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Pecpepar: ViccnegoBaHo BnusiHME YCNOBWUIA KPUOKOHCEPBUPOBAHUST (KOHLEHTpaUUsl KpMOMpoTekTopa AUMETUNCYNb(OKCU-
na — AMCO, ckopoCTb OXNaxAeHWst B pasfuyHbIX TEMMepaTypHbIX MHTepBanax) Ha PeHOTUNUYecKMn Npodunb 1 UMMyHOMOAY-
NVIPYIOLLYI0 aKTUBHOCTb KNneTok detanbHoi nedeHn (KOI) kpbic 14 cyTok rectaumu. Knetku 3amopaxusanu no ABYM pexvMam
nog 3awmton 7,5; 10 n 12,5% OAMCO. Onpegenanu deHotunuyeckmin npocpunb KO (CD34*CD38-, Sca-1*CD34-, Sca-1*CD34",
CD44-CD73*, CD44*CD73"), ux uutomopdornormyeckme nokasatenu, KOMMYecTBO U XM3HECNoCcobHOCTb. Pa3paboTaHHbI B AaH-
HON paboTe pexmnm KpmokoHcepBupoBaHus KOIT obecneumBan COXpaHHOCTb B FeTEPOreHHOW MonynsaummM KNetok ¢ MMMYHOMO-
OynvpyloLen akTUBHOCTLIO, KOTOPYIO OLEeHUBanuM B CUCTEME in Vivo Ha MOLENWN 3KCMEPUMMEHTANbHOro aTtonuyeckoro gepmarura
(3A[). OkcnepumeHTanbHO ycTaHOBNeHa 3P MEKTUBHOCTb NPUMEHEHNS KPUOKOHCepBMpoBaHHbIX KOl no pexumy 1 (1 rpag/mMuH
no —25°C; 5-muHyTHasa ctabunusaumsa npu —25°C n norpyxeHue B xuakun asot) ¢ 10% OMCO ans BoccTaHOBMEHMs nMokasa-
Tenen KpoBU N CHMKEHUS UHTEHCUBHOCTM KOXHbBIX BOCMANMUTENbHbIX peakunii y Kpbic ¢ uHaykunen SAL.

KnioueBble crnoBa: kpuokoHcepBupoBaHue, OMCO, knetkn deTanbHOMW NeYeHU KpbICbl, MMMYHOMOLYNUPYHOLLAa aKTUBHOCTb,
aToONUYeCcKnn oepmaTtuT.

Pedbepar: [locnigpkeHo BNnvMB yMOB KPIOKOHCEPBYBaHHSA (KOHLEHTpaLis KpionpoTekTopy aumetuncynsdokengy — AMCO, wsua-
KICTb OXOMOMXEHHSI B Pi3HUX TemnepaTypHux iHTepBanax) Ha (eHOTUNIYHWIA Mpodinb Ta iIMyHOMOAYIOKYY aKTUBHICTb KNiTWH
deTtanbHoi neviHkn (KOIM) wypis 14 gi6 rectauii. KnituHn 3amopoxxyBanu 3a gBoma pexumam nig 3axuctom 7,5; 10 i 12,5% OMCO.
Busnauyanu deHotunivHnin npodine KM (CD34*CD38-, Sca-1*CD34-, Sca-1"CD34*, CD44-CD73*, CD44*CD73"), ix untomopdo-
NOriYHi MOKa3HWKK, KiMbKICTb Ta XWUTTe3AaTHICTb. Po3pobnenHun y gaHii poboTi pexum kpiokoHcepByBaHHs KOl 3abesnevyBaB 30e-
PEeXEeHHs1 B reTeporeHHin nonynsauii KNiTMHW 3 iIMyHOMOZYIIOKYOK aKTUBHICTIO, SIKy OLIHIOBaNM B CUCTEMI in vivo Ha Mopeni ekcne-
puMeHTanbHoro atoniyHoro gepmatuty (EAL). EkcnepvMeHTanbHO BCTAHOBMEHO e(eKTMBHICTb 3aCTOCYBaHHS KPIOKOHCEPBOBAHMUX
K®rT 3a pexumom 1 (1 rpag/xs o —25°C; 5-xBunuHHa ctabinisauis npu —25°C i 3aHypeHHs B pigkuii asoT) 3 10% AMCO ans BigHoB-
NEHHS NMOKa3HWKIB KPOBI Ta 3HVKEHHS IHTEHCUBHOCTI LLKIPHUX 3ananbHUX peakuint y wypis i3 iHgykuieto EAL.

KntouoBi cnoBa: kpiokoHcepByBaHHs, AMCO, kniTuHM dpeTanbHOi NeYiHKM Lypa, iMyHOMOAY YA aKTUBHICTb, aTONIYHUN JEPMaTUT.

Abstract: The effect of cryopreservation conditions (concentration of dimethyl sulfoxide cryoprotectant, cooling rate in
different temperature ranges) on phenotypic profile and immunomodulating activity of rat fetal liver cells (FLCs) of 14 days of
gestation was investigated. The cells were frozen according to two regimens under protection of 7.5; 10, and 12.5% dimethyl
sulfoxide. We evaluated the phenotypic profile of FLCs (CD34*CD38-, Sca-1"CD34-, Sca-1*CD34*, CD44-CD73*, CD44*CD73"),
their cytomorphological indices, number and viability. The FLCs cryopreservation regimen developed in this work provided the
preservation in a heterogeneous cell population with immunomodulating activity, evaluated in vivo in the model of experimental
atopic dermatitis (EAD). The efficiency of using FLCs cryopreserved according to the regimen 1 (1 deg/min to —25°C; stabilization
at —25°C for 5 min and plunging into liquid nitrogen) with 10% DMSO to restore blood counts and reduce the intensity of dermal
inflammatory reactions in rats with the induced EAD was experimentally established.

Key words: cryopreservation, DMSO, rat fetal liver cells, immunomodulating activity, atopic dermatitis.

OnHa W3 akTyalbHBIX 3a7ad KPUOOMOIOTHH,
MMEIOINUX KaK TEOPETHUECKOEe, TaK U IPUKIATIHOE
3HaYeHHE — MCCIeIoBaHUe IMPOLECCOB, MpOTeKa-
IOIUX HA Pa3HBIX H3Tanax KpPUOKOHCEPBUPOBAHUS
KJIETOYHBIX cycrieH3uid [ 1,3, 12]. DTo o0yciioBieHo He-
00XOAMMOCTBIO Pa3pabOTKH ONTHUMAIBLHOIO PEeKUMa
KPHOKOHCEPBUPOBaHUS, 00ECIEUNBAIOIIETO COXpa-
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The study of the processes occurring at different
stages of cell suspension cryopreservation is one of
urgent tasks of cryobiology, having both theoretical and
applied values [1, 5, 23]. This is due to the necessity to
develop an optimal cryopreservation regimen, provi-
ding preservation of structural organization and
functional activity of different cells [7, 10, 18, 21].
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HEHUE CTPYKTYpPHOH opraHu3anuu ¥ (yHKIHO-
HaJlbHOM AaKTUBHOCTU pPa3IUYHBIX KJIETOK [5, 9,
21, 23].

Becpma mpobriemHO# siBIsieTcst pa3paboTka om-
TUMAJIbHBIX YCIIOBHA KPHOKOHCEPBHPOBAHUS KIle-
TOYHBIX CYCICH3WH, MPEACTABIAIONINX COOOW Te-
TEPOTEHHYIO KJIETOYHYIO OIS0, KaKIBIA W3
JJIEMEHTOB KOTOPOW peann3yeT Crenn(uyecKyro
(yHKIMIO0, oOecrieynBasi MHTETPANbHBIN MOTEHIHAI
OMpPENICIICHHON OHMOJIOTHYeCKOH CTPYKTYpbl [3, 8].
B oroii CBfA3M BaxkHA MHHUMHU3ALUS BHYTpHUKIIE-
TOYHOM KpucTamumzanuu [2, 6]. B 1o ke Bpems
HEOOXOAMMO YYUTHIBATh IPOILECC BHEKIECTOYHOMN
KpUCTAJUIM3ALMHU, BCICICTBUE KOTOPOM IpU 3aMopa-
JKUBAHUH KJIETKH BBITECHSIOTCS B MEXKPHUCTAILUTH-
YECKHEe YYaCTKH, MPEHMYIIECTBEHHO COAepIKalue
pacTBOpP KPHUOIMPOTEKTOPA [6], UTO CHUXKAET >KU3HE-
CIIOCOOHOCTH KIJIETOK ITOCIIE 3aMOpPaKMBaHUA-OTTaH-
BaHUS.

B HacTosiiee Bpemst pa3paboTaHbl CIoCOObI KPHO-
KOHCEPBUPOBAHUS KPOBETBOPHBIX KIIETOK Pa3HOTO
reresa [2, 3, 14, 17]. IlpeuMyIecCTBEHHO MPHU 3TUX
croco0ax B KayecTBE KPHONIPOTEKTOpPA MCIOIb3YeT-
cs pumerwicynbdokeun (IAMCO) [3, 12, 17]. Husa
KPUOKOHCEPBUPOBAHUSI TEMOMOATUYCCKUX KIIETOK
KOCTHOTO MO3Ta ONTUMAJbHBIMU SIBISIOTCS PEXKU-
MBI, TIPEyCMaTPHUBAOIINE HIU3KHUE CKOPOCTH OXJIaXK-
JeHus ¢ ucnoaszoBanueM 10% AMCO [5, 11].

K yucny reMonosTHyecKuX TKaHEH OTHOCSTCS
iretkn ¢ertanpHoi medeHu (KOIT) [7, 13], koro-
pBI€ MIHPOKO MPUMEHSIOTCS B KIIETOYHON Teparuy H,
B YaCTHOCTH, pereHepaTuBHON Meaunmae [7, 13, 24].
IIpu >TOM 00sI3aTENBHBIM ATAMIOM UX MOATOTOBKH K
KIMHUYECKOMY MPUMEHEHUIO SIBISICTCS] KPUOKOHCEP-
BHUpOBaHue [2, 3, 25].

JHokazano, uro 3ddekruBHoCTh neticTBus KOII
00yCJIOBJICHA TIPUCYTCTBUEM B HUX IIMPOKOTO CIIEKTPa
KJIETOYHBIX MOIMYJISALUMA, CPeIu KOTOPHIX OCHOBHYIO
ponb urpatot remonodtudeckue (I'CK) u mesenxun-
MaibHble cTBONOBBIE KieTkn (MCK) [7, 18]. Cpenn
I'CK namMenee muddepeHITMPOBAHHON CUNUTACTCS
cyomomyisimust Sca-17CD34 -kirerok. [lpu mudde-
PEHIIMPOBKE HAa TOBEPXHOCTH ATHX KIETOK TOSB-
nsercs CD34-monexymna, BciencTBue 4ero (Gpopmu-
pyetcst myn kpatkocpouHoit oyt I'CK (Sca-1*
CD34") [18]. OmauM u3 Haumbolee XapaKTEPHBIX
¢denotunuueckux MapkepoB MCK B obmem myne
KO®II sasnsercs CD73-monekyna, Torna Kak Halu-
yue CD44-monekynbl XapakTepusyeT ux audde-
peHuupoBanHoe coctosinue [15]. HuTerpanbHbIif
(yHkuroHanbHeli noTeHnman K®II Bo mHoroMm
ompenernsiercs TNPOAYKIUEH pPEeryISTOPHBIX TIeT-
THIOB, KOTOpPBIE ONTHMH3HPYIOT MPOIECCHl pere-
HEpaluu B OpraHax M TKaHsAX, 00NagaroT WMMYHO-
MOJYTHPYIONIEH aKTHBHOCTBIO M, KaK MPaBUJIO, HE
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Development of optimal conditions of cell
suspension cryopreservation, being of heterogeneous
cell population is extremely problematic. Each
element of population has a specific function,
providing the integral potential of a certain bio-
logical structure [5, 9]. Herewith minimization of
intracellular crystallization is important [4, 8]. At
the same time, it is also necessary to take into
account an extracellular crystallization, due to which,
during freezing, the cells are pushed to inter-
crystalline areas, mainly containing a cryoprotectant
solution [8], reducing the cell viability after freeze-
thawing.

Nowadays there have been developed the cryo-
preservation methods for hematopoietic cells of
different genesis [3, 4, 5, 14]. These methods mostly
use dimethyl sulfoxide (DMSO) as a cryopro-
tectant [5, 14, 23]. Regimens providing low cooling
rates using 10% DMSO are optimal for cryo-
preservation of hematopoietic bone marrow cells [7,
11, 19].

Hematopoietic tissues include the fetal liver
cells (FLCs) [2, 11], which are widely used in cell
therapy and, in particular, regenerative medicine [2,
11, 22]. At the same time, cryopreservation is a man-
datory step in preparation of FLCs for clinical use [4,
5,25].

It has been proven that the efficiency of FLCs
is stipulated by the presence of a wide range of
cell populations in them, among which the main
role is played by hematopoietic (HSCs) and mesen-
chymal stem cells (MSCs) [11, 15]. Subpopulation
of Sca-1"CD34" cells is the least differentiated
among HSCs. During differentiation, a CD34-mo-
lecule appears on the surface of these cells, as a
result of which a pool of a short-term HSC po-
pulation (Sca-1"CD34") is formed [15]. CD73-mole-
cule is one of the most characteristic phenotypic
markers of MSCs in a total pool of FLCs, while
CD44-molecule characterizes their differentiated
state [12]. The integral functional potential of FLCs
is largely determined by the production of regula-
tory peptides that optimize regeneration processes
in organs and tissues, possess immunomodulating
activity and, as a rule, do not cause the development
of allergic reactions after administration [2].

Previously we have shown [5, 6] that, after cryo-
preservation the FLCs preserve immunomodulating
activity evaluated in model systems. In this work,
the ability of cryopreserved FLCs to correct the im-
mune system (IS) of the recipient’s organism was
tested during the induction of experimental atopic
dermatitis (EAD).

The research aim was to evaluate the effect of
various cryopreservation conditions on phenotypic
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BBI3BIBAIOT TIOCJIC BBEACHUS PA3BUTHsI ajliepruye-
cKkux peakuuit [13].

Panee namu Ob110 OKa3aHoO |3, 4], 4TO MOCIE KPH-
okoHcepBupoBanusi KOII coxpanstor uMMyHOMOY-
JUPYIONIYI0 aKTUBHOCTH, OIEHEHHYIO B MOJIETHHBIX
cucteMax. B manHOI paboTe crmocoOHOCTh KPHOKOH-
cepBupoBaHHbIX KOOIl koppurupoBaTh UMMYHHYIO
cuctemy (MC) oprammsma pernumueHTa ObLTa am-
poOupoBaHa NpH MHIYKIWU DKCIEPHUMEHTAIBHOTO
aronmyeckoro aepmaruta (DAL).

Lens pabGoThl — OIEHHUTH BIMSHHE Pa3TUUHBIX
YCIOBUH KPHOKOHCEPBUPOBAaHUS Ha (EHOTHUITUYE-
CKkuil mpoduib U UTOMOP(OIOTHYSCKUE MTOKa3aTe-
T KJIETOK (heTAIbHOW MEYEeHHU, a TaKXKe Ha UX CIIO-
COOHOCTh BOCCTAHAaBJIHMBATH IIOKa3aTelld KPOBU W
CHIDKaTh MHTEHCUBHOCTh KOXKHBIX BOCHAIUTEIBHBIX
peaknuil y KpbIC MPH JICYCHUN SKCIIEPUMEHTAITEHOTO
aTONMYECKOTO JIEPMATHUTA.

MarepuaJbl 1 METOIbI

OKCIIepUMEHTHI TPOBEACHBI HA 6-MECSYHBIX KPbI-
cax-camkax JuHUM Bucrtap maccoii 180—200 r cor-
nacHo 3akoHY YkpauHbl «O 3alUTe XKUBOTHBIX OT
xectokoro oopamteHus» (Ne 3447-1V or 21.02.2006 1)
¢ coOmoennemM TpeboBanuii Komurera nmo 6uoatu-
ku MHCTHTYTA, COMTacoBaHHBIX C TOJIOKeHuEM «EB-
porieiickoii KOHBEHIIMU MO 3alUTe MO3BOHOYHBIX
KUBOTHBIX, KOTOPBIE HCIOJIB3YIOTCS B SKCIEPUMEH-
TalbHBIX M Jpyrux HayuHbIX wnemsax» (CrpacOypr,
1986).

Cycnenzuto K®II kpric 14 cyTok recrauu moiy-
YJaly MyTeM IUCCOLMAIN B romorenusarope IloT-
Tepa B utarenbHoi cpene 199 («Ilan Dxox», Poccust)
¢ 3%-11 s MOpHOHAIBHOM TeNTYbel CIBOPOTKOM («bro-
n0T», Poccust) u 2%-m nutpatom Hatpust (paboumnit
pacTBOp). DTOT ke paboYnll pacTBOP HCIOJIL30BAH
Ha JTanax 3aMOPAKMBAHUS KIIETOK. OKCIO3HLHUIO
K®II ¢ xpuonporekropom JIMCO B KOHLIEHTpauuu
7,5; 10; 12,5% npoBoawin B TEUEHHE 5 MHUH IpPU
temreparype 4°C. Kpuokxoncepsupoanu KOII B
MOJMATHICHOBBIX ammynax («Nuncy, I'epmanus) B
obbemMe | MJI Ha NPOrpaMMHOM 3aMOpaXKHUBaTese
YOII-06 (CKTb ¢ OIl npu UIIKuK HAH Vkpau-
HBI). BTN MCHONB30BaHBI CTYNEHYATHIE PEKUMBI
3aMOPAKUBAHUS C Pa3HBIMH CKOPOCTSIMH OXJaXKIe-
Hust: pexum 1 — 1 rpag/mun 10 —25°C, S-MuHyTHas
crabunuzanus npu —25°C 1 norpyeHue B KUIAKHHA
a3oT; pexuM 2 — 1 rpaa/mun 1o —40°C, 5-MuHyTHas
crabunmzanus npu —40°C, 10 rpag/mun go —90°C
U TIOTPYXXEHHUE B XUAKUH a30T. OTTauBanue odpas-
LIOB OCYIIECTBISUTM Ha BonsHOW Oane mpu 41°C B
TedeHue 1-3 MWH JI0 MCUE3HOBEHHS TBEPIOH (a3bl.
[locne pa3MopakuBaHUsI CYCIICH3UIO KJIETOK OTMBbI-
BaJIM OT KPHOIIPOTEKTOPA B pabouepM pacTBOpe, LIeH-
tpudyruposanu npu 300g B Teuenue 10 MuH.
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profile and cytomorphological parameters of fetal
liver cells, as well as their ability to restore the blood
counts and reduce the intensity of skin inflamma-
tory reactions in rats during treatment of experi-
mental atopic dermatitis.

Materials and methods

All the experiments were performed in female
Wistar rats of 6 months age of 180—200 g inaccordance
with the Law of Ukraine ‘On the Protection of
Animals against Cruelty’ (N 3447-IV of February
21, 2006) in compliance with the requirements of
the Bioethics Committee of the Institute for Prob-
lems of Cryobiology and Cryomedicine of the Na-
tional Academy of Sciences of Ukraine, agreed
with the provisions of the ‘European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes’
(Strasbourg, 1986).

Suspension of rat FLCs of 14 gestation days
was obtained by dissociation with a Potter homo-
genizer in nutrient medium 199 (PanEko, Russia)
with 3% fetal bovine serum (Biolot, Russia) and
2% sodium citrate (handling solution). The same
handling solution was used at the stages of cell free-
zing. FLCs with 7.5; 10; 12.5% DMSO cryo-
protectant were exposed for 5 min at 4°C. FLCs
were cooled in 1 ml polyethylene ampoules (Nunc,
Germany) with a programmable freezer UOP-
6 (Special Designing and Technical Bureau with
Experimental Unit of the Institute for Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine). The stepwise
freezing regimens with different cooling rates were
used: regimen 1 — 1 deg/min down to —25°C, 5-minute
stabilization at —25°C and plunging into liquid nit-
rogen; regimen 2 — 1 deg/min down to —40°C,
S-minute stabilization at —-40°C, 10 deg/min down
to —90°C and plunging into liquid nitrogen. The
samples were warmed in a water bath at 41°C for
1-3 min until a solid phase disappeared. After
thawing, the cell suspension was washed from
cryoprotectant with a handling solution, centri-
fuged at 300g for 10 min.

FLC suspension was assessed for a number of
nucleated cells (in Goryaev’s chamber), viability
(using supravital staining with trypan blue (TB)
and propidium iodide (PI)) prior to and after freeze-
thawing [17]. Morphological composition of FLCs
was evaluated in smears stained with azure II-
eosin according to Romanovsky, using a Primo Star
light microscope (Carl Zeiss, Germany); ocular x10,
objective x90 (oil immersion) by counting 500
cells. The content of all cell types was expressed as
a percentage. Subpopulation composition of FLCs
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B cycnensuu KOII 1o u mocne 3amopakuBaHusi-
OTTauBaHMs ONPEACISUIM KOJIMYECTBO AIPOCOAEP-
XKalux KIeTok (B kamepe lopsesa), sxuzHecnoco0-
HOCTh (METOIOM CYIPaBUTAIBLHOTO OKpAIIMBaHUS
tpuranoBeiM cHUM (TC) 1 mponuanem omuma (P1))
[20]. Mopdomornueckuii coctaB KOII omnenuBanm
Ha Ma3Kax-oTIeyarkax, okpalieHHbIX a3yp I[-no3u-
HOM 110 POMaHOBCKOMY, C TTOMOIIIEIO CBETOBOTO MH-
kpockomna «Primo Star» («Carl Zeiss», ['epmanus);
okymsip x10, oobexTHB x90 (MacisHas UMMEpPCHs)
nyrem mnojcdera 500 knetok. ConepxaHue Bcex
TUMOB KJIETOK BBIpaXanu B mpoueHTax. CyOmo-
nyassuuoHHbld coctap KOII omenuBanu Ha IUTO-
¢yopumerpe «FACS Calibury («BD», CIIIA) ¢ uc-
M0JIb30BAHUEM MOHOKJIOHAJIBHBIX aHTUTENn K CD34,
CD38, CD44, CD73, Sca-1 monekynam («BDy,
CIIA). Pesynprarsl 00pabarsiBaii ¢ TIOMOIIBIO TIPO-
rpamMmmbl « Win MDI 2.9» («TSRIy», CILIA).

OKCIIepUMEHTATBHBIX KHUBOTHBIX pa3feNiid Ha
rpynmsl: 1 — KOHTpoOdb (3M0pOBBIE), 2 — C MHAYK-
mueit DAJl; 3 — ¢ BBEICHHEM CBEXKEBBIJICIICHHBIX
KO®IT (5x10° xn/kpeicy); 4 — ¢ BBEIEHHEM KPHO-
koHcepBupoBaHHBIX KOIT (5 X 10° kii/kpsIcy).

Caexesblenennble (cKOII) u kpuoxoHcepBu-
poBanuble (KK®II) KOII BBogunam Ha 22-¢ CyTKH
nocne MHAYKUMH OAJ] BHYTpHOPIOIIMHHO OJHO-
KpaTHO B oObeMe 0,5 MII ¢ KOHIIEHTpAIMel KIETOK
5 x 10°. MnaunuupoBanmu DAJl BTHpaHHEM B KOXKY
5%-T0  CIIUPTOBO-AIlETOHOBOTO pacTBOpa JAWHHU-
Tpoxsopbenszomna B TeueHue 21 cyrok [10]. Tepa-
rieBTryaeckuii 3pdext or BBeaeHms KKDII kpricam
¢ DA]] orneHnBamu Ha 5-¢ CYTKH IO XapaKTepy BOC-
CTaHOBJICHHA TIOKa3aTesieil KPOBU M CHU)KEHHUIO MH-
TEHCUBHOCTH KOXXHBIX BOCHAIHUTEILHBIX PEaKIUH.
Jsist BBISIBIICHHSI IMMYHHBIX HapylICHUH Ha JIOKallb-
HOM YpPOBHE NPOBOAWIA HMMYHO(EHOTHIIMPOBA-
HHUE KJIETOK KOXXHOTO MH(MUIbTpara Ha MPOTOYHOM
uutodiayopomerpe «FACS Calibury («BD») ¢ mpu-
MEHEHHEM MOHOKJIOHAJBHBIX aHTHUTEN K MOJEKYlIaM
CD3, CD4, CDS, CD25 («BD»). Ilo cooTHomIeHHIO
CD4/CDS8 BbHHCISIN HMMYHOPETYISITOPHBIA WH-
nekc (MPN).

CraTtucTH4IeCcKyl0o 00pabOTKy DKCIEPHUMEHTATb-
HBIX JJAHHBIX MTPOBOAMIH 10 MeToay Creionenra-du-
miepa ¢ MPUMEHEHHEM IMporpaMmbl «Statistica 7.0»
(«Stat Soft Inc.», CILIA).

Pe3yabTarsl n o0cyxkneHune

HemanoBaxHbIM Mpu KPUOKOHCEPBUPOBAHUM IS
o0ecrieueHus] COXPAaHHOCTH KIIETOYHBIX CYCIIEH3UH
SIBIISIETCST MCTIONIb30BaHKME KPHUOIpOoTeKTopa. Hambo-
Jiee MIUPOKO MCIIONB3YEMbIM IS ATHX IIeJIel Kpruo3a-
muTHEIM coenuHenneM sBisercs JIMCO. Tem ne
MEHee Hapsaay ¢ obOecledeHHeM KPHUOPE3UCTCHT-
HOCTH KJICTKaM OH TIPOSIBIISICT TOKCHYECKHE CBOMCTBA
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was evaluated with FACS Calibur cytofluorimeter
(BD, USA) using monoclonal antibodies to CD34,
CD38, CD44, CD73, Sca-1 molecules (BD, USA).
The results were processed using WinMDI 2.9
software (TSRI, USA).

Experimental animals were divided into the
following groups: 1— control (healthy); 2 — with
EAD induction; 3 — with introduction of freshly iso-
lated FLCs (5 x 10° cells/rat); 4 — with introduc-
tion of cryopreserved FLCs (5 x 10° cells/rat).

Freshly isolated (fFLCs) and cryopreserved
(cFLCs) FLCs were administered as a single-dose
intraperitoneally in the volume of 0.5 ml with a
cell concentration of 5 x 10% on the 22" day after
EAD induction. EAD was initiated by infriction
onto the skin of 5% alcohol-acetone solution of
dinitrochlorobenzene for 21 days [24]. Therapeutic
effect after administering FLCs to the rats with
EAD was evaluated to the 5" day by the nature of
restoration of blood counts and a decrease in in-
tensity of dermal inflammatory reactions. To iden-
tify immune disorders immunophenotyping of skin
infiltrate cells was performed with FACS Calibur
(BD) flow cytofluorimeter using monoclonal anti-
bodies to CD3, CD4, CDS§, CD25 (BD) molecules.
Immunoregulatory index (IRI) was calculated by
CD4/CDS ratio.

Experimental data were statistically processed
with Student-Fisher’s method using Statistica 7.0
software (Stat Soft Inc., USA).

Results and discussion

During cryopreservation the use of cryopro-
tectant is important to provide survival of cell
suspensions. DMSO is the most widely used cryo-
protective compound for these purposes. Never-
theless, along with providing a cryoresistance to
cells, it exhibits toxic properties [1, 20]. Thus, selec-
tion of optimal concentration of this cryopro-
tectant is one of the important factors determining
the effectiveness of cryopreservation [4, 7]. Thus
we have carried out a study of the effect of FLC
exposure with 12.5% DMSO on the integrity,
structure and cytomorphological characteristics. So,
after dissociation of liver and obtaining the FLC
suspension (control), the viability was (79.00 +
3.00)% by TB staining and (73.00 £ 4.00)% when
using PI. The FLC viability indices after exposure
with DMSO did not significantly change.

The morphological composition of the control
FLC samples was presented by undifferentiated blasts
(8.71 + 1.24)%; erythroid immature cells (75.42 +
5.87)%, (45.35 + 3.04)% of which were normo-
blasts; myeloblasts (2.81 = 0.86)%, immature (1.15
+ 0.24)% and mature (1.92 +£0.84)% granulocytes;
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[1, 22]. Takum oOpa3zoM, TOAOOP ONTHMAIBHOW KOH-
LEHTpalKK JaHHOTO KPHUOMPOTEKTOpa SIBISIETCS OJI-
HUM U3 BOXHBIX (DakTOpoB, onpenensommx dpdex-
TUBHOCTb KpPUOKOHCepBUpoBaHus [2, 5]. B cBsa3u
C 3TUM OBUIO MNPOBEICHO HCCIECIOBAHUE BIUSHUS
skcrtozunmu KOIT ¢ JIMCO B npearmoraraeMoit st
WCTIONB30BaHNUA KOHIEHTpammu 12,5% Ha coxpan-
HOCTb, CTPYKTypy H IIUTOMOP(OIOTHYECKHE Xa-
pakTepucTuku. Tak, mociae AUCCOIMALNN TEYeHU U
nonyueHus cycrnensun KOII (koHTposnb) Ku3Hecmo-
cobnocts coctaisuia (79,00 = 3,00)% mo okparu-
Banuo TC u (73,00 + 4,00)% npu ucnonb3oBanuu PI.
[Tokazarenu »xwu3Hecniocoonoctn K®II mocne skc-
no3unyu ¢ JIMCO 3Ha4MMO HE U3MEHSIIUCH.

Mopdonoruueckuii cocraB KOHTPOIBHBIX 00pa3-
oB K®II npencrasnen: HenudhepeHInpOBaHHBIMU
omacramu ((8,71 + 1,24)%); He3penbIMH KIETKaMU
apupougHoro psga ((75,42 + 5,87)%), U3 KOTOpPBIX
(45,35 + 3,04)% — HOpMOOMACTBI; MHUEIOOIaCTaMU
((2,81 +0,86)%), nespensivu ((1,15 +0,24)%) u 3pe-
aeiMu (1,92 +0,84)%) rpanynonuTaMu; MOHOITUTAMA
((2£0,48)%); mumdounmramu ((1,25+0,01)%) nrena-
touutami ((7,00 + 0,56)%). DTu naHHBIC OBUIH B3STHI
3a 100% (tabmn. 1). [Tpu ouenke K®II mocne sxcmo-
suruu ¢ [IMCO cyliecTBeHHBIX M3MEHEHUN BBISB-
JICHO He OBLIO.

[Ipu onenke mnokasarteneil CyOHNOMYJISLUOHHOTO
coctaBa KO®II mnocime pguccommanmmud M DKCIIO-
3uu ¢ [IMCO 3HauuMBIX Pa3NnUyYUil HE YCTaHOB-

monocytes (2 + 0.48)%; lymphocytes (1.25 + 0.01)%
and hepatocytes (7.00 = 0.56)%. These data were
assumed as 100% (Table 1). Assessing the FLCs after
exposure with DMSO did not revealed any signi-
ficant changes.

When assessing the indices of subpopulation
composition of FLCs after dissociation and exposure
with DMSO, no significant differences were found.
Among HSCs, the relative content of differen-
tiated CD34*Sca-1" cells made 0.45%, undifferentiated
with CD347Sca-1" and CD34*CD38" profile it was
0.23 and 0.04%, respectively. The number of MSCs
with CD44°CD73" and CD44"CD73" phenotype
was 12.45 and 5.25%, respectively.

Viability indices, morphological and subpopu-
lation composition of FLCs did not significantly
differ from those when comparing freshly isolated
samples and exposed with cryoprotectant cells.
This enabled to conclude that 12.5% DMSO did
not toxically affect the integrity and cytomorpholo-
gical indices of FLCs.

At the next stage of the research the FLCs
were cryopreserved according to the regimens 1
and 2 to enrich the suspension with cell popula-
tion having immunomodulating activity. There
were examined 7.5; 10; 12.5% concentrations of
DMSO differently affecting the number, viability
and phenotypic characteristics of cells during
freeze-thawing. The FLC viability was shown to

Tabnuua 1. Mopdonornyeckuin coctaB KO, KpMOKOHCEPBNPOBAHHbBIX MO pexumMy 1
Table 1. Morphological composition of FLCs cryopreserved according to regimen 1

KK®M + IMCO, %
(o)
KneTouHblii cocTas KoM, % cFLCs +DMSO, %
Cell composition FLCs, %
7,5% 10% 12,5%
Heandbepenunposakkbie Gnactel 8,72 + 1,24 10,63 + 1,24* 13,84 + 1,22 * 8,04 + 0,63
Undifferentiated blasts
SpuTpoBnactel 29,05 + 2,83 23,03 = 1,83* 28,03 + 2,06 20,08 = 1,32*
Erythroblasts
HopmoGnacrsi 46,37 + 3,04 63,41 = 4,35 * 53,42 + 6,13* 70,75 + 6,68*
Normoblasts
MuenoGnacrel 2,81 + 0,86 0,24 + 0,01* 1,21 + 0,01* -
Myeloblasts
3pernble rpaHynounTbl
Mature granulocytes 1.65 + 0,84 B - B
Hespenble rpaHynounTbl B _ B
Immature granulocytes 1.15 £ 0,24
,{\A"O”O”"'Tb' 2,00 + 0,48 0,75 + 0,03* 1,26 + 0,01* -
onocytes
Jumdboum! 1,25 + 0,01 2,18 + 0,31* 2,24 + 0,43* 1,32 + 0,27
Lymphocytes - ! - ! - -
enatounTbl
Hepatocytes 7,00 + 0,56 B - B
MpumeyaHue: *— oTNMUMS 3HAYUMBI MO CPABHEHMIO CO CBeXeBblaeneHHbiMu KOI (p < 0,05).

Note: *— differences are significant if compared with freshly isolated FLCs, p < 0.05.
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nero. Cpemu I'CK oTHocuTenbHOE cojepikaHHe
muddepenuuposanubix CD34*Sca-1" kinerok cocra-
Buwio 0,45%, HenuddepeHINPOBaHHBIX ¢ MapKepa-
Mu CD34°Sca-1" u CD34°CD38 — 0,23 u 0,04%
coorBercTBeHHO. KommuectBo MCK ¢ ¢enorunom
CD44 CD73* u CD44"CD73" 6bu10 12,45 1 5,25%
COOTBETCTBEHHO.

ITokazarenu Ku3HECTIOCOOHOCTH, MOpQoIoTrHYIec-
kil ¥ cyononymsaunoHubi cocta KOII crarucTu-
YeCKH 3HAaYMMO HE OTINYAJINCh OT TaKOBBIX MpPHU
CPaBHEHUHU CBEXKEBBIJICNIEHHBIX W 3KCIIOHMPOBAH-
HBIX C KPHOIPOTEKTOPOM 00pa3LoB. DTO MO3BOJIUIIO
caenats BeiBOA, uTo JIMCO B konuenrpauuu 12,5%
HE OKa3bIBaeT TOKCHYECKOTO JEeWCTBHA Ha COX-
PaHHOCTb M IMTOMOP(OJIOTHYECKUE IOKA3aTeNn
KOIIL

Ha crexyromem srtame pab®oThl OBIIO TIpOBeie-
HO KpuokoHcepBupoBanue KOIT o pexumam 1 u 2
C LIEJIbI0 OOOTalleHUs CYCIIEH3UU HOMYJISUEN Kile-
TOK C UMMYHOMOJYJIUPYIOIIEH aKTUBHOCTBIO. BblLin
anpobuposansl kornerTpanuu JJMCO 7,5;10; 12,5%,
KOTOpBIE B Pa3HOW CTENEHHU BIIMSIM Ha KOJIMYECTBO,
KU3HECTIOCOOHOCTh W (PEHOTUIIMYECKUE XapaKTe-
PUCTHKH KJIETOK B MpOIecce 3aMOpakKHBaHUA-OTTa-
uBanus. [loka3aHo, yTo ku3HECHOCOOHOCTL KKDII
3HAYMMO CHMJKajach B PAa3HON CTENEHM M 3aBHUCENA
ot koHueHTpanuu JJMCO u npumeHseMoro pexxuma
3aMopakuBaHus. OUYEBHIIHO, 3TO CBSI3aHO C JEHCT-
BHEM (PU3UKO-XUMHUCKHUX (DAKTOPOB KPUOKOHCEPBU-
posanus [1, 6]. [ToaTtomy pa3zpaboTka HaydHO 000C-
HOBaHHBIX PEKUMOB KPHOKOHCEPBUPOBAHUS VIS
KJIETOK Pa3JIMYHBIX TKaHEW BO3MOXKHA TOJBKO C yde-
TOM TIPOIIECCOB MaccooOMEHa B CHUCTEME KJIeTKa-
OKpy’Kalolljasi Cpefa Ha pa3HbBIX ATarnax KPHOKOH-
cepupoBaHusi. BeneactBue ¢azoBoro mnepexoxa
BOJIa-JIe/l, SIBJISIIOILErOCS HEOTHEMJIEMBIM 3TaloM
TEXHOJIOTHYECKOTO Tpolecca KPUOKOHCEPBUPO-
BaHMS KIETOYHBIX CYCIEH3UH, BO3HHUKAIOT IIOB-
pexxaarompe (akTopbl, B YacTHOCTH Jeruapara-
UM U BHYTPHUKJIETOUHAsl KpucTtainuzauus [6]. Omn-
TUMaJIbHasl CKOPOCTb OXJIAKACHUS, cielpuaHas JU1s
KOHKPETHOTO THIIa KJIETOK, oOecrieuuBaeT OasiaHC
TpaHCMEMOpPaHHOTO MaccooOMeHa KIeTKa-OKpy-
JKaromias cpefa, B Pe3ylbTare KOTOPOro 00e3BOXKH-
BaHHE KIJIETOK, C OJHOW CTOPOHBI, JOCTATOYHO JIJISt
HCKJTIOUYEHUS BEPOSITHOCTH BHYTPHUKIETOYHOTO JIbJI0-
0o0pa3zoBaHus, a ¢ APYroil — HE JOCTUTACT KPUTH-
YECKOr0 YPOBHS, YTOOBI MPHBECTH K HEM30EKHOMY
MOBPEXACHUIO KJIeTOK. CyIIeCTBEHHYIO POJIb B 3TOM
[polecce UrparoT KOHLIEHTPALHsl KPUOIPOTOKTOpA,
a TaKkKe OCOOEGHHOCTH CTPOEHHs IIa3MaTHyec-
KUX MeMOpaH KJIETOK, JMMUTHPYIOUIMX BOIHBIN
moToK [1].

MaxkcuMaJIbHO BBICOKOE KOJIMYECTBO M IIOKa3a-
TeNb KU3HECMOCOOHOCTH KJIETOK OBUIA TOTy4YEHBI
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be significantly decreased to different extent and
to be depended on DMSO concentration and the
applied freezing regimen. Obviously, this is asso-
ciated with the action of physicochemical factors
of cryopreservation [1, 8]. Therefore, the develop-
ment of scientifically based cryopreservation re-
gimens for cells of different tissues is possible
only taking into account the processes of mass
transfer in ‘cell-environment’ system at different
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Puc. 1. lNMokasatenu ¢eHoTUNMYEeCcKoro npoguna n co-
xpaHHOCTW K®I1, KpMOKOHCEPBMPOBAHHLIX MO pexumy 1.
1 — KONUYecTBO sApocodEP)KaLLMX KIETOK; 2 — XKMU3HECMNOo-
cobHocTb kneTok no TC; 3 — Kn3HecnocobHOCTb KNETOK No
Pl; 4 — copepxaHue knetok CD34*CD38-; 5 — cogepxaHue
kneTok CD44*CD73*; 6 — cogepxxaHue knetok CD73*CD44-;
7 — cogepxaHue knetok Sca-1"CD34*; 8 — cogepxaHue
knetok Sca-1"CD34-. 3a 100% npuHsTbl 3HaveHus KOrl
nocne guccoumauun (KOHTpornb, C); * — oTnnM4ma 3Ha4YUMBbI
no CpaBHEHUIO C NokasaTensmMu KoHTpons (p < 0,05).

Fig. 1. Indices of phenotypic profile and integrity of FLCs
cryopreserved according to regimen 1. 1 — number of
nucleated cells; 2 — cell viability by TB; 3 — cell viability
by PI; 4 — CD34*CD38- cell content; 5 — CD44*CD73* cell
content; 6 — CD73*CD44- cell content; 7 — Sca-1*CD34"* cell
content; 8 — Sca-1*CD34- cell content. FLC values after
dissociation are assumed as 100% (control, C); * — diffe-
rences are significantly significant if compared with the
control indices (p < 0.05).

cryopreservation stages. Due to water-ice phase
transition, being an integral step in the technolo-
gical process of cell suspension cryopreserva-
tion, damaging factors arise, in particular, dehyd-
ration and intracellular crystallization [8]. The op-
timal cooling rate, specific for a particular type
of cell, provides a balance of cell-environment
transmembrane mass transfer, as a result of which
the dehydration of cells, on the one hand, is suf-
ficient to exclude the possibility of intracellular ice
formation, and on an other hand, does not reach
a critical level to lead to unavoidable cell damage.
Cryoprotectant concentration, as well as structural
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npu KpuokoHcepBupoBanun KOOIl mo pexumy 1
nox 3ammroi 10% JIMCO (puc. 1). Ilpu usydenun
Moponorudeckoro cocraBa K®II, kpruokoHCepBH-
POBaHHBIX 10 PEKUMY 1, OTMEUEHBI ITOBBIILIEHHOE CO-
nepkanne HenuddepeHIPOBaHHBIX OIACTOB, IPUT-
po- ¥ HOpMOOIACTOB, TUM(OIIUTOB MIPU CPaBHEHUH
C KOHTPOJIEM M OTCYTCTBHE I'DaHyJOLUTOB W Iema-
ToTUTOB (TabM. 1).
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Puc. 2. lNMokasatenu deHOoTUNMYeckoro npocuns u co-
XpaHHOCTN K®PI1, KPMOKOHCEPBMPOBAHHbLIX MO PEXUMy 2.
1 — KONMMYECTBO SApOCOAEepXKaLLMX KIEeTokK; 2 — >KU3He-
cnocobHocTb knetok no TC; 3 — »u3HecnocobHOCTb
knetok no Pl; 4 — copgepxaHue knetok CD34*CD38-; 5 —
cogepxaHue knetok CD44*CD73*; 6 — cogep)xaHue Kkre-
Tok CD73*CD44-; 7 — cogepxaHue knetok Sca-1"CD34";
8 — copepxaHue knetok Sca-1*CD34-. 3a 100% npuHATHI
3HaveHnss KO nocne guccoumaumm (koHTpons, C); * —
OTNNYUSA 3HAYMMbI MO CPABHEHWUIO C MOKa3aTENAMM KOHT-
pons (p < 0,05).

Fig. 2. Indices of phenotypic profile and integrity of FLCs
cryopreserved according to regimen 2. 1 — number of
nucleated cells; 2 — cell viability by TB; 3 — cell viability
by PIl; 4 — CD34*CD38- cell content; 5 — CD44*CD73* cell
content; 6 — CD73*CD44- cell content; 7 — Sca-1*CD34" cell
content; 8 — Sca-1"CD34- cell content. FLC values after
dissociation are assumed as 100% (control, C); * — diffe-
rences are significantly significant if compared with the
control indices (p < 0.05).
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B cyonomynsmmonaom coctaBe KOII, xprokon-
CepBHPOBAaHHBIX 1O pexumy 1 ¢ 7,5 u 10% JIMCO,
HaOJIFOIaNM 3HAYMMOe yBendeHue conepkanus ['CK
(CD34°CD38") na 10 u 16% cootBercrBerno. lc-
nonb3oBanue 10%-# koHnenTpanuu JIMCO B 60:1b-
meld crenenn obecneunBaio coxpaHHocTh ['CK
Sca-1"CD34" (31,58)% u MCK CD44*CD73* (57,87 +
3,67)% ot xoutposs (puc. 2). Ilo muenuro A. Humpe
u coapT. [16], uyBctBUTENnbHOCT CD34'CD38 u
CD44'CD73"-kJIeTOK K BJIMSHUIO KOHIEHTPALUKU
KpPHOTIPOTEKTOPa MOXKET OBITH CBSA3aHA C PA3IUIHBIM
COZIepKaHUEM JIMTUIOB M MPOTEHHOB B KIIETOYHBIX
MeMOpaHax.
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features of plasma membranes of cells, limiting
the water flow play a significant role in this pro-
cess [1].

The highest number and cell viability index
was obtained during cryopreservation of FLCs
according to regimen 1 under the protection of
10% DMSO (Fig. 1). When studying the morpho-
logical composition of FLCs cryopreserved ac-
cording to regimen 1, an increased content of un-
differentiated blasts, erythro- and normoblasts,
lymphocytes if compared with the control and no
granulocytes and hepatocytes were noted (Table 1).

In subpopulation composition of FLCs cryo-
preserved according to regimen 1 with 7.5 and
10% DMSO, a significant increase of HSCs
(CD34°CD38") content was observed by 10 and
16%, respectively. The using of 10% DMSO more
provides integrity of HSCs Sca-1"CD34* (31.58)%
and MSCs CD44°CD73" (57.87 = 3.67)% of the
control (Fig. 2). According to Humpe A. et al. [13],
sensitivity of CD34°CD38 and CD44°CD73" cells
to the effect of cryoprotectant concentration can
be associated with different contents of lipids and
proteins in cell membranes.

During cryopreservation of FLCs by regimen 2,
higher integrity and viability indices of nucleated
cells were also obtained using 10% DMSO.

Analysis of morphological composition of FLCs
cryopreserved according to regimen 2 also showed
an increased content of undifferentiated blasts,
normoblasts, no granulocytes and a significant de-
crease in the number of lymphocytes and mono-
cytes (Table 2).

In subpopulation composition of the FLCs
frozen by regimen 2, the highest number of CD34"
CD38 and CD44°CD73* cells was obtained using
10% DMSO ((115.67 + 9.54) and (44.3 £ 3.51)%,
respectively if compared to the control). However,
under this preservation regimen, the content of these
cells was lower than when using regimen 1 (Fig. 2).

It should be noted that irrespective of cryo-
preservation regimen, undifferentiated blasts and
normoblasts were the most cryostable, the granu-
locytes, monocytes, and hepatocytes were less
stable. This fact is associated with the structural
features of FLCs, confirmed by the results of
other researchers [18]. In subpopulation compo-
sition of cFLCs, the CD34"CD38  cells are the
most resistant to the action of cryopreservation
factors, and Sca-1"CD34" cells are the least resistant.

Thus, a comparative assessment of phenotypic
profile of FLCs enabled to establish its change
when varying cooling rates and cryoprotectant
concentrations that is consistent with the data
of other researchers [16, 23].
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[Ipu xpuokoncepsupoBanuu KOII no pexumy 2
OoJiee BBICOKHE TIOKA3aTeId COXPAHHOCTU U JKU3HE-
CIOCOOHOCTH SIIPOCOAEPIKAIIUX KICTOK OBUIN TIOIY-
YeHbl TAKXKE B Ciyyae ucnonb3zoBaHust 10%-i KoH-
uentpanuu JAMCO.

Amnanmuz Mmopdomorndeckoro coctaBa KOII, kpro-
KOHCEPBUPOBAHHBIX 110 PEXHUMY 2, TAKKEe I0Ka3all
MTOBBIIIIEHHOE CofiepKaHne Hean(pepeHITMPOBaHHBIX
01acTOB, HOPMOOJIACTOB, OTCYTCTBUE IPAHYIIOIUTOB
U 3HaYMMOE CHMKEHHE KOIW4ecTBa JTUM(OIHMTOB M
MOHOITUTOB (TadI. 2).

Considering that implementation of FLC func-
tion in vivo is the only criterion for evaluating
the effectiveness of therapy, the studies of immu-
nomodulating activity of FLCs cryopreserved ac-
cording to regimen 1 with 10% DMSO have been
carried out.

Therefore, in the rats with EAD after administ-
ration of FLCs, a decrease in leukocytosis and
content of monocytic and phagocytic elements in
blood was noted, indicating a decrease in inflam-
matory reaction severity (Table 3).

Tabnuua 2. Mopdonornyeckuin coctaB KO, KpMOKOHCEPBUPOBAHHbLIX MO peXumMy 2
Table 2. Morphological composition of FLCs cryopreserved according to regimen 2

kK®M + AMCO, %
KneTouHblii cocTas Kon, % cFLCs +DMSO, %
Cell composition FLCs, %
7,5% 10% 12,5%
Heandepenuuposantibie Gnactel 872 + 1,24 10,36 + 1,18 12,43 + 1,37 11,43 + 1,59
Undifferentiated blasts ! - ! - ! - ! -
Sputpobnacrsi 29,05 + 2,83 31,01 + 3,28 31,57 + 2,6 25,74 + 2,43
Erythroblasts
HopwmoBnacre: 46,37 + 3,04 57,14 + 5,23* 53,65 + 5,97 62,15 + 6,57*
Normoblasts
MuenobnacTbl
Myeloblasts 2,81 £ 0,86 - 0,44 + 0,02 -
3pernble rpaHynouuTbl B B B
Mature granulocytes 1.65 + 0,84
Hespenble rpaHynounTsi 115 + 0,24 B B B
Immature granulocytes
MoHouunTbl % % B
Monocytes 2,00 £ 0,48 1,03 £ 0,042 1,06 £ 0,013
JNumdpounTsl * * *
Lymphocytes 1,25 £ 0,01 0,46 = 0, 06 0,85 + 0,04 0,68 + 0,07
|_Fienaroumnﬂ 7,00 + 0,56 B B B
epatocytes

MpumeyaHue: *— OTNMUUS 3HAYUMbI NO CPABHEHMIO CO CcBexXeBblaeneHHbiMn KOr (p < 0,05).
Note: *— differences are significant if compared with freshly isolated FLCs, p < 0.05.

B cybnomynsiumonnom cocrase kK®II, 3amo-
POKEHHBIX MO PEXHUMY 2, HanOOJIbIIee KOJTHYECTBO
CD34°CD38 u CD44°CD73"-kieTok ObUIO MOJY-
yeHo ¢ npumenenuem 10% JIMCO ((115,67 £ 9,54)
u (44,3 £ 3,51)% COOTBETCTBEHHO IO CPaBHEHUIO
¢ koHTposieMm). OHAKO TIPU JAaHHOM PEKUME KPHO-
KOHCEPBUPOBAHUS COJEpIKAHUE ITHX KIETOK OBIIO
HIDKE, YeM TIPH UCIIONB30BaHUH pexuma 1 (puc. 2).

Crnenyer OTMETHTh, YTO HE3aBHCHMO OT peKnMa
KPHMOKOHCEPBHUPOBAaHUS  HamOojee KpUOCTaOMIb-
HeIMU ObutH  HeauddepeHpoBaHHbIE ONMacThl |
HOpPMOOIACThl, MCHEE YCTOHYMBBIMU — TPaHYJIOLH-
TBI, MOHOLIUTBHI U TenaTtouuThl. Jlanuelii Gakr cBsizan
¢ ocobenHoctsiMu CTpyKTypsl KOII, uro moaTBepx-
JaeTcs pesynbTaTaMM Jpyrux uccienosareneit [21].
B cyononymsimmonHom coctaBe KK®II k pelicTBuio
(hakTOpOB KPUOKOHCEPBHPOBAHUs HaMOOIee YCTOM-
yuBel CD34"CD38 -kneTku, a HauMeHee — Sca-1"
CD34 -knetku.
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An increase of T-regulatory cells (CD4*CD25%)
number, population of T-helper cells (CD4") and
T suppressors/cytotoxic (CD87) was observed in
cellular infiltrate of rat dermal inflammation
with introduction of cFLCs, that contributed to
normalization of IRI (Table 4).

The results of this study confirmed the basic
postulates of cryobiology: the nature and degree of
the effect of freezing factors depend on an initial
state of cells, as well as cryopreservation regimen.
In addition, it is necessary to take into account
the processes, occurring in cells during freeze-
thawing, associated with phase transformations
in cryoprotective solutions.

Cryopreservation of FLCs by regimen 1 under
protection of 10% DMSO maximally provided
preservation in a heterogeneous population of
cells with immunomodulating activity, confir-
med by the results of the studies showing the
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Takum 06p330M, CpaBHUTEIbHAs OLICHKA Tabnuua 3. MNMokasatenu kposu kpbic ¢ JAL v nocne BBeaeHus KOI

denorummueckoro mpopus KOIT mosso- Table 3. Blood counts of rats with EAD and after introduction of FLCs
JIWJIa YCTAHOBUTH €r0 M3MEHEHHE NPH Ba- "GPrVO"u”pa
PBUPOBAaHUM CKOPOCTEH OXJIQXKIEHUS MU Turel KAETOK o
KOHIICHTPAIUU KPHOMPOTEKTOPA, YTO COT- Cell types (KoHTPOL) 3AN o oo
Intact EAD
Jacyercs ¢ JaHHBIMH JPYTHX HCCIEN0Ba- (control EAD+fFLCs | EAD +cFLCs
teneit [12, 19].
Bractbl _ 70 +0,7*% _ -
YyurteiBas, 49ro peannzanug (yHK- Blasts =
unn KKOII B ycnoBusix in vivo siBiasiercs
PeTI{IKyl‘IOLlI/ITbI _ 05 + 0.1* _ _
€IMHCTBEHHBIM KPUTEPUEM OIICHKU 3(- Reticulocytes
(heKTUBHOCTH ITPOBOIUMOM TEPAITUH, ObLITH MeTammenoumtsl ) 50+ 04 ) )
MPOBEJECHBl HUCCIIEIOBAHUS UMMYHOMOZY- Matamyelocytes
nupyromelt aktneHOCTH KPII, KprokoH- b 1,0£01 | 30%03% | 06%0,1% |05 x0,1%
cepBupoBaHHbIX 1o pexxnmy 1 ¢ 10% AMCO.
Tak, y xpsic ¢ DA/l mocne BBeIEHUS Manouko-AgepHbIe
o HenTpodunbl 3,6 £0,3 9,0 + 0,9* 3,4 + 0,47 3,6 + 0,47
KK®II ormMeuanu cHHKEHHE JTEHKOLUTO3a Band neutrophils
U COIEpKaHHS MOHOLMTapHO-(arouu- CermenTo-AnepHble
HeliTpodunbl 245 +£ 2,3 | 38,0 £ 3,8* | 25,0 + 2,0 | 24,5 + 2,56%
TapHBIX 2JIEMEHTOB B KPOBH, YTO CBHJE- Segmented noutrophils
TEJILCTBYET 00 YMEHBIIEHUH BbIPAKEHHO-
o MoHouunTbl * * o
CTH BOCIAIUTEIBHOM peaknuu (Tadm. 3). Monocytes 45+£05 | 126 +£1,3"|30+08" 3502
B knerouynom mHUIBTpaTe oyara BOC- Fcbore
66,5 + 6,7 | 22,56 + 0,3* | 68,0 + 3,9 | 67,6 + 6,567
najgeHus KOKH Kpbic ¢ BBemeHneM KKOII Lymphocytes * * * *
Ha6JHOIlaJ'H/I YBCJIMYCHUEC KOJIMYECTBA T-peI‘y- Bonblune rpaHynouutapHble
nMMdOLUTDI . "
naropHbIX kietok (CD4°CD257%), momynsi- Large granular - 45 +05 - 1.0+03
| hocyti
uu T-xenmepos (CD4") u T cynpeccopos / e

uurotokcnuecknx (CD8Y),utocrocoGerBo-  [PUMEYaHMe: OTNNYNS 3HAHMMEI 110 CDABHEHMIO C MOKa3aTeNsIMu KOH-
b

Basio HopMmanm3anuu MPU (tadm. 4).
PesynbTartel  aHHOTO — UCCIIEOBAHUS
MOJTBEP/IMIIH OCHOBHBIC TIOCTYIAThI KPHO-
OMOJIOTHH: XapakTep U CTEICHb BIUSHUS
(hakTOpOB 3aMOpaKMBAaHUS 3aBUCIT OT HCXOJHOTIO
COCTOSIHHSL KJIETOK, a TaKKe PEeKHMa KPUOKOHCEp-
BupoBaHus. Kpome TOro, HEOOXOJUMO YUYHUTHIBATH
MPOIIECChI, MPOTEKAIOIINE B KIIETKAX MPH 3aMOPaKH-
BaHUH-OTTAUBAHWUH, KOTOPBIE CBA3aHBI C (ha30BBIMH
MIPEBPAICHUSMHE, TPOUCXOJSIIIUMH B UCTIONB3YEMbBIX
MIPU 3aMOPaKUBAHUY KPHOIIPOTEKTOPHBIX PACTBOPAX.

Tpons (*) n nokasatensmu kpbic ¢ QAL (%), p < 0,05.

Note: differences are significant if compared with control indices (*)
and with indices of rats with EAD (¥), p < 0.05.

preservation of their phenotypic characteris-
tics.

Therapeutic potential of cFLCs was evaluated
in vivo using an experimental model of EAD. The
administration of cFLCs to rats with EAD contri-
buted to restore the blood counts and reduce the
intensity of dermal inflammatory reactions.

Tabnuua 4. PeHoTUNNYECKME XapaKTEPUCTUKN KNETOYHOIO MHUNETpaTa ovara BOCNaneHns B KOxe
kpbic ¢ A v nocne BeeaeHns KOr
Table 4. Phenotypic characteristics of cell infiltration of inflammation focus in skin of rats
with EAD and after introduction of FLCs

T-numdcoumtsl (CD3+) T-perynATopHsle
pynna T-lvmphocytes T-xennepbl (CD4*) | T-cynpeccopbl / unToTokcuyeckmne (CD8*) (CD4+CD25%) NPU
Group y(C%y)y T-helpers (CD47) T-suppressors/cytotoxic (CD8*) T-regulatory IRI
(CD4+CD25%)
NHTaKT (KOHTpOnb)

Intact (control) 41,8 + 4,2 364 3,6 28,4 + 2,8 37 +04 1,28 + 0,2
oAl 19,27 + 1,8% 14,19 + 1,4% 6,9 + 0,7 0,95 + 0,4* | 2,06 +0,21*
EAD e = = &£ 0, 95 £ 0, ,06 + 0,

3AL +cKon

EAD + fFLCs 38,6 + 3,97 32,62 + 3,3 26,3 + 2,3 3,5 + 0,57 1,24 + 1,47

J3AA + kKM

EAD + cFLCs 38,81 + 3,827 33,35 + 3,3 25,0 +£ 0,3 4,2 + 0,4% 1,33 = 0,17

MpuMeyaHue: OTNNYMS 3HAYNMbI MO CPABHEHUIO C NokasaTensamu KoHTpons (*) u nokasatensmu kpbic ¢ DAL (*), p < 0,05.
Note: differences are significant if compared with control indices (*) and with indices of rats with EAD (¥), p < 0.05.
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Kpunoxoncepsuposanue KOII no pexumy 1 mox
samutort 10% JIMCO oOecriednBaio COXpaHHOCTB
B I'€TEPOTr€HHOM MOMYJIALUU KIETOK C UMMYHOMOZY-
JUPYIOIIed aKTUBHOCTBIO, YTO OBLIIO TIOATBEPKIEHO
pe3yibpTaTaMy MCCIIeIOBaHMM, TOKA3aBITUX COXpaH-
HOCTh UX (PEHOTHITMYECKNX XapaKTEPHUCTHUK.

OrneHky TeparneBTHdeckoro moreHnuana KKOIT
MIPOBOJIMIIN B YCIIOBHSIX iA Vivo, HA SKCIIEPUMEHTAb-
ot momenu DA/l. Beenenne kK®II kpricam ¢ DA/
Ccroco0CTBOBAJIO BOCCTAHOBJICHHUIO MOKa3aTeeH
KPOBU U CHIDKCHUIO MHTCHCHUBHOCTH KOXKHBIX BOC-
MaTUTEIbHBIX PEAKIUil.

BrIiBOaBI

1. YcraHoBieHo, 4yTO KprokoHcepBUpoBaHue KDIT
no pexumy 1 nox 3amumrtot 10% IAMCO makcu-
MaJbHO OOECMEeunBAIO COXPAaHHOCTb B TETEPOTEH-
HOW TOMYJSIIIMUA KIETOK C MMMYHOMOYJIUPYIOIIEH
AKTUBHOCTBIO.

2. Tlokazano, uro BBeaenue K®DII, kpuoxoHcep-
BHPOBaHHBIX IO PEeXHUMY 1, CrocoOCTBOBANO BOC-
CTAHOBJIICHHIO y KpbIC ¢ DA]J] mokazareneil KpoBH
U KOXHU.
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Conclusions
1. It has been established that cryopreservation

of FLCs according to regimen 1 under protection
of 10% DMSO maximally provided preservation
in a heterogeneous population of cells with im-
munomodulating activity.

2. It was shown that treatment with introduction

of FLCs, preserved according to regimen 1, contri-
buted to the restoration of upregulation of blood
counts and dermal indices of rats with EAD.
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