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PedepaT: KOMNOHEHTOM PEKOHCTPYKTUBHOW Tepanuu ayTOMMMYHHbIX 3aboneBaHuii (AU3) siBnseTcss npuMmeHeHne
KPUOKOHCEPBUPOBAHHOIO ayTONOrM4YHoro KoctHoro mosra (KM). SddektmBHOCTb Mcnonb3oBaHus KM onpegensieTca cTeneHblo
COXpPaHHOCTU ero CTBOMOBbLIX KPOBETBOPHBIX U Me3eHxuManbHbix kneTok (CKK u MCK). [aHHbili bakT onpegensieT Heo6xoanMocTb
pa3paboTku OnTUMarnbHbIX PEXMMOB KpuokoHcepBupoBaHus KM noHopoB ¢ AU3. B paboTe 6bin oueHeH yHKLMOHArbHBIA cTaTyc
CKK 1 MCK kocTHOro Mo3ra mblillen ¢ agbloBaHTHbIM apTputom (AA), MHULMNPOBAHHBLIM BBEAEHWEM MOMHOMo agbloBaHTa PpenHaa.
KocTHbI mMo3r mbiwen nuHumn CBA/H Ha 14-e cyTkn AA (xpoHudeckas ctagusi) n KM 300poBbIX XMBOTHbBIX KPMOKOHCEPBMPOBaNu
noa 3awwmton gumetuncynbdokcnga. Cogepxanne CKK pasnuuHon cteneHun guddepeHUMpoBKU onpeaensny mMetoaom
Cene3eHOYHOro kornoHneobpasoBaHus in vivo Ha 8-e (KOEc-8) n 14-e (KOEc-14) cyTku. ®yHkumMoHanbHyto aktusHocTe MCK B KM
uccnefoBanu B YCroBusiX in vitro no copgepxaHuto konoHueobpasywwux eanHuy pubpobnactos (KOEd). YcTtaHoBneH dakT
M3MEHeHUs PYHKUMOHANbHOro noTeHuuana KpoBeTBOPHbIX npelectBeHHMkoB KM pasHoro ypoBHs anddepeHumnposkm (KOEc-8,
KOEc-14) n nx ctpomansHoro mukpookpyxeHus (KOEd) B nepuog knvHudyeckon maHudectaumm AA. YCTaHOBMEHO, 4YTO nocne
KpuokoHcepBupoBaHus knetok KM xwuBoTHbIx ¢ AA ¢ 7% OMCO dyHkumoHanbHbii noteHuman KOEc n KOE® 6bin aHanornyHbim
nokasatensMm KM 340poBbIX XMBOTHbIX, KpMokoHcepsuposaHHoro ¢ 10% AMCO.

KniouyeBble crnoBa: KOCTHbI MO3r, CTBONOBblE KPOBETBOPHbIE KMETKW, CTBOMOBbIE Me3eHXUMalnbHble KNeTKW, KPUOKOH-
cepBMpoOBaHWe, ayTOMMMYHHasi naTtonorvs.

Pedepat: KOMNOHEHTOM PEKOHCTPYKTUBHOI Tepanii ayToiMyHHUX 3axBoptoBaHb (Al3) € 3acTocyBaHHS KpPiOKOHCEPBOBAHOIO
ayTonoriyHoro kictkoBoro mMo3ky (KM). EdekTuBHicTb BukopucTaHHs KM Bu3HayaeTbcsi CTyneHeM 36epexxeHOoCTi Moro cToBbypoBuMX
KPOBOTBipHUMX i Me3deHximanbHux knitnH (CKK i MCK). OaHui dakT BM3HaA4Yae HeobXigHiCTb po3pobky ONTMManbHUX PeXuMis
KpiokoHcepByBaHHs KM goHopis i3 Al3. Y po6oTi ouiHeHo dyHkuUioHanbHui ctatyc CKK i MCK kicTkoBOro Mo3ky MuLlel i3 aa'toBaHTHUM
apTputom (AA), iHiLiioBaHUM BBeAeHHSIM MoBHOro af'toBaHta ®periHaa. KictkoBuit mo3ok muiei niHii CBA/H Ha 14-y noby AA
(XpoHivyHa cTagin) i 34opoBUX TBapWH KPiOKOHCepBYyBanu nig 3axuctom gumetuncynbdokcmay. Bmict CKK pisHoro ctyneHs
audpepeHuiloBaHHA BU3HA4Yanu MeTOAOM CenesiHKOBOro KOMOHieyTBOpPlOBaHHS in vivo Ha 8-y (KYOc-8) i 14-y (KYOc-14) noby.
dyHkuioHanbHy akTuBHicTe MCK y KM gocnigxyBanu B ymoBax in vitro 3a BMiICTOM KOMNOHieyTBOpHOUMX oanHULUb ¢ibpobnacTis
(KYOdp). BctaHOBREHO dakT 3MiHM PyHKLiOHANbHOro NoTeHujiany KpoBOTBipHUX nonepeaHukisa KM pisHoro piBHsi gudpepeHuitoBaHHs
(KYOc-8, KYOc-14) Ta ix cTpomanbHoro mikpootoueHHs (KYOd) y nepiog kniHiuHOi maHidecTauii AA. BcTtaHoBneHo, Wwo nicns
KpiokoHcepByBaHHA kniTuH KM TBapuH 3 AA nig 3axuctom 7% AMCO dyHkuioHaneHuin noteHuian KYOc i KYOd 6yB aHanoriyHum
nokasHukam KM 3goposux TBapuH, KpiokoHcepsosaHoro 3 10% OMCO.

KniouoBi cnoBa: kicTKOBMIA MO30K, CTOBOYPOBi KPOBOTBIpHi KMiTUHWU, CTOBOYPOBI Me3eHXiMarnbHi KMiTUHW, KPiIOKOHCEPBYBaHHS,
ayToiMyHHa naTonoris.

Abstract: The application of cryopreserved autologous bone marrow (BM) is the reconstructive therapy tool for autoimmune
diseases (AIDs). The BM use efficiency is determined by preservation rate of its hematopoietic and mesenchymal stem cells (HSCs
and MSCs, respectively). This fact determines the need to design the optimal cryopreservation regimens for the BM of AlIDs donors.
Here we assessed a functional status of bone marrow HSCs and MSCs of mice with adjuvant arthritis (AA), initiated by Freund's
complete adjuvant administration. The bone marrow of CBA/H mice to day 14 of AA (chronic stage) and that of healthy animals were
cryopreserved under dimethyl sulfoxide protection. The content of HSCs of various differentiation extent was determined by spleen
colony formation in vivo to days 8 (CFU-S-8) and 14 (CFU-S-14). Functional activity of MSCs in BM was studied in vitro by the content
of fibroblast colony forming units (CFU-F). There was established the fact of altering the functional potential of hematopoietic
progenitor cells of BM of various differentiation levels (CFU-S-8, CFU-S-14) and their stromal microenvironment (CFU-F) during clinical
manifestation of AA. After cryopreservation of AA animals' BM cells with 7% DMSO a functional potential of CFU-S and CFU-F was
established to be similar to the healthy animals' BM, cryopreserved with 10% DMSO. The cryopreserved with the proposed regimen
autologous BM may be used for a targeted recovery of lymphohemopoietic system in AA animals.

Key words: bone marrow, hematopoietic stem cells, mesenchymal stem cells, cryopreservation, autoimmune pathology.
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AytoummyHHEIe 3aboneBanus (AN3) cpenu naro-
JIOTUYECKUX COCTOSHUI OpraHrn3Ma 4YeloBeKa 3aHH-
MAaIOT JIUIUPYIOLIEe MECTO M MPEACTABIAIOT cOO0M
HE TOJIBKO CEPhE3HYI0 METULIMHCKYIO, HO U COLIUANb-
Hy10 rpobiemMy. Jlo HacTosAIIero BpeMeHu He 0Tpado-
TaHBI CYIIECTBYIOLTNE METOANYECKHE TTOIXO/IbI JIeUe-
Husa AN3. B ocHoBHOM 11 ieuennst A3 npumeHstot
mpenaparsl, cliocoOOHBIE TTOAABISTH HMMYHOBOCIIAIU-
TEIBHBIM MPOILIECC U aKTUBHOCTH ayTOPEaKTHBHBIX
T-KI1eTOK (TITFOKOKOPTHKOUIBL, ITATOCTATHICCKIE 1 UM-
MYHOMOIYJIHPYIOIIKE TPenapaTsl, MOHOKJIOHAJILHBIE
aHTuTena u ap). Bee ncnonezyeMble JeKapCTBEHHBIE
IpernapaTsl YCTPaHSIOT CIEeICTBHE, a HE OJIHY U3 OC-
HOBHBIX IIPUYMH BOZHUKHOBEHHSA U IPOTPECCUPOBAHUS
AW3 — HapymieHne MeXaHN3MOB, KOHTPOIUPYIOIINX
TONEPaHTHOCTH T- ¥ B-muMQonnToB k ayToaHTHreHaM.
Bo0O3MOXHBIM ITOIXOAOM «peCTaBpalin» UMMYHHOH
cucTeMbI 00BHBIX ¢ A3, B 4aCTHOCTH, pEBMATOMI-
HbeIM apTpuToM (PA), siBIsieTcst ayTonoruyHast TpaHe-
IJIaHTaus KIeTok koctHoro mo3ra (KM) Ha ¢one
BBICOKO1030BOM xumuoTepanuu [7, 10]. ObocHOBa-
HUEM JUIsl pa3pabOTKH TaKoTO METOAMYECKOTO TOJ-
X0Jla B KJIMHHMKE CTalld Pe3yabTaThl IKCIEPHUMEH-
TaJbHBIX UCCIICJJOBAHUHA HAa MOJENIN aJbIOBAHTHOIO
aptpura (AA). bornee 25 et Hazazg S. Knaan-Shanzer
u coanT. [13] moka3amm, 4TO TpaHCIUIAHTAITUS KaK
aytonoruuHoro KM »xuBoTHBIX ¢ AA, TaK U CUHTCH-
Horo KM 3710pOBBIX KUBOTHBIX MMEINa TO3UTHUBHBIN
neueOHbIi 2 dext. bonee Toro, 6puTa MTPOAEMOHCTPH-
poBaHa reHeTHYecKass CTaOMIBHOCTh CTBOJOBOM
MOJIMIIOTeHTHOH Ki1eTku pu ANU3 ¢ hopmupoBanuem
ayTOPEaKTHUBHOTO KJIOHAa MMMYHOKOMIIETEHTHBIX
nuM¢onunToB Ha Ooslee HU3KOM ypoBHe ee nruddepen-
uupoBkH [13]. [TosTomy cymiecTByeT MHEHHUE, YTO TIPH
HCTIONb30BaHUN MIMMYHOA0IaTUBHON TEpaIuu ¢ roce-
nyroueit TpancroianTanued KM MokHO «pagukaibHO»
OYUCTHTh UMMYHHYIO CHCTEMY OpraHu3Ma OT ayTo-
peakTuBHOTO KioHa T-mumdornuTtoB [7]. BaxusiM
aCTEeKTOM TepaneBTUIECKOM COCTOATENEHOCTH TPaHC-
mwiantupyemoro KM siBnsiercst ctporo coanmancupo-
BaHHOE COOTHOIIEHHE CyOTOMyAINi CTBOJOBBIX
kpoBeTBopHBIX (CKK) 11 Me3eHXHMaITbHBIX CTBOJIOBBIX
kiertok (MCK) [8, 14, 16]. B padore H.A. Papadaki
u coaBT. [17] Obln onucad nedeKT KIOHOTEHHOTO
norernuana CD34"-xnerok KM mamnuentoB ¢ PA.
Kpome Toro, aBTOpHI yCTAaHOBIIIN CHHIKEHHUE COZIEpIKa-
HUS 3THX KJIETOK B KOPOTKO M JUIMTEIBHO PETOMYIH-
PYIOLIMX KyNbTypax. OTMEYEHO, YTO ONHON U3 TPUUKH
Hapymenus Gyukiuun CKK Oonbubix PA sBnsercs
M30BITOYHAS TIPOIYKINS CTPOMAIbHBIMHU KIIETKaMHU
KM nuroknna @HO-0, KoTOpEIi yepe3 cOOCTBEHHBII
peLenTop MOXXeT MHTHOMpPOBATH KPOBETBOPEHHE
[12, 17]. Kpome Toro N3BECTHO, 9TO HA PA3HBIX ATAIaxX
pa3BuTus PA 3HauMTENHHO M3MEHSETCA YPOBEHb H
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Autoimmune diseases (AIDs) are leading human
pathologies, being a serious problem both medical and
social. To date there is no standard methodological
approaches in AIDs therapy so far. Usually the therapy
of AIDs involves the preparations, capable of suppres-
sing an immune inflammation and autoreactive T-cells
activity (glucocorticoids, cytotoxic and immunomodu-
latory drugs, monoclonal antibodies, etc.). All the used
drugs eliminate only the consequences, not the main
reasons of AID onset and progress, one of which is a
disorder of the mechanisms that trigger T and B cell
tolerance to autoantigens. A possible approach of AIDs
patient immune system “restoration”, in particular those
with rheumatoid arthritis (RA), is an autologous
transplantation of bone marrow (BM) cells together
with a high-dose chemotherapy [3, 16]. The outcomes
of experimental studies conducted in adjuvant arthritis
(AA) model allowed to transfer this methodical
approach in clinic. More than 25 years ago, S. Knaan-
Shanzer et al. [10] demonstrated that transplantation
of both autologous BM of AA animals and syngeneic
BM of healthy animals had a positive therapeutic
effect. Moreover, it was shown that stem polypotent
cell during AIDs were genetically stable and formed
autoreactive clone of immune competent lymphocytes
at lower level of its differentiation [10]. Therefore, one
believed that using immune ablative therapy followed
by BM transplantation could result in a ‘drastic’
clearance of the immune system out of autoreactive T
lymphocyte clone [16]. An important aspect of thera-
peutic consistency of transplanted BM is a strict ratio
of subpopulations of hematopoietic and mesenchymal
stem cells (HSCs and MSCs, respectively) [11, 14,
20]. Papadaki H.A. et al. [15] described the defect of
clonogenic potential of CD34" cells of BM in RA
patients. In addition, the authors established the
reduction of these cells in short- and long-repopulating
cultures. It was noted that one of the causes of HSCs
dysfunction in RA patients was an excessive production
of cytokine TNF-a occuring in BM stromal cells,
which might inhibit hemopoiesis through its own
receptor [9, 15]. Moreover, it is known that at different
stages of RA development the level of other MSCs-
produced cytokines, supporting growth of hemato-
poietic progenitors, significantly changes [14, 17]. As
reported by Mohanty S.T. et al. [13] a number of
fibroblast colony-forming units (CFU-F), including
MSCs, in murine BM during AA increased while
functional potential was reduced. Our findings testify
to a disordered inter-regulatory activity of lymphohe-
mopoietic system substrates in AIDs development.

The BM demand in clinical practice necessitates
its cryopreservation for further storage. The efficiency
of cryopreservation is known to be determined not only
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npyrux, npoxyuupyemsix MCK, UTOKHHOB, KOTOpBIE
MTO/AJIEP’KUBAIOT POCT TEMOTIOITHYECKHUX IMPEAIIEeCT-
BeHHUKOB [ 16, 18]. [1o nanubiM S.T. Mohanty u coabT.
[15] mpu AA B KM MplIieii KOMU4ecTBO KOJIOHHeoOpa-
syrommx enuHull GudbpodmactoB (KOEd), B cocta
kotopbIx BxonsaT MCK, yBennuuBaniocs Ha poHe CHU-
KEHHOTO (DYHKIMOHAIBHOTO oTeHuuania. [lony4yennsie
pe3yabTaThl CBUAETEILCTBYIOT O HAPYIIEHUH B3aUMO-
PETYANPYIONIEH aKTUBHOCTH CyOCTPaTOB TUMQOTreMO-
MMOATHYECKOW CHCTEMBI B YCIOBUAX pa3BuTHs AI3.

Jna npumenenns KM B KTMHHYECKOH NMpakTUKe
HEOOXOIMMO €ro KpHOKOHCEPBUPOBAHHE U XPaHEHHE.
N3BecTHO, uTO 3P PEKTUBHOCTh KPUOKOHCEPBUPOBA-
HUS OTIPENENsIeTCs HE TONBKO (PU3UKO-XUMHUYECKUMU
(akTopaMu, AEUCTBYIOIIMMH Ha KJIETKH B Ipoliecce
3aMOpPaXXKNUBaHMUS-OTOTPEBA, HO M UX UCXOIHBIM CTPYK-
TypHO-(pyHKIMOHATBEHBIM cocTosiHUEM [ 16, 18]. Tak,
KpHOYYBCTBUTEIBHOCTH KJIeTOK KM MOXET 3aBUCETh
oT ypoBHA Au(pepeHInpoBKHU, CTAANN KIETOUYHOTO
LUK, CTENICHN SKCIIPECCUU MEMOPaHHBIX MapKEpOB,
BHIa IPeI0OpabOTKH 10 KPHOKOHCEPBUPOBAHHMS (IIUTO-
CTaTHKH, Y-00IydeHne, NpeKyJIbTUBHPOBAHNE) H T. 1.
[4, 11]. Paznuuus cTpyKTYpHO-(QYHKIIMOHAIBHBIX
xapakTepucTHK KineTok KM 31opoBoro opranuszma u
C TIATOJIOTHEH MPeIONPESNSIIOT Pa3HyI0 X KpHoJa-
OmwIbpHOCTS [8, 17].

Bwmecte ¢ Tem mosryueHsl yOeauTENbHbIEC TaHHBIE
0 TOM, YTO KPHOKOHCEPBHPOBAaHHE MOXKET OBITH HE
TOJIBKO YCIIEIITHBIM METOIOM JUISL TOJTOCPOYHOTO Xpa-
HeHus Omomarepuasna, HO U (aKTOPOM YIIPaBICHHUS
BHYTPEHHUM cocTosiHueM O0moobwekra [1-3]. Tax,
HMMEIOTCS CBUIETENBCTBA TPAH3UTOPHOTO N3MEHEHNUS
YPOBHS 3KCIIPECCHH T€HOB, CBSI3aHHBIX C T€MOTIOATH-
YEeCKOH U UMMYHOMOAYJIUPYIOIIEH aKTUBHOCTBHIO,
[OCJI€ BO3/ICHCTBUS ONPENEIEHHBIX PEKUMOB KpHO-
koHcepBupoBanus Ha CKK u MCK ¢eransHol neuenn
MO3AHUX CPOKOB TECTAIMH, YTO MPHUJIAT0 MaTepHaITy
HOBbIe (yHKIHOHANBbHBIE cBoicTBa [3]. OueBHIHA
HEOOX0IMMOCTh TO00pa PeKUMa KPHOKOHCEPBUPO-
BaHUS, CIIOCOOHOTO NMPUOIM3UTH (YHKIMOHAILHBIHI
noteHurai kieTok KM, n3aMeHeHHOT 0 ITaToJIOTHEH, K
[TOKAa3aTeNsIM 30POBBIX KUBOTHBIX.

Ha ocHOBaHMM BbIIIECKa3aHHOTO LEIBbIO PabOTHI
OBLITO SKCTIEPUMEHTAIEHO 000CHOBATh BHIOOD pEeKMUMa
KpuOKoHcepBHpoBaHHs KM >KuBOTHBIX ¢ AA, c11oco0-
HOTO «PECTaBPHPOBATHY (PYHKIIMOHATBHBIH TOTEHITAAIT
CTBOJIOBBIX KPOBETBOPHBIX U ME3E€HXMMAJbHBIX
KJIETOK.

Martepuajbl 4 MeTOABI

Bce Manumynanuy BEIMOIHEHBI B COOTBETCTBHH C
«O0ImUMH TPUHIHUIAMHI SKCIEPUMEHTOB Ha KHBOT-
HBIX», 0m0O0peHHbIMU V HallnoHamsHBIM KOHTPECCOM
no Ouostuke (Kues, 2013) u cormacoBaHHBIMH C
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by physical and chemical factors, affecting the cells
during freeze-thawing, but also by their initial structural
and functional state [14, 17]. For example, a cryo-
sensitivity of BM cells may depend on their differen-
tiation level, stage of cell cycle, expression rate of
membrane markers, type of pretreatment before
cryopreservation (cytostatics, y-irradiation, re-culture)
etc. [2, 5]. Differences in structural and functional
characteristics of BM cells of a healthy organism and
that with pathology predetermine their various cryo-
lability [15, 20].

Nevertheless, there are the convincing data that
the cryopreservation might be not only a successful
tool for long-term storage of biological material, but
also the factor of controlling an internal state of
biological object [6—8]. In particular, there is an evi-
dence of a transient change in the expression level of
genes, associated with hematopoietic and immune
modulatory activity after the effect of certain cryopre-
servation regimens on HSCs and MSCs of late gestation
fetal liver, providing the material with new functional
properties [8]. Thus there is an evident need of selec-
ting the cryopreservation regimen, which would be able
to approach the functional potential of pathologically
changed BM cells to the indices of healthy animals.

Due to the mentioned above, our research was
aimed to experimentally substantiate the selection of
cryopreservation regimen for AA animal BM, able to
“restore” a functional potential of hematopoietic and
mesenchymal stem cells.

Materials and methods

All the manipulations with animals were carried-
out in accordance with the General Principles of Expe-
riments in Animals, approved by the 5" National Cong-
ress in Bioethics (Kyiv, 2013) and consistent with the
statements of the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and
other Scientific Purposes (Strasbourg, 1986). The
experiments were performed in 4-month-old male
CBA/N mice weighing 2022 g, kept under the standard
animal house conditions at the Institute for Problems
of Cryobiology and Cryomedicine of NAS of Ukraine
(Kharkiv). We divided the animals into following groups:
group 1 comprised healthy mice (n =10), and group 2
had the animals with AA (n = 10). The adjuvant
arthritis was induced in mice by subplantar administra-
tion of 0.1 ml complete Freund’s adjuvant (Sigma-
Aldrich, USA) [12]. The inflammation intensity was
assessed to day 14 of AA development by the integral
index of clinical manifestation of pathology: arthritis
index, which represented a ratio of circumferences of
experimental and control ankle joints. In healthy
animals the arthritis index was assumed as 1.
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MOJOXKEeHUSIMU «EBpOTNENCKONM KOHBEHIIMHU O 3allUTe
MMO3BOHOYHBIX KUBOTHBIX, MCIIOJIb3yEMBIX LIS
SKCHEPUMEHTAJIBHBIX U NPYTUX HAyYHBIX IENei»
(CtpacOypr, 1986). DxcriepruMeHTHI OBLIH TPOBEICHBI
Ha 4-Meca4YHBIX Mblmax-camunax auauu CBA/H
Maccoir 20—22 1, comepKammxcsi B CTAaHAAPTHBIX
ycnoBusx BuBapusi UHcTuTyTa npodiemM Kproouo-
norun u kpuomenuurael HAH Ykpaunst (XapbkoB).
JKvBOTHBIEC OBLTH pa3/IeIIeHBI HA TPYIIIEL: 1 — 3T0pOBHIE
M (n = 10) u 2 — xuBotHBIE ¢ AA (n = 10).
AIBIOBaHTHBIN apTPUT HHAYLIUPOBAIH y MbILIEH cyO-
IJIaHTapHBIM BBeieHrneM 0,1 MJI TOJTHOTO aIbIOBaHTa
Opeiinga («Sigma-Aldrich», CIHA) [5]. MaTencus-
HOCTB BOCIIAJIUTENIFHOTO MIPOIIecca OIeHUBaIN Ha 14-¢
CYTKH pa3BUTHsI AA 10 HHTETpaJIbHOMY ITOKa3aTeIt0
KIIMHAUYECKOH MaHH(eCTalMK MaTOJIOTUN — HHAEKCY
apTpuTa, KOTOPBIX MpeacTaBiseT co0oil OTHOIEHHE
OKPYKHOCTH OTIBITHOTO TOJIEHOCTOITHOTO CyCTaBa K
KOHTPOJILHOMY. Y 37JOPOBBIX JKUBOTHBIX HHAEKC apT-
puTa OB IPUHSAT 32 SAUHULLY.

Ilonyuenue cycnenzuu xocmuoeo mosea. Jnsa
nosrydeHus cycrnensu KM )KMBOTHBIX AEKaUTHPO-
BaJIM TOJA JIETKUM 3¢(upHbIM Hapko3oM. Kierku KM
BBIMBIBAJIM IIMPULEM U3 OCAPEHHBIX KOCTEH cpe-
no# 199 (MHCTUTYT MOJIMOMUENHTA U BUPYCHBIX SHITE-
tdhamurtoB, Poccus) ¢ gobdasmenuem 10%-ii amOpuo-
HaJbHOU Tensubel chiBOpoTKHU («buomoT», Poccust)
u 2% umrtpara Hatpus («Weifang Ensigny», Kurait)
(mamee B Tekcre — pabouas cpema). CycneH3UIO
KJIETOK MOJTyYaJIH ITyTeM MHOTOKPATHOTO TIPOITY CKaHHS
yepe3 UMbl yMeHpmatomerocs auametpa (0,9—-0,4
MM) C JaJbHEUIIUM OUMILCHUEM Yepe3 KallpOHOBBIN
¢unpTp. KommaecTBo siapocoaepkamux KIETOK B
cycnenzun KM noncuutsiBanu B kamepe ['opsiesa.

Kpuoxoncepsuposanue kiemox Kocmnoz2o mosed.
PactBop amst kpuokoHcepBupoBanus KM rotoBuiu Ha
paboucii cpene ¢ mobasnenuem 14 nmm 20% mumMeTn-
cynsdokcuna (IMCO) («Arteriumy, Ykpanna). K mo-
Jy4eHHbIM Ha paboueii cpesie cycrneH3usM kietok KM
IO KaIuIsiM 100aBIIsIIN PAcTBOP ISl KPHOKOHCEPBHPO-
BaHHUA B cooTHomeHwnn 1:1 mpu 4°C (koHeuHast KOH-
IIEHTpaIUs KpHOIpoTeKTopa coctasisiia 7 u 10%).
OKCIO3UIUIO KJIETOK B KPHOKOHCEPBUPYIOLIEM PacT-
BOpe MmpoBoAuiu B TeueHue 10 MuH mpu TOH ke
TeMIlepaType.

Kierkn KM ¢ xonmenTparueii 6,010 xi/mo
KPHUOKOHCEPBHPOBAJIHM Ha MPOrPAaMMHOM 3aMOPaKu-
Barenie («Cryoson», I'epMaHHs) B MOTUITUIEHOBBIX
amnynax oobemoMm 1,8 mi («Nunc», 'epmanus):
OXJIAXKIAIU ¢O ckopocThio 1 rpaa/mun go —40°C ¢
MOCNEAYIOINM NOrPY>KEHUEM aMITyJl B )KUIKUHN a30T
[1]. O6pa31s! OTOrpeBaIu Ha BOASHOM OaHe P TeM-
neparype 38...40°C B reuenne 4050 ¢ 1o ncuezHoBe-
Hust TBepaoi (dasel. Knetku ormeBanmu ot IMCO
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Derivation of bone marrow suspension. To derive
BM suspension the animals were decapitated under
light ether anesthesia. The BM cells were washed out
with syringe from femurs using medium 199 (Institute
of Poliomyelitis and Viral Encephalitis, Russia) supple-
mented with 10% embryonic calf serum (BioloT,
Russia) and 2% sodium citrate (Weifang Ensign, China)
(hereinafter the handling medium). The cell suspension
was derived by repeated passage through the needles
of decreasing diameter (0.9—-0.4 mm) with the following
passing through a nylon filter. The number of nucleated
cells in BM suspension were counted in Goryaev’s
chamber.

Cryopreservation of bone marrow cells. A solu-
tion for BM cryopreservation was prepared with the
handling medium supplemented with 14 or 20% dime-
thyl sulfoxide (DMSO) (Arterium, Ukraine). Solution
for cryopreservation was dropwise added in 1:1 ratio
at 4°C (final cryoprotectant concentration was 7 and
10%) to the obtained with handling medium BM cell
suspensions. The cells were exposed in cryopreserved
solution for 10 min at the same temperature.

BM cells of 6.0%10° cells/ml concentration were
cryopreserved using the programmed freezer (Cryoson,
Germany) in 1.8 ml plastic vials (Nunc, Germany):
cooled with the rate of 1 deg/min down to —40°C and
then immersed into liquid nitrogen [6]. The samples
were thawed in 38...40°C water bath for 40-50
seconds until disappearance of a solid phase. The cells
were washed of DMSO by slow addition of double
volume of handling medium with the following
centrifugation (200g, 10 min).

Assessment of the functional capacity of BM
hematopoietic stem cells in vivo. The BM content
of hematopoietic progenitor cells, producing colony-
forming units in the spleen of lethally irradiated mice
(CFU-S) was determined by the method of J.E. Till
and E.A. McCulloch [19]. Fresh or cryopreserved BM
cell suspensions in dose of 1x10° cells/mouse in 0.2 ml
handling medium were injected into the tail vein of mice
recipients irradiated using RUM-17 device (Mosrent-
gen, Russia) in 8 Gy dose. The irradiation conditions
were as follows: dose rate of 38.6 R/min, 220 kV tube
voltage; 10 mA current intensity, | mm Cu+ 1 mm Al
filters; 50 cm focus-dorsal distance. The animals were
irradiated in a plexiglass box with individual cells. After
irradiation, the experimental animals were treated with
Enroksil antibiotic (KRKA, Slovenia) and had whey
as food additive for two weeks. The contents of
CFU-S was determined by the number of colonies for-
med in the spleen of lethally irradiated recipients to
the 8" (CFU-S-8) and 14" (CFU-S-14) days after
administration of BM suspensions. To assess the distri-
bution in BM of CFU-S of various differentiation level
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MEIJICHHBIM J00aBIE€HHEM IBYKpaTrHOTo oObeMa
paboueil cpeapl ¢ MOCIERYIOMUM LHEeHTpUudyrupo-
BanueM (200g, 10 muH).

Oyenka QyHKYUOHAILHO2O NOMEHYUANA CMBO-
J06bix Kposemeophnuix knemok KM in vivo. Conep-
)kaHue B KM KpOBETBOPHBIX MpEAIIEeCTBEHHUKOB,
(hopMupyOmMHUX KOJTOHHEOOPa3yIONINe SINHNIBI B
cese3eHKe JeTanbHo oOmydeHHBIX MbImeid (KOEc),
onpenensumm mo merory J.E. Till u E.A. McCulloch
[20]. HaTuBHBIE 1 KPHOKOHCEPBUPOBAHHBIE KIIETOY-
Hele cycnien3un KM B mo3e 1x10° ki/mbitb B 0,2 M
paboueli cpezbl BBOIWIN B XBOCTOBYIO BEHY 00Ty4eH-
HBIM Ha ycTaHOBKe «PYM-17» («Mocpentren», Poc-
cus) B 1o3e 8 I'p MblmamM-penunueHTaM. YCIOBHS
00JIy4eHHs: MOIITHOCTb 1036 — 38,6 P/MuH, Hampsike-
Hue Ha TpyOke — 220 kB; cuna Toxa — 10 MA, ¢uist-
pel — 1 MM Cu + 1mm Al; dokycHO-g0p3aIbHOE
paccrostaue — 50 cM. JKuBOTHBIX 00Tydani B KOpoOKe
13 OPICTEKIIA C UHAUBUAYaAIbHBIMU siuelikamu. [Tocne
00Jy4YeHHs SKCIIepUMEHTaIbHbIE )KUBOTHBIE B TeUe-
HUE ABYX HEAEIb MOITyYald aHTHOMOTHK « DHPOKCHID
(«KRKA», CoBeHus) 1 MOJIOUHYIO CEIBOPOTKY. Co-
nepxanve KOEc onpenensiiu o KoMUu4YecTBy KOJIOHUH,
00pa30BaHHBIX B CEJIE3CHKAX JIETAIBHO 00IydYeHHBIX
peuunuentoB Ha 8-¢ (KOEc-8) u 14-¢ (KOEc-14)
CYTKH 1ocie BBeneHus cycnensuit KM. [lns onenkn
pacmpenenenus B KM KOEc pasnoii crenenu audde-
penmpoBkH (Oonee nudhepeHIMPOBaHHBIMU SBIISIOT-
cst KOEc-8, menee — KOEc-14 [14]) ucnionp3oBanu
nuaexc nupdepennuposku (M), mpencrasmsrommii
co0oif orHomenue koinmuectBa KOEc-14 k KOEc-8.

Oyenka QYHKYUOHATLHO20 NOMEHYUANA Me3€eH-
XumanvHelx cmeonoswix kiemox KM. ConepxaHue
B KM kononneobpasyromux eauHun ¢pudpodiaactos
(KOEd), kotopoe nio nanubeiM S. Hirohata [12] koppe-
nupyet ¢ coaepxxanuem MCK, onpenensanu npu
KynbTHBUpoBaHuH KM in vitro ¢ IIOTHOCTBIO 3KCIIaH-
taruu 1x10* ki1/cM? B MPUCYTCTBUU 00JTydEHHBIX
(5 T'p) punepubix kaetok KM (2x10° ki1/cm?) MOpckoit
cBuHKM [6]. Kynsrusuposanue nposoaunu B CO,-
nHKyOarope npu 37°C B cTeKIIIHHBIX Yamkax [letpu
(d =3 cm, «Anumbray, Yexwus) B TeueHue 14 cyTok B
cpene «Iscov’s» («Sigmay, CIIIA) ¢ nobGaBneHuem
10%-i1 sMOpHrOHaNbHOHN TensAYbel ChIBOpOTKH. Ha
14-e cyTKu onpenesiii KOJMYeCTBO KOJIOHHM, COIEp-
*amux He MeHee 50 KIETOK, ¢ MOMOLIbI0 CBETOBOTIO
mukpockona «MUKME-2» («JIOMO», Poccust) n
HWHBEPTUPOBAHHOTO MHKpoOckomna «Axiovert 40C»
(«Zeiss», ['epmanus).

[TonyyeHHble gaHHBIE CTATUCTUUYECKH 0Opalda-
ThIBaJIU 110 MeToxy CThIOIEHTa C TPUMEHEHUEM KOM-
neioTepHOi mporpammel «Excel» («Microsofty,
CIIA). /lanHBIE TPUBOANIIH B BHJIE CPEAHETO 3HAYE-
HUS + CTaHAapTHOE OTKJIOHeHHe. Pasnuaus cuntanu
CTaTHCTUYECKHU 3HAUMMBIMHU Iipu p < 0,05.
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(CFU-S-8 were more differentiated, and CFU-S-14
were less differentiated [11]) an index of differentiation
(ID) was used, which was the ratio of CFU-S-14 and
CFU-S-8 concentrations.

Assessment of the functional capacity of BM
mesenchymal stem cells. The BM content of colony
forming units of fibroblasts (CFU-F) which according
to S. Hirohata [9] correlated with the content of MSCs
was determined by BM culturing in vitro with
explantation density of 1x10* cells/cm? with irradiated
(5 Gy) BM feeder cells (2%10° cells/cm?) of guinea
pig [4]. The culturing was performed in CO, incubator
at 37°C on a glass Petri dish (d = 3 cm, Anumbra,
Czech Republic) for 14 days in Iscov’s medium (Sigma,
USA) supplemented with 10% embryonic calf serum.
To the 14" day, the number of colonies of at least 50
cells was determined with light microscope
MIKMED-2 (LOMO, Russia) and inverted micro-
scope Axiovert 40C (Carl Zeiss, Germany).

The obtained data were statistically processed with
Student’s method using Excel software (Microsoft,
USA). The data were presented as the mean =+
standard deviation. Differences were considered as
statistically significant at p <0.05.

Results and discussion

Swelling of joints is one of the clinical signs of AA
development, the severity of which was evaluated by
arthritis index [20]. To the 14" day after administration
of Freund’s adjuvant, this index was 1.6 times higher
than the control (1.0), that indicated development of
AA.

Assessment of the functional state of BM stem
cells in animals with AA showed the significant
differences in colony-forming activity of CFU-S-8 and
CFU-S-14 if compared with those in healthy animals
(Fig. 1A). A significant decrease (2.5 times, p < 0.05)
in the number of CFU-S-8 formed colonies was
accompanied by 1.3 times increase in the content of
CFU-S-14 formed colonies, which caused the rise of
ID if compared with the control ((3.65 £ 0.19) and
(1.0 £ 0.05), respectively, p<0.05). Established in our
research redistribution in subpopulations of CFU-S with
various differentiation level which accompanied AA
development could be the evidence of changes in
structural and functional characteristics. For example,
in our previous studies we have shown that AA
resulted in a lack of the most differentiated hemato-
poietic progenitor cells (colony-forming units of granulo-
monocytopoiesis in BM) that could be a possible reason
for increased content of more potent CFU-S-14 [6,
20]. Such redistribution of hematopoietic progenitor
cells in BM might arise from developing inflamma-
tion in an organism. Indeed, AA development is
accompanied with a significant change in cytokine
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Puc. 1. KonuuyecTtBo konoHui, dpopmupyembix KOEc (A) n KOEd (B), KM 30opoBbix xu1BoTHbIX U ¢ AA: [0 - KOEc-8; O -
KOEc-14, € — nHaekc anddepeHLMpOoBKM (MO) KOEc (KOEc-14/KOEc-8); * — pasnuuunsa cTtaTtuCTUYeckn 3Hauumbl no
CpaBHEHWIO C noKasaTensmu 340pOBbIX XUBOTHbIX (p < 0,05).

Fig. 1. The number of colonies formed by CFU-S (A) and CFU-F (B), BM of healthy animals and those with AA: O —
CFU-S-8; @ -CFU-S-14; 9 — index of differentiation (ID) of CFU-S (CFU-S-14/CFU-S-8); * — differences are statistically

significant if compared with indices of healthy animals (p < 0.05).

Pe3yabTaTrnl U 00cy:KaAeHHE

OnHUM U3 KIIMHUYECKUX MPU3HAKOB Pa3BUTHS AA
SIBIISIETCSI OTEK CYCTaBOB, TSHKECTh KOTOPOTO OLIEHUBA-
nu mo mHAekcy aptputa [8]. Ha 14-e cytku mocne
BBeJIeHUs anbloBaHTa DpeliHaa 3TOT MoKa3aTesb B
1,6 paza nmpeBbiman koHTpoIbHEIH (1,0), uTo cBHaE-
TEJIbCTBOBAJIO O pa3BUTHU AA.

Pesynbrars! oneHkH yHKIIMOHATIHHOTO COCTOSHUS
CTBOJIOBBIX djieMeHTOB KM XMBOTHBIX ¢ AA mmoKkasa-
JIY CYIIECTBEHHBIE OTIMYHUS KOJOHHEOOpasyrouei
aktTuBHOCTH KOEc-8 nu KOEc-14 no cpaBHEeHUIO C
TAKOBBIMHU Yy 3JOPOBBIX XHUBOTHBIX (puc.l, A).
3HaunTensrHOE yMeHbIeHue (B 2,5 pasza, p < 0,05)
KonuuecTBa KojoHui, popmupyembix KOEc-8§,
COTIPOBOXAANIOCH YBENNYEHHEM B 1,3 pasa conepika-
Hust KoJloHuH, popmupyembix KOEc-14, 4To BeI3bIBaIO
yBenumdeHue U/ mo cpaBHeHHIO ¢ KOHTpoeM (3,65 +
0,191 1,0+ 0,05 cootrBercTBeHHO, p < 0,05). YcTaHoB-
JICHHOE B Halleil paboTe nmepepacnpenenenue cyomno-
nynanuorHoro cocraa KOEc pa3noii crenenun
¢ depeHINPOBKHU MTPH Pa3BUTHH AA MOXET OBITh
TOJIBKO CBUJETEIBCTBOM H3MEHEHUS CTPYKTYpPHO-
(hyHKITMOHATBHBIX XapaKTepucTukK. Hampumep, B Ha-
IIUX MPEABIIYIINX UCCIETOBAHMSIX OBIJIO MTOKa3aHo,
gTto pu AA Hegoctatok Hanboee nuddepeHmupo-
BaHHBIX KPOBETBOPHBIX MPEAIIECTBEHHUKOB — KOJIO-
HUEOOPa3yIOUINX eTUHHIL TPaHyJIOMOHOIIMTONI033a B
KM sBasieTcst BO3MOXHON NMPUYUHONW yBEIUYEHUS
coneprxanus 6omnee moreHTHBIX KOEc-14 [1, 8]. Takoe
repepacipeneneHie KPOBETBOPHBIX MPEAIIECTBEH-
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profile in an organism [15, 17, 18], and haematopoietic
system quickly responds to that. According to
S.P. Sivalingam et al. [17] the patients with AA have
increased levels of IL-6, IL-8 interleukins and granu-
locyte-macrophage colony stimulating factor. It is
known that IL-6 stimulates differentiation of pluripotent
HSCs, including high-proliferating CFU-S-14, and IL-8
controls the formation, chemotaxis and activation of
neutrophils, being the main cell substrate of leukocyto-
sis at AA. Moreover, HSCs interact closely with MSCs
[1, 14]. It is important that the increasing in content of
more potent CFU-S (CFU-S-14) in BM of mice with
AA correlated with the rise (in 1.4 times) of CFU-F
content in BM of healthy animals (1.56 + 0.13 and
1.12 + 0.10, respectively, p < 0.05) (Fig. 1, B). It is
possible that regulatory mediators produced by MSCs
are more capable of stimulating the growth of more
potent HSCs and/or inhibit the function of CFU-S-8.

It is known that a change in the structural and
functional characteristics of BM cells affects their
resistance to cryopreservation factors [2, 6, 8]. Our
assessment showed that cryoresistance of bone mar-
row HSCs and MSCs in healthy animals and animals
with AA was different.

As shown in Fig. 2, A, a freezing regimen with
10% DMSO provided the highest preservation of
functional potential of CFU-S-8 and CFU-S-14 of
healthy animals’ BM (67.50 + 0.84 and 88.00 + 6.16,
respectively) with some increase of ID (1.30 + 0.08).
Response to cryopreservation of CFU-S from animals
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HUKOB B KM MOXeT ObITh ClleACTBUEM pa3BUBAIOILE-
rocsi B OpraHu3Me BOCHAJIUTENBHOIO Ipolecca.
JleHiCTBUTENBHO, IPU Pa3BUTHH AA CYIIECTBEHHO
H3MEHSETCSl TUTOKMHOBBIN Mpo s opranusma [ 17—
19], Ha 9TO GBICTPO pearupyeT reMoNnodITHUIECKas
cuctema. CormacHo manaeiM S.P. Sivalingam u
coasrt. [18] y maruenToB ¢ PA moBbIIIeH ypoBEeHb MH-
tepraerikuaoB NJI-6, NJI-8 u rpanynonuTapHO-MaKkpo-
(haranpHOTO KOJIOHHECTUMYIHUpPYIOLIero (axropa.
U3zBecTHO, uTo NJI-6 siBisiercst cTumynaropoM aud-
tdepennupoku nonunoteHTHHIX CKK, k koTOpBIM
MO>KHO OTHECTH BbIcokonponudepupyromme KOEc-14,
a WNJI-8 xoHTponupyet GopMHPOBAHHE, XEMOTAKCHC
U aKTHUBAIUIO HEUTPO(PUIOB OCHOBHOT'O KJIETOYHOTO
cyOctpara nerikounTosa mpu AA. Kpome toro, CKK
HaxoaATcs B TecHOM B3aumojericteuu ¢ MCK [9, 16].
BasxeH TOT (hakT, 9TO MOBHIIEHNE COAEPKAHU Ooee
noteHTHBIX KOEc (KOEc-14) B KM wmpimeit ¢ AA
KOppenupoBaio ¢ yBenudeHuemM (B 1,4 pasza) comep-
xananst KOE¢ 8 KM 310poBsix sxuBoTHBIX (1,56 + 0,13
n 1,12 + 0,10 cooTBercTBeHHO, p < 0,05) (puc. 1, B).
Bosmoxno, uto npoxytmpyemsie MCK perynstopHbie
MeIuaTopsI B OOJIbIIEH CTENeHH CITIOCOOHBI CTUMYIIU-
poBath poct Ooisiee moreHTHRIX CKK n/vnm uHrnou-
posats pynkmuo KOEc-8.

U3BecTHO, YTO U3MEHEHHE CTPYKTYPHBIX U PyHK-
LHUOHANBHBIX XapakTepucTuK kietok KM BiuseT Ha
UX YCTOWYMBOCTH K BO3ACHCTBHIO (PAKTOPOB KPUOKOH-
cepupoBanus [1, 3, 4]. Pe3ympTaTsl mpoBeaeHHOM
Hamu oneHku kpuoycroiunBoctu CKK u MCK
KOCTHOTO MO3Ta 3/IOPOBBIX JKUBOTHBIX M dKUBOTHBIX C
AA pa3nuyHbL

Kak BugHO 13 puc. 2, A, pesxuM 3aMOpa>KUBaHUS C
10% JAMCO obGecrieurnBan HAUOOIBIIYIO COXPAHHOCTh
¢ysnkunonangsHoro norenuana KOEc-8 u KOEc-14
KM 3nmopoBbIx %uBOTHBIX (67,50 + 0,84 1 88,00+ 6,16
COOTBETCTBEHHO) C HEKOTOPHIM NoOBBIIIeHHEM M ]|
(1,30+0,08). OtBet Ha kprokoHcepBupoBanue KOEc
JKUBOTHBIX ¢ AA 3aBHCEN OT HUCIOIB3yEMOI KOHIIEHT-
pauuu KpuomnpoTekropa. Ilpu 3amopakuBaHuu c
10%-m pactBopom JIMCO noka3zaTenn COXpaHHOCTH
o6onx BugoB KOEc u W] Obutn Hanboiee OJIM3KH K
HatuBHOMY KM XMBOTHBIX ¢ AA, T. €. C CyIIECTBEH-
HbIM noBbIIIeHUEM ]I, YMeHbllIeHrEe KOHIIEHTpAIIUU
JAMCO mo 7% obecrieunBaio MaKCUMalTbHO cOaaH-
CUPOBaHHOE COOTHOLIEHUE 00euX CyOmomynsuuii
KOEc xocTHOr0 M03ra )kUBOTHBIX C AA U COXpaHEHHE
BBICOKOH HX KoyIoHHeoOpasytommel GpyHKIHH (OKOJIO
60% KOEc-8 u 70% KOEc-14) no cpaBHeHUIO ¢
HaTuBHBIM KM 3710pOBBIX KUBOTHBIX.

OueBHIHO, YTO NOCIIE KPHOKOHCEPBUPOBAHUS JaXkKe
KM 310pOBBIX dKHBOTHBIX [TOKa3aTENH KOJIOHHEOOpa-
3yromed akTuBHOCTH 060ux THoB KOEc u3meHsiics,
YTO COOTBETCTBYET IOJIYUEHHBIM paHee pe3ybraTraM
[4, 11]. ITpu 5TOM MHHUMAaTHHBIC OTKIIOHCHUS HCCITC-
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Puc. 2. KonnyecTtBo konoHui, popmupyembix KOEcC (A) n
KOEd (B) kpnokoHcepsupoBaHHoro KM 340pOBbIX XXMBOT-
HbIX 1 ¢ AA: 00— KOEc-8; - KOEc-14, € — 1[. 3a 100%
NPVHATO KONMNYECTBO KOMOHWUIA, (DOPMUPYEMBIX HATUBHbLIM
KM 3gopoBbix xnBOTHbIX; W HatnBHoro KM 300poBbix
XMBOTHbIX NPUHAT 3a eauHuly. Pasnuuma crtatuctudecku
3Haummbl (p < 0,05) no cpaBHeHuto c¢: * — KOEc-8 KM
3[0POBbIX XMBOTHbIX, KpMOKOHCepBHUpoBaHHoro ¢ 10%
OMCO; #— KOEc-14 KM 30,0p0oBbIX >KMBOTHbIX, KDMOKOHCEP-
BrpoBaHHoro ¢ 10% OMCO.

Fig. 2. The number of colonies formed by CFU-S (A) and
CFU-F (B) of cryopreserved BM of healthy animals and
those with AA: 00 — CFU-S-8; @ —-CFU-S-14; € — ID. The
number of colonies formed by native BM of healthy animals
was assumed as 100%; ID of native BM of healthy animals
was assumed as 1. Differences are statistically significant
(p < 0.05) if compared with: * — BM CFU-S-8 of healthy
animals cryopreserved with 10% DMSO; # - BM CFU-S-14
of healthy animals cryopreserved with 10% DMSO.
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IyEeMbIX TIOKa3areie 0T KOHTPOJIS OBUTH TOTYYEHBI
npu ucnonb3zoBanuu 10%-ro pacteopa JJMCO. Pe-
3yabpTaThl KpuokoHcepBupoBanusa aiui1 KOEc KM
XKHUBOTHBIX ¢ AA OBIIIM HEOOUHAKOBBIMH U 3aBHCEIH
OT YpoBHS UX AuddpepeHIpoBKu. Tak, Bce MpUMeHsie-
MBI€ KOHIIEHTPAIX KPUOIIPOTEKTOPA B PA3HOM CTETICHN
HHTUOUPOBANH KOJIOHHEOOpa3yoUui MOTeHIHA
KOEc-14 no cpaBHenuto ¢ HaTUBHBIM KM %HBOTHBIX
¢ AA. B 1o xe Bpems aktuBHOcTh KOEc-8 mpu nc-
nosib3oBarmn 7%-ro pactBopa JIMCO nake moBbIia-
Jack. BaxxHO, 4TO MpU HCHONb30BAaHUU TaKOH
KOHLEHTPAIMU KPUOIPOTEKTOpPa peaanu30BbIBaICS
3P PeKT «pecTaBparuu» KOJIOHHEOOpa3yImero
noreHImana KM, MoauduImpoBaHHOTO TATOJIOTHEH,
T. €. «rapMoHu3upoBanauch» nokazarenu CKK.

Uto xacaetcs nyna MCK, a umenno KOEgd
(puc. 2, B), To MakcuManbpHas UX COXpaHHOCTH B KM
3[IOPOBBIX MBIIIEH ObLIA MOTYYeHa IOCIIE UCTIONIF30Ba-
Hus 10%-ro AMCO. B KM H1BOTHBIX ¢ AA KPHOKOH-
cepBupoBaHue obecneunBao coxpanHocts KOEd ot
30 mo 40% HEe3aBUCHUMO OT KOHIICHTPAIIH KPHUOIIPO-
TEKTOopa.

YCTaHOBJIEHO, YTO ONTUMANBHBIMI» JUJIS COXpa-
Henus pyHkauonansHoro noreHnuana KOEc u KOEd
KM 3110pOBBIX )KUBOTHBIX U ¢ AA 0Ka3alluch pa3imd-
HBIE YCJIOBHS KPHOKOHCEpBUpOBaHHA. Tak, mms
KpuokoHcepBupoBaHud KM 310pOBBIX KMBOTHBIX
ucnons3zoBanu 10% AMCO, a xuBoTHBIX ¢ AA — 7%
JAMCO. [dnsa KM xuBOoTHBIX ¢ AA BBIOpaHHBIN pe-
KUM TIO3BOJISIET TIPUOIU3HUTH K (HU3UOJIOTHICCKOMY
COOTHOILIEHHE KJIETOK CTBOJIOBOI'O KOMIIAPTMEHTA pa3-
Hoii ctenienu nuddepeHupoku. Bo MEHOTOM H30Hpa-
TeNbHBIN 3P PeKT (HaKTOpPOB KPHOKOHCEPBUPOBAHUS HA
pasublie cyomomymsiiinu KOEc¢ kocTHOTO MO3ra 310po-
BBIX JJOHOPOB M ¢ AA OKOHUYATEeNbHO HE U3y4eH. 3a
MOCJETHEE BPEMs HaKOIUIEHBI SKCIEPUMEHTAIbHBIC
JTAaHHBIE, CBHUJIETENLCTBYIONINE 00 M3MEHEHUH YPOBHS
skcnpeccnn HekoTophix TeHoB B CKK u MCK mocie
KPUOKOHCEPBUPOBaHMS [2, 3], YTO MOXKET BIUATH Ha
BOCIPUSATHE PETYAATOPHBIX CUTHATIOB KPOBETBOPHOTO
MHUKPOOKpY>keHus perenTopHbM ammaparom CKK [11]
1 UCKaXkKaTh MX KOJOHHEOOpa3yrolero moTeHIrana.
K Tomy e KieTkn camMoro MHUKpPOOKPYXKEHHUs (Kak
nokazano Ha npumepe KOE¢) nperepnesator e
MeHee BBIpaXeHHBIE W3MEHEHUS KaK IpPH Pa3BUTHH
AA, Tak 1 mociie KpHOKOHCEPBUPOBAHHS.

Takum 00pa3zoM, MmosydeHHBIE PEe3yNbTaThl MOA-
TBEPXKAAIOT (PAaKT 3aBHCUMOCTH COXPAaHHOCTH (PyHK-
muoHanbHoN aktuBHOCTH CKK 1 MCK ot ux ucxon-
HOTO COCTOSIHHS M YCIIOBHI KPHOKOHCEPBHUPOBAHMSL.

BriBoaBI
1. YcranoBneH Qakt u3MeHeHns (yHKIIMOHATEHOTO
MOTEHIHaJla KPOBETBOPHBIX IPEAIIeCTBEHHUKOB
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with AA depended on the concentration of used
cryoprotectant. Following freeze-thawing with 10%
DMSO the integrity indices of both types of CFU-S
and ID were closest to the fresh BM of animals with
AA, i. e. with a significant increase of ID. Reduction
of DMSO concentration down to 7% provided the
maximum balanced ratio of both CFU-S subpopulations
of animal bone marrow with AA and preservation of
their high colony-forming function (about 60% of
CFU-S-8 and 70% of CFU-S-14) if compared with
native BM of healthy animals.

It was obvious that even after cryopreservation of
BM from healthy animals the indices of colony-forming
activity of both CFU-S types were changed, that
corresponded to the previous results [2, 5]. Herewith,
minimum deviations of the studied indices from the
control were obtained when using 10% DMSO. The
outcomes of cryopreservation for CFU-S of the animals
BM with AA were unequal and depended on their
differentiation level. In particular, all the used cryo-
protectant concentrations variously inhibited colony-
forming potential of CFU-S-14 if compared with non-
frozen-thawed BM of animals with AA. At the same
time, CFU-S-8 activity even increased in case of using
7% DMSO. It is important that using of 7% DMSO
caused the effect of “restoration” of colony-forming
potential of pathologically modified BM, i. e. HSCs
indices were “harmonized”.

In regard to MSCs pool, especially CFU-F (Fig. 2B),
their maximum preservation in BM of healthy mice
was obtained after using 10% DMSO. In BM of
animals with AA cryopreservation provided the
preservation of 30 to 40% CFU-F, irrespective of
cryoprotectant concentration.

It was found that preservation of the functional
capacity of CFU-S and CFU-F of healthy animal BM
and those with AA required different “optimal”
conditions of cryopreservation. For example, 10%
DMSO was the best for BM cryopreservation of
healthy animals, while 7% DMSO for animals with
AA. For BM of animals with AA a selected regimen
allowed the ratio of stem cells of various differentiation
level to approach the physiological value. Generally
speaking, selective effect of cryopreservation factors
on different subpopulations of CFU-S of healthy
donors’ bone marrow and those with AA is not
completely studied. There are recent experimental data
testifying to the change in expression level of some
genes in HSCs and MSCs after cryopreservation [7,
8], which can affect the perception of regulatory signals
of hematopoietic microenvironment with receptor
apparatus of HSCs [5] and result to a distortion of
their colony-forming potential. Moreover, microenvi-
ronment cells (as shown in CFU-F) undergo the
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KM paznoro yposus auddepenmmposku (KOEc-8§,
KOEc-14) m ux cTpoMalbHOTO MHUKPOOKPYKEHUS
(KOE®) B nepuon knuHn4eckoit Manugecraunu AA.

2. DKCTIepUMEHTaJIbHO 000CHOBAH BHIOOD peknMa
KpuOoKoHcepBHupoBaHHst KM >KuBOTHBIX ¢ AA, cr1oco0-
HOT'O «PECTaBPUPOBATHY» (PYHKIIMOHATBHBIN TTOTEHIIAT
KJIETOK CTBOJIOBOTO KOMIApTMEHTa. YCTaHOBIEHO,
YTO M0CJie KPHOKOHCEPBUPOBaHMS KiieToKk KM %uBOT-
HEIX ¢ AA ¢ 7% JAMCO yHKIIMOHATBHBIHA ITOTSHITHAT
KOEc u KOE® 6511 anamorngHbIM mokazatensm KM
37I0POBBIX JKMBOTHBIX, KPHOKOHCEPBUPOBaHHOTO ¢ 10%
AMCO.

Konnexmuse asmopog svipasicaem 01a200apHocmy 3d
6bINOIHEHUE PAOOM NO KPUOKOHCEPSUPOBAHUIO KILEMOK
KOCMHO20 MO32d CM. H. C. 0mOend 00JI20CPOUHO20 XPAHEHUs.
OuUONO2UYECKUX 00BEKMO8 NPU HUZKUX MeMNepamypax u
Kpuomuxpoouonoeuu 0. 6. n. T. M. I'ypunoil.
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changes of the same range both at AA development
and after cryopreservation.

Thus, the obtained results confirm the preservation
of functional activity of HSCs and MSCs to be
depending on their initial state and cryopreservation
conditions.

Conclusions

1. There was established the fact of changed
functional capacity in BM hematopoietic progenitor
cells of various differentiation level (CFU-S-8, CFU-
S-14) and their stromal microenvironment (CFU-F)
during the AA clinical manifestation.

2. There was experimentally proven the selection
of regimen for cryopreservation of BM from animals
with AA, which was capable to “restore” functional
potential of stem cells. It was found that cryopreser-
vation of BM cells from animals with AA using 7%
DMSO resulted in the approaching of functional
potential of CFU-S and CFU-F to the indices of healthy
animals’ BM cells, cryopreserved with 10% DMSO.

The authors aknowledge Dr. TM. Gurina, Senior
Research Fellow of the Department of Long-Term Storage
of Biological Objects Under Low Temperatures and
Cryomicrobiology for the assistance in cryopreservation
of bone marrow cells.
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