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Influence of Low-Molecular Fraction (Up To 5 kDa) of Human
Cord Blood on Growth Properties of Culture of Mesenchymal
Stromal Cells Subjected to Cryopreservation

Pedbepar: iccnegoBaHo BNusHME KPMOKOHCEPBUPOBAHUA Ha POCTOBbIE CBOWNCTBA ME3€HXUMalbHbIX CTPOMarbHbIX KIETOK
(MCK) yenoBeka u KpbiChl, a Takxe cnocobHocTb dpakumu (Ao 5 k[la) kopaosow kpoBu Yenoseka (PKKY) BnuaTe Ha aTn noka-
3aTenu B JEKOHCEPBUPOBaHHbIX KynbTypax. [NokasaHo, 4To nop genctemem dpakuum go 5 kfla kopaoBour KpoBM Yenoseka
NpoMCcXoAuT HopManuaauusa nHaekca nponudepaunn KynbTypbl AekoHcepBupoBaHHbix MCK kpbickl, 4ero He Habnoganocb
B KynbType MCK yenoBeka. Takxe npu BKIOYEHUM B POCTOBYIO cpeay dpakumm ao 5 k[la KopaoBoW KpOBY YeroBeKa B KyJIlb-
Typax MCK kpbiCbl 1 YenoBeka NPOUCXOANT YBENUYEHNE OTHOCUTENBHOTO COAEPXKaHUS KoNnoHneobpasyowmnx eguHny dunob-
po6nactos (KOE-®) 6onblwero pasmepa (KOE-®,, ). Ucnonb3osaHue cpep, coaepxawunx dpakuuio 4o 5 k[la KopAoBOii KpoBK
yenoBeka, Takxe CnocoOCTBYET MOBLILEHWIO CHUXXEHHOTO Mocne KpYOKOHCEPBUPOBaHNS MUTOTUYECKOTO MHAeKca KynbTyp MCK
KpbICbl 1 YenoBeka. QP PeKTUBHOCTb AECTBUS HU3KOMOMEKYNAPHON hpakLmMm KOpAOBOW KPOBM YernoBeKa 3aBucena oT coc-
TOSHUSA CaMWX KNETOK U ee KOHLUEeHTpauuu B cpefe KynbTUBUPOBaHUS.

KniouyeBble cnoBa: KpuokoHcepBupoBaHue, dpakumsa Ao 5 k[Ja KopaoBoW KpoBMU 4enoBeka, konoHuneobpasoBaHue,
Me3eHXuMarbHble CTpOMarbHble KNEeTKW, MUTOTUYECKUIA MHAEKC, YENOBEK, Kpbica.

Pedbepar: [locnigxeHo BNIMB KPiOKOHCEPBYBAHHA HA POCTOBI BTACTUBOCTI Me3eHXiManbHMUX cTpomanbHux knituH (MCK)
NIOAVHNY i Wwypa, a Takox 34aTHicTb dpakuii (4o 5 k[a) kopaosoi kposi noanHu (PKKJI1) BnnmMBaTty Ha Ui NOKa3HUKU Y AEKOH-
cepBOBaHuUx KynbTypax. [NokasaHo, wo nig gieto dpakuii 4o 5 kJa kopaoBoi KpOBi MOANHK BiAOYBaeTbCA HOpMani3auis iHgeKkcy
nponicdepauii kyneTypu gekoHcepsoBaHux MCK wypiB, 4oro He cnocTtepiranocs B Kynbtyp MCK niognHn. Takox npu BKMto-
YeHHi B pocToBe cepepoBulie dpakuii Ao 5 k[la kopaosoi kposi noanHK B KynbTypax MCK wypa Tta nioauHu Binbysaetbcs
36inbLIeHHS BIAHOCHOrO BMICTY KOMOHIEYTBOPOKOYNX 0AMHMUB dhibpobnacTis (KYO-®) Ginbworo posmipy (KYO-®,, ). Bukopuc-
TaHHSA cepefoBUL, WO MICTATb hpakuito Ao 5 ka 3 KOpAOBOT KPOBi NIOAMHMU, TAKOX CMPUSE NiBULLEHHIO 3HWXKXEHOrO nicns
KpPiOKOHCEepBYBaHHA MITOTUYHOTO iHAeKCy KynbTyp MCK wypa Ta nioagnHn. EdekTMBHICTb Ail HU3bkoMoneKkynsapHoi dppakuii Kop-
[OBOT KPOBI MIOANHM 3anexana Bif cTaHy caMux KNiTWH Ta ii KOHUeHTpaUii B cepefoBULLi KyNbTUBYBaHHS.

Knto4yoBi cnoBa: kpiokoHcepByBaHHs, dpakuis ao 5 k[da KopaoBOi KpOBi NMOAWHU, KONMOHIEYTBOPEHHS, Me3eHXiManbHi
CTpOManbHi KNiTUHKW, Nponidepauis, MITOTUMHUNA IHOEKC, NOAMHA, LYP.

Abstract: The influence of cryopreservation on the growth characteristics of human and rat mesenchymal stromal
cells (MSCs) and the ability of a fraction (up to 5 kDa) of human cord blood to influence these indices in frozen-thawed ed
cultures has been investigated. It is shown that under the effect of the human cord blood fraction (HCBF) of up to 5 kDa, the index
of culture proliferation of the preserved rat MSC was normalized, which was not observed in the culture of human MSCs. As well,
when a fraction of up to 5 kDa derived from the human cord blood is included into the growth medium, in the cultures of rat and
human MSCs, an increase in the relative content of CFU-F was found (CFU-F_. ). The use of media containing the human cord
blood fraction of up to 5 kDa also contributed to an increase in the reduced after cryopreservation mitotic index of the rat and
human MSCs. The efficiency of the effect of low weight molecular fraction of human cord blood depended on the state of
the cells themselves and on their concentration in the culture medium.

Key words: cryopreservation, human cord blood fraction of up to 5 kDa, colony formation, mesenchymal stromal cells,
proliferation, mitotic regimen.

N3BecTHO, YTO HU3KOTEMIIEPATYPHOE KPUOKOH-
CEpBUPOBAHUE SIBISIETCS OJHUM U3 ATANOB TEX-
HOJIOTMHM KJIETOYHOU Tepanuu. B mpouecce kpuo-
KOHCEPBUPOBAHUSI MHOTHE KJIETKH MOTYT MOJIYYUTh
HeJleTaIbHbIE MOBPEXKICHHA: 00paTuMoe HapyIle-
HUe 6aphepHOI, TPAHCTIOPTHOW U PeeNTOPHON (PyHK-
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Low-temperature preservation is known to be
one of the stages in the cell-based therapy. During
cryopreservation many cells can be non-lethally
damaged. These are reversible disorders in the bar-
rier, transport and receptor functions of the plasma
membrane; changes in the ratio of membrane-bound
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OU{ TU1a3MaTH4eckoil MeMOpaHbl; U3MeHeHune Oa-
JaHca MeMOpaHOCBSI3aHHBIX M PAaCTBOPEHHBIX (ep-
MEHTOB, a TaKXe HEKOTOPBIX CyOCTpaToB OMOXUMHU-
YECKUX pPEaKIHil; HapyIIeHHnEe IeJIOCTHOCTH BHYT-
PHUKIIETOUYHBIX MEMOpPAaHHBIX CTPYKTYp W IpoIiecca
cuaTe3a Oenka [13]. C menapio MpeaoTBpaIIcHHS
MOBPEXKICHUS KIETOK, KpOMe aJeKBaTHOTO BBIOOpa
KPHUOMPOTEKTOPOB M ONTHUMAIBHOTO PEKUMa KPHO-
KOHCEpPBUPOBAHHUS, MOCIE 3aMOPaKUBAHUI-OTOT-
peBa KIETOYHBIX CYCIIEH3HMH HCIIONB3YIOT pPereHepu-
pytomue cpeast [4]. st BOCCTAHOBICHUS >KU3HE-
JESITEIbHOCTH KIIETOK BaKHO OBICTPO HOPMAalIM30BaTh
uX ’HepreTuuyeckuil ooOMeH. Knetku, nmepeneceHHble
13 LEJOCTHOTO OpraHu3Ma B YCIIOBHS in Vvitro, He
KOHTPOJIUPYIOTCS HEMPOTYMOpPAIbHONU CHCTEMOM.
[Ipu 3TOM OHU MTPHOOPETAIOT METAOOINYECKUE, MOP-
(homornveckue u reHeTHYeCKue 0COOEHHOCTH, 00yC-
JIOBJICHHBIE KaK caMHUM (DaKTOM WX W3BJICUCHHUS, TaK
Y YCJIOBHSMH CYIIECTBOBAaHUS BHE OpraHU3Ma.

W3BecTHO, YTO IPUMEHSIEMBIE B PETEHEPATUBHOMN
MEUIIFHE IS JISYCHNS IIUPOKOTO CIIEKTPA MaTOIOTH
METO/bl, KOTOPhI€ OCHOBAaHBI Ha TPAHCILIAHTAIMH
Me3eHXUMAIBHBIX cTpoMabHBIX KiteTok (MCK), 3agac-
TYIO TIpeyCMaTpUBalOT HEOJHOKPATHOE MX BBEJIE-
HUE PELUNNEHTY, HHOTA CO 3HAYUTEIbHBIM BPEMEH-
HBIM HHTEepBaJIoM [7, 8]. B cdepe Ouorexnomorun
Y KJICTOYHOW TPAHCILIAHTOJIIOTUU BEChMa aKTyallbHa
pa3paboTka yHUBEpCAIbHOW MUTATEIHHON CpPEIbl
JUIS KyJTBTHBUPOBAHUS KJIETOK, BKITFOUAIOINIEH CTaH-
JTAPTHBIA KOMITJIEKC Pa3IMYHBIX POCTOBBIX (PaKTOPOB
1 nuTOKUHOB. [locme moGaBieHnuss B O€CCHIBOPOTOU-
HYIO Cpeay sl KyIT6THBUPOBAHHS CHIBOPOTKH KPOBH
KpyIHOTO POraTroro CKoTa, (DeTaJbHOW CHIBOPOTKH
KPOBH )KHBOTHBIX, CIBOPOTKH KPOBHU YeJIOBEKA, B TOM
YHUCJIE U CBIBOPOTKH KOPJOBOW KPOBM, M3MEHsETCA
nponudeparuBHas aKTHBHOCTD KJIeTOK [12].

B mammx nmpeapiaymux padorax [6] O6buto mo-
Ka3aHO, YTO CHOCOOHOCTBHIO MOBBILIATE Mponudepa-
THBHBIE MTOKA3aTeIN Pa3IMYHbIX JIEKOHCEPBUPOBAH-
HBIX KJIETOYHBIX KYJIBTYP, B TOM YHCIIE€ U KYIBTYpHI
MCK [5], a Takxke (QyHKIMOHAJIBHYIO aKTHBHOCTH
JICHKOITUTOB YeJIOBEKa IOCIIe KPHOKOHCEPBUPOBAHUS
obamaeT HU3KOMOJICKYIsipHast ¢pakius (10 5 k/la)
M3 KpHOTeMOJIM3aTa KOPIOBOW KPOBH KPYITHOTO pora-
toro ckota [4 ]. BepositHo, uTo HaOm0naeMbIe S hek-
ThI UIMEIOT MECTO HE TOJIBKO M3-3a CO/IEPIKaHuUs B yKa-
3aHHBIX (PPAKIUAX HEOOXOMUMBIX JJISI HOPMAIBLHOTO
MeTaboIM3Ma KIETOK CyOCTpaToB, HO U BIHSIHUS He-
UIEHTU(HULIUPOBAHHBIX (PAKTOPOB, KOTOPHIE, BO3ACHCT-
Byl Ha PELENTOPHI KIETOUHBIX MEMOpaH, pepMEHTHI
LUTOIUIA3MbI 1 MUTOXOH/IPHH, CHOCOOCTBYIOT COXpaHe-
HUIO CTPYKTYpPHO-(DYHKITMOHATBHBIX CBOWCTB KIIETOK,
JTaJKe B YCITOBHSAX JIS(PUINTA SHEPTETHUESCKIX H ITACTH-
YecKuX cyocTparoB. YcranoieHo [10], ato ¢ppakuus
1o 5 xJla, nomydeHHasi U3 KOPAOBOM KPOBH YEJIOBEKA,
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and solubilized enzymes, as well as of certain sub-
strates for biochemical reactions; impaired integrity
of intracellular membrane structures and protein
synthesis [5]. To prevent cell damage, in addition to
an adequate choice of cryoprotective agents (CPAs)
and optimal cryopreservation regimen, regenera-
ting media are used after freeze-thawing of cell
suspensions [8]. It is crucial to normalize quickly the
energy metabolism inside the cells for recovery of
their functions. The cells transferred from a whole
organism to in vitro conditions are not controlled
by the neurohumoral system. In this case, the cells
acquire metabolic, morphological and genetic
peculiarities, pre-determined both by the fact of
their isolation and by the conditions of existence
beyond the body.

It is known that the methods used in regenerative
medicine for the treatment of a wide range of patho-
logies, which are based on the transplantation of
mesenchymal stromal cells (MSCs), often require
their repeated administration to the recipient, some-
times with a significant time interval [11, 12]. In
biotechnology and cell transplantation, it is very
important to develop an optimal nutrient medium
for cell culture, including a standard combination
of various growth factors and cytokines. After adding
into serum-free medium for culturing of bovine blood
serum, animal fetal blood serum, human blood serum,
including the serum of cord blood, the proliferative
activity of cells is changed [2].

We have shown previously [10] that the low
molecular weight fraction (up to 5 kDa) derived
from cryohemolysate of bovine cord blood has in-
creased the proliferative indices of various frozen-
thawed cell cultures, including the culture of MSCs
[9], as well as functional activity of human leuko-
cytes after cryopreservation [8]. The observed effects
likely occur not only due to the content of substrates
in the specified fractions, but also because of the
influence of unidentified factors, affecting the re-
ceptors of cell membranes, cytoplasm and mito-
chondrial enzymes and in this way contributing
to the preservation of the structural and functional
properties of cells, even if energetic and structural
substrates are insufficient. It has been established
[13] that the fraction up to 5 kDa, obtained from hu-
man cord blood, also has a pronounced biologi-
cal activity and stimulated the growth of MSC cul-
tures, not subjected to cryopreservation. Due to the
results obtained, we can assume that a regenerating
medium, in which a low molecular weight fraction
derived from human cord blood is present, will be
effective for the recovery of cryopreserved MSCs.

The purpose of this work was to study the ability
of the fraction up to 5 kDa, obtained from human
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TaKke o0yiajjaeT BBIPAKEHHOW OMOJIOTHYECKOH aK-
TUBHOCTBIO M CTUMYIHPYET pocT KynbTyp MCK, He
MOJIBEPTaBIINXCS KPHOKOHCEpBUpOBaHui. Ha ocHo-
BaHUU TOJYYEHHBIX PE3yJIbTATOB MOXKHO TPEIIO-
JIO)KHUTH, YTO PEreHepUpyromas cpeaa, B KOTOPOU
MIPUCYTCTBYET HU3KOMOJICKYIIIpHas (hpaxius, moiy-
YeHHas M3 KOPIAOBOH KPOBW UeIOBeKa, OymeT 3ddek-
THBHA JUIsl BOCCTAHOBIICHUSI KPUOKOHCEPBUPOBAH-
HbIXx MCK.

Lens nanHol pabOTHl — M3yY€HHE CIIOCOOHOCTH
(bpaxiuu 10 5 k/la, TONy4YeHHOH U3 KOPOBOI KPOBH
YeJI0BEKa, BOCCTaHABIMBATH CBOMCTBA KYJIBTYP ME3€H-
XUMaJIbHBIX CTPOMAJIbHBIX KJIIETOK YEeJIOBEKA M KPBICHI
nocje KpUOKOHCEPBUPOBAHUSI.

MarepuaJjibl 4 METOAbI

O0bexrom mccnenoBanus ciyxunu MCK, Beime-
JICHHBIE U3 KOCTHOTO MO3I'a YEJIOBEKA M KOCTHOIO MO3Ta
71a00paTOPHOI KPBICH 110 CTAHAAPTHOMY IIPOTOKOILY
[14]. Ans mpoBeneHust SKCIIEPUMEHTOB KIIETKH KPHO-
KOHCEPBUPOBAIH TIoCie 3—4-X Mmaccakei M WCIOJIb-
30Bajid cpa3y Imocie pasmMopaxkuBaHus. Kpuokon-
cepBupoBanue MCK ocyiecTsisiiig B cpejie ¢ hetaib-
HOI Temsubelt criBopoTkoil (FBS) mon 3ammuToit 5%
JAMCO 1no crannapTHOH JIBYX3TalHOW IporpaMmme,
MpeayCMaTpUBaIOIIe 3aMOpaXxuBaHWE KIETOYHOMN
CycHeH3uu co ckopocthio 1 rpag/mun 10 —80°C ¢ moc-
JIeAYIOLUM Norpyx’eHueM B kuakuid a3ot [10]. Kynb-
tuBupoBanne MCK npoBogunu B cpene DMEM/
F12 (1:1) ¢ no6aBnennem 10% FBS mpu moceBHOit
KoHIeHTparmu 10* kir/cm?.

@pakuuo ¢ M. M. KOMIIOHEHTOB Huxe 5 k/la mo-
JTydaad METOJOM YIbTpaduiIbTpalluid U3 LEIbHOM
KOPIOBOM KPOBM 4Ye€JIOBEKA, MOJBEPTHYTON KpHUO-
JIECTPYKLMHU ITyTeM MEJUIEHHOTO 3aMOpakMBaHUs J10
—80 °C u moceayIouero MeyIeHHOT0 OTOTPEBa MPU
KoMHaTHON Temneparype [5]. Ilepen npuMeHnenuem
TMO(GUIN3UPOBAHHYI0 (PaKLUI0 KOPAOBOH KPOBH
yenoBeka (OKKY) pasBogunu cpenoit DMEM wu3
pacuera 40 Mr/mi u 100aBIISIM B Cpely KYJIbTHBH-
pPOBaHUs 10 KOHEYHOIO €e COAEpKaHMs B cpene 56,
112, 224 u 400 mxr/miu. KoHTponem ciyXuiu Kyib-
Typsl nekoHcepBupoBaHHEIX MCK, KoTOpBIE KyIb-
tuBupoBanu 6e3 nodasrenus ®KKY. Ilokazarenn
KpuokoHcepBupoBaHHbix MCK (ungexc mpomude-
paumu, IpOICHTHOE COJIEpKaHHEe KOJIOHUEoOpasyro-
MUX eIuHUL PUOPOOIACTOB OONBIIOTO U MAaJlOTO
pa3MepoB) CpaBHUBAIN C aHAJIOTHYHBIMU TOKa3a-
tensimu KynsTyp MCK, He nmosiBepraBuinxcst KpHOKOH-
CEPBHPOBAHUIO.

CoxpaHHOCTh KJIETOK IOCIJIE KPUOKOHCEPBUPOBA-
HUS ONIPENeNsId HKCIPECC-METOAOM OKpAIIMBAHUS
BUTAJIbHBIM KPaCUTEJIEM TPUIIAHOBBIM CUHUM [9].

PocTtoBeie cBOMicTBAa KyJIbTYphl OLIEHUBAJIU Ha
3-1 CyTKHM KyJIbTUBUPOBAHUS 10 MHJIEKCY Hpoiude-
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cord blood, to restore the properties of cultures of
human and rat mesenchymal stromal cells after
cryopreservation.

Materials and methods

The research was done in the MSCs, isolated from
human bone marrow and bone marrow of labora-
tory rats according to the standard protocol [14]. For
the experiments the cells were cryopreserved after
3—4 passages and used immediately after the tha-
wing. MSCs were cryopreserved in a medium with
fetal bovine serum (FBS) under the protection of
5% DMSO according to a standard two-stage prog-
ram, which foresees the cell suspension freezing
at a cooling rate of 1 deg/min down to —80°C fol-
lowed by an immersion into liquid nitrogen [13].
The MSCs were cultured in DMEM / F12 medium
(1:1) supplemented with 10% FBS at a seeding con-
centration of 10* cells/cm?.

A fraction with the molecular weight of the
components below 5 kDa was obtained by ultra-
filtration from the whole human cord blood, sub-
jected to cryodestruction by slow freezing down
to —80°C and subsequent slow warming at room
temperature [9]. Before use, the lyophilized hu-
man cord blood fraction (HCBF) was diluted with
DMEM to concentration of 40 mg/ml and added
to the culture medium to final concentrations of
56, 112, 224 and 400 pg/ml. The controls were the
cultures of frozen-thawed MSCs, cultured without
adding the HCBF. The indices of cryopreserved
MSCs (proliferation index, percentage of colony-
forming units of large and small fibroblasts) were
compared with those of the MSCs cultures not sub-
jected to cryopreservation.

The preservation rate of cells after cryopreser-
vation was determined by the express method of
staining with Trypan Blue Dye [3].

Growth properties of the culture were assessed
to day 3 of culturing according to the proliferation
index (PI), mitotic index (MI), and the number of
colony-forming fibroblast units (CFU-F), i. e. at the
time of activation of cell division under the influence
of HCBF [9]. PI and M1 were calculated by B. Blyum-
kin and V.M. Zhdanov [10]. Colony formation was
examined at a seed density of 2x10%/cm? cells. The
number of colonies formed in the fixed prepara-
tions was counted using a light microscope with
the objective magnification of x40. Colonies from
20 to 49 cells (CFU-F_, ), as well as from 50 or more
cells (CFU-F_, ) were separately considered, deter-
mining their percentage in all the samples.

For statistical analysis of the experimental data
a nonparametric Mann-Whitney test was used with
p <0.05.
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pauuu (UII), mutotnueckomy unnexcy (MU) u komu-
YeCTBY KOJIOHHEOOpa3ywmux eguHun Gubdpoob-
nactoB (KOE-®), T. e. HA MOMEHT aKTHBAIlUU KIle-
TouHoro aeneHus nox Biausauem OKKY [5]. UIT u
MM paccuu-teiBanu no B.H. bitomkxuny u B. M. XKna-
HOBY [6]. KonoHmeoOpa3oBaHue HCCIEIOBAIN TIPH
IUIOTHOCTH ToceBa kieTok 2x10%cm?. KomuuecTBo
00pa30BaHHBIX KOJNOHUU B (PMKCHPOBAHHBIX IMpera-
paTax MOJCYMTHIBAIN C MOMOIIBIO CBETOBOTO MHK-
pockomna nipu 40-KpaTHOM yBEJIMUYEHUU OOBEKTHUBA.
OtaenbHO yuuThiBau Kojgouuu ot 20 1o 49 kietox
(KOE-®@_,), aTaoke ot 50 u 6onee kierok (KOE-O_, ),
ompenensisi BO BceX o0pasiax UX MPOLEHTHOE COOT-
HOILICHUE.

JlI cTaTUCTUYECKOTO aHAJIM3a SKCIIEPUMEHTAb-
HBIX JAQHHBIX HCIIOJIB30BaJU HeTapaMeTpUUeCKHUH
Kputepuil Manna-Yuthu npu p < 0,05.

Pe3yabTarthl U 00cyKaeHHE

B nammx skcnieprMeHTax mociie KPHOKOHCEPBH-
pOBaHUs, OTOTpPEBa W yAAJEHHS KPUOMPOTEKTOpa
MoKa3aTellb COXPaHHOCTH KIIETOK BO BcexX oOpasnax
cocraBiisil He MeHee 85%.

Wunexe nponudepanun B Kynsrype MCK uenoBeka
nocyie KpuokoHcepBupoBanus coctaBui 3,1 = 0,16, a
B KynsType MCK kpbicsl — 2,18 + 0,13, uto Ha 22 1
28% COOTBETCTBEHHO HUIKE, YEM Y KYJIBTYp, KOTOpbIE
HE MTOJBEPrajIuCh 3aMOPAKUBAHUIO.

[Mocne nobasnenus ®KKY B pocroByio cpeny
MCK uenoBeka AaHHBIN TOKa3aTeNb 3HAYMMO HE yBe-
muawics (puc. 1, A). B nexoHcepBHpOBaHHOW KyiIh-
type MCK xpsice ocie mo6asnenus @KKY B koH-
ueHTpaiuu 224 u 400 mxr/mi UI1 yBenuuuics oTHO-
CUTEJILHO KOHTPOs Ha 46—48%, 4TO CBUIETENLCTBYET
0 HOpPMaJIM3allMU POCTOBBIX TOKa3aTeieil KyJIbTyphl
(puc. 1, B). Ilpu srom UII 3naunmo He oTinyancs
0T AaHHoro nokasarens KyasTypsl MCK, He moasep-
raBIIeiCsl KpHOKOHCEPBUPOBAHHUIO.

B npoBeneHHBIX HCCIEAOBAHUSAX 3HAYMMBIX OT-
auuuii UIT xynerypst MCK, He monBeprabiieiics
KPHOKOHCEPBUPOBAHUIO, IO OTHOILECHUIO K KPHOKOH-
CEepBHPOBAaHHBIM O0OpasmaM 0O0HapyX eHO He ObLIO.
IIpu KynbTUBUPOBAaHUU KPUOKOHCEPBUPOBAHHBIX
MCK mo OTHOMmICHUIO K KOHTPOIIO HaOII0MaN0Ch
YMEHBIICHHE OOIIeT0 KOJIMYecTBa M pa3Mepa KoJo-
HUH, 9YTO MOXET OBITh CIICJICTBHEM HApPYIICHUsS KaK
aJire3uu KJIETOK K IJIACTHKY, TaK U UX MUTOTHYEC-
KOTO JiesieHus. B yacTHOCTH OBIJIO yCTaHOBJIEHO, UTO
B 00enx KynbsTypax aAekoHcepBrupoBaHHBIX MCK (kpbI-
cbl 1 venoseka) konnuectBo KOE-@_  cHmxanock
NPUOIU3UTENBHO B 2 pa3a M0 CPABHEHUIO C JaHHBIM
nokasareneMm B Kyasrypax MCK, He noaBepraBumx-
csl KpoKoHcepBupoBanuto (puc. 2). [Ipu kyastusu-
poBannm nekoHcepBupoBaHHEIX MCK 6e3 OKKY
3HAUUMO YBEJIMYHUBAIOCH KOJMUECTBO KOJIOHUH MEHb-
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Puc. 1. ViHgekc nponundepaumm eKOHCEPBUPOBAHHbIX
kyneTyp MCK 4yenoseka (A) u kpbicbl (B) Ha 3-u cyTku
KynbTMBMPOBaHWS nNpu AobaBrneHnn B pOCTOBbIE CPeAbl
pasHbix KOoHueHTpauun ®KKY; * — pasnuumsa ctatmctu-
YeCKM 3HaYUMbl OTHOCUTENBHO KOHTpons (p < 0,05).

Fig. 1. Proliferation index of frozen-thawed cultures of
human (A) and rat (B) MSCs to day 3 of culturing with ad-
ding different concentrations of HCBF into growth
media; * — differences are statistically significant vs. the
control (p < 0.05).

Results and discussion

In our experiments after cryopreservation, warming
and removal of the CPA, the cell survival for all the
samples made at least 85%.

The proliferation index in human MSCs culture
after cryopreservation was 3.1+ 0.16, and in rat MSCs
culture it made 2.18 + 0.13, which was 22 and 28%
lower, respectively, than in the cultures not subjected
to freezing.

After the addition of HCBF to the growth me-
dium of MSCs, this index did not increase signifi-
cantly (Fig. 1A). In the frozen-thawed culture of rat
MSCs, when HCBF was added at a concentration
of 224 and 400 pg/ml, the PI increased with respect
to the control (by 46—48%) and the growth para-
meters of the culture were normalized (Fig. 1B).

npo6nemu Kpiobionorii i kpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 28, Ne/issue 2, 2018



90

1 A
I
75 N _:[_ * *
° =
“x 601
3w
O E 45 -
¥ *
o O
=5 *
S 30
g c
32
S 15 -
go
O
0
Hatus  KoHTpornb 56 112 224 400
Native Control
CopepxaHune PKKY B cpene, Mkr/mn
Content of HCBF in medium, ua/ml
105
B
90 -
=
°\,\° 75 A —I_ —I—
& = _*I_
85 60 E3
< [T
0?
3 C 45 -
T e *
X 0
%‘CE) 30 A
3o
O 5. ’-} ’+
0
Hatue  KoHTpornb 56 112 224 400
Native Control
CopepxaHune ®PKKY B cpene, MKr/mn
Content of HCBF in medium, pyg/ml
Puc. 2. CooTHoleHme pasHbix no pasmepy KOE-®_ (=) n KOE-®,, (O) nekoH-

cepBupoBaHHbIX KyneTyp MCK yenoseka (A) u kpbicbl (B) Ha 3-u CyTKu KynbsTuBK-
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Fig. 2. Ratio of different in size CFU-F, (=) and CFU-F,, (O) of frozen-thawed
cultures of of human (A) and rat (B) MSCs to day 3 of culturing in media con-
taining various concentrations of HCBF. Total amount of CFU-F is assumed
as 100%; * — the differences are statistically significant vs. the corre-
sponding control index after freeze-thawing (p < 0.05).

urero pasmepa (KOE-@_, ), a mocie Ky/isTUBUpOBa- 0

At the same time, the PI did
not significantly differ from this
index of the culture of MSCs,
not subjected to cryopreserva-
tion.

In the performed studies no
significant differences of PI
were found between non-cryo-
preserved cultures of MSCs ver-
sus the cryopreserved samples.
When thawed MSCs were cul-
tured, the total number and size
of colonies decreased with res-
pect to the control, that could
result from an impairment of
both an adhesion of cells to
plastic and their mitotic divi-
sion. In particular, it was found
that in both cultures of frozen-
thawed MSCs (of rat and hu-
man), the amount of CFU-P_,,
decreased approximately twice
if compared to that in the cul-
tures of MSCs, which were not
frozen-thawed (Fig. 2). During
culturing of the frozen-tha-
wed MSCs without HCBF, the
number of smaller colonies
(CFU-P_,)) was significantly
increased, and after culturing
of the frozen-thawed MSCs
in the medium containing 224—
400 pg/ ml of HCBF, the amount
of CFU-F_ was significantly
increased and the amount of
CFU-F_,, decreased. A similar
trend was noted for the frozen-
thawed MSCs in a culture me-
dium containing HCBF. At a
concentration of HCBF in a cul-
ture medium of 400 pg/ml, a sig-
nificant increase in the amount
of CFU-P_,; and a simultaneo-
us decrease in the amount of

CFU-P___ have been established.

Hus nekoHcepBupoBaHHbIX MCK uenoBeka B cpene,
conepxamieit 224-400 mxr/mn ®KKY, 3raunmo yBe-
nmmyuBanock komuaectBo KOE-®@_  n ymenbmanoch
xonuuecTBo KOE-®_, . Cxonnas TeHACHIHMS OTMe-
Yayach U B OTHOIIEHWH JeKoHCepBHpoBaHHBEIX MCK
KpBICHl B CpeJie KyJIbTUBUPOBAaHUs, cOleprKalei
OKKUY. IIpu konuentpaunu ®KKY B cpene Kynpru-
BupoBanusi 400 MKI/MI1 yCTaHOBJICHO 3HAYMMOE yBe-
nnyenne koinyectsa KOE-®_  n onHOBpeMeHHOE
ymenblueHne konnyecrsa KOE-@_, .
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The results show that the HCBF did not affect the
ability of MSCs to attach to plastic and stimulated a
mitotic division of cells.

The influence of HCBF on MI of the cultures of
the frozen-thawed human and rat MSCs, being one
of the main indices of their growth properties, was
investigated. The Fig. 3 shows a significant increa-
se in MI with respect to the cultures of human
and rat MSCs even at the HCBC concentration of
112 pg/ml in the incubation medium. An increase
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[lonydeHHbIe pe3ynbTaThl CBUIETEIHCTBYIOT O
ToM, yro @KKY ne Bimsier Ha cnocodHocth MCK
MPUKPETUIATHCSA K TIACTUKY W CTUMYIHPYET MHUTO-
THYECKOE JIETICHUE KIICTOK.

B pabote uccinenosanu Baussane ®KKY na MU
KynbTyp AekoHcepBupoBaHHbIX MCK uenoBeka u
KPBICHI, SIBISIONIANICS OJHUM U3 OCHOBHBIX MTOKa3a-
TeJIeil POCTOBBIX CBOMCTB KJIeTOK. Ha puc. 3 BunHo
3HaunMoe yBenuueHue MU B OTHOIIEHUU KyIbTYp
MCK d4enoBeka U KpbICH YK€ IPU KOHLUECHTPALUU
®OKKY B cpene mHkyOaruu 112 mkr/mu. IloBsimre-
HUE B MHKYOaIlMOHHOH cpefie koHmeHTpammn OKKY
1o 224 wimn 400 MKT/MJI He IPUBOJIUIIO K JadbHEH-
[IeMy TOBBIIICHHUIO ATOTO TIOKA3aTes.

Jist oOBsICHEHUS TTONYYSHHBIX PEe3yIbTaTOB MBI
MIPUHSJIA BO BHUMAHHUE PE3YJBTAThl WCCIICIOBAHUN
[11, 15], moka3aBmuX, YTO MOCJIE KPUOKOHCEPBH-
pOBaHUS CHUIKACTCS DHEPreTHYECKUM MOTEHIIHAT
KJIETOK, BBICOKHI yPOBEHb KOTOPOTO SIBISIETCSI HEOO-
XOIUMBIM YCIIOBHUEM [IJIsI IPOTEKAHUS BOCCTAaHO-
BUTENbHBIX mporeccoB [13]. B paGore A.Jl. 'op-
nuenko, E.B. KynoxkoreBoit [2] Obl10 mokasaHo,
9TO OBICTPBIN W JIByXATAIIHBIA PEKUMBI 3aMOPAKH-
BaHUs JTUMDOIUTOB /10 —196°C IPUBOIAT K TIOTHOMY
Pa3o0IIeHUIO TIPOIIECCOB OKHUCICHHUS B (POCPOPHIIH-
pOBaHUA B X MHUTOXOHIpHSAX. B 3TOM mccienoBa-
HUU OBLIO TaKXe OOHAPYKEHO, YTO TIPH KPHOKOHCEP-
BHPOBaHUH JUMQOINTOB C UCIOIB30BaHUEM OBICT-
pOro W IBYXATAITHOTO PEKHMOB 3aMOpPaKHBAHUS
1o —196°C ¢ 10% I120-400 u IMCO npoucxomut
3HAYUMOE CHIDKCHHE aKTUBHOCTH riukonuia. [lo
nanabiM A.Jl. Topauenko u O.U. @enen [3] conep-
YKaHHE CBOOOJIHBIX aJICHUIIOBBIX HYKJICOTHIOB B JINM-
(oruTax CHIKACTCS HE3aBUCUMO OT PEXKHUMOB 3a-
MopakuBaHus. CXOIHbBIE JaHHbIC OBUIM TOJTYYEHBI
B uccinenoBanuu A. K. I'yneBckoro u ap. [4], koTopbie
MPOJIEMOHCTPUPOBAIH, YTO TOCIe KPUOKOHCEPBH-
pOBaHUS KJIETOK JICHKOKOHIIEHTpaTa Mo 3allUTON
5% JAMALL comepxanne AT® B HUX 3HAYUMO CHH-
kaetcs, a konudectBo AJI® u AM® ocraeTcs Ha
YPOBHE KOHTPOJBHBIX 3HAYCHHH, UTO MPUBOIAUT K
CHIDKCHHIO aJICHUJIATHOTO IyJia U COOTBETCTBEHHO
SHEPreTUYECcKoro noreHuuana. JlanpHeimme uccie-
JIOBaHUS MO3BOJIMJIM YCTAHOBHUTH, YTO J0OaBICHUE
B peaOHIIMTUPYIONIYIO CPelly HU3KOMOJICKYISIPHOM
(bpakuu KOPIOBOW KPOBU IMO3BOJISET yBEIUUYUTH
B KJIETKaX JEKOHCEPBUPOBAHHOTO JEUKOKOHLICHT-
para conepxxanue AT®O, AI® u AM®, uto npu-
BOJUT K YBEIWUYCHHUIO WX aJCHUIATHOTO TyJja Ha
76,5%. UccnenoBanne MexaHW3Ma CTUMYITHPYIOIIETO
NeHCTBUS HU3KOMOJCKYISIpHOH (hpaKImu KOpHo-
BOH KpoBHU uesoBeka (10 5 k/la) Ha sHepreTHYe KUt
MTOTCHITNAJT KJICTOK JICHKOKOHIICHTpATa MOKa3aJio, 4To
OH CBSI3aH C aKTUBAIUEH TIIMKOJIN3a U TITHKOTCHOJIH3A.
[Ipunumasi BO BHUMaHHUE BBIIICU3I0KEHHOE, MOKHO

136

o

A *
[&) 12 4 + _:[_
] 1
5 o
S E 1
§ o)
Z2 6
5 =
(=
=
= 3
0 T T - T .
KoHTponb 56 112 224 400
Control
Copepxanne ®KKY B cpene, Mkr/mn
Content of HCBF in medium, pg/ml
15
B .
o 12 A . .
& +H
x
S o 9 I
3¢ -+
S0
Q) -—
IS 6
5 =
2
=
= 3
0 T : r T .
KoHTpons 56 112 224 400

Control

CopepxxaHne ®KKY B cpeae, MKr/mn
Content of HCBF in medium, ug/ml

Puc. 3. MutoTnyecknin MHAEKC AEeKOHCEPBUPOBAHHbIX
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KynbTUBMPOBaHMA B cpefax, COAepXallux pasnnyHble
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YMMbl OTHOCUTENbHO KOHTpons (p < 0,05).

Fig. 3. Mitotic index of frozen-thawed cultures of human
(A) and rat (B) MSCs to day 3 of culturing in media con-
taining various concentrations of HCBF. * — differences
are statistically significant vs. the control (p < 0.05).

in the concentration of HCBF in the incubation
medium up to 224 or 400 pg/ml did not lead to a
further rise of this index.

After cryopreservation the energy potential of
cells is reduced [4, 15], nevertheless its high level is
anecessary condition for the course of recovery pro-
cesses [5]. It was shown by A.D. Gordienko and
E.V. Kudokotseva [6] that rapid freezing and two-
stage freezing regimens for lymphocytes down to
—196°C led to a complete uncoupling of oxidation and
phosphorylation processes in their mitochondria.
The authors reported also that the cryopreservation
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npeanonoxutsk, 4to @KKY crocoOHa Takke BIHATH
Ha DHEPTEeTUYCCKHIA METabOIH3M KYJIbTUBUPYEMBIX
KJIETOK, YeM MOKHO OOBSICHUTH €€ CITIOCOOHOCTh BOC-
CTaHABJIMBATh HAPYIICHHYIO B XOJ€ KPUOKOHCEPBHU-
poBanus (HyHKIIMOHAIBHYIO akTHBHOCTE MCK.
Takum o00pa3oM, MOJTyYEHHBIE PE3YNbTATHl MOJI-
TBepKIaroT 3P PEeKTUBHOCTE IPUMEHEHHSI (PPAKIIAHT J0
5 k/Jla Kop/I0BOI KPOBU YETIOBEKA MPU €€ BKIIOUECHUH
B Cpely KyJIbTHBHPOBAHHS JI€KOHCEPBUPOBAHHBIX
xietok MCK B xonuenranmu 224400 MKr/mil.

BuiBoabI

1. YcTaHOBNIEHO, YTO MOCI]E JEKOHCEPBUPOBAHUSA
MCK uenoBeka U KpbICHl Ha 3-U CYTKH KYJIBTUBHUPO-
BaHUS 3HAYMMO CHWXKETCS WHJEKC Mposindepannm.
JobaBnenne B cpeny makyOannn ®KKY B xoHIEHT-
pamuu 56—400 MKr/MJ CTaTHCTHYECKH HE BIIHSET
Ha 3HAUYE€HHE HTOro Mokaszareiysi orHocutenbHo MCK
yenoBeKka. B To ke Bpems MPUCYTCTBHUE B Cpeie
nakyoOaruu 224-400 mxr/mn @KKY 3nagumo yge-
JUYMBaeT UHAEKC npoiudepanun B Kyasrype MCK
KPBICHIL.

2. IlokazaHo, 4TO MoOCI]e JEKOHCEPBUPOBAHUS Ha
3-u CyTKU KyJIbTUBHUPOBAHUS 3HAYNMO YMECHBIIAIOCH
konm4ectBo KOE-O_ v 0HOBPEMEHHO YBEIIMYNBAIIOCH
komaectBo KOE-®_ ) kak MCK 4ernoBeka, Tak u Kpbl-
cel. JlobaBnenue B cpeny KynbruBupoBanus MCK
yenoBeka DKKY B xonnentparmu 224 u 400 MKr/mi
crumynupyet obpazosanne KOE-®_  u ymenbimaer
obpasosanue KOE-®_ . B kynsrype MCK kpbichl 3Ha-
anmoe ysenuyenne KOE-O_ v 01HOBpeMEHHOE YMEeHb-
wenne KOE-®_, nabmronaercst TOMbKO NpH COEp-
xanun ®KKY B nnkyOarmonHoit cpeae 400 MKr/mi.

3. Ilocne mexoncepBupoBanuss MCK denmoBeka u
KPBICH 3HAYUMOE YBEIUYCHUE MUTOTHYCCKOTO WH-
JIeKCa Ha 3-U CYTKH KyJIBTUBUPOBAHUS HAOIIOIAIOCH
npu cogepxkanuu OKKY B cpene KyapTUBUpOBaHUS
122 mxr/mi. Jlanpreiinnee nossimenne @KKY B cperne
KynbTHBUpOBaHUs 10 224 miu 400 MKI/MII Cy1IeCTBeH-
HO HE BIMSJIO HA JIAaHHBIN MTOKa3aTeb.

4. Hopmanu3aiysi COOTHOLIEHUS KOE—CI)>50/KOE—QD>2O
Y yBeJIHMYeHNEe MUTOTHIECKOTO HH/IeKCa Ha 3-U CyTKH
kynpTuBupoBanms MCK demoBeka M KpPBICHI CBHJIE-
TETLCTBYIOT O TOM, YTO BHECEHHUE B CPEIy KyJIbTHBHU-
poBanus ®KKY B konnenTpanuu 112—400 mMKxr/mia
YBEJIMYMBAET €€ POCTOBBIE CBOWCTBA.

5. BuigBiaeHo, 4To OHoIOrnyeckass akTUBHOCTH
®KKUY He sBisiercst BUAOCIEUPUICSCKOM.

Nutepartypa
1. Benoyc A.M. boHagapeHko B.A., T'ynesckuin A.K. Monekynsip-
HOKIETOYHas KOHLIENLIMSI KPUOMOBPEXAEHUS KIETKU: porib TPaHC-
MeM6paHHbIx AedpekTos. Kprnobuonoruna 1987; 2: 3—11.
2. Topgwmerko A. [1., Kynokouesa E. B. M3yueHune yHKLMOHaNLHOroO
COCTOSIHUSI MUTOXOHAPUN B KNETOYHbIX CYCMEH3MsX, 3KCMo-
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of lymphocytes using rapid freezing and two-stage
freezing down to —196°C with 10% PEO-400 and
DMSO led to a significant decrease in glycolysis
activity. According to the data, the content of free
adenyl nucleotides in lymphocytes decreased regar-
dless of the freezing regimens. Similar data were
obtained in our previous study [8], it was shown that
cryopreservation of leukoconcentrate cells under
the protection of 5% DMAC resulted in a significant
decrease in ATP content, amount of ADP and AMP
remained thereat at the control level, which led to a
decrease in the adenylate pool and, accordingly,
the energy potential. Our further studies showed
that the introduction of a low-molecular fraction of
the cord blood to the rehabilitating medium allo-
wed to increase the content of ATP, ADP and AMP
in the cells of the frozen-thawed leukonconcentrate,
which resulted in a rise in their adenylate pool by
76.5%. Investigation of the mechanism of stimula-
ting action of human cord blood low molecular
weight fraction (up to 5 kDa) on the energy potential
of leukoconcentrate cells showed that it was asso-
ciated with activation of glycolysis and glycoge-
nolysis. In view of the findings, it is possible that
HCBF is also capable of influencing the energy
metabolism of the cultured cells, which explains its
ability to restore the functional activity of MSCs
impaired during cryopreservation.

Thus, the obtained results confirm the efficiency
of applying the human cord blood fraction of up
to 5 kDa when it is included into the medium for
culture of frozen-thawed cells in a concentration of
224-400 pg/ml.

Conclusions

1. It was found that after freeze-thawing of human
and rats’ MSCs to day 3 of culturing, a significant
decrease in the proliferation index was observed.
Adding the HCBF to an incubation medium to a con-
centration of 56—400 pg/ml statistically does not affect
the value of this index relative to the human MSC.
At the same time, the presence of 224-400 pg/ml
HCBEF in the incubation medium significantly in-
creased the proliferation index in rat MSC culture.

2. It has been shown that after freeze-thawing to
day 3 of culturing, the amount of CFU-P_, was sig-
nificantly decreased and simultaneously the amount
of CFU-P_,, both human MSC and rat, was increa-
sed. The addition of HCBF to a culture medium
of human MSCs in the concentrations of 224 or
400 pg/ml stimulated the formation of CFU-P_, and
reduced the formation of CFU-P_, . In the rat MSC
culture, a significant rise in CFU-P__ and a simulta-
neous decrease in CFU-P_  was observed only with
400 pg/ml HCBF in the incubation medium.
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3. After freeze-thawing of human and rat’s MSCs,
a significant increase in the mitotic index to day 3
of culture was observed if the HCBF content in the
culture medium was 122 pg/ml. Further increase in
HCBEF in the culture medium up to 224 or 400 pg/
ml did not significantly affect this index.

4. Normalization of the CFU-F_, /CFU-F_, ratio
and an increased mitotic index to day 3 of culturing
of human and rat’s MSCs indicated that the intro-
duction of the culture medium at the HCBF con-
centration of 112-400 pg/ml enhanced its growth
properties.

5. It was revealed that the biological activity of
HCBF was not species-specific.
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