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Cultural Properties of Cryopreserved Thymic
Multipotent Stromal Cells and Fetal Skin-
and Muscle-Derived Cells

Pedbepart: Y poboTi HagaHO MOpPIBHAMNBHY XapakTepUCTWKYy BNacTVBOCTEN MULLMHUX KPIOKOHCEPBOBaHMX LLKIPHO-M'S30BUX de-
TanbHUX MyNbBTUNOTEHTHUX cTpomanbHux knituH (MCK) i MCK gopocnoro tumyca B Kynbetypi in vitro. Y detansHnx MCK cnoctepi-
raetbcsa Ha 30% OGinblia cepefHs KinbKiCTb NOABOEHb 3a 24 roauHu i Ha 41% MeHwa cepefHs TpuBanicTb NOABOEHb. BcTaHoBMeHo,
wo cetanbHi MCK 4-ro nacaxy matoTb Ha 39% 6inbLuy KIOHOreHHy akTuBHiCTb, Hix MCK gopocnoro tumyca. ®etanbHi MCK i MCK
[OpOCIoro TMMyca [OopOocCroi TBapuHW AWGEPEHLIIOTLCA Yy CrelianbHuX cepefoBulliax OOHaKoBO edEKTUMBHO 3a OCTeOo- i aau-
noreHHum Hanpsmkamu. ®etanbHi MCK i MCK Tumyca xapakTtepu3yoTbCs MpakTUYHO OOHaKOBOK BMCOKOK 34AaTHICTIO A0 KOHTaKTHOI
B3aemogii 3 TumouuTamu, yTBopeHHs dibpobnactonimdounTtapHux posetok (PJ1P) i € 3Ha4yHO MeHLW akTVBHUMK Yy dopmyBaHHi PJIP
i3 kniTMHamu nimdpatnyHmx By3nie. Lle cBigumMTe npo HasBHICTb y 06ox cybnonynsauin MCK membBpaHHOI cnopigHeHOCTi A0 He3pinux
niMdoigHMX KNiTUH. Pe3ynstaTtn nokasanu, wo detansHi MCK nomitHo BigpisHatoTees Big MCK gopocnoro Tumyca Aopocnoi TBapvHu 3a
aKTUBHILLOI KIHETUKOIK POCTY Ta KIIOHOrEHHMM MOoTeHLjianom, ane obuasi cybnonynauii KNiTMH MaloTb NMPaKTUYHO OAHAKOBY 3AaTHICTb
[0 NiHINHOrO AndEepPEHLIOBaHHS | NPOABNAIOTL BUCOKY aKTUBHICTb Mif Yac KOHTaKTHOI B3aeMogii 3 He3pinuMu nimgoigHuMm KnitmHamu.
BcTtaHoBneHo, Wo niHinHe AndepeHuiloBaHHA | 34aTHICTb OO KOHTAKTHOI B3aemofii 3 mimdountamy € [O0CTaTHbO CTabinbHUMM
srnactmBoctamm MCK, a nponidepaTvBHa akTMBHICTb i KOMOHIEYTBOPEHHS in Vitro CyTTEBO BIiAPI3HAIOTLCA Yy pi3Hux Tunie MCK|,
Lo MOXe ByTun BpaxoBaHO Mif 4ac BMOOpyY KNiTUH Ans Tepanii, AOCMIMKEHb i OLIHKM iX pesynbraTis.

Knio4yoBi cnoBa: KpioKOHCepBYBaHHS, MYMNBTUMNOTEHTHI CTPOMarbHi KMiTUHM TUMyca, beTanbHi LWKIPHO-M'A30Bi MYNbTUNOTEHTHI
CTpOManbHi KMiTUHK, KynbTyparnbHi BMacTUBOCTI.

Abstract: The paper provides a comparison of properties of cryopreserved fetal murine multipotent stromal cells (MSCs)
of skin-muscular origin and those derived from adult thymus in culture in vitro. Fetal MSCs showed a 30% higher number of average
population doublings within 24 hrs, and 41% lower average population doubling time. It was found that the fetal MSCs of the 4™ passage
had a 39% higher clonogenic activity than the adult thymus-derived ones. Fetal MSCs and those derived from adult thymus differen-
tiated in osteogenic and adipogenic lineages with equal efficiency in special culture media. Fetal and thymus-derived MSCs were
characterized by almost the same high ability of contact interaction with thymocytes, and the fibroblast-lymphocyte rosette (FLR)
formation. They were far less active in FLR formation with lymph node cells. This indicated the presence of membrane affinity for im-
mature lymphoid cells in both MSC subpopulations. The results showed the fetal MSCs to be significantly different from the adult
thymus-derived MSCs by more active kinetics of growth and clonogenic potential. However, both cell subpopulations had virtually
the same ability for linear differentiation and showed high activity during contact with immature lymphoid cells. Linear differentiation
and the ability to interact with lymphocytes were found to be quite stable properties of MSCs, but a proliferative activity and in vitro
colony formation distinguished significantly in different types of MSCs. This can be taken into account when choosing the cells for
therapy, research and results assessment.

Key words: cryopreservation, thymic multipotent stromal cells, fetal skin- and muscle-derived multipotent stromal cells, cultural
properties.

BuBuenHst iMyHOOI0OIOTIYHOI aKTHBHOCTI MYIIb-
THUTIOTCHTHUX CTpoMaibHUX KIiTHH (MCK) € omaum

The study of immunobiological activity of
multipotent stromal cells (MSCs) is among the

13 TPOBITHUX HAYKOBHX HANPSIMKIB IIOMO IIiABH-
IIEHHS AaKTUBHOCTI pereHepamii iMyHHOI cHCTe-
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research priorities in science to increase the activity
of immune system regeneration. This research
prospects are evidenced by MSCs importance in
immunopoiesis, maintenance of hematopoietic stem
cells and their progeny in bone marrow and thymus,
as well as more mature lymphocytes at the peri-
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Ta TEMYCi, @ TaKoK OUIBII 3pinuX JiMQOUUTIB Ha
nepudepii [6]. Pesympratm 06ararbox HOCITIIKCHB
cBiguate npo ydactb MCK y peanizauii iMmyHoMO-
rivanx peaxuii [13, 16, 18].

Ha cporomui kimiTHHHA TpaHCIDIAHTAIIS IIHPOKO
BIIPOBA/UKYETHCSL Y KITIHIYHY NPAKTUKY. 3HAYHOIO
MIpOI0 IIbOMY CIIPHUSIOTH PO3po0iieHi B [HCTHTYTI
mpobiem kpioGiomorii i kpiomemmmmai HAH VYk-
painn (M. XapkiB) METOOU KPiOKOHCEPBYBAHHS
CTOBOYpOBUX KJITHH, SIKi JTO3BOJISIIOTH HAKOIIAYY-
Baru 1 30epiratm Marepiajd Oe3 BTparT KHUTTE3NAT-
HOCTI ¥ QYHKITIOHAIBEHOT aKTHBHOCTI KITiTHH [2, 5, 10].
Yacro mnpoBomsathesi pocmimkenHs 3 MCK  pis-
HHUX TKaHHWH, X0ua 3ajJeKHICTh BracTuBocTeii MCK
BiJl iX MOXOMPKEHHS HE 3aBkau 3’sicoBaHa. Jleski
PO301KHOCTI (4acTO MPOTUJICIKHI) B OIIHIN IMYyHO-
pereHepaTuBHOI Ta iMmyHoJOTriYHOT akTuBHOCTI MCK
MOXYTh OyTH OOYMOBJICHI CaMme 3aCTOCYBaHHSIM
MCK pizHoro noxomxkenHs. Brim cnpobu mopis-
uatu BrnactuBocTi MCK i3 pi3HUX TKaHUH y CTaH-
JapTU30BaHUX EKCIIEPUMEHTaxX y MeXax OJHi€i po-
0O0TH 3yCTpiYaroThCsi HEYacTo. Y OUIbIIOCTI poOiT
TOCITITHAKN 30CEpeKYIOTh yBary Ha BHBYEHHI
sKoich omHiel cyonomyrsii MCK.

Bigomo, mo mHaitbimem xapaktepi mis MCK
BIacTHBOCTI (mposipepaTBHA 1 KOJIOHIEYTBOPIOIOYA
aKTUBHICTH, JIiHIIIHE NIM(EPEeHIIIOBAHHSA, a TaKOX
3JIaTHICTh 70 KOHTAKTHOI MDKKJIITHHHOI B3a€MOJIIT)
Kpalie MposBIIOTbCA B KyJbTypi in vitro [14].
3 ypaxyBaHHSIM 3a3HAYCHHX JIAHUX 1 1X aKTyaJTbHOCTI
JUIs. PO3BUTKY KIITHHHOI Tepamii Ta iMyHOJIOTil y
po6orti mocnimkeni MCK tumyca i mkipHO-M’5130B1
¢eranmpni MCK  wmwumieid, ¢yHKIioHanbHA aKTHB-
HICTh SIKMX CHPSIMOBaHa Ha MIATPHUMKY B OpraHizmi
PI3HHUX 3a TiCTOreHe30M KIIiTHH. Pe3ynbratu TpaHc-
KPUIITOMHOTO aHaJli3y IMOKa3ajH, IO LIKIpHO-M’f-
30Bi MCK ekcrpecyroTh miIBUIIEHY KiJTbKICTh TeHIB,
SIKI MATPUMYIOTH eMiTeNiadbHi KIITHHH, CIPHUSIIOTH
iX agre3ii 70 60a3aIbHOT MEMOpPAaHH Ta € BiIITOBITATb-
HAMH 33 ME3CHXIMaJIbHO-CITITENNAIBHI  TIepeXpecHi
curHam. Haromicts MCK TuMyca ekcIpecyroTh Te-
HH, SIK1 BiJTIOBITAIOTH 3a 1HIYKIIIFO B3a€MO/IIi 3 TeMa-
TOMIM(POLUTAPHUMHU €JIEMEHTaMH 1 eIiTeTaJIbHUMU
KIITHHAMH Y MIKPOOTOUEHHI 3 BHCOKHM CTYIICHEM
anorrro3y [19]. TakuM dYMHOM, TPAHCKPUIITOMHUU
anani3 nosicHioe, yomy MCK tumyca HeoOXiaHi Asist
TUMYCHOTO OpraHOTeHEe3y, MHiATPHUMKHA THMOILHUTIB
1 THMI4HOTO emiTemito, a wKipHO-M a30Bi MCK
CHPUSIOTH GOPMYBaHHIO Oap’€pHUX OpraHiB IMyHHOT
CHCTEMH.

Meta poOOTH — MOpPIBHsUIbHA XapaKTEPUCTHKA
BJIACTHBOCTEH KPIOKOHCEPBOBAHUX MYJIBTHIIOTEHT-
HHUX CTPOMAJIBHUX KJIUTHH TUMYCa JIOPOCIOi TBapUHU
i (erampHUX MIKIPHO-M’S30BHX KINTHH Yy KYJIBTYpi
in vitro.

phery [14]. The MSCs involvement in immune
responses has been confirmed by many researches [2,
10, 12].

To date, the cell transplantation is widely en-
rolled into clinical practice. This have been
greatly facilitated by the techniques for stem cell
cryopreservation designed at the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine (Khar-
kiv), enabling the material accumulation and storage
with no loss of cell viability and functional activity
[5, 8, 18].

The studies of MSCs, derived from different
tissues are frequent, although the dependence of
MSCs features on their origin is not always eluci-
dated. Someresults of MSCsimmune-regenerative and
immunological activity evaluation are often opposite,
and may be due to the use of MSCs of different origins.
However, the attempts to compare the properties of
MSCs derived from different tissues during standar-
dized experiment performance within one research,
are rare. In most researches, the scientists are focused
on studying a single subpopulation of MSCs.

The most specific properties of MSCs (prolifera-
tive and colony-forming activity, linear diffe-
rentiation, as well as the ability to a contact cell-to-
cell interaction) are known to be more pronounced
in culture in vitro [3]. Taking into account these data
and their relevance for cell therapy and immuno-
logy development, we have studied here the murine
thymic MSCs and fetal skin-muscular ones, the
functional activity of which maintain cells of diffe-
rent histogenesis in the body. The results of trans-
criptomic analysis showed the skin-muscular MSCs
to express an increased number of genes, supporting
epithelial cells, promoting their adhesion to basal
membrane and to be responsible for mesenchymal-
epithelial cross-signals. Instead, the thymic MSCs
express the genes responsible for induction of
interaction with hematolymphoid elements and
epithelial cells in microenvironment with a high-
level apoptosis [17]. Thus, the transcriptome analysis
explains why the thymus-derived MSCs are necessary
for thymic organogenesis, support of thymocytes and
thymic epithelium, whereas the skin- and muscle-
derived MSCs ensure the formation of barrier organs
of immune system.

The purpose herein was to comparatively cha-
racterize the properties of cryopreserved thymic
multipotent stromal cells and fetal skin- and muscle-
derived ones in culture in vitro.

Material and methods
The thymi of C57BL male mice of 6-8 weeks
old, obtained from the breeding nursery of R.Ye. Ka-
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Marepiaa Ta MmeToau

Ax mxepeno MCK Tumyca BHKOPHCTOBYBaJIU
tumMycHu camiiiB mutei JiHii C57BL Bikom 6—8 Thxk-
HIB 13 po3IUTiIHUKA [HCTUTYTy eKcriepuMeHTaIbHOI
aToJIoTii, OHKOJOTI1 1 pamiobionorii imeHi P. €. Ka-
Benbkoro HAH VYkpainu (M. KuiB). Mumi otpumy-
Bany 30ajaHCOBaHE XapyyBaHHS Ta Malld BLTbHUN
JMOCTYIT IO BOTH. YCi poOOTH 3 EKCTICPUMEHTAlb-
HUMM TBapuUHAMU BUKOHYBQJINCS 3 JOTPHUMAHHIM
BUMoOT cTarTi 26 3akoHy Ykpainm «IIpo 3axwucrt TBa-
PHUH BiJl )KOpCTOKOTO ToBOMKeHH (Bin 21.02.2006)
Ta «EBpOIeENchKOi KOHBEHIIIT PO 3aXUCT XpeOeTHUX
TBapWH, 110 BUKOPUCTOBYIOTHCS Uil AOCITITHHX Ta
iHmmx HaykoBux minei» (CrpacOypr, 1986). Epra-
Ha31i0 TBapWH 3JIIHCHIOBAIIM METOJOM IIEPBIKaIbHOI
JUCIIOKAIIIT 11i]] €(hipHUM HAPKO30M.

®eranpHi mwkipHo-m 13081 MCK i30110Banm 3a me-
TOZOM MEXaHIYHO-(DePMEHTATHUBHOTO Jle3arperyBaH-
HA TKaHWUHU 14-nenHux mwioxniB muineit minii C57BL
[12]. dparMeHTH HIKIpHO-M’S30BOI TKAHWUHH TLIO-
niB mozapioHroBany Ta 3amuBaiu 0,25%-M po3unHOM
TPUIICHHY, IHKyOyBasu nipoTsirom 15 xB ipu 37°C Ta
Oe3nepepBHOMY TiepeMintyBaHHi. [licns BigMuBaHHS
KIITUHU PECYCIEHAYBAJIN Ta IEPEHOCUIM B KyJlb-
TypansHi ¢urakoHu. IlepBuHHI KyasTypu (eransb-
unx MCK xynsruByBamm 10—14 1i6. Yepes xoxHi 3—
4 noOu TONOBUHY CEpEeOBHINA 3aMiHIOBAIH Ha CBI-
xe. [Ticnst gocsirHeHHs KOH(IIOCHTHOCTI MPOBOJIHITH
1-it macax (8 x 10°/cm?). HactynHi 4 macaxi 3Miii-
CHIOBaJIM 4epe3 4 100K 3 BUKOPUCTAHHAM Ul Iie-
peciBy Takoi ) KiTbKOCTI KITITHH.

Kynerypy cTpoMalbHMX KIITHH THUMYyCa OTpU-
MyBaJlll METOJIOM €KCIUIAaHTaTIB 3a CTaHIapTHOIO
Metonukoro [20]. TkaHuHy TuUMyca MoOApiOHIOBA-
JIM CKaJIbIelieM Ha MiKpodparMeHTH po3Mipom 1—
2 MMm®, 2-3 pasu BiIMHBAIH BiJi THMOIIUTIB PO3YH-
HOM XEHKCa Ta MePEHOCHIIN B KYJIBTypajibHi (IIaKkoHH.
[Ipukpinneni eKcIUIaHTaTH BUAASUIM 13  KyJIBTY-
pU MexaHIYHUM 1UIIXoM yepe3 7—10 mi6. Uepes 5—
7 nmi® 3’sBISIMCS KiIacTepw 1 KoloHii (iOpod-
nacronofionux ximituH. [lepBunHi kyastypn MCK
tumyca KynsruByBanu 10-14 ni6. Yepe3 xoxHi 3—
4 nobu TONMOBMHY CEpelOBHINA 3aMiHIOBATH Ha
ceixe. Ilim gac QopmyBaHHS umciaeHHHX (¢HiOpoO-
JIACTHUX KOJIOHIH TpoBoawin 1-i macak (8 x 10%/cm?).
Hacrynni 4 macaxi 3xificHioBaiu yepe3 5 1i0 i3 BU-
KOPHCTaHHSIM JIUIsl TIEPECiBY TakKoi K KUILKOCTI KITi-
THH.

KynbTuByBaHHS MPOBOAMIN Y TOXUBHOMY Cepe-
nosuii DMEM/F12 («Sigma», CILA) y cniBBia-
HomeHHi 1:1 3 momaBannsm 10%-i emOpioHANBHOI
Tensgoi cupoBatku («Sigmay), 10 MM L-mmotaminy
(«Sigmay), 100 MO/mi neninuniny ta 100 Mxr/mn
crpentomitmny («/lapauusy», Vipaina) B CO,-iHKy-
Oaropi («Jouany, Dpanris) 3a Temmeparypu 37°C i
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vetsky Institute of Experimental Pathology, On-
cology and Radiobiology of NAS of Ukraine (Kyiv),
were used as a source of thymic MSCs. Mice had
a balanced diet and free access to water. All the
manipulations with experimental animals were
carried out in compliance with the requirements of
the Article 26 of the Law of Ukraine ‘On Protection
of Animals Against Cruelty’ (February 21, 2006)
and ‘European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes’ (Strasbourg, 1986). Animals were
sacrificed by cervical dislocation under ether anesthesia.

Fetal skin-muscular MSCs were isolated by me-
chanical and enzymatic tissue disaggregation of
14-day-old C57BL murine fetuses [4]. Fragments
of skin-muscular tissue were dissected and filled
with 0.25% trypsin solution, incubated for 15 min
at 37°C with continuous stirring. After washing, the
cells were resuspended and transferred into culture
vials. Primary cultures of fetal MSCs were cultured
for 1014 days. Every 3—4 days, half of the medium
was replaced with fresh one. With achievement
of confluence, the 1% passage (8 x 10%/cm?) was
performed. The next 4 passages were done 4 days
later using the same cell number for reseeding.
The thymic stromal cell culture was obtained using
the explant method according to the standard tech-
nique [19]. Thymus tissue was cut with a scalpel into
1-2 mm® microfragments, washed 2-3 times from
thymocytes with Hanks’ solution and transferred
into culture vials. Attached explants were mecha-
nically removed from the culture after 7-10 days.
In 5-7 days, the clusters and colonies of fibro-
blast-like cells appeared. Primary cultures of thymic
MSCs were cultured for 10—14 days. Every 3—4 days,
half of the medium was replaced with fresh one.
The 1% passage (8 x 10° / cm?) was carried out
when numerous fibroblast colonies were formed.
The next 4 passages were done after 5 days using
the same cell number for reseeding.

Cells were cultured in 1:1 ratio in nutrient me-
dium DMEM / F12 (Sigma), supplemented with 10%
fetal bovine serum (Sigma), 10 mm L-glutamine
(Sigma) and 100 IU / ml penicillin and 100 pg/ml
streptomycin (Darnytsia, Ukraine) in a CO, incuba-
tor (Jouan, France) at 37°C and 5% CO, atmosphere.
Cells were subcultured in 1:3 ratio using a mixture
of 0.05% trypsin (Biotestmed, Ukraine) and 0.02%
EDTA (Sigma) solutions.

Both cell types of 4 passages were accumula-
ted and stored by cryopreservation in three stages
using the controlled rate freezer ‘KRYO 560-16’
(Planer, UK) and DMSO at 5% final concentration.
Afterwards, the vials with cells were immersed into
liquid nitrogen [8].




5%-i armocepi CO,. CyOKy/nbTHBYyBaHHS KIITHH Yy
criBBifHOWIECHHI 1:3 MPOBOAMIM 3 BHKOPHCTAHHSIM
cyminri pozuuiB 0,05%-ro Tpuncuny («biorectmeny,
VYkpaina) ta 0,02% EJITA («Sigmay).

Krmituan 4-x macaxiB 000X THIIB HaKOMHYY-
BaJM 1 30epiraiu KpiOKOHCEPBYBAaHHSM y TPH €Ta-
1 3 BHUKOPUCTAHHSIM IPOTrPAMHOIO 3aMOpPOXKYBa-
ga «KRYO 560-16» («Planer», Benmuka bputanis) i
JIMCO B xiHneBiid kxoHmentparii 5%. [licas mpo-
ro mpoOipkH 3 KITHHAMH 3aHYPIOBAIA Y DPIIKANA
asor [5].

Besmnocepennbo mepes 3acTOCYBaHHSM  3pa3KH
po3MopokyBanu 3a Temmneparypu (40 £ 0,5)°C mpo-
TSATOM 2,5 XB JI0 TIOSIBU B KpiompoOipili piakoi dasu.
[Ticist MOBHOTO PO3MOPOKYBaHHS KIIITUHH BiMHBa-
JIM BiJ| KPIOMPOTEKTOpa HIISIXOM LEHTPU(YTyBaHHS
mpu 250g mpoTSIroM 5 XB 13 MOJANBIINM PECYCIICHIY-
BaHHSIM y IO)KMBHOMY CEPEAOBHILI.

KinbkicTh MOIBOEHB MOMYMSIIN TiIpaxoByBaln
3a hopmyoro [15]:

PD=3,32x logl R
NO

ne N, 1 N — rmoyarkoBa 1 KiHII€EBAa KUIBKICTh KIITUH.

TpuBaIicTh MOBOEHHS MOMYJISIIIT PO3PAXOBYBAIIH
3a popmyioro [1]:
t,—t
PDT:z—lN ,
3,32xlog—
Y

0
ne (t, —t,) —9ac Mix nacaxamu, N i N — rmoyarkosa i

KIHIIEBA KUIBKICTH KJIITHH.

IIpomiec KOJIIOHIEYTBOPEHHS BHUBYAIH IIJISTXOM
nociBy 2 x 10* na vamky Ilerpi (miametp 100 mm,
«Costar», CIIIA) B NMOXHUBHOMY CEPEIOBHII, SKE
mictwiio DMEM/F12 3 pgomaBanasm 10%-1 ETC,
10 MM L-mmoraminy ta mo 100 MO/mn neninu-
JiHYy Ta cTpenToMiuuny. KmiTWHH KylbTHBYBalIH B
CO_-inky6aropi mpu 37°C 1 5%-# atmocepi CO,
npotsiroM 14 ni6. Hamami kosowii 3abapBiroBain
KpUCTAIIYHUM (IOJIETOBUM Ta IiIpaxoByBajM 3a
JIOTIOMOTOI0 IHBEPTOBAHOTO MiKpockoma «Axiovert
40C» («Zeiss», Himeuunna) [12].

EdextuBnicts kimonyBaras MCK po3paxoByBam
3a popmyroro [9]:

EdexTuBHIiCTh KIIOHYBaHHS = (KiJIBKICTh KOJIOHI1H /
KUTBKICTh MOCITHUX KITHH) X 100%.

Jliniline qudepeHLiloBaHHS 32 OCTEOreHHHM abo
aJIMTIOTeHHUM HanpsMKaMH BUBYAIU 332 METOIUKa-
mu C. A. Gregory Ta cmiBabr. [15] Ta W. K. Kim Ta
criBaBr.[17].

Jus  BU3HAueHHS MeMOpaHHOI CITOPITHEHOCTI
MCK i #aiM(OigHUX KIITHH BUKOPUCTOBYBAJIH pe-

Immediately before use, the samples were tha-
wed at (40 = 0.5)°C for 2.5 min up to the liquid
phase appearance in a cryotube. After complete
thawing, the cells were washed from cryoprotectant
using centrifugation at 250g for 5 min, followed
by resuspension in nutrient medium.

The number of population doublings was cal-
culated by the formula [15]:

PD=3,32x logl,
NO
where N and N are the initial and final cell numbers.
Population doubling time was calculated by the
formula [1]:
t,—t
PDTZZ—IN ,
3,32xlog—
N,
where (t,-t,) is the time between passages, N and

N are the initial and final cell numbers.

The colony formation was studied by inocu-
lating 2 x 10? cells per Petri dish (100 mm dia-
meter, Costar, USA) in a nutrient medium contai-
ning DMEM / F12, supplemented with 10% FBS,
10 mM L-glutamine and 100 IU / ml penicillin
and streptomycin. Cells were cultured in a CO,
incubator at 37°C and 5% CO, for 14 days. Further
the colonies were stained with crystal violet and
counted using an inverted microscope ‘Axiovert 40C’
(Zeiss, Germany) [4].

The cloning efficiency of MSCs was calculated
by the formula [16].

Cloning efficiency = (number of colonies \ number
of seeded cells) x 100%

Osteogenic or adipogenic differentiations were
studied by the methods of C.A. Gregory et al. [7]
and WK. Kimetal. [11].

The membrane affinity of MSCs and lym-
phoid cells was assessed using the fibroblast-lym-
phocyte rosettes (FLR) formation by the following
procedure. The microtube was filled with 1 x 10*
of frozen-thawed MSCs (in 0.1 ml), then supple-
mented either with 1 x 10° thymocytes or lymph
node cells (in 0.1 ml). The stirred cell suspension
was centrifuged at 250g for 5 min. The precipitate
was immediately resuspended by pipetting in a
0.1 ml volume. To stain MSCs, a drop of suspension
was applied to the neutral red-covered glass slide.
The suspension was then transferred into Goryaev’s
counting chamber, where the FLR number was
counted. A cell grouping, consisting of MSCs
and three or more lymphocytes attached to it, was
assumed as a rosette [15].
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aKkuito yrBopeHHs (idpobmactomiMponUTapHUX PO-
3etok (DJIP) 3a macTynmHolO mpouenyporo. Y Mik-
porpobGipky BHOCHIH 1 X 10* posmoposkennx MCK
(y 0,1 mu), nomaamu 1 x 10° TumMorMTiB a60 KIITHH
nmimparnaaux By3miB (y 0,1 moi). [lepemimany cy-
CHeH3ilo KITHH mneHTpudyryBamu mpu 250g mpo-
TsroM 5 xB. Ocan HeraHO pecyCHeHIyBaJd IIi-
metyBaHHsAIM B 00’emi 0,1 mur. Jlns 3abapsiroBaH-
a1 MCK xpamumo cycreH3ii HAaHOCHIN Ha TTOKPUTE
HEUTpaTbHUM YEepBOHMM TIpeaMeTHe ckio. lloTtim
CYCICH31I0 INepeHOCWIH B Kamepy l[opsieBa, y sKii
migpaxoByBanu Kinbkicte @JIP. 3a pozeTky BBaxa-
JIM KJIITUHHE YIpYNOBaHHS, sKe ckianaerbest 3 MCK
1 MpreAHaHUX 110 HeT TphOX 1 Oinbiie TiMpouuTis [7].
OneprkaHi pe3yabTaTd ONpanbOBYBalId 3 BUKOPHC-
TaHHSM Tporpamu «Statistica 8.0» («StatSoft», CILA).
Jlyis BU3HAYEHHS BIJIMIHHOCTEH MiX JTOCIIKYBaHH-
MU TpyHamMH BUKOPHCTOBYBAJIHM HelapamMeTPUYHUN
kputepidi Manna-Yitai (U) [4]. Yci nani Ha giarpa-
Max IpeJICTaBIIeH] K MeniaHa, 25 ta 75%-ii mporeH-
TWJIi, MiHIMaJIbHE Ta MaKCHMallbHe 3HadeHHs [11].
[lixg gac iHTEpmpeTalii pe3ynbTariB KPUTUIHOKO Be-
JIMIUHOIO PiBHA 3HAYYIIOCTI BBaskanu p < 0,05.

Pe3yabTaTu T2 00rOBOpEeHHA

Kurreznarnicts Geranpanx MCK 4-ro macaxy
70 KplOKOHCEepByBaHHs jaopiBHIoBanma 83,4 (76,1—
93,4) %, amicis — 85,8 (79,3-94,5) %,n=6 (p> 0,05).
Kurreznarnictre MCK tuMyca 4-ro macaxy J0
KpioKoHcepByBaHHs ckianana 82,9 (75,9-90,3) %,
a micns — 84,7 (77,5-92,3) %, n =6 (p > 0,05). Lle
CBiIYUTH, IO KPIOKOHCEPBYBAHHS IPAKTUYHO HE
BIUTMBAJIO Ha )KUTTe3AaTHICTh 000X TrniB MCK.

Sk MoxxHa T0OauuTH 3 pHC. 1, KiHeTHKa pocTy de-
tanbHux MCK Oyna akrusHimoro, Hixx MCK tumyca
nopocnux TBapuH. KinbkicTh ToABOEHB (peTambHIX
MCK Oyna Ha 30% Oi1b111010, 2 TPUBAIIICTD TOJBOEHD
Y HOMYJSIii IUX KITITHH — Ha 46% MEHIIOIO.

®etanpai MCK 4-ro macaxy yTBOpIOBaJ M Ha
39% Oinpmre ¢idpodmacTHHX KomoHIH, HiXXK MCK
TUMyca (puc. 2), o CBIAYUTH MPo iX OUTBIINI KITO-
HOT€HHUH IMOTEHIiAI.

@eranpni MCK i MCK tumyca, KylnbTHBOBaHi
B OCTCOr€HHOMY YH aJUIOTCHHOMY CEpPEeIOBHILI,
no0pe 3abapBitoBajlHCsl ali3apuHOBUM YEPBOHUM
I MacJsHUM YE€pPBOHUM BIJIIMOBIHO, HA BIiJIMIHY BiJ
KyJIbTUBOBAaHUX y 3BHYAHHOMY MOXHBHOMY Cepe-
JIOBHII[I KJITHH, IIO CBIMYUTH MPO €(EKTUBHI MPO-
LECH OCTEOreHHOr0 Ta aAMIIOTEeHHOTO AudepeH-
uiroBanHs (puc. 3). ®eranpni MCK 1 MCK tumyca
J0pociol TBapuHU IU(EPEHLIIOBAINCA 32 OCTEO-
TEHHUM 1 aJUIOreHHUM HaNpsSMKaMH IPAKTUYHO
OJTHAKOBO €(DEKTHBHO.

J1st  BE3HAUEHHS MEMOpPAHHOI CIOPIAHEHOCTI
BHKOPHUCTOBYBaIM peakitito yrBopeHHs OJIP. Ha
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Puc. 1. Kinbkictb (A) i TpmBanicts (B) noaBoeHb nonyns-
uii B Kynetypax dgetaneHux ta tumycHux MCK npotarom
1-4 nacaxiB. PisHMUa 3HayyLla Mo BigHOLUEHHIO OO0 doe-
TanbHux MCK (*), p < 0,05.

Fig. 1. Number (A) and time (B) of population doublings
in cultures of fetal and thymic MSCs for 1-4 pas-
sages. Differences are significant if compared with fetal
MSCs (*), p < 0.05.

Our findings were processed using the Statistica
8.0 software (StatSoft, USA). The nonparametric
Mann-Whitney U test was used to determine the
differences between the studied groups [9]. All the
data in diagrams are presented as the median, the 25®
and 75" percentiles, minimum and maximum value
[20]. The p < 0.05 was considered as critical value
of significance level during results interpreting.

Results and discussion

The viability of fetal MSCs of the 4" passage
prior to and after cryopreservation was 83.4 (76.1-
93.4) and 85.8 (79.3-94.5)%, n = 6 (p > 0.05), res-
pectively. The viability of thymic MSCs of the
4t passage prior to and after cryopreservation was
82.9 (75.9-90.3) and 84.7 (77.5-92.3)%, n = 6
(p > 0.05), respectively, thus suggesting the cryo-
preservation to have virtually no effect on the via-
bility of both types of MSCs.
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Puc. 2. EcekTUBHICTb KIOHYBaHHA dpeTanbHuUX Ta TUMYC-
HUx MCK 4-ro nacaxy. Pi3Huusa 3Havywia no BigHOLIEHH
no detanbHux MCK (*), p < 0,05.

Fig. 2. Cloning efficiency of fetal and thymic MSCs of the 4
passage. Differences are significant if compared with fetal
MSCs (*), p < 0.05.

puc. 4 npencrasneno OJIP, yrBopeni MCK tumyca
Ta THMOLUTAMHU.

Pesynbraru BuBYeHHs 31aTHOCTI petanbanx MCK
i MCK tuMyca 10 koomepatii 3 JiMponuTaMu moka-
3amu, mo MCK pi3HOTO MOXOMKEHHS YTBOPIOBAJIH
npubau3HO onHakoBy KijbkicTs DJIP (puc. 5). de-
tansHi MCK i MCK Tumyca mposiBISIOTH OiIbIny
AKTUBHICTh y B3a€MOJil 3 THMOIUTAMH IOPIBHS-
HO 3 KJIiTHHaMu JIiM(paTWYHUX BY3TiB. Y poOOTI
A .M. lonpieBa Ta cmiBaBT. [3] Ha MozIeIi peBMaTOI-
HOTO apTPUTy NPOAECMOHCTPOBAHO 3JaTHICTb HATHB-
HUX 1 KpIOKOHCEPBOBAHMX KIITHH €MOpIOHAIBHOT
MEYiHKA T0 KOPEKINi MeXaHi3MiB PO3BHUTKY aJ I0-
BAaHTHOIO apTPUTY, 3aJEKHHUX BiJ] KOOIEPAaTHUBHUX
B3aeMOJIi#i B iMyHHi# cucTemi. MIMOBipHO, akTMBHA
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The Fig. 1 shows the kinetics of growth to
be significantly more active in fetal MSCs vs. the
adult thymus-derived ones. The number of popula-
tion doublings of fetal MSCs was 30% higher, but
the population doubling time was 46% shorter in
these cells.

Fetal MSCs of the 4™ passage formed 39%
more fibroblast colonies than thymic ones (Fig. 2),
thereby testifying to their higher clonogenic potential.

Fetal and thymic MSCs cultured in either osteo-
genic or adipogenic medium were well stained with
alizarin red and oil red, respectively, in contrast to
cells cultured in normal nutrient medium, thus tes-
tifying to efficient osteogenic and adipogenic diffe-
rentiations (Fig. 3). Fetal MSCs and adult thymus-
derived ones were differentiated by osteogenic and
adipogenic lineages with roughly the same effecti-
veness.

The FLR formation was used to determine the
membrane affinity. The Fig. 4 shows the FLR, for-
med by thymic MSCs and thymocytes.

The results of study of fetal and thymic MSCs
ability to cooperate with lymphocytes showed the
MSCs of different origin to form FLR in appro-
ximately the same amount (Fig. 5). Fetal MSCs
and thymic ones were more active in interaction
with thymocytes, as compared with lymph node
cells. A.M. Goltsev et al. [6] in the model of rheu-
matoid arthritis have demonstrated the ability of
native and cryopreserved embryonic liver cells to
correct the mechanisms of adjuvant arthritis deve-
lopment, dependent on cooperative interactions
in the immune system. The active contact interac-
tion of MSCs, in particular fetal ones, with lym-
phocytes could probably be one of the impact
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Puc. 3. QudepeHuitoBaHHsa deTtanbHux (A) i TumycHux (B) MCK 3a octeoreHHUm Ta agmnoreHHUMm Hanpsimkamu; 3C —
3BuyanHe cepeposule, AC — andepeHuiloBanbHe cepedoBulle. Pi3HMUA 3Hayylwla Mo BiAHOLWEHHIO A0 3BUYANHOIrO
cepeposua (* — p < 0,05 ans octeoreHHoro AndepeHLitoBaHHs, * — p < 0,05 ona agmMnoreHHoro AndepeHLitoBaHHS).
Fig. 3. Differentiation of fetal (A) and thymic (B) MSCs by osteogenic and adipogenic lineages. NM — normal me-
dium, DM - differentiation medium. Differences are significant if compared with normal medium (* — p < 0.05 for osteo-
genic differentiation, # — p < 0.05 for adipogenic differentiation).
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Puc. 4. oibpobnactonimdounTapHi po3eTkn, YTBOPEHI
MCK tumyca i Tumountamn. PasoBun KOHTPACT.

Fig. 4. Fibroblast-lymphocyte rosettes formed by thymic
MSCs and thymocytes. Phase contrast.

xoHTakTHa B3aemomis MCK, 30kpema (deranbHux,
i3 mimporuTamMu Moxke OyTH OJHHM 13 MeXaHi3-
MiB BIUTMBY CTPOMAIBHUX 1 JTIM(OIMHUX KIITHH Ha
PO3BHTOK ayTOIMYHHHX TPOIECIB.

TakuM dYWHOM, JOCHIJUKEHHS JOpOCIHX (TH-
Myca) i ¢eranpaux (mwkipHo-m’s3o8i) MCK Busiu-
JI0, 11O B IJIOMY OOHMJIBA TUIU KJIITHH MaKOTh MOJI0-
Hi (omHaKoBy e(eKTHUBHICTH A0 JiHiMHOTO Aude-
PCHIIIOBAaHHS, a TaKOK A0 KOHTAaKTHOI B3a€MOMil
3 MiMQOITHUMH KIIITHHAMH) 1 BiAMiHHI (pi3HY KiHe-
THKY pOCTy IN Vitro i KJIOHOTeHHY aKTHBHICTb) Bia-
CTHBOCTI.

Bimomo, mo y mporeci emMOpioHaIBHOTO pPO3-
BuTKy MCK reHepyroThcsi ME3eHXIMOI0, 5IKa, Y CBOIO
4epry, TpaHCPOPMYEThCS i3 Me30[epMH, 1 CTAaHOB-
JIATh TOMOT€HHY TOMyJsAIif0. OCTOPOHD 3HAXOISATH-
cst MCK tumyca, ki MOXOASATh 13 HEUPaIHHOTO Tpe-
Oiam [21]. Hdami emOpionansai MCK po3censroTs-
Cs y TIEBHI TKaHWHHI HIilI, MiANAAAIOTh i BIUIUB
cnenuiyHuX (GaKTopiB 1 JUPEPEHIIIOIOTHCS Bifl-
MOBIZHO 710 yMOB (yHKIlIOHyBaHHsS. Tak, mociii-
KEHHS ieKibKox cyoromyssinii MCK i3 pizHux de-
TaJbHUX, MEPUHATATIBHUX JKEpeNl 1 TKaHWH JOpocC-
JIUX TBapHH MOKa3aJi0 3HAYHI BIIMIHHOCTI MK HUMHU
3a MOTEHLIATOM CAMOOHOBIICHHS, YaCOM TOJBOEHHS
MOMYJIALIHN 1 KOJOHIEQOPMYIOUOI0 aKTUBHICTIO.

Onnak y ndiTepaTypHUX JDKepelax MpPaKTHYHO
HE TIpeJCTaBIICHI JaHi, SKi XapaKTepu3yBajiW Bif-
MOBiIHY aKTUBHICTH MIKipHO-M s130BUX MCK i MCK
THUMYCa, 33 BUKJIIOYCHHSIM MOINEpPEeAHIX HaMX A0C-
nimpkeHs mozno BractuBocteit MCK tumyca. Pesynb-
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mechanisms of stromal and lymphoid cells on auto-
immune processes development.

Thus, both cell types were found to show the
similar features such as the same efficiency to linear
differentiation, and to contact interaction with lym-
phoid cells and the distinct ones, namely different
in vitro growth kinetics and clonogenic activity.

The MSCs are known to be generated by me-
senchyme during embryonic development, which,
in turn, is transformed from mesoderm, and consti-
tute a homogeneous population. Aside are the thymic
MSCs, which originate from the neural crest [21].
Subsequently, the embryonic MSCs are settled in
certain tissue niches, being affected by specific
factors and differentiated according to functioning
conditions. For example, the study of several sub-
populations of MSCs derived from different fetal,
perinatal sources and tissues of adult animals
showed significant differences between them by
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Puc. 5. Kinbkicte hibpobnactonimdouuTapHix po3eTok,
AKi yTBopeHi petanbHumu (A) i TumycHumn (B) MCK i3 Tu-
moumTtamu (TL) Ta knituHamu nimdatnyHux Bysnis (KJI1B).
PisHnuga 3Hadywa no BigHOWEHHK A0 TumouunTiB (*), p <
0,05.

Fig. 5. Number of fibroblast-lymphocyte rosettes formed
by fetal (A) and thymic (B) MSCs with thymocytes (TCs)
and lymph node cells (LNCs). Differences are significant if
compared with thymocytes (*), p < 0.05.




TaTl TPOBEACHUX JOCTIMKEHb TMOKa3alW 37]ar-
HICTh KPIOKOHCEPBOBAaHHMX KJIITUH OO0 30epeKeHHS
xurTe3narnocti i yrsopenns OJIP [8]. Hamu Oyno
TiITBEPPKEHO HasBHI Ta OTPHMAHO HOBI JIaHi MI0J0
(eranpHO-M s130BuXx MCK. Pesynpraru Hamoi po-
0otn momiOHI 70 maHWX, oTpuMaHux Imomo MCK
(eranpHOTO TIOXOMKEHHs Yy pobori C. Brown Ta
cmiBaBT. [14]. ¥V 3B’SI3Ky 3 UM JTOCIHIDKEHI KITiTH-
HU € NEPCHEKTUBHUMHU IS IOJAJIBIIOTO BUBYEHHS 1
3aCTOCYBaHHS y KJIITHHHIN Teparii.

BucHoBkH

KpiokoncepsyBanust o6ox tumie MCK 3a me-
ToanKolo [HCTHUTYTY MpobieM KpioGionorii 1 kpiome-
muinan HAH Vkpaiau npakTHuHO He BIJIMBAa€ Ha
)kutTe3narHicts KimituH. Pertansai MCK 4-ro ma-
CaXy MaroTh 3Ha4yHO Outbmry (Ha 39%) KIOHOTCHHY
akTHBHIiCTh, Hbk MCK nopocinoro tumyca.

Kinernka pocTy MHIIMHMX KPiOKOHCEPBOBa-
HUX MIKipHO-M s130BUX (eranbuux MCK cyTTeBo
aKTUBHINIA, HIK y KpiokoHcepBoBaHnx MCK no-
pocioro Tumyca. Y deranpanx MCK cniocrepiraers-
cs1 OlpIma cepemHsl KUTBKICTh TTOIBOEHBL KIIITHH 3a
24 rommam Ha 30% 1 BiONOBITHO MEHIIA CepemHs
TPHUBAJIICTh TOABOEHD HA 41%.

®Oetanpai MCK 1 MCK mgopocioro tumyca ma-
I0Th TIPAKTUYHO OJIHAKOBY BUCOKY aKTHBHICTh Y KOH-
TaKTHIH B3a€MOJIT 3 TUMOIIMTAMH, IO TPOSIBISETh-
cs popmyBanusm DJIP. KiituHu 000X THITIB MEHII
aktuBHI y QopmyBanui DJIP i3 wiritnHamu nimda-
TUYHUX BY3JiB, IO CBIJYUTH MPO OLNBLIY 31aTHICTb
BuBdeHnXx MCK 10 KOHTakTHOI B3aemopii 3 He3pi-
auMu JiimgonuTaMu in Vitro.

OtpuMaHi naHi CBigYarh, IO KpPIOKOHCEPBO-
BaHi (etanbHi MCK 3Ha4HO Bigpi3HSAIOTHCS Big Kpio-
rxoHcepBoBannx MCK mopocioro tumyca 3a KiHe-
THUKOIO POCTY, KIIOHOTEHHUM ITOTEHIIiaJOM 1 MaroTh
MIPaKTHYHO OHAKOBY 3aTHICTH 10 Au(epeHIIiroBaH-
HS 3a OCTEO- 1 aJMIOTEHHUM HaNpsIMKaM, a TaKOX
1o Gopmysaras DJIP i3 miM¢oiTHIMA KITITHHAMH.

NMiTepatypa

1. AnzeHwTanr AA, CkasuHa MA, Kotenesckas EA, n gp. Xapak-
TEPUCTUKM ME3EHXUMHbIX CTPOMAIIbHbIX KIIETOK MYMOYHOro Ka-
HaTWKa YenoBeka Mpu ANUTENbHOM KynbTUBMPOBAHWUM in Vitro.
BectHuk CeBepo-3anagHoro rocyaapCTBEHHOTO MeANLIMHCKOTO
yHuBepcuteta um. N.N.Meunukosa. 2018; 10(1): 11-9.

2. lonbues AH, ly6pasa TI, Kosnosa tOA, u ap. Nccnegosanue
TepaneBTMYeckoro adgdpekta TpaHChy3un KPUOKOHCEPBMPO-
BaHHbIX CTBOJIOBbIX KDOBETBOPHbIX KITETOK U3 Pa3HbIX UCTOYHM-
KOB MpW NEeYEHNN IKCNePUMEHTaNbHOIO afblOBaHTHOIO apTpu-
Ta. TpaHcnnanTtonoria. 2007; 9(1): 28-30.
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potential for self-renewal, population doubling time
and colony-forming activity.

Very few publications can be found, describing
the corresponding activity of skin-muscular and thy-
mic MSCs, excepting our previous study of proper-
ties of thymic MSCs performed. These findings
showed the ability of cryopreserved cells for viabi-
lity preservation and FLR formation [13]. Here,
we have confirmed the available data on skin-
muscular MSCs and presented the new ones. Our
findings are consistent with those, obtained for
MSC:s of fetal origin reported by C. Brown et al. [3].
Therefore, the studied cells emerge to be promi-
sing for further study and application in cell therapy.

Conclusions

Cryopreservation of both MSCs types using
the technique designed at the Institute for Prob-
lems of Cryobiology and Cryomedicine of the
NAS of Ukraine had virtually no effect on cell via-
bility. A clonogenic activity of fetal MSCs of the
4™ passage was significantly higher (by 39%) vs.
the adult thymus-derived ones.

The growth kinetics of cryopreserved mu-
rine fetal skin- and muscle-derived MSCs was
significantly more active as compared with the cryo-
preserved adult thymus-derived ones. Fetal MSCs
demonstrated a 30% higher average number of po-
pulation doublings within 24 hrs and a 41% shor-
ter average population doubling time.

Fetal MSCs and adult thymus-derived ones
had almost equal high activity in contact interac-
tion with thymocytes, manifested by FLR formation.
Cells of both types were less active in FLR forma-
tion with lymph node cells, thus indicated a higher
ability of the studied MSCs for contact interac-
tion with immature lymphocytes in vitro.

Our findings showed the cryopreserved fetal
MSCs to significantly differ from the cryopreserved
adult thymus-derived ones by growth kinetics, clono-
genic potential and to have almost the same ability
to differentiate by osteo- and adipogenic lineages, as
well as to form the FLR with lymphoid cells.
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