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ABSTRACT

BACKGROUND: Against the background of many existing methods of defect replacement in post-traumatic injuries the meth-
ods of repair of damaged tissues based on methods using products of tissue engineering and cultures of artificially cultured
human cells are becoming more and more widespread in medical practice. The literature reports weak immunogenic activity
of human umbilical cord tissues, which makes these cells promising components of regenerative medicine products. Due to
possible errors in explant selection and cell transformation in the process of cultivation, it is necessary to reliably determine
the phenotype of cells obtained as a result of tissue explantation and their further cultivation. Thus, the specificity of obtaining
multipotent mesenchymal cells from human umbilical cord Warton's stool tissues requires reliable identification of the type of
the obtained cells.

AIM: To obtain reliable features of mesenchymal stem cells in the cell population obtained from human umbilical cord stool
tissue.

MATERIAL AND METHODS: Methods of cell cultivation, flow cytofluorimetry, immunocytochemistry for determination of sur-
face and intracellular markers of mesenchymal stem cells were used in the study.

RESULTS: In the course of work on the identification of cells of the population obtained by culturing explants from human
umbilical cord warton stool, the heterogeneity of the type of cells constituting the cell population was established. Most of
them are mesenchymal stem cells carrying fluorescent markers CD45, CD73, CD34, CD29, CD90, CD44, CD105, which agrees
with the immunophenotype of mesenchymal stem cells defined by the International Society for Cell Therapy. The ratio of the
applied markers allows us to refer the population of cells obtained by direct explantation of Varton's gelatin tissue fragments
to mesenchymal stem cells. Visual control confirmed the localisation of labelled antibodies on the surface of cultured cells.
And also it was shown that there were no vascular muscle cells in the obtained culture.

CONCLUSION: As a result of experiments on identification of the cells obtained during explantation of Varton's jelly tissue
fragments and their further cultivation, their belonging to mesenchymal stem cells was established by immunofluorescence
cytophotometry.

Keywords: culturing; cytophotometry; explant; human bud; immunofluorescence; mesenchymal stem cells; mucous connective
tissue of the umbilical cord; Wharton's jelly.
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AHHOTALNA

AxTyanbHocTb. Ha doHe MHoXecTBa cnocoboB 3aMelLieHUs AedeKTOB NpK NOCTTPAaBMATUYECKUX NOBPEXAEHMsX Bce bonee
LUMPOKOe pacrnpocTpaHeHWe B MeAMLIMHCKON NPaKTUKe MOMy4aloT NpueMbl penapauuy NoBpeXAeHHbIX TKaHel, 0CHOBaHHble
Ha MeToAax, UCMONb3YIOLLMX NPOAYKTHI TKAHEBON MUHKEHEPUM U KyNbTyp MUCKYCCTBEHHO KyNbTUBUPYEMBIX KIETOK YenoBeKa.
B nutepatype coobluaetca o cnaboit UMMyHOreHHOW aKTUBHOCTM TKaHei MyrnoBUHbI YeNOBEKa, YTO fenaeT 3T KIeTKU nep-
CMEKTUBHBIMU KOMMOHEHTaMW NPOAYKTOB pereHepaTMBHOM MeAULMHbI. B CBA3M ¢ BO3MOXHOI CMOHTaHHOW TpaHchopMaLmen
K/eTOK B npoLiecce KyNnbTUBUPOBaHMA M OLIMBKaMK Npu oTbope 3KcnnaHTa HeobxoaMMo AOCTOBEPHOe onpefeneHune heHo-
TUNA KNETOK, NOAYYEHHbIX B pe3ynbTaTe 3KCMIaHTaLMM TKaHWU U AanbHeNLLero ux KynbTueupoBaHmus. Takum 0bpasoMm, cneuy-
(uKa nonyyeHnss MyNbTUMOTEHTHBIX Me3eHXMMabHbIX KIETOK M3 CIM3UCTON COeAMHUTENBHOM TKaHW MynoBUHBI YeN0BeKa,
Ha3bIBaeMOi TaKXKe BapTOHOB CTyAeHb, TpebyeT [OCTOBEPHOM MAEHTUGDMKALMM TUNA NOJYYEHHBIX KIETOK.

Lienb. BoisiBneHne Hanuuns Me3eHXMManbHbIX CTBOOBbLIX KIETOK B KIETOYHOW MONYASALMW, NONYYEHHOWH U3 CM3UCTON CO-
e[MHUTENbHOM TKaHU NYMNOBWHBI YeNoBeKa C MCNo/b30BaHMeM UMMYHO(EPMEHTHOrO MapKUPOBaHHS.

Martepuan u Metoapl. B uccnenoBaHnm ncnonb3oBanu MeToAbl KyNbTUBUPOBAHUA KIIETOK, NPOTOYHOM LMTO(GNYOpUMETPUM,
WMMYHOLIMTOXMMIN 1A ONpeaeNieHnst MOBEPXHOCTHBIX U BHYTPUKIETOUHbIX MApPKePOB Me3eHXMMaJbHbIX CTBOIOBBIX KNETOK.
Pesynbtartsl. Mpy npoeseHnn paboTbl No MAEHTUGUKALMM KNETOK NONYNALMN, NOSYYEHHOW NPYU KyNbTUBUPOBAHUN IKCMNaH-
TOB W3 C/IN3UCTON COEAMHUTENBHON TKaHU NYNOBUHBI YeNIOBEKA, YCTAHOBNIEHA HEOAHOPOAHOCTb TUMA KNETOK, COCTABASIOLLMUX
nonynaumio. bonbLUMHCTBO U3 HUX HecyT dnyopecueHTHble MeTku CD4S, CD73, CD34, CD29, CD90, CD44, CD105, yto cornacy-
eTcA C UMMYHO(DEHOTUMOM Me3eHXMManbHbIX CTBOSIOBbIX KNETOK, OnpeAenieHHbiM Mex ayHapoaHbIM 06LLeCTBOM N0 KieTou-
Hoit Tepanun. CooTHOLLEHKE NPUMEHEHHBIX MapKepoB M03BOJIAET OTHECTU NOMYNALMI0 KIETOK, NOTyYeHHYI0 MeTOA0M NPSMON
3KCNNaHTauMn GpparMeHTOB CAIU3NCTON COeAMHUTENBHON TKaHM, K Me3eHXUMaslbHbIM CTBOJIOBLIM KJeTKaM. BUusyanbHbIi KOHT-
posib NOATBEPAMN NIOKANN3aLMI0 MeYeHHbIX aHTUTEN Ha MOBEPXHOCTM KyNbTUBMPYEMbIX KIETOK. TakKe NoKasaHo, 4To B nojy-
YeHHOW Ky/nbType OTCYTCTBYIOT MbILLEYHbIE KIETKM KPOBEHOCHBIX COCY/0B.

3aknoyeHmne. B pesynbTate IKCNEPUMEHTOB N0 MAEHTUGUKALMN KIETOK, MOAYYeHHbIX NPW 3KCMNaHTaLUmu GparMeHToB Ciin-
31CTON COEAMHUTENBHON TKaHW, U AaNbHENLLIero UX KynbTUBUPOBaHWS, METOA0M MMMYHOGhYOpPecLeHTHON LMTo(GoTOMETPUM
YCTaHOBJIEHA UX NMPUHALJIEKHOCTb K Me3eHXMMaslbHbIM CTBOJSIOBLIM KIETKaM.

KnioueBble cnosa: BapTOHOB CTYLEHb; VIMMYHOCI)J'IYOPECLI,EHLI,VIFI; KYNbTUBUPOBaHUE; Me3eHXMMaJlbHble CTBOJIOBbIE KJTIETKH;
NMynoBMWHa YesioBeKa; CIN3NcTaa coeguHuTesibHada TKaHb MynoBUHbI; LI,VITOCIJOTOMETpVIFI; IKCMNNAHT.
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Currently, various methods for isolation and cultiva-
tion of mesenchymal stem cells (MSCs) and their use
in clinics have been reported in the literature [1]. MSC
transplantation stimulates regeneration of bone tissue,
skin, myocardium, peripheral nervous system, skeletal
muscle, and liver tissue, and MSCs serve as a source
of growth factors and cytokines [2]. The decisive aspect
that plays an important role in the selection of artificial
biomedical materials is the influence of the implant on
the regeneration processes of the recipient’'s damaged
tissues, its immunomodulatory properties [3]. Among the
techniques for replacing defects in posttraumatic injuries,
those involving the use of tissue engineering products
and artificially cultured human cells are becoming in-
creasingly prevalent in medical practice. In such cases,
the use of the patient’s own tissues or tissues with low
immunogenicity is advantageous. Several publications
have reported the weak immunogenic activity of human
umbilical cord tissues [5]. In this regard, human umbilical
cord Wharton's jelly stem cells (HWJSCs) are a prom-
ising source of MSCs. There are various studies on the
application of HWJSCs and other umbilical cord tissues.
However, there is a need for a systematic approach to
organize and select the optimal variants of laboratory and
technological solutions for reproducible MSC cultivation
[6, 7]. Many researchers have proposed the use of hu-
man umbilical cord mucosa as an alternative source of
MSCs. Given that HWJSC is the tissue of the provisional
organ — the umbilical cord — procedures involving it is
subject to minimal ethical restrictions. Furthermore, ob-
taining explants from HWJSC is performed using a non-
invasive method. The process of acquiring such explants
includes dissecting the surrounding tissue, including the
vein and artery of the umbilical cord. This may cause ex-
planting of tissue fragments of other types along with
HWJSCs, resulting in the acquisition of cells with a dif-
ferent status than that of MSCs. Owing to possible errors
in explant selection and cell transformation during the
cultivation process, the phenotype of cells obtained as
a result of tissue explantation and during their further
cultivation should be determined. The International Soci-
ety for Cell Therapy has defined the immunophenotype of
MSCs as CD90+, CD105+, CD44+, CD29+, CD105+, CD73+,
CD166+, CD45—, and CD34- [9]. The most effective meth-
od in determining characteristic cell surface proteins is
the fluorescence method [10]. In the present study, the
surface markers CD45, CD73, CD34, CD29, CD90, CD44,
and CD105 were identified and the presence of vascular
muscle tissue cells was assessed using the specific cy-
toskeletal marker alpha-actin in the population of cells
derived from HWJSCs.

This study aimed to identify MSCs in the cell popu-
lation obtained from HWJSCs using immunoenzymatic
labeling.
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Objectives of the study:

1) To demonstrate the absence of vascular smooth
muscle cells in the obtained culture and perform im-
munohistochemical staining for the presence of smooth
muscle actin (alpha-smooth muscle actin, a-SMA) in the
cytoskeleton of the cells of the studied population

2) To examine the obtained cell population for the
presence of MSCs using the surface markers CD45, CD73,
CD34, CD29, CD90, CD44, and CD105 by flow cytophotom-
etry and observe fluorescence on the cell surface during
microscopy

MATERIALS AND METHODS

Obtaining a population of HWJSCs

The primary human umbilical cord material was ob-
tained by the staff of the Department of Obstetrics and
Gynecology of the Kirov Military Medical Academy and
acquired in the course of planned cesarean section.
The medical history of the primary material donors was
recorded and stored by the staff of the department. In-
formed consent was obtained from the donor. The se-
lection of primary material for further processing and
harvesting of tissue fragments for explantation were
performed in the delivery room under aseptic conditions.
Cord material without exsanguination was placed in the
transport medium immediately after separation from the
placenta. Standard sterile 0.9 % sodium chloride solu-
tion in a sterile container was used as the transport
medium [11]. The material was transported at ambient
temperature. The umbilical cord material was transferred
to the sterile room of the Cell Technology Research Lab-
oratory of the Research Department of Biomedical Re-
search of the Research Center, where HWJSCs were ex-
tracted and primary explants were obtained under sterile
conditions.

DMEM F/12 medium, which was utilized in our previ-
ous studies to obtain cell culture from human umbilical
cord tissue [11], was used to culture explants.

Immunophenotyping of the obtained cell population
and immunohistochemical detection of SMA

Immunohistochemical staining for the presence of
SMA in the cytoskeleton was performed to detect vascu-
lar smooth muscle cells in the obtained culture. Mono-
clonal Mouse Anti-Human Smooth Muscle Actin primary
antibodies (Dako, Denmark), secondary antibodies con-
jugated to the fluorochrome Alexa Fluor 488 (Abcam,
England), were used, and nuclei were stained with Slow-
Fade Glass Soft-set Antifade Mountant with DAPI-Nuclear
(Invitrogen, USA). The study was performed using an
LSM 880 (Carl Zeiss, Germany) confocal microscope.
Fluorescence was excited by a 405 nm laser with detec-
tion at 410-495 nm and an argon laser at 488 nm with
detection at 495-605 nmc
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The expression of stem cell surface markers in the
umbilical cord MSC was investigated. Immunopheno-
typing was performed using a CytoFlex flow cytometer
(Beckman Coulter, USA). Antibodies labeled with phyco-
erythrin (PE) or fluorescein (FITC) were used as labels:
CD45-FITC, CD73-PE, CD34-PE, CD29-FITC, CD90-FITC,
CD44-FITC, and CD105-FITC (Bio Rad, USA). Thus, cells
were stripped from the surface of the culture plate by
the conventional method (trypsin-serum solution at 1:3
ratio), washed three times with phosphate buffer solu-
tion (pH 7.2-7.4), and mixed with a diluted (x20) antibody
dilution solution consisting of 20 pL fetal bovine serum
(Gibco), 10 mg NaN,, and 50 mL phosphate buffer. The
cell suspension was injected into measuring tubes of
the cytofluorimeter; then, the tubes were placed in the
cytofluorimeter autosampler, and further fluorescence
measurements and processing of the obtained signals
were performed automatically. An Axio Imager M2 fluo-
rescence microscope (Carl Zeiss, Germany) was used to
observe the cell surface for fluorescence.

RESULTS AND DISCUSSION

Immunocytochemical examination for the presence of
the specific cytoskeletal marker alpha-actin in the cyto-
plasm did not show autofluorescence. No specific stain-
ing of the cytoskeleton characteristic of smooth muscle
cells was obtained in the cell populations studied from
HWJSCs (Fig. 1B). Rat myometrium cells was stained
with SMA as a positive control (Fig. 17).

The expression of mesenchymal cell surface markers
was examined by immunophenotyping with a CytoFlex
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flow cytometer (Beckman Coulter, USA). To check the
conjugation efficiency of the antibodies, phycoerythrin-
labeled CD73-PE and CD34-PE and fluorescein-labeled
CD45-FITC, CD29-FITC, CD90-FITC, and CD105-FITC were
used. The cells removed from the surface of the culture
plastic and conjugated with antibodies were placed on
slides and observed in an epifluorescence microscope
using FITC light filters (green region of the spectrum for
antibodies), and TRITC (red spectral region for phycoery-
thrin-labeled antibodies) at x400 magnification and pho-
tofixation was performed in additive mode. The results
are presented in Figure 2.

Finding cells in solutions for cell removal from the
culture surface, conjugating cells with labeled antibod-
ies, and obtaining preparations for microscopy did not
result in destruction of most HWJSCs studied. Figure 2A
shows the original unlabeled cell in suspension and cells
positively conjugated with fluorescently labeled antibod-
ies (Fig. 2B and ") and negatively conjugated (non-conju-
gated) with labeled antibodies (Fig. 25). The localization
of the fluorescently labeled antibodies was observed on
the surface of the tested cells. To obtain images of cells
negatively conjugated with labeled antibodies, they were
contrasted with DAPI after antibody conjugation.

Then, the suspension of labeled cells was placed into
the cytofluorimeter dispenser tubes, and the distributions
of surface markers in the evaluated cell population were
recorded. Figure 3 presents the results of surface marker
distribution of the obtained MSC culture.

A positive reaction was detected in the markers of
5-nucleotidase CD73 (55.61 %), protein integrins CD29
(41.11 %), stem cells and axonal processes in mature

Fig. 1. MSC culture: A, 5 — staining with haematoxylin and eosin; B — immunocytochemical staining for the presence of smooth muscle
a-actin in the cytoskeleton of cells obtained from umbilical cord, ' — stained rat myometrial cells

Puc. 1. Kynbtypa MCK: A, 5 — oKpaluMBaHWe reMaTOKCUIMHOM U 303UHOM; B — MMMYHOLIMTOXMMUYECKOE OKPaLLMBaHWe Ha Hannuue
rMafKOMBbILLIEYHOTO anbha-aKTuHa B LIUTOCKENETE KIETOK, NOMyYeHHbIX U3 MYNOBUHbI; [ — OKPaLLEHHbIE KNETKU MUOMETPUSA KpbIChI

DOI: https://doiorg/ 10.17816/ rmmarb 24871
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Fig. 2. Results of immunofluorescence labelling of surface antigens (SD) of mesenchymal cells of human umbilical cord Warton's stool
tissue. A — mesenchymal cell before labelling; b, B, ' — images of cells labelled with different antibodies: 56 — absence of conjugation
with antibody (DAPI contrasting); B, I — presence of conjugation with labelled antibody

Puc. 2. Pe3synbTaTbl IMMYHO(ITYOPECLEHTHOrO MEYEHUS! MOBEPXHOCTHBIX aHTMreHoB (CD) Me3eHXMUMHBIX KNETOK CIM3UCTON COeAuHM-
TeJbHOW TKaHW MYMOoBMHbI YesioBeKa. A — Me3eHXUMasbHas KieTka [0 MeueHus;; b, B, [ — UMMIKM KNEeTOK, MeYeHbIX PasfiMyHbIMM
aHTUTeNamu: 5 — oTCyTCTBME KOHBHOTaLMm ¢ aHTUTeNoM (KoHTpacTupoBaHue DAPI); B, I — Hanuume KOHbIOraLmu ¢ MeYeHbIM aHTUTENOoM

neurons CD90 (6.45 %), hyaluronic acid receptor CD44
(55.62 %), and endoglin CD105 (0.52 %). A negative reac-
tion was noted in the marker of total leukocyte antigen
CD45 (24.59 %).

Studies have reported that flow cytometry, immuno-
fluorescence, and gRT-PCR analysis show predominant
expression of the surface markers CD29, CD44, CD73,
CD90, CD105, and CD166 in umbilical cord MSCs and that
markers of endothelial cells and hematopoietic cells are
absent [9, 10]. CD29, CD90, CD105, and CD166 persist
in MSCs even after adipogenic, osteogenic, and chon-
drogenic induction [9]. Additionally, decreased CD44 and
CD73 expressions in response to induction of trilineage
differentiation has been demonstrated [10]. This reveals
that they are the most reliable markers of stem cells,
which are observed only in undifferentiated cord MSCs
(8, 91. Positive surface markers CD73 and CD44 indicate
that stem cells predominated in the culture obtained by
explantation. Moreover, the expression of the marker of
hematopoietic cell adhesion proteins CD34 (27.19 %) con-
firms the presence of hematopoietic cells in the obtained
population.

00l https://doiorg/ 10.17816/ rmmar6 24871

FINDINGS

1. The ratio of the applied markers allows for attrib-
uting the population of cells obtained by direct explanta-
tion of HWJSC fragments to the population of MSCs.

2. Visual inspection and flow cytometry confirmed
the localization of labeled antibodies on the surface of
cultured cells.

3. Immunchistochemical staining for SMA did not re-
veal vascular smooth muscle cells in the resulting cell
culture.

CONCLUSIONS

As a result, of experiments on identification of cells
obtained by explantation of fragments of HWJSCs and
their further cultivation, their affiliation to MSCs was
established by immunofluorescence cytophotometry.
No vascular muscle cells were observed in the obtained
culture. The obtained population contained hematopoi-
etic cells (cells of the hematopoietic system); however,
undifferentiated stem cells predominated. Establishing
a human cell culture with a preponderance of identifi-
able stem cells, using donor organ tissue, enables MSC

171



VI3BecTis Poccuiickon

OPUFHATIBHBIE MCCTEOBAHNA Tom 43,N° 2, 2024 BOEHHO-MEAVILIHCKOM aKafemuivi
172
) (D44-CD34 : All events gm|| & CD44-CD34 : All events go|[2 CD44-CD34 : All events o]
= : = P2GE62%) ] .
150 P1(64,65 %) 150 (55,6) 150 P3(27,19 %)
1 PR f 1N {
100 : B 1007 1 .25 1001 P
=< = < ]
0 ] ]
U v T ™ T LB S []' . — ' U_l — i
0 50 100 150 LR [/ (KN [ 1 [ N [ AN 1
A FSC-A (x109) FITC-A (<10 PE-A (<10
= CD73-CD45 : All events SIS CD73-CD45 : All events an||s CD73-CD4S : All events o[X]
RN X d x I > R
150 PIG5SI%) 150 PO 1e0] P3(24,59 %)
100 100- 100
=< : ,./", \ = : < :
21/ T > 2 ] 2 ]
50 e 50 50+
" 00100 150 i T T o] ."'ua 10t " 0 e
b FSC-A (<109 FITC-A (x10) PE-A (<109)
= CD29 : All events el CD29 : All events eo|[s CD29 : All events [olx]
z 1 by -, 1 P3(5,32.%)
150 Pi(er. 93 %) o 1501 PRULITE 150 B3
1 P ] ‘ i
T - //' AR 1 . o ]
TN 1001 1007
< : S . W .\\ = i < ]
2 ] > 2 ] Z ]
501 50 501
N i (i
0 50 100 150 10 10° 10¢ 10° 106 102 10° 104 10° 106
B FSC-A (<109 FITC-A (109 PE-A (x109)
= CD90 : All events ap||s CD90 : All events mn||s CD90 : All events o]
e X x ORI —
150 P1(61.42 %) 150 2645 %) 150 g |
0 10 LT TR
r FITC-A PE-A |
= CD105 : All events S CD105 : All events P CD105 : Al events o
z . x| x P3(3,39 %
150 161,20 %) 150 e 150 ( ? !
o p y Lo y : ' I 1 ‘
B gt 100 i 1004 L
_ < I
U-u. K i s i i I iy s s !
yi| FSC-A (x10%) FITC-A (x10%) PE-A (x10%)

Fig. 3. Distribution of surface markers in the obtained population of human umbilical cord MSCs: A — CD34, CD44; b — CD45, CD73;
B — CD29, ' — CDY0; 4 — CD105
Puc. 3. PacnpepaeneHvie noBepXHOCTHbIX MapKepoB B Nofy4eHHoM nonynsumm MCK nynosuHbl yenoeeka: A — CD34, CD44; 5 — CDA45, CD73;
B — CD29, ' — CDY0; 4 — CD105
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extraction and allows for the use of the extracted cells
in a wide range of studies of human physiology and bio-
chemistry with minimal ethical restrictions.
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