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CocTosiHne reHa gata2 B CTBOJNOBbIX KPOBETBOPHbIX KreTKax
peuunmeHToB ¢ 60Ne3HbID «TPaHCMNaHTaT NPOTUB XO3SIMHAY,
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State of gata2 Gene in Hematopoietic Stem Cells of Recipients With Graft
Versus Host Disease Induced by Cryopreserved Allogeneic Material

Pedrepar: CyuiecTBeHHOW npobrnemoi TpaHcnnaHTauMm rmcTOHECOBMECTMMOro koctHoro mosra (KM) siBnsietcss passutue
MMMYHHOIO KOH(pNMKTa, KOTOPbIN KNMHUYECKM MaHudecTupyeTcs B Buae GonesHu «TpaHcnnaHtat npoTtue xo3siuHa» (BTMX). Ha
MoAenun 3KcnepuMeHTanbHoO uHayumpoBaHHon BTIX M3y4yeHO COCTOsiHME KPOBETBOPHOW CUCTEMbl XMBOTHbIX. [laTonornio nHay-
LuMpoBanu BBeAEHWEM HAaTUBHOIO UMW KPMOKOHCEPBMPOBAHHOTO annoreHHoro KM coBMecTHO ¢ kneTkamu numdoyanos. Onpeaensnu
YpOBEHb 3KCrpeccun reHa gata2 B cTBONOBbIX KpoBeTBOPHbIX knetkax (CKK) KM peuunuentoB ¢ BTIMX. B paboTte ncnons3osanu
MeToAbl KPUOKOHCEPBUPOBaHUS, MMMyHodnyopecueHuuu, NLIP-aHanm3a ¢ atanom obpaTHoW TpaHckpunuuu. MokasaHo yBenuyeHve
B kneTtkax KM ypoBHsi akcnpeccum reHa gata2, otBeyvatowlero 3a camonogaepxarHme CKK, Ha dpoHe nameHeHust nx cy6nonynsiLMoHHOro
COCTaBa, YTO MOXET MPMBOAMUTbL K CHWXKEHUIO MedynnspHOro KpoBeTBOpPeHMs XMBOTHbIX ¢ BTMX. B rpynne xuBoTHbIX ¢ BTIX,
MHOYUMPOBAHHOW anmnoreHHbIM KpMoKoHcepBupoBaHHbIM KM ¢ BbICOKMM ypOBHEM 3KCnpeccun reHa gata2, Habnopancs HU3KUIA
YPOBEHb MeAymnnsipHOro KpoBeTBOPeHUs. [aHHbI dakT nogyepkuBaeT 3HAYMMOCTb MHIMGUpYyloLLero apgekTa KPMOKOHCEPBU-
poBaHus B OTHOLWEHUM dyHKUMOHanbHoro ctatyca CKK, BbipaxaloLerocs B 4aHHOM Cryvae CHUXeHueM ux aAnddepeHUnpoBOYHOro
noTeHumana u BOCCTAHOBIEHWNS MeAYNNSPHOro KpoBeTBOpeHus. [poBeaeHHble MCCnefoBaHUs paclLuMpsoT Halle npeacTaBreHne
0 MexaHuamax pasuTust BTIMNX Ha KNeTOYHOM M MONEKYNSIPHOM YPOBHSIX, YTO MOXeT 06ocHoBaTh LiernecoobpasHoCTb Hamnpas-
FNIEHHOro MOBbIWEHNS 3PHEKTUBHOCTU NEYEHNss OQHON U3 POPM ayTOMMMYHHbLIX NaTOMNOrMN.

KnioyeBble cnoBa: 60Mne3Hb «TpaHcnnaHTaT NPOTUMB XO35MHa», CTBONOBbIE KPOBETBOPHbIE KNETKW, reH gata2.

Pecbepat: IcToTHOWO npobnemoto TpaHcnnaHTauii ricToHecyMicHoro kictkoBoro mMo3ky (KM) € po3BMTOK iMYHHOrO KOHMIKTY,
SIKMI KNiHIYHO MaHicbecTyeTbCs y BUrNsai XBopobu «TpaHcnnaHTaTt npoTtu xassiHay (XTIMX). Ha mogeni ekcnepMmeHTanbHO iHOyKOBaHOI
XTMX 6yno BUBYEHO CTaH KPOBOTBIpPHOI cuctemMu TBapwH. lNatonorito iHAyKyBanu BBeAEHHSIM HaTUBHOro abo KpioKOHCEpPBOBAHOrO
anoreHHoro KM pasom i3 kniTuHamu nimcoBy3niB. BusHayeHo piBeHb ekcnpecii reHa gata2 y cToBOYpOBMX KPOBOTBIPHUX KMiTUHaX
(CKK) KM peuumnienTiB i3 XTIMX. Y poboTi BUKOpUCTOBYBanu MeToau KpiOKOHCEpBYBaHHS, imyHodnyopecueHuii, MJIP-aHanizy 3
eTanom 3BOpOTHOI TpaHckpunuii. Moka3aHo 36inblieHHs y kniTuHax KM ekcnpecii reHa gata2, skui Bignosigae 3a caMoniaTpumky
CKK, Ha Tni 3miHM ixHbOro cybnonynsuinHoro cknagy, Wo Moxe NPUBOAUTU A0 3HUXKEHHS MedynsipHOTO KPOBOTBOPEHHS TBApUH i3
XTMX. Y rpyni TBapuH i3 XTMX, sky 6yno iHgykoBaHO KpiokoHcepBoBaHUM anoreHHum KM i3 BUCOkMM piBHEM ekcnpecii reHa gata2,
CrocTepiraBcsi HU3bKUIA PiBEHb MEAYNSAPHOIO KPOBOTBOPEHHS. [JaHnin (hakT nigKpecnoe 3HavyLLiCTb iHribyto4Horo edpekTy kpiokoHcep-
ByBaHHA Woao dyHkuioHanbHoro ctatycy CKK, skun BMpaxaeTbCa B JaHOMY BMNagKy SIK 3HUMXEHHS iX AudepeHuitoBanbHOro
noTeHuiany Ta BiAHOBMEHHS MeaynspHOro KpOBOTBOPEHHs. [MpoBedeHi AOCiAXKEHHS pO3LMPIoTb Haly ysBY MPO MexaHi3amu
po3BuTKy XTIX Ha KNiTUHHOMY 1 MOJEKYNSIPHOMY PiBHSIX, O MOXe OBrpyHTyBaTW [AOUINbHICTL CNPSIMOBAHOIO MiABULLEHHST edek-
TUBHOCTI MiKyBaHHSA OOHIel 3 (POPM ayTOIMyHHWUX NaTOMOriN.

Knio4oBi cnoBa: xBopoba «TpaHcnnaHTaT NpoTu XxassiiHa», CTOBOYpPOBi KPOBOTBIPHI KMiTUHW, reH gata2.

Abstract: A significant problem of transplantation of histoincompatible bone marrow (BM) is the development of an immune
conflict, which is clinically manifested as the graft-versus-host disease (GVHD). This paper concerns the state of hematopoietic
system in animals under conditions of experimentally induced GVHD. The pathology was induced by introduction of either native or
cryopreserved allogeneic BM jointly with lymph node cells. The rate of gata2 gene expression was examined in hematopoietic stem
cells (HSCs) of BMs from the recipients with GVHD. Methods of cryopreservation, immune fluorescence, and RT-PCR were used in
the research. Bone marow cells exhibited an increased expression of gata2 gene, responsible for self-maintenance of HSCs, as well
as changed subpopulation composition, that could lead to the reduction of the medullary haematopoiesis in GVHD animals. In the group
of animals with GVHD, induced by allogeneic cryopreserved BM with a high level of gata2 gene expression, a low rate of medullary
haematopoiesis was found. This fact emphasizes the importance of inhibitory effect rendered by cryopreservation in terms of
functional status of the HSCs, which is manifested in this case as the decrease of their differentiation potential and recovery of
medullary haematopoiesis. The performed studies expand our understanding about the mechanisms of GVHD at cell and molecular
levels, which may prove the expediency of the directed elevation of efficiency in the treatment of one of autoimmune pathologies.

Key words: graft-versus-host disease, hematopoietic stem cells, gata2 gene.

OThen kpuonatouanonorum n MMmyHonorum, MHctutyT npobnem
Kkprobuonorum n kpuomeauumHel HAH YkpauHbl, r. XapbkoB

*ABTOP, KOTOPOMY HEOGXOAMMO HanpaBnATbL KOPPECNOHAEHLUUIO:
yn. Mepesicnasckas, 23, r. XapbkoB, YkpauHa 61015;

Ten.: (+38 057) 373-57-89, cakc: (+38 057) 373-30-84,
3neKTpoHHasa noyTa: cryopato@gmail.com

Moctynuna 30.09.2014
MpuHsTa B nevatb 12.11.2014

Mpo6bnembl kpuobuonorum n kpuomeauumHel. —2015.—T. 25, Ne1. —C. 67-75.
© 2015 NHcTutyT Nnpobnem kpuobuonorum n kpuomeanumHbl HAH YkpawvHbl

Department of Cryophysiology, Institute for Problems of Cryobiol-
ogy and Cryomedicine of the National Academy of Sciences of
Ukraine, Kharkov, Ukraine

*To whom correspondence should be addressed:
23, Pereyaslavskaya str., Kharkov, Ukraine 61015;
tel.:+380 57 373 5789, fax: +380 57 373 3084,
e-mail: cryopato@gmail.com

Received September, 30, 2014
Accepted November, 12, 2014

Probl. Cryobiol. Cryomed. 2015. 25(1): 67-75.
© 2015 Institute for Problems of Cryobiology and Cryomedicine



HeonHokpaTHO OTMedanoch, 4TO MPUMEHEHHUE
AJIJIOTEHHON KPOBETBOPHOM TKaHHU IS JICUEHUS TeMa-
TOJIOTUYECKUX M OHKOJIOTMYECKUX 3a00JIeBaHUM,
UMMYHOJE(PUIIUTHBIX COCTOSIHUM U APYTUX MaTOIOTHH
BBI3BIBAET Pa3BUTHE OOJIE3HH «TPAHCILIIAHTAT IIPOTUB
xo3suHa» (BTIIX) n compoBoXkaaeTcs HapyIIEHHEM
KpOBETBOPEHHS HA CAMBIX pPa3HBIX YPOBHIAX [3, 10, 12,
16]. B cBsi3u ¢ 3TUM OYEBHIHA AKTYaJIbHOCTh HCCIIE-
JIOBaHWH, HATIPABJICHHBIX HA paciu(pOBKY MEXaHN3-
MOB pa3Butus u npeaynpexaenus bTIIX [9, 12, 13].
Pesynbrarsl HaMX NpeABIAYIINX UCCIEI0BaHUHI PO-
JEMOHCTPHUPOBAIIN BBIPAKEHHOE HAPYILIEHHE COCTOSI-
HuUs T-peryasTopHOro 3BeHa IMMYHHTETA ITPY pa3BH-
tun BTIIX [1]. U3BecTHO, 9TO T-mMOIUTHI, KpOoMe
peanu3anuu cyryoo MMMYHHOTO IIOTEHIUAIA, UMEIOT
LIMPOKUH CIIEKTP PETYAATOPHON aKTUBHOCTHU B OTHO-
[ICHUH TeMOMOATHIEeCKON cucteMbl [6]. IloaTomy
MIPEICTABIISIIO HHTEPEC ONPENETHUTD MTOMYISITHOHHBINA
COCTaB KPOBETBOPHBIX KIJIETOK CTBOJIOBOTO KOMITAPT-
MEHTA, a TAaK)Ke YPOBEHb SKCIPECCHUHU TEHOB, KOHTPOJIH-
pyromux KpoBeTBopeHue peuunueHntos ¢ bTIIX.
JlaHHBIE HCCITeIOBaHUS MOTYT JaTh JOMIOTHUTEIHHYIO
HHPOPMALHIO [ TOHUMAaHUsI MEXaHU3MOB Pa3BUTHS
3TOi martojoruu. M3BecTHo, 4TO gatal sBuAeTCA
TPaHCKPUIIIMOHHBIM (PaKTOPOM, KOTOPBIH dKCIpec-
CHpYETCs B CTBOJIOBBIX KpoBeTBOPHBIX KileTkax (CKK)
U ux npenmectseHHukax [11, 15]. Baxnocts QyHK-
LIMOHMPOBAHMS I'eHa gata’ TOATBEPKIAETCS TEM, UTO
ero IieJIeHaNpaBiIeHHas WHAKTUBAIUS MPUBOJINT K
neTanpHOMY ucxony [15]. YcranoBneHo, 4TO BCien-
CTBUE TOBBIIIEHUS IKCIIPECCUH TeHa gata2 TPONCXO-
nuT uaruouposanne G -haspl KIETOUYHOrO HUKIA
CKK, a Taxxe uX NMpEaIIECTBEHHUKOB in Vitro n
in vivo [14]. BecbMa MHTEPECHBIM IPENCTABIAETCS
HCCIIeIOBaHUE COCTOSIHUS ATOTO T'eHa Ha (poHe pa3Bu-
tus BTIIX.

Bo MHOrocTynenyaTroM npouecce aniKayy Kie-
TOK KocTHOTO Mo3ra (KM) B KIIMHUYECKOH NpaKTUKe
00s13aTeNbHBIM KOMIIOHEHTOM SIBJISIETCS] UX KPUOKOH-
CEpBHUPOBaHME, KOTOPOE TO3BOJSAET IOJITOBPEMEHHO
XpaHUTh OOMaTeprall B YCIOBHSIX HU3KOTEMITEPaTyp-
HBIX OaHKOB M MCIIOJIB30BATh €TO 10 Mepe BOCTPEOo-
BaHHOCTH. Panee HamMu OBLITO MOTyYeHO SKCTIEPUMEH-
TaJbHOE TOJITBEPKICHHE BO3MOXXHOCTH CHIKEHUS
TsokecTd npotekanus BTIIX myTeM mpumeHeHHs
KpPHOKOHCEPBHPOBaHHOTO ajioreHHoro KM [2]. B nan-
HOM CITy4ae 3JIMMUHAILHNS OTpeIeNIeHHBIX CyOIomysi-
il knetok ayutorennoro KM, HaOmomaemast mocie
KPHUOKOHCEPBHUPOBAHUS, MOXKET pacCMaTpUBaThCA Kak
MO3UTHUBHBIA MOMEHT, 00yCIIaBIMBasi MUHUMHU3ALHIO
MPOSABJIEHUS €r0 UMMYyHOpeakTUBHOCTH. OIeHKa
reMono3THYeCcKoi cucremsl perunuenTa ¢ bTIIX Ha
KJIETOYHOM U MOJIEKYJIIPHOM YPOBHSIX TIO3BOJIUT pac-
IIUPUTH HAIlle MPE/CTABIEHNE O MEXaHU3Max pas-
BUTHSI 3TOH ATOJIOTUU.
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There is a widespread opinion that the use of
allogeneic hematopoietic tissue to treat hematological
and oncological diseases, immunodeficient states and
other pathologies causes the development of graft-
versus-host disease (GVHD) and could be accompa-
nied with impaired haematopoiesis of different depth
[4, 8, 11, 16]. Therefore the relevance of studies
targeted to elucidation of the mechanisms of developing
and preventing GVHD is evident [ 1, 11, 12]. The results
of our previous studies have shown the marked impair-
ment of T-regulatory immunity link under GVHD deve-
lopment [2]. In addition to their direct immune function
T lymphocytes are known as possessing a wide range
of regulatory activities in respect of hematopoietic
system [10]. Therefore, it was of interest to examine
the population of hematopoietic stem cells, as well as
the rate of genes expression, controlling the hemato-
poiesis of the recipients with GVHD. These studies
may provide an additional information for understanding
the mechanisms of this pathology development. It is
known, that gata? is a transcription factor, expressed
in hematopoietic stem cells (HSCs) and their proge-
nitors [9, 15]. The importance of gata? gene functio-
ning is confirmed by the fact that its targeted inacti-
vation leads to a lethal outcome [15]. It has been estab-
lished that an increase of the gata? gene expression
resulted in an inhibition of G -phase of the HSCs cell
cycle, as well as their progenitors in vitro and in vivo
[14]. Of interest could be the investigation of this gene
functioning on the background of GVHD develop-
ment.

Multi-stage process of bone marrow (BM) cells
application in clinical practice includes the cryopreser-
vation as a mandatory step, allowing the storage of
the biospecimen for a long time at low-temperature
banks and their use on demand. We have previously
confirmed experimentally the possibility of reducing
the severity of GVHD proceeding by applying the cryo-
preserved allogeneic BM [3]. In this case the elimina-
tion of certain cell subpopulations in allogeneic BM
after cryopreservation could be regarded as a positive
moment, stipulating the minimal manifestation of its
immune reactivity. Evaluation of the hematopoietic
system of GVHD recipient at the cell and molecular
levels would enhance our understanding about the me-
chanisms of this pathology.

The research aim was to determine the gata? gene
expression rate in hematopoietic stem cells of bone
marrow of the recipients with the graft-versus-host
disease, induced by the introduction of cryopreserved
allogeneic material with lymphocyte cells.

Materials and methods
The experiments were performed in CBA/H and
(CBA/HxC57BI)F1 mice weighing 24-26 g. The studies
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Lens paboThl — ONPEIEIUTh YPOBEHb IKCIIPECCHUHU
reHa gata? B CTBOJIOBBIX KPOBETBOPHBIX KJIETKax
KOCTHOTO MO3Ta PEIMITHEHTOB C OOJIE3HBIO «TpaHC-
IJIAHTAT MPOTHUB XO35IMHAY», UHTyIIUPOBAHHON BBEJIC-
HHEM KPHOKOHCEPBUPOBAHHOTO aJUTOTCHHOTO MaTepHa-
J1a ¢ KJIETKaM# JTUM(OIIUTOB.

Marepuajbl 1 METOABI

OKCHEPUMEHTHI BBITIOJHSINA Ha MBIIIAX JIHHAH
CBA/H u (CBA/HxC57BI) F1 maccoit 24-26 1. Uc-
CJICOBAHMS POBOJINIIN B COOTBETCTBUH C «OOIIMMH
MPUHIUIIAMHA 3KCIIEPUMEHTOB Ha HBOTHBIX», 0J100-
penHbIME V HarmoHansHBIM KOHIPECCOM 0 OHOITHKE
(Kues, 2013) u coracoBaHHBIMHU C MOJIOXKCHUSMHU
«EBpomneiickoil KOHBEHIIMH O 3aIUTE MO3BOHOYHBIX
KHUBOTHBIX, HCIIOJIB3YEMBIX JIISI SKCIIEPUMEHTABHBIX
U IpyruX HayIHBIX menei» (CtpacOypr, 1986).

Kierkn KM BBeIMBIBanM 13 O€peHHBIX KOCTEH,
MaXOBBIE JINM(OY3IIbI IE3UHTETPUPOBAITH B TOMOTCHH-
3atope [lorrepa B cpene 199 (MuCcTUTYT TIONTIOMEE-
JIUTa U BUPYCHBIX dHIIedannToB, Poccust) ¢ nodasie-
uueMm 10%-i1 SMOpHOHATBHOM TENSYbel CBIBOPOTKH
(«buonoT», Poccus) n 2%-ro nurpara HaTpus (nanee
B TeKcTe — pabodas cpena).

PactBop nna xpuokoncepsupoBanus KM mpen-
CTaBJIsLT co0oii pabouyto cpeay ¢ 20% AMCO («Ap-
Tepuym», YkpanHna). K momyuennoit Ha paboueii cpene
cycneHsuu kietok KM mo xamsm 100aBiisiia pact-
BOp U1l KpUOKOHCEPBUPOBAHUS B COOTHOIIEHUH 1:1
npu Temmeparype 22°C Ha NPOTSHKEHUU 2—3 MUH
(kKoHEYHAs! KOHIIEHTPALINS KPHOTIPOTEKTOPa COCTABUIIA
10%). Oxco3unuIo KIETOK B PaCTBOPE IMPOBOIUIH B
teuenue 10 MuH pu TO# ke Temmeparype. Oxaaxkme-
HUe cycrieH3uH kieTok KM ocymiecTBisiin Ha mpo-
rpamMmMmHoM 3amopaxuBarene YOII-6 (CKTb ¢ OII
NIKuK HAH VYkpaunsl, XapbKoB) 110 AByX3TaHON
nporpamme co ckopocteio 1 rpan/muna go —25°C
U MOCJIEeAYIOUIUM HOTPYKEHUEM B XUIKUH a30T
(=196°C) [2]. Cycnen3uw kierok KM obbemom
1,8 mu1 ¢ koHIeHTparmeit 5% 10° ki1/Mi1 3aMopakuBan
B IJIaCTUKOBHIX ammynax («Nuncy», ['epmanus).
OO6pa3iiel OTOrpeBaM Ha BOJISTHON OaHe MpH TeMIIe-
patype 40...41°C 10 uCYe3HOBEHUS TBEPIOH (ha3bl.
Knerku omnokpatHo otmbiBanu ot JIMCO mytem
MEJIJICHHOTO JOOaBJICHUS IBOMHOTO 00heMa paboueit
cpenbl 1 nocneayomero 10-MuHYTHOTO HeHTpH(yTH-
poBanus (200g). Ocanok pa3zdaBisy cBeXeH nopLueit
paboueii cpepl 1 TOACYUTHIBAIIN COEPKAHUE SIIPO-
coaepxkamux kietok. Cycnensuwo kinetok KM, nHe
MOJIBEPraBIIyIOCS MPOLEAYPE 3aMOPaKUBAHHUA-OTOT -
peBa, manee OyaeM Ha3bIBaTb HATUBHOH.

Penmunuenramun KM Ovinmum mbeimu (CBA/
HxC57BI)F1, o6nydennsie Ha ycTaHOBKe PYM-17
(«Mocpentren», Poccust) B mo3e 850 P, koTopsiM
BHYTPHUBEHHO BBOJMIM 5%10°/MbIIIh HATUBHBIX WIN
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were carried out in accordance with General Principles
of Experiments in Animals approved by the 5" Natio-
nal Congress in Bioethics (Kiev, 2013) and coordinated
with the statements of the European Convention for
the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (Strasbourg,
1986).

Bone marrow cells were washed-out from the
femurs, the inguinal lymph nodes were disintegrated
in Potter’s homogenizer in medium 199 (Chumakov
Institute of Poliomyelitis and Viral Encephalitides of
Russian Academy of Medical Sciences, Russia)
supplemented with 10% fetal bovine serum (BioloT,
Russia) and 2% sodium citrate (hereinafter the hand-
ling medium).

The solution for BM cryopreservation was a hand-
ling medium with 20% DMSO (Arterium, Ukraine).
Suspension of BM cells in handling medium was
dropwise mixed with the solution for cryopreservation
in 1: 1 ratio at 22°C during 2—3 min (final cryoprotectant
concentration was 10%). The cells were then exposed
to the solution for 10 min at the stated temperature.
The cell suspension was cooled with UOP-6 programm-
able freezer (Special Designing Technical Bureau with
Experimental Unit of the IPC&C NAS of Ukraine)
according to two-stage program with a rate of
1 deg/min down to —25°C and following immersion into
liquid nitrogen (—196°C) [3]. The BM cell suspension
of 1.8 ml and concentration of 5%10° cells/ml was
frozen in plastic vials (Nunc, Germany). The samples
were warmed in a water bath at 40...41°C up to the
disappearance of solid phase. Cells were once washed
of DMSO by slow adding of a double volume of hand-
ling medium and subsequent 10-min-long centrifugation
(200g). The sediment was then diluted with a fresh
portion of the handling medium and the content of
nucleated cells was counted. The BM cell suspension,
not subjected to freezing and thawing, would be defined
hereinafter as native. Bone marrow recipients were
(CBA/HxCS57BIF1 mice, irradiated with RUM-17
(Mosrentgen, Russia) at a dose of 850 R, and then
intravenously injected with 5x10%mouse either native
or cryopreserved BM cells (CBA/H) with lymph node
(LN) cells in 3: 1 ratio, respectively [5]. The irradiation
conditions were as follows: 38.6 R/min dose rate,
220 kV voltage, 10 mA current, 0.5 mm Cu+ 1 mm Al
filters, 50 cm focal-dorsal length.

The GVHD intensity was evaluated to the day 14
according to the spleen index (SI), state of medullary
hematopoiesis, content of HSCs and survival of the
recipients. Previous studies have shown the true deve-
lopment of pathology in this model to the day 14 in
terms of clinical and laboratory indices [5]. The SI
was calculated as the ratio of the weights of spleen
and entire body of the animals. In intact animals the SI
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KpuokoHcepBupoBaHHbIX kiaeTok KM (CBA/H) c
kJeTkaMu uM¢oy3noB (JIY) B cootHowmennu 3:1 coot-
BETCTBEHHO [4]. YcimoBus 00NydeHHS: MOIIHOCTh
no3el — 38,6 P/munH, Hanpsokenue — 220 kB, cuna
toka — 10 MA, ¢puneTper — 0,5 mm Cu + 1 mm Al,
(hokycHo-nop3ansHOE pacctosiHre — 50 cM.

HNurencuBHocTh pasutus BTIIX oneHuBain Ha
14-e cyTKH TI0 MHIIEKCY CEeNE3€HKH, COCTOSHUIO METYII-
JISIpHOTO KpoBeTBOpeHus, coaepkannto CKK n BEDKH-
BaE€MOCTH PEIHUNUEHTOB. B paHee mpoBeaeHHBIX
HCCIIEI0BAHMSIX IOKAa3aHO pa3BUTHE MATOJIOTHH B JIaH-
HOM MozienH K 14-M cyTKaM o KIIMHUYECKUM U J1abo-
paropHbIM nokazatensiM [4]. Uanekc cenesenku (UC)
pacCYUTHIBAIM KaK COOTHOLIEHHE MAacCChl opraHa K
Macce Tena )KMBOTHBIX. Y HHTaKTHBIX )KUBOTHBIX IC
mpUHUMaIH 3a 1, mokasatens 6onee 1,3 yka3siBam Ha
passurue BTIIX [8, 9] .

JKuBoTHBIE OBLTH pa3/ieeHbl Ha CIEAYIOIHE TPYTI-
eL: | — MTHTaKTHBIE )KUBOTHBIE (HHTAKTHBIM KOHTPOJI);
2 — MBIIIHN, KOTOPBIM BBOAMIN CUHTeHHBIA KM (cuH-
TeHHBIN KOHTPOJIB); 3 — MBIIIH, Y KOTOPBIX HHIYIIHPO-
Banu bTIIX BBenenueM ajtoreHHOro HatusHoro KM
COBMECTHO ¢ kieTkamu JuM¢poy3noB — BTIIX (1KM +
JIY); 4 — mpimy, y KoTopbix uHaynuposand BTIIX
BBE/ICHHEM AJUTOTEHHOTO KpHOKOHCEpBHpoBaHHOT0 KM
COBMECTHO ¢ KieTkamu tuMpoy3noB — BTTIX (kKM +
JIY).

Conepxanue CD34"'CD38 u CD117"-knerok B
KM xwuBotnbix ¢ BTIIX ouenuBany Ha MPOTOYHOM
murodyopumerpe «FACS Calibury («Becton Dickin-
sony, CIIIA), ncons3yss MOHOKJIOHATLHBIC aHTUMEI-
muabie anTuTena CD117 (FITC), CD34 (PE), CD38
(FITC) («BD Biosciences», CILIA; «Abcam», Benn-
KOOpHUTAHHA) COTTIACHO HHCTPYKIIMH TPOU3BOTUTETIS.
CTaTUCTUYECKUH yUYeT JaHHBIX, MONTYYEHHBIX IIUTO-
(bIyopUMeTpHUYECKUM aHAJIN30M, OCYLIECTBIUIN C
nomorpio nporpammsl « WinMDI 2.8.» (J. Trotter).

J1J1s1 OLIEHKM CKOPOCTH BOCCTAHOBJIEHHUS MEYILISAP-
HOTO KPOBETBOPEHUSI HAMH OBUT BBEJICH TAKOHM TOKa-
3arens, kKak nHaekc nuddepenmuposkn CKK, npex-
CTaBJISIOIINI cOOO0 COOTHOIIICHNE CO/IEPIKaHNS MEHEe
noteHTHBIX CKK (CD117%) k 6ojee MOTEHTHBIM
(CD34*CD38).

Opakuuro CKK nonyyann n3 KM mermeii mero-
JIOM TIO3UTUBHOM CEJIEKINH C TPUMEHEHNEM MarHUT-
Horo coprepa («BD ImagnetTM», CIIIA) u CDI117
«MicroBeads» («Miltenyi Biotecy, CILIA) cormacHo
[IPOTOKOITY POU3BOIUTENS.

CopepxaHue TPAaHCKPUIITOB I'eHa gatal B BBIJE-
nennoit CD117*-¢pakuun KM KHBOTHBIX BceX IpyI
onpenenanu ¢ noMmomsio I1I[P-ananusza ¢ stamom
oOparnoit Tpanckpunuu (OT-IILP) [7]. Hns BbIme-
JICHHUS HyKJIEMHOBBIX KUCJIOT U3 1%10° KJI HCIOB30-
Baym Habop «Diatom RNA Prep 100» («Isogene Laby,
Poccust), copeprkamuii TU3UPYIOLIINA peareHT — ryaHu-
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was assumed as 1, the index of more than 1.3 indicated
the GVHD development [1, 13].

The animals were divided into the following groups:
group 1 comprised intact animals (intact control); group
2 were the mice injected with syngeneic BM (syn-
geneic control); group 3 consisted of the mice with
GVHD, induced by introduction of allogeneic native
BM with lymph node cells — GVHD (nBM + LN);
group 4 was the mice with GVHD, induced by intro-
duction of cryopreserved allogeneic BM with lymph
node cells — GVHD (¢cBM + LN).

The content of CD34*CD38~ and CD117* cells in
the BM of animals with GVHD was evaluated with
flow cytometer FACS Calibur (Becton Dickinson,
USA) using the monoclonal anti-mouse antibodies
CDI117 (FITC), CD34 (PE), CD38 (F*TC) (BD Bio-
sciences, USA; Abcam, UK) according to the manu-
facturers’ instructions. The data of flow cytometric
analysis were statisticaly processed using the WinMDI
2.8 software (J. Trotter).

To estimate the recovery rate of medullary hemato-
poiesis we introduced the differentiation index of
HSCs, which was the ratio of the content of less potent
HSCs (CD117%) to more potent ones (CD34°CD38").

HSC:s fraction was derived from the mice by posi-
tive selection using magnetic sorter (BD Imagnet™,
USA) and CD117 MicroBeads (Miltenyi Biotec, USA)
according to the manufacturers’ protocols.

The contents of gata? gene transcripts in isolated
CD117* BM fraction of the animals of all the groups
were determined by PCR with a reverse transcription
(RT-PCR) [7]. The nucleic acids from 1x10° cells were
isolated using the Diatom RNA Prep 100 kit (Isogene
Lab, Russia) containing guanidine thiocyanate lysis
buffer. The RT-PCR was performed with a set of
random-oligonucleotides and revertase (M-Mlv) accor-
ding to the manufacturer’s instructions (Reverta L,
Russia). The primers of the studied genes: gata?2
(NM_008324.1, fragment length of 342 pn) and beta
actin (NM_007393.3, fragment length of 113 pn) were
developed on the basis of the GenBank database
(NCBI BLAST, USA) and synthesized at the JSC
Medbioservis (Ukraine).

DNA fragments were amplified in Tertsik incubator
(JSC SPC DNA Technology, Russia). Denaturation
was carried-out at 94°C for 30 seconds, the matrix
hybridization was made with a primer at 60°C for 30
seconds and elongation at 72°C for 60 seconds. After
PCR finishing the elongation was performed at 72°C
for 5 min. The number of cycles for gata? gene was
40 and 20 for beta actin. The detection of amplification
products and comparative assessment of their amount
were done with capillary electrophoresis chip bioanaly-
zer Agilent 2100 (Agilent Technologies, USA), basing
on a relative semi-quantitative scoring. The chips were
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auHTuouuanat. dns nposenenus OT-IILP uc-
MOJIH30BAJIH KOMILJIEKT random-oJIMrOHyKJI€OTHIOB 1
peseptassl (M-Mlv) coracHO HHCTPYKUUH (HUPMBI-
npousBoautens «Pesepra L» (Poccus). [paiimepsr
nuccnenyeMsix reHoB: gata? (NM_008324.1 (mmuHa
(dbparmenTa 342 m.H.) u beta actin (NM_007393.3
(mmHa pparmenTa 113 1n.H.) ObUTH CKOHCTPYHPOBAHBI
Ha ocHoBe 6a3pl maHHbIX «GenBank» (NCBI BLAST,
CIIA) u cunaresupoBansl B AO3T «MenOuocepBuc»
(Yxpauna).

Avmnudukanuo pparmentoB IHK ocymect-
Bisun B TepmocTtare «Tepuuk» (3AO0 «HB® JTHK-
TexHoNorus», Poccust). Jlenarypanuio npoBoAnIu npu
94°C B teuenue 30 ¢, rHOPUIN3ALINIO MATPHLIBI C TIPAKi-
MepoM nipu 60°C — 30 ¢, anonranuto npu 72°C — 60 c.
ITocne oxonwanus [P ocymecTBasiin 350HTraluio
pu 72°C B TeueHue 5 muH. KomaecTBO ITUKIIOB IS
reHa gata? — 40, nns beta actin — 20. [erexnuio u
CpaBHEHHE KOJMYECTBA MPOAYKTOB aMIUTH(UKAIIUU
BBITIONTHSUTA METOAOM KaMUISIPHOTO AJIeKTpodopesa
B unn-aHanmzarope «Agilent 2100» («Agilent Techno-
logies», CI11A) Ha OCHOBE OTHOCHUTEIHHOMN ITOJTYKOJTH-
YECTBEHHON OIeHKHU. [1oroTOBKY 4MIOB OCYIIECT-
BJSUTM COIVIacCHO MHCTpYKIuH Hadopa «JHK 1000»
(«Fermentasy, JIutsa).

Pe3ynbrarsl HOpMHPOBAIK IO OTHOLIEHMIO K TIOKa-
3aTeNI0 3KCIIPECCUN TeHa «JIOMAIIHEro X03sicTBa»
beta actin.

[ToydueHHbIe JaHHBIC CTATUCTHIECKHA 00pabdaThI-
Banu 1o meTtoAy CThIONEHTa ¢ MPUMEHEHHEM KOM-
neroTepHOM rporpamMmsl «Excel» («Microsofty, CILIA).
JlanHble TIpUBENEHBI B BUIE CPEIHETO 3HAYCHHS =+
CTaHJApTHOE OTKJIOHEHHE. Pazimumst caurany craTuc-
TUYECKU 3HaUUMBIMHU TipH p < 0,05.

Pe3yabTarsl m o0cyxaeHne

Opuum u3 kputepues pazsutus bTIIX sBasercs
CIIJICHOMETAJTHSI, HAJTMYMe KOTOPOW B OpraHu3Me pery-
MMUEHTa MO)KHO KOHCTATHPOBATh [0 MHIEKCY CeJIe3eH-
ku (UC). Tak, y perunuenToB ciHreHHOro KM (Tpymma
2) UC 3Ha9MMO HE OTIMYAJICS OT WHTAKTHOTO KOHT-
pos (Tpyrmma 1), B TO BpeMst, KaK Y peIUITEHTOB aJlIo-
TEHHOTO HATUBHOTO MaTepHuaia (rpytra 3) oH ObLT B
1,7 pa3a Beime (Tabimia). BBOIUMBIN amIoreHHBIHA
KPHOKOHCEPBUPOBAHHEII MaTepuai (rpyria 4) BBI3bI-
BaJl MEHbLIEE IO CPABHEHHIO C IPYMIOHN 2 yBEJIHMUYCHUE
UC, nockonbKy B Ipomecce 3aMOpaKUBaHUs CHUKACT-
Cs1 UMMYHOpPEaKTUBHOCTb ajutoreHHoro KM [3]. Tem
He MeHee MC y )KMBOTHBIX 3TOM IPyMITbl yBEITUUUBAI-
csB 1,5 pasza o cpaBHEHHUIO C HHTAKTHBIM KOHTPOJIEM,
YTO TaKKe CBUAETeNbCTBYET 0 pazButuu bTIIX. Cie-
IyeT OTMETHTH, uTo BenmnunHa MC, kak u BEDKHBae-
MOCTb KHUBOTHBIX, OIIPEENIAETCS CTETIEHBIO TSHKECTH
natojioruu [1, 2, 16]. JlecTBUTEEHO, BEHKHBACMOCTh
PEIUIIIEHTOB YETKO KOPPEMpoBaja ¢ MoKa3aTes MU
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prepared according to the manufacturer’s instructions
using the DNA 1000 chip kit (Fermentas, Lithuania).

The results were normalized by values of ‘house-
keeping’ beta actin gene expression.

The obtained data were statistically processed by
the Student’s test using the Excel software (Microsoft,
USA). Data are presented as a mean + standard devia-
tion. Differences would be considered as statistically
significant at p <0.05.

Results and discussion

One of the criteria of the GVHD development is
splenomegaly, which could discovered in an organisms
using so-called spleen index (SI). In particular, the
recipients of syngeneic BM (Group 2) had the SI not
differing significantly from intact control (group 1), whe-
reas the recipients of allogeneic native material
(group 3) got 1.7 times higher value (Table). The
introduced allogeneic cryopreserved material (group 4)
caused less increase of SI in comparison with group 2,
due to a known reduction of immune reactivity of
allogeneic BM post-thaw [3]. Nevertheless, the SI in
the animals of this group increased 1.5 times if
compared with non-treated control, which also
confirmed the GVHD development. It should be noted
that the SI value as well as survival of the animals
could be determined by the disease severity [1, 2, 16].
Actually, the survival of recipients was clearly coincided
with the SI indices (see Table). For example, lower SI
index in group 4 if compared to group 3 was correlated
with higher survival rate of the animals. Introduction
of syngeneic BM to irradiated recipients (group 2) did
not cause the GVHD development, in terms of survival
and SI values, which did not statistically and signifi-
cantly differ from the untreated control (Table).

The results of assessment of medullary hemato-
poiesis (i. e. the number of cells per femur) in the BM
recipients show a decrease of this index in all the
experimental groups. In particular, when the syngeneic
BM was administered (group 2), this index dropped
down by 23% if compared with the untreated control
(group 1). In the recipients of allogeneic BM (groups
3 and 4) a more pronounced BM hypoplasia was found
if compared with syngeneic and especially untreated
controls.

On this background there was a change in the con-
tent of the BM stem cells with CD34"CD38" pheno-
type, associated mainly with linearly non-committed
pluripotent HSCs. The cells expressing the CD117
marker are referred to the stem and their committed
progenitors [6, 17]. To the day 14 after introduction of
syngeneic BM (group 2) the content of both sub-
populations of HSCs (CD117" and CD34* CD38")
increased if compared with the untreated control
(Fig. 1). In the animals of groups 3 and 4 the content
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UC (tabnuna). Tak, Oonee HU3KHIHA MO-
kazatens MC B rpymnme 4 mo cpas-

Mokazatenu passutua BTTMX, 14-e cytkn (M £ m, n = 5)
GVHD development indices, day 14 (M + m, n = 5)

HEHHUIO C TPYNION 3 KOppeaupoBal ¢
OoJbIIIel BEKUBAEMOCTHIO YKHBOT-
HBIX. BBenenne 00MydeHHBIM pPEeIn-
nmenTaMm cuareaHoro KM (rpymma 2)

He BbI3bIBaJO pa3Butus bTIIX, cyns
I10 MoKa3aTento BekuBaeMocT 1 UC,
KOTOpbI€ 3HAYNMO HE OTIMYAIHNCH OT

WHTAKTHOTO KOHTPOJIA (Ta0IInIIa).
Pe3ynbraThl OLIEHKH COCTOSHHS
MEAyJUIIPHOTO KPOBETBOPCHUS, a

HMMCHHO KOJIMYC€CTBA KJICTOK Ha 6e11p0,

rpynna HUBOTHbIX
Group of animals
MokasaTens
Index
1 2 3 4
VHpekc ceneseHku,
yen. en. 1,00+0,09 1,10+0,10 1,7+0,11%* 1,5+0,9%*
Spleen index,
arb. units
KonuyecTBo KneTok
6
KM wa Geapo, x10° | g 54,076 | 7,30+0,58 | 4,01+0,52* | 2,77+0,18%
Number of BM cells
per femur, x108
0
Bemvusaemocts, % 100+£8,00 | 88,00+6,88 | 63,34+5,06%" | 70,27 +6,26*"
Survival, %

y peuunuentoB KM, cBunerens-
CTBYIOT O CHWKEHMH ITOT'0 IOKa3aTes

MpumeyaHue:
BO BCCX OIIBITHBIX I'pYyIIIax. TaK, npu

BBeeHNH cuHTeHHOr0 KM (Tpyrmma 2)
JTaHHBIM MOKa3aTellb CHIDKAJICST Ha
23% 1o CpaBHEHMIO C MHTaKTHBIM
KoHTpousieM (rpynmna 1). Y penunuen-
ToB aymoreHHoro KM (rpymms! 3 u 4) HaGmonanacek
Oonee BeIpaskeHHas runomasus KM mo cpaBHeHHIO
C CHHI'€HHBIM U TeM 00Jiee HHTAaKTHBIM KOHTPOJIEM.

Ha sToM (oHE M3MEHSIIOCHh CoJiepKaHue KIIETOK
ctBosioBoro kommnaprmenTa KM ¢ penorunom CD34*
CD38, accounnpoBaHHBIM B OCHOBHOM C ITOJIMIIOTEHT-
HbIMU JInHeNHO HekommuTHpoBaHHBIMA CKK. Knetkuy,
skcmnpeccupyromue CD117-mapkep, OTHOCATCS K
CTBOJIOBBIM M HX KOMMHUTHPOBAHHBIM TIPEAIIECTBEH-
Hukam [5, 17]. Ha 14-e cyTku nocie BBeI€HUS CUH-
reaHoro KM (rpymma 2) conepxanue o6enx cyomnomy-
nsmui CKK (CD1177 1 CD347CD38) yBenmauBanoch
[0 CPaBHEHUIO C MHTAKTHBIM KOHTpoJeMm (puc. 1).
V¥ sxuBoTHBIX rpymi 3 1 4 cogepkanue CD117*-kneTok
CHIDKAJIOCH IO CPABHEHHIO C CHHT'€HHBIM KOHTPOJIEM
B 1,4 12,5 pa3a COOTBETCTBEHHO, UTO, ITO-BUINMOMY,
CBSI3aHO C HEJJOCTATKOM MEAYIUISIPHOTO KPOBETBOpE-
Husg. Conepxanue xe 6onee moreHTHBIX CKK —
CD34*CD38-kneTok ObUI0 3HAYMMO HIXKE MO CPaB-
HEHUIO C CHHT€HHBIM KOHTPOJIEM TOJIBKO Y JKHBOTHBIX
TpyMITEL 4.

B HacTosiee BpeMs HaKOIUIEHO OOJIBIIOE KOJIU-
YECTBO JAaHHBIX, MOJYEPKHUBAIOIIUX 3HAUUMOCTb OT-
nenbHbBIX cyomomyrsiiuit CKK B ckopocT BOCCTaHOB-
JIEHUSI KPOBETBOPEHUS U UX COAEPIKAHNUS B pETCHEPH-
pytomieM KM [5]. B cBsi3u ¢ 3TM HaMu ObLT BBEJICH
TaKOH TMoOKa3arenb, Kak HHIEKC AUddepeHInpoBKH
CKK, mpezncrasnstoniuii coO0l COOTHOIIEHUE COAEP-
kauus meree moteHTHRIX CKK (CD117") x 6omee mmo-
teHTHBIM (CD34*CD38"7). Ha puc. 2 BUHO CHIKEHUE
3HA4YCHUS HHAEKCa TUPPEepEeHIMPOBKH 10 CPABHEHHIO
C CHHT€HHBIM H eIlIe Oobliee ¢ MHTAaKTHBIM KOHTPO-
JIIMU B 00eux rpymmax »kuBoTHBIX ¢ BTIIX. JlanHbIiA
(aKT CBHIETENLCTBYET O MepepacnpeeeHuN KOH-
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pas3nnyna cTatuctnyeckn 3Ha4nMMbl MO CpaBHEHUKO C UHTAKTHbIM

(*) v cuHrenHbim (*) koHTponem, p < 0,05.

Note: differences are statically significant if compared with intact (*) and syn-
geneic (*) controls, p < 0.05.

of CD117" cells decreased if compared with syngeneic
control by 1.4 and 2.5 times, respectively, which was
apparently due to the lack of medullary hematopoiesis.
The content of more potent HSCs, i. e. CD34*CD38-
cells, was significantly reduced only in group 4 animals,
if compared with syngeneic control.

- 10

CD117* and CD34*CD38- cell content, %
[o)]
Konuuectso knetok KM Ha 6egpo x10°
Number of BM cells per femur x108

CopepxaHve CD117* n CD34*CD38--kneTok, %

1 2 3 4

Mpynnbl  Groups

Puc. 1. CogepxaHune knetok CD117* n CD34*CD38- B KM
XUBOTHbIX A0 ¥ nocrne mHaykuum BTMNX: M — CD117*-
knetku; 0 — CD34*CD38-kneTku; —— — KONuM4ecTBO
knetok KM/6egpo, x108; pasnuuunsa ctaTucTuyecku
3Ha4YMMbl MO CPaABHEHUIO C MHTaKTHbIM (*) U CUHIE€HHbIM
(&) koHTpONem (p < 0,05).

Fig. 1. Content of CD117* and CD34*CD38- cells in the
BM animals prior to and after GVHD induction: - CD117*
cells; 1 — CD34* CD38—cells, — — number of BM cells/
femur, x108; differences are statistically significant if
compared with intact (*) and syngeneic (&) controls
(p < 0.05).
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Number of BM cells per femur x108

MHoekc anddpepeHLmpoBkm, ycn.eq.
Differentiation index,arb. units
S
1
%
T
(]
KonunuectBo knetok KM Ha 6epnpo x10°

Ipynnel - Groups

Puc. 2. Hgekc andpdepeHumposkn CKK (CD117+/CD34*
CD38-): O - nHaexc anddepeHumposkn CKK, — — konu-
YyecTBo knetok B KM/6egpo, x108; pasnuumns ctatnctuyecku
3HaYMMbl MO CPaBHEHUID C UHTaKTHbIM (*) U CUHIEHHbIM
(&) koHTponem (p < 0,05).

Fig. 2. Index of HSCs differentiation (CD117+/CD34*CD38"):
[ — index of HSCs differentiation , —— — number of cells in
BM/femur, x10¢; differences are statistically significant if
compared with intact (*) and syngeneic (&) controls
(p <0.05).

HeHTpaIuu ucciemyemsix cyomomysiuiit CKK B cTo-
pony 6omnee moTeHTHBIX (CD34"CD38 -ki1eTox), 910
MOJXKET OBITh MpuunHOM runoruiasuu KM. BeposTHo,
MMEHHO 3TOT HHJEKC, ABJISSCH KPUTEPHEM OLIEHKH Me-
OyJUIIPHOTO KPOBETBOPEHHUSI, CBUIETEIIBCTBYET 00
uaruduposannu auddepenupokr CKK u nx necrno-
COOHOCTH KOMIIEHCHPOBaTh Tumnoruia3uio KM y peru-
nuentoB ¢ BTIIX. Tor ¢akt, 4To y ’KMBOTHBIX TPYyII-
el 4 uHACKC TUQQPepeHINPOBKHA OBbUT HUXKE, YeM Y
IpYyNIBl 3, a TaKKe 0TMeYanoch 0oJiee BBIPaKEHHOE
CHIDKEHHE MENYIISIPHOTO KPOBETBOPEHNSI, CBUJIETENb-
CTBYeT 00 N3MEHEHUH (PYHKITHOHATHHOTO COCTOSTHHSI
KM niocne kpuoKOHCEPBUPOBAHUSL.

Takxum obOpa3om, Ha 14-e cyTku pa3Butus bTIIX,
MHAYIUPOBAHHOMN aJNTOTEHHBIM HATHBHBIM WA KPHO-
KOHCepBHpoBaHHBIM KM, noATBep kK ACHHOM yBEI1YE-
uuem MC, mabmroganocs HTHrMOMpOBaHIE METYIIIsP-
HOTO KPOBETBOPEHHUS cO CHIKeHHnEM B KM konmuecTsa
CKK, 4ro MoxxeT 00yCIIaBIrBaTh MPOTPECCUPYOTYEO
ru0elb )KUBOTHBIX K 3TOMY CPOKY.

UccnenoBanune ypoBHs SKCIIpeECCHU TeHa gatal B
KPOBETBOPHBIX MPEIIECTBEHHUKAX CTBOJIOBOTO KOM-
naptMeHTta KM penunuentos ¢ BTIIX moxer nateb
JOTIOTHUTENTEHYT0 HH(OPMAIHIO JJTS TOHUMAaHHSI MeXa-
HHU3MOB Pa3BUTHUS NAaHHOW maTtosiornu. Hamu ObLT
MIPOBEJIEH aHAJIN3 YPOBHS DKCIPECCUU IreHa gata2 BO
dpaxuuu CD117*-kiretox, Beiaenennoi uz KM peru-
nueHToB ¢ BTIIX MeToqoM MMMYHOMAarHUTHOI'O
COPTHPOBAHUSI.
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Puc. 3. CogepxaHue TpaHCKpunToB reHa gata2 B CD117+-
dpakumm KM y xnBOTHbIX A0 1 nocne nHaykummn BTMX; pas-
NNYNS CTaTUCTUHECKN 3HAYUMBI MO CPABHEHWIO C MHTAKT-
HbIM (*) U CUHreHHbIM (&) kKoHTponem (p < 0,05).

Fig. 3. Content of gata2 gene transcripts in CD117* fraction
of BM in the animals prior to and after the GVHD induction;
differences are statistically significant if compared with in-
tact (*) and syngeneic (&) controls (p < 0.05).

To date there are numerous data emphasizing the
significance of certain subpopulations of HSCs for the
hematopoiesis recovery rate and their content in rege-
nerating BM [6]. In this regard we have introduced
the HSC differentiation index, being the ratio of the
content of less potent HSCs (CD117%) to more potent
ones (CD34*CD38"). Fig. 2 shows a decreased value
of the differentiation index in both groups of the animals
with GVHD if compared with syngeneic and even
more with the untreated control. This fact testifies to
the redistribution in the studied subpopulations of HSCs
towards more potent (CD34'CD38" cells), which may
be the cause of BM hypoplasia. This index could be
definitely the criterion for assessing the medullary
hematopoiesis, and it likely points to the inhibition of
HSCs differentiation and their inability to compensate
BM hypoplasia of the recipients with GVHD. The fact
that the differentiation index in the animals of group 4
was lower than in group 3 as well as the noted pronoun-
ced reduction in medullary hematopoiesis testifies to
the change in functional state of post-thaw BM.

Thus, to the day 14 of GVHD development induced
by either native or cryopreserved allogeneic BM,
confirmed with an increased SI, an inhibition of me-
dullary hematopoiesis was observed with a reduced
amount of HSCs in BM that could be associated with
a progressing death of the animals to this term.

Study of gata2 gene expression rate in BM hemato-
poietic progenitors of the recipients with GVHD can
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Kaxk Bunno u3 puc. 3, npu pazsutuu bTIIX, BHe
3aBHCHUMOCTH OT TOTO HAaTHBHBIM MM KPHOKOHCEp-
BrupoBaHHBIM KM Obl1a MHIyIHMpOBaHa MaTOJIOTHS,
HAOIIOOAIOCH YBEIIMYCHUE B CPAaBHEHHU C 00OMMH
KOHTPOJISIMU YPOBHSI SKcnipeccun rena gata2. A.J. Tip-
ping u coasT. [ 14] moka3ainu, 4To yBEeITHUEHUE SKCIIPEC-
CHUH I'eHa gata? B TEMOTIOATHUYECKUX KIIETKaX MBIIIEH
1 9EJI0BEKA COMPOBOXKIAETCS CHIYKEHUEM SKCIIPECCHU
TaKHUX PErylIATOPOB KIETOYHOTO InKia, kak CCND3,
CDK4 u CDK®6, 410, B CBOIO OUYe€pe/ib, BEIPAKAIOCh
yYTHETEHUEM KPOBETBOPEHHMS B 11e10M. Harmm nanHb1e
T10 OIIEHKE MEAYJUIIPHOTO KPOBETBOPEHUS Y )KUBOTHBIX
¢ BTIIX HaxomsaTcs B COOTBETCTBUU C JAHHBIMU DTHUX
rccnenopareseit (Tadnuma). XoTsS 3HAUUMBIX pasiiv-
YUl B YpPOBHE 3KCIPECCUU T'eHa gatal MEXIy TpyI-
namu 3 ¥ 4 BBISIBICHO HE OBIJIO, TEM HE MEHEE MaKCH-
MajbHasl €ro 3KCIPECCUsl OTMEUYEHA NOCJIE BBEICHUS
KpuokoHcepsupoBanHoro KM (rpymma 4). Camoe
Hu3Koe coxepkanue knerok KM Ha Geapo (2,77 +
0,18) Habnroganochk IMEHHO B 3TOH rpymiie. JlanHbIi
(bakT mOTUEPKUBAET 3HAYMMOCTh WHTHOMPYIOLIETO
3¢ dexTa KPHOKOHCEPBUPOBAHNS B OTHOIIEHUH (YHK-
LMOHAJIFHOTO CTaTyCca KPOBETBOPHBIX MPEALIECTBEH-
HukoB KM, BbIpakaronierocsi B JaHHOM CJIy4ae B Or-
parnveHny ux A HepeHIINPOBOYHOTO TIOTEHIHANA U
3aMeJICHHH TPOIecca BOCCTAHOBIEHUS MEXYIIIsp-
HOTO KpoBeTBOpeHHA. OJHAKO UMEHHO y dKHUBOTHBIX
rpynmsl 4 kinHn4eckre npusHaky naronoruu (UC u
BBDKMBAEMOCTh ) ObUIN MEHEE BBIPAXKEHBI, YEM Y IpYII-
el 3. Takum 06pa3oMm, pe3ylbTaTsl AAHHOTO UCCIIE0-
BaHUS CBHUJIETEJIBCTBYIOT O CHUKEHUHM UMMYHOpEaK-
TUBHOCTH ajuioreHHoro KM mocne kpHOKOHCEpBH-
pOBaHHUs, MPUYUHON YEr0 MOXKET OBITh M3MEHEHHE
(yHKIIMY TeHa gata?l.

BoiBoabI

[IpoBeneHHbIE HICCIEAOBAHNA PACIIMPSIOT HAIe
npejcraBieHne o Mexanuamax paszsutus BTIIX Ha
KJIETOYHOM M MOJIEKYJIAPHOM YPOBHSX, YTO MOXKET
000CHOBATH 11€7I€CO00PA3HOCTh HANPABICHHOTO I10-
BoIieHus 3QdexruBHoctu neueHust BTIIX.

[IponemMoHCTpHUpPOBaHO, YTO IIPHU BBEEHUU PELIH-
[IMEHTaM aJIJIOT€HHOT'0 HAaTHUBHOTO MJIN KPHOKOHCEPBH-
posanHoro KM c knetkamu 1um¢oy3inoB K 14-M cyT-
KaMm HaOmonaercs yenuuenue UC, cHukeHrne Meay-
nspHOTO KpoBeTBopeHust u konudectBa CKK B KM
KUBOTHBIX U UX IIPOTpECCUpyIoNIast THOeNb, YTO AB-
jsgercs cBuAeTeNbcTBOM pasButusa BTIIX y sxuBoT-
HBIX K 9TOMY CPOKY.

[Toxa3zaHo yBennieHue coaepKanns TPAHCKPUTITOB
rera gata2 B CKK y xxuBotsbIX ¢ BTIIX, uTo nmpuso-
JUT K CHIDKEHUIO MEAYJUIIPHOTO KPOBETBOPEHMSI.

B rpynne xuBotHbix ¢ BTIIX, nnaynupoBaHHon
aJIJIONeHHBIM KpHOKOHCEpBHpOoBaHHEIM KM ¢ BBICOKUM
YPOBHEM 3KCIPECCHH T€Ha gatal 1O CpaBHEHHIO C
WHTAKTHBIM KOHTPOJIEM, HAOJI0AaJI0Ch CAMO€ HU3KOE
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provide an additional information for understanding the
mechanisms of this disease. We have analyzed the
gata2 gene expression rate in the fraction of CD117*
cells isolated from BM of the recipients with GVHD
by immune magnetic sorting.

Fig. 3 shows an increase in gata2 gene expression
rate if compared with both controls observed during
the GVHD development independently whether native
or cryopreserved BM was used to induce the pathology.
A.J. Tipping et al. [14] demonstrated that an increase
in gata?2 gene expression in hematopoietic cells of mice
and humans was accompanied by a decrease in expres-
sion of such cell cycle regulators as CCND3, CDK4
and CDK6, which in turn led to myelosuppression in
general. These observations are in accordance with
our data on evaluation of medullary hematopoiesis in
the animals with GVHD (Table). Although no signi-
ficant differences in gata2 gene expression rates bet-
ween groups 3 and 4 were found, its maximal expres-
sion was found after administration of cryopreserved
BM (group 4). The lowest content of the BM cells per
femur (2.77 + 0.18) was observed in this group. This
fact emphasizes the importance of inhibitory effect of
cryopreservation in respect of the functional status of
hematopoietic BM progenitors, which is expressed in
limiting their differentiation potential and slowing down
the recovery of medullary hematopoiesis. However,
especially in the animals of group 4 the clinical signs
of pathology (SI and survival) were less pronounced
than in group 3. Thus, the results of this study demon-
strate a decreased immune reactivity of allogeneic BM
after cryopreservation, and that this could be caused
by the changes in gata2 gene function.

Conclusions

The performed studies expand our understanding
about the mechanisms of GVHD development at cell
and molecular levels, that may prove the expediency
of the directed rise in the efficiency of GVHD treat-
ment.

It was demonstrated that introduction of allogeneic
native or cryopreserved BM mixed with lymph node
cells to the recipients resulted in an increase of SI to
the 14" day, as well as reduction of medullary hemato-
poiesis and number of HSCs in BM of the animals and
their progressing death, and which was the evidence
of developed GVHD in the animals by this term.

An increase was shown in the content of gata?2
gene transcripts in HSCs of the animals with GVHD,
leading to the reduction of medullary hematopoiesis.

In the group of animals with GVHD, induced with
allogeneic cryopreserved BM with a high rate of gata?2
gene expression if compared with untreated control,
the lowest medullary hematopoiesis recovery was
observed, indicating the inhibited differentiation poten-
tial of HSC:s.

npo6nemMbl KpMOOGMONOrMM U KPUOMEAULIMHDI
problems of cryobiology and cryomedicine

Tom/volume 25, Ne/issue 1, 2015



BOCCTaHOBJICHHE MEAYJUIIPHOTO KPOBETBOPEHHUS, UTO
CBHICTENBCTBYET 00 MHrnOMpoBaHuu auddepeHunpo-
BoyHoro noreHuuaita CKK.
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