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Influence of Application of Cryopreserved Placental
Cell Suspension on Indices of Peripheral Blood
and Bone Marrow of Animals with Adjuvant Arthritis

Pedepart: Ha mogenu agbioBaHTHOro aptputa y mbiwen nuHiun CBA/H nccnepqoBaHbl remMaTonornyeckne nokasarenu, onpe-
[erneH ypoBeHb LMPKYNNPYIOLMX UMMYHHbIX komnnekcoB (LIVK) n konnyecTtBo cTBONOBbLIX KPOBETBOPHbIX kneTok (CD34*CD38-,
CD117*) B kocTHOM Mo3re (KM) go u nocne npumMeHeHUss HaTUBHOW M KPMOKOHCEPBUPOBAHHOW B Pa3fMyHbIX PeXumax CyCrneH3um
knetok nnaueHTbl (CKIM). CKIM kpnokoHcepsuposanu ¢ 10% gumetuncynbdokeuga nnm 10% nponanguocaxapons. MakcumansHoe
TepaneBTUYeCKOe AeNCcTBMEe OoKa3biBano BeBeaeHne HatusHow CKI1 (14-e cyTku) n cycneH3umn, KpOKOHCEPBUPOBAHHOW C MponaHaun-
ocaxaponem (28-e cyTku). BBegeHne noboi 13 cycneHsuin KoppurmpoBano CKOpocTb oceaaHus aputpouutos, LMK, konuyectso
appocogepxalmx knetok B KM, HO adbdekT npossnanca B pasnuyHble Cpoku. MNpuMeHeHne KproKOHCEPBUPOBAHHBLIX CYCMeH3nmn
cnocobcTBOBaNo BOCCTAaHOBIEHMIO MHAEKCA NponndepaTUBHOM akTUBHOCTU CTBOMNOBBLIX KPOBETBOPHbLIX KNeToK. B 3aBucumoctu ot
ycnoBun kpuokoHcepsupoBaHus CKI n3MeHANMcb CBOMCTBA BBOAMMOW CYCMEH3WW, YTO BIIUSINIO Ha CPOKM BOCCTAHOBIEHUSA KO-
nnyectBa CD117*-kneTok.

KnioyeBble cnoBa: apTpuT, KPMOKOHCEPBMPOBAaHMWE, NaLeHTa, CTBONOBbIE KPOBETBOPHbIE KIETKM.

Pecpepar: Ha mogeni ag’toBaHTHOro aptputy y muwen ninii CBA/H gocnigXeHo remaTonorivyHi MokKasHuKu, BU3HAYEHO
piBEHb LMPKYntoo4mMx iMmyHHUX komnnekcis (LIIK) Ta kinbkicTe cToBOYpOoBUX KpOBOTBOPHUX KMiTUH (CD34*CD38-, CD117*) y kicT-
koBomy mo3ky (KM) go i micna 3acTtocyBaHHS HaTUBHOI Ta KPiOKOHCEPBOBAHOI 3a Pi3HUMMK pexumamu CycrneHsii KMmiTuH nna-
ueHTn (CKIMM). CKIM kpiokoHcepByBanu 3 10% anmetuncynbdokcnaa abo 10% nponaHgiocaxaponto. MakcumanbHa Tepanes-
TUYHa Adis cnocTepiranacb nicna BBegeHHsA HatmBHOI CKIT (14-a po6a) i cycneHsii, KpiokoHCepBOBaHOI 3 nNponaHaiocaxapo-
nto (28-a poba). BeegeHHsa Byab-AKkoi cycneHsii kopuryBano LWBMAKICTb ociganHsa epuTtpounTis, LIK, kinbkicTe aa4poBMiCHUX
kniTuH y KM, ane edekT nposiBnABCA B pi3Hi TepMiHM. 3acToCyBaHHS KpPiOKOHCEPBOBaHMX CYCMEH3i CMpuUSno BiAHOB-
NeHHIo iHAeKkcy nponicpepaTMBHOI akTMBHOCTI CTOBOYPOBMX KPOBOTBOPHMX KMiTWMH. 3anexHo Bi YMOB KpiOKOHCEpBYBaHHS
CKT1 3miHoBanucs BnacTMBOCTI BBEAEHOI CyCcMneHasii, Lo BNAMBano Ha TepMiH BiAHOBMEHHS KinbkocTi CD117*-kniTuH.

KnrouoBi crnoBa: apTpuT, KpiOKOHCEPBYBaHHS, NnaLeHTa, CTOBOYpOBi KDOBOTBOPHI KIMITUHN.

Abstract: In the model of adjuvant-induced arthritis in CBA/H mice there were investigated the gematological indices,
circulating immune complexes (CIC) in peripheral blood, a number of hematopoietic stem cells: CD34*CD38- and CD117* in
bone marrow (BM) before and after applying either fresh or cryopreserved with various regimens placental cell suspension
(PCS). PCS was cryopreserved with either 10% dimethyl sulfoxide or 10% propane diol saccharol. The maximum therapeutic
effect was found after the introduction of fresh PCS (day 14) and suspension, cryopreserved with propane diol saccharol
(day 28). The introduction of any of PCS positively affected the erythrocyte sedimentation rate (ESR), CIC, nucleated
cells in bone marrow, but the effect was manifested at different terms. The application of cryopreserved suspensions cont-
ributed to the restoration of proliferative activity of hematopoietic stem cells. Depending on the cryopreservation regimen
of the PCS, the properties of the injected suspension changed which affected the recovery time of the number of CD117"*-cells.

Key words: arthritis, cryopreservation, placenta, hematopoietic stem cells.

BCGCTOpOHHHH OLICHKA COCTOAHUA OpraHru3Ma Iipu
AYTOUMMYHHBIX 3&60H6B3HHHX, B TOM YHUCJIC U IIPpU

Autoimmune diseases, including rheumatoid
arthritis (RA), are accompanied with the signifi-

peBmatoniHoM aptpute (PA), BoLsiBIIIA BEIpaskeHHBIE
HapylmeHus: B (yHKIMOHHPOBAaHHU KPOBETBOPHOMN
CHUCTEMBI. Y TIAIMEHTOB C ITOW MATOJOTHEH 0OHApY-
KEHO CHIDKEHHE KOJIMYECTBa KPOBETBOPHBIX IpE-
IIECTBEHHUKOB, yCHIIEHHBIN armonto3 CD34*-xietox
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cant impairments in the function of hematopoietic
system. Patients suffering from this pathology
usually have a decreased number of hematopoietic
progenitors, enhanced apoptosis of CD34" cells in
bone marrow (BM), changes in the clonogenic
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OCHOBHble 0603Ha4YeHus

AA aOblOBaHTHbIN apTpuUT

AN3 ayTOMMMYHHble 3aboneBaHus
OMCO anmeTuncynbdokena

my roMoreHat nnaueHTbl YernoBeka

300P 3abydepeHHbIN hochaTamu
du3monornyeckmmn pactTeop

VA WHAEKC apTpuTa

nao MHAoONaMuH-2,3-AnokcureHasa

mn WNHTEPrEenkuH

WNA MHAEKC nponudepaTMBHON aKTUBHOCTYU

KO KNeTKW, KPMOKOHCEPBMPOBAaHHbIE NOf,
3awmTton 10%-ro pacteopa AMmeTuncynbdokcnaa

KM KOCTHbIN MO3r

KOE-T'M rpaHynoumTapHo-makpodaranbHble
KonoHneobpasytoLume eauHNLbl

KOEc KornoHneobpasytoLime eavHuLbl B ceneseHke

KM KNeTKN, KPMOKOHCEPBMPOBAHHbIE MO 3aLUMTON
10%-ro pacTBopa nponaHanocaxapons

HCKI HaTUBHas CyCrneH3ns KNeToK nnaueHTbl
nac nponaHguocaxaporb

MCK MONMNOTEHTHAsA CTBOMNOBAs Krnetka

PA peBMaToVaHbIN apTpuUT

CKK CTBONOBas KPOBETBOPHas KrneTka

CKIl CYCMEeH3M1s KNEeTOK NiaLueHTbI

CO3 CKOPOCTb OCEAaHNsi 3pUTPOLIUTOB

CCO CyMMapHas cTeneHb OTKIOHEHUS!

LMK LMPKYNUPYLoLLUME NMMYHHbIE KOMMIEKChI

B koctHOM Mo3re (KM), u3mMeHeHHe KIOHOT€HHOTO
MOTEHIMANa CTBOJOBBIX KIETOK M (YHKIHMHA CTpO-
MallbHOTO MHUKpookpyskeHus [18]. Iloaromy mnoka-
3arenu coctostHusa Tiepudepuueckoir kposu u KM
SIBISIFOTCS. BaXHBIMHM HE TOJIBKO JHArHOCTUYECKUMH
1 HPOTHOCTUYECKUMH KPUTEPUSIMHU TEUEHHS peBMa-
toumHoro aptputa (PA), HO U 3QPeKTUBHOCTH €ro
JICUEHUSI.

Bnaronaps cocoOHOCTH KIIETOK IUTALEHTHI MPO-
JyIIMpoBaTh (akTOpbl C TeMOMOITHYCCKOW POCTOBOM
1 MMMYHOCYIIPECCOPHOI aKTMBHOCTBIO B BHJIE CTBO-
JIOBOKJICTOYHOTO (PaKTopa, TPaHC(HOPMHPYIOIIEro po-
crosoro ¢akropa § (TPD B) u unrepneiikuna-10 (MJI)
[21], maHHBIA OpraH MOXET HCIOJb30BaThCS MAJIA
CO3JJaHUSI MPOJAYKTOB, KOPPUTHUPYIOLINX I'eMOII033 H
00JafatoM  IPOTUBOBOCIIAJIMTEIbHBIM  ACHCTBHEM
[4]. IlpuMmeHeHMEe STHX KJIETOK B TEPATICBTHUSCKUX IIC-
JSIX TIPENyCMaTpUBaeT MX IPEABAPUTENILHOE KPHO-
KOHCepBUpOBaHHe. DPPEKTUBHOCTh JAHHOTO JIede-
HUSL 00YyCJIOBJIEHA, C OIHOW CTOPOHBI, Pa3IHYUIMU
MOMYJISAIIMOHHOTO COCTaBa KJIETOK TOCE KPHUOKOH-
CEPBHUPOBAHHUS MPH Pa3HBIX pEKUMaX OXJIAKICHHS, a
C JIpyroil — MHOXECTBOM KPUTEPHUEB OLIEHKH, CPEen
KOTOPBIX 0053aTeNbHBIM SIBISETCS COCTOSIHUE KpO-
BETBOPHOM U UMMYHHOM CHUCTEM.

BaxHbIM acnekToM B TEpanmuy ayTOMMMYHHBIX
3aboneBanmii (AM3) cunraercs UMMYHOCYITPECCHS,
[I03TOMY HaJMYHE€ MMMYHOCYIIPECCUBHBIX CBOWCTB
B KPHOKOHCEPBHUPOBAHHOM Marepualie IUIAlCHThl —
[JIABHBIM KPUTEPUI €ro YCIEIIHOTO UCTOIb30BaHUS.
CymiecTByIOT JaHHBIE 00 y4acCTHH B 3TOM IIpOIecce
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Abbreviation used in the text

AA adjuvant arthritis

AID autoimmune diseases

DMSO dimethyl sulfoxide

HPH human placenta homogenate

PBS phosphate buffered saline

Al arthritis Index

IDO indolamine-2,3-dioxygenase

IL interleukin

IPA the index of proliferative activity

CD cells cryopreserved under 10% dimethyl
sulfoxide solution protection

BM bone marrow

CFU-GM granulocyte macrophage colony forming units

CFUs colony-forming units in spleen

CP cells cryopreserved under 10% solution
of propandiosaccharol protection

fPCS fresh suspension of placental cells
PDS propandiosaccharol
PSC polypotent stem cell

RA rheumatoid arthritis

SCC hematopoietic stem cell

PCS placental cell suspension
ESR erythrocyte sedimentation rate
TDD total deviation degree

CiC circulating immune complexes

potential of stem cells and the functions of stromal
microenvironment [2]. Indices of peripheral blood
and BM are therefore important not only for diag-
nostic and prognostic criteria of the course of rheuma-
toid arthritis (RA), but also as a reflection of treat-
ment effectiveness.

As the cells of placenta produce the factors
with hematopoietic growth and immune suppressive
activity, e. g. the stem-cell factor, transforming
growth factor B (TGF PB) and interleukin-10 (IL) [9],
the placenta can be used to develop the products
that correct hematopoiesis and those with anti-
inflammatory effect [6]. The use of these cells for
therapeutic purposes usually involves their pre-
liminary cryopreservation. Thus the effectiveness
of the treatment is associated, on the one hand,
with the differences in the population composition
of the cells after cryopreservation under different
cooling regimens, and on another, with a variety
of assessment criteria, among which the condi-
tion of hematopoietic and immune systems is
mandatory.

An important aspect in treatment of autoimmune
diseases (AID) is immune suppression, therefore
the presence of immunosuppressive properties in
the cryopreserved placental product is the main
criterion for its successful use. There is an evi-
dence that this process involves the enzyme
indoleamine-2,3-dioxygenase (IDO), the expression
of which was found in fresh and cryopreserved
suspension of placental cells [5]. Nevertheless,
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¢depmenta uHponeamuH-2,3-nuokcurenassl (MJ10),
JKCTIpeccHsl TeHa KOTOpOro Obla BbISIBICHAa B Ha-
TUBHOM M KPHOKOHCEPBHPOBAHHOM CyCIIEH3MH KIle-
TOK TuianeHThl [19]. BmecTte ¢ TeM H3BECTHO, 4TO
Mperaparbl, 00Jaaone BHIPaKEHHBIMH UMMYHO-
CYIIPECCHBHBIMH CBONCTBAMHM, OKa3bIBAIOT HETATHB-
HOE BIMSHHE Ha TeMOI033, TO3TOMY LEIhI0 paOOTHI
ObUTa OIEHKA BIMSHUS CYCIIEH3UM KIJIETOK TUTAlCHTHI,
KPHOKOHCEPBHUPOBAHHOW B PA3IMYHBIX PEXKUMAX OX-
JIAKJIEHUs, HA COCTOSHHE I'e€MaTOJIOTMYECKUX IMOKa-
3arenel B HKCIEPUMEHTAIBHOW MO PEeBMATOU-
HOTO apTpHUTa — aTbIOBAHTHOM apTPUTE.

MarepuaJibl 1 METObI

B paborte ObuM HMCMONB30BaHBI MBIIIHM JMHUH
CBA/H maccoit 18-20 r 8—10-mecsiaHOTO BO3pacTa.
OKCHEPUMEHTHI MPOBOJWIN B COOTBETCTBUU C 3aKO-
HOM YkpauHbl «O 3aIInTe KUBOTHBIX OT >KECTOKOIO
obpamenms» (Ne 3447-1V ot 21.02.2006 r.) ipu co-
omonernu TpeboBannii Komurera mo 6mostuke Mn-
CTUTYTa MPOOIEM KPHOOHOIOTHH U KPUOMETUIIAHBI
HAH Vxpauns! (. XapbKoB), COITaCOBaHHBIX C IO-
JIOXKEHUSIMU «EBpONECKO KOHBEHIIMH O 3aLIUTE MO-
3BOHOYHBIX KHBOTHBIX, UCTIONB3YEMBIX IS SKCTIEPH-
MEHTAaJIbHBIX H APYTUX Hay4yHbIX 1esei» (CtpacOypr,
1986).

AJBIOBaHTHBIN apTpuT (AA) y MBIIEH JWHUU
CBA/H unnynupoBaimu cyOIIaHTapHBIM BBEJICHUEM
noiHoro aabroBanTa @peitnaa [11] B go3e 0,05 mn
¢ 1,5 mr/mn uHakTHBUpOBAaHHON Mycobacterium tu-
berculosis. Pazsutre AA olleHUBAIIN TI0 HHICKCY ap-
Tputa (MA) — OTHOIIEHHUIO JITUHBI OKPYKHOCTH CY-
CTaBa OTIBITHOMH JIarbl (B CAHTUMETpax) K MoKa3aTesro
KOHTPOJIBHOTO CyCTaBa y 3TOTO ’KMBOTHOTO.

Cycnensuto kinerok rutaneHTs! (CKII) momyuanu
13 XOpHaJbHOTO Y4YacTKa 3pesioil MiIaneHThl MbIIel
Ha 18—19 cytku recranuu no merony B.U. I'puiienko
u coaBrT. [6]. Kpnokoncepsuposanue CKII ocymect-
BIsUTA B KpuomnpoOupkax («Nuncy, Hanus). B CKII,
comeparyro 5 x 10° kiaerok B 0,5 M 3a0ydepen-
HOTO (bochaTamu PU3UOIOTHUECKOTO PACTBOPA, BBO-
i MegieHHo 1o karunsiM 0,5 mir 20%-ro pactBopa
KpHuompoTekTopa muMeruicyinbdokenma (AMCO) —
(cycnemsust K/I) mnm mpomananocaxapomns (I171C)
(cycmrensus KII), uro cootBeTcTBOBaO 10%-ii KOH-
LIEHTPaLMU KpuonpoTekTopoB. CyCneH3uio 3amopa-
KUBAJIM Ha MporpaMMHOM 3amopakuBarene YOII-1
(OIT UucTturyTa mpobieM KpUOOHOIOTHH M KPHO-
mequiuael HAH VYikpauHsl) Mo ABYX3TAamHOMY CIIO-
co0y OXJIaKJCHUS: MEPBBIM 3Tal — OXJIAXKICHUE CO
ckopocTbio 1 rpag/mun o —40°C, Bropoi sTam — mno-
rpy’KeHue B XKUAKUH a30T. [Ipobupku ¢ kierouHoU
CyclieH3uel oTtorpeBaiu Ha BojsHOU Oane (42°C)
[P HENPEPHIBHOM BCTPSIXWBAaHUU B TeueHue 1—
2 MUH.
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the medical products with pronounced immuno-
suppressive properties are known to have a negative
effect on hematopoiesis, therefore the research aim
was to evaluate the effect of a suspension of pla-
cental cells cryopreserved with various cooling
modes, on the state of hematological parame-
ters in experimental model of RA, the adjuvant
arthritis.

Materials and methods

The research was performed in 810 month-old
CBA/H mice weighing 18-20g. The experiments
were carried out in accordance with the Law of
Ukraine ‘On the Protection of Animals Against
Cruelty’ (Ne 3447-1V of February 21, 2006) meeting
the requirements of the Committee in Bioethics
of the Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of
Sciences of Ukraine (Kharkiv), and agreed with the
statements of European Convention for the Pro-
tection of Vertebrate Animals used for Expe-
rimental and Other Scientific Purposes (Strasbourg,
1986).

Adjuvant arthritis (AA) in CBA/H mice was
induced by subplantar administration of Freund’s
complete adjuvant [16] with 0.05 ml dose com-
prising 1.5 mg/ml inactivated Mycobacterium tu-
berculosis. The AA development was assessed
by the arthritis index (Al), i. e. the ratio of the join
circumference of affected paw (in centimeters)
to the index of the control joint of this animal.

Placental cell suspension (PCS) was obtained
from the chorial region of the mature mouse pla-
centa on 18-19 days of gestation according to
the method of V.I. Grishchenko et al. [8]. The
PCS was cryopreserved in cryovials (Nunc, Den-
mark). The PCS contained 5 x 10° cells in 0.5 ml
of phosphate buffered saline, and was slowly
dropwise supplemented with 0.5 ml of a 20% so-
lution of dimethyl sulfoxide (DMSO) cryoprotec-
tant (herein after CD suspension) or propan-
diosaccharol (PDS) (CP suspension), and final
concentration of cryoprotectants was 10%. The
suspension was frozen with the UOP-1 prog-
rammable freezer (Experimental Unit of the Insti-
tute for Problems of Cryobiology and Cryomedi-
cine of the National Academy of Sciences of
Ukraine) using a two-stage cooling method: the
first stage was cooling at a rate of 1 deg/min down
to —40°C, the second stage was an immersion into
liquid nitrogen. The tubes with cell suspension
were warmed in a water bath (42°C) with con-
tinuous shaking for 1-2 minutes.

On day 7 after the pathology induction, 0.2 ml
of a suspension of either fresh or cryopreserved
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Ha 7-e cyTku nocne HHAYKIMY MATOJIOTUU B XBO-
CTOBYI0O BeHy Mblimieil BBogmnu 0,2 M CyCHEH3UH
HATHUBHBIX WM KPUOKOHCEPBUPOBAHHBIX KJIETOK IUIA-
HEeHTHI B 103€ 1 X 10° KJIETOK HA MBIIIb.

OKcIieprMeHTalbHBIE JKUBOTHBIE ¢ AA ObIIH
paszeneHsl Ha rpynmsl (o 5—7 ocodeil B KaxIoil):
AA — nanykmus AA; AA + vHCKII — BBenenne Ha-
tuBHOM CKII (HCKII) Ha dpone AA; AA + KJI — BBe-
nenne CKII, kpuokoncepsuposannoii ¢ JIMCO (K);
AA + KII - BBenenue CKII, kppokoHCEpBUPOBAHHOMN
¢ [IJIC (KII); xoHTpOoNb — BBEICHUE HHTAKTHBIM KH-
BOTHBIM 3a0ydepenHoro ¢ocdaramu GusnoIoruye-
CKOT'0 pacTBopa.

Ha 14, 21, 28-e cytku pasButust AA B nepude-
PUYECKOH KpPOBH JICKAMTHPOBAHHBIX IKMBOTHBIX
OIIpeessuln a0COIIOTHOE CONEPKAHUE JICHKOLIUTOB,
SPUTPOLUTOB, KOHLEHTPALUIO I'€MOIIOOMHA, Ipo-
LEHTHOE COIEepX)aHue JIMM(OLUTOB, IPaHyIOLHUTOB,
MOHOLIUTOB, 303MHO(QMUIOB Ha I'€MaTOJOIMYECKOM
ananm3atope «Abacusy («Diatrony», ABCTpus) coryac-
HO TIPOTOKONY (DUPMBI-TIPOU3BOUTEIIS.

Cxkopocth ocenanus 3putpounutoB (COD) omeHn-
Banu B anmapare [langyenkosa [10].

Hupxynupytomre nMmmyHHbIe Komriekes! (LK)
OTIPEIEISUIN CIEKTPOPOTOMETPHUECKH (IJTMHA BOJI-
HbI 280 HM) MeToOM NpenunuTanuu ¢ 3%-M u 4%-m
pacTBOpaMM MOJUATUICHIIUKONA ¢ M. M. 6 000 [15]
Y BbIpaxxayu B BHje Kodddumuenta pazmepa LUK,
PacCUUTaHHOTO KaK OTHOIIEHHE KOHLEHTpauuu Oen-
ka B MMMYHHBIX Komruiekcax (C,/C,).

Jl1st MHTETpalbHOM OLIEHKH TepaneBTHIECKON (-
¢extuBnoctn npumenenns CKII na 14 u 28-e cyt-
KM pa3BUTHS TATOJIOTHHM HCIIOIB30BAIN  CIEIYIO-

uryro popmyiy [5]:
CCO=Y :100,

rne CCO — cymmapHasi cTeleHb OTKJIOHEHUS; Y. —
CyMMa 3Ha4eHHU OTKJIOHEHUH OT KOHTPOJIS MO BCEM
nokaszarensim (dem ommke CCO x 0, Tem BbIme 3¢-
(heKTUBHOCTD JICUCHHUS).

Koctaprid Mmo3r (KM) BeIMBIBaM M3 OeApEeHHBIX
KOCTEH dKCIIepUMEHTATBHBIX KUBOTHBIX cpemoit 199
(«ITarDxo», Poccus), conepsxameii 3% dMOpHOHATH-
HOM Temnsubel CHIBOPOTKM W 2% mMTpara HaTpus
[2], ¥ TOICYUTHIBATIN KOJIMYECTBO SIPOCOACPIKAIITIX
KJIETOK B kamepe [opsiena [8].

Ha 14 u 28-e cyrku nocne unaykuun AA B KM
JKUBOTHBIX ONPEICIISIN KOJIUYECTBO KIETOK C (e-
HOTUIIMYECKUMH TIPU3HAKAMU CTBOJIOBBIX KpPOBET-
BopHbIX kieTok (CKK) — CD34°CD38 , CD117 ¢
TIOMOIIBI0 MOHOKIOHANBHBEIX aHTuTen: CD34-PE,
CD38-FITC, CD117-FITC («BD Pharmingen», CILIA).
Jis BBIABNIEHUS HECHEIM(UYECKOTO OKpAIINBaHUS
HCIIONBb30BaNId m3oTHNHIeckrne koutpoiau FITC Rat
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placenta cells in a dose of 1 x 10° cells per mouse
was injected into the tail vein of mice.

Experimental animals with AA were divided
into groups (5-7 individuals each): AA — AA induc-
tion; AA + fPCS — introduction of fresh PCS (fPCS)
on the background of AA; AA + CD - intro-
duction of PCS, cryopreserved with DMSO (CD);
AA + CP — introduction of the PCS, cryopreserved
with PDS (CP); control — introduction of phosphate
buffered saline to intact animals.

The absolute content of leukocytes, erythrocytes,
hemoglobin concentration, percentage of lympho-
cytes, granulocytes, monocytes, eosinophils with he-
matology analyzer Abacus (Diatron, Austria) accor-
ding to the manufacturing company protocol were
determined in peripheral blood of decapitated
animals on days 14, 21, 28 of AA development.

The erythrocyte sedimentation rate (ESR) was
evaluated by the Panchenkov’s device [15].

Content of circulating immune complexes (CIC)
was assessed spectrophotometrically at 280 nm by
the precipitation method with 3% and 4% solution
of polyethylene glycol with m.m. 6,000 [22] and
expressed as the ratio of the CIC size, calculated
as the ratio of protein concentrations in immune
complexes (C,/C)).

For an integral assessment of therapeutic effi-
ciency of using the PCS to days 14 and 28 of the
pathology development, the following formula
was used [7]:

TDD = Y: 100,

where TDD is total deviation degree; > — sum
of deviations from the control for all the indices
(the closer the TDD to 0, the higher the treatment
efficiency).

The femural bone marrow (BM) was washed
with medium 199 (PanEco, Russia) containing 3%
fetal bovine serum and 2% sodium citrate [3], and
the number of nucleated cells was counted in
Goryaev’s chamber [12].

To days 14 and 28 after AA induction in the BM
of animals, the number of cells with phenotypic
signs of hematopoietic stem cells (HSCs) was de-
termined — CD34"CD38~, CD117" using monoclo-
nal antibodies: CD34-PE, CD38-FITC, CD117-FITC
(BD Pharmingen, USA). FITC Rat (Wistar) IgG2b,
«; PE Rat [gG2a, k (BD Pharmingen, USA) isotypic
controls were used to detect non-specific staining
according to the manufacturer protocol. The indi-
ces were evaluated with FACSCalibur flow cyto-
meter (BD Biosciences, United States).

The proliferative activity index (PAI) was calcu-
lated as the ratio of percentage of less differentia-
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(Wistar) 1gG2b, x; PE Rat IgG2a, « («BD Phar-
mingen», CIIA) B COOTBETCTBHHM C NPOTOKOJIOM
(bupmbI-iponsBoautens. [loka3arenu oneHUBaM Ha
nporodHoM 1urodryoprmerpe «FACSCalibury («BD
Biosciencesy, CIIIA).

Wunexe npomudeparnBHoi akTuBHOCTH (MIIA)
BBIYHCISUIM KaK OTHOIIEHHE IPOIEHTHOTO CONep-
xanust menee auddepennuposannsix CKK k 6omee
nddepeHIMPOBaHHBIM KJIETKAM CTBOJIOBOTO KOM-
naprMenTa, T. €. % CD34°CD38/ % CDI117" [2].

Jig  cTaTuCTMYECKOro aHaju3a HCHOJIb30BaIU
nporpammel «Excel» («Microsofty, CILA), «Statis-
tica 8.0» («Statsoft», CIIIA) [ 14]. HopmaiibHOCTB pac-
MpeAesieHnus] MPOBEPSUIM C TOMOLIBIO KPUTEPHUEB
Konmoroposa-CmupnoBa u Illanupo-Yunka, paBen-
CTBO JHWCIEpCUH OIleHMBanu mo kpurepuro JleBe-
Ha. B 3aBucHMMoOcCTH OT Xapakrepa pacIpeeieHus
JMAHHBIX B BBIOOPKAX MHOXKECTBEHHBIE CpPaBHEHUS
TIPOBOIIIIA OTHOMEPHBIM (OTHO(DAKTOPHBIM) IIHC-
MEPCUOHHBIM aHAITM30M JUISI HE3aBHCHUMBIX TPYIII
C TOCJICAYIONIMM CpaBHEHHEM 3HAauCHWH MEXIy
rpynmnaMu kputepueM Tbioku [7] Uiy paHroBbIM aHa-
nu3oM Bapuanuii no Kpackeny-Yosumcy nporpammoit
«ANOVA» («StatSofty», CIIIA). Pe3ynbrars! onpejie-
JIeHUsl TIoKazareseld nepudepruueckoidl KpoBU Mpel-
CTaBJSUIM Kak cpenHee 3HaueHne (Mean) u cpenHee
kBasipatnyHOe oTkiIoHeHue (SD). KomudectBo siapo-
conepxkamux knerok, CD34'CD38, CD117" npen-
CTaBISTN Kak meauany (Me) u kBaptumm (25 u 75-i
MPOIEHTHIN). Pa3nuumsa cuMTaay CTaTUCTUYECKH
3HaYUMBIMH TIpH p < 0,05.

Pe3ynbTarhl 1 00Cy:KaeHHE

Pa3ButHe oTeka cyctaBa mociie BBEACHHS MOJHO-
ro agbproBaHTa OpeliHja sABIAETCS OJHUM U3 OCHOB-
HBIX KIIMHUYECKHUX MpOsBIeHNH pa3BuTus AA. Mak-
CHUMAaJIbHBIX 3HAYCHHUH OTeK nocTurani K 14-m cyTkam
Y COXPAHSUICS B TEUCHHE BCEr0 BPEMEHH HaOIrofIe-
Hus (Tadm. 1).

B nuHamuke pasBHTHS MATONOTUU y JKUBOTHBIX
¢ AA ycTaHOBIIEHBI He3HAYHUTEIbHBIE KOJIeOaHUS KO-
JYecTBa JeikonuToB (Tadn. 1). BMecte ¢ TeM BBI-
paXeHHBIE WM3MEHEHHUS KOJIMYECTBAa TPaHYJIOIUTOB
7 TUM(OIUTOB y KUBOTHBIX ITOW TPYIIBI OTMEUa-
JINCh B TEUCHHE BCETO CPOKa HAOMIOACHUS (pHUCY-
HOK). YCTaHOBIICHO, YTO IMPH PEIKUX OCIOKHEHHUIX
PA (cunppome @entn) HaOmomaemass HEHTPOIICHHS
MOXET OBbITh 00YCJIOBJICHA TMOEIBbI0 HEUTPO(UIOB,
HArpy>KCHHBIX AHTUTEIIAMU WM UMMYHHBIMH KOM-
IJIeKcaMu U ¢aronuto3om [22, 23].

Huunamuka [{MK nmena Takke BOJHOBOU Xapak-
Tep: 3HAYMMOE YBEIMYCHHE KOJMYECTBA KOMILICK-
COB OTMEYEHO Ha 14-21-e cyTKH, yMEHbLIEHUE — Ha
28-e CyTKH, YTO, BEpOSITHO, CBA3aHO C WHTEHCHUB-
HOCTBIO OCelaHus MX B TKaHsax. Ilamenme ypoBHS
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ted HSCs to more differentiated stem cells, i. e.
% CD34°CD38 /% CD117" [3].

For statistical analysis, the Excel software (Mic-
rosoft, USA), Statistica 8.0 (Statsoft, USA) were
used [21]. The Kolmogorov-Smirnov normality
and Shapiro-Wilk tests were used to assess the
normality of the distribution, the equality of varian-
ces was evaluated by the Levene’s test. Depending
on the nature of the data distribution in the samples,
multiple comparisons were carried out with one-
dimensional (one-factor) analysis of variance for
independent groups, followed by comparison of
the values between groups by Tukey’s criterion [9]
or ranking analysis of Kruskal-Wallis one-way ana-
lysis of variance (ANOVA) (StatSoft, USA). The
results of the determination of peripheral blood pa-
rameters were presented as Means and standard
deviation (SD). The number of nucleated cells,
CD34°CD38°, CD117° was presented as median
(Me) and quartiles (25" and 75" percentiles). Dif-
ferences were considered statistically significant
at p <0.05.

Results and discussion

The development of joint edema after introduc-
tion of Freund’s complete adjuvant is one of the
main clinical manifestations of the AA development.
On day 14 the edema reached maximum volume
and persisted throughout the entire observation
period (Table 1).

The pathology development in animals with
AA was accompanied with insignificant alterations
in the number of leukocytes (Table 1). At the same
time, the pronounced changes in the number of
granulocytes and lymphocytes in this group of ani-
mals were observed during the entire observation
period (Figure).

It has been established earlier that in rare
complications of RA (Felty’s syndrome), the ob-
served similar neutropenia may result from death
of neutrophils loaded with antibodies or immune
complexes and phagocytosis [14, 19].

The CIC dynamics also had a wave pattern:
a significant increase in the number of comp-
lexes was noted to days 14-21, a decrease was
found to day 28, which was probably due to
the intensity of their sedimentation in tissues. A
drop in the CIC level usually indicates the atte-
nuation of pathological process, a decrease in the
rate of their formation and increase in the rate
of elimination [15]. At the same time, the pre-
sence of clinical signs of pathology during these
periods and the CIC decrease below the cont-
rol values indicated the development of more
complex mechanisms, for example, observed with
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Tabnuua 1. lHoekc apTpuTa u nokasaTtenu nepudepmnyeckon KpoBU XNBOTHBLIX ¢ AA
Ao n nocne seegeHunsa CKI (m + SD) (n = 30)

Table 1. Arthritis and peripheral blood indices for animals with AA prior to and

after PCS introduction (m + SD) (n = 30)

Cpoku HabnoaeHus,

CYTKM MokasaTenb KoHTponb AA AA + HCKN AA + KO AA + KN
Observation terms, Index Control AA AA +fPCS AA+CD AA +CP
days
WNHpekc apTputa # % ~ *
Arthritis Index 1 1,6 + 0,2 1,17 £ 0,2 1,4 + 0,1 1,3 £ 0,1
Qputpountsbl X 10'2/n ~
Erythrocytes x 10'2/1 10,45 + 1,5 9,47 + 0,1 8,6 + 0,6 8,85 + 0,8 6,34 + 0,7*
TNevikounTbl % 10%/n %A &
14 Leukocytes x 10" 6,07 = 1,8 5,24 + 0,5 5,24 + 0,6 8,69 = 0,9 4,21 + 0,5
FemornobuH, r/n 82,23 « 4,4 | 109,07 + 10,2% | 122,88 + 15,1% | 90,28 + 7,3* ~ | 67,94 = 5,8% * &
Hemoglobin, g/I
CO3, Mm/u N
ESR mm/h 117 £ 06 2+0.2 1+0,1 1+0,1% 1,6 +0,1% &
e 1,18 £ 0,1 1,37 = 0,3 0,54 + 0,3* 452 £0,6*" | 222+03*"*
WHpekc aptputa %
Arthritis Index - 1,5 + 0,27 1,38 £ 0,1 1,36 £ 0,1 1,45 + 0,1
Oputpouutsl X 10'?/n B
Erythrocytes x 10'2/l 9,256 £+ 0,4 9,39 + 0,4 9,1 £ 0,1 9,34 £ 0,5
INevikounTbl % 10%/n % * A&
Leukocytes x 1012 - 7,23 +0,8 7,23 £ 0,9 5,89 + 0,6 2,64 +£ 0,3
21
Femorno6uH, r/n # A % &
Hemoglobin, g/l - 122,93 £ 9,9 113,64 £ 10,1* 96,73 = 7,3 113,54 + 10,4
CO3, mm/M % A * A&
ESR mm/h - 1+0,1 1+0,1 1,5 £ 0,2 2,3 +0,2
e - 1,78 + 0,57 0,88 = 0,2* 1,21 + 0,1%* 1,16 + 0,1%*
WNHpekc apTtputa N A~
Arthritis Index - 1,562 + 0,3 1,4 + 0,4 1,28 + 0,2* 1,2 + 0,3*
Aputpouutsl X 10'?/n .
Erythrocytes x 10'2/I - 8,49 + 0,6 9,0 £ 0,4 9,28 + 0,5 10,28 + 0,3
NeiikouuTbl X 10%/n B * A &
Leukocytes x 1012/ 6,24 + 0,1 6,24 + 1,1 3,19 + 0,4 6,69 + 1,2
28
Femorno6uH, r/n - 114,5 = 10,1* 110,8 = 11,3 103,18 + 14,1* 99,83 + 10,2*
Hemoglobin, g/I
CO3, mm/y # % * %A
ESR mm/h - 3 +0,3 2 +0,2 2 +0,2 1,3 +0,3
s - 0,64 = 0,17 1,23 + 0,1+ 1,21 + 0,3 1,13 + 0,3%

MpumevaHme: pasnuymsa 3HauMMbl MO CPaBHEHWMIO € koHTponeM (¥); rpynnon AA (*); rpynnoi AA + HCKIT (M); mexay rpyn-

namu AA + KO n AA + KM (3), p < 0,05.

Note: differences are statistically significant if compared with the contorl (¥) group AA (*); group AA + fPCS (*); bet-
ween groups AA + CD and AA + CP (%), p < 0.05.
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UK 00BIYHO CBHIIETENECTBYET O 3aTyXaHWUH MATOJIO-
THYECKOTO TIPOIlecca, CHIKEHHH CKOPOCTH UX 00pa-
30BaHUsA M MOBBIIIEHUHU CKOPOCTH AnmumuHanuu [10].
Bmecre ¢ TeM HaauuMe KIMHUYECKUX IPU3HAKOB
[1aTOJIOTUU B 3TU CPOKU U YMEHBILIECHUE I1OKa3aTess
1K HMke KOHTPOJIBHBIX 3HAYEHUN CBUIETEIHCTBO-
BaIM O Ooliee CIIOKHBIX Pa3BUBAIOIIMXCS MEXaHH3-
Max, HaOJIFOIaeMbIX, HAPUMED, [IPU HEJTOCTATKE OT-
JIEJIbHBIX KOMIIOHEHTOB CUCTEMbI KOMIJIEMEHTA.
Pa3BuTtne BocnaneHus y JKMBOTHBIX ¢ AA mox-
TBEpAWJIOCH MOBBIIEHHEM Tokazatens COD B 1,7
pa3a Ha 14-e cyTku ¥ B 3 pa3a Ha 28-€ CyTKH.
HNutepec npeacTaBiseT CylIeCTBEHHOE MOBBILIE-
HUE CONepKaHus TeMOIIOONHA Y )KUBOTHBIX C TaTO-
Jorveii B TeUCHHE BCEro BpeMeHU Ha0moneHus (B 1,3
pasa Ha 14-¢; 1,5 pa3za — Ha 21-¢; 1,4 paza Ha 28-¢
cytkn). 3BecTHO, 4T0 Hanbosee 9acThIM BHECYCTaB-
HBIM TIposiBieHHeM PA sBisiercss aHemus, B 0OJIb-
IIMHCTBE CIy4YaeB HOPMOXPOMHAs, WHOTIA THIIO-
XpOMHas, O4YeHb peako rurnepxpomuas [1]. Ipu-
YHHBI BBICOKOTO COJIEPXKaHUSI T'€MOIIOOMHA MOTYT
OBITH Pa3HBIMH, B YACTHOCTH, 3TO MOXKET OBITh CIe/-
CTBHEM KOMIIEHCATOPHON peaklIMM OpraHrn3Ma Ha
YMEHBILIEHHE KOJIMYECTBA SPUTPOLIUTOB.
JnutenbHble UM 3HAYUTENIbHBIE W3MEHEHUs IO-
Kazareneld mnepudepudeckoil KpOBH OOYCIOBHIN
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MokasaTtenn nepudepuyeckon Kposu Mbiwen ¢ AA go
n nocne BBegeHna CKI1 B pasHble cpoku HabniogeHus.
14-e cytkn (A), 21-e cytkm (B), 28-e cytkm (C); o -
NMMA@OLMTBI, B — MOHOLUTbI, 303UHO(WIbI, B — rpaHyno-
unThl. Pasnuumna 3HaumMmbl No cpaBHEHUIO ¢ KOHTporneM (¥);
rpynnon AA (*); rpynnon AA + HCKI (); rpynnon AA +
KO (3); p < 0,05, n = 30.

Indices of peripheral blood of mice with AA prior to and
after PCS within various observation terms. A — day 14,
B — day 21, C — day 28; o - lymphocytes, = — mono-
cytes, eosionophils, m — granulocytes. Differences are
statistically significant versus control (¥); group AA (*);
group AA + fPCS(*); group AA + CD (%); p < 0,05, n = 30.

a lack of certain components of the complement
system.

The development of inflammation in animals
with AA was confirmed by an ESR increased index
in 1.7 times on day 14 and in 3 times on day 28.

Of interest is a significant rise in hemoglobin
content in the animals with pathology during the
entire observation period (1.3 times on day 14;
1.5 times on day 21 and 1.4 times on 28" day).
It is known that the most frequent extraarticular
manifestation of RA is anemia, in most cases it
is normochromic, sometimes hypochromic, very ra-
rely hyperchromic [25]. The reasons for a high
content of hemoglobin may be different, in parti-
cular, this may be due to a compensatory res-
ponse of the body to reduce the number of red
blood cells.

Continuous and significant changes in peripheral
blood indices determined the need to assess the
impairments in BM of the animals with AA. It
is known that in 68.7% patients with RA have
a decreased number of BM cells, as well as of
CD34*-cells; hematopoietic progenitors, i. e. burst-
forming erythroid units and granulocyte-macro-
phage colony-forming units (CFU-GM); reduced
apoptotic index of myeloid progenitors if com-
pared with the control; there is also a slight plas-
mocytosis and some ‘irritation’ of the leukocyte
population [25]. L.A. Thoren et al. [23] described
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HEOOXOOMMOCTh OmnpenaeneHus: HapyumeHuii B KM
y )KUBOTHBIX ¢ AA. 3BecTHO, 4TO y manueHToB ¢ PA
B 68,7% cioy4yaeB yMEHBIIAETCS KOJINYECTBO KIETOK
B KM, konnuectBo CD34'-kneToK; KPOBETBOPHBIX
MIPE/IIIECTBEHHUKOB — OypCcTOOPa3yIOMUX SIPUTPOUI-
HBIX EIWHUI] U TPaHyIOIUTapHO-MaKpodaraibHbIX
konmorueooOpasyomux exuHull (KOE-I'M); cHu-
JKAeTCsl  amoNTOTHYECKUH WHAEKC MHUEIOMIHBIX
MIPEIIECTBEHHUKOB TI0 CPAaBHEHUIO C KOHTPOJIEM;
HaOmromaeTcst HeOONMBIIOW TIA3MOIMTO3 U HEKOTO-
poe «pazapaxkeHue» JerKonuTapHoro poctka [1].
L.A. Thorén u coaBt. [25] omucanu AEPEKT KIO-
HorenHoro mnorenuuana CD34'-knerok KM ma-
uueHToB ¢ PA. Kpome Toro, aBTopsl yCTaHOBWIH
CHIDKCHHE CONEp)KaHHMs OSTHX KIETOK MpPU KPaTKo-
CPOYHOM U JIONITOCPOYHOM KYIBTHBHPOBaHWHU. MH-
(hopmarmst 0 kneTkax ¢ uMMmyHoderoTurom CD34*
CD38", mpexacrapisiommx co00il MaJOYHCICHHYIO
nokosiitytocst cyonomysimio CKK [20], mmurensHO
MOJACPKUBAIONINX KJIOHOTEHHBIM TOTEHIHMAT TpH
JOJITOCPOYHOM  KyJbTHBHpOBaHUN Tipu PA, mpak-
TUYECKH OTCYTCTBYyeT. HemocraTtouno oxapakrepuso-
BaHBl NPU JIaHHOW MATOJOTMM KJIETKH, 3KCIIEepPEecCH-
pyromue TpancMeMOpanHbiii perientop CD117/c-Kit,
npu JeQUIUTe KOTOPOTO CHHMYKAETCS KOJIMYECTBO
CTBOJIOBBIX KJIETOK, CIOCOOHBIX K JUIMTEILHOMY Ca-
Monoaaepkanuio [25].

B nunamuke pazButusi AA yCTaHOBIEHO, YTO
Ha 14-e cyTkm Ha ¢oHe cHWKeHus B 1,2 pasza mo
CPaBHEHHIO C KOHTPOJEM KOJIMYECTBA KIIETOK B
KM (tabn. 2), xomuaectBo CD34"CD38 -kimeTok He
H3MEHI0Ch, KonuecTBo CD117%-kIeToKk moBbIIIa-
nock B 1,3 paza. Ha 28-e cyTku BenmumHa cyomorry-
JAUUN  KPOBETBOPHBIX TPEAIIECTBEHHUKOB YBEJH-
yuBajack B 3,8 u 3,6 pa3a COOTBETCTBEHHO, TOT-
Jla Kak cojepxanue kiaetok B KM ymeHnsiianoch B
1,6 pa3a nmo cpaBHeHHIO ¢ KOHTpojeMm. OueBHIHO,
YTO U3MEHEHHME YMCIIa CTBOJOBBIX KIJIETOK IEéMOIIO-
ATHUYECKOTO Psijia HE 3aBHCHUT TOJIBKO OT KOJIUYECTBa
SIIEPHBIX KJIETOK B OpraHe. JTO COIIacyercs C Io-
JydeHHBIMH HaMH paHee pe3ylnbTaTaMH, CBUACTEIb-
CTBYIOIIIMHU O TIepepactpe/ieNieHuH CyOTIOIyIISIFOH-
HOTO COCTaBa KPOBETBOPHBIX IIPEIIECTBEHHUKOB
pasHoii crerenn muddepeHIupoBKy (KOIOHHEOOpa-
sytomux enunauil B cenesenke (KOEc), KOE-I'M)
B KM mnpu paszButun AA B CTOPOHY TMOBBIIIEHUS
coziep)kanus Ooniee MOTCHTHBIX TPENIIeCTBEHHUKOB
(KOEc14) [2].

Bepostho, nHegoctarok B KM nuddepenuuponan-
HBIX KPOBETBOPHBIX MPEAIIECTBEHHUKOB aKTUBHPYET
IpoIiecC MPOTUQEpalui MOTEHTHBIX KIETOK CTBO-
JIOBOTO KOMIIapTMeHTa. Takoe mepepacrpeiesieHre
KPOBETBOPHBIX MPEJLIECTBEHHUKOB MTPU AA MOXET
OBITh CIIEICTBMEM pa3BHUBAIOIIETOCS B OpTraHU3MeE
BOCMAINTENBHOTO Tporiecca. B ¢usmonormueckom
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the impaired clonogenic potential of CD34"-cells
of BM of the patients with RA. In addition, the
authors found a decrease in the content of these cells
during short-term and long-term culturing. There
is a scanty information on cells with CD34*CD38"
immunophenotype, representing a small quiescent
subpopulation of HSCs [10], having a long main-
tained clonogenic potential during long-term culture
in RA. There is also a lack of information about
the cells expressing the transmembrane receptor
CD117/c-Kit, which deficit entails the reduction
of the number of stem cells capable of long-term
self-maintenance [23].

In development of AA was associated with the
following changes: on background of a 1.2 time
decrease in the number of cells in BM versus the
control BM (Table 2) which was found on day 14,
the number of CD34*CD38 -cells did not change,
and the one of CD117"-cells was increased 1.3 ti-
mes. On day 28 the mentioned hematopoietic pro-
genitor subpopulations increased 3.8 times and
3.6 times, respectively, while the cell content in
BM decreased 1.6 times if compared with the cont-
rol. It is obvious that the change in the number of
stem cells of the hematopoietic lineage does not
depend only on the number of nucleated cells in
the organ. This is consistent with our previous re-
sults, indicating a redistribution of the subpopu-
lation composition of hematopoietic precursors of
different differentiation (colony forming units in
spleen (CFU), CFU-GM) in the BM with the de-
velopment of AA towards increasing the content
of the more potent progenitors (CFUs) [3].

Probably, the lack of differentiated hemato-
poietic progenitors in BM activates the proliferation
of the potent cells of the stem cell pool. Such a
redistribution of hematopoietic precursors during
AA development may be a consequence of the
inflammatory process developing in the body. In
normal physiological conditions, more than 90% of
the BM HSCs resides in the G, phase, expressing
the receptors (Zie-1, IGFIR), allowing the cells to
respond to regulatory signals. At the same time, the
transcription factors Fos and GATA-2 are highly
expressed, contributing to the rapid activation
of HSCs in response to the changes in microenvi-
ronment [26].

Several stress factors induce in HSCs the de-
velopment of cascade of events starting from the
entry of cells into ashort-term phase of ‘super
depression’ and activation of antiproliferative genes
Tob-1, p-21, Btg-3 in them, as well as an increase
in the expansion of TIMP3 and serine proteases,
suppressing the cell migration. This is facilitated
by the activation of genes induced by interfe-
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Tabnuua 2. KonnyectBo sapocopepaiymx knetok, CD34*CD38-, CD117*, IMA B KM npu AA
no n nocne BeeaeHunsa CKIl
Table 2. Number of nucleated cells CD34*CD38-, CD117*, PAl in BM at AA prior to and after introduction of PCS

Cpoku
Haﬁg'ofKeMHMﬂ' MokasaTenb KouTponb (n =5) AA (n = 5) AA+HCKN (n =4) |  AA+KL (n = 4) AA+KI (n = 4)
Obseyrvation Index Control (n =5) - AA+fPCS (n = 4) AA+CD (n = 4) AA+CP (n = 4)
terms, days
Anpocopepxalume
knetkm B KM/
6eppo x 108 7.4 (7,2-7,5) 6,07 (4,8-7,7) 6,3 (5,8-6,8) 10,1** (8,8-11,5) 7,0& (5,8-8,3)
Nucleated cells in
BM/thigh x 10°
CD34+CD38- 0,01 (0,01-0,02) | 0,01 (0,01-0,02) | 0,01 (0,01-0,02) 0,06 0,05*%(0,03-0,09)
14 (0,01-0,12)
CD117* 2,5(1,91-8,39) 3,17 (3,08-3,19) 3,6%(2,01-5,39) 2,8" (1,48-4,22) 4,5*78(1,48-4,22)
MNA 0,0024 0,0032# 0,0027 0,0218** (0,0216- 0,0114*~&
PAI (0,0022-0,0026) | (0,0031-0,0033) | (0,0025-0,0028) 0,0219) (0,0112-0,01186)
Anpocopnepxalume
knetkn B KM/
6eppo x 108 - 4,5 (4,0-6,0) 12,1* (9,8-14,3) 6,3*"(5,9-6,8) 11,5*%(11,0-11,9)
Nucleated cells in
BM/thigh x 10°
. _ 0,015* 0,01*
28 CD34+CD38 - 0,023% (0,01-0,54) (0,01-0,02) 0,01%(0-0,04)
CD117* - 9,0 (3,08-9,1) 8,7 (5,61-11,7) 8,4(8,0-9,12) 4,3*7%(1,14-5,9)
NNA B 0,003 0,0017* 0,0012** (0,0010- 0,0023* &
PAI (0,002-0,003) (0,0015-0,0019) 0,0014) (0,0021-0,0024)

MpumeyaHue: pasnuumsa 3Ha4UMbl NO cpaBHeHUto ¢ koHTponeM (¥); rpynnon AA (*); rpynno AA + HCKIT (*);

rpynnamu AA + KO n AA + K1 (%), p < 0,05.

Mexay

Note: differences are statistically significant versus control (¥); group AA (*); group AA + fPCS (%); between

groups AA + CD and AA+CP (&), p < 0.05.

cocrossnuu Oonee 90% CKK KM mnpeObiBaeT B
G,-tase, skcnpeccupys peuentopsl (7ie-1, IGFIR),
MTO3BOJISIONINE KJIETKaM OTBEUaTh Ha PETYIATOPHBIC
curHaisl. OJHOBPEMEHHO B BBICOKOW CTETEHH 3KC-
MPECCUPYIOTCSl TPaHCKPUMIMOHHBIE (akTopsl Fos
u GATA-2, ciocoOCTByromIEe OBICTPON AKTHUBAIIUU
CKK B oTBeT Ha HM3MEHEHHS B MHUKPOOKPYKEHUHU
[26]. Hexotopsie ctpeccopHbie (aKTOpbl WHAYIH-
pytor B CKK pa3BuTue KackagHBIX CMEHSIOIIUXCS
COOBITHI, HAUMHAIOIIMXCS C BXOXKICHHS KJIETOK B
KpaTKOBPEMEHHYI0 a3y «CYyNeproKos» W aKTHBa-
MU B HHUX aHTUIPOIN(EpaTUBHBIX TeHOB [0b-1,
p-21, Btg-3, a Takxe nosbllieHue 3xcnancuu TIMP3
Y CepUH-TIPOTENHA3, MOJABISIOMNX KIETOYHYIO MH-
rpamnuio. DTOMY CITOCOOCTBYET W aKTHBAIUS TEHOB,
WHAYIUPOBaHHBIX HHTEpeporom-y (MDH-y), urto
nonteepxaaer orBer CKK Ha mpoBocmaauTebHBIC
CUTHAJBI, U TOCIEAYIONast MHIYKIUS T€HOB pPaH-
Hel u nmo3aHed da3 nmponudeparmu [26]. Ciaenosa-
TenbHO, crabmibHoe coctosinue CKK moxker cy-
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ron-y (IFN-y), which confirms the response of HSCs
to pro-inflammatory signals, and the subsequent
induction of the genes of early and late phases
of proliferation [26].

Consequently, the stable state of HSCs can
significantly change with the development of AID,
when hematopoietic compartment is under the ne-
gative influence of imbalance of pro-inflammatory
and inflammatory cytokines (tumor necrosis fac-
tor-o. (TNF- o), IFN- a, IL-1, IL-2, IL -6, IL-12) and
anti-inflammatory cascade (IL-4, IL-10, TNF-f)
[3]. Here the effect of re-profiling of the hemo-
poiesis system of pro- and anti-inflammatory me-
diators is obvious. IL-6 may be involved into this
process, and its concentration is increased in the
patients with RA. It stimulates the differentiation
of polypotent HSCs, including CFUs-14, IL-8,
and controls the formation, chemotaxis and acti-
vation of neutrophils, being the main cell substrate
in AA. One of the reasons for the impairment of
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LIECTBEHHO M3MEHATbCsA npu pa3Butuu AU3, xor-
Jla TEMOMO3THYECKNH KOMIapTMEHT HAXOAUTCS IOJ
HETaTUBHBIM BIHUSHHEM JucOalaHca I[IMTOKHHOB
MMPOBOCHAIUTENFHOTO ¥ BOCIANUTENHHOTO  IaT-
TepHOB ((hakTopa Hekposza omyxomu-o (PHO-a),
NoOH-y, WI-1, WUJI-2, WUJI-6, UJI-12) u mpoTuso-
BocmanuTenpbHoro kackana (MJI-4, NJI-10, TPD-B)
[2]. B aTom ciywae oueBMAEH (haKT BIUSHUS Tie-
penpodUIMpoOBaHUsT CHCTEMbI T'€MOI033a Mpo- |
AHTHBOCIAJIUTEIBHBIMU MenuaTopaMu. B nmaHHBIN
mporecc MoxeT ObITh BoBiedeH WJI-6, ypoBeHb
KOHIIEHTPALMK KOTOPOTO MOBBIIIAETCS y MALMEHTOB
¢ PA. On crumynupyer auddepeHIrpoBKy MOIH-
noreHTHbIXx CKK, B ToM umncie KOEc-14, NJI-8,
¥ KOHTPOJHpYyeT (hOpMUPOBAHHE, XEMOTAKCHC U aK-
TUBAIMI0 HEHTPO(PUIOB — OCHOBHOTO KJIETOYHOTO
cyoctpara npu AA. OmHOW W3 TPUYWH Hapylle-
ous pyaknmn CKK npu PA sBnsercs m30bITOUHAS
NPOAYKIUS CTPOMajbHbIMU KjieTkamMu KM 1u-
toknHa DOHO-0, KOTOpEIH uepe3 COOCTBEHHBINM pe-
LIENTOpP MOXKET MHTHOMpOBaTh KpoBeTBopeHue [24].
IToBbIIIEHHBI YpOBEHb ATOrO0 LUTOKUHA, KOppe-
JUPYIOIIUNA € pa3BUTHEM KIMHUYECKHX INPU3HAKOB
MaToJIOTHH, OBUI OTMEYEH M B DKCIIEPUMEHTAIbHOM
MOJIETU — Y JKUBOTHBIX ¢ AA [3].

Onenka pa3BUTHs OTEKa IIOKa3aaa, 4To Tepa-
neBTrueckuii dhdektT mo00H W3 HCCIeOBaHHBIX
CyclieH3ul HaOJromancs B pa3HbIE CPOKHM U B pas-
JTIHOM cTeneHu (cM. Tabmn. 1). Hamboiree BeIpakeH-
HBI 3¢G@deKkT OBUT YCTAaHOBICH IIOCIEC BBEIACHUS
cycrier3un HCKII (14-e cytkn) u KII (28-¢ cyTkn).
VY sxuBoTHBIX Tpymnmel AA + KII nngexc oreka cHU-
xaucs panbine (14-e cytkn), yem B rpymmne AA + K/
(28-e cyTkn).

AHanmu3 TepuepruuecKoil KpOBH IKHBOTHBIX,
KOTOPBIM BBOJIMJIM CyCIIEH3HI0, TOKA3aJl HOJI0KHUTEb-
HYI0 IMHAMHUKY BOCCTaHOBIJIEHHUS TIOKa3aTeNel B CITy-
yae ncnonb3oBanus HCKII mimm KII (cMm. pucyHOK).
Ha 28-e cyTkum y »SKCIEpUMEHTANbHBIX TPYIIAX
KUBOTHBIX, KOTOpbIM BBOAMIM HCKII mmu KII, xo-
JIUYECTBO TPAHYIIOIUTOB W JHM(OIIUTOB COOTBET-
CTBOBaJI0O KOHTPOJIBHBIM 3HAYECHUSM, YTO CBHUJIE-
TENBCTBOBAIO OO0 AaKTHBAIMU JHMQOIUTAPHOTO U
IPaHyJIOMUTAPHOTO POCTKOB KPOBETBOPEHHS, BO3-
MOXXHO, Ha YypOBHE OOIIEro Ipe/IIecTBeHHUKA.
B mnepudepuueckoil KpOBH JKHBOTHBIX T'PYIIIIEI
AA + K]J| B TeueHue Bcero BpeMeHH HaOIroze-
HUSl COOTHOLIEHHE (OPMEHHBIX DSJIEMEHTOB KpPOBH
HE BOCCTaHABJIMBAJIOCh, CYIIECTBEHHO YBEJINYH-
BaJIOCh KOJIMYECTBO IPAHYJIOIUTOB U CHUKAJIOCH KO-
JIMYECTBO JIMM(OIMTOB IO CPABHEHUIO C KOHTPOIIb-
HBIM TIOKa3aTejeM, YTO MOXET CBHJIETEIhCTBOBAThH
00 yrHeTeHnH TUMGPOHUTHOTO POCTKA.

CymiecTBeHHOE pasiaudre B comepikanuu (Hop-
MEHHBIX JJIEMEHTOB KPOBU TIOCJE€ BBEACHUS CYCIICH-
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HSC function in RA is the overproduction by the
stromal BM cells of cytokine TNF-a, which through
its own receptor can inhibit the blood forma-
tion [20]. An elevated level of this cytokine, cor-
relating with the development of clinical signs of
pathology, was also noted in an experimental model
in the animals with AA [4].

Evaluation of edema development showed that
a therapeutic effect of any of the suspensions stu-
died was observed at different times and was va-
riously expressed (Table 1). The most pronounced
effect was established after the introduction of
the fPCS suspension (day 14) and CP (day 28). In
animals of the AA + CP group, the edema index
decreased earlier (day 14) than in the AA + CD group
(day 28).

Analysis of the peripheral blood of animals
that were injected with suspensions showed a po-
sitive trend in the recovery of indicators in the
case of using fPCS or CP (see Figure). On day
28 after administering the suspensions in the groups
of animals, injected with fPCS or CP, the number
of granulocytes and lymphocytes corresponded
to the control values, which indicated the acti-
vation of lymphocytic and granulocytic hemo-
poiesis lineages, possibly at the level of a com-
mon precursor. In peripheral blood of the AA +
CD group animals, the ratio of the formed elements
was not restored during the entire observation
period, the number of granulocytes was increa-
sed significantly and the one of lymphocytes was
decreased as compared with the control, which
may indicate suppression of the lymphoid li-
neage.

A significant difference in the content of blood
cells after administration of a CD or CP suspen-
sion, noted through the whole periods of observa-
tion, may be an evidence of different functional
potential of the administered suspensions. Pre-
viously, it has been shown that the conditions
of PCS cryopreservation affect the redistribu-
tion of cell populations in it and determine the
functional properties of administered cells in
respect of the level of cytokines in the serum
of animals with AA [4]. It was found that the
CP suspension, in contrast to the CD one, con-
tained much more Kashchenko and Hofbauer
cells producing the immunosuppressive mediators
IDO, TRFP [13]. Perhaps this is due to the earlier
manifestation of a positive effect and preservation
of the level of TRFp in blood of the animals with
the introduced CP, in contrast to the those with
CD. This factor concentration is known to cor-
relate with the functional characteristics of leu-
kocytes: an increase in the number of leuko-
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sun KJI wnm KII, oTmMeueHHOe BO BCe CpOKH Hal-
JIOZICHUSI, MOXKET OBITh MOATBEPIKICHUEM Pa3HOTo
(DyHKIIMOHAJIBHOTO TOTEHIMAJIa BBOJUMBIX CYCIICH-
3mii. PaHee OBUTO TIOKA3aHO, YTO YCIOBUS KPHUOKOH-
cepBupoBanust CKII Bnusitor Ha nepepacmpenene-
HME B HEH KIETOYHBIX MOMYJISIUUA WU ONPEAeIISioT
(hyHKIIMOHAIIbHBIE CBOWCTBAa BBOIMMBIX KIETOK B
OTHOIIIEHUH YPOBHS LIMTOKHMHOB B CHIBOPOTKE KPO-
BH KMBOTHBIX ¢ AA [3]. bulo ycraHoBieHO, 9TO
B cycnen3uu KII, B otnmuune ot cycnensun KJI, co-
JIeP KUTCS 3HAUUTENBHO Oonblie KieTok KarieHko u
Xodbayspa, MpoOmyUUPYIOIIUX HMMYHOCYIIpPEccop-
ueie Meauatopsl 1O, TPDP [9]. BozamoxHO, 3THM
00ycCJIOBIEHO Ooyiee paHHEE MPOSBICHUE TOIOXKH-
TenpHOTO 3(exra u coxpaneHnue ypoBHs TPDS B
KpOBH y KUBOTHBIX ¢ BBesieHneM KlI, B otmume ot
BBeseHusa KJI. M3BecTHO, YTO KOHIIEHTpAIUs STOTO
(hakTopa KopperupyeT ¢ PyHKIHOHATHHBIMHA XapaK-
TEPUCTUKAMHU JICHKOLINTOB: YBEIMYEHHEM 4YHCIA
JIEHKOIIMTOB B MEpUPEPUICCKON KPOBH, aITre3WB-
HOW CIIOCOOHOCTBIO HEUTPO(PHIIOB, KOIHYECTBOM
Bcl-2*- u CD95"-knerok [12]. WubIMU clioBaMH,
KOppUTUPYIOIUI 3(QQeKT BBOAMMOrO MarepHaia
KIT npu AA moxeT OBITh MOATBEPKICHHEM THIIO-
Te3bl O TOM, YTO YCJIOBUS KPHOKOHCEPBHPOBAaHUS
OTIPENeNsoT  (PyHKUMOHANBHBIE XapaKTEPUCTHKH
BBOJMMBIX KIETOK. B mpenpimymux Hammx pabo-
Tax OBUIO JOKa3aHO, YTO M3MEHsIsI TapaMeTphbl KpH-
OKOHCEpBHPOBaHUS, B YACTHOCTH WCIIONB3YS pas-
HBIE KPHOIPOTEKTOPHI (IMOMMITHICHOKCHI-400 wn
JAMCO), MOXHO WHTHOMPOBATh (PYHKIIMIO aKIeC-
COpPHO-pEryisITopHbIX 3jeMeHToB B KM, Tem ca-
MBIM CHHU3UTh HMMYHOPEAKTHMBHOCTH MHENOTpaHC-
[UIaHTaTa B PEAKUUH «TPAHCIJIAHTAT TMPOTHUB XO-
3siHa» [2]. Hamu ObUIO Takke MOATBEPIKIACHO, UTO
IKCTIPECCHU TeHa ido B KIETKax IUIALCHTBI, KPHO-
KOoHCcepBupoBaHHbIX mox 3amutod [1JIC, Obuia
BBIILIE, YeM B KJIETKaX, KPHMOKOHCEPBHUPOBAHHBIX C
AMCO, 4To MOXET B OIpEAeNICHHOW Mepe o0bsc-
HUTH Pa3Inyusl B UMMYHOPET YIS TOPHOM ITOTEHITHAIIe
3TUX cycneH3ui [19].

Bwmecte ¢ TeM TpaHCKPHITIIMOHHBIE MPOIIECCHI,
ompenensiomue (YHKIHIO JEeKOHCEPBHPOBAHHBIX
KJIETOK, B HACTOAIIEE BpPEeMs OCTAIOTCS Majou3y-
yeHHbIMH. [lo pe3ynbTaraMm wnccrienoBaHUN OeoK-
CHHTE3UPYIOIETO arnmnapara B OakTepHalbHbIX KIIET-
kax Escherichia coli [16] ObLIO YCTaHOBJIEHO, YTO
MocJie  KPUOKOHCEPBHUPOBAHUS MPOUCXOAST BhIpa-
KEHHOE MHTMOMPOBaHKE MPOLECCOB CUHTE3a OCHOB-
HBIX O€JIKOB M MHAYKLMS CUHTE3a CTpecc-0esKoB, oc-
HOBHBIM U3 KOTOPBIX OblJIa MOJEKyna ¢ M. M. 24 k/la.
HauGonee xpuonabunbHOW B (POpMHUPOBAHWUU OC-
HOBHBIX OCJIKOB OKa3anach (a3za TPaHCKPHUIIIHH,
Torga Kak (hasa TpaHCIHAUWHM HE W3MEHSIIACh.
Crpecc-0enkn, KOTOpbIE CHHTE3UPOBAINCH MOCIE
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cytes in peripheral blood, adhesive ability of
neutrophils, the number of Bcl-2- and CD95'-
cells [17]. In other words, the existence of cor-
rective effect of the introduced material of CP
in AA development can support the hypothesis
that the cryopreservation conditions determine
the functional characteristics of the cells injected.
In our previous studies, we have proven that
when changing the parameters of cryopreser-
vation, in particular using different cryoprotec-
tants (polyethylene oxide-400 or DMSO), it was
possible to inhibit the function of accessory-
regulatory elements in BM, thereby reducing
an immune reactivity of myelograft in the graft-
versus-host disease [3]. We also confirmed that
the expression of the ido gene in placental cells
cryopreserved under PDS protection was higher
than in those cryopreserved with DMSO, which
may to some extent explain the differences in
the immunoregulatory potential of these suspen-
sions [5].

At the same time, the transcriptional proces-
ses, determining the function of thawed cells are
currently poorly understood. According to the re-
sults of investigations of protein-synthesizing appa-
ratus in bacterial cells of Escherichia coli, it was
established [24] that a pronounced inhibition of
the synthesis of basic proteins and the induction
of synthesis of stress proteins was found after
cryopreservation, and main this was 24 kDa
molecule. The transcription phase was the most
cryolabile during the formation of the major pro-
teins, while the translation phase did not change.
Stress proteins, synthesized after cryopreservation
were non-related to heat shock proteins, and the
genes encoding their synthesis were different [24].
The study of the effect of exposure temperature,
concentration of DMSO cryoprotectant on the ex-
pression level of stemness genes in fetal liver stem
cells (nanog, oct4, sox2) showed a decrease in
their expression at higher concentrations of cryo-
protectant. Incubation with a cooled cryopro-
tectant had a smaller impact on this para-
meter [1]. In a whole, a brief analysis of the pub-
lished earlier data and our own results suggests
that cryopreservation (under certain conditions
of implementation) is a factor which controls the
state of various cell types, including their immune
regulatory potential.

Evaluating the effectiveness of using fresh or
any of the cryopreserved PCS on the CIC level, we
noted that the recovery of the CIC coefficient oc-
curred on day 28 after the pathology induction.
These data are consistent with the previously pre-
sented results confirming the corrective action of
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KPUOKOHCEPBUPOBaHUs, OBUIM HEPOACTBEHBI Oel-
KaM TEIUIOBOTO IIOKA, a TEeHbl, KOIUPYIOIIHUE HX
cuHTe3, pasHble [16]. M3yuenue BiusHUSA TeMmepa-
TYpBI OKCIO3HIINU, KOHIEHTPAIUH KPHUOTPOTEKTO-
pa AMCO Ha ypoBeHb 3KcIpeccud stemness-reHoB
B CTBOJIOBBIX KJIeTKax (peTanpHOU TiedueHu (nanog,
oct4, sox2) TOKa3ajlo CHIKCHHE YpPOBHS HMX JKC-
MIPECCUU TIPH 00JIee BHICOKUX KOHIICHTPAIHUSIX KPHO-
MIPOTEKTOPA. DKCIIOZUIIHS C OXJTAKICHHBIM KPUOIIPO-
TEKTOPOM OKa3bIBaJla MEHBIIIEE BIUSHUE HA JTaHHBIN
napametp [17]. B nenom npencraBneHHbIN KpaTKuit
aHaJIN3 JIAHHBIX JINTEPATYPhl U COOCTBEHHBIX PE3YIIb-
TaTOB IMO3BOJIAIOT MPEAIOI0KUTE, YTO KPUOKOHCEP-
BHpOBaHUE (MPU OIPECICHHBIX YCIOBUAX peaju-
3amuu) SABIsIeTCS  (PAKTOPOM  YIIPaBIIEHUS  COC-
TOSHUEM pa3JInYHOTO BHJAa KJIETOK, BKIIOYAs WX
MMMYHOPETYIATOPHBIA TTOTEHITHAIT.

OnennBas 3G(HEKTUBHOCTh TTPUMEHEHUS HATHB-
HOM mim J000i m3 KpruokoHcepBupoBaHHBIX CKII
Ha nokaszarend ypoBHs [IUK, Mbl oTMeTwsiud, 4To
BoccraHoBieHue koddduuuenta IIMK mpoucxo-
JTUJIO Ha 28-€ CyTKM MOCe UHIYKIUU MaToIOTHH. DTH
JTAHHBIE COIIACYIOTCS C MPEACTaBIEHHBIMU paHee pe-
3ylbTaTaM#, MOATBEPKIAIOIIMMU KOPPUTHPYIOIIEE
JICHCTBHE TPOMYKTOB (DETOILIAIICHTPHOTO KOMILICKCA,
B YaCTHOCTH, KPHOKOHCEPBUPOBAHHON KOPAOBOU KPO-
Bu («Kpuonemi-I'emokopa»y 'l «MexBenoMcTBeH-
HBI HAyYHBIN [EHTP KPUOOHOIIOTUH ¥ KPHOMETUIIH-
vel HAH, AMH u MO3 VYkpauHbl») B OTHOIICHUU
yposas LIUK [13].

PesynbraThl UM3yueHHs MeXaHU3Ma JIEUCTBUS
BBoauMoit CKII ma mccnemyembie mapametpsl KM
JKUBOTHBIX ¢ AA TIOKa3ajau, 4TO IOCJE BBEJICHHS
HCKII Ha ¢done cHwkenus oreka (14-e CyTKH) OHH
HE OTJIMYAJIHUCHh OT TAKOBBIX Y YKUBOTHBIX C MATOJO-
rueii. Ha 14-e cyTKu yMeHBIIIEHHE CTEIEHU BOC-
MajeHus M, Kak CIIEACTBHUE, OTeKa He ObLIO 00yc-
JIOBJICHO HW3MEHEHHEM COCTOSIHHSI KPOBETBOPHBIX
npeamectBeHHUKOB 1o nericteueM HCKIIL. CHu-
JKEHUE OTeKa y >KUBOTHBIX rpynnsl AA + KII B aToT
K€ CPOK HaOII0ajoch TPHU TOBBIIICHAH KOJIWYe-
cTBa sapocomepkamux kinetok B KM B 1,2 pa3sa,
CDI117*-xnerok — 1,7 paza, II1A — B 4,8 paza o cpas-
HEHUIO C XUBOTHBIMU Tpymnmbl AA (tabm. 2). Dtn
HU3MEHEHUS CBHJICTEIILCTBYIOT 00 YMEHBIICHHH BbI-
PaKEHHOCTH BOCIAJIMTEILHOTO TIpolecca U o0bsc-
HSIOT MEXaHU3M JIEUCTBUA MPUMEHSEMOW Cycre-
m3uu KII.

Ha 28-¢ cyTku BBIpaKEHHOCTh OTEKa CYCTaBOB
CHUXanach y >KUBOTHBIX ¢ BBeneHueM KJI u KII.
OTMeUYeHO TOBBIIICHUE KOJIMYECTBA SAPOCOACPIKA-
mmx kietok B KM (B 1,7 1 1,9 pa3za cOOTBETCTBEHHO),
camxkenne kommdectBa CD34°CD38 -kmetok (B 2,5
u 1,3 pa3a coorBercTBeHHO), MIIA (B 2,3 11 1,2 paza
COOTBETCTBEHHO) TI0 CPaBHEHHWIO C TITOKa3aTelsIMU
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the fetoplacental complex products, in particular,
the cryopreserved cord blood (Cryocell-Hemocord
by SE Interdepartmental Scientific Center for Cryo-
biology and Cryomedicine of the National Academy
of Sciences, Academy of Medical Sciences and the
Ministry of Health of Ukraine) regarding the CIC
level [18].

The studying of the mechanism of action of
injected CPS on the investigated parameters of
BM in the animals with AA showed that after
the introduction of fPCS against the background
of decreasing edema (day 14), they did not differ
from those in the animals with pathology. On the
14" day, a decrease in the inflammation degree and,
as a result, a reduction of edema was not due to a
change in the state of hematopoietic progenitors
under the influence of fPCS. A decrease in edema
in the animals of the AA + CP group at the same
time was observed along with a rise in the number
of nucleated cells in BM by 1.2 times, CD117*-cells
by 1.7 times, IPA by 4.8 times in comparison with
the animals of AA group (Table 2). These changes
indicate a reduced severity of inflammation and
explain the mechanism of action of the applied
CP suspension.

On day 28" the severity of joint edema decrea-
sed in animals with the introduction of CD and
CP. An increase in the number of nucleated cells in
BM (1.7 and 1.9 times, respectively), a decrease in
the number of CD34*CD38 -cells (2.5 and 1.3 times,
respectively), IPA (2.3 and 1.2 times, respectively)
compared to those of the animals with AA were
observed. However, after the introduction of CP,
in contrast to the CD introduction, the number of
CD117*-cells decreased by 2.1 times compared
with that in the animals with AA. The various the-
rapeutic effects of the CD and CP introduction may
be due to differences in the regulation of the serum
TNFa level in these animals, which has an inhi-
bitory effect on the HSCs state [4].

It has been previously shown that human
placenta homogenate (HPH) contains the regulators
of functional status of committed hematopoietic
precursors of different level of maturity (CFUsS,
CFUs12) [6]. The manifested activity of HPH in
relation to CFU12, which are a close to polypotent
HSCs (PHSCs), indicates the presence in placenta
of hematopoietic regulation factors, similar to the
stem-cell factor (the Steel factor), which stimulates
the proliferation and differentiation of PHSCs.
This factor is produced by stromal, epithelial, and
endothelial structures of rodent placenta. The authors
also found that the stimulation of colony forma-
tion by BM after the introduction of cryopreserved
HPH was less pronounced, which was likely due
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»kHBOTHEIX ¢ AA. BmecTte ¢ TeM nocite BBenenus K11,
B ominune ot BBeAeHus K/, konuuectso CD117-kie-
TOK YMEHBIIANOCh B 2,1 pa3za Mo CpaBHEHHIO C Ta-
KOBBIM Y >KUBOTHBIX ¢ AA. Pa3Hblil TepaneBTUUECKUN
addexr ot BBeaenus cycrenznn K/ u KII moxer
OBITH OOYCIIOBIIEH PAa3NUYUSAMH B PETYISAIUU CHIBO-
potounoro ypoHs @HOao y 3THX )KHBOTHBIX, OKa3bI-
BAaIOIIETO WHTUOMpPYIOIIee BIUSHHE Ha COCTOSHHE
CKK [3].

Panee, ObuTO MOKa3aHO, YTO B TOMOTEHATE IUIA-
neHTsl yenoBeka (I'TIY) mpucyTcTBYIOT perymnsaro-
pel  QYHKIMOHAJIBHOTO CTaTyca KOMMHTHUPOBAH-
HBIX KPOBETBOPHBIX IPEIIECTBEHHUKOB DPa3HOMN
creniean 3penoctu (KOEc8, KOEc12) [4]. [Iposs-
nenue aktumBHOCTH [TIY B orHOomenuu KOEcl2,
SIBIISTIONIUXCSL  OMM3KOH  (pOpMOI  IMOMMTIOTEHTHBIX
CKK (IICKK), cBumeTenscTByeT 0 HAIMYAH B TUIa-
1eHTe (aKTOPOB PEryISAIMU KPOBETBOPEHHS, IIO-
TOOHBIX CTBOJIOBOKJIETOUHOMY (akTopy (dhakropy
Cruma), KOTOpBIH CTHUMYJIUPYET MPOIH(epaInio
u auddepeniuporky [ICKK. Dror dakrop mpo-
IYLWPYETCsl CTPOMAIbHBIMH, SMUTETHAIBHBIMH U
SHAOTENUANBHBIMU CTPYKTYPaMHU, MPUCYTCTBYIOLIH-
MU U B IUIALIEHTE TPhI3YHOB. ABTOpBI TakXke ycTa-
HOBMJIM, YTO CTHMYJISILIUS KoJoHHeoOpa3oBanus KM
nociue BBeieHUsI KpruokoHcepBuposaHHoro I'TIY Obl-
Jla MEHEe BBIPaKEHA, YTO, BEPOSITHO, OOYCIOBICHO
CHIDKEHHWEM IMM(OTreMaTOTPOITHOW aKTUBHOCTH
I'TIY nmocne kpuokoHcepBupoBaHus. IIpeacrtaBieH-
HbIE B JaHHOH paboTe pe3yibTaThl IOKAa3bIBAIOT,
gyto mocne BBeneHuss CKII Takke m3MeHseTcs co-
JepKaHue KPOBETBOPHBIX IPEINIeCTBEHHUKOB. Of-
Hako B pesynabrare npumenenus K/ m KII noBbI-
aeTcs MOIYJIHMPYIONAasi aKTUBHOCTh B OTHOLIEHUU
KpOBETBOPHBIX MpenmecTBeHHuKoB CD34°CD38,
CDI117", B ommuuu ot BBeneHus HCKII. Moxxno
MPEANOI0KHUTh, YTO OTMEUYEHHBIE pPa3lIU4Us pery-
JSATOPHOTO JIEHCTBUS SIBISIOTCS PE3yIbTaTOM IIpO-
SIBIICHUSI aKTUBHOCTH PAa3JIMYHOTO CIIEKTpa CyOc-
tanimmii B [TIY w CKII 1mbo pasHO#l Kkpuoyc-
ToiumBoCcTH (hakTopoB, perymupytommx KOEc un
KpOBETBOpHBIC mpeamecTBeHHNKH B KM (CD34*
CD38, CD117%).

Ornenka TepaneBTUYECKON A(PPEKTHBHOCTH BBO-
numoro marepuana CKIT mo CCO mnoxkazana (tad-
guna 3), 9TO y JKMBOTHBIX, KOTOPHIM BBOJIWIU
HCKII, nanHbIf TOKa3aTeNb B TEUCHHE BCETO Bpe-
MEHU HaONOACHUNA ObUT HUXE, YeM B TIpYyIIIe
JKUBOTHBIX C AA, YTO CBHUIETEILCTBOBAIO 00 3(-
(DEKTMBHOCTH TPUMEHEHHSI M KOMIUIEKCHOM JIeHCT-
BUU BBOJMMOW CYCHEH3UH. Y IKHBOTHBIX IIOCIIE
BBenenus cycnensun KII CCO na 28-e cyTku
Obuta B 2,3 pasza HmKe, 4eM B rpymme ¢ AA u
B 1,6 paza MeHblle, 4yeM IIOCIE BBEJICHUS CyC-
ner3un HCKIT wmimm KJI, 4Tto CBHAECTEIHCTBOBAIIO
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to a reduced lymphohematotropic HPH activity
after cryopreservation. The results presented in
this paper show that after the introduction of PCS,
the content of hematopoietic precursors also chan-
ges. However, as a result of the use of CD and CP,
the modulating activity with respect to the he-
matopoietic precursors of CD34°CD38 , CD117" in-
creases, in contrast to the introduction of fPCS.
The revealed differences in regulatory action can
be assumed to be the result of manifestation of
activity of different spectrum of substances in HPH
and PCS or various cryostability of the factors
regulating CFU and hematopoietic precursors in BM
(CD34°CD38", CDI117%).

Ta6bnuua 3. CymmapHasi cTeneHb OTKITOHEHUsI NMoKasaTte-
new Npu agblOBaHTHOM apTpuTe OO M Nocne BBeAEHWS
CYCMEH31N KIeTOK NnaLleHTbI
Table 3. Total deviation degree of indices at djuvant
arthritis prior to and after introduction of placental
cell suspension

Cpok HabnioaeHwA, CyTKu
Tpynnbl Observation terms, days
Groups
14 28
AA
AA 4,64 9,66
AA +HCKIN
AA +1PCS 312 6,90
AA +KAO
AA+CD 23,94 7,01
AA +KI
AA+CP 151 4,27

Assessment of therapeutic efficiency of the in-
jected PCS by TDD showed that in the animals,
injected with fPCS, this index was lower du-
ring the entire observation period versus the
group of the animals with AA, which demons-
trated the efficiency of using the combined effect
of the suspension. The animals with administration
of the CP suspension had the MTR index on 28"
day 2.3 times lower than in the group with AA
and 1.6 times less than in case of administ-
ration of suspension of fPCS or CD, which
indicated a higher efficiency of the CP use if com-
pared to fPCS and CD.

Thus, the data obtained indicate a high regu-
latory potential of the cryopreserved PCS in res-
toration of hemopoietic and immune systems
during AID. In this regard, it is promising to
determine the mechanisms of interaction of the
introduced suspension with cellular or molecu-
lar substrates in recipients and the peculiarities
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o Oonee BoicokoH 3 dexTrBHOCTH TpuMeneHus: KII
no cpasaenuto ¢ HCKII u K/I.

Takum o00Opa3zoM, MONyYeHHBIE AAHHBIC CBHIEC-
TEJICTBYIOT O BBICOKOM PETYIATOPHOM IOTEHIHAJIE
kpuokoHcepupoBanHoit CKII B BoccraHoBieHUU
TFeMOIMO3THYECKO M MMMYHOKOMIIETEHTHOH chepsl
mpu AU3. B cBI3M ¢ 3TUM SBISIETCS TIEPCIICKTUB-
HBIM OIpEJeNIeHHe MEXaHW3MOB B3aMMOACHUCTBUS
BBOJIMMOM CYCHEH3MHM C KIETOYHBIMH WU MOJe-
KYJSIpHBIMH CyOCTpaTaMu y PELUIHEHTOB W 0CO-
OcHHOCTEW JeWCTBUSI KPUOKOHCEPBUPOBAHUS Ha
MO (UKAIIIIO 9THX CBOMCTB.

BpiBOABI

1. HaruBnast u xpuokoHcepBupoBanHas CKII,
HE3aBHCUMO OT YCIJIOBHI KPUOKOHCEPBUPOBAHHUS, ITPO-
SIBISUIA Ha 14-e cyTku pa3BuTusi AA KOppUTHPYIO-
mee JIeWCTBHE B OTHOIIEHWH YPOBHS TeMOITIOOH-
Ha, [{1K, xommdgecTBa rpaHyIIonuToB, Ha 21-€ CyTKH —
YPOBHSI TeMOTJI00MHA, Ha 28-¢ CYTKH — KOJUYECTBA
rpanynoruToB, LUK, sapocomepxkamux u CD34*
CD38 -knetok B KM.

2. Pa3Hplif MEXaHU3M TEPaneBTHUYECCKOTO JCHCT-
BHsSI HAaTUBHBIX M KPHUOKOHCEPBHUPOBAHHBIX KIIETOK
MPOSIBJISICS. B OTHOIICHUU YPOBHS T€MOIIOOWHA U
LUK (14-e cytkn), COD (21-e cyTkn).

3. CHMKEHHE CTEIeHU OTEeKa CyCTaBOB y KHUBOT-
HBIX C BBEJICHHEM KPHOKOHCEPBUPOBAHHOTO MaTepH-
ama (KJ] wim KII) Ha 28-e cyTKHM MOXeT OBITH CBSI-
3aHO C KOppEKIHeH MpoaudepaTnBHON aKTUBHOCTH
xiretok B KM — cHmwkeHnem cogepxkanus CD34*
CD38 u UIIA.

4. PexxuM KpUOKOHCEPBUPOBAHUS BIHUSICT Ha
¢ynkmonansHbele cBoiictBa CKII mpu BBeneHnu
JKUBOTHBIM C AA B OTHOIICHUU OTEKAa CyCTaBOB
CO3, copepxanuss CD117*-kneroxk B KM, xomu-
yecTBa snpocoaepxkamux kierok, WUIIA, Bpemenu
HACTYIUICHUS TepaneBTHYeCcKoro 3ddexra.
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of the effect of cryopreservation on modifica-
tion of these properties.

Conclusions

1. To day 14 of AA development, fresh and
cryopreserved PCS, regardless of the cryopreser-
vation conditions, showed a correcting effect on
hemoglobin level, CIC, granulocyte count, hemo-
globin count, on the 21* day they changed granu-
locyte count, and on 28" day they affected CIC,
nucleated and CD34°CD38-cells in BM.

2. A different mechanism of therapeutic effect
of fresh and cryopreserved cells was manifes-
ted in respect of the level of hemoglobin and CIC
(day 14), ESR (day 21).

3. The decrease in the degree of the joints edema
in the animals with introduced cryopreserved
material (either CD or CP) observed on day 28 may
be associated with the correction of cell prolifera-
tive activity in BM, i. e. a decrease in CD34"CD38"
and IPA.

4. Cryopreservation mode affected functional
properties of PCS when introducing it to the ani-
mals with AA in respect of edema of joints, ESR,
content of CD117"-cells in BM, number of nuclea-
ted cells, IPA, onset time of therapeutic effect.
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