Ton MBX map-
KepIiepiHiH skcnpeccusichbiH pactajpl, oyi ISCT kputepuiinepine coiikec keneai. Kemxinri nuddepeHunanusuibik Tanaayaap
MBXX GyHKUMOHAIIBIK IIACTUKACHIH, COHBIH IIIIHAE aIUIOTeHe3 Ke3iH e UK/ TaMIIbUIAPBIHBIH Maia 00ybIH, 0CTeore-
He3 Ke3iHJie KaJbliuiire 0ail MUHepaJilaHFaH MaTPUIIaHbIH T1aii1a OONTybIH KOHE XOHAPOTeH i AaKblULIapia MeTaKpoMaTHKa-
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JIBIK TOJYUIIMH KOK OOsTybl Oap HIeMipIIeK Tapi3ai MUKpOoCcheponaTap/AbIH 1ai1a O0IybIH pacTaibl.

Oceinaiiina, agam Tepici TYpaKThl IpoNuQepausHbL, )KOFapbl KIOHOTCHIIK TOTEHIINANBI, Kiacchukaiblik MBX nvMmyHode-
HOTHUIIIH J)KOHE CaKTaJlFaH MYJIETHITIOTCHTTLUTIKTI KOPCETETIH ME3CHXUMAITBIK OaFaHaIIbI )KacyIIajJapIblH OHAW KOJDKETIMIIl JKOHE
CCeHIMJII Ke31 00bIn TadbIaasl. by HoTIKenep Tepi Me3eHXUMAaIIBIK OaraHasbl )KacyIlalapbIHBIH TPAHCISIHSIIBIK MaHbI3-
JIBUTBIFBIH PACTai/Ibl J)KoHE CTaHAAPTTANFaH XaTTaManap/bl )KoHe PereHepaTHBTI MEUIIMHA MEH TiH HHKEHEPHSCHIH IAFbI 9JIe-
yeTTi OMOMeTMIIMHAIIBIK KOJJIaHyAbl OJIaH 9pi JaMBITY YIIiH HEri3 O0osabl.

Kiar ce3nep: Tepi Me3eHXIMAJBIK OaraHAIBI KacyIIaIapsl; KJIOHOTSHILUTIK,; IMMYHO(MEHOTHIT;, MYIBTHIIOTSHTT] Tudde-
PEHIMALNS; PEreHEePAaTUBTI MEHIIIHA.
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