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Pedepart: N3yueHbl pyHKLUNOHANbHbIE XapaKTEPUCTUKM, B YACTHOCTM YpPOBEHb 3KCNpeccuu reHa ido, B Me3eHXMManbHbIX
cTBonoBbIX knetkax (MCK) detanbHon neyeHu (PI1) pasHoro cpoka rectaumu 4O U nocrne BO3OeNCTBUS PaKTOPOB KPUOKOH-
CepBUPOBaHUS. YCTaHOBIMEHO CHWMXEHMEe YpPOBHSA dKcnpeccuun reHa ido no mepe rectauyum ®r1. NMocne KpUoKoHCEpBUPOBAHUS
ypoBeHb akcnpecun reHa ido B knetkax PI1 18 cyTok rectaumm CyLeCTBEHHO MOBbILLANCS, MPEBOCXOAsi TakOBOW B HATUBHOM Ma-
Tepuane 14- n 18-x cyTok rectaumu. [JaHHbIi akT CBMAETENBLCTBYET O CNOCOOGHOCTU KPMOKOHCEPBMPOBaHUS peannioBbiBaTb
«peBuUTanNuU3npyLWniny adekT B oTHoweHun knetok Pl no3gHuMx cpokoB rectaumu. Takum ob6pasoM, KpMOKOHCEpPBUPOBaHUE
MOXeT OblTb MCMNONb30BaHO Kak cnocob crneundguyeckoro NoBbILEHWUS UMMYHOMOAyNMpytowen aktueHoctu MCK.

KnioueBble cnoBa: deTanbHas nevyeHb, Me3eHXMmarbHble CTBONOBbIE KNETKW, KPMOKOHCEPBUPOBaAHME, MHAONAMUH 2,3-
OuoKcureHasa, reH ido.

PecdepaTt: BuBuUeHO (yHKUiOHAMNbHI XapakTepuUCTUKM, 30KpeMa piBeHb ekcnpecii reHa ido, B Me3eHxiManbHUX CTOBBYpoBUX
knitnHax (MCK) detanbHoi nediHkn (PI1) pisHoro TepmiHy recrauii 4o Ta nicnsa BNAvMBY (hakTopiB KpioKOHCEpBYBaHHS. BctaHoBneHo
3HUXKEHHS PiBHA eKcnpecii reHa ido npoTsarom rectauii ®I1. Nicns kpiokoHCepBYBaHHSA piBeHb ekcnpecii reHa ido B knitnHax dr1 18
ni6 rectauii icTOTHO MiABULLYBaBCS, NEPEBULLYIOYM TakU y HAaTUBHOMY MaTepiani 14- Ta 18-i gobu rectauii. JaHuii dakT BKasye
Ha 30aTHICTb KPIOKOHCEPBYBaHHS peani3oByBaTh «peBiTaniayouni» edekT woao knituH ®I1 nisHix cTpokiB rectauii. Takum YMHOM,
KPIOKOHCEPBYBaHHS MOXe ByTW BMKOPUCTaHO sk Croci6 crneundiyHoro nigBuLLEHHST iMyHOMoAayntow4oi aktueHocti MCK.

Knio4oBi cnoBa: deTtanbHa nedviHka, me3eHximanbHi cTOBBYpOBI KMiTUHU, KPIOKOHCEPBYBaHHS, iHgonamiH 2,3-giokcureHasa,
reH ido.

Abstract: The study was conducted to assess the effect of gestation term and cryopreservation factors on some functional
parameters of mesenchymal stem cells (MSCs) in fetal liver (FL), in particular, ido gene expression rate. Expression rate of ido gene
was decreased between 14" to 18" days of FL gestation. Following cryopreservation the expression rate of ido gene in FL cells of
18™ gestation day increased significantly, and this level exceeded significantly the one in non-frozen samples of the 14" and 18"
gestation day. This fact emphasizes the ability of cryopreservation to implement the ‘revitalizing’ effect in respect of FL cells of late

gestation terms. Thus, cryopreservation can be used as the method of specific enhancing of MSCs immune modulating activity.
Key words: fetal liver, mesenchymal stem cells, cryopreservation, indoleamine 2,3-dioxygenase, ido gene.

Kierounast u TkaHeBas Tepamus C HCIOIb30Ba-
HUEM NPONYKTOB (DETOITALICHTAPHOTO KOMILIEKCa
(II®IIK) mpumeHsieTcsl MPH JIEUEHUH Pa3IUdHbIX
MaTOJIOTHYECKHUX COCTOSHUM opranusma [2, 4,22, 23].
KpuokoHncepBupoBanue — OfuH U3 00s3aTeNbHBIX
stanoB npuMeHeHus [1PIIK B kMHIYECKOM TPAKTHKE.
JlanHas mpoueaypa no3BoJisieT XpaHUTh U UCIIONb30-
BaTh OMOMaTepuall 1o Mepe ero BOCTpeOOBaHHOCTH
[4]. BMecTe ¢ TeM OCTarOTCsl HepeIeHHBIMI MHOTHE
BOIIPOCHI, KacaroIluecs MEXaHU3MOB MHOTOBEKTOD-
HOTO BIUSHHA PU3UKO-XUMHUYECKUX (PaKTOPOB KPHO-
koHcepBupoBanus Ha IIPIIK, or ycmexa koToporo
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Cell and tissue-based therapy, in particular using
fetal and placental products (FPP), is applied in the
treatment of various pathological conditions [15, 16,
18, 21]. Cryopreservation is one of the mandatory steps
of FPP application in clinical practice. This procedure
allows to store and to utilize the biological specimens
on demand [21]. However, many questions concerning
the mechanisms of diverse influence on the FPP of
physical and chemical factors of the cryopreservation,
which success is associated with functional adequacy
of the biological specimen, have remained open [16,
21].
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3aBUCUT (PYHKIIMOHAIIHHAS TIOJTHOIIEHHOCTH OM000bEK-
Ta [4, 23].

Bo3znelicTBue HU3KUX TeMIepaTyp Ha pa3ndHbIe
CTPYKTYPBI KJIETOK, BKJIIOUasi NX TeHETHYECKHI armna-
par, onpenensieT HeoOXOIUMOCTh aTTeCTalluH CTPYK-
TYpHO-(QYHKIIMOHAIBHBIX XapaKTEPUCTUK KPUOKOHCEP-
BHPOBAaHHBIX 00PA3LOB Mepe]l UX UCIOIb30BAHNEM B
KJIIMHUYECKOW NMPAaKTHKE, B TOM YHUCIE KIETOK (e-
tanpHOU TedeHu (K®II). [Ipexnae Bcero, peus uuet
0 ME3eHXUMAaIBHBIX CTBOIOBHIX KieTkax (MCK) de-
TaJIbHOHN MEYeHH, CTPYKTYPHBIE U (DYHKIIMOHATIHHBIE
XapaKTePUCTUKU KOTOPBIX B MPOLIECCe IMOpUOTeHE3a
cymecTBeHHO u3MeHstores [1, 3, 4], yro nmpeamno-
JlaraeT uX pa3IuYHyI0 KPHUOYYBCTBUTENBHOCTH [20].
Kak npaBuiio, HU3KoTEMIIEpaTypHOMY KOHCEPBUPOBa-
Huto noasepratorcss MCK, nosryueHHbIe myTeM cepuii-
HOM 3kcniaHcuH in vitro [40]. lanHasd npouenypa cama
o ce0e ABNSETCA KPUTHUECKUM (PaKTOpOM, BIIUSIO-
UM Ha (YHKIHOHAIBHYIO nojHoueHHocTh MCK,
MOCKOJIBKY MCTOLIAET MX MYJIBTHIIMHEHHBIN I depen-
IMpOoBOUHBIM noTeHnwan [11, 14], cHmkaeT croco6-
HOCTH K XOMUHTY U HEKOTOpBIe Apyrue pyHkunu [37],
9T0, OE3YCIIOBHO, MOXKET OBITH CBS3aHO C M3MEHE-
HUEM CTPYKTYpPHOW OpraHHU3aIfH JaHHBIX KIETOK, a,
CJIE0BATENbHO, U UX KPHUOYCTOWYHMBOCTH. B Heko-
TOPBIX UCCIIEIOBAHNUAX TIOKa3aHO, YTO OJHOKPATHBIN
LUK 3aMOPAKUBAaHUSI-OTOIPEBA C UCIOIb30BaHUEM
[IOCTOSTHHOM HU3KOH CKOPOCTH OXJIAXACHHUS U IH-
metuicynbhoreuga (JMCO) B kauecTBe KpHOIPO-
TEKTOpa HE OKa3blBaj CYLIECTBEHHOI'O BIUSHHS Ha
MOp(OIIOTHIO, KAPHOTHII, PELENTOPHBIN penepTyap u
MYJIBTHIIOTEHTHBIN TU(depeHITMPOBOYHBINA HOTEHLIUAT
MCK [10, 33]. B aTux skcnepuMeHTaxX >KHU3HECIO-
COOHOCTP KJIETOK OIEHHUBAJIM Cpa3y MOCIIe OTOTPEBa.
Y. Naaldijk u coasr., ucionsszyst MTT-tect, nmpoBeinu
CpPaBHUTEILHYIO OIEHKY ku3HecrocoOHocTn MCK,
KPHOKOHCEPBHPOBaHHBIX oA 3amuroii JIMCO B paz-
nnaHoil koHIeHTpaun (1-10%), HemocpeacTBEHHO
MOCJIe OTOTPEBa M 3-X CYTOK KYJIBTUBHpPOBaHUA [35].
B nepBoM cnyyae cTaTUCTUYECKH 3HAYUMBIE Pa3Jid-
yus B ku3Hecniocoonoctn MCK mexny rpynmamu c
Bapualyeil KOHIEHTPALUN KPUOIIPOTEKTOPa OTCYTCT-
BoBaJIH (0k0J10 80% KU3HECITOCOOHBIX KIIETOK), OTHA-
KO BO BTOPOM ciy4ae (mocie 3-X CyTOK KyJIBTHUBUPO-
BaHMS) BBICOKAs >KU3HECIIOCOOHOCTH COXpaHsIach
tonsko Y MCK, kprokoHcepBupoBaHHBIX ¢ 7—10%-M
AMCO. Ilpu 6onee auszkux konmnerrpanusx JMCO
(menee 4%) mabmoganach THOETH KICTOYHBIX KYJIh-
Typ. Taxxke mokasano, uro y BepKuBmnx MCK ycu-
JUBAJICA OCTEOTCHHBIH MOTEHIIHAJ HE3aBUCHMO OT
kornerTpanuu JJMCO u ckopocTu oxiaxkmenus [35].

Panee Hamu ObUTIO OTMEYEHO, YTO COXPAHHOCTb
KoJIoHHeoOpazyromux eanHuL prdpodnactos (KOED)
koctHOro mMosra (KM) 3aBuUCHT OT BHIA HCIIOJIBb3Ye-
MOT0 KpHorpoTtekTopa [5]. Tak, nocie KpuoKOHCEpBU-
poBanus kaetok KM nog 3amuroit 10% AMCO co-
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Effects of low temperature exerted on different
cell structures, including their genetic apparatus, deter-
mine the need in assessment of structural and func-
tional characteristics of cryopreserved samples, inclu-
ding fetal liver cells (FLCs), as a promising object for
clinical applications. First of all, this concerns fetal liver
mesenchymal stem cells (MSCs), which structural and
functional characteristics vary significantly during
embryogenesis [17, 19, 21], suggesting their different
cryosensisivity [ 12]. Typically, low temperature preser-
vation involves MSCs obtained by serial expansion
in vitro [40]. The procedure itself is a critical factor
affecting the functional values of MSCs as it exhausts
their multilinear differentiation potential [2, 5], reduces
the ability for homing and some other functions [37]
that can certainly be associated with the changes in
structural organization of these cells and, consequently,
their cryostability. Several investigations revealed that
single cycle of freeze-thawing using constant low
cooling rate and dimethyl sulfoxide (DMSO) as a
cryoprotectant had no significant effect on morpho-
logy, karyotype, receptor repertoire and multipotent
differentiation potential of the MSCs [1, 33]. In these
experiments, the cell viability was assessed immedia-
tely after thawing. Using MTT test Naaldijk et al.
assessed the viability of MSCs cryopreserved under
the protection of DMSO in different concentrations
(1-10%), and compared the indices obtained immedia-
tely after thawing and post 3 days of culture [35]. In
the first case, there were no statistically significant
differences in the viability of MSCs between the groups
with varying concentrations of cryoprotectant (about
80% of cells were considered as viable), but in the
second case (post 3 days of culture) a high viability of
MSCs was found only if the cells were cryopreser-
ved with 7-10% DMSO. Moreover if concentrations
of DMSO were very low (less than 4%), the cell
cultures died. It was also shown that survived MSCs
exhibited higher osteogenic potential regardless of
DMSO concentration and cooling rate [35].

Previously we noted that the post-thaw survival of
fibroblast colony forming units (CFUY) of bone marrow
(BM) depended on the type of cryoprotectant used
[22]. For example, after the cryopreservation of BM
cells under protection of 10% DMSO the survival of
CFUf decreased by 50%, whereas in the case of 10%
PEO-400 the index was 85%. Furthermore, cryopre-
servation with the same cooling rate (1 deg/min down
to —25°C with following plunging into liquid nitrogen),
but various concentrations of DMSO (5 and 10%)
resulted in rearrangement of populations with the phe-
notypic characteristics of MSCs (CD73*CD105%) in
thawed suspension of CBA/H mice BM [21]. A rela-
tive content of cells carrying MSCs markers increased
2.8 times if 5% DMSO was used (in case of 10%
DMSO no changes were found), however, their colony-
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xparnHocTs KOEd mo tecty xomoHmeoOpa3oBaHUS
cuusunack Ha 50%, Toraa Kak 1mocje UCIoJIb30BaHM
10% I130-400 —Ha 85%. Bonee Toro, KpHOKOHCEPBH-
pOBaHME C OHOM U TOH K€ CKOPOCTBIO OXJIAXAECHUS
(1 rpap/mun o —25°C ¢ MOCIEAYIOMUM TOTPYKE-
HUEM B XKHUJIKHIA a30T), HO pa3IMYHON KOHIICHTpauen
IMCO (5 u 10%) mo-pasHOMY M3MEHAJIO COAEpIKa-
HUE KJIETOK C JEHOTUITNIECKUMH XapaKTEPUCTUKAMH
MCK (CD73*CD105") B ororpertoii cycnensnu KM
meimed muann CBA/H [4]. OTMeueHO yBenmudeHUe
OTHOCHUTEIIFHOTO COAEPKAHMS KJIETOK C MapKepamu
MCK B 2,8 pasa npu ucnons3oBanuu 5% JIMCO (B
cirygae 10% AMCO Ttakoro He HaONIOAAIOCh), IPH
ATOM HX KOJIOHHEOOpasyromas crmocoOHOCTh Oblia
HUKE, 4eM B 00pa3uax 10 3aMOpaXHBaHUA-OTOIPEBa,
a TaxoKe HIKe, 4eM B 00pa3iax, KpHOKOHCEPBUPOBAH-
HbIX nojn 3amuTo 10% AMCO. DT pe3ynabTarsl
CBUJETENBCTBYIOT O BO3MOKHOCTH C IOMOIIBIO HEKO-
TOPBIX PEXMMOB KPHOKOHCEPBUPOBAHUS CYILIECTBEHHO
U3MEHATh QyHKIMOHAIBHBIE XapakTepucTuku MCK.

OnTuMu3aIys IpoTOKOIa 3aMOPaXKUBAaHUA C HC-
MOJB30BAaHUEM PACCUYUTAHHBIX KOIPDHUIHEHTOB
MIPOHUIIAEMOCTH KIJIETOYHBIX MEMOpaH IJIsl MOJIEKYII
BOJIBI M KPHOIIPOTEKTOPA MTO3BOJIHIIA CO3/1aTh AP PeK-
THUBHBI MHOTOCTYIIEHYATBIM ITPOTOKOJ OXJIAXKACHUS
CTBOJIOBEIX KJIETOK KOpaoBoi kposw [38]. Mcmons3o-
BaHue 3TOro e nporokona 111 MCK amHHMOTHYECKOH
XKUJKOCTH JAajl0 BO3MOXXHOCTb COXPaHHUTh IOCIE
0TOTrpeBa KJIETOK MX MOP(OIIOTHIO0, KAPUOTHII, pEeLie-
TOPHBIN penepTyap, MyJIBTUIIOTEHTHBIH quddepeHun-
POBOYHBIN MOTEHLUAT U IKCIIPECCUIO TEHOB SOX2 U
nanog Ha ypoBHE HatuBHOro koHtposd [10]. ITomy-
YEeHbI aHAJIOTUYHBIE JAHHBIE O HEU3MEHHOCTH YPOBHS
9KCIIPECCHH T€HOB caMoTojAepkanus (oct4, nanog,
sox2, rexl), naxe mociae MHOTOKPAaTHOTO 3aMOPaXKH-
BaHus-otorpeBa MCK ¢ mcnonb3oBaHHEeM TOTO e
metona [32].

N3ydenne skcnpeccuu T€HOB, OTBEYAIOIINX 32
CHHTE3 HEKOTOPBIX POCTOBBIX (PAKTOPOB, B HACTHOCTH
VEGF u PDGF, B nexoncepBupoBaHHbIX pubpodmac-
Tax 4eJIOBEKa IOKa3ajo MOBBILICHHE COACPIKaAHMS
cootrBerctBytomux MPHK [31]. B cBsi3u ¢ tem, uto
VEGF wurpaer BaxHy0 ponb B NOAAECP)KaHUU TO-
MEO0CTa3a KJIETOK U TKaHel opranusma [7], moBsbliiie-
HUE €ro NPOAYKLUUHU IMOCIe KPUOKOHCEPBUPOBAHUS
MOXET CIIOCOOCTBOBATh pemapariy HeJeTaIbHBIX
MOBPEXACHNH KIE€TOK. DAKT aKTUBALIMY TPAHCKPUITLIUI
psna Kacma3 y)ke Ha MepBble CyTKH IOCTIe OTOrpeBa
KPHUOKOHCEPBUPOBaHHBIX (prOpobmacToB [12] mo3Bo-
JII€T MPEATOIO0XKUTh, YTO THOENb HE CHOCOOHBIX K
penapannu KJI€TOK MPOUCXOJUT MyTEM aronTo3a.

HexkoTopsle nccienoBarenn NOAYEpPKUBAIOT BaxK-
Hyto posib MCK B peanuzaniun ”MMYHOMOAYJIAPYIO-
LIEr0 BO3JACHCTBUS Uil BOCCTAHOBICHUS UMMYHHOM
CHCTEMBI, pa30aJlaHCUPOBAHHOM IPU Ay TOMMMYHHBIX
3aboneBanusx [16, 29]. UMmyHoMonynupytommas ax-
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forming ability was lower than the level assessed both
before freeze-thawing, and in the samples frozen-
thawed under 10% DMSO protection. These findings
de-monstrate the possibility to alter significantly the
functional characteristics of MSCs using certain cryo-
preservation protocols.

Optimization of freezing protocol using the cal-
culated cell membrane permeability coefficients for
water and cryoprotectant molecules allowed to develop
an effective multistage cooling protocol for cord blood
stem cells [38]. Using this protocol for freezing the
MSCs of amniotic fluid allowed to preserve post-thaw
morphology, karyotype, receptor repertoire, multipotent
differentiation potential, sox2 and nanog gene expres-
sion at the level of non-frozen-thawed control [1].
Similar data about the preserved expression level of
self-maintenance genes (oct4, nanog, sox2, rexl),
even after multiple freeze-thawing of MSCs were ob-
tained using the same method [32].

Study of expression of genes involved in the syn-
thesis of certain growth factors, in particular, VEGF
and PDGF, in thawed human fibroblasts showed an
elevated levels of correspondent mRNA [31]. Due to
the fact that VEGF plays an important role in
maintaining homeostasis of cells and tissues [28], in-
creasing of its production after cryopreservation may
facilitate repair of non-lethal damages of cells. The
fact that transcription of several caspases was found
to activate already to the first day after thawing of
fibroblasts [3] suggested that the death of unable to
repair cells occurred by apoptosis.

Some researchers emphasize the important role of
MSCs in the implementation of the immunomodulatory
effects to recover the immune system, affected during
autoimmune diseases [7, 29]. Immunomodulatory ac-
tivity of MSCs is associated with ido gene, responsible
for the synthesis of the enzyme indoleamine 2,3-
dioxygenase (IDO) [34, 36]. The key role of IDO was
shown in the launch of kinurenine pathway of tryp-
tophan catabolism and the formation of its decompo-
sition products such as kinurenic, quinolene, picolene
and 3-hydroxyanthranilic acids [27]. These tryptophan
catabolites possess the capability to activate the sup-
pressive link of immunity, particularly, regulatory T cells
[11]. Moreover, a growing interest has been noted
recently in studying the role of ido gene and tryptophan
metabolites in the regulation of MSCs’ proliferation
process [6].

It is obvious that the expression level of the ido
gene, responsible for immunomodulatory function of
fetal liver MSCs can serve as a prognostic criterion
for functional adequacy of cryopreserved specimens
in the treatment of various pathologies [15, 16, 18, 21].
Previously, we have found the changes in the pattern
of ido gene expression in the MSCs if fetal liver
gestation terms were different [17]. Considering that
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tuBHOCTH MCK accomuupyercs ¢ TeHOM ido, OTBET-
CTBEHHBIM 32 CHHTE3 (hepMeHTa MHIO0IaMUH 2,3-HOK-
curenassl (UJ10) [34, 36]. [loka3ana kiroueBas poib
MO B 3amycke KWHYPEHUHOBOTO Iy TH KaTaboIn3Ma
TpunTtodana u GOPMUPOBAHUH IIPOTYKTOB €TI0 pacnaja
B BHJIE KHHYPEHOBOI, KBUHOJIMHOBOW, TMKOJTMHOBOH 1
3-ruapOKCHAHTPaHUIIOBOH KUCIOT [28]. JlaHHBIE KaTa-
0onuThl TpUNTO(haHa 00JIaAI0T CLIOCOOHOCTHIO aKTH-
BHPOBATh CYNPECCOPHOE 3B€HO NMMYHHUTETA, B YaCT-
HOCcTH perynsaropasie T-knetku [19]. bomee toro, B
MOCIIEIHEE BPEMsI BO3POC MHTEPEC K M3YyUEHHUIO POIIN
rera ido m MeTabonuTOB TpUMNTO(paHa B PETYIAINAA
nporecca npoymdeparuun MCK [15].

Od4eBHIHO, YTO YPOBEHB KCIIPECCUU TeHa ido,
OTBETCTBEHHOTO 32 MMMYHOMOAYJIUPYIOUTYI0 (DyHK-
o MCK deranbHoil meueHn, MOXKeT CITy>KUTb [IPOr-
HOCTHYECKHM KpUTEpHeM (DYHKIMOHAIBHON TOTHOLICH-
HOCTH KpMOKOHCEPBHUPOBAaHHOI'O MaTepuasa IpHu Jeve-
HUU pa3IUYHbIX TaTOJOTuH [2, 4,22, 23]. Panee Hamu
ObUT ycTaHOBJIEH (haKT M3MEHEHHUS XapakTepa 3KcC-
npeccun rera ido 8 MCK 1o Mepe poJIoHTaIiu Cpo-
KOB recTanuu (heraabHOH redenu [ 1]. YaurteiBast, 4To
KPHOKOHCEPBHPOBAaHHUE — 00513aTEIbHBIH 3TaIl HCIOJb-
3oBanus MCK B KiIMHWYeCKO# MPaKTHKe, aKTyaJIbHO
uccrnenoBane QyHKIMOHAILHON OJHOIIEHHOCTH Jie-
KOHCEPBUPOBAHHOTO MaTepuaia. B cBs3u c BhIIe-
W3JI0KECHHBIM LEJIbIO JaHHOW paboThl Oblja OLleHKa
ypoBHs 3kcnpeccuu reHa ido B MCK ¢eranbHoi
[I€YE€HHU MBIIIEH J0 U IT0CJIe KPHOKOHCEPBUPOBAHUS.

MartepuaJjbl 1 MeTOABI

OOBexTOM HccineoBaHus ObUTH 00111as CyCIICH3HS
KO®II mpimeit nuaun CBA/H u ¢paknuun KOII c
(enotunmueckumu npuszHakamu MCK. Beimensnu
KO®IT u3 sm6pronoB Ha 14-i1 (KOI1-14) u 18-i1 (KDII-
18) mocTKONTANHHBIN ICHD.

PaboTy BEIONHSIN B COOTBETCTBHH ¢ «O0muMu
MPHHIUIIAMHA SKCIIEPHMEHTOB Ha XKHBOTHBIX», 0J100-
pensbivu 111 HanmoHanbHBIM KOHTpECCOM 1O OHO-
atuke (Kues, 2007) u cornacoBaHHBIMH C TIOJIOXKE-
HUsIMH «EBporeiickoif KOHBEHIIMH O 3aIIKTe HO3BOHOU-
HBIX XUBOTHBIX, UCIIOJIb3YEMBIX IS 3KCIIEPUMEH-
TalbHBIX M APYTuX HaydHbx weiueit» (CtpacOypr,
1986).

Ionyuenue cycnensuu K®II. Brinenennyo us3
9MOPHOHOB (eTallbHYIO NIeYeHb JC3UHTETPUPOBAIH B
romorenusarope Ilorrepa B cpene 199 (Mucturyr
MOJIMOMUEITUTA U BUPYCHBIX SHIIedanuToB, Poccus) ¢
nob6asnenneM 10%-i oMOpHOHANBHOU TeNsUYbCH
ceiBopoTkH («buonoT», Poccust) m 2%-ro nurpara
HaTpus (Janmee B TEKCTe — pabouas cpema) ¢ mocie-
IYIOLIMM [IPOITYCKaHHWEM Yepe3 KalpOHOBBIN (QHIIBTP.

@enomunuueckutl anaruz KOII ocymecTBIsIA
Ha nporoyHoM nurodayopumerpe «FACS Calibury
(«Becton Dickinson», CIIIA), ucronb3yst MOHOKJIO-
HaJIbHBIC aHTHMBIIIMHBIE aHTUTENa K MEMOpaHHBIM

npo6nemMbl KpMOOMONOrMM U KPUOMEAULIMHbDI
problems of cryobiology and cryomedicine

Tom/volume 24, Ne/issue 1, 2014

cryopreservation is a mandatory step of using MSCs
in clinical practice, an assessment of functional features
of thawed samples is relevant. Thereby, the aim of
this study was to evaluate the level of ido gene exp-
ression in murine fetal liver MSCs before and after
cryopreservation.

Materials and methods

The study was performed in total suspension of
FLCs from CBA/H mice and FLC fractions with
phenotypic features of MSCs. The FLCs were isolated
from embryos at the 14" (FLC-14) and 18" (FLC-18)
post-coital day.

The experiments were carried out in accordance
with the General Principles of Experiments in Animals,
approved by the 3" National Congress on Bioethics
(Kiev, 2007) and consistent with the regulations of the
European Convention for the Protection of Vertebrate
Animals used for Experimental and other Scientific
Purposes (Strasbourg, 1986).

Procurement of FLC suspension. Fetal liver
isolated from embryos was disintegrated in a Potter
homogenizer in medium 199 (Institute of Poliomyelitis
and Viral Encephalitis, Russia) supplemented with 10%
fetal bovine serum (BioloT, Russia) and 2% sodium
citrate (hereinafter, the handling medium), the suspen-
sion was thereafter passed through a nylon filter.

Phenotypic analysis of FLCs was performed with
FACS Calibur flow cytometer (Becton Dickinson,
USA) using anti-mouse monoclonal antibodies to the
MSCs membrane markers CD73 (FITC) and CD105
(PE) (BD Biosciences, USA) according to manufac-
turer’s instructions. As a control served the samples
supplemented with non-immune FITC and PE conju-
gated monoclonal antibodies (BD Biosciences) of the
same isotype as the antibodies to the studied marker.
Statistical analysis of cytofluorimetric data was per-
formed using WinMDI 2.8.

Evaluation of the MSCs functional capacity.
Content of CFUf, which correlates with the content
of MSCs [7], was determined by in vitro culturing of
FLCs with seeding density of 1x10* cells/cm? in the
presence of irradiated (5 Gy) guinea pig BM feeder
cells (2x10° cells/cm?) [13]. Culturing was performed
in a CO, incubator at 37°C in 3 cm glass Petri dishes
during 14 days in the Iscov’s medium (Sigma, USA)
supplemented with 10% fetal bovine serum. To the
14" day, the number of colonies containing at least 50
cells was determined using the light microscope
(LOMO, MIKMED-2, x20).

Isolation of MSCs by immunomagnetic sorting.
The MSCs fraction was procured from the FLCs by
positive selection using magnetic sorter (BD Imagnet™,
USA) and CD105 Multisort Kit (Miltenyi Biotec, USA)
according to the manufacturer’s protocol. It has been
shown that the cells with CD105" phenotype selected
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mapkepam MCK CD73 (FITC) u CD105 (PE) («BD
Biosciences», CIIIA) cormacHO HHCTPYKIIAU TPOU3BO-
nutens. B kauecTBe KOHTPOIISL HCIONB30BaIN TPOOHI
¢ no0aBiieHUEM HEMMMYHHBIX KOHBIOTHUPOBAHHBIX C
FITC u PE monoxknonanpHbix antutel («BD Bioscien-
Ces») TOTO JKe M30THIIA, YTO U aHTUTENA K UCCIeaye-
MoMy Mapkepy. CTaTHCTHUECKHI y4eT HUTO(Iyopu-
METPUYECKUX JAHHBIX OCYIIECTBIISIIM C TOMOUIBIO
nporpaMMbl « WinMDI 2.8».

Oyenka ¢ynxyuonanvrnoco nomenyuara MCK.
Conepxanue KOEd, koTopoe Koppenupyer ¢ conep-
xanuemM MCK [16], onpenensinmu npu KyJIbTHBHPO-
Bannu K®II in vitro ¢ mIOTHOCTBIO 3KCILIAHTAIIUU
1x10* x/cm? B mpucyTcTBHH 00aydeHHBIX (5 I'p)
dunepusix kierok KM (2x10° xi/cm?) Mopckoit
ceunku [8]. Kynerusuposanue nposoaunu B CO,-
nHKyOaTope npu 37°C B cTeKIsIHHBIX Yamkax [letpu
(d = 3 cm) B Teuenue 14 cytok B cpeae Iscov’s
(«Sigmay, CIIA) ¢ no6aBnennem 10%-ii 3MOpuo-
HaJbHOH Tenstubel chiBOpoTKU. Ha 14-e cyTku B cBe-
toBoM Mukpockore (JIOMO, «MUKMEJ-2», x20)
OTIPEAETISUTH KOJTUYECTBO KOJIOHHUH, COEpIKaIlINX He
MeHee 50 KIIeToK.

Boioerenue MCK memooom ummyHomacHum-
Hoeo copmunea. Opaxmuto MCK nomyganu n3 KOIIT
METOJIOM MO3UTHUBHON CENEKIIMU C MCIIOIb30BAHUEM
MarautHoro coprepa («BD Imagnet™y, CIIIA) u
«CD105 Multisort Kit» («Miltenyi Biotec», CILIA) co-
[JJaCHO MPOTOKOJY Mpou3BoauTens. beuto mokasaHo,
YTO BBIJEJICHHBIE TAKUM 00pa3oM KJIETKH ¢ (peHoTH-
nom CD105" oz neiictBueM cieniuuaeckux HHAYK-
TOPOB in Vitro o0Nagany cnocoOHOCTRIO K tuddepen-
LIUPOBKE B OCTEO- U a[JUIIOT€HHOM HaIPaBIEHUAX, UTO
oATBEp K 1ano ux npuHaiexHocts kK MCK [17, 24,
26].

Kpuoxoncepsuposanue K®II. PacTBOop ais
kpuokoHcepBupoBanus K®II mpexcrtaBnan coboi
pabouyto cpexy c¢ mobasmenuem 20% JIMCO (AO
«Tammudapmy, Yepauna). K nomyuennoit Ha paboyeit
cpene obmeit cycrniensuu KOII u BeineneHHBIM Ha
MarHUTHOM copTepe QHpaKLUsIM MO KaIuisiM 100aBIIsUTH
pacTBOp U1 KPUOKOHCEPBUPOBAHUS B COOTHOLIEHUH
1:1 npu temneparype 22°C B TeueHue 2—3 MuH (Ko-
HeuHas KOHLEHTpAlUs KPHONPOTEKTOpa COCTaBUIIA
10%). DKCO3UIHIO KIETOK B pacTBOPE MPOBOIMIIN B
teuenue 10 MuH npu TOH Ke Temmeparype. Oxirax-
nenne KOII ocyiiecTBisiM Ha NPOrpaMMHOM 3aMO-
paxusarene YOII-6 (CKTb ¢ OIl UIIKuK HAH
YKpauHbI) 110 IBYX3TAaITHON MPOTrpaMMe CO CKOPOCTHIO
1 rpag/muH 10 —25°C ¢ nOCIe Iy OIINUM MOTPYKEHUEM
B xugkuii azot (—196°C) [4]. O6mIyro cycrneH3uro
K®IT ¢ koumenTparuei 2% 10° ki/mit 1 o6bemMoM 1,8 mit
3aMOPaKUBAJIM B IUIACTHKOBBIX amiryiax («Nuncy,
I'epmanus), a BeIAECTICHHBIE HA MarHUTHOM COpTEpe
¢pakunu o6bemoM 30 MK U TOM ’k€ KOHLIEHTpaLen
KJIETOK — B cosoMuHKax (d = 0,25 mm). OOpasusl
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in such a way possessed the ability for induced in vitro
differentiation into osteo- and adipogenic directions,
suggesting that they belong to the MSCs [8, 20, 25].

Cryopreservation of FLCs. Solution for FLCs
cryopreservation was the handling medium supple-
mented with of 20% DMSO (Galichfarm, Ukraine).
The total suspension of FLCs in handling medium as
well as the fractions separated by magnetic sorter were
dropwise mixed with cryopreservation solution up to
the 1:1 ratio at the temperature of 22°C for 2—3 minutes
(the final cryoprotectant concentration was 10%). The
cells were incubated in the solution for 10 minutes at
the stated temperature. Cooling of FLCs was perfor-
med in UOP-6 programmable freezer (Special Design
and Technical Bureau of the Institute for Problems of
Cryobiology and Cryomedicine of the National Aca-
demy of Sciences of Ukraine) by two steps: with a
rate of 1 deg/min down to —25°C, and then the samples
were plunged into liquid nitrogen (-196°C) [21].
Samples of FLCs total suspension with concentration
of 2x10° cells/ml and a 1.8 ml volume were frozen in
plastic vials (Nunc, Germany) and isolated by a mag-
netic sorter fractions of 30 pl and with the same con-
centration of cells were processed in straws (d =
0.25 mm). Samples were warmed in a water bath at a
temperature of 40...41°C until disappearance of the
solid phase, regardless of the type of container. Cells
were once washed to remove DMSO by dropwise
addition of an equal volume of handling medium and
subsequent centrifugation (200 g, 10 min). Cell sus-
pension after isolation, as well as the fractions of cells
after immunomagnetic sorting which were not subjected
to freeze-thawing would be defined hereinafter as
native ones.

Assessment of ido gene expression level. Ido
gene expression in total suspension and isolated CD105*
fraction of FLCs was assessed by polymerase chain
reaction with reverse transcription within one hour after
thawing [24]. Total RNA was isolated using the Diatom
RNA Prep 100 kit (Isogene Lab, Russia) from 1x10°
cells of each sample. The resulting nucleic acid mixture
was treated with DNAase [ according to the manufac-
turer’s instructions (Synthol, Russia). Reverse trans-
cription reaction was perfromed using random- oligo-
nucleotides and reverse transcriptase (M-Mlv)
(Reverte L, R&D Institute of Epidemiology, Russia).
Primers to the test gene were constructed using the
GenBank database (NCBI BLAST, USA): ido
NM 008324.1 (fragment length 342 bp) and synthe-
sized by Medbioservis CJSC (Ukraine). Amplification
products were detected by capillary electrophoresis
bioanalyzer (Agilent 2100, USA) [23, 24].

The data were statistically processed by the Stu-
dent’s method using a MS Excel software. Data are
shown as mean =+ standard deviation. Differences were
considered statistically significant if p <0.05.
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OTOTpEBAJIM Ha BOASHOW OaHe MpHU TeMIepaTrype
40...41°C o mcue3HOBEHUS TBEPIOH (a3l HE3aBH-
CHUMO OT THIIa KOHTelHepa. KneTku omHoKpaTHO OT-
MeiBau 0T IMCO myTeM noKamensHOro 100aBIeHus
paBHOrO 00BEMa pabouell cpellbl 1 MOCIEeIYIOLIETO
uentpudyruposanus (200g, 10 mun). Cycnensuu Kie-
TOK IOCJIE BBIJIETICHUSL, @ TAKOKE (PPAKLUH KJIETOK MOCIIe
WMMYHOMAarHUTHOT'O COPTHHTA, HE MOJBEPraBILINECS
MIpOLIEAYPE 3aMOPaKMBAaHUA-OTOTPEBA, Jajee OynemM
Ha3bIBaTh HATUBHBIMH.

Onpeodenenue yposus skcnpeccuu cena ido.
YpoBEeHB IKCTIPECCHU TE€HA ido B 00IIIEH 1 BBIICTICHHON
CD105*-¢paxinu KOII orieHrBaIM METOIOM ITOJIME-
Pa3HOM IETTHOM peaKIuy ¢ 00paTHON TPAHCKPUIIIIHEH
B TEUCHHUE Yaca 1ociie pasmopaxkuanus [9]. O6myro
PHK Boigensiin ¢ momompio Habopa «Diatom RNA
Prep 100» («Isogene Laby, Poccus) u3 1x10° kietok
Kaxzoro oopasua. [loaydyeHHyI0 cMeCh HyKIEHHOBBIX
kucnot obpabareiBanu JIHK-a30ii I cormacHo mHCT-
pykuun npousBoautens (OO0 «Cunron», Poccus).
Jist peakiiuy 0OpaTHOM TPAHCKPHITIIIH HCIIOTh30BAIN
random-oJIMTOHYKJICOTHABl U peBeprasy (M-Mlv)
(«Pesepta Ly, HUND M3 POD). IIpaiimMeps! k nuccie-
JyeMOMY TeHY OBLIM CKOHCTPYHPOBAHBI Ha OCHOBE
0a3bl nannabix «GenBank» (NCBI BLAST, CIIA):
ido—NM_008324.1 (nnuHa ¢pparmenta 342 nap HyK-
neotunoB) u cuHtresupoansl B AO3T «Menbuo-
cepBuc» (Ykpauna). [Iponykrsl amMmnnudukauim on-
peneNsI METO0M KauJUIIPHOTO 3J1eKTpodopesa B
ounoananmmzarope («Agilent 2100», CIIIA) [9, 25].

[lonyyeHHble TaHHBIE CTATUCTUYECKH 0OpaldaThI-
Baju 1o Metony CThIOIEHTa C NIPUMEHEHHEM KOM-
neioTepHoi mporpammbel MS Excel. JlanHble npuBe-
JIEHBI B BUJIE CPEIHEr0o 3HAUEHUs + CTaHAApTHOE OT-
KJIOHEHHe. Pa3nudusi CYUTany CTaTUCTUYECKH 3HA-
yumbIMU 1IpH p < 0,05.

Pe3yabrarhl U 06cyxaeHHne

B cBsi31 ¢ TPOTUBOPEUUBOCTHIO JAHHBIX O BO3/IEH-
CTBUU KPUOKOHCEPBUPOBAHUS Ha TCHETUYECKUM ITPO-
¢unb paznuuHbIX K1eTok [ 10, 21, 24] Heobxoanmo ObI-
JI0 U3YUYHTh XapaKTEPUCTHKH KPUOKOHCEPBUPOBAHHBIX
npenaparoB (eTaJbHOTO MPOUCXOKACHHS, HCIIONb3Ye-
MBIX B KJIMHHYECKOH npakThke. Ocoboe BHUMaHHE IPH
ATOM YIEeIsIeTCsl Me3eHXUMAaJIbHBIM KJIeTKaM (eTalb-
HBIX TKaHEW, MaTTEePH IKCIPECCHU OMpPEIEICHHBIX
T'CHOB B KOTOPBIX U3MEHSETCSI [0 Mepe MPOJIOHTAI[IH
cpokoB rectaruu [1].

UzeectHo, uyTo /IO — pepMeHT, UHUIIUUPY IO
OKHCITUTENLHYIO JIerpafanuto L-rpunrodana 1o Kuy-
pernHOBOMY IyTH. Kitetku, skcnpeccupyromue 1/10,
a TakXe MeTa0OoJIUThI TPUNTO(GaHA BOBJICUECHBI B HH-
IYKITUIO0 IMMYHHOM TOJIEPAHTHOCTH TIPY Pa3IMIHBIX
(bU3UOTOTUYECKUX M MATOJOTUYECKUX YCIOBHSX,
BKJIIOYas MHPEKIIMOHHBIE 3200JeBaHus, OepeMeH-
HOCTBh, TPAHCIUIAHTAIINIO, HEWPOATOIOTHIO, BOCTIAJIH-
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Results and discussion

The data on the effects of cryopreservation on the
genetic profile of a variety of cells are quite cont-
radictory [1, 14, 20], so it is still extremely important to
examine the changes in the characteristics of cryo-
preserved medicinal products of fetal origin used in
clinical practice. Particular attention should be paid to
the mesenchymal cells of fetal tissues, in which the
pattern of expression of certain genes changes during
gestation [17].

The IDO is known as enzyme initiating oxidative
degradation of L-tryptophan at kinurenine pathway.
Cells expressing IDO, as well as tryptophan metabolites
are involved in the induction of immune tolerance under
various physiological and pathological conditions, inclu-
ding infectious diseases, pregnancy, transplantation,
neuropathology, inflammatory and autoimmune dis-
orders. Normally, IDO is actively expressed in most
organs and tissues including chorion, placenta, decidua
[29]. During pregnancy these cells create the micro-
environment, able to produce IDO, which prevents the
activation of maternal T cells against the fetus allo-
antigens. Serum tryptophan level is decreased at the
third trimester of pregnancy as placenta develops and
Srows.

Considering the above mentioned, not surprising
was the fact that ido gene expression in FLCs was
reduced as gestation term increased, i. e. from 14 to
18 days of embryonic development (Fig. 1). It should
be noted that the reductions of this index in the total
suspension, and in the selected CD105* cell fractions
of native samples were quite the same (1.7 to 1.8 times).

Evaluation of the ido gene transcripts post-thaw
content both in total suspension and in CD105* cell
fractions showed that changes of its expression in
FLC-14 and FLC-18 had opposite directions. Total
suspension of cryopreserved FLC-14 (cFLC-14) had
5 times reduction of ido gene transcripts, while
cryopreserved FLC -18 (cFLC-18) a 2.5-fold increase
if compared to the native control. The same tendency
was revealed in isolated fractions of cryopreserved
CD105" cells. In cFLC-14 the ido gene transcripts
content decreased 2.33 times, and in cFLC-18 it was
2.8-fold increased.

The inhibitory effect of cryopreservation on ido
gene expression in FLC-14 coincides with the findings
reported by Francois et al. [12]. It was shown that the
ido gene mRNA expression level was approximately
4 times lower after thawing MSCs if compared with
non-frozen cells and the restoration of the level
occurred only following 24-hour-long culture. Moreover,
the thawed MSCs had a gradual increase in expression
of heat shock proteins (HSP), Hsp70, with maximum
to the 8™ hour post thaw, and returned to baseline
(Hsp70 mRNA expression level immediately after
thawing) also after 24 hrs. These data allowed to sug-
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TeJbHBIE U ayTONMMYHHBIE HapyIIeHus. B Hopmaib-
HbIX ycnosusax MO skcnpeccupyetcst B OONBIITNH-
CTBE OPTaHOB U TKaHEW, B TOM YHCIE U B XOPHOHE,
IJIalenTe, nenuayanbHoi obonouke [29]. [Ipu Oepe-
MEHHOCTH 3TH KJIETKH CO3/1al0T MHUKPOOKPY>KEHHE,
cnocobHoe K npoxykuuu MO, 4To mpensTcTByeT ak-
THBAaIlUd MAaTEPUHCKUX T-KJIETOK OTHOCHUTEIBHO
AJJIOAHTUTEHOB IUI0JA. YPOBEHb TPHUIITO(aHA B CHIBO-
POTKE KPOBH CHIDKAETCS K TPEThEMY TPUMECTPY Oe-
PEMEHHOCTH TI0 MEpEe Pa3BUTHSA U POCTA IJIAIICHTEHI.

B cooTBeTrcTBHM C BBIIECKa3aHHBIM HEYIHBH-
TEJILHBIM SIBIIsieTCS (PAKT CHUYKEHUS YPOBHSI DKCIIpec-
cuu reHa ido B KOII mo mepe recrammm ¢ 14-x 1o
18-e cytku pa3Butus smMopuona (puc. 1). IIpu atom
KpPaTHOCTh YMEHBUIEHUS NaHHOI'O MOKa3aTens B
o01eit cycrieH3uu U BbineneHHon ¢gpakauu CD1057-
KJIETOK B HATHBHBIX 00pa3uax Oblia IpUMEpPHO OJIU-
HakoBo#i (B 1,8—1,7 paza).

Pe3ynbrarsl OLIEHKM COAEpKaHUS TPAaHCKPHUIITOB
reHa ido mocie KpuOKOHCEPBUPOBaHHs Kak oOmiei
cycriensud, Tak u ppakunn CD105*-kmeTox mpose-
MOHCTPHPOBAIIH TIPOTHUBOITOJIOKHYIO HAIPaBIEHHOCTh
n3meHeHus ero skcrpeccun B KOII-14 u KOII-18.
B o6meii cycriensun kprokoHcepBrUpoBaHHBIX KDI1-14
(xK®II-14) coneprxanue TPaHCKPHUIITOB TeHa ido CHU-
JKaJIOCh B 5 pa3, IpH 3TOM B KPHOKOHCEPBUPOBAHHBIX
K®II-18 (kK®II-18) — moBslImanock B 2,5 pasza mo
CPaBHEHHIO C HAaTMBHBIM KOHTpoJieM. Takas ke TeH-
JEHIMSI COXPaHAIACh B BBIACIEHHBIX KPHOKOHCEPBUPO-
BaHHBIX (ppaknusx CD105-knetok. B kK®II-14 co-
JepyKaHue TPAaHCKPUIITOB TeHa ido CHIKANoCh B 2,33
pa3za, a B KK®II-18 — moBeimanocs B 2,8 pasa.

@®aKkT WHrHOMPYIOLIETO BIUSHUS KPUOKOHCEPBH-
poBaHus Ha dKcmpeccuio reHa ido B KOII-14 mox-
TBepXkAeH naHnHeIMu M. Francois u coaBt. [20]. Tax
OBLJIO ITOKA3aHo, UTO ypoBeHE dKcnpeccnn MPHK rena
ido cHmxancs cpazy nocie pasmopaxusaans MCK
MIPUMEPHO B 4 pa3za M BOCCTaHABIIMBAJICS TOJIBKO Yepes
24 4 kyneTHBUpOBaHUs. Ilpyu 3TOM B AEKOHCEPBHPO-
BaHHbIX MCK nocTeneHHo noBeIanach IKCIpeccus
oenkoB TeruroBoro moka (BTHI) — Hsp70, mocturas
MaKcHMMyMa K 8-My 4yacy Mocie OTOrpeBa, 1 BO3Bpa-
11agack K MCXOIHOMY YPOBHIO (BETIMYMHE HKCIIPECCUH
MPHK Hsp70 HemocpeacTBEHHO IOCIE OTOrpeEBa)
TaKxke uepe3 24 4. T JaHHbIE TT03BOJIMIIN IPEATIONO-
KHUTh, YTO KPHOKOHCEPBUPOBAHNE BPEMEHHO MHTHOH-
pyeT IMMyHHOCYTIpeccuBHBIE cBoricTBa MCK B oTBET
Ha noBsIeHHY0 3kcrpeccuio BT [27]. MaTepecHo,
4TO 4epe3 24 4 KyIbTUBUPOBAHUS B OTBET HA CTUMY-
nsiuuto uHTepdeponom ramma (MDOHY) ormeueHo
BoccTaHoBleHue dkcnpeccun pepmenta 10 B kpro-
koHcepBUpoBaHHbIX MCK.

BaxxHO ycTaHOBUTH, HACKOIBKO CHHXPOHU3HPOBA-
HBI U3MEHEHUS SKCIIPECCHH T'eHa ido ¢ N3MEHEHUSIMH
KOJNM4ecTBEHHOTO conepkanus U gpynkin MCK B de-
TaJIbHOM MTEYEHH Ha Pa3HbIX CPOKAX TECTAIUH, a TAKKe

2

N
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CD105" fraction .

O6Lwasn cycneHsus
Total suspension

BaHHOE MO reHy AomMallHero xo3daucrtea, OTH. en.

#*

S I

# *
1 ’_P

Kor-14 Korl-18 Korl-14 Korl-18
FLC-14 FLC-18 FLC-14 FLC-18

house keeping gene, arb. units

o

CopepxaHvue TpPaHCKPUMNTOB reHa ido, HOpMUpPO-
Content of ido gene transcripts, normalized by

Puc. 1. lNonyKkonuyecTBeHHbIM aHanu3 3KCnpeccun reHa
ido B 0bwwei cycneHaum KoM n CD105*-dppakumun: O- go
3amopaxwveaHust; O — nocne 3amopaxvBaHus 1 OTOrpeBa;
* — pas3nuynsa 4OCTOBEPHbI MO OTHOLLEHMIO K COOTBETCTBYHO-
LLleMy HaTUBHOMY KOHTPOIHO; # — No oTHoLweHuto k KKPIM-14
(p < 0,05).

Fig. 1. Semiquantitative analysis of ido gene expression
in total FLC suspension and in CD105* fraction: 00— before
freezing; O — after freeze-thawing; * — differences are
significant if compared with corresponding native control;
# — if compared with cryopreserved FLC-14 (p < 0.05).

gest that cryopreservation inhibited temporarily the im-
munosuppressive properties of MSCs in response to
increased expression of HSPs [28]. Interestingly, that
after 24 hours of culture, a stimulation with interferon
gamma (IFNy) resulted in recovery of the IDO enzyme
expression in cryopreserved MSCs.

It is important to realize, what is a coincidence of
ido gene expression changes with those in quantity
and function of MSCs in fetal liver of different gestation
terms and after cryopreservation? Receptor repertoire
of MSCs is the primary when determining their func-
tional status. Processes of self-renewal, proliferation
and differentiation of MSCs are realized through comp-
lex mechanisms of signals perception by membrane
receptors, following transduction and activation of
intracellular reactions of phosphorylation and dephos-
phorylation. From the 14" to the 18" day of embryonic
development the content of cells with CD73*CD105*
phenotype in fetal liver and the ability of MSCs to form
colonies in vitro increased (2.6 times and 1.5 times,
respectively) together with inhibition of ido gene ex-
pression. In other words, the changes of structural and
functional characteristics of MSCs of fetal liver during
gestation are inversely related to the degree of ido
gene expression.

Post-thaw content of CFUf in cFLC-14 decreased
by almost 2 times, whereas the content of CD73"
CD105" cells did not change (Fig. 2). That is, inhi-
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ocJie KpuOKOHCepBHUpoBaHusA? PerienTopHbIil pernep-
Tyap MCK sBiseTcst OCHOBHBIM KPUTEPHEM IIPHU OTIpe-
JeneHny ux QpyHKIHoHaIsHOrO cratyca. [Iponecch
caMo00OHOBNEHHS, ipostrdeparyy 1 1udhepeHIIPOBKH
MCK peanusyroTcs uepe3 Cl0KHbIe MEXaHU3MBI aK-
LETNLIMY CUTHAJIOB MEMOPaHHBIMH PELIeTITOPaMu € HO-
CIIEAYIOIIEH TpaHCAYKLIMEH 1 akTUBallel BHY TPUKIIE-
TOYHBIX peakuuii pochopunuposanus u gedochopu-
mupoBanus. C 14-x o 18-e cyTku pa3BuTHs SMOpHOHA
conepxanue KieTok ¢ penorunom CD73*CD105" B
(detanpHOl nevyenu u crocooHocts MCK dhopmupo-
BaTh KOJIOHWH i1 Vitro yBEIHYIUBAINCH (B 2,6 paza u
1,5 pa3a cooTBeTCTBEHHO) Ha (hOHE UHTUOMPOBAHUS
JKCIIpeccuy reHa ido. JIpyrumu ciioBamMu, nI3MEHEHHE
CTPYKTYPHBIX U (DYHKIMOHAJIBHBIX XapaKTEPUCTUK
MCK ¢eranbHOH IeUeHH 110 Mepe T'eCTAIlH HAXOIUT-
cs1 B 00paTHO 3aBUCMOCTH OT CTETIEHHU SKCIPECCHH
reHa ido.

[Tocne KpHOKOHCEPBUPOBAHHS OTHOCHTEIBHOE
conepxanne KOE¢d B kK®DII-14 cHmkanoch moutu B
2 paza, Toraa kak conepxxkaane CD73" CD105"-kierox
He u3MeHsoch (puc. 2). Takum obpazom, B KOII-14
WHTUOMPOBAaHNE HKCTIPECCHH TeHA ido KOPPETNPOBAJIO
TOJILKO CO CHIIKEHHEM KOJOHMeoOpasyromei ak-
tuBHOCTH MCK. UHTepecHo, uTo B KKDII-18 moBsI-
[IeHNE YPOBHA SKCIIPECCHH T'eHa ido COTTPOBOKIATIOCH
uHrubuposanueM B 1,6 pasza cnocooHoctu MCK x ko-
JIOHMEOOpa30BaHUIO U CHIDKEHHEM B 1,85 pas3a orHOCH-
TenbHOro coaepxkanus CD73"CD105"-knerok. B atom
CITy4yae peub MOXET UATH O CEJIEKTUBHON AMMUHALIUI
MCK, a Takxe o IIeAIUHTE peler-

TOPOB, ONPEACIAIONINX X (PEHOTHU-
MUYECKUE MMPU3HAKH [4].

bition of ido gene expression in FLC-14 correlated
only with a reduction of MSCs colony forming ability.
Interestingly, that the cFLC-18 had an increase in ido
gene expression accompanied by 1.6 times inhibition
of MSCs colony forming ability and 1.85 times
decrease in the relative content of CD73*CD105" cells.
In this case, we could suppose the selective elimination
of MSC:s, or the shedding of receptors that determine
their phenotype [21].

Thus, the post-thaw ido gene transcripts content
in FLC-18 suspension exceeded those in the FLC-18
and FLC-14 prior to freezing. Therefore, cryopreser-
vation exhibited a selective revitalizing effect on ido
gene in FLC-18. It is evident that ido gene expression
after cryopreservation was more pronounced in the
separated CD105* cell fraction than in total FLC sus-
pension.

As it was mentioned above, the MSCs could imple-
ment their immunomodulatory activity by means of the
IDO enzyme [34, 36], activating kinurenine pathway
of tryptophan catabolism and results in appearance of
terminal products (kinurene, quinolic, picolinic acids),
responsible for the regulation of T cell tolerance [36].
Synthesis of IDO is controlled by a number of inflam-
matory cytokines: IL-1, TNFa, IFNy [6]. Interferons
are widely used in medical practice as anticancer, anti-
viral and immunomodulatory agents, although the exact
mechanism of their antiproliferative activity is not fully
understood. Nevertheless, through the understanding
of the interferones’ antiproliferative effect mechanism

Takum 06pa3oM, TTOCIIE KPUOKOH- 35 . 4
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Ho reHa ido B KOII-18. BuaHo, uto ﬁ 8 11 oy

SKCIpeCCHs TeHa ido mocie Kpuo- I & & g 1

KOHCEPBHPOBAHMUs Oblila 6OEe BhI- 50 0,5 - £5 054

paxkeHa B BBIIEJICHHOW Qpakuuud & &

CD105"-k1eToK, 4eM B obmmeii cyc- 0 ’ g o -

ersuu KOOI Kori-14 K®r-18 Kor-14 Kori-18
FLC-14 FLC-18 FLC-14 FLC-18

Kax ynomunanoce Beime, MCK
CIIOCOOHBI peajn30BaTh CBOI HUM-
MYHOMOJYJIHPYIONIYIO aKTHBHOCTh
npu yuactuu ¢pepmenta MJ10 [34,
36], KOTOpBIN aKTUBHPYET KUHYpe-
HUHOBBIH ITyTh KaTa00IM3Ma TPHUII-
TohaHa ¢ GopMHUPOBAHHEM KacKaaa
KOHEYHBIX MPOAYKTOB (KHHYPEHHHO-

BOM, KBUHOJIMHOBOM, IIMKOJIMHOBOM 14 (p < 0.05).
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Puc. 2. CogepxaHune CD73*CD105*-knetok (A) u konoHneobpasytoLun
noteHunan KOEd (B) B cycneHanm knetok Ol pasHbix cpokoB rectauum: O —
[0 3amopaxwusaHus; O — nocne 3amopaxuBaHusi U OTOrpeBa; * — pasnuuus
AOCTOBEPHbI MO OTHOLLEHMWIO K COOTBETCTBYIOLLEMY HAaTUBHOMY KOHTPORIO; # —
no oTHoweHuto kK KKPI-14 (p < 0,05).

Fig. 2. Content of CD73*CD105" cells (A) and colony forming potential of
CFUf (B) in cell suspension of FL of different gestation terms: O - before
freezing; O — after freeze-thawing; * — differences are significant if compared
with corresponding native control; # — if compared with cryopreserved FLC-
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KHCJIOT), OTBETCTBEHHBIX 3a PEryisALuio T-KIeTouHoM
tonepanTHocTU [36]. Cunre3 U0 HaxomuTcs mon
KOHTPOJIEM psifia BOCTIAIUTEIHHBIX ITUTOKUHOB: NJI-1,
O®HOa, UOHY[15]. Uatepdepons! B Tle4eGHO¥ Tpak-
THUKE IIMPOKO HCIOIb3YOTCS KaK IPOTHBOOITYXOJIEBEIE,
[IPOTUBOBHUPYCHBIE © UMMYHOMOAYINPYIOIIHE areHTHI,
XOTSI TOUHBIM MEXaHH3M UX aHTUIPOIH(EepaTHBHON
AaKTUBHOCTH /IO KOHIIA HE HcclieoBaH. TeM He MeHee,
yepe3 MOHMMaHUE MEXaHW3Ma aHTUIPOJU(epaTHB-
Horo 3¢ dexra UHTEPHEPOHOB MOKHO OOBICHUTH
B3aMMOCBSI3b YPOBHS KCIIPECCUHU TeHa ido U WHTEH-
cuBHocty nponudepannu MCK. M3BecTHO, 94TO TIOC-
ne naaykuun UOHY IO MoxeT HHTHOMpOBaThH poCT
MCK nyTem CHIKEHHS Cofep KaHusl TpUNITO(daHa Kak
aMHUHOKHCIIOTBI, HEOOXOIUMOH JIjIs1 ONOCHHTE3a Oelika
[15]. K Tomy ke MeTabomuThl TpUnTo(haHa MOTyT Cy-
npeccupoBath npoiudeparnBHyto akTuBHOcTh MCK
[0 MPUHIUIY ayTOKPUHHOM perymsauuu. Takoi Tun
HEraTMBHON OOpPaTHOM CBS3M C MHTUOUPYIOIIMM (-
(exToM Ha mponudepannio MPOAEMOHCTPUPOBAH B
MCK pazauunoro resesa [15, 18].

Hcxons n3 nomydyeHHBIX JaHHBIX MOXHO IPEIo-
JIOKHTD, 4TO (PAKTOPOM aKTHBAIIUU IKCIIPECCHH TeHa
ido B KDII-18 MoxeT ObITh IMEHHO IPOLIECC KPUOKOH-
CepBUPOBaHMA. DKCIIPECCHUS ITOTO T'eHa ObL1a MaKCH-
MajabHOU B BeINeneHHO (pakiuu MCK. OTto moa-
TBEP)KJIAETCsl paHee MONTYICHHBIMHI JaHHBIMH 00 OT-
CYTCTBUH dKcipeccuu TeHa ido B cycnensun KOII,
mmenHor CD105*-¢gpakmuu [6].

YcraHoBIEHHOE HHTMONPOBaHKE KOJIOHHEOOpa3yo-
miero norennraia MCK B KpHOKOHCEpBUPOBAHHBIX
KO®II-18 Ha ¢oHE BBIpakeHHOTO MOBBIIIEHUS YPOBHS
9KCIIPECCUU B HHUX T'€HA id0 MOXeT OBbITh Ba)KHBIM
JOTIOTHUTENFHBIM J10Ka3aTeNIbCTBOM CIIOCOOHOCTH
depmenta NJ1O perynupoats pocT u auddhepeHiu-
poBky MCK, XOTSI BO3MOKHOCTH pealn3aiiy TaKoro
MeXaHM3Ma in vivo elie He Joka3aHa [15]. YcraHoB-
JICHO, YTO MPH TPUNTO(PAHOBOM TOJOAAHUH KIETOK
BKJTIOYAOTCS METa0O0TMYECKHE ITPOIECCH aAa TaIlHH,
B YaCTHOCTH PacTeT aKTUBHOCTH Tpunrtopanmi-TPHK-
cuntasbl (TTC), koTOpas MOXKET MOJJIePKUBATH
BHYTPHUKJIETOYHBIH pe3epB TpUNTO(aHa, TOCTYITHbIH
Ju1s cuaTe3a 0enka [13, 39]. [lomydennbpie HaMH TaH-
HBIE HCKJIFOYAI0T KOMITEHCATOPHBIN MEXaHU3M aKTHBa-
uuu TTC, X0Ts Ha pa3NUYHBIX TUHAX KJIETOK, BKIHOYAs
MCK ugenoBeka ¥ MbIIIH, II0Ka3aHo, 4To TTC MoxeT
651Th KonHAyIpoBana MDHY ogaoBpemento ¢ 10
[13, 15, 39]. Onrako MeXaHU3M B3aUMOIEHCTBHUS MEXK-
Iy JaHHBIMU (hepMEHTaMH 10 KOHIIa He u3y4eH. K To-
My e B HallleM cirydae 3kcrpeccus rena ido 8 MCK
noBeIIIasiack 0e3 yaactust MOHY u Obuta HHIYITHPO-
BaHa JelicTBUEM (U3UKO-XUMUYECKUX (PakTopos
KpUOKOHCEPBUPOBaHHUs. TOUHBIE MEXaHNU3MBI aKTHBA-
MU TEHOB TOCJE IUKJIa 3aMOpPaKUBAHUA-OTOIPEBA
OCTafOTCS MPEeIMETOM HuccienoBaHus. HemanoBax-
HBIM SIBJISIETCS| YCTAHOBJICHHBIH HaMK (pakT HHTHOUPO-
BaHUS dKcTpeccuu reHa ido B KOII-14.
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one could explain the relationships between ido gene
expression activity and MSCs proliferation intensity.
It is known that after the IFNy induction, IDO could
inhibit the growth of MSCs by reducing the amount of
tryptophan, an amino acid essential for protein syn-
thesis [6]. Moreover, tryptophan metabolites could
suppress the proliferative activity of MSCs according
to the principle of autocrine regulation. This type of
negative feedback with an inhibitory effect on the
proliferation was reported in MSCs of various origins
[6,10].

Our data showed that cryopreservation could be
the activating factor for ido gene expression in FLC-18.
Maximum expression of this gene was found in isolated
MSC fraction, and our previous experiments showed
that the FLC suspensions deprived of CD105" fraction
had nearly no expression of ido gene [9].

Inhibition of colony forming ability of MSCs revealed
in cryopreserved FLC-18 on the background of signifi-
cant increase in the level of ido gene expression may
be an important additional proof for ability of IDO en-
zyme to regulate the growth and differentiation of
MSCs, although the reliability of such a mechanism
in vivo has not been proved yet [6]. It was found that
in the tryptophan deprived cells the adaptative metabo-
lic processes were activated, in particular an alternative
enzyme tryptophanyl-tRNA synthase (TTS), which
could support an intracellular tryptophan reserve avai-
lable for protein synthesis [4, 39]. Our data exclude a
compensatory mechanism of TTS activation, despite
the fact that TTS can be coinduced by IFNy together
with IDO established in different cell types including
human and mouse MSCs [4, 6, 39]. However, the me-
chanism of interaction between these enzymes is not
fully understood. Moreover, in our case, ido gene ex-
pression in MSCs was increased without IFNy and
was induced by some physical and chemical agents of
cryopreservation. The exact mechanisms of gene acti-
vation after a freeze-thawing cycle are the subject of
future research. Of importance is the established by
us fact of ido gene expression inhibition in cFLC-14.

In case of FLCs, the stimulation or inhibition of
certain genes expression after cryopreservation may
determine their therapeutic effect, as clinical practice
utilizes both the cells obtained at various terms of
gestation, and those cryopreserved using different
protocols [21]. Established fact about activation of ido
gene expression in FLC suspension of late gestation
term suggests the possibility to change the functional
capacities of MSCs after low-temperature preservation,
that should be considered during applica-tion of this
material in clinical practice. It was shown previously
during treatment of autoimmune hemolytic anemia, that
therapeutic effects of cryopreserved FLC of late
gestation terms (FLC-18) was higher if com-pared with
non-frozen-thawed FLCs of 14 and 18 days of
gestation [16]. A similar pattern was noted during
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Jost KOIT cTuMymsus wid HHTHONPOBAHIE DKC-
MIPECCHUH OTIPEIETICHHBIX T€HOB MOCIIE KPHOKOHCEPBH-
POBaHUSA MOXET ONpPEAENATh UX TEpaneBTUUECKUN
3¢ QEeKT, MOCKOIBbKY B KIMHUYECKON MPAKTHUKE UCIIOJb-
3ytoT K®II, kak nosy4yeHHbIe Ha pa3HBIX CPOKaX rec-
TaIUH, TaK 1 KPHOKOHCEPBHUPOBAHHBIE IO Pa3THYHBIM
pexxumam [4]. YcTaHOBIEHHBIH (DaKT aKTUBALUU SKC-
npeccun reHa ido B cycnienzuu KOII no3aaux cpokos
TeCTaIlH CBUJETEIHCTBYET O BOSMOKHOCTH U3MEHE-
HUs  QyHKIMOHaIbHOro noteHnuaita MCK mocie
JeHCTBUS PAKTOPOB HU3KOTEMIIEPaTypHOTO KOHCEPBU-
POBaHHMS, YTO HEOOXOIUMO YUUTHIBATH IIPH HCIIOIH30-
BaHMHU TAKOTO MaTepuaja B KIMHUYECKON MPaKTHKE.
Panee, Ha npumepe ayTOMMMYHHON FeMOJIMTUYECKOM
aHeMuH, ObUIO MMOKa3aHO MPEUMYILECTBO TEPAIIEBTH-
geckoro 3¢¢exra kpuokoHcepsupoBaHHbIX KDII
no3aaux cpokoB recranuu (KOII-18) mo cpaBHeHUIO
¢ HatuBHbIMU KOII 14 u 18 cyTok recrauuu [23]. [To-
no0Has 3aKOHOMEPHOCTDH Oblila OTMEUeHa Ipu Jieue-
HuU KpuokoHcepBupoBaHHbIMU KDII 18 cyTok recra-
MU OOJIE3HU «TPAHCIIIAHTAT IPOTUB XO3SHUHA» B OKC-
nepumente [2, 4]. O4eBUAHO, YTO MPUBEIEHHBIE
JaHHBIE MTOJITBEPXKIAIOT, YTO KPHOKOHCEPBUPOBAHNE
CIIOCOOHO BJIMATH HA TEPANEBTUYECKUI MOTCHIIHAI
K®II B 3aBHCUMOCTH OT CPOKA F€CTALUH U YIIPABIAThH
BHYTPEHHUM COCTOSIHHEM OMOOOBEKTa.

BriBoabI

YcranoBineHo noselienue cogepxxanusgs MCK ¢
¢denoruniom CD73"CD105* u ux xomoHueooOpasy-
IOLIEro MOTEeHIHaNIa HA ()OHE HHIHOMPOBaHMS IKCIIpec-
CHH reHa ido 1o Mepe MPOJIOHTalluy CPOKOB IeCTallu
¢detanbHOl nevyenu ¢ 14-x mo 18-e cyTku.

[ocne kprroKoHCEPBUPOBAHUS OTMEUEHO CHIUKEHNE
conepxkanusg KOE¢ B KOIT. [Tpu aToM B KpHOKOHCED-
BrupoBaHHBIX KOII-18 mpoaykuus TpaHCKPHIITOB reHa
ido Bo3pacTaa 0 ypOBHS, IPEBBIIIAIOIIETO HE TOJIBKO
JAHHBIA MOKa3aTellb B HATHBHBIX KJIETKaxX, HO M B
K®II-14 mo 3amopaKuBaHUS.
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treatment of experimental graft-versus-host reaction
with cryopreserved FLC-18 [18, 21]. Obviously, these
data suggest that cryopreservation could affect the
therapeutic potential of the FLCs, depending on the
term of gestation, and control the internal state of a
biological specimen.

Conclusions

Prolongation of fetal liver gestation from 14 to 18
days is accompanied with an increase in the content
of MSCs with CD73"CD105" phenotype and their
colony forming ability on the background of inhibition
of ido gene expression.

Cryopreservation is followed by a decrease in CFUf
content in FLCs. In cryopreserved FLC-18 the ido
gene transcripts content was higher than those in non-
frozen-thawed FLC-18 and FLC-14.
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