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Impact of Transplantation of Cryopreserved and Preincubated
with Thymic Multipotent Stromal Cells of Hemopoietic Stem Cells
on Lethally Irradiated Mice Survival

Pedhepat: B poboTi BUB4YanNu BMXMBaHICTb i cepefHo TpuBanicTb Xntta 128 muwen ninii CBA, AKMM Ha HacTyMmHUIA OeHb
nicns netanbHOro ONPOMiHEHHS BHYTPilWHbOBEHHO BBOAMMM 0,5 x 108 KpioKOHCEPBOBAHMUX CIHFTEHHUX KMiTUH KiICTKOBOrO MO3KY
(KKM) abo kpiokoHCepBOBaHUX CiHFEHHUX KNiTUH deTanbHoi nediHkn (KPIM) 14 gi6 rectauii. Y YacTuHi eKCnepuMMeHTIB Kni-
TVHM i3 3a3HavYeHuX Axepen Micrns po3MOpPOXyBaHHA iHKyOyBanu in vitro npotarom 20 roouH y MPUCYTHOCTI KOMOHIA Mynb-
TUMOTEHTHUX cTpoManbHux kniTuH (MCK) Tumyca. BcTaHoBneHo, WO KOHTakTHa B3aemogis 3 TumycHumu MCK 3HauvHo nia-
BULLYE BWXMBAHICTb MULWIEN y pe3ynbTaTti TpaHcnnaHTauii remonoeTnyHnx ctosbyposux knitnH (FCK) i nporeHiTopiB pisHoro
ctyneHs 3pinocti. lNpeiHky6oBaHi 3 MCK Tumyca KKM nigBuiwyoTb BMXMBAHICTb ONMPOMIHEHMX MWLLERN y Mi3HiA nicns onpo-
MiHeHHs nepiog (4epe3 14-16 TwxkHiB — 13% TBapuH, wo Bwxunu, npu 0% y kKoHTponi). KniTnHm deTtanbHOi neyviHku,
npeiHkyboBaHi 3 MCK Tumyca, nigBuLLYOTb BUXNBaHICTb MULIEN Yy paHHii nepiof (Yepe3 4 TvxHi — 40% npu 18% B KOHTpONI)
i B 2,4 pa3a 36inbLuyloTb CepefHIo TPMBAIICTb XUTTHA TBapuH. Pe3ynbratu 4OCNiAXEHHS MOXYTb OyTu BUKOpUCTaHi ANst BOOCKO-
HaneHHsa TpaHcnnaHTaTiB [CK i cnocobiB ix 3acTocyBaHHS.

Knro4yoBi cnoBa: remonoetnyHi cToBOYpOBi KMiTUHW, KPIOKOHCEPBYBAHHSA, KIITUHW KICTKOBOrO MO3KY, KNiTUHW (beTanbHOI NeYiHKu,
MYNBTUNOTEHTHI CTPOMAarbHi KNiITUHW TUMYCa, MKKITITUHHA KOHTaKTHa B3aeMOSis, y-ONPOMiHEHHS.

Pecpepar: B paboTe m3yyanu BbKMBAEMOCTb U CPEAHIO NPOAOMKUTENbHOCTb XN3HM 128 Mbiwen nuHun CBA, koTOpbIM
Ha cnegywwWwmnin AeHb nocne neTtanbHoro obnyvyeHuss BHyTpuBeHHo BBoaunu 0,5 x 10® KPUOKOHCEPBMPOBAHHbBIX CUHIEHHbIX
KrneTok kocTHoro mosra (KKM) unm KpuMoKOHCEPBMPOBAHHbBIX CUMHIEHHbIX KNeTok detanbHon nedeHun (KOM) 14 cytok recrta-
ummn. B yactn akCcnepuMeHTOB KNEeTKM U3 yKasdaHHbIX MCTOYHMKOB MOCHe pas3MopaxuBaHus MHKybuposanwu in vitro B TedeHune
20 4 B MPUCYTCTBUMN KOMOHUM MYNbTUMOTEHTHBIX CTpoManbHbIX knetok (MCK) Tumyca. YcTaHOBMEHO, YTO KOHTaKkTHOe B3a-
nmopencTeme ¢ TumycHbiMm MCK 3HauuTenbHO nOBbIWAET BbDKMBAEMOCTb MbIleN B pesynbraTte TpaHCnnaHTauuu re-
MonoaTnyeckux cTBomnoBbix kneTok (FCK) n nporeHuTopoB pasHoun cTeneHu 3penoctu. MpenHkybuposaHHble ¢ MCK Tumy-
ca KKM noBbiwaT BbIXXMBAEMOCTb 06MyYEHHbIX Mblllel B NO34HUI nocne obnyvyeHus nepuopn (Yepes 14—16 Hegenb — 13%
BbIDKMBLUMX XMBOTHbIX Mpn 0% B koHTpone). KneTkn deTtanbHow neveHu, npenmHkybuposaHHble ¢ MCK Tumyca, nosblwatoT
BbDKMBAEMOCTb Mbllleld B paHHun nepuon (depe3 4 Hepenu — 40% npum 18% B KOHTpome) m B 2,4 pasa yBenuuMBaroT
CPeAHIo MPOAOIKUTENbHOCTb XN3HU XNBOTHbIX. Pedynbstatel nccnegoBaHus MoryT ObiTb MCMOMb30BaHbl ANA COBEPLUEHCTBO-
BaHus TpaHcnnaHtatoB [CK 1 cnocoboB nx NnpuMeHeHus.

KnioyeBble crnoBa: remonoaTvyeckme CTBOMOBblE KMETKW, KPUOKOHCEPBUPOBAHWE, KIETKM KOCTHOrO Mo3ra, Knetku deTanbHon
nevyeHn, MyrnbTUMNOTEHTHbIE CTPOMArbHbIE KIETKM TUMYCa, MEXKIETOYHOE KOHTaKTHOe B3auMogencTane, Y-obnyyeHue.

Abstract: Survival and average life expectancy of 128 CBA mice, intravenously injected the next day after lethal
irradiation with 0.5 x 10° cryopreserved syngeneic bone marrow cells (BMCs) or cryopreserved syngeneic cells of
fetal liver (FLCs) of 14 days of gestation were studied. In some experiments, the cells were incubated in vitro after
thawing for 20 hrs with multipotent stromal cells (MSCs) of thymus. It has been established that the contact interaction
with thymic MSCs significantly increases the survival of mice as a result of transplantation of hematopoietic stem
cells (HSCs) and progenitors of different degrees of maturity. The use of bone marrow cells preincubated with
thymic MSCs enhances the survival of irradiated mice at the late post-irradiation stage (after 14—16 weeks that was
13% of the survived animals with 0% in the control). Application of fetal liver cells preincubated with thymic MSCs
increases the murine survival rate at the early stage (after 4 weeks it was 40% with 18% in the control) and in 2.4 times
prolongs the average life expectancy of animals. The results can be used to improve the HSC transplants and methods
for their application.

Key words: hematopoietic stem cells, cryopreserved bone marrow cells, fetal liver cells, thymic multipotent stromal cells, cell-to—cell
interaction, y-irradiation.
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J1st BUBUCHHSI aKTUBHOCT] TeMOTIOETHYHHX CTOB-
OypoBHX KJIITHH 1 MPOTEHITOPIB NMpH pereHepamii
IMYHHOI CHCTEMH HaiuacTille BUKOPUCTOBYIOTH 1H-
TYKOBaHHUW JIETaJhbHUM OIPOMIHEHHSM iMyHozIedi-
UT. [0JOBHUM NAaTOr€HETMYHMM MEXaHi3MOM HOro
PO3BHTKY € KiCTKOBO-MO3KOBHH CHHAPOM, SIKHHA BH-
HHUKA€ B PE3YAbTATI ypaKEHHS KPOBOTBOPHUX 1 JTIM-
(hoimHUX KITITHH, YyTIUBHUX J0 10HI3YIOWOTO BHUIIPO-
MiHtOBaHHsA. OQHOYACHO BHACHIZOK 1ii pajiamil
ypaxkyeTbcsi Oap’epHa (QyHKIIs emitenito i ¢op-
MYETBbCSI TaK 3BaHUM KUIIKOBMM CHHIPOM. IMyHO-
JIehIUT MIBUAKO MOTITUOIIOETHCS JII€0 YHHHUKIB
MIKpOOHOT arpecii ciIu30BUMH OOOJOHKaMH, sSKa 1
MPU3BOIUTH [0 JIETabHOTO pesyabrary. llpumnm-
HEHHS LBOTO TMAaTOJIOTIYHOTO MPOIECy MOXKIHBO
TIJBKHU 3aBJSKW pereHepartii iMyHHOT CHCTEMH 3 Bifl-
HOBIICHHSIM TPOTHIH(EKIIHHOTO 3aXHCTY.

Ha cporomni HaiOIIBIN €PEKTHUBHUM ITiIXOIOM
JUTSL pereHepartii iMyHHOI CHCTEMH € 3acTOCyBaH-
Hsi remonioeTnuHux ctoBOypoux kiituH (I'CK), i3
SKUX (HOPMYIOThCS BCi KJIITHHH IMYHHOT CHCTEMH,
1 MyJBTUIIOTEHTHHX cTpoManbHux KiiTiH (MCK),
1o 3abe3nedyioTh peryiastopuuil Brums Ha ['CK [5,
6]. MemOpaHHa cIopiiHEHICTh MK KIITHHAMH 000X
TUMiB [4] cnpusie 3pOCTaHHIO iX aKTUBHOCTI. Mix-
KJIITHHHA B3a€EMOJISl € OJHUM 13 MEXaHI3MIB IIIJAT-
PUMKH KIITHH (eTanbHOl nevinku [2]. 3 ypaxyBaH-
HSIM BHKJIQJIGHOTO MOJKHA MPUITYCTUTH, IO B3aEMO-
it MCK i3 I'CK 3Moke MiACHINTH pereHepalito
IMyHHOI CHCTEMH Ha OCHOBI OUTBII IHTEHCHBHOTO
(dhyHKITIOHYBaHHS 1 AUGEPCHITIIOBAHHS B iIMyHHI KJTi-
tuHN npeinkyooBanux i3 MCK I'CK i nporeniTopis.
Lle mpuBee 10 OLIBII MIBUIKOTO MOHOBJICHHS IMYH-
Hoi cuctemu pozBuHeHnMH 13 ['CK iMyHHUME KITiITH-
Hamu. OcTaHHI, peani3yloud CBii iMyHOJOTIYHHN
OpoTUiH(GEKIIHHNI MOTeHIial, raJbMyIOTh PO3BH-
TOK KiCTKOBOMO3KOBOT'O CHH/IPOMY.

VY pobotTi BHMBYAJIM BIUIMB Ha JIETAJIBHO OIPO-
MIHEHHX MHIIEH HACTYHHHMX KPIOKOHCEPBOBAHUX
nperapariB ['CK i mporeHiTopiB: KIITHH KiCTKOBOTO
Mo3Ky (KKM) mumeii i kmiTuH (peTarbHOl MediHKH
(K®IT) mwumreir, HOpMaTbHUAX 1 MOTIEPETHBO TIPEiH-
KyOoBaHuX in vitro 3 cuarennumu MCK tumyca mu-
meit. s KOHTPOIio BUKOPUCTOBYBAJIM KOHIUITIIHE
CEepeIOBHIIE 3 CyMICHOI KynbTypu cuHreHHux KOIT
mutieit 1 MCK tumMyca, 110 KYJIBTHBYBAJIUCS Pa3oM,
SIK KJIITHHA OCHOBHUX TPYIL.

Merta pobOTH — BUBYEHHS BMKUBAHOCTI JIETAJIb-
HO ONMPOMiHEeHUX MuIIeH micns TpancmanTanii ['CK
1 mporeHiTopiB, npeinkyooBanux i3 MCK tumyca

Marepianu Ta MmeToan

VYci ekcrieprMeHTH TMPOBOIWINA 3 JIOTPUMaHHIM
BUMoOT ctarTi 26 3akony Ykpainu «IIpo 3axuct TBa-
PYH BiIl )KOPCTOKOTO MOBOKeHHD (Bix 21.02.2006 p.)
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Immune deficiency induced by lethal irradiation
is most often used to investigate the activity of
hematopoietic stem cells and progenitors during
regeneration of immune system. The main patho-
genetic mechanism of its development is the bone
marrow syndrome, occurring as a result of lesion
of hematopoietic and lymphoid cells sensitive to
ionizing radiation. At the same time, the radiation
affects the barrier function of epithelium and so-
called intestinal syndrome develops. Immune defi-
ciency is increased by the influence of microbial
aggression factors of mucous membranes, resulting
in a fatal outcome. Termination of this pathologi-
cal process is possible only due to the regenera-
tion of immune system with restoration of anti-
infective protection.

Nowadays, the use of hematopoietic stem cells
(HSCs), forming all the cells of immune system, as
well as multipotent stromal cells (MSCs), providing
regulatory effect on HSCs is the most effective
approach to regenerate an immune system [8, 10].
Membrane affinity between the cells of both types
[9] contributes to the growth of their activity. Cell—
to—cell interaction is one of the mechanisms sup-
porting fetal liver cells [5]. In view of the foregoing,
it can be assumed that an interaction of MSCs with
HSCs can enhance the regeneration of immune
system on the basis of more intensive functioning
and differentiation in immune cells of the MSCs-
preincubated HSCs and progenitors. This will lead
to a faster renewal of immune system by immune
cells developed by HSCs. Immune cells implemen-
ting their immunological anti-infectious potential,
inhibit the development of bone marrow synd-
rome.

The effect on lethally irradiated mice of cryo-
preserved products of HSCs and progenitors such
as bone marrow cells (BMCs) and fetal liver cells
(FLCs) of mice, normal and preincubated in vitro
with syngeneic MSCs of murine thymus was stu-
died in the research. Conditioned medium of a
combined culture of murine syngeneic FLCs and
thymic MSCs, cultured together as the cells of the
main groups was used for the control.

The research aim was to study the survival
of lethally irradiated mice after transplantation of
HSCs and progenitors preincubated with thymic
MSCs.

Materials and methods

All the experiments were conducted in a comp-
liance with the requirements of Article 26 of the
Law of Ukraine «On the Protection of Animals
Against Cruelty» (dated February 21, 2006) and
«European Convention for the Protection of Ver-
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Ta «EBPOMENHCHKOT KOHBEHIIT 3 3aXUCTy XpeOeTHUX
TBapuH, SIKi BUKOPUCTOBYIOTBCS 3 €KCIIEPUMEHTAIIb-
HOIO Ta iHIIOI0 HayKoBOIO MeToto» (CtpacOypr, 1986).

Poboty BukoHyBanu Ha 128 caMigx MUIIen JiHii
CBA wMacoro 18-20 1, siki Opasi y pO3ILTAHUKY
BiBapit0 [HCTUTYTYy eKCIlepHMEHTAIbHOI IMaTOJOTI],
oHKoJIOTI1 1 pamiobiomorii iM. P.E. KaBenibkoro HAH
VYikpainn (M. KwuiB). Hns orpumanus KOOIl Buxo-
pucroByBanu 14-IeHHI TUIOAM MUINEH 1€l K JiHii.
Tumyc 1 kictkoBUE MO30K misi orpuManHs MCK
i 'CK i3 mporeHiTopaMu oJiep>KyBalll BiJl MHIICH
4—6-THKHEBOTO BIKY.

Hnst orpumanns KOII newinky 14-nenHux emo-
pioniB mumeir CBA 30upamu y ¢uakoHu 3 5 i
po3unHy KoHcepBaHTa (cepemoBunie DMEM/F12
(«Sigmay», CIIA), 2000 ox/mn neninmiiny («/lap-
HUI», YKpaina), 2 mr/mu crpentominuay («lap-
HHUTLIS»), 2 MT/MIT KaHaMminuHy («KuiBmeamnperapary,
VYkpaina), 2,5 Mxr/mn ¢yaruzony («Briston Myers
Squibby, Pocis)), mpoMuBaid Ta 3aJUIIAIH Y LbO-
My kK po3uuHi Ha 2—4 tox npu 4°C. ITotiM KOHCeEp-
BaHT BHJAJISUTH, TOJaBaiu 2—3 MJI pO3YHHY XEHKCa
Ta pyHHYBaJIM MapeHXiMy IEUYiHKH 3a JOTIOMOTOO
3—4-KpaTHOTO MPOIYCKAaHHS Yepe3 HAKOHEUHHUK aBTO-
MaTU4HOro Jo3aropa. IlepeHocunn opepkaHuii Ma-
Tepian y npoOipky, 3aiumany Ha 10 XB aist ocan-
YKSHHS KPYITHUX (PparMeHTiB, MiCIIst I[bOTO OHOPIIHY
CYCIIEH31I0 KJIITHH IOMIIIATA B MIKpPOMPOOIpKH Ta
nentpudyrysamm ii 10 xB mpu 250g. Ocan pecyc-
TIEHIYyBIM B CEPEAOBHINI I KPIOKOHCEPBYBaH-
us (cepenosuiie RPMI 1640 («Sigmay), 20% em06-
pionanmpHOI Temsuoi cuposatku (ETC) («Sigmay),
5% mumetuncynbdokrcuny (IAMCO) («Sigmay)).

Hunst onepxannst KKM i3 BHYTpIIIHBOTO KaHATy
CTETHOBOI KiCTKH MHIIIEH 32 JOMOMOTOO IINPHUIIA BU-
MHUBAJIM KICTKOBHM MO30K Yy 2 MJI po3uMHY XEHKCa,
pecycrneHayBaii HOro, MPOIYCKAroYH MOCHTiIOBHO
Yepe3 ToJIKU MeHIoro aiamerpa. Cycnensito BiacTo-
I0BaJIM, OJHOPIAHY CYCIIEH3iI0 MEPEHOCHIH B IPO-
Oipku Ta BIAMHBAIW KIITHHH TEHTPUPYTYBaHHSIM
(10 xB pu 250g), ocax pecycreHayBaId B CEPeo-
BWIIII JUTSI KPIOKOHCEPBYBAHHS.

KpiokoHcepByBaHHSA NMPOBOAWIH 3TiHO 3 METO-
mukoro B.l. I'pumienka Tta cmiBaBT. [3] 3 BHKOpHC-
TaHHSAM IporpaMHoro 3amopoxysada «KRYO-516»
(«Planer», Benuka bpuranis) y kpiompo0bipkax
(«Nuncy, CIIIA) o6’emom 1,8 mu. Ilporec 3amopo-
KYBaHHS KIITHH OPOBOAMJIN 32 4-€TalmHOI0 Hpor-
pamoro (Tabnuiis), Mmicias 40oro KpiompoOipKH mepe-
HOCHJIM IO HU3BKOTEeMIleparypHoro Oanky. Kmituau
30epiranu B piIKoMy a30Ti MPOTATOM 6—7 MICSIIIB J10
[I0YATKy €KCIIEPUMEHTY.

PosMoposkyBaHHS KITITHH TPOBOIWIN Oe3moce-
penHBo Tepen 3actocyBaHHAM. KpiompoOipku 3 Kii-
TUHAMH JICTABaJId 13 PIIKOTO a30Ty 1 3aHYPIOBAIH
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tebrate Animals Used for Experimental and Other
Scientific Purposes» (Strasbourg, 1986).

The work was performed in 128 male CBA mice
of 18-20 g, which were provided by the vivarium
nursery of RE Kavetsky Institute of Experimental
Pathology, Oncology and Radiobiology of the Na-
tional Academy of Sciences of Ukraine (Kyiv). To
derive FLCs the 14—day—old mice embryos of the
same line were used. The thymus and bone marrow
to obtain MSCs and HSCs with progenitors were
derived from 4—6—week—old mice.

To obtain FLCs, liver of 14—day—old CBA mice
embryos was collected in vials containing 5 ml of
preservative solution (medium DMEM/F12 (Sig-
ma, USA), 2000 U/ml Penicillin (PrJSC Darnitsa,
Ukraine), 2 mg/ml Streptomycin PrJSC Darnitsa),
2 mg/ml Kanamycin (Arterium, Ukraine), 2.5 pg/
ml Fungicone (Briston Myers Squibb, Russia)), wa-
shed and left in the same solution for 2—4 hrs at
4°C. Then the preservative was removed, 2—3 ml
of Hanks’s solution was added and the liver paren-
chyma was subjected to an injury by 3—4—fold
passing through the tip of the automatic dispenser.
The obtained material was transferred to the vial,
left for 10 min to sediment large fragments, here-
after a homogeneous suspension of cells was placed
in a microtube and centrifuged for 10 min at 250 g.
The sediment was resuspended in cryopreservation
medium for (RPMI 1640 medium (Sigma), 20%
fetal bovine serum (FBS) (Sigma), 5% dimethyl-
sulfoxide (DMSO) (Sigma)).

To obtain BMCs from the inner canal of mice
femur the bone marrow was washed using a sy-
ringe in 2 ml of Hanks’s solution, resuspended, pas-
sing gradually through smaller diameter needles.
Suspension was sedimented, a homogeneous one

[Mporpama KpioKoOHCepBYBaHHS KIiITUHHWUX NpenaparTis
CK i nporeHiTopis

Cryopreservation program of cellular preparations
of HSCs and progenitors

Temnepatypa, °C .
Temperature, °C LUsnakicts
Etan 3aMOpPOKYBaHHA, Yac, xB
Stage rpaa/xs Time, min
noyaTkoBa | KiHLeBa Freezing rate, deg/min
Initial Final
1. 20,0 -4,0 -2,0 8
2 -4,0 -8,0 -0,5 8
3 -8,0 -70,0 -10,0 6,2
4. -70,0 -70,0 0,0 5
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y BozsiHy OaHnio 3a temmeparypu 40°C, BuTpumyBa-
mu npotsiroM 30-60 ¢ 1o mosiB piaKoi ¢aszu, MoTiM
i€ KijbKa XBUJIMH KpioNpoOipKy BUTPUMYBAIU MIPH
KIMHaTHIH Temmeparypi Ta micis (GopMyBaHHS O-
HOPIJHOI CyCTeH3il pO3MOpOKeHi KIIITHHH BiIMHU-
Banu Bin JIMCO, nentpudyryroun 10 xB mpu 250g,
ocaJ pecyCHeHAyBajlu B MOXUBHOMY CEPEIOBUILI
(cepenoBume RPMI 1640 3 10% ETC («Sigmay),
2 MMors L rnyraminy («Sigma»), 10 MMons HEPES
Na-comi («Sigmay), 100 OJI/mn nenimpiiny («/lap-
Huts»), 100 Mxr/mia crpentominuHy («lapHuigs»),
100 wmxr/mn  kanaminuHy («KuiBmeampemnapaty,
Vkpaina)). JKurTTe3nartHiCTh KIIITHH OIIHIOBAIM 3a
nornomororo ¢apOysanns 0,3%-M pO3YMHOM TpHIIA-
HOBOTO CHMHBOTO. Bona cranosuna 80-90%, 1110 Bij-
MIOBi/Ia€ JiTepaTypHUM JaHuM [7].

Kynsrypy MCK Tumyca muieid oTpuMyBajd Ha
MTOBEPXHi O-JTYHKOBHX IUTAHIIETIB 13 EKCIIaHTaTiB
(dbparmenTtiB Tumyca. Ha 12-ty moOy KynpTHBYBaH-
Hsl, KOJM YTBOPIOBAIHCS JOOpe TOMITHI YHCIICHHI
KOJIOHIT (hiOpOONIACTHUX KIITHH, 13 JIYHOK BHJIAJIsI-
M cepenoBuile i gogaBanu 5 X 10° po3amMopokeHHX
KKM a6o K®IT y 2 mu cBixkoro cepenouma RPMI
1640 3 10% ETC. ns KOHTPOJIO BIUIMBY TEPMiHY
1HKyOauii KIITHH Ta ypaxyBaHHSI TOTO, L0 YaCTHHA
KIITHH MOXE NPUKPIMUTHCA 0 TUIACTHKY 0e3 KOH-
TAKTHOI MDKKIITHUHHOI B3aeMoOii Ta 3MIHUTH CBOI
BrnactuBocTi, KKM Ta KO®OII y Tili e KimbKoCTi
Ta KOHIIEHTpalii iHKyOyBaJd B YACTUX IUIAHIIETaX.
Taki KIITHHH BUKOPUCTOBYBAIH IJIsi KOHTPOJIO il
I'CK i mporeniTopis, inkyooBanux i3 MCK Tumyca.

Uepes 20 romuH CyMICHOTO KyJIBTHBYBaHHS 00e-
PeXHUM TmineTyBaHHsM 30mpanu cycnensii ['CK
1 mporeHitopiB, gki BimokpemutoBanucs Bix MCK
TUMYCa, HEeHTpUPyryBamu ix npotsrom 10 XxB mpu
250g, ocan pecycleHAyBald B JKUBUIBHOMY cepe-
nosuii RPMI 1640 3 10% mwumadoi cupoBaTku J0
KOHIeHTpamii kmituH 2,5 x 10%mMi. 3 nyHOK i3 Cy-
MicHOIO KyabTypoto KOIT Ta MCK BinOupanu Kyib-
TypaJibHE CepelOBHIIIE.

Otpumani ['CK i mporeHiTopu pi3HUX cyOmomys-
it y kimekocTi 0,5 x 10° Ta B 06’ emi 0,2 MII BBOAMIM
B PETPOOPOITANBHUN CHHYC OIPOMIHCHHM Harepe-
noaHi (3a 24 ronuHN) MHIIaM. 3a TaHUMHU JiTeparypu
e MiHiManbHa KimbkicTh KKM, sika Moxke cripusité
BMKMBAHOCTI JIETAIBHO ONpoMiHeHux wmuied [10].
Muriei macoro 1820 r mijmaBanu 3araJibHOMY Y-
onpominenHto “’Co y n03i 9 I'p Ha anapari st nuc-
taHuiiHoi mpomeneBoi Tepanii « TEPATPOH — Elit-
80» (Kanana).

BinmoBigHO 10 BBEIGHUX KIITHHHUX MPOIYKTIB
Oynu chopMOBaHi EKCIEepUMEHTAIbHI TPyl TBa-
puH: 1 — (KOHTpOJBHA TPyIa) JIETATBHO OMPOMiHEHI
TBapHWHU; 2 — TBAPUHM, SIKI OTPUMYBAITN KOHJHIIIITHE
cepenoBumie (KC) Bim cymicHOro 20-TogwHHOTO
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was transferred to the vials and the cells washed by
centrifugation (10 min at 250g), the sediment was
resuspended in cryopreservation medium.

Cryopreservation was performed according to
the method of Grischenko et al. [6] using a prog-
rammable freezer KRYO560 16 (Planer, UK) in
cryotubes (Nunc, USA) of 1.8 ml. The cells were
frozen using a 4—stage program (Table), hereafter the
cryotubes were transferred to a low-temperature
bank. The cells were stored in liquid nitrogen for
6—7 months before the experiment.

The cells were warmed immediately before their
use. Cryotubes with the cells were removed from
liquid nitrogen and immersed in a water bath at
40°C, maintained for 30-60 sec before the appea-
rance of liquid phase, then the cryotube was kept
at room temperature for a few minutes, and after
forming a homogeneous suspension, the frozen-
thawed cells were washed from DMSO by centri-
fugation for 10 min at 250g. The sediment was
resuspended in a nutrient medium (RPMI 1640 with
10% FBS (Sigma), 2 mM of L-glutamine (Sigma),
10 mM HEPES Na (Sigma), 100 U/ml Penicil-
lin (Darnitsa), 100 pg/ml Streptomycin (Darnitsa),
100 pg/ml Kanamycin (Arterium, Ukraine)). Cell
viability was estimated by staining with 0.3% trypan
blue. It made 80-90%, corresponding to published
reports [11].

The culture of thymic MSCs of mice was ob-
tained on the surface of 6-well plates from the
explants of thymus fragments. On day 12 of cul-
turing, when numerous colonies of fibroblasts were
clearly visible, the medium was removed from
the wells and supplemented with 5 x 10° of either
thawed BMCs or FLCs into 2 ml of fresh medium
RPMI 1640 with 10% FBS. To control the effect
of incubation time of cells and to take into account
that some of the cells can attach to plastic without
contact cell-to—cell interaction and change their
properties, BMCs and FLCs in the same amount and
concentration were incubated in clean plates. Such
cells were used to control the effect of HSCs and
progenitors incubated with thymic MSCs.

After 20 hrs of combined culturing, the suspen-
sions of HSCs and progenitors were collected by
careful pipetting, separated from the thymic MSCs,
centrifuged for 10 min at 250g, the sediment was
resuspended in RPMI 1640 nutrient medium from
10% mouse serum to a cell concentration of 2.5 X
10%ml. Culture medium was collected from the
wells, containing a combined culture of FLCs and
MSCs.

The obtained HSCs and progenitors of various
subpopulations in the amount of 0.5 x 10° and 0.2 ml
were injected into the retro-orbital sinus of irradia-
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KyasTuByBaHHsl cuHreHHux KOII i MCK; 3 — TBa-
puny, siki orpumyBanu ['CK i mporeHiTopu KicTko-
BOTO MO3KY, NpeiHKyOOBaHI B YMCTHX IUIAHIIETaX
(KKM); 4 — (mpeinkyboBani KKM) TBapunm, sKi
orpumyBanu ['CK i mporeHiTOpH KiCTKOBOTO MO3-
Ky, npeinkyooBani 3 MCK Ttumyca; 5 — TBapuHH,
saki orpumyBasn I'CK 1 mporenitopu derampHOT
TIeYiHKH, TPeiHKyOoBaHi B yncTuX ruianmerax (KOIT);
6 — (upeinkyboBani K®II) TBapuHHU, SKI OTpUMY-
By ['CK i1 mporenitopu ¢eTanbHOI MeUiHKy, mpe-
inkyooBani 3 MCK Ttumyca. 3a TBapuHamu CIo-
cTepiranu npotsaroM 16 THxHIB, (ikcyroun aaty 3a-
rudeni kokHOi Mumi. CepeaHio TPUBAIICTh KUTTA
TBapuH BU3HAYalM 33 JaHUMM JWHAMIKH 3aruoeni
TBapuH. Pe3ynpraTi mpeactasieHi y BUIVISIIL cepel-
HIX apupMETHYHUX I TTOMWIOK cepenHix (M £ m).
3HAYyIIICTh BiAMIHHOCTEW MiX TPYTIaMH OIIHIOBAIIN
3a JIOTIOMOTOI0 f-KpuTepito CThIONEHTA Ta TOYHOTO
kputepito Dimepa. [Ipu iHTepIperamii pe3yabTariB
32 KPUTUYHY BEJTHMUYUHY PIBHS 3HAYYIIOCTI BBa)KalH
p <0,05.

Pe3ysabTaTn T2 00roBOpeHHs

Binomo, mo nomyssuist 'CK B opranax KpoBoTBoO-
PEHHSI € TeTeporeHHO0. HalOnbny 31aTHICTb 10 ca-
MOTIATPUMKHU 1 HaWBHUIIY TMOMIMOTEHTHICTh MAarOTh
nopMantHi gosro penonyimtotoui I'CK (IP-I'CK).
Bonu xapakrepusyrorbes 3a SLAM-mapkepaMu sk
CD150°CD49CD41 -kniTHHH, 3HAXOOSITHCS B KIIi-
tuHHIN (azi GO ta moBro 30epiratoTh MiTKy BrdU.
Kopotko penomymoroui ['CK (KP-I'CK) 6imbm po-
3BUHYTI Ha NUIAXY AuQepeHIiroBaHHs. 3HayHy iX
gacTKy ckinangarote CD34" LSK-xmitunn, siki mepedy-
BaroTh y KiniTuHHIN dazi G1 [12].

[lepiogy vacy micis ONPOMIHEHHS 1 TpaHCIUIaH-
tanii ['CK migpo3ninstors Ha paHHid (2—4 THXHI)
Ta mizHid [8, 9, 11]. Y panHbOMY mepioai BigHOB-
neHHs iMyHHOI cucteMu 3ificHioeTbest KP-I'CK, siki
3a (pyHKI[IOHATBHUM CTAHOM TOTOBI IO IIBHJIKOTO
BKJIFOYCHHA y (DOpMyBaHHS OLTBII 3pUTHUX KIITHH-
MTOTIEPETHUKIB MTPOTITOM TEepIUX 2—4 THKHIB TicIs
TpaHCIUTaHTaMil. Y Mi3HBOMY IIEpiofi IO percHepa-
mii migkmouaroteest JIP-I'CK, ski MarTh BHCOKHI
MOTEHITial /10 CaMOBITHOBJIEHHA 1 3a0e3MedyroTh
nudepeHIitoBaHHS Ta Tpoiidepariio JTiHIHHAX Ha-
LIaJIKiB TIPOTSTOM TPUBAJIOTO Yacy yepe3 5—6 THKHIB
micist TpaHcIianTaiii [8].

Jo 14-ro TixHs yci MUII y KOHTPOJNBHIN Tpymi
(JleTanbHO ONMPOMiHEHI TBAPUHH) MTOCTYIIOBO THHYJIH
yepe3 oTpuMaHe onpomineHHs (puc. 1). 3a mepmmit
Micsp 3aruayiao 70-80% TBapuH B ycix rpymax 3a
BUKJIFOUCHHSIM THX, Y SKHX AOCHIDKyBaJlics 00uaBa
nperaparu KOII. Beenenns no KC cymicHOT KynbTy-
pu MCK i K®II He BmiiMBamo Ha BIKHBAHICTH TBa-
PHH.
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Puc. 1. [QuHamika BWXMBAHOCTI neTanbHO ONpPOMIHEHMX
MULLEW, 3aXULLEHUX HOpMarbHMMM i NpeiHkyboBaHumK 3
MCK tumyca I'CK i nporeHitopamu: A — KiCTKOBUIA MO3OK,
B — cbetanbHa neviHka; 1 — onpomiHeHi; 2 — KKM; 3 — KKM,
npeiHkyboBaHi 3 MCK tumyca; 4 — KOI; 5 — K®I, npein-
kyb6oBaHi 3 MCK Tumyca, e — p < 0,05 no BigHOLWEHHIO A0
ONPOMIHEHUX MULLEN.

Fig. 1. Survival dynamics of lethally irradiated mice pro-
tected by normal and incubated with thymic MSC HSCs
and progenitors: A — bone marrow, B — fetal liver. 1 —
irradiated; 2 — BMCs, 3 — BMCs preincubated with MSCs,
4 — FLCs, 5 — FLCs preincubated with MSCs. e — p < 0.05
in relation to irradiated mise.

tedmice the day before (24 hrs). According to
the published data, this is the minimum amount
of BMCs that can contribute to the survival of
lethally irradiated mice [4]. The mice of 18-
20 g were exposed to a total y-irradiation of *°CO
at a dose of 9 Gy using a remote-beam therapy
apparatus THERRATRON-EIit-80 (Canada).
According to the introduced cell products, the
following experimental groups of animals were
formed: the 1% one was the lethally irradiated ani-
mals (control group); the 2™ one comprised the ani-
mals which received the conditioned medium (CM)
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Tpancnnanrauis cuarenanx KKM mumram npus-
BOJIMJIA JIO TI1/IBUIIICHHSI BIPKUBAHOCTI Ha PaHHIX Tep-
MiHax micist onpomineHHs (rpyna 3). Ha 3-my Tuk-
Hi MMOKa3HUK BIDKMBAHOCTI 30imbpImBes B 2,1 pasu
MTOPIBHAHO 3 KOHTPOJBHUMH TBapwHaMu (rpyma 1).
KinpkicTe TBapwH, SKi BIIKHIH, ITOCTYIIOBO 3MCH-
mryBayiacs, a Ha 15-My THOKHI 3arHHYIW BC1 MU
(puc. 1, A).

ITozutuBHuil Briiue KKM Ha nouarky ekcrepu-
MeHTY, 00yMoBiIeHU HasiBHICTIO cepen KKM 3pinnx
KJIITUH YPOJPKEHOTO IMYHITETY, SIKi 37aTHI JI0 Herai-
Hoi peanizauii NpoTHiHGEKUIHHUX IMyHHUX peaKIii
y BiMOBi/Ib Ha iH(eKIio i3 KukiBHUKA. [locTyro-
BO KIUJTBKICTh 3pUIHX MIENOIMHUX KIITUH YPOIKEHO-
ro iMyHITETYy BHYEpPITyBaiacs, a TEMIY iX PO3BUTKY
3 kictkoBomo3koBux KP-I'CK i monepennukiB Oyio
HEJIOCTAaTHBO IS BiATBOpPEHHS €(DEKTHUBHOI YHCEITh-
HOCTi. TakuM YMHOM MOKHA TIOSICHHUTH 1 3HAUYIIY
PI3HHITIO Ha TEPITUX eTamaxX eKCIIEPUMEHTY ITiCist
BBEJEHHS KIIITHH YCIX IHIIMX TPy, SKi BHBYAIHCS
(rpymu 4-6).

JluHaMika BW)KMBAHOCTI TBapWH IIICJIsl BBEACH-
s KKM, npeinkybosanux i3 MCK tumyca, Ha mo-
YaTKy EKCHEpHUMEHTY MaJio Bifpi3Hsiacs BiJ Takoi
y MUIIEH, sKi oTpuMyBaiu HopMaibHi KKM. Ane 3
7-r0 THKHS KUIBKICTh TBApUH IPYyIU 4 HE 3MEHIITYBa-
Jacsi, TOKa3HUK BUXOAWB Ha tuiato (13%) i He 3Mmi-
HIOBaBCA JI0 KiHIA criocTepeskeHHs. 3 14—16-T0 THxk-
HIB BW)KHMBaHICTh MHIIEH y Tpym 4 Oyiga CyTTEBO
BWINOIO, HIXK y KOHTPONBHIN rpymi. Ile cBimuuTh Ha
KOPHCTH TOTO, 1Mo cymicHa iHkyOartis MCK i KKM
CYMPOBOUKYETHCSA MIATPUMKOIO JKHTTEIISUTHHOCTI
FeMOIMOCTUYHHUX KJIITHH, CKOpIII 3a BCE, BILUIUBOM
MCK na [JP-I'CK, i migBuIIeHHSIM €(pEKTUBHOCTI
ix mudepenuitoBaHas. Takum 4uHOM, y OUITBII Ti3HI
TEPMIiHH EKCIIEPHUMEHTY 3pili TeMOMOETHYHI KJIIiTH-
HU 1 miMpouutn Gopmyrotses 3a paxynok [AP-I'CK,
SIK1 3aBASIKM y4acTi y IMyHOJIOTTYHHX PEaKisiX KOM-
MIEHCYIOTh PO3BHUTOK JIETATLHOTO KiCTKOBOMO3KOBOTO
CUHJIPOMY, IO 1 CIIPHSAE TiABUINEHHIO BUKHBAHOCTI
TBapHvH.

JlnHamika BW)KMBAHOCTI TBapwH Yy pe3yJbTari
tparcmanTanii KOII onmpominernM mumam 3HaY-
HO BiJpi3HsIacs Bij Ti€l, sika criocTepiranacs y Jo-
ciigax i3 KKM (puc. 1, B). Ha mouarky excriepumen-
Ty TBapUHU TPYIU 5 THHYJIN TaK CamMo MIBHJKO, SIK 1
KOHTpOJBHI (rpymna 1). Ane Ha 4-# THXIEHDb criocTe-
PEKEHHS BIYKUBAHICTh MHIIEH, SIKi OTPUMYBAJIN HOP-
MaibHi KOII (rpyna 5), Buxonuna Ha tuiato (40%) i
He 3MiHIOBanacs JI0 KiHIs crocrepexeHss. [lo Bia-
HOIIIEHHIO JI0 KOHTPOJIbHOI Ipynu Ha 4-i TWXKIEHb
BIDKUBAHICTh Oyna Oinmpmioo y 3 pasu. Hampukinii
EKCITICPUMEHTY, KOJIM Y KOHTPOJBHIN TPy 3aru0eb
mumed 3pocrana (Ha 13- TIOKIEHB 3aJIHIIATIOCs
8%), BWKHMBaHICTh TBapWH, SKi OTPUMYBAJIU HOp-
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from a combined 20-hour culturing of syngeneic
FLCs and MSCs; the 3™ group made the animals,
which received HSCs and bone marrow proge-
nitors, preincubated in pure plates (BMCs); the
4™ one consisted of the (preincubated BMCs) ani-
mals, which received HSCs and bone marrow
progenitors preincubated with thymic MSCs; the 5%
group was represented by the animals, which recei-
ved HSCs and progenitors of fetal liver, preincu-
bated in pure plates (FLCs); the 6™ group made
the (preincubated FLCs) animals, which received
HSCs and progenitors of fetal liver preincubated
with thymic MSCs. The animals were observed
for 16 weeks with fixing the date of death of each
mouse.

The average life expectancy of dead animals was
determined according to the dynamics of animal
death. The results are presented as arithmetic mean
and mean errors (M £ m). The significance of diffe-
rence between the groups was estimated using
Student’s t-criterion and Fischer’s exact criterion.
When processing the results p < 0.05 was consi-
dered as critical value of significance.

Results and discussion

The population of HSCs has been known in the
organs of hematopoiesis to be heterogeneous. Dor-
mant long-term repopulating HSCs (LTR HSCs)
have the strongest ability to self-renewal and the
highest polypotency. They are characterized by
SLAM-markerslikeCD150*CD49 CD41 -cells,being
in the cell GO phase and maintain the BrdU mar-
ker for a long time. Short-term repopulating HSCs
(STR HSCs) are more developed during differen-
tiation. CD34"-LSK-cells being in the cell Glphase
is their significant part [12].

The time periods after irradiation and transplan-
tation of HSCs are subdivided into early (2-4 weeks)
and late ones [2, 3, 7]. At early stage an immune
system recovered with STR HSCs, which were
ready for a rapid involvement into the formation
of more mature precursor cells during the first 2—
4 weeks after transplantation. At the late stage,
LTR HSCs having a high self-renewal potential
and providing the differentiation and proliferation
of linear progenies for a long time in 5-6 weeks
after transplantation [2] were also involved into
regeneration.

To week 14, all the mice of the control group
(lethally irradiated animals) were gradually dying
as a result of the received radiation (Fig. 1). During
the first month, 70-80% of animals died in all the
groups, excluding those with both FLC products.
Introduction to CM of a combined culture of MSCs
and FLCs did not affect the animal survival.
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CepenHsa TpuBanicTb XuTTs, Jobu

pynun

Groups
Puc. 2. CepenHa TpuBanicTb XWUTTS 3armbnmx netanbHO
ONPOMIHEHMX MWLLEN, WO OTpMMyBanu pi3Hi npenapaTtu
'CK i nporeHiTtopiB. * — p < 0,05 no BigHOLLEHHIO 40 ONPOMi-
HeHux muwen, # — p < 0,05 mixx KOl i npeinkyboBaHumm
Kor.

Fig. 2. Average life expectancy of lethally irradiated mice
receiving different preparations of HSCs and progenitors.
* — p < 0.05 in relation to irradiated mise, # — p < 0.05
between FLCs and preincubated FLCs.

maipHi KOII (rpyna 5), mepeBuiyBaia KOHTPOIb-
HUH piBeHb y 5,1 paza.

Takum yuHOM, BBeleHHS HOpMmaibHUX K®II He
3axXUIajI0 MHIIEH TPy 5 Bij 3aru6esi Ha paHHbOMY
eTari Micyist ONPOMIHEHHSI, aje MPU3BOAMIO 10 (Hop-
MyBaHHSI €(EKTHMBHUX MEXaHIi3MiB MpOTUpajiamiii-
HOTO 3aXHUCTY, SIKi JIO3BOJISIIOTH 30UIBIIUTH BiJICOTOK
BWYKMBAHOCTI TBapHH Ha MI3HBOMY €Tarli.

[ligBuiIeHHs BW)XMBAaHOCTI MUIIEH Ha Pi3HHUX
TEpMiHaX CIIOCTEPEKEHHS, TOYMHAIOUM 3 PaHHIX,
CBITUUTH MPO HasABHICTH y mpemaparax KOII 3pimmx
MI€NOITHUX KIITHH, 1eBHOI KinmbkocTi ['CK i3 mpo-
reriTopamu [1] i, moxmmBo, KP-I'CK i3 BimmoBim-
HAMH BiIMIHHOCTSAMH iX (PYHKIIIOHAJHLHOTO CTaHY,
10 CIIpHSE OLTBII MBUAKOMY 1 €()eKTUBHOMY Tue-
PEHIIIIOBaHHIO KIIITHH IMyHHOI CHCTeMH. 30Kpema,
Bigomo, 1o ['CK ¢eranbHoi mnediHku, HA BIAMIHY
BiJl TaKUX KJIITHH KiCTKOBOTO MO3KY, y OUTBIIIH KiJib-
KOCTi 3HaXoAAThes Y (a3i G1 KIITHHHOTO IMKITY, 110
CBIAYMTH MPO IX BUXiJ 13 JOPMAHTHOTO CTaHy i1 OiJib-
LIy TOTOBHICTh A0 AudepeHuiroBanus. Yepes OinbIr
TpuBaMii 4ac (5—-6 TWXKHIB TiClli TpaHCILIAHTa-
1ii) mounHaTh AU(EepeHITiFoBaHHS 1 MpoTidepartito
JP-I'CK, mro i 3abe3neuye eQeKTHBHIIIE BiTHOB-
JIEHHS IMyHHOI CHCTEMH 1 30epekeHHS TBapHH Ha
M3HEOMY TIICJISI OTIPOMIHEHHS €TaIli.

BmxuBaHicTh NeTaNIbHO OMPOMIHEHUWX MUIIEH
micist TpancioianTarii KOIL, npeinky6ooBanux i3 MCK
(rpyma 6), Oyna CyTTEBO BUILIOI Yy TEpIIi THXKHI,
Ha 8-My TIDKHI Jocsrajia MaKCUMaJIbHOI Pi3HHMIII
(y 4,8 pa3za) MOpiBHSIHO 3 ONPOMIHECHUMHU TBAPUHAMHU
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Transplantation of syngeneic BMCs to mice re-
sulted in an increased survival at the early stage
after irradiation (group 3). To week 3, the survival
rate was increased by 2.1 times if compared with
the control animals (group 1). The number of survived
animals gradually decreased, and at week 15 all
the mice died (Fig. 1, A).

The positive effect of BMCs at the beginning
of experiment is stipulated with the presence of
innate immunity mature cells in BMCs, capable of
immediate implementation of anti-infective immune
responses to intestinal infection. Gradually, the
number of mature myeloid cells of innate immunity
was decreased, and their development rate from
bone marrow STR HSCs and precursors was insuf-
ficient to reproduce their effective population. Thus,
it is possible to explain a significant difference at
the first stages of experiment after introduction
of the cells of all other studied groups (groups 4-6).

The dynamics of animal survival after intro-
duction of BMCs preincubated with thymic MSCs,
at the beginning of experiment was slightly dif-
ferent from that in mice which received normal
BMCs. But from week 7, the number of animals in
group 4 did not decrease, the index was 13% and
did not change until the end of the observation.
From weeks 14-16 the survival rate of mice in
group 4 was significantly higher than in the control
group. This suggests that a combined incubation
of MSCs and BMCs is accompanied by the sup-
port of hematopoietic cells activity, most likely by
the influence of MSCs on LTR HSCs, and by
increasing the efficiency of their differentiation.
Thus, at late stages of the experiment, mature
hemopoietic cells and lymphocytes are formed
due to LTR HSCs, which, by means of partici-
pation in immunological reactions, compensate the
development of lethal bone marrow syndrome,
contributing to an increase in the animals’ survival.

The survival rate of animals as a result of FLC
transplantation to irradiated mice was significantly
different from that observed in the BMCs (Fig. 1,
B). At the beginning of the experiment, the animals
of group 5 died as fast as the control one (group 1).
But on week 4 of observation, the survival of mice
received normal FLCs (group 5) was 40% and did
not change until the end of observation. As for the
control group to week 4, the survival rate was 3 times
higher. At the end of experiment, when the death
of mice in the control group increased (8% remai-
ned to week 13), the survival rate of the animals
which received normal FLCs (group 5) exceeded the
control level by 5.1 times.

Thus, the administration of normal FLCs did
not protect the mice of group 5 against dying at an
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(rpyma 1). HanpukiHmi qociipKeHHs] y MULIEH Tpy-
nmu 6 Oyna TEHJCHINS 0 3HIKCHHS BIKUBAHOCTI
MOPIBHIHO 3 TPYIOIO 5, aje MK LUMH JJBOMa IpyTia-
MU 3Ha4yIIOi Pi3HMIII Y BYDKUBAHOCTI HE CIIOCTEpi-
rajgocs. MoXHa IPUITYCTUTH, 1110 O3UTUBHUN eeKT
Ha TMOYaTKy eKCIEPUMEHTY TOB’S3aHUHN 31 CTUMYIISI-
miero MCK peax1iiii ypommpKeHOTO IMYHITETY 1 aKTH-
Bamiero KP-I'CK ¢etanpHoi mewinku. OqHaK y mi3HIH
micyist onpoMiHeHHs Tepion koHtakryrowi MCK tu-
Myca ctumyorTh JIP-I'CK, siki BUKOHYIOTh OCHOB-
Hy (YHKIIIO Y pereHepanii iMyHHOI CHCTEMH.

st aHanizy akTUBHOCTI KIIITHH B €KCIIEPHUMEHTI
BU3Hauasn cepenHio TpuBanictb xutTs (CTXK) 3a-
ruOnux TBapuH (puc. 2), Ha siky HopMaibHi KKM,
npeiakyooBani KKM Tta mHopmanpai KOII cyTTeBO He
BrmmBasd. OnHak nipeinkyooBaHi KOII miguirysa-
JIU 11 TTOKa3HUK TMOPIBHAHO 3 rpynoto 1 y 2,4 pasu
caMe 3a paxyHOK Kpalloi BMXKMBAHOCTI TBapHH Ha
PaHHBOMY €Tarli EKCIIEPUMEHTY.

TakuM 4MHOM, BCTAHOBIJIEHO, IO TPEiHKYyOOBaHi
KKM, na BigMminy Big HopManeaux KKM, 36inbmry-
BaJIM BW)KWBAHICTh JICTAILHO OMPOMIHEHHX MHIICH
Ha MI3HBOMY IiCIIsl ONIPOMIHEHHSI eTarli, 110, HMOBIp-
HO, BiI0OyBa€ThCS 3a paXyHOK MiJIBUIIEHHS (yHKIIiO-
HanbHoi aktuBHOcTi AP-I'CK BHachinok ix inkyOa-
uii 3 MCK Ttumyca. Ilpeinky6oBani 3 MCK tumyca
cunrenHi K®II 3HayHO miABHIIYBalNd BUKHBaHICTh
Ha PaHHBOMY ITiCJISl OTIPOMIHEHHS eTarli, BipoTiTHO,
3a paxyHok ctumyrrinii KP-I'CK. Ha nizapomy erarti
30epiraiacs MPUOTU3HO TaKa K KUTBKICTh MUTIEH, SIK
1 B Tpymi TBapHH, SKi OTpUMyBagu HopMaiabHI KOII
(rpyma 5), iIMOBIpHO 3a paXyHOK Ti/IBUIIIEHHS aKTHB-
Hicte JIP-I'CK. ¥V pesynbrari nporo nokazauk CTXK
3aruOMX MHUIIEeH 3HAYHO IiJIBUINYBaBCS Y TpyMi
TBapuH, sKi ofepyBanu npeinkyoosani 3 MCK tu-
myca cuHrenni KOII, ski edexTuBHilIe BIIMBAIHA
Ha BW)KMBAHICTh MUILICH HAa PAaHHBOMY Ta Mi3HBOMY
IiCJIsE ONTPOMIHEHHSI eTarnax.

OTpumaHi JaHi LIONO CYTTEBOTO IO3UTHBHO-
TO BIUTUBY KpPiOKOHCEPBOBAaHUX 1 MpPEiHKyOOBaHHX
i3 MCK tumyca I'CK migkpeciooTh Ba)IJIHBICTh
3HaHb MPO B3aEMOJII0 TEMOIIOCTUIHUX 1 CTPOMAITh-
HUX KJIITHH B IMyHHIH CHCTeMI 1 Y MOJAIbIIOMY MO-
KyTh OyTH BHKOPUCTaHi JUISI PO3POOKH HOBUX ITiJI-
XOJIiB /IO MiIBUIIICHHS €()eKTUBHOCTI TPAHCILIAHTALIIT
I'CK y kiiHi4HIN paKTHLI.

BucHoBkn

1. TpancrinanTamiss ONpOMiHEHUM MHIIAM 1HTAKT-
Hux KKM nipuBonuTh /10 TiABUINEHHS BHYKUBAHOCTI
TIIBKH y paHHI TEPMiHU eKCIIepUMEHTY. [HaykoBaHi
KKM cyTTeBO MigBUIIYIOTh BHKUBAHICTh SIK Ha T10-
YaTKy, TaK 1 HAPUKIHIN JOCTiAY, IO CBIIYUTH TIPO
3poctanHsa akTHBHOCTI KKM y pesynmbrari KOHTaKT-
Hoi B3aemomii 3 MCK tumyca.
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early stage after irradiation, but led to the formation
of effective anti-radiation protection mechanisms,
allowing an increased percentage of animal survival
at the late stage.

Rise in the survival rate of mice at different
observation stages, from the earliest, testifies to the
presence of mature myeloid cells in FLC prepa-
rations, a certain amount of HSCs with progenitors
[1], and likely STR HSCs with the corresponding
differences in their functional state, contributing
more rapid and effective differentiation of cells of
immune system. It is known that fetal liver HSCs,
in contrast to those of bone marrow cells, are more
represented in the G1 phase of cell cycle, indica-
ting that they are out of the dormancy and are
more ready for differentiation. In a longer time (5—
6 weeks after transplantation), LTR HSCs begin
differentiation and proliferation, providing more
effective recovery of immune system and animal
survival at the late stage after irradiation.

The survival of lethally irradiated mice after
transplantation of FLCs preincubated with MSCs
(group 6) was significantly higher in the first weeks,
at the 8" week, there was achieved the maximum
difference (4.8 times) if compared to the irradiated
animals (group 1). At the end of the study in group
6, there was a tendency to a decreased survival if
compared to group 5, but no significant difference
in survival was observed between these two groups.
We can assume that the positive effect at the begin-
ning of experiment was associated with stimulation
of MSC reactions of innate immunity and activa-
tion of fetal liver STR HSCs. However, at the late
stage after irradiation contacting thymic MSCs sti-
mulate LTR HSCs, having an active role in rege-
neration of immune system.

When analysing cell activity in the experiment,
the mean life expectancy (MLE) of dead animals
(Fig. 2) was determined, on which normal BMCs,
preincubated BMCs and normal FLCs did not
significantly affect. However, preincubated FLCs
increased this index if compared to the group 1
by 2.4 times due to higher animal survival at the
early stage of the experiment.

Thus, it has been established that preincubated
BMCs, in contrast to normal BMCs, increased the
survival rate of lethally irradiated mice at the late
stage of irradiation, that is probably due to enhan-
ced functional activity of LTR HSCs after their in-
cubation with thymic MSCs. Preincubated with
thymic MSCs syngeneic FLCs significantly increa-
sed the survival at an early post-irradiation stage,
probably due to the stimulation of STR HSCs, while
retaining approximately the same number of mice
at the late stage as in the group of animals received
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2. InraktHi KO®II Takox miABUINYHOTh BUXXKHUBA-
HICTh y PaHHi TEPMiHU Ta Yy O1JbII Mi3HBOMY I1EPiOi,
KOJIM TOKAa3HUK BMKMBAHOCTI MHILIEH BUXOIAMTH Ha
miaro i 30epiraeThCsi Ha BHCOKOMY PiBHI JI0 3aKiH-
YEeHHS EKCIIEPHMEHTY, 1[0 CBIIYUTH HPO BHUpAXKe-
Hy akTuBHICTHh K®II. ¥V pesynsrari TpaHcIutanTarii
npeinkyooBannx K®II 3HaYHO MiABUIIYETHCS BU-
JKUBAHICTh TBAPWH y TEPIIi YaCTHHI €KCTIepUMEH-
Ty, @ y Jpyrid — BiH 3PIBHIOETHCS 3 THUM, SIKUH 3a-
0e3neuyroTh HopMasbHi K®II. 3a3HaueHa nauHamika
BMYKMBAHOCT] Y3TO/DKY€ETBCS 31 3HAYHUM IIi/IBUIICH-
HSM y Tpymi peuumieHTiB mnpeinkyOoBanux KOII
CepeHbOI TPUBAIOCTI KUTTS 3arnOIMX TBAapHH, IO
TEX Y LIJIOMY CBIIYHMTH MPO BHPAKEHY CTUMYJIALIIO
pereHepartiii iMyHHOT CHCTEMH OTIPOMIHEHUX MUIIICH
KO®II y pesynbrari ix koHTakTHOI B3aemomii 3 MCK
TUMYCA.

Aemop 8ucnosnioe noosaKy KaHOuoamy MeouyHux Hayx,
nposioHomy Haykosomy cniepooimuuxosi JI.1. Tapawyci,
Kanouoamy MeOudHux HayK, CMapuiomy HayKo8omy Chig-
pobimuuxy O.I Dedopuyky ma MonL0OUWOMY HAYKOBOMY
cnigpobimuurosi A.-M. A. Cemenosiii 3a mexuiuny 0ono-
MO2Y niod 4ac 8UKOHAHHS pOOOMIL.
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normal FLCs (group 5), increasing, most likely,
the activity of LTR HSCs. As a result, the MLE
index of dead mice was significantly increased in
the group of animals which received syngeneic
FLCs preincubated with thymic MSCs that had
more pronounced effect on the survival of mice
at the early and post-irradiation stages.

The obtained data on a significant positive effect
of cryopreserved and preincubated with thymic
MSCs HSCs emphasized the importance of know-
ledge about the interaction of hematopoietic and
stromal cells in immune system and in future can
be used to develop new approaches to enhance the
efficiency of HSC transplantation in clinical practice.

Conclusions

1. Transplantation of intact BMCs to irradiated
mice led to an increased survival only at the early
stages of experiment. Induced BMCs significantly
increased the survival at the beginning and at the
end of experiment, testifying to a rise in BMC
activity as a result of a contact interaction with
thymic MSCs.

2. Intact FLCs also increased the survival rate
of mice at the early stage, and at the late one when
it remained high until the end of experiment,
indicating a pronounced FLC activity. As a result
of transplantation of preincubated FLCs, animal
survival in the first half of the experiment was
significantly increased, and in the second part of
experiment, it was equal to that provided by normal
FLCs. The indicated survival rate was consistent
with a significant rise in life expectancy of animals
in the group with preincubated FLCs that sup-
ported a pronounced stimulation with FLCs of
regeneration of immune system of irradiated mice
as a result of their contact interaction with thymic
MSCs.

The author is grateful to the candidate of medical
sciences, leading researcher L.I. Taranusi, candidate
of medical sciences, senior researcher O.G. Fedorchuk
and junior researcher Ya.-M.A. Semenova for technical
assistance during the research.
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