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Premises for Optimizing the Method of Bone Marrow Cryopreservation

in Animals with Autoimmune Pathologies
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OmnpeneneHs! GyHKIOHAIBHBIC XapaKTEPUCTHKH KIETOK KOCTHOTO Mo3ra (KM) 310poBBIX JKUBOTHBIX U JIOHOPOB C 3y TOMMMYHHBIMH
3abomneBannsiMu (AW3) mo u moce kprokoHCcepBUpoBaHws. MccenoBanus ToKa3aiy, 4T0 He3aBUCUMO OT BH/Ia ay TOMMMYHHOI ITaTOIOT U
MaKCHMaJIbHOE KOTHUYECTBO KPOBETBOPHEIX HMPEHNIECTBEHHUKOB rpanyinomoHonuronodsa (KOE-I'M) coxpansercs mpu
KkpHoKoHcepBHpoBaHuy B KM nox 3amuroii 7%-ro numermncynbdokenaa (JIMCO). dis knerok KM HHTaKTHBIX )KUBOTHBIX TaKOH jke
crenenu coxpanHocth KOE-I'M 6bita montydena mpu ucnoib3zoBanuu JIMCO B 10%-ii KOHIIEHTpAIIHH.

Knroueswie cnoea: KoCTHBIN MO3T, ayTOUMMYHHBIE 3a00neBanmst, KOE-I'M.

BusnaueHo, QyHKIIOHATbHI XapaKTEPUCTUKU KIITHH KiCTKOBOro Mo3Ky (KM) 3mopoBHX TBapuH i JOHOPIB 3 ayTOIMyHHHMH
3aXBOPIOBAHHSMH JI0 1 ITiCJIs1 KpiOKOHCEepBYBaHHsL. JI0CITiIKeHHS ITOKa3ally, 110 He3aJIe)KHO BiJl BUY ay TOIMYHHOI [IaTOJIOTi T MAKCUMaJIbHa
KUTBKICTh KPOBOTBOPHHX IMONEpPEAHUKIB rpaHynomMoHonuronoesy (KYO-I'M) 36epiraerbes mpu KpiokoHcepByBaHHI B KM min
3axucToM 7%-ro mumermicynabdokenny (AMCO). dust knitua KM iHTakTHEX TBapuH Taka x nimicts KYO-I'M Gyna oxepxaHa npu
puxopuctanti IMCO B 10%-11 koHLIEHTpaii.

Knrouosi cnoea: xicTkoBUil MO30K, ayTOIMYHHI 3axBoptoBanHs, KYO-I'M.

There were determined the functional characteristics of bone marrow cells (BM) in healthy animals and donors with autoimmune
diseases (AID) prior to and following cryopreservation. The studies demonstrated that independently on the type of autoimmune
pathology, the maximum amount of hemopoietic precursors of granulomonocytopoesis (CFU-GM) in BM was reached during its
cryopreservation under the protection of 7% DMSO. For BM cells of intact animals the same integrity of CFU-GM was obtained

when using DMSO in 10% concentration.
Key-words: bone marrow, autoimmune diseases, CFU-GM.

K coBpemennbiM metonam nedenuss AU3 or-
HOCHUTCS TpaHCIUIaHTanus aytojgorngnoro KM [12,
14]. UzBectHO, 4TO ee 3()PEeKTUBHOCTH 3aBHCHUT OT
psina GakTopoB, B TOM YMCIIE TEMOIIOITUIECKOTO T10-
TEHIMaNa, KOTOPBIH MpH Nepecanke ayTONIOTHIHBIX
MHETIOKaPUOLNTOB OTpPEENsIeTCs] CTEIEeHbI0 Mpe-
[IECTBYIOMIETO BIWAHHUS HAa OPraHU3M JIy4eBOW U
XUMHOTepanuu. HemManoBaXHBIM B ONpeaeeHNuU
(YyHKIHMOHATIBHOTO CTAaTyca MHEJIOTPaHCIUIaHTaTa
SBIISIETCS TAKXKe CIIOCO0 €ro 3arOTOBKU M XpaHEHUSI.
Pa3zpaboTanbl peXUMbl KPUOKOHCEPBUPOBAHUS
MHUEIO0KapHOLIUTOB 3J0POBBIX TOHOPOB [6]. [Ipn A3
MMEEeT MECTO HapylIeHHE KPOBETBOPEHHUA, KOTOPOE
00yCIIOBJICHO KaK BHyTPEHHUM A€(EKTOM CTBOJIOBBIX
KPOBETBOPHBIX KJIETOK, TaK M (DYHKIHOHAIHHBIM
HapymIeHHEM CTPOMaIbHOTO MUKPOOKPYKEHHS, T.€.
W3MEHEHHEM HHTETPAJbHBIX XapaKTEPHUCTHUK
CTPYKTYpPHO-(OYHKIIHOHAILHBIX mapameTpoB KM
[12,14]. Uens ganHO# pabOTHl — CPaBHUTEIHHOE
W3ydeHHe XapaKTepa BIUSHUS ONpeaeleHHBIX
PEeXMMOB KPHOKOHCEPBUPOBAHMSI HA CTPYKTYpPHBIE H
(yHKUHOHATBHBIE XapaKTEpPUCTUKHU KieTok KM

Transplantation of autologous BM is related to
modern methods for AID treatment [12, 14]. Its
efficacy is known to depend on the series of the factors,
and hemopoietic potential as well, which is determined
by the degree of the preceding effect on an organism
of X-ray and chemotherapy when transplanting the
autologous myelocaryocytes.The way of a myelo-
transplant preparing and storage is of great importance
too while determining its functional status. There were
elaborated cryopreservation regimens for healthy
donors’ myelokaryocytes [6]. During AID the
hemopoiesis impairment is known to occur, that may
be caused both by an inner defect of hemopoietic stem
cells and a functional failure of a stromal micro-
environment, that is by the change of integral cha-
racteristics of structural and functional BM parameters
[12, 14]. Comparative study of the effect character of
certain cryopreservation regimens on structural and
functional characteristics of BM cells in control
(healthy) animals and those with AID: either adjuvant
arthritis (AA) or experimental allergic encepha-
lomyelitis (EAE) was the aim of the work.
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KOHTPOJIBHBIX (3I0POBBIX) )KUBOTHBIX M KHBOTHBIX C
AWN3: agpoBaHTHBIM apTpuToM (AA) U 3Kcoe-
PUMEHTAIbHBIM aJIIEPrHIECKAM DHIIE(PATIOMUETUTOM

(DAD).

Martepnaabl 1 meToAbI

WccnenoBanus ObLIW BBINOJHEHBI HAa OENBIX
OECIIOPOIHBIX 5-6-MECSIHBIX KPhICaX-CaMIlaX MacCOoM
160-180 r. Bce MaHMMyNSIIIUU € KUBOTHBIMM IIPO-
BEAEHBI COMIAacHO MeXAyHapOAHBIM NMPUHIHIAM
EBponelickoii KOHBEHUIMH O 3alIUTE MO3BOHOYHBIX
xuBoTHEIX (CTpacOypr, 19851.). OO6bekTOM HC-
ciegoBanust 0bu1 KM, B3STBII y )KUBOTHBIX B IEPHOJ
KJInHUYeckol Manudectauun DAD (21-e cyTkn),
WHUIUUPOBAHHOTO TI0 MeToxy [laBeinoBoii [3], 1 AA
(14-e cyTkm), MHUOIUUPOBAHHOTO CyOILIaHTAPHBIM
BBEICHHUEM MOIHOTO axbloBanTa Opeitnaa. Konrpo-
neMm ciry>xuit KM 310poBbIX KUBOTHBIX. Muenokapro-
LUTHI BBIMBIBAJIA M3 OCIPEHHBIX KOCTEH cpenon 199
¢ nob6asienuem 10%-ii sMOpHOHATHHON TeNSTUBEH
CBIBOPOTKHU U 2%-r0 LHUTpaTa HAaTpHs, KPUOKOH-
CEepPBUPOBAIM B TOH K€ cpele MoA 3aiuToit 5-, 7-,
10%-ro IMCO (B KOHEYHO# KOHIIEHTPAIUH) IO
IporpaMMe MeaJIeHHOTo 3amopaxuBanus 1o —40°C
co ckopocThio 1°C/MHH C MOCIEAYIOIHUM HOTPY-
JKEHUEM B JXKMIKHM a30T B IIACTUKOBBIX KPHUO-
koHTelHepax Gpupmbl Nunc. Konuuectso kiietok KM
BCEX T'PYIII )KUBOTHBIX JOBEIEHO J0 OJWHAKOBOU
KOHIIeHTpanuu. V3yueHue BIUSHHUS OONBIINX KOH-
uentpauuit JMCO Ha kinetku KM He Bxoauno B
3a/1ad9y JaHHOTO MCCIIEOBAHNUSA, TOCKOJIBKY COTTIACHO
[7] oHH OKa3bIBAIOT TOKCHYECKOE JCHCTBHE HA HX
Mop¢podyHKIMOHANbHBIE CBOWCTBAa. OTTanBaHUE
CYCIICH3HWH IPOBOIUIIHN Ha BOJTHOW OaHE TPU TeMIIe-
parype 41°C. J{ns nHTErpabHON OLIEHKH CTPYKTYPHO-
(PYyHKIIMOHATFHOTO MTOTEHIINAIIA IEKOHCEPBUPOBAHHBIX
MUEIOKapHOIUTOB OBIIM BHIOPAHBI METOJBI all-
re3WBHOM U paronuTapHoi akTHBHOCTH (DA) KiI1eToK
KM [3]. KonmrrgaecTBoO COXpaHHBIX KIETOK B CYCIICH3UH
OTIPEJIEIISIN C TIOMOIIBIO CYTIPAaBUTAIBHOTO KPacHUTeNs
TPUIIAHOBOTO CHHETO.

st konmmuecTBeHHOM onieHKH conepskanus KOE-I'M
HCHOJB30BAJIM METO/ KYIBTUBHpOBaHUs KieTok KM B
TIOTYXKHJIKOM arape B KoHreHTparmu 1x10° kieTok/mi
[11]. KynbTypy TepMocTaTHpOBaIv IPU TEMIIEPAType
37°C B atmocdepe ¢ 5% CO,un 95% Bosmyxa. Pe-
3yJIBTaThl yYUTHIBAIH Ha 14-€ CyTKM KyIbTHBUPOBAHMS,
MOCKOJBKY B [6] 9TOT CpOK OBLT 000CHOBAH KaK HanOoee
OnTUMaNbHEIN 115 oneHkn QyHknuu KOE-TM, y
KOTOpBIX HabliomaeTcs BpeMEHHas MHTUOUIus
npou(epaTUBHON aKTHBHOCTH IOJ JCHCTBUEM
KpHOKoHCcepBHpoBaHwusl. [Ipemaparsl yquTsIBaIn Mo
HWHBEPTHPOBAaHHBIM MUKPOCKOTIOM (yBennueHue x40).
O¢ddexruBHOCTE KONMOHMEOOpazoBanus (DKO) kieTok
KM oreHuBaau mno oo0ieMy KolIuuecTBy ChHOpMH-
POBaHHBIX KJIAcTepoOB M KojoHWH Ha 10° akcraH-
THPOBAHHBIX KJETOK. [lorydyeHHBIE SKCIIEpUMEH-
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Materials and methods

Investigations were performed in white mongrel 5-
6months’ male rats with 160-180g mass. All the
manipulations with animals were accomplished
according to the International Principles of the
European Convention on Vertebrates’ Protection
(Strasbourg, 1985). BM procured from animals at the
period of EAE clinical manifestation (the 21 day)
initiated by Davydova’s method [3], and AA (the 14™
day), initiated by subplantary injection of complete
Freund’s adjuvant served as the object under study.
BM of healthy animals served as the control.
Myelokaryocytes were washed-out from thighbones
with 199 medium using 10% embryonic calf serum
and 2% sodium citrate, cryopreserved in the same
medium under the protection of 5, 7, 10% DMSO
(under final concentration) according to the program
of slow freezing down to -40°C with the rate of 1°C/min
with further immersion into liquid nitrogen in Nunc
plastic cryocontainers. The amount of BM cells in all
groups of animals was an equal concentration. We did
not study the effect of higher DMSO concentrations
on BM cells, as according to the data [7] they are
known to affect toxically their morphofunctional
properties. The suspension thawing was done in water
bath at the temperature of 41°C. For the integral
estimation of structural and functional potential of
frozen-thawed myelokaryocytes there were chosen the
methods of adhesive and phagocytic activity (PhA) of
BM cells [3]. The amount of survived cells in suspension
was determined using trypan blue supravital dye.

For a quantitative evaluation of the content of CFU-
GM we used the method for BM cell culturing in semi-
liquid agar in the concentration of 1x10 3cells/ml [11].
The culture was thermostated under the temperature
of 37°C in the atmosphere of 5% CO, and 95% air.
The results were calculated to the 14" day of culturing,
as earlier [6] this term was proved to be the optimum
for CFU-GM estimation, in which there was observed
a temporary inhibition of proliferative activity under
cryopreservation effect. Preparations were calculated
using an inverted microscope (%40 magnification).
Colony forming efficacy (CFE) of BM cells was
evaluated on the total amount of clusters and colonies
formed per 10° explanted cells. Experimental data
obtained were statistically processed using “Microsoft
Excel 2000 electron tables.

Results and discussion

The data presented in Table 1 testify to the fact
that BM cells of AID animals are characterized by an
increased initial permeability for supravital dye
comparing to BM cells of healthy animals. Following
cryopreservation the maximum BM cell integrity of
healthy animals, which did not significantly differ on
the initial level, was noted when using 10% DMSO.
Amount of BM cells in this group independently on
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TaJIbHBIC JAaHHBIC CTATHCTHYCCKU O6pa6aTI)IBaJII/ICI)
B 3JIEKTPOHHBIX Tabnumuax “Microsoft Excel 2000”.

Pe3yAbTatbl M 00CyXAeHHe

[IpencraBnennbie B Tabn.l maHHbIe CBUIE-
TEJIBCTBYIOT O TOM, 4TO KJIeTkH KM xuBoTHBIX ¢ A3
VMEIH MOBBIIEHHYIO HCXOJHYIO POHULAEMOCTD JIS
CYNpaBUTAIBHOIO KPACHTENS MO CPaBHEHHUIO C
xiterkaMu KM 310poBbIX )kMBOTHBIX. [Iocie KpuokoH-
CEPBHUPOBAHM MaKCHMalbHas COXPAaHHOCTh KIIETOK
KM 310pOBBIX KUBOTHBIX, KOTOpasi JOCTOBEPHO HE
OTJIMYAIach OT UCXOIHOTO YPOBHS, OTMEYAIACh MPU
ucnoib3oBanuu 10%-ro IMCO. KonndecTBo KIETOK
KM B 3T0i1 rpynme, He3aBUCUMO OT KOHLIEHTpAIluu
JIMCO, nocne KpHOKOHCEPBUPOBAHNUS JOCTOBEPHO HE
OTINYAJIOCH OT UCXONHOTO ypoBHA.B TO ke Bpems
MaKcHMajbHas COXpaHHOCTh kKi1eTok KM noHopoB ¢
AA n DAD 6p11a pu ucnons3zoBanuu 7%-ro JMCO
U cocrtaBistia 75,30+£2,34 u 76,25+3,87% coort-
BETCTBEHHO. Ta e TeHACHUMs Habiionaiach Mmpu
ydeTe KoaudecTBa kiieTok KM »KUBOTHBIX C JAHHBIMU
MIATOJOTUSMH.

Takum oOpaszoM, yxe Ha TepBOM 3Tare OIEHKH
coctossHus KM mo naHHBIM CYyNpaBUTAJIBHOTO
OKpAIIMBAHUS U KOJTMYECTBEHHOTO COIEPKaHMS sIAep-
HBIX KJIETOK B MCCIIEAYEMBIX 00pa3iax, HE3aBUCHMO OT
BUJa ayTOUMMYHHOH ma-
TOJIOTHH, yCTAaHOBJIEHO, YTO
IUTSE KPUOKOHCEPBUPOBAHUS
takoro KM ontumManbHON
saBasgercsa 7%-s1 KOHIEHT-

DMSO concentration after cryopreservation did not
differ on the initial level. At the same time the maximum
integrity of BM cells in AA and EAE donors was while
using 7% DMSO and made 75.3+£2.34 and
76.25+3.87%, cor-respondingly. The same tendency
was observed when counting the number of BM cells
in animals with these pathologies.

Thus even at the 1* stage of BM state evaluation
according to the data of supravital staining and
quantitative content of nucleated cells in the samples
under study independently upon the type of autoimmune
pathology the 7% DMSO concentration was found to
be optimum for such a type of BM cryopreservation.

Macrophage-phagocyte system cells (MPhS)
participate actively in a cascade-like inflammatory
process [10]. The next step therefore was studying
the PhA in BM cells at AID.

It should be noted that BM cells at the pathologies
studied possessed different PhA. At AA we observed
the increase of a phagocyte index (Phl) in myelo-
karyocytes and the decrease of phagocyte number
comparing to the control. It looks like the lack of BM
cell capability of phagocyting the staphylococci was
compensated by the rise of the amount of phagocyting
cells. Due to this fact the absolute index of
myelokaryocytes’ phagocyte activity (AIMPhA) did

Taoauua 1. CoxpaHHOCTb ¥ KOIMYECTBO sIepHBIX KiIeTok KM xuBoTHbIX ¢ A3
JI0 Y MOcIie KpUOKOHCEPBUPOBAHUS
Table 1. Integrity and number of BM nucleated cells in AID animals prior to and

following cryopreservation

pauus IMCO.
Knerku MaKpO(l)aI‘aJ'IBHO— A ITocre KpI/IOKOHCe}')ABiI\I//IIpCOOBaHI/Iﬂ KaeToK KM
. o c
(haronuTapHO! CHCTEMBI i"g;ﬂ;ﬁ\f Moxasarens Kproxoncephi — | Following the cryop];(]e\zesrgation BM cells with
(M®C) axTHBHO ydYacT- BM cells of Index L
animals .
BYIOT B KaCKaJHO pa3BH- cryopreservation 5% —n % —n 10% —
BarOIIEMCsl BOCIAJUTENb-
_ CoxpaHHOCTB, % ) 4
HoM npouecce [10]. IToato ropoBEX Tnteqrity. % 95,343,07 73,42%2,675 | 82,05+4,10'4 | 90,45%3,28"
MY CICAYVIOIIUM JBTAalmomM (KOHTPOAB)
y Y o Of healthy KoamgecTBO
HAIIMX MCCIIEI0BaHHM OBbLIO animals KrCroR X10°/3en
' 6,35%= 0,30 6,00=1,18 5,64=1,19 5,862:0,68
n3yuenue @A kierok KM (control) Amount of cells
x10°/m1
mpu AU3.
Heo0xonumo OTMETHTD, Coxﬁiggr‘i’f;’;% 81,21+2,36? 68,63£2,64125 | 753023414 | 71,233,572
%
yto knetku KM mpu uc- C AA
CIIEyEMBIX MAaTOJOTUAX With AA Ronmectno
o d =+ =+ 1 =+ =+ 1,5
oOmananu pasnuyHord DA Amount of colls 6,34% 0,23 3,53=0,76 525%065 | 3,25+0,23
x10°/ml
(ta6mn.2). Tak, npu AA m
HAOJTIONANI0Ch YBEITHICHHE Coxﬁiggr‘i’f;;% 80,13+325 | 64,76=2,53%3 | 76,25+3,87 | 72,34%2,50"2
%
(barouuTapHOTrO MHACKCA c om5
(®N) MuenoxkapuouruTOB U With EAE KOAH‘IGf&jO
KAETOK X MA, .
CHIDKEHHe HX (ParOLUTAPHOrO o L, 6,37 0,32 553=0,13'% | 575%032 | 543=0,11'
gucna (PYU) o cpaBHEHUIO ¥107/ml

¢ xoutposieM. Co3maercs
BIICYATIICHUE, YTO HEJIOCTA-
IOII1asi CIIOCOOHOCTH KIIETOK
KM  ¢darounurupoBats
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Hpumeyanus: Paznuuus ctatuctruuecku 1ocropepHsl (p<0,05) no cpaBHEHUIO: 1— ¢ JaHHBIMU
JI0 KPHOKOHCEPBUPOBAHUS; 2— ¢ KOHTponeM; 3 —c AA; 4 — ¢ 5%-m JIMCO B nanHoi rpymme; 5 —
¢ 7%-m IMCO B nanHO# rpymnie.

Notes: statistically siginificant differences (p<0.05) comparing to: 1 —the data prior to cryopreservation;
2 — the control; 3 — with AA; 4 — with 5% DMSO in this group; 5 — with 7% DMSO in this group.
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cTaMIIOKOKKH KOMIIEHCHPOBAJIACH YBEITITYCHUEM KOJIH-
YecTBa (aronuTupyronmx kietok — GU. 3a cuet aToro
aOCOMNIOTHBIN MOKa3aTelNb (arouTapHO aKTUBHOCTH
muenokapuonutoB (AIIGAM) mocToBepHO He
oTnuyaincs ot KoHTpoud. Ilpu DAD nabmomanach
WHasl KapTHHA: BCE MCCIIEeAyeMble MOKa3aTeNu ObLIH
HHM)KE KOHTPOJIBHOTO ypoBHs. Becieactsue 3Toro
AIIDAM ymenbiiasncs 6onee yeM B 12 pa3 mo cpas-
HEHUIO C KOHTPOJIEM.

MoXHO TPEeAnoIOKNUTH, YTO MOJAO0HOTO poaa
HU3MEHEHHUs 00YCIIOBJICHBI CIICIIU(PHKON [INTOKHHOBOTO
npodpuns npu AU3. Knerku KM BeipabaThiBaOT
TpyHIy MHEIONENTHAO0B, 00JIafaloMX UMMYHO-
pPEeryasTOPHBIMH CBOWCTBAaMH, B TOM YHCJIE H
crumyaupyonmx A makpodaros [1]. AkTuBauus
(aronuTOB pa3IUYHBIMM areHTaMH CBs3aHa, Kak
MIpaBWJIO, C MOBBIIEHUEM COAEPKaHUS KIETOYHOIO
KaJIBLIHS, KOTOPOE, HalpuMep B HEUTPOQUIBHBIX
rpaHyjIonMTax, yBenuunBaercs non aeicreuem NJI-8 n
BMecte ¢ IM-KC®, UJI-1 1 ®DHO-a cocraBiseT
UTOKHUHOBBIHN ()OH, aKTHBH3UPYIOIIN#T paronuTsi [ 8.
N3BecTHO, uTO pu AA HaAOIIONACTCS TOBBIIICHHAS
MPOAYKIINS ONMHUCAHHBIX BBINEC MUTOKWUHOB [16],
cmocoOCTByIOmAas CTUMYJISAIHU HCCIENyEMBIX

not differ significantly comparing to the control. At
EAE the different picture was observed: all indices
under study were lower than the control level. As a
result AIMPhA decreased by more than 12 times
comparing to the control.

Such changes are supposed to be caused by a
cytokine profile specificity at AID. BM cells produce
the group of myelopeptides possessing immu-
noregulatory properties, which stimulate the macro-
phage phagocyting activity [1]. Phagocyte activation
by various agents is related as a rule to the rise of cell
calcium content, which is known to increase for
example in neutrophil granulocytes under IL-8 effect
and along with GM-CSF, IL-1 and TNF-a make the
cytokine background, activating phagocytes [8]. An
increased production of mentioned above cytokines is
known to be observed at AA, which promote the
stimulation of the indices under study, while at EAE
the inhibiting effect on the adhesion molecule and PhA
expression may be manifested by the production of
another kind of cytokine, that is transforming growth
factor (3 [4].

Cryopreservation being a powerful physical and
chemical factor, which affects in a way different cells

Tabauuna 2. @aronurapHas aKTUBHOCTb U aiT€3UBHBIN OoTeHIM AN KiIeTok KM »xuBoTHbIX ¢ AU3
JI0 ¥ TIOCJI€ KPHOKOHCEPBUPOBAHUS

Table 2. Phagocyte activity and BM cell adhesive potential in AID animals prior to and following the cryopreservation

TTocae KprOKOHCEepBUPOBaHUs KaeTok KM ¢ AMCO
Krerku KM >KHBOTHBIX IMokasaTennb AO KPMOKOHCEPBUPOBAHUSA Following the cryopreservation BM cells with DMSO
BM cells of animals Index Prior to cryopreservation
5% —m™ 7% —M 10% —m™m
ou 52,52+3,91 30,230,87'5 33,87=1,5214 40,562,281+
PhI 523, 230, B87%1, 562,
3A0POBBIX };Dh‘i 8,75%+1,52 5,75%+0,73"° 7,670,494 9,86+1,36*°
(KOHTPOAB)
Of healthyanimals .
(control) Aﬁ?ﬁﬁﬁgl o 294,11£14,78 111,255,561 166,269,971+ 255,05:£12,79145
AK % 27,15=1,88 55,262,633 37,583,111 35,79=1,67"4
AC,%
q)I/I 2 1 1 1
Pl 73,13£2,33 32,44 2,36 30,17=3,34 34,26=3,57
o4 6,37£0,23? 12,15£2,5112 8,75£2,32 8,43£2,67
C AA PhA . ) \ : \ : : :
With AA
ATIDAM, 10 ) , iaas
AIMPhA, 107 307,45+16,32 267,63=20,69 310,05%=10,55 192,06==13,43
par 63,334,652 71,005,322 55,393,017 48,242,781+
%
on 1275 37 5 300 5312 g gy a1 5015
b 75%1,37% 55,322,532 60,56=1,87'> 61,54=1,50'23
@ 4,210,302 11,330,943 = +2,34!
PhA 210,30 330,941 6,20=1,161,3,4 7,53+2,34
C 2AD
With EAE
ATIDAM, 107 2.3 125 134 12,4
AIMPhA 107 23,08=1,18 260,51=14,78 155,07%9,87 199,26=7,63
ﬁgf{; 14,44:£1,3423 66,122,362 27,022,031 44 35,60%1,241845

IMpumeyanus: Pasnuuns craructudecku pocroBepusl (p<0,05) 1o cpaBHeHHIO: |— ¢ JaHHBIMU 0 KPHOKOHCEPBHPOBAHUS; 2— C
KoHTpoJieM; 3 — ¢ AA; 4 — ¢ 5%-m JIMCO B nannoii rpynne; 5 — ¢ 7%-m IMCO B naHHO#i rpynmne.

Notes: statistically significant differences (p<0.05) comparing to: 1 —the data prior to cryopreservation; 2 — the control; 3 — with AA;
4 — with 5% DMSO in this group; 5 — with 7% DMSO in this group.
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XapaKTepHUCTHK, B TO BpeMs Kak mpu DAD HHTH-
Oupyromiee neiicTBUE Ha IKCIPECCHUI0O MOJEKYI
anresun U GA MOXKeT OKa3bIBaTh MOBBINICHHAS
MPOIYKLMS APYTOTr0 LIUTOKWHA — TPAHC(HOPMHUPYIOLIETo
poctoBoro ¢akropa 3 [4].

KpuokoHcepBupoBanue, sIBISSCH MOIIHBIM (DU3HKO-
XUMHYECKUM (aKTOPOM, B TOH WJIM WHOW CTEHNEHH
BO3/IEMCTBYIOIIMM Ha pa3Hble KJIETKU FeTepOreHHON
nonyisinun KM, CylecTBEHHO M3MEHSIET €ro CTa-
OunbHOe (QYHKIMOHAlIbHOE cocTosHHe. [locme
kpuokoHcepBupoBanuss @U knerok KM 310poBbIX
KUBOTHBIX NpHU ucnoas3doBanuu 5%-ro IMCO
camxaincs B 1,7, 7%-ro — B 1,6, 10%-ro — B 1,3 paza
[0 CPaBHEHHUIO C MCXOJHBIM MoKazaremem. Jms
MHUEJIOKapUOIUTOB KUBOTHBIX ¢ AA MHHHMalabHOE
camwkenne U Habmonanoch Mpu HCIONb30BAHUN
7%-ro IMCO, B TO Bpems kak ipu DAD 0TMeUanoch
nocroBepHoe yBenuueHne @O Gonee uem B 4 pasza
BO BCEX HCCIENYEMBIX IpyNmax HEe3aBUCHUMO OT

120 3,5
100 + L T 73
+25
80 + T
XX 12 82
'UJ"GO + i 5 S
m 1453 Q
moO 0 W E
401 S
& +1
\ */1
20 1 e 105
0 . . . 0
KoHTponb 5%-1 7%-n 10%-1
a OMCO a
Control 5% 7% 10%
DMSO
120 35
100 + -3
+25
_ 80 WS
R t2 %
Clig | 2 Q
mO . S L 15 LCI)J T
T O
40 +
-1
20t - 0,5
0 1 1 1 1 0
KoHTpone AA 5%-1 7%-1 10%-n
OMCO
0 Control  AA 5% 7% 10% b
DMSO

of BM heterogenous population, was found to change
dramatically its stable functional state. Following
cryopreservation the Phl of BM cells in healthy animals
decreased by 1.7 times when using 5% DMSO, with
7% DMSO by 1.6 times, and 10% by 1.3 times
comparing to the initial index. For myelokaryocytes of
AA animals the minimum Phl was observed when
using 7% DMSO, while at EAE there was noted a
statistically true Phl increase by more than in 4 times
in all the studied groups independently on the
cryoprotectant’s concentration comparing to the initial
index. At both of the pathologies the phagocyte number
increased following the cryopreservation, while in the
control no statistically significant changes were
observed, and only during freezing with 5% DMSO
this index was found to decrease significantly.
AIMPhA of the control group after cryopreservation
with 10% DMSO approached to the initial index (prior
to cryo), for BM cells with AA the proper one was
found to be the 7% DMSO concentration. The slightest
deviation of AIMPhA at EAE from the initial index
was also noted while using 7% DMSO.

As the Table 2 shows at AA the increase of
phagocyting cells (Phl) percentage in BM correlated
to a more than twice rise of adhesive cells (AC) content
in it. At the same time EAE development induced a
sharp decrease of Phl accompanied by nearly twice
fall of AC in BM. It worth to be noted that at EAE all
the studied characteristics of PhA cells in BM were
significantly lower than the control values that points
to “stronger” changes of an inner organism state during
the pathology. Interestingly that following the
cryopreservation independently on the cryoprotectant
concentration there were noted mono-directed changes

120 3,5
100 + L T3
- 2,5
80 + W o
XX Lo O L
gui 2 O
<160 + z/ o>
moO T 1,50 W
i sz O
40 T —
— i 1
20T 105
0 1 1 1 1 0
KoHtporne A3 5%-1n 7%-1n 10%-
IMCO
B Control  EAE 5% 7% 10% ¢
DMSO

S dexrnBHOCTH KOnoHMeoOpazoBanus KO n KOE/KinOE KM KoHTpOJIBHBIX )KHUBOTHBIX (2), ¢ AA (0), c DAD (c) mon
T10cjIe KpHOKOHCEPBUPOBAHUSA € pa3aMYHbIMU KoHneHTpanusivu JIMCO: O—-3KO; - KOE/KnOE.

Colony forming efficiency (CFE) and CFU/CIFU in BM of control animals (a), with AA (b), with EAE (c) prior to and
following the cryopreservation with various DMSO concentrations: O— CFE; U-CFU/CIFU.
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KOHIICHTPALMH KPUOMPOTEKTOPa MO CPaBHEHUIO C
HUCXOAHBIM Moka3zaTeneM. [lpu obenx maromorusx
rnocijie KpuokoHcepsupoBanuss @YU noseIagocs, B
KOHTpOJIE JOCTOBEPHBIX N3MEHEHHI He HaOII0Aanoch,
U TOJBKO IpH 3aMopaxkuBaHuu ¢ 5%-M JJMCO stor
nokasareiab JOCTOBepHO cHuxaiacia. AIIOAM
KOHTPOJIGHOW I'PYTIITBI ITOCIIE KPHOKOHCEPBHUPOBAHMS C
10%-m IMCO nipubnmkaicst K iCXOAHOMY (710 KPHO)
nmokasartenr, i kietok KM ¢ AA nauboiee
npuemiemMoil sapnsacek 7%-s konuentpanus IAMCO.
B maumenspmeit crenenn AIIOAM mpu DAD ot-
KJIOHSJICS OT MCXOJHOTO MOKa3aTelsl Takke MpHU
ucnosibzoBanuu 7%-ro JIMCO.

Kak BuzHO U3 npeAcTaBiIeHHBIX B Ta0J1.2 JaHHBIX,
npu AA TOBBIIICHUE MPOIEHTa (aronuTHPYOINX
kietok — (OU1) B8 KM koppenupoBasio ¢ 6ojee dem
JBYKPAaTHBIM YBEJIMYEHHEM B HEM COJCPKAHUS
aare3uBHbBIX Ki1eTOK (AK). B To ke Bpems pa3Butue
OAD unnynuposano peskoe cHmkenne ®U, koropoe
COTIPOBOXK/IAJIOCH MOUYTH JABYKPATHBIM CHI)KCHHEM
conepxanusi AK B KM. BaxxHo oTMeTuTh, 4to mpu
OAD Bce N3ydeHHBIE XapaKTEPUCTUKH cOcTOIHUSA DA
kyeTok KM ObLIH CYIIECTBEHHO HIKE KOHTPOJIBHBIX
BEJIMYHMH, UTO MOJYepKHBaeT Ooyee “xecTkue”
W3MEHEHHS BHYTPEHHETO COCTOSIHUSL OPTaHU3Ma IIpH
JNaHHOW martosiornu. MHTepecHo, 4TO mocie KpHo-
KOHCEPBHUPOBAHUS, HE3ABUCUMO OT KOHIIEHTpAaLUU
KpHUOMPOTEKTOpa, OTMEUYaJINCh OAHOHAIPaBICHHBIE
n3MeHeHus xapakrepucTik OA nmaronoruueckoro KM:
npu DAD Ha ¢doHe yBenmumueHus mnporeHta AK
yBenuuuBaics 1 OU, nmpu AA Ha GoHe yMeHbIIEHHS
npouenta AK ymenpmanca u ®U. B xontpome
konuuectBO AK yBenunuuBanoch, a ®U cHuxkamics.
Takum 00pa3oM, OIHM U T€ € PEKUMBI KPHO-
KOHCEpPBUPOBAHMS MOT'YT MHIYLIMPOBATh MOBBIIIIEHHYIO
SKCTAHCHUIO MOJEKYN aAre3ud Ha OTHOCALIUXCS K
M®C knerkax KM npu ogHUX MaTOIOTHYECKUX
COCTOSIHUSIX U HHTHOMPOBATh MIPU APYTHX.

Kak BuaHO u3 pucyHnka, mokasarenb OKO 6wt
JIOCTOBEPHO HIKE KOHTPOJIS ¥ COCTABIUL: Tpu AA —
57, mpu DAD — 51%, 4TO MOXKET OBITh CBS3aHO C
YMEHBIIEHUEM KOHLEHTPALNU KOJIOHHECTHUMYIH-
pytouux ¢daktopoB npu manueix AU3 [2]. Takum
oOpa3om, paznuuus Mexay rpynnamu ¢ AU3 Obutn
MeHee BbIpaXeHHBIMU. MHTepec mpeacTaBisieT
muddepeHIMpoBaHHBIN aHATTN3 cocTaBirsronx OKO,
.. KOE u KnOE kakx ornomenne KOE/KaOE,
yKa3bIBalolllee Ha paclpeiiesieHne pa3HOW CTENeHU
I bepeHIMPOBKH KPOBETBOPHBIX IPEAIICCTBEHHUKOB
B KM xuBoTHBIX. ECiii cpaBHUBATH BE MATOJIOTUH,
TO CIIEyeT OTMETUTH, UTO TIPH AA OOJIbIIIE, YeM MIPH
DAD, cunmxaercs konmnuectBo KinOE mo cpaBHeHHIO
C KOHTPOJIEM, O Ye€M CBHUIETENbCTBYET OOJbIIAs
BenmmuuHa KOE/KnOE (1,73 12,93 cOOTBETCTBEHHO),
T.e. ipx DAD B OONbIICH CTENEHH COXPAaHSIOTCS
reMONO3THYECKHE MPEeAUIeCTBEHHUKU C Ooiee
BBICOKMM IPOJIM(epaTHBHBIM TOTEHIMATI0M. MHIEeKC
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in PhA characteristics of pathological BM: at EAE on
the background of AC the percent rise the Phl
increased as well. At AA on the background of the
AC percent fall the Phl was found to decrease too. In
the control the AC amount increased but Phl reduced.
Thus the same cryopreservation regimens may induce
an increased expansion of adhesion molecules on BM
cells related to MPS during some pathological states
and inhibit at other ones.

As the Figure demonstrates the CFE index was
significantly lower than the control and made 57% at
AA, 51% at EAE, which is supposed to be related
to the decrease in colony stimulating factors
concentration during these types of AID [2]. Thus the
differences between the AID groups were less
manifested. Differentiated analysis of CFE
compounds, that is CFU and CIFU is of interest too as
the CFU/CIFU ratio pointing to a degree distribution
of the differentiation of hematopoietic precursors in
animal BM. If one compares the two pathologies, it
should be noted that the amount of CIFU decreased if
compared to control during AA in a greater extent
than at EAE, which is pointed by a higher CFU/CIFU
value (1.73 and 2.93, respectively), that is during EAE
hematopoietic precursors with higher proliferative
potential are preserved better. CFU/CIFU index during
the both of pathologies was significantly higher than
the control. Therefore at different AID types, both
AA and EAE the state of not only hematopoietic “place
d’armes” in the whole, but of hematopoietic precursors’
compartments of a various commitment level being
the part of it, was noted to be modified in a different
way. Such changes may be supposed to be caused by
specificity of a cytokine profile change at one or another
AID type, when a certain deviation from the physio-
logical cytokine content with the immune modulating
and hematopoietic activity determines the change
character of hematopoietic profile in the whole
organism. Estimation of the state of hematopoietic
precursors demonstrated the integrity of CFU-GM in
healthy BM (Figure) to the rise along with the DMSO
concentration increase, reaching the control level while
cryopreserving myelokaryocytes under the protection
of 10% DMSO. The maximum integrity of CFU-GM
in donor BM with AA and EAE was noted when using
7% DMSO, while the functional potential of CFU-GM
approached in a maximum way to the initial level (prior
to cryopreservation). It is of interest as well that the
CFU/CIFU ratio independently on the type of AID was
higher at BM cryopreservation at 5% DMSO, that
testifies to the integrity of less differentiated precursors
(CFU) at this cryopreservation regimen.

Conclusions

Autoimmune diseases, and namely adjuvant arthritis
and experimental allergic encephalomyelitis, are
accompanied with the changes in phagocytic and
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KOE/KnOE npu 06eux naToiorusx Obu1 JOCTOBEPHO
BbIlle KOHTpond. CienoBaTenbHO, MPU Pa3INYHBIX
AN3, a umenHo AA u DAD, B pa3NIUYHON CTETIEHU
MOJIUQHUIIUPYETCS COCTOSIHAE HE TOJIBKO TeMOIT03TH-
YECKOro IUTaljapMa B IIEJIOM, HO ¥ BXOJAIINX B HETO
KOMITApTMEHTOB KPOBETBOPHBIX NMPEALIECTBEHHHUKOB
pa3zHOTo ypOBHS KOMMHUTHPOBAHHOCTH. MOXHO
MIPEATNONI0XKNATh, YTO MOJO0OHOTO poja U3MEHEHUS
00yCTIOBIIEHBI CTICIM(UKOM N3MEHEHHUS LINTOKUHOBOT'O
npoduis mpu ToM uir nHoM A3, Korna KOHKpeTHOe
OTKJIOHEHHE OT (PU3HOJIOTHYECKOTO COAECpIKAHUS
LUUTOKHHOB C MMMYHOMOAYIUPYIONMEH U TremMo-
MO3TUYECKON aKTUBHOCTBIO ONpENEIAET XapaKTep
HU3MEHEHHUsI COCTOSHHSA T€MOIIO3THYECKOT0 MPOdUIIs
OpraHMu3Ma B IIEJIOM.

OneHka COCTOSHUS KPOBETBOPHBIX MpeJIec-
TBEHHUKOB I10CJIE KpPHOKOHCEPBUPOBAHNUS OKA3ana,
yto coxpanHocTb KOE-I'M 310poBoro KM (pucyHok)
YBEJIMYNBAETCS 110 MePE TOBHIIICHNS KOHIIEHTPALUN
OUMEKCHUA, JOCTUTasg KOHTPOJIBHOTO YPOBHS INpHU
KPHOKOHCEPBUPOBAHUH MHUEIOKAPUOLUTOB MOJ
samuTor 10%-ro JIMCO. MakcuMyM COXpaHHOCTH
KOE-I'M koctHOTO MO3ra HOHOPOB ¢ AA 1 DAD
OBLI OTMEYEH IIPH UcTIoNb30Banuu 7%-ro JJIMCO, mpu
atoM (pyHKImoHanbHEIH noTeHIman KOE-I'M makcu-
MaJIbHO NPHOIKAIICS K HCXOAHOMY (IO KPHO) YPOBHIO.
HuTepecHo orMeTuth, uto oTHOomeHue KOE/KnOE,
HeszaBucumo oT AW3, Opimo Gosblie mpu KpHoO-
koHcepBupoBanuu KM nop 3ammroit 5%-ro IMCO,
YTO yKa3blBaeT HAa COXPAaHHOCTh MeHee nuddepeH-
uupoBaHHbBIX npenmecTseHHuKoB (KOE) mpu nanHOM
peXrMe KPHOKOHCEPBHUPOBAHHMA.

BbiBOAbBI

IIpu AU3, a umerno AA u DAD, mpoucxogsat
“3MeHeHUs (HarolUTapHOTO U aJAre3MBHOTO MOTCH-
nuainos kietok KM, npudem npu DAD 311 n3MeHeHus
0oJjiee BBIPAKEHBI.

ITokazaHo, 9TO OAMH M TOT K€ PEKUM KPHOKOH-
CEPBHUPOBAHNS HHAYITPYET MOBBITICHAYIO YKCIIAHCHIO
Monekyn aaresun 1 @A knerok KM mpu 3AD n
UHTHOUpPYET npu AA 10 CpaBHEHUIO C UX UCXOIHBIM
COCTOSTHHEM.

PazButne AW3 BEI3pIBaCT M3MEHEHHUE T€MOIIOATH-
YEeCKOTO MOTEHIHala KPOBETBOPHBIX IpEAIIeCT-
BEHHHUKOB, YTO IOJTBEPKIAACTCS (PAKTOM CHIDKECHUS
KOE-I'M, npuyem nipu DAD B OoJbLIeH cTEEHH.

ITocne kpuokoncepBupoBanusi KM XKMBOTHBIX C
9AD ¢ 7%-m IMCO KOE-I'M coxpansnucs B
MEHbIIEH cTenenu, ueM npu AA, ogaako KOE-T'M
KOCTHOTO MO3Ta ¢ 3TOH maTojoruei obmamanu
601b1UM PO (epaTHBHBIM OTEHIIMATIOM.

[To coBOKYNMHOCTH M3Y4YEHHBIX MOKa3aTeneu ans
KM xuBotHbIX ¢ AU3 npennoyTuTenbHbIM, HO HE
ONTUMAIBHBIM SIBJISICTCSI PEKUM C HCIIOIH30BAHUEM
7%-ro IMCO, nns KM KOHTpOJHHBIX KHBOTHBIX —
10%-ro.
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adhesive state of BM cells potential, moreover at EAE
these changes are most manifested.

It has been shown that the same cryopreservation
regimen induces an increased expansion of adhesion
molecules and phagocyte activity of BM cells at EAE
as well as inhibits at AA in comparison with their initial
state.

AlDs development causes the change in hemo-
poietic potential of hemopoietic precursors, that is
confirmed by the reduction in CFU-GM, and for EAE
in a greater extent.

After BM cryopreservation of the animals with
EAE under 7% DMSO protection the CFU-GM
preserved in less extent than at AA, however CFU-
GM of BM with this pathology had higher proliferative
potential.

According to all studied indices for BM of animals
with AIDs the regimen when using 7% DMSO is
preferable, but not optimal, meanwhile for BM of the
control animals is the one with 10% DMSO.
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