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Characterization of Immunophenotype and Differentiation
Potential of Human Bone Marrow Mesenchymal
Stromal Cells after Cryopreservation

CrpoMaibHbIe KJIETKH, U30JUpOBaHHbIE U3 KocTHOro Mo3ra (KM) B3pociioro yenoBeka, ociie 3KCIaHCHU in Vitro IeMOHCTPUPYIOT
creruprIecKrii IMMYHO(DEHOTHII K CIIOCOOHOCTD K MYJIBTHIMHEHHOM T hepeHInpoBKe, CBOHCTBEHHbIE ME3EHXHMaIbHBIM CTBOJIOBBIM
kierkaM (MCK). Yeranosneno, uto kpuoxkoHncepsrpoBanue MCK KM uenoBeka myTeM MeAIEHHOIO JBYXCTYIEHYAaTOIO 3aMOPaXXKUBaHUA
nop 3amuTtoi 10% JIMCO mo3BoJiseT COXpaHUTh UX UMMYHO(DEHOTHI ¥ CITIOCOOHOCTh K HHAYIIMPOBAHHBIM in Vitro OCTCOTCHHOW U
aUIOreHHOH TuddepeHIpOBKaM.

Knrwoueesvie cnoea: xpruoKoOHCEPBUPOBAHUE, ME3EHXUMAJIbHBIE CTPOMAJIbHbIE KJIETKU, KOCTHBIM MO3I 4eJIOBEKa, aJUIOreHHas U
ocreoreHHas quddepeHIpoBka, UMMYyHO()EHOTHII.

CrpomaiibHi KJIITHHH, sKi OyH 130160BaHi 3 KicTkoBoro Mo3ky (KM) mopocinol ronuHH, micis eKCaHcii in vitro 1eMOHCTPYIOTh
crienndivHuil iMyHO(EHOTHIT Ta 3aTHICT 10 MYJIBTHIiHIHHOTO AU(EPEeHIIIF0BAHHS, 110 € XapaKTEPHUM JUTSI ME3EHXIMaIbHUX CTOBOYPOBHX
kiritur (MCK). Beranoeieno, 1o kpiokoncepByBants MCK KM nonuHy nUIIXoM MOBIJIBHOTO JIBOCTYHIHYACTOTO 3aMOPOXKYBaHHS
i 3axuctoM 10% AMCO no3Boisie 30epertH ixHiil iMyHO(EHOTHII Ta 34aTHICTb 10 iHYKOBAHOTO i/l Vitro OCTEOI€HHOTIO Ta aJUIIOTeHHOTO
I epeHIiIoBaHb.

Knwouoei cnosa: KpiokOHCEPBYBaHHS, ME3CHXIMaJIbHI CTPOMAJIbHI KIITHHH, KICTKOBHI MO30K JIFOIMHHU, 8 TUTIOTCHHE Ta OCTEOTCHHE
nudepeHIitoBaHHs, IMyHO()EHOTHII.

Stromal cells derived from adult human bone marrow (BM) after in vitro expansion demonstrate a specific immunophenotype and
ability to multilineage differentiation, inherent to mecenchymal stromal cells (MSCs)m. It was established that cryopreservation of
human BM MSCs by two-step freezing under protection of 10% DMSO enables to preserve their immunophenotype and ability to
induced osteogenic and adipogenic differentiation in vitro.
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Me3eHxuMaabHBIE CTBOJIOBBIE (CTPOMANbHBIE)
kietkn (MCK) HaxomsaT Bce 6oee mMpoKkoe mpumMe-
HEHHE B Pa3IMYHBIX 00JIACTSX OMOIOTUHI U MEIULIHBI
Onaromapst UX BBICOKOW criocoOHOCTH auddhepeHiu-
pOBAaThCS B pa3IUYHbIE THITHI KJIETOK M HU3KOH HMMY-
HoreHHocTH [3, 5, 7]. ITokazano, uro MCK npucyt-
CTBYIOT BO MHOTHX Opr'aHaXx M TKaHsIX B3pOCIIOTO Opra-
HU3Ma — KocTHOM Mo3re (KM), koxe, >XHpOBOH,
KOCTHOM, MBITIIEYHOM TKaHsX | 1p. [3, 4, 6, 9]. Onrako
B Ka4ecTBe "30JI0TOT0 cTaHAapTa" MpH OLEHKE U CPaB-
HEHUH OMOJOTMYECKOTO MOTEHIHAala AAaHHOTO THUIa
KJIETOK, BBIJIEJICHHBIX M3 Pa3HBIX HCTOYHHUKOB, pac-
cmatpuBaror MCK KM B3pocineix 1oHOpOB. B cBsizn
C 3THM aKTyaJlbHO HccienoBaHne MOphopyHKINO-
HaibHbIX cBoMcTB MCK KM nocne pa3nu4HbIX BO3-
JIEUCTBUIA.

KpuoxoncepsrupoBaane MCK KM tpeOyet nprme-
HEHUs TaKUX METOAMYECKUX MOJIXOJI0B, KOTOpPHIE
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Mesenchymal stem (stromal) cells (MSCs) have
found a wide application in different fields of biol-
ogy and medicine due to their high ability of differ-
entiation into various cell types and low immunoge-
nicity [3, 5, 7]. MSCs have been shown to be present
in many organs and tissues of adult organism: bone
marrow (BM), skin, adipose tissue, muscle etc. [3,
4, 6,9]. However as "a gold standard" when estimat-
ing and comparing biological potential of cells, iso-
lated from different sources, the BM MSCs of adult
donors are considered. The study of morpho-func-
tional properties of BM MSCs after different effects
is an important point. .

BM MSCs cryopreservation needs the application
of methodical approaches allowing the maximum
preservation of not only viability but also unique bio-
logical properties of these cells. Usually the BM
MSCs are cryopreserved after sub-culturing by slow
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MMO3BOJISIIOT MaKCUMAaJbHO COXPaHATH HE TOIBKO
KH3HECTIOCOOHOCTh, HO M YHHKAJILHBIE OMOJIOTUUECKUE
CBOWCTBA 3THX KJIETOK. OOBIYHO KPHOKOHCEPBHUPO-
Banne MCK KM npoBoadT nocine npeaBapuTeabHOrO
CyOKyJIBTHBHPOBAHUS ITyTEM MEIJICHHOTO 3aMOPaKH-
BaHHA C IPUMEHEHUEM KPHO3ALTUTHBIX CPEJ, COMEp-
xamux aumerwicyibdoken (AMCO) [6, 8]. Heobxo-
JUMBIM 3TAIIOM KPHOOHOTEXHOJIOTHYECKOT0 IpoLiecca
SIBJISIETCSI KOHTPOJIb CTAOMIILHOCTH HIMMYHO(EHOTHUIA
U CIOCOOHOCTH K HAlpaBlIeHHOH MYJIBTHIIMHEHHOM
muddeperunpoke MCK KM nocne kpuokoHCcepBu-
pOBaHML.

Lens paboTs! — uccieoBaHne UMMYHO(EHOTHTIA
1 crOCOOHOCTH K HaNpaBIIEHHBIM CHENU(UIECKUM
g dhepeHInpoBKaM ME3EHXUMAaIbHBIX CTPOMAaTbHBIX
KJIETOK KOCTHOTO MO3I'a YeJIOBEKa JI0 U IOCJIe KPHOKOH-
CepBHUPOBAHUS.

Martepnaabl 1 meToAbI

OxcnepuMeHTHI poBoauiau Ha KM, nomydeHHOM
OT B3POCIIBIX IOHOPOB MOCJE UX HH(HOPMHUPOBAHHOTO
MMMCEMEHHOTO COTJIACHS, B COOTBETCTBHH C PEKOMEH-
JanusiMu XelbCUHKCKON nexnapauuu BcemupHoit
MEIUIMHCKON aCCOIMAINU TI0 IPOBEACHHUIO OOMEAN-
LIMHCKUX MCCIEeN0BaHNN. VICTOYHIKOM KJIETOK ObLIH
(hparMeHThI CHIOHTHO3HOW TKaHHU, KOTOPBHIE U3BIEKAITH
B BHJE LWIMHAPOB AMAMETPOM 6—8 MM M3 IpeOHA
MIOJIB3IOIIHOM KOCTHU C TIOMOIIBI0 HHCTPYMEHTOB IS
MO3aWYHOMN XOHIPOIIACTHUKH, YTO 00ECTIEYHBAIIO Ma-
JIYI0 HHBa3UBHOCTH MpoueAypsl. [lepBudHyro cycneH-
3MI0 KJIETOK MOJTy4Yalli BHIMBIBAHHEM H30TOHHYECKOM
Cpenoil n3 KOCTHBIX IMIMHIPOB, 3aTeM ee LeHTpHudy-
rupoBanu npu 150g B Teuenue 10 mun. Sapoconep-
JKalye KIETKH U3 MOIYYeHHOTO 0CaKa MOJCUUTHI-
Balu B kamepe [opseBa ¢ ucnonb3zoBanuem 3%-i
YKCYCHOW KHCIIOTHI. KynbTHBHpPOBaM KIIETKHU B Cpere,
noroaHeHHON 15% ambpuonansHo# ceiBopoTkH (DC)
KpymHOTo poraroro ckota ("buomnor", Poccus), 2 MM
L-tmyramuna, 50 en/mn nennnmwuinHa U 50 Mr/mi
crpentomununa pu 37°C, 5% CO, u abconroTHOM
BIIAXHOCTH. [lepByio 3aMeHy Cpellbl OCYIIECTBISUIN
gepe3 48 9 KyJIbTUBUPOBAHUS U TaJIee — Yepe3 KaxIpIe
3-e CyTOK.

Kynsrusuposanusie MCK KM 3—4-ro naccaxeit
KPHOKOHCEPBHUPOBANH B KyJIBTYPaJIbHOU CPEZe, COAEp-
xkameit 20% 3C u 10% AMCO, co CKOpOCTHIO
1 rpagyc/mua 10 —80°C 110 TPOTOKOITY PUPMBI-IIPOU3-
Boautens Cryo 1°C Freezing Container (“Nalgene”,
CHIA) c moclnenyomuM MOTrPYyKEeHUEM B KU IKHIMA
a3or.

Ob6pa3zusl xpanunu npu —196°C B Teuenue 4—6
Mecses. KpnokoncepsupoBaHHbie 00pa3iibl oTOrpe-
BasM Ha BoAsgHOU Oame mpu 37°C. lna ymaneHus
KPHO3AIUTHOM Cpeibl KIETOYHBIE CYyCIIEH3UH pa30aB-
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freezing with the application of cryoprotective me-
dia, containing dimethyl sulfoxide (DMSO) [6, 8]. The
essential stage of cryobiotechnological process is the
post-thaw control of immunophenotype stability and
ability to directed multi-lineage differentiation of BM
MSCs.

The aim of this research was to investigate the
immunophenotype and specific differentiations abili-
ties of human bone marrow mesenchymal stromal
cells prior to and after cryopreservation.

Materials and methods

The experiments were carried-out using BM,
obtained from adult donors after their informed writ-
ten consent in the accordance with the WMA dec-
laration of Helsinki for medical research. As the
source of the cells spongious tissue fragments were
used. These fragments (6-8 mm cylinders) were iso-
lated from iliac crest by the application of instruments
for mosaic chondroplastics, which provided low in-
vasiveness of the procedure. Primary cell suspension
was obtained by washing-out from bone cylinders
with isotonic medium, followed by centrifugation at
150g for 10 min. Nucleated cells from the obtained
pellets were counted in Goryaev's chamber using 3%
acetic acid. The cells were cultured in the medium
supplemented with 15% fetal bovine serum (FBS)
(Biolot, Russia), 2 mM L-glutamine, 50 units/ml peni-
cillin and 50 mg/ml streptomycin at 37°C, 5% CO,
and absolute humidity. The first change of the me-
dium was performed after 48 hrs of culturing and later
every 3 days.

Cultured BM MSCs of the 374t passages were
cryopreserved in the culture medium, supplemented
by 20% FS and 10% DMSO with the cooling rate
of 1 degree/min down to —80°C using Cryo 1°C
Freezing Container (Nalgene, USA) according to the
manufacturing protocol with following plunging into
liquid nitrogen.

The samples were stored at —196°C for 4-6
months. Cryopreserved samples were thawed on wa-
ter bath at 37°C. To remove cryoprotective medium
the cell suspensions were diluted with the culture
medium, containing 10% FS in 1:10 ratio with follow-
ing centrifugation (150g, 10 min). Cell pellets were
re-suspended in a new portion of culture medium.
The cell integrity was assessed by vital staining with
trypan blue.

Freshly isolated and cryopreserved stromal cells
were cultured for 3—4 passages, afterwards immuno-
phenotyping and induction of osteo- and adipogenesis
in vitro were performed. Vital control of the state
of cell cultures was prepared daily using inverted mi-
croscope CETI (Belgium).
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JISUTH CPEAOH KYIITUBUPOBaHusI, copepskariet 10% IC,
B cooTHOMIECHUH 1:10 ¢ mocIeayromum HeHTpUQyTrupo-
BanueM (150g, 10 mun). Knetounslii ocasok pecyc-
MEHAUPOBAIIN B HOBOM MOPLMH KYJABTYPAIbHON CPEIbI.
CoxpaHHOCTH KJIETOK OIIEHUBAJIH C TIOMOIIIBIO MPHKH3-
HEHHOT'O OKPAaIINBaHHS TPUTIAHOBBIM CHHUM.

CBexeBbIACIICHHbIE U KPHOKOHCEPBUPOBAaHHBIE
CTpOMAaJIbHBIC KJIETKH KYJIBTHBUPOBAIU B T€UEHHE 3—
4-X TIaccaXkeid, MoCIIe Yero MPOBOIHIH UMMYHO(DEHOTH-
NIAPOBAHKE Y UHIYKIIMIO OCTEO- U aAUIIOTCHE3A i Vitro.
[Ipmxu3HEHHBIH KOHTPOJIb COCTOSIHUSA KJIETOYHBIX
KYJIBTYp OCYIIECTBISIMN €KEIHEBHO C TOMOLIBIO HH-
BepTrpoBanHoro Mukpockomna “CETI” (bensrus).

st uMMyHO(EHOTHITHYECKOTO aHAIN3a KyJI6THBH-
POBaHHBIE KJIETKH OKPALIMBaIl MOHOKIOHAJIBHBIMH
antutenamu CD29-PE, CD45-PE, CD105-FITC
(“Serotec”, BenukobOpuranus), CD34 Class II-FITC,
CD38-RPE (“DAKO”, lN'onnaraus), CD44-FITC,
CD73-PE (“BD Biosciences”, CI1IA) cormacHo HHCT-
PYKLHMH POU3BOUTENEH, IBAXKAbI OTMBIBAIIN LIEHTPHU-
¢yrupoBannem nipu 200 g B Teuenue 10 MuH B pact-
Bope X?HKCA U aHAJTU3WPOBAJN HA IPOTOYHOM IIUTO-
metpe “FACS Calibur” (“BD Biosciences”, CIIIA).

Huddepenunposounsiii norenman MCK onpene-
JISUTH iR Vitro IPU KyJTHBUPOBAHHUH B CIICITU(UIHBIX
WHAYKTHBHBIX cpefax. JJis WHAYKINH OCTEoreHe3a
npumMeHsuin cpeny alpha-MEM, conepxkamryro 10%
39C; 0,1 MmxM nexcamerasona; 0,05 MM ackopOHHOBO#
kucinotsl; 10 MM mmmepon-gocdara. Anunorenes uH-
nymupoBan B cpenie alpha-MEM, nonomaenHoi 10%
Adipogenic Stimulatory Supplements (“Stem Cell
Technologies Inc.”, Kanana). Knerku kynstiuBupoBaiu
B T€UEHHE 3-X HENEeJb, CPEAY MEHSUIH Yepe3 KaK/bpIe
3-e CyTOK.

OcTteorenes BBIABISIIN 1O 3KCIPECCUU LIETOYHOM
¢docdaTtazpl 1 HATMYIHIO MUHEPATU3AMK BHEKJICTOY-
HOro Marpukca (okpammuBanue 1mo Ban Koccy) [10].
AnunoreHHyTo U PEepeHITMPOBKY KIETOK OIIPEACISITA
10 HAKOTUICHHUIO HEUTPaJIbHBIX )KUPOB (OKpalIBaHUE
Oil Red O) [10]. Kontponem Ha cioHTanHy10 1udde-
PEHIIMPOBKY CIY>KUIIH KIETKH, KyJTbTHBUPOBAHHEIE B
POCTOBO cperne 6e3 creuaNnbHbIX HHAYKTOPOB.

Pe3yAbTaThl M 00CyXXAe€HHe

[TomydeHHbIe IEpBUYHBIE KYJIBTYPBI CBEKEHU30IIH-
POBaHHBIX CTPOMANBHBIX KIeTOK KM Obln retepo-
TEHHBIMH 10 COCTaBY M COAEPKAIH HEZHAUUTEIBHYIO
MIPUMECH aJTE€3UBHBIX T'€MOINO3ITUYECKUX KIIETOK, a
Takke Makpo(aroB, KOTOPbIE MOCTETICHHO 3JIMMIHH-
poBauch B X0[€ KyJbTUBUPOBaHHs. B nepBuuHON
KyJIBType CTpOMaNIbHBIX Ki1eToK KM ObITH BBISIBICHBI
KoJIoHHeoOpasyomue efuHubl GudbpodiacTos
(KOE®) ¢ gacroroit 1-2 ma 100 000 mocesHHBIX
spocoaepkanux kietok [2]. CormacHo coBpeMeH-
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For immunophenotypic analysis the cultured cells
were stained with monoclonal antibodies CD29-PE,
CD-45PE, CD-05-FITC (Serotec, UK), CD34 Class
II-FITC, CD38-RPE (Dako, Holland), CD44-FITC,
CD73-PE (BD Biosciences, USA) according to the
manufacturing instructions. Cells were washed-out
twice by centrifugation at 200g for 10 min in Hanks
solution and analyzed using flow cytometer FACS
Calibur (BD Biosciences, USA).

Differentiation potential of MSCs was examined
in vitro when culturing in specific inductive media.
To induce osteogenesis there was applied alpha-
MEM medium, containing 10% FS; 0.1 mM dexame-
tazone; 0.05 mM ascorbic acid; 10 mM glycerol-
phosphate. Adipogenesis was induced in alpha-MEM
medium supplemented with 10% Adipogenic Stimu-
latory Supplements (Stem Cell Technologies Inc.,
Canada). The cells were cultured for 3 weeks, the
medium was changed every 3 days.

Osteogenesis was revealed by the expression of
alkaline phosphatase and presence of mineralization
of extracellular matrix (von Kossa staining) [10]. Adi-
pogenic differentiation of cells was assessed by Oil
Red O staining of accumulated intracellular neutral
lipids [10]. The cells cultured in growth medium with
no special inducers served as the control.

Results and discussion

The obtained primary cultures of freshly isolated
BM stromal cells were heterogenous on the compo-
sition and contained a slight amounts of adhesive
hematopoietic cells, as well as macrophages, gradu-
ally eliminated during following culture. In primary
culture of BM stromal cells the colony-forming units
of fibroblasts (CFU ) were revealed with the fre-
quency of 1-2 per 100,000 plated nucleated cells [2].
According to the current notions this pool of stromal
progenitor cells comprises multipotent MSCs [6].
During following sub-culture there was noted the
formation of new colonies in the culture, testifying
to the proliferation of early MSCs. After 3-4 passa-
ges the subcultures mainly consisted of predominantly
spindle-shaped fibroblast-like cells with small oval
nucleus, which proliferated and formed characteris-
tic flows.

One of the main criteria of characterization of cell
population is the investigation of the specific surface
markers’ expression. The studied human BM fibro-
blast-like cells, subcultured during 4 passages were
characterized by immunophenotype of CD29,
CD44", CD73%, CD105" (Fig. 1).

Herewith the content of the cells expressed these
markers in the studied cultures comprised more than
90%. Simultaneously they did not express the mark-
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Puc. 1. Pesynprars! nporounoit iurodyopumerpun Kynsrypsl MCK KM B3pocioro uenoseka (4-if maccax).
Fig. 1. Results of flow cytometry analysis of human adult BM MSCs culture (the 4" passage).

HBIM MPECTABICHUSIM JaHHBIH MTYJI CTPOMATBHBIX KiTe-
TOK-TIPE/IIECTBEHHUKOB BKITIOUAET MYJIBTHIIOTCHTHBIE
MCK [6]. [Tpu mocneaytomem mnepeceBe ObLTO OTME-
4eHO ()OpPMHUPOBAHNE HOBBIX KOJIOHUH B KYJBTYPE, YTO
CBHJIETEIHCTBOBANO O Iponudeparnuu panunx MCK.
ITocne 3—4-x maccaxkeit CyOKyIBTYPBI COCTOSIIH TIpe-
MMYIIECTBEHHO U3 BEpETeHO00pa3HbIX (prudbpodIacTo-
MMOOOHBIX KIIETOK C HEOOJBIITUM OBAJIBHBIM SIIPOM,
KOTOpbIe poudeprpoBany u GOpMHUPOBATIH XapakK-
TEPHBIE IIOTOKH.

OnHUM U3 OCHOBHBIX KPUTEPHEB COCTABa KJIETOY-
HOH MOMYJISIIMH SIBJISIETCS IKCTIPECCHUs] CIEM(DUUECKUX
MTOBEPXHOCTHBIX MapkepoB. MccnenoBanusie pudpo-
6nactonono6ubIe kieTkn KM uenoBeka, cyOKyabTH-
BHPOBAaHHBIE B XO/I¢ 4-X maccaxkel, XxapakTepr30Ba-
nuck uMmmyHodenoruniom CD29*, CD44*, CD73",
CD105" (puc. 1).

[Tpu 3TOM conepkaHne KIETOK, IKCIIPECCHPOBAB-
WX JAaHHBIE MapKepbl, B HCCIEIYEMOH KyIbType
cocrasisuio 6osee 90%. OqHOBpEMEHHO OHH HE DKC-
MIPECCUPOBATU MapPKEPhl TEMOMOATHYECKUX CTBOJIO-
BBIX KiTleToKk CD34, a Taxske 00wl Mapkep reMorod-
tnyeckux kiaetok CD45 (puc. 1). [IpeacraBneHHbIi
ummyHoheHoTun xapaktepes 1t MCK [7]. Crnenyer
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ers of hematopoietic stem cells CD34, as well as
common marker of hematopoietic cells CD45 (Fig. 1).
The presented immunophenotype has been shown for
MSCs [7]. It should be noted that the similar immu-
nophenotype was assessed for MSCs, derived from
adult human derma and adipose tissue [1].

During culturing of MSCs in the medium, that
stimulate cell differentiation in adipose lineage, the
change in cells morphology after 7-10 days was
observed: the cells gained roundish (oval) shape. Fur-
ther culturing resulted in the accumulation of intrac-
ellular lipids, positively stained with Oil Red O. Dur-
ing stimulation of BM MSC:s to the differentiation into
osteogenic lineage the expression of alkaline phos-
phatase by cells as well as matrix mineralization,
positively stained with silver nitrate by von Kossa
(non-presented data) were observed.

After cryopreservation, thawing and removal of
cryoprotectants no significant loss of cells was found,
the survival of cells in suspension was not less than
65%. During the culture, cryopreserved cells adhered
to plastic and proliferated. It has been noted that
MSC:s directly after cryopreservation formed subcon-
fluent monolayer in average 3 days later if compared
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OTMETHTh, YTO aHAJIOTUYHBIA UMMYHO(DEHOTUI ObLI
ycranosieH 1 st MCK, nCTOYHUKOM KOTOPBIX SIBIISI-
JIMCH AiepMa 1 )KUpOoBasi TKaHb B3pOCIIOro yenoseka [1].

IIpu nepeBoge MCK B cpeny KynbTUBHPOBaHUS,
CTUMYIUPYIOUIYI0 TU(PEPESHIIUPOBKY KIETOK B
aJIUTIOTEHHOM HAITPaBJICHUH, HAOIIOIAT0CH U3MEHEHHE
ux Mopgonorun uepe3 7—10 cyTOK KyIbTHBHPOBaHUS,
KJIETKH IPHOOpeTaIn OKpyIylo (0BaJIbHYIO) GOpMY.
HanbHeliiee Ky IbTUBUPOBAHUE IPUBOIMIIO K HAKOTLIIE-
HUIO BHYTPUKJIETOYHBIX JIUMHAOB, KOTOPBIE IIO3UTHBHO
okpammBaiarck MaciaaHbeM KpacHbIM (Oil Red O). IIpu
crumymsanun MCK KM k muddepeHuupoBke B ocTeo-
T€HHOM HaNpaBlIeHUW HaOII0JaInCh DKCIIPECCHS
KJIETKaMH IIEJIOUHOM hocdarasbl, a TAKIKE MUHEPAIIH-
3ausl MaTpUKCa, MO3UTHBHO OKPAaILIMBAIOMIETOCS
HuTparoM cepedpa no Ban Koccy (mannvie He npen-
CTaBJICHBI).

[Tocne kproKoHCEPBUPOBAHMSI, OTOTPEBA U yaalIe-
HUS KpHOIIPOTEKTOPA CYIIECTBEHHOM HOTEPH KIIETOK
BBISIBJIEHO HE OBLIO, COXPaHHOCTh CYCIIEH3HH COCTaB-
nsia He MeHee 65%. [1pu neperoce B KynbTypy KpHo-
KOHCEPBHPOBAHHBIE KJIETKH a[r€3UPOBAIH K TUTACTHKY
u nponugepuposanu. Ormeueno, uro MCK nenocpen-
CTBEHHO IOCJIe KPHOKOHCEPBHUPOBAHUS (POPMHUPOBAIH
CYOKOH(TyEeHTHBII MOHOCJIOHN B CPEIHEM Ha 3-€ CyTOK
MTO3/IHEE TI0 CPABHEHUIO C KOHTPOJIEM (HEKPHOKOHCEP-
BHUPOBAaHHBIMH KJIETKaMH), YTO, BEPOATHO, CBSI3aHO C
MEPUOJIOM pENapaTuBHBIX MPOLECCOB B KieTkax. B
XO0JIe JaTbHEeHIero CyOKyIFTHBUPOBAHHS B CTAHIAPT-
HBIX yCJIOBUAX KPHOKOHCEPBHPOBAHHBIE KIETKHU
aKTHUBHO MPOJIX(EpUPOBaIN U HE OTIMYAIUCH OT He-
KPHOKOHCEPBHPOBAHHBIX.

Uccnenoranne nmmyHodenotuna MCK KM ude-
JIOBEKa MOcje KPHOKOHCEPBUPOBAHUS TIOKA3aJI0, YTO
OH He OTJIMYaJICs OT TAKOBOTO JJO KPHOKOHCEPBUPOBa-
Hus. bonee 90% xinetok skcnpeccuponaau CD29,
CD44,CD73,CDI105 u ocraBajiuch HEraTUBHBIMH Ha
CD45 u CD34.

Uzyuenue B ycnoBusx in vitro nuddepenuupo-
BOYHOTO NMOTEHIIMANA KyasTHBHpoBaHHEIX MCK KM
M0Ka3aJio, YTO KPHOKOHCEPBUPOBAHKE HE BIMSIO Ha
CIOCOOHOCTB UCCIIETyEMBIX KJIETOK K HAlpaBJIeHHBIM
0CTEO0- U aIMTIOTeHHOM T PepeHITUPOBKaM. DKCIpec-
CHsI KIIETKaMH 1esIouHoN ocdarasbl, a Tak)Ke MUHE-
panu3anys MaTpruKca B OCTEOTEHHON KYJIBType CBH-
JICTEIILCTBOBAJIH O (DYHKIIMOHAIBHOW aKTHBHOCTH JTU(-
(epeHIPOBaBIINXCS 0CTE00IacTOB (pHC. 2).

B agumoreHHo#l KyJapType BBISIBICHBI KIETKH,
CoJiep KaIre BaKyOJIH C HeUTPaIbHBIMH )KUPAMH, ITO
yKa3biBalio Ha quddepeHIMpoBKy KPHOKOHCEPBUPO-
BaHHbIX MCK B aaumnorenHom HanpasieHud (puc. 3).

Taxum 06pa3om, BbIACIEHUE U TOCTIEYyoIast SKC-
MTAHCHSI CTPOMAJIBHBIX KJIETOK U3 TIEPBUYHON CYCIICH3UN
KM B ycioBHSIX MOHOCJIOWHOTO KYyJIbTUBUPOBAHUS
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Puc. 2. Tudpdepenimporka MCK KM B ocTeoreHHOM Ha-
[IPaBJICHUH [10CIIE KPUOKOHCEPBUPOBAHHUS: @ — SKCIIPECCHUS
KJIETKaMH [IeI09HOH ocdaTasbl; 0 — OKpamrBaHie MIHE-
paIM30BaHHOIO MaTpHKca HUTpaToM cepedpa o Baun Koc-
cy, x100.

Fig. 2. Differentiation of BM MSCs into osteogenic lineage
after cryopreservation: a — expression by the cells of alka-
line phosphatase; b — staining of mineralized matrix with
silver nitrate according to von Kossa, x100.

with the control (non-cryopreserved cells), which is
likely related to the period of reparative processes
in cells. During further sub-culturing under standard
conditions the cryopreserved cells actively prolifer-
ated and did not differ from non-cryopreserved ones.
The study of immune phenotype of human BM MSCs
after cryopreservation has shown that it did not dif-
fer from that prior to cryopreservation. More than
90% cells expressed CD29, CD44, CD77, CD105
and remained negative on CD45 and CD34.
Investigation of differentiation potential of cultured
BM MSCs in vitro demonstrated that cryopreserva-
tion did not affect the ability of the studied cells to
directed osteo- and adipogenic differentiation. The
alkaline phosphatase expression as well as matrix
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Puc. 3. Tuddepenuporka MCK KM B agumnoreHHOM Ha-
MPaBICHUH MOCIIE KPUOKOHCEPBUPOBAHMUS (OKpaLIHBaHUE
Oil Red O), x100.

Fig. 3. Differentiation of BM MSCs in adipogenic lineage
after cryopreservation (Oil Red O staining), x100.

I103BOJIMJIY ITOJTYYUTh IPAKTUIECKH OJJHOPOIHbIE KYJIb-
Typbl, 00OTaIlIEHHbIE KJIETKAMU C UMMYHO()EHOTUIIOM
U 1 QPepeHINPOBOYHBIM MOTEHIINAIOM, XapaKTep-
HeiMu U1t MCK. TIponiecc kprokoHCEpBUPOBaHUS €
ncnonp3oBanueM 10% JIMCO, MeIeHHOTO OBYXCTY-
MIEHYaTOr0 3aMOPAXNUBAHKS M OBICTPOTO OTOTPEBa 103~
BOJISIET B 3HAUUTENBHON CTENEHU COXPAHHUTH KOJH-
gectBo MCK KM c¢ xapakTepHbIM UIMMYHO(EHOTH-
[TOM M CIIOCOOHOCTRIO K MHAYIIMPOBaHHOM Auddepen-
LIUPOBKE B OCTEO- U aJUIIOI€HHOM HalpaBJICHUSAX.
Crnemyer OTMETUTh, YTO crieUU(pUUIECKUe CBOMCTBa
kpuokoHcepupoBaHHbIX MCK KM ocraBanucek cra-
OUIIBHBIMU B XOJI€ IIOCIIEIYIOLIECH IKCIIaHCUH.

BuiBOABI

1. CtpoManbHbIe KIETKH, U30JUPOBAHHBIC U3
KOCTHOTO MO3T'a B3POCIIOTO YeIOBEKa, MOCIIE IKCIIaH-
CHH [N Vitro JIEMOHCTPUPYIOT CHICIIUPUUECKHI HMMY-
HO(EHOTHIT ¥ CIOCOOHOCTH K MYJIBTHIIMHEHHOM udde-
peHIupoBKe, cBoiicTBeHHbIe MCK.

2. Kpuokoncepsuposanue MCK KM denmoBeka my-
TEeM MEJICHHOTO JIByXCTYIIEHYATOT0 3aMOPaKUBaHUS
nox 3auTor 10% JMCO no3BosieT COXpaHUTh UX
HUMMYHO(EHOTHII U CIIOCOOHOCTD K HHIyLIUPOBaHHBIM
in vitro 0CT€0- ¥ aUIOreHHOMN U depeHIINPOBKaM.

NuTepatypa

1. MNempenko A.FO., lMempeHko FO.A., Ckopoboeamosa H.I. u
Op. CTpomanbHble KNEeTKU KOCTHOTO MO3ra, XUMpPOBOW TKaHu
N KOXW YenoBeka B XOAEe 3KCMaHCUW NpOSiBRAT UMMYHO-
deHoTMN N AnddepeHLMPOBOYHbIA NOTEHUMAN MEe3eHXU-
MarnbHbIX CTBOMOBLIX kneTtok // TpaHcnnaHTonoris.— 2008.—
T. 10, Ne1.— C. 84-86.

2. Ckopoboeamosa H.I., lNempeHko KO.A., Bonkosa H.A.,
lMempeHko A.KO. N3yyeHune cnocobHocTu k anddepeH-
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mineralization in osteogenic culture testified to func-
tional activity of differentiated osteoblasts (Fig. 2).
In adipogenic culture the cells contained vacuoles
with neutral lipids, indicating the differentiation of
cryopreserved MSCs into adipogenic lineage (Fig. 3).
Thus the isolation and following expansion of stro-
mal cells from primary BM suspension under mon-
olayer culture conditions enabled the obtaining of
nearly homogenous cultures, enriched with the cells
with immunophenotype and differentiation potential,
inherent to MSCs. Cryopreservation with 10% DMSO
with the application of slow two-step freezing and
rapid thawing enables in a great extent to preserve
the number of BM MSCs with typical immunophe-
notype and ability to induced differentiation into
osteo- and adipogenic lineages. It should be noted
that specific properties of cryopreserved BM MSCs
remained stable during following expansion.

Conclusions

1. Stromal cells isolated from adult human bone
marrow after in vitro expansion demonstrate the
specific immunophenotype and ability to multi-lineage
differentiation, typical to MSCs.

2. Cryopreservation of human BM MSCs by the
application of slow two-step freezing under protec-
tion of 10% DMSO enables the preservation of their
immunophenotype and ability to the induced in vitro
osteo- and adipogenic differentiation.
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