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BIIJIUB ME3EHXIMAJIBHNUX CTPOMAJIBHUX KJIITUH
KICTKOBOT'O MO3KY HA ®YHKIIOHYBAHHA
TEMOIIOETUYHUX KJIITUH 3A CYBJETAJIBHOI'O
OITPOMIHEHHA

Merta: gocnigKeHHs BNAWBY Me3eHXiMaabHMX CTPOMANbHUX KNiTUH HA DYHKLIOHYBAHHSA reMONOeTUYHMX KNITUH MULLEI
ninii Balb/C nicns aii ioHisylouoi pagiauii y cy6neTtanbHinn fo3i B KynbTypi KNiTUH in vitro Ta in vivo.
Metopu. [1n5 BUBYEHHS BNIMBY CTPOMAIbHOTO MiKPOOTOUYEHHS Gy10 BUKOPUCTAHO MOAENb CMiBKYNLTUBYBAHHSA KPOBOT-
BOPHUX KNiTUH ONPOMiHEHUX TBAPUH Ta Me3EHXiMaNbHUX KiTUH, Wo GopmyoTe QigepHi wapu, y kynstypi in vitro. 3a po-
nomoroto 6apBHMKA TPMNAHOBOIO CMHLOTO NPOBEAEHO OLIHKY KilbKOCTi reMONOeTUYHUX KNTTUH 3 YLWKOKEHHAM LuUTON-
Na3MaTMyHOT MeMOpPaHW Ta BU3HAYEHO PiBEHb KNiTUHHOT 3arnbeni. KynbTuByBaHHs KNiTUH Y KynbTypi Andy3iiiHnx Ka-
Mep in vivo [O3BOMUIO OLiHMTW NponidepaTUBHUI NOTEHLiaN FreMONOETUYHUX CTOBOYPOBUX KNiTUH KiCTKOBOrO MO3KY
ONPOMiHEHUX TBAPUH.
Pesynbratu. [locnigKeHHs B3a€EMOAIT MiX CTPOMaNbHUMMK Ta reMONOETUYHUMU KNiTUHAMMU KiCTKOBOTO MO3KYy MULIEN
Balb/C no3Bonuno BusBuTH MOAMDIKYIOUMIt BNAUB CTPOMM Ha piBeHb iHTepha3HOT Ta penpoayKTUBHOT 3arnbeni KniTuH-
nonepeaHuUKiB BHACNiAoK Aii ioHi3yto4oi papiauii y cybneTtanbHiii go3si. 3okpema, yepes 2 fobu BiACOTOK 3arnbnmx
KNiTUH y cycneHsii 3 6e3nocepeHiM KOHTAKTOM 3i CTPOMOIO in Vitro 6YB 3HUKXEHUM NOPIBHAHO 3 TEMONOETUYHUMM KJTi-
TUHAMU, e TaKWil KOHTAKT OyB BigcyTHiM: (40,5 + 2,6) % npoTn (60,1 + 2,8) %. Cnoctepiranocs TakoX NigBULLEHHSA
KiNbKOCTI KNITUHHUX arperariB y KynbTypax ONpOMiHEHMX KNiTUH-NONepefHUKIB, fKi 3a3Aaneriab B3aEMOAIANN 3 ME3eH-
XiManbHUMU CTPOMANbHUMM KNiTUHAMK in vitro (25,2 + 1,9 KYO), y NnopiBHAHHI 3 KNiTUHAMU, AKi HanpsAMYy He B3aEMOAIANM
3i ctpomoio (15,3 + 2,8 KY0).
BucHoBKK. CniBKY/NbTUBYBAHHSA 31 CTPOMANIbHUMM KNiTMHAMM CYTTEBO 3HMXKYBANO PiBeHb pagialifHo-iHAYKOBAHOT 3a-
rmbeni reMonoeTUYHUX KNiTUH KiCTKOBOTO MO3KY Ta MifBULLYBaO TXHIO KONOHIEYTBOPIOKOYY aKTUBHICTb, NPOTE ANS Lib-
oro 6yB noTpibeH 6e3nocepeaHiit KOHTAKT i3 CTPOMOIO Y KynbTYpi in vitro.
KniouoBi cnoBa: remonoes; ioHiyoya pagialis; ctpoma; KicTkoBuit Mo30k; muwi Balb/C; cToBOYpOBi KNiTUHW; KyNb-
Typa KNiTuH in in vitro Ta in vivo.
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INFLUENCE OF BONE MARROW MESENCHYMAL STROMAL
CELLS ON THE FUNCTIONING OF HEMATOPOIETIC CELLS
UNDER SUBLETHAL IRRADIATION

Objective: investigation of the influence of mesenchymal stromal cells on the functioning of hematopoietic cells
of Balb/C mice after the exposure to ionizing radiation at a sublethal dose in cell culture in vitro and in vivo.
Methods. To study the influence of stromal microenvironment, a co-cultivation model of hematopoietic cells of irra-
diated animals and mesenchymal cells forming feeder layers was used in the in vitro culture. Using the trypan blue
dye, the number of hematopoietic cells with cytoplasmic membrane damage was assessed and the level of cell death
was determined. Cell cultivation in the diffusion chambers culture in vivo allowed assessing the proliferative poten-
tial of bone marrow hematopoietic stem cells of irradiated animals.

Results. Investigation of the interaction between bone marrow stromal and hematopoietic cells of Balb/C mice
allowed determining the modifying influence of the stroma on the level of progenitor cells” interphase and repro-
ductive death due to ionizing radiation action at a sublethal dose. In particular, after 2 days the percentage of dead
cells in suspension with direct contact with the stroma in vitro was reduced compared to hematopoietic cells where
such contact was absent: (40.5 + 2.6) % vs (60.1 + 2.8) %. The increase in cell aggregates number was also observed
in the cultures of irradiated progenitors, which had previously interacted with mesenchymal stromal cells in vitro
(25.2 + 1.9 CFU), compared to the cells, which did not directly interact with the stroma (15.3 + 2.8 CFU).
Conclusions. Co-cultivation with stromal cells have significantly reduced the level of radiation-induced death of
bone marrow hematopoietic cells and increased their colony-forming activity, however, this required the direct con-
tact with stroma in the in vitro culture.

Key words: hematopoiesis; ionizing radiation; stroma; bone marrow; Balb/C mice; stem cells; cell culture in vitro

and in vivo.
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BCTVYII

lonizyroua pagialiist 3maTHa 3yMOBIIOBATH CYTTEBI YIII-
komxeHHs1 [IHK, HaliHeOe3NeyHIIMMU 3 SIKUX € JIBO-
JIaHIIIOTOBi PO3PMBH, a 3a BiICYTHOCTI perapallii TaKux
ypaXXeHb Y CTOBOYPOBUX KPOBOTBOPHUX KIIITMHAX CITOC-
TepiraTUMYTbCSl TTOPYLIEHHSI B CUCTeMi remoroesy [1].
3okpemMa, MoOxe BimOyBaTucs iHTepdazHa 3arudeinb
KJIITUH LJISIXOM aIlonTo3y, HeKpo3y abo ayTodarii [2, 3],
a TaKOX iXHE MpUCKOpeHe nudepeHLitoBaHHs abo KJli-
TUHHE cTapiHHag [4]. [oHi3yioue BUITPOMiHIOBAaHHS MOXKE
TaKOX CIPUYMHSITUA PENpPOAYKTUBHY 3arvOesib KIiTHH,
TOOTO BTpaTy iXHbOI 34aTHOCTI 10 MOAiny [5] — 3a3Buuait
yepe3 CTPYKTYPHI YIIKOIKEHHS XPOMOCOM.

IemonoeTnyHi cTOBOYPOBi KJIITUHU Ta paHHI KJIITUHU-
MOoITepeNHUKN 3arajoM € OiIbII pamiouyTIMBHUMU, T10-
PIBHSIHO 3i 3piMiIUMA KJTIITUHAMU CUCTEMU Te€MOIIOEe3Yy.
3oKkpema, 1ie TPOSIBIASIETbCS y IIBUAKINA 3arudesi orm-
POMIHEHMX CTOBOYPOBMX KIITUH Ta KJIITUH-MOIEpe-
HUKIB, y MepIIy Yepry IUISIXOM arnonTosy [6], 3yMoBIie-
HOro ABosiaHLoroBumu pospusamu JTHK.

B« Iryna Z. Russu, e-mail: iryna.russu@ukma.edu.ua

INTRODUCTION

Ionizing radiation can cause significant DNA
damages, the most dangerous of which are double-
strand breaks, and in the absence of repair of such
injuries in hematopoietic stem cells disorders in
the hematopoietic system will be observed [1]. In
particular, interphase cell death may occur by
means of apoptosis, necrosis or autophagy [2, 3],
as well as their accelerated differentiation or cellu-
lar senescence [4]. lonizing radiation can also
cause reproductive cell death, i.e. the loss of their
ability to divide [5] — usually due to the structural
damages of chromosomes.

Hematopoietic stem cells and early progenitors
are generally more radiosensitive, compared to
more mature cells of the hematopoietic system. In
particular, this is revealed in the rapid death of
irradiated stem and progenitor cells, first of all
through apoptosis [6], caused by DNA double-
strand breaks.
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IeMomoeTyHe MiKpOOTOUYEHHSI Bifirpae Baromy poJb
y DiATpUMLI (PYHKIIIOHYBaHHS CUCTEMU KPOBOTBOPEHHS
Yy KiCTKOBOMY MO3KY. Me3eHXiMallbHi CTpOMaJibHi KJIiTH-
HU CUMHTE3YIOTh 3HAYHY KiJIbKiCTh (paKTOpiB, SIKi pery-
JIIOIOTH Mposidepaliito, AudepeHLiloBaHHS Ta Mirpatiito
reMornoeTuyHux KiaituH [7, 8]. Kpim Toro, meseHxi-
MaJlbHi KJIITUHU KiCTKOBOI'O MO3KY 3a3BUuaii € paaiope-
3UCTEHTHIIIMMHU 32 TeMOIIOCTUYHI, a psia AOCTiIXKeHb
CBiUMTH MPO T€, 110 BOHU 3AaTHi MOAUDiKyBaTH BiAIO-
BiIb KPOBOTBOPHMUX KJIITUH Ha Jit0 i0Hi3yr04oi1 pagiawii [9].
DidpobaacTi TaKOX MOXKYTb CUHTE3yBaTH OLIKM, SIKi
3aIo0iraroTh anmonTo3y KJIITHUH MyXJIMH Ta iHIYKYIOTh iX-
HIO PE3UCTEHTHICTh O0 panioteparrii [10, 11]. Tomy mo-
LiJbHUM € JOCiIKEHHS BIUIMBY CTPOMAILHOTO MiKpO-
OTOUYEHHS Ha TeMOIOTUYHI CTOBOYPOBI KJIITUHU Ta KJIi-
TUHU-TIOTIEPEIHUKHN 3a YMOB [ii iOHi3yl0UOTro BMIIPO
MiHIOBaHHSI.

META

JocmimKeHHsT BIUIMBY Me3eHXiMaJbHUX CTPOMAaJIbHUX
KJITUH Ha (PYHKILIOHYBAaHHS T€MOMOETUYHMX KIiTUH
mueii ninii Balb/C micas mii ioHi3yrodoi pamiaitii y cyo-
JIeTaJibHili 1031 B KYJILTYpi KJIITUH in Vitro Ta in vivo.

MATEPIAJIA TA METOJIU JOCJII/I2KEHb
HocnimxeHHs OyJa0 MpoBeaeHEe 3 BUKOPUCTaHHSIM 24
mulei-camuiB JgiHii Balb/C, 12 3 IKMX 0mHOPa30BO OII-
pPOMiHIOBaJIU y CyOseTalIbHil 103i 5,95 Ip npoTsrom 8,5
xB [12]. KoHTponem cayryBanu iHTakTHi muiii Balb/C.
TBapuH yTpuMyBajlM y CTaHAAPTHUX YMOBax BiBapito
Iactutyty ipobaem 6e3nmekn AEC HAH Ykpainu. Mn-
1Ieil ONTPOMIHIOBAIM Y-KBaHTaMU TTPOAYKTiB mominy U
y chelialbHOMY KaHajli CXOBHINA SIAEPHOrO MajauBa
SJEPHOTO peakTopa I[HCTUTYTY SAEPHUX MTOCIHITKEHb
HAH VYxpainu. Yci maninyisinii 3 TBApUHAMU BUKOHY-
BaJId 3TiIHO 3 BUMOTaMU O0iO€TMKM Ta MiKHApOTHUMU
NpUHIMUIAMU €BpoNeicbKoi KOHBEHIIi PO 3aXUCT TBa-
PMH, a TaKOX BiIMOBiIHO A0 3aKOHOAABCTBA IIOA0 TYy-
MaHHOTO MOBOMXKEHHS 3 TBAPMHAMU, SIKi BUKOPHCTOBY-
IOTbCS IS €KCHEePUMEHTaJbHUX Ta iHIIMX HayKOBMX
wineit [13]. TBapuH migmaBaayd eBTaHa3il IUISIXOM Liep-
BiKaJbHOI AMCIOKALl Ta BUIy4Yald CTETHOBi KiCTKH, 3
SIKUX Y CTEPWIBHUX YMOBAX 3a JOIIOMOTOIO >KBUJIBHOTO
cepenosuiia RPMI-1640 (Sigma-Aldrich, CILIA) Bu-
MUBaJIM KiCTKOBUI MO30K. CyCITeH3i10 KJIiTUH TOTYBaJIU
IIJIIXOM PECYCTIEHIYBAaHHS Ta 3MilllyBaHHSI 3 TTOBHUM
KuBWIbHUM cepenoBuilieM RPMI-1640 3 L-rinyramiHOM
(Sigma-Aldrich, CIIIA), ¢peTanbHOIO TEISTYOI0 CUPOBAT-
kot (Gibco, CIIIA) Ta aHTUOIOTMKAMU (PO3YMH TEHi-
HuIiHy-ctpentoMiuuny, Gibco, CIIIA).

Hematopoietic microenvironment plays a signif-
icant role in the support of hematopoietic system
functioning in bone marrow. Mesenchymal stro-
mal cells synthesize a large number of factors,
which regulate the proliferation, differentiation,
and migration of hematopoietic cells [7, 8]. In
addition, bone marrow mesenchymal cells are
usually more radioresistant than hematopoietic
cells, and several studies show that they can modi-
fy the response of hematopoietic cells to ionizing
radiation action [9]. Fibroblasts also can synthesize
proteins, which prevent tumor cells’ apoptosis and
induce their resistance to radiotherapy [10, 11].
Therefore, it is advisable to investigate the influ-
ence of stromal microenvironment on hematopoi-
etic stem and progenitor cells under the action of
ionizing radiation.

OBJECTIVE

Investigation of the influence of mesenchymal stro-
mal cells on the functioning of hematopoietic cells of
Balb/C mice after the exposure to ionizing radiation
at a sublethal dose in cell culture in vitro and in vivo.

MATERIALS AND METHODS

The investigation was performed using 24 male
Balb/C mice, 12 of which were once irradiated at a
sublethal dose of 5.95 Gy for 8.5 min [12]. Intact
Balb/C mice served as controls. The animals were
kept in standard conditions of the vivarium of the
Institute for Safety Problems of Nuclear Power
Plants NAS of Ukraine. Mice were irradiated with
the y-quants of **U fission products in a special
channel of the nuclear fuel storage of the nuclear
reactor of the Institute for Nuclear Research NAS
of Ukraine. All the manipulations with animals
were performed in accordance with the bioethics
requirements and international principles of the
European convention for the protection of animals,
as well as in accordance with legislation on the
humane treatment of animals used for experimental
and other scientific purposes [13]. The animals were
euthanized by means of cervical dislocation and the
femurs were removed, from which under sterile
conditions the bone marrow was washed out using
RPMI-1640 nutrient medium (Sigma-Aldrich,
USA). Cell suspension was prepared by resuspend-
ing and mixing with complete RPMI-1640 nutrient
medium with L-glutamine (Sigma-Aldrich, USA),
fetal calf serum (Gibco, USA) and antibiotics
(penicillin-streptomycin solution, Gibco, USA).
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ITpoBoaMAN OLIHKY XXUTTE3AATHOCTI KJIITUH 3a TOIO-
MOTOI0 OapBHUKA TPUIAHOBOTO CUHBOTO; MiIpaxyHOK
KiTBKOCTI XKMBUX Ta 3a0apBJIEHUX KJIITUH 3[1iCHIOBAIU B
kamepi lopseBa 3 BUKOpPUCTAHHSIM iHBEPTOBAHOIO
Mikpockomna (Olympus, AmnoHis).

3aznaneriab roTyBaayd CTpoMaibHi (pinepHi apu 3 Me-
3eHXiMaJIbHUX CTPOMAaJIbHUX KJITUH KiCTKOBOIO MO3KY
iHTakTHMX Muieir Balb/C [14]. g 1LbOro cCycrneHsiio
KiCTKOBOMO3KOBMX KJIITUH 3MIlTyBaJX 3 KYJbTYpaTbHUM
cepenoBuiieM DMEM (Invitrogen, CIIIA) 3 L-rnyrami-
HOM Ta aHTUOIOTUKAMU i TIEPEHOCUIN Y TIJIACTUKOBI KYJIb-
TypajbHi TIaHIIeTH, sKi noMimanu y CO,-iHKydaTop
(LEEC, Benuxko6purtanist). Uepe3 ogHy 100y MpPOBOIUIN
3aMiHy TTOJIOBUHU OOCATY KUBWJIBHOTO CEPEIOBUINA, BU-
JAJIII0YM Heanre30BaHi KIITUHU, a Micas IbOro KOXKHi 3
JOOM TIOJIOBUHY OOCSTY CepedoBHILA 3aMiHIOBaJIM CBi-
xuMm. Ha 7—10-1y 100y, Koau 0yB cchopMOBaHUIT MOHO-
1Lap CTPOMAJIbHUX KJIITUH, 1X 3HIMaJIU 3 TIOBEPXHi IJIACTU-
Ky 3a gomnomoroio poszunHy TpuriciH-EDTA (Gibco,
CIIA), BimMuBanu 1LeHTpUPYTYBAaHHSIM, AOJABAIN XKU-
BUJIbHE CEpPEIOBUINE Ta MEPESHOCUIN y 6-TyHKOBI i 24-
JIyHKOBI utaHieTu. ITicist nocsirHeHHsI MOHOLLIApY B JTyH-
Kax KmitnHA obpoonsmm Mitominmaom C (Sigma-Ald-
rich, CIIIA) nis 3ynmUHKU TMpOoLeCY KJIITUHHOIO TIOHIIY,
BimMuBanu po3unHoMm PBS, nogaBanu KynsTypaiabHe ce-
penoBuile DMEM i BUKOPHCTOBYBAIU SIK (pilepHMIA 11ap.

IeMonoeTnyYHI KJIITMHU OINPOMIHEHUX i KOHTPOJIBHUX
TBapyWH KyJIETUBYBaJIM Ha CTpOMaIbHOMY (pinepHOMY IIapi
Y CYCIIeH3IIHI KyJIBTypi in vitro MpoTsarom nBox 1i0. 3ac-
TOCOBYBJIM TPU BapiaHTU KYJIBTYp — 0€3 CTPOMAJIbHOTO
dinepa, 3 PpimepoM i3 Oe3rmocepesHiM KOHTAKTOM MiX Te-
MOTIOETUYHUMU Ta CTPOMAJIbHUMM KIIITUHAMU, a TaKOXK
3a BiICYTHOCTI NPSIMOTO KOHTAKTYy MixX LIMMU KIJTiITUHAMM,
i3 3aCTOCYBaHHSIM reieBUX Audy3iiiHuX KaMmep. Kamepu i3
CYCIIEH3IE€I0 MTepeHOCUI B 6-JIyHKOBI TUIACTUKOBI IJIaH-
ety 3 pigepamu (1 kamepa Ha 1 ayHKyY). JIYHKU KyJIbTy-
pajibHUX IJIAHIIETIB i3 TeMOMOETUYHUMM KIIITUHAMM 3a-
MOBHIOBAJIM MTOBHUM XUBWIbHUM cepenoBuiieM RPMI-
1640 3 L-riyramiHOM, aHTMOIOTHKAMK Ta eTaIbHOIO Te-
JIsi9010 cupoBatkoio i moMimanu y CO;-iHKy6aTop.

ToryBanu mpenapaTy TeMOITOETMYHUX KIITUH i3 Cyc-
neHzii 3a pomomoroiro uuToueHTpudyru Cytospin
(Shandon, CIIIA) i 3abapBmoBanu ix 3a [lammenreitMoMm.
[TpoBonunm mMopdooriyHnii aHali3 KJITUH Ha OCHOBIi
MpernapariB, BATOTOBJIEHMX i3 CYCITEH3ii KiICTKOBOT'O MO3KY,
3 BUKOPUCTAHHSIM CBiTI0BOro Mikpockomna (Leica, ®PH).

ITicasa uporo BU3HaYaau npoJiipepaTuBHY aKTUBHICTh
TeMOITOeTUYHUX KJIITUH 3a JOIOMOTIOI0 KJIOHOI€HHOTO
aHalizy B KyabTypi mudysifiHux xamep in vivo [15].
KynerypanbHy CycIieH3i0 ToTyBaJli Ha OCHOBI IIOBHOTO
kuBuiabHOro cepenosuiia RPMI-1640 3 mogaBaHHSIM

Cell viability was assessed using trypan blue dye;
counting the number of live and stained cells was
performed in Goryaev chamber with the usage of
inverted microscope (Olympus, Japan).

Stromal feeder layers were prepared in advance
from bone marrow mesenchymal stromal cells of
intact Balb/C mice [14]. For this, the suspension
of bone marrow cells was mixed with DM EM cul-
tural medium (Invitrogen, USA) with L-gluta-
mine and antibiotics and transferred into plastic
cultural plates, which were placed in CO,-incuba-
tor (LEEC, UK). After one day half of the volume
of the nutrient medium was replaced, removing
non-adherent cells, and after that every 3 days half
of the volume of the medium was replaced with
fresh one. On the 7"-10™ day, when a monolayer of
stromal cells was formed, they were removed from
the plastic surface using trypsin-EDTA solution
(Gibco, USA), washed by centrifugation, culture
medium was added and cells were transferred into
6-well and 24-well plates. After reaching a mono-
layer in the wells, the cells were treated with Mi-
tomycin C (Sigma-Aldrich, USA) to stop cell divi-
sion process, washed with PBS solution, DMEM
culture medium was added and cells were used as a
feeder layer.

Hematopoietic cells of irradiated and control
animals were cultivated on the stromal feeder layer
in suspension culture in vitro for two days. Three
variants of cultures were used — without a stromal
feeder, with a feeder with direct contact between
hematopoietic and stromal cells, and in the
absence of direct contact between these cells,
using gel diffusion chambers. The chambers with
the suspension were transferred into 6-well plastic
plates with feeders (1 chamber per 1 well). The
wells of the cultural plates with hematopoietic cells
were filled with complete RPMI-1640 nutrient
medium with L-glutamine, antibiotics, and fetal
calf serum and placed in CO;-incubator.

The specimens of hematopoietic cells were pre-
pared from suspension with the aid of cytocen-
trifuge Cytospin (Shandon, USA) and stained
according to Pappenheim. Morphological analysis
of the cells was performed based on the specimens,
made from bone marrow suspension, using a light
microscope (Leica, Germany).

After that proliferative activity of hematopoietic
cells was determined using clonogenic assay in the
diffusion chambers culture in vivo [15]. Cultural
suspension was prepared on the basis of complete
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L-rnyTaMiHy, aHTMOIOTHKIB Ta (peTabHOI TeSTY01 CUPO-
BaTKM, a TakKoxX HamiBpimkoro arapy (Difco, CIIA).
ITicns 3acTocyBaHHSI TIONMEHTAJIOBOI aHECTe3il BHOCUIN
rejeBi au@ysiiHi KaMepu y 4epeBHY MOPOKHUHY MU-
mreii-penumnieHTiB Balb/C, 06pobieHNx 3a 100y 10 eKC-
nepuMmeHTy Hukiaodpochaminzom (KuiBmennpemnapar,
Vkpaina). KynsruByBaHHS TpuBajio Ipotsarom 11 mio,
MicJisl Yoro MUILEH IMmingaBaayd eBTaHa3il, KaMepu BUITY-
Yaiu Ta AOCTIIXYBalIW MiJ iHBEPTOBAaHUM MiKpPOCKO-
oM, TIiAPaXOBYIOUM KiJAbKiCTb OTPMMaHMUX KOJOHil-
KJIOHIB. 3a KOJIOHIi TIpUiAMaJIi arperaTy, 1o cKiaagaar-
cs i3 40 Ta OisbIlIe KJIITHH.

CraTUCTUYHMIA aHAaJIi3 pe3yJbTaTiB OyB MPOBEACHUI 3
BUKOPHCTAHHSIM IIPOTpaMHOTro 3a0e3mnedeHHs Microsoft
Excel. JIocToBipHIiCTh BiZMiHHOCTEl cepenHixX 3Ha4eHb
JIBOX CYKYITHOCTEl BM3HAYaJIM 3a IOIOMOIOIO /-KpUTe-
pito CTbloJeHTa; AaHi MPeICcTaBICHO SIK CEpeIHE T+ CTaH-
JapTHE BiIXUIEHHS.

PE3VJIBTATU TA OBTTOBOPEHHA

HocnimxeHHs B3a€MO/i1 MixK CTPOMaJIbHUMMU i TeMOIIoe-
TUYHUMU KJIITUHAMM KiCTKOBOTO MO3Ky muieii Balb/C
IO3BOJIMJIO BUSIBUTU MOAM(IKYIOUYNI BIUIMB CTPOMM Ha
piBeHb iHTepda3Hoi Ta penpoaAyKTUBHOI 3aruodeni
KJIITMH-TIONEePeTHUKIB BHACTIAOK il i0Hi3y1ouoi pamia-
mii y cyOneranbHil mo3i. 3 1i€l0 METOIO ITPOBOIMIIN
KyJTBTUBYBaHHS KJITMH Ha (imepHUX Imapax y cyc-
MEeH3iAHIN KyJABTYpi in vitro, 3 6e3mocepenHiM KOHTaK-
TOM MiX KJiTuHamMu (puc. 1A), 3a BiACyTHOCTI IIPSIMOTO
KOHTaKTy — 3 BUKOPUCTAHHSIM TeJIeBUX TNPY3iiiHIX Ka-
Mep, a TAKOX Y KyJBTypi 0€3 CTpOMaIbHOTO (PigepHOTO

nutrient RPMI-1640 medium supplemented with
L-glutamine, antibiotics, and fetal calf serum, as
well as semi-solid agar (Difco, USA). After using
thiopental anesthesia, gel diffusion chambers were
inserted into the abdominal cavity of recipient
Balb/C mice, treated with cyclophosphamide
(Kyivmedpreparat, Ukraine) the day before the
experiment. Cultivation continued for 11 days,
after which the mice were euthanized, the cham-
bers were removed and examined under an invert-
ed microscope, counting the number of colonies-
clones obtained. As colonies were considered
aggregates, which consisted of 40 and more cells.

Statistical analysis of the results was performed
using Microsoft Excel software. The significance
of differences in mean values between two popula-
tions was determined using Student’s 7-test; data
are presented as mean =+ standard deviation.

RESULTS AND DISCUSSION

The study of the interaction between bone marrow
stromal and hematopoietic cells of Balb/C mice
allowed revealing the modifying effect of the stro-
ma on the level of interphase and reproductive
death of progenitor cells due to the action of ioniz-
ing radiation at a sublethal dose. For this purpose,
cell cultivation was performed on feeder layers in
suspension culture in vitro, with direct contact
between cells (Fig. 1A), in the absence of direct
contact — using gel diffusion chambers, as well as in
the culture without a stromal feeder layer. It should

PucyHok 1. Knitunu KictkoBoro mo3ky muwieit ninii Balb/C nicna onpomiHeHHA y cy6neTanbHin fo3i B Kynb-
Typi KNiTUH Ha cTpomanbHoMy wapi in vitro (A), a Takox nicna (opMyBaHHA KONOHIN Y KynbTypi Andy3iliHUX

kamep in vivo (b). InBepToBaHuit Mikpockon, 36. x 200.

Figure 1. Bone marrow cells of Balb/C mice after irradiation at a sublethal dose in cell culture on stromal
layer in vitro (A), as well as after forming the colonies in the diffusion chambers culture in vivo (B). Inverted

microscope, x 200.
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mrapy. Ciin 3a3HauuTH, 110 1UY3iiiHI KaMmepyu BUTO-
TOBJICHI 3 TeJII0, SIKUI 03BOJISIE 11 (Y3il0 MaKpOMOoJie-
KyJ1 330BHi [16], mpoTe 3amobira€ KOHTAKTy MiX Me-
3eHXiMaJIbHUMM i TeMOTIOETUYHUMU KJIiITUHAMU.

ITicaa aBox nmi® CHiBKYJIBTMBYBaHHS CYCIIEH3ilO re-
MOTIOSTUYHUX KIITWH BUWJIyYajyd Ta TOTYyBaJd IIpera-
paTtu 3a JOTIOMOI0I0 IMTOIEHTPUDYTH.

Ha panomy erami mocmimkKeHb OLIIHIOBAJIM BiICOTOK
KUBUX Ta 3arvOJIMX TeMOIIOSTUYHMX KITUH y CyC-
MeH3ii 3a JOMoMOT0I0 GapBHUKA TPUMAHOBOTO CUHbBO-
ro, 110 37aTeH IIPOHUKATHU B KJIITUHU 3 MOPYIIEHHIM
HizicHocTi MemMOpaHu. Taki 3MiHU XapaKTepHi A1 KITi-
TMH, 1110 3a3HajIi YIIKOIXXEHb, 30KpeMa, 3a il ioHi3y-
04Ol pafiallii, BHACTiIOK YOTO CIIOCTEPIiraeThCcs 3aru-
0eJib ONPOMiHEHUX KJIITUH — LIUISIXOM aronTo3y, HeK-
po3y abo aytodarii. Hacrmigkom fii ioHi3yro4oi pamiaiii
OKpiM IHIYKIIii alONTO3y € TAKOX PeNpoayKTUBHA 3a-
rubesib KIJIITUH, 110 MOXe OyTU OLliHEeHa MeToJaMU
KJIOHOT€HHOTO aHali3y.

Oppa3sy micist orpoOMiHEHHS TeMOIIOeTUYHI KJTITUHMU,
BUJIYYEHi 3 KiCTKOBOTO MO3KY OINPOMiHEHUX TBapWH,
JIIEMOHCTPYBAJIX TOBOJIi BUCOKY XKNTTE3MATHICTD (IIpU-
6,13H0 95,0 %), IpoTe B HACTYIIHI TONMHU Pi3KO 3pOC-
TaJla KiJIbKiCTh 3arnonux KiaituH (tadn. 1). Tak, yepe3
24 rop mics ONpOMiIHEHHS BMICT 3arMOJIMX KJIiTUH Y
cycrieHsii 3 pimepom craHoBuB 6;113bKO0 24,0 %, y cyc-
MeH3il KIITUH, TOMIllleHNX y Tnuy3iiiHi KaMmepu, — B
cepenHbomy 32,3 %, a B cycrieH3ii 6e3 cTpoMaibHOIO
dimepa — 75,0 %. 1 napeiuri, yepe3 48 ron CriBKyIbTH-
BYBAHHSI BMiCT 3arMOJIMX KJIITUH Y CYCHEH3i1 3 KOHTaK-
ToM 3i cTpoMolo ckianas 40,5 %, 6e3 MpsIMOro KoH-
TaKTy 3i cTpoMolo — 6J13bK0 61,3 %, a B cycnieH3ii 0e3
cTpoMaiibHoro digepa — 80,8 %.

Ta6nuusa 1

Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

be mentioned that the diffusion chambers are made
of a gel, which allows the diffusion of macromole-
cules from the outside [16], but prevents contact
between mesenchymal and hematopoietic cells.

After two days of co-cultivation the suspension of
hematopoietic cells was removed and specimens were
prepared using a cytocentrifuge.

At this phase of the investigation the percentage of
live and dead hematopoietic cells in the suspension
was estimated using the trypan blue dye, which can
penetrate cells with impaired membrane integrity.
Such changes are characteristic for the cells, which
have been damaged, in particular, under ionizing
radiation action, as a result of which the death of
irradiated cells is observed — by means of apoptosis,
necrosis or autophagy. The consequence of ionizing
radiation action besides apoptosis induction is also
reproductive cell death, which can be assessed by
clonogenic analysis methods.

Immediately after irradiation, hematopoietic cells
isolated from the bone marrow of irradiated animals
showed rather high viability (approximately 95.0 %),
but in the following hours the number of dead cells
increased sharply (Table 1). Thus, 24 h after irradia-
tion, the content of dead cells in the suspension with
a feeder was about 24.0 %, in the suspension of cells
placed in diffusion chambers — on average 32.3 %, and
in the suspension without a stromal feeder — 75.0 %.
Finally, after 48 h of co-cultivation the content of
dead cells in the suspension with contact with the
stroma was 40.5 %, without direct contact with the
stroma — about 61.3 %, and in the suspension with-
out a stromal feeder — 80.8 %.

PiBeHb KniTMHHOT 3arubeni B cycneHsii remonoeTnyHux Knitun muwein Balb/C nicna onpomineHHs y cybne-
TanbHiW A03i NPU KyNbTUBYBAHHI in vitro B NPUCYTHOCTI CTpomManbHOro igepHoro wapy

Table 1

Level of cell death in the suspension of hematopoietic cells of Balb/C mice after irradiation at a sublethal

dose during cultivation in vitro in the presence of stro

mal feeder layer

Tun KYALTYD KIITWH in vitro Mpyna BipcoTok 3aruGnux KnituH y cycnemsii.
KyETYD o by Percentage of dead cells in the suspension

Type of cell cultures in vitro Group 0 roa/h 24 ron/h 48 rog/h
CycneHsiitHa 3i CTpOMabHUM (ifEepHUM LLApOM / Kontpons / Control 20+0,8 6,0+0,8 11,3+1,0
Suspension with stromal feeder layer OnpomiHeHHs / Irradiation 5,8 £ 1,0 240+1,8" 40,5 + 2,6*
CycnensiitHa y audy3iiiHnx kamepax 3i CTPOMaNbHUM GiAEpHIAM LLIapoM / Kontpons / Control 1,8+0,5 6,310 11,5+0,6
Suspension in diffusion chambers with stromal feeder layer OnpomixeHHs / Irradiation 55+0,6 32,3 +3,5* 61,3 £2,8*
CycneH3iliHa 6e3 cTpoManbHOr0 GiaepHoro Lwapy / KoHtponb / Control 25+0,6 10,815 19,8 +1,7
Suspension without stromal feeder layer OnpomiHeHHs / Irradiation 45+0,6 75,0 £2,2* 80,8 + 1,5*

IMpumiTka. *PigHnua Mix rpynamu goctosipHa, p < 0,05
Note. *Difference between the groups is reliable, p < 0.05
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PucyHoK 2. Mpenapatu knituH KictkoBoro Mo3ky muwen nidii Balb/C nicna onpomiHeHHs B cybneTanbHiii
A03i. ANONTOTUYHI KNiTUHM Ha cTaaii 6nebiHry. 3abapeneHHs 3a ManneHreimom, 36. x 900.

Figure 2. Specimens of bone marrow cells of Balb/C mice after irradiation at a sublethal dose. Apoptotic cells

at the phase of blebbing. Pappenheim staining, x 900.

JocnimkeHHs: mperapaTiB TeéMOINOeTUYHUX KJTiTUH
JO3BOJIMJIO BUSIBUTU 3HAYHY KUJIbKICThb KJITUH 3i
3MiHEHOI0 MOPQOJIOTi€I0, a TAKOX KIITWH Ha CTafii
anonTto3y (puc. 2). Ilpu nmochigkeHHi Tpernaparis
KJIITUH BU3HA4YaJIM HasIBHICTh allONTOTUYHUX 3MiH 3a
TaKUMM O3HaKaMHU, SIK MiKHO3, (pparMeHTallis sapa i
TaK 3BaHW OJeOiHT ((popMyBaHHS BE3WKYJ Ha IO-
BepxHi KiiTuH). KpiM Toro, BUSIBISIIN Taki 3MiHU, SIK
BaKyoJlizallis LIMTOIIa3MU TEeMOIOETUYHUX KIIITUH,
MaTOJIOTiYHI MiTO3M, ABOSIACPHI KJIITUHU, NATOJOrYHA
3€pPHUCTICTh LMTOIIA3MHU, HASIBHICTb BOPCUHYACTHUX
BiIPOCTKIB KJIITUH Ta iHIIIi.

HactynmauMm etanom OyB KJIOHOT€HHUM aHai3 TeMo-
MOETUYHUX CTOBOYPOBUX KJIITUH i KIITUH-MOMEPEIHM -
KiB Y KyIBTypi Audy3iiiHNX Kamep in vivo. Lle no3Bonm-
JIO OLIIHUTM iXHIO 3[aTHICTh OO YTBOPEHHS KOJOHIM
(puc. 1B), KoXHa 3 SIKUX MOXOAUTb 3 OAHIEI KIITUHU,
1110 BOJIOIi€ BUCOKMM MPOJTihepaTUBHUM ITOTEHIIIATOM.

VY pesyinbrati npoBeneHUX N0CTiAKEeHb 0Y10 BUSIBIE-
HO CYTTEBUI BIUIMB CTPOMHU Ha €(EeKTUBHICTb KO-
JIOHIEYTBOPEHHS T€MOITOETUYHUX KJIITHUH 3a ii 0e3mo-
CepeIHbOr0 KOHTAKTYy 3 HUMM (TabJ. 2), a came: CIoc-
Tepirajaocsl MiIBUILIEHHS KiJbKOCTI KOJIOHIEYTBOPIO-
ounx oguHULb (KYO) B KynbTypax ompoMiHeHMX KITi-
TUH, SIKi 3a3J1aJIeTiIb B3aEMOIISIINA 3 Me3eHXIMaJTbHUMU
CTPOMAJILHUMM KJIiTUHaMU in vitro (25,2 £ 1,9 KYO Ha
100 000 excrmaaHTOBAHUX KJTWH), y TIOPIiBHSIHHI 3
KJIITUHAMU, SIKi HampsAMy He B3aEMOJISUIN 3i CTPOMOIO
(15,3 = 2,8 KYO). ¥ Toi1 ke yac, 3a BiICyTHOCTi CTpO-
MajbHOro (igepHoro apy, InpoJicdepaTUBHUIA MO-
TEHIIiaJI TeMOITIOeTUYHMX KJIITUH Y KYJIBTYpi in vivo OyB
3HAYHOIO Mipoto 3HMKeHuit (9,5 + 1,6 KYO).

OTxe, Me3eHXiMabHiI CTPOMAaJIbHI KJIITUHU KiCTKO-
BOrO MO3KY CYTTEBO BIUIMBAIM Ha (DYHKLIOHYBaHHS
reMOnoeTUYHUX CTOBOYPOBUX KJIITHUH i KIIITUH-MOIE-

The study of hematopoietic cells’ specimens
allowed revealing a significant number of cells with
altered morphology, as well as cells in the stage of
apoptosis (Fig. 2). When studying cell specimens,
the presence of apoptotic changes was determined
by such features as pyknosis, nuclear fragmentation,
and so-called blebbing (forming of vesicles on the
cell surface). In addition, such changes were detect-
ed as vacuolization of hematopoietic cells’ cyto-
plasm, pathological mitoses, binucleated cells,
pathological granularity of the cytoplasm, the pres-
ence of villous cell spurs, and others.

The next phase was a clonogenic assay of
hematopoietic stem and progenitor cells in the diffu-
sion chambers culture in vivo. This allowed assessing
their ability to form colonies (Fig. 1B), each of
which is derived from a single cell that possesses high
proliferative potential.

As a result of the performed studies, a significant
influence of the stroma on hematopoietic cells’
colony-forming efficiency was observed in case of its
direct contact with them (Table 2). Namely, an
increase in the number of colony-forming units
(CFU) was observed in the cultures of irradiated
cells, which had previously interacted with mes-
enchymal stromal cells in vitro (25.2 £ 1.9 CFU per
100 000 explanted cells), compared to the cells,
which did not directly interact with the stroma
(15.3 £ 2.8 CFU). At the same time, in the absence
of a stromal feeder layer, the proliferative potential of
hematopoicetic cells in the in vivo culture was signif-
icantly reduced (9.5 + 1.6 CFU).

Thus, bone marrow mesenchymal stromal cells
significantly influenced the functioning of
hematopoietic stem cells and progenitor cells
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EcdheKTUBHICTb KONOHIEYTBOPEHHA reMonoeTUYHUX CTOBOYPOBUX KNiTUH KicTKOBOro Mo3ky muwei Balb/C nicna
onpomiHeHHA B cybnetanbHin fo3iy Kynbtypi audysiitHnx Kamep in vivo

Table 2

Colony-forming efficiency of bone marrow hematopoietic stem cells of Balb/C mice after irradiation at a sub-

lethal dose in the diffusion chambers culture in vivo

Tun KynbTYp KNITHH in vitro
Type of cell cultures in vitro

EdekTuBHICTL KONIOHIEYTBOPEHHS in Vivo
Efficiency of colony forming in vivo

Kontponb / Control OnpomiHeHHs / Irradiation

CycneHsiitHa 3i CTpOManbHUM (ifepHUM LLAPOM

+ +19*
Suspension with stromal feeder layer 35.0+28 22%18
CycneHsiiiHa y audysiitHuX kamepax 3i CTPOMaNIbHUM GiIEPHUM LLIAPOM 342499 15.3 + 2 8*
Suspension in diffusion chambers with stromal feeder layer e o
CycneHsiitHa 6e3 CTpoManbHOro difepHoro wapy 308=15 9,5+ 1,6*

Suspension without stromal feeder layer

IMpumitka. *PisHnug Mix rpynamm goctoipHa, p < 0,05
Note. *Difference between the groups is reliable, p < 0.05

pEeIHMKIB, $Ki 3a3HajJii BIUIMBY iOHi3ylo4oi pamialii,
3HMKYIOUM piBeHb iX 3arubOesi Ta 30epiraroum IixHii
npoJtibepaTuBHUI noTeHIian. [IpoTe ms 1poro HeooO-
XimHa Oe3rmocepenaHsl B3a€EMOZisl MiXX CTPOMOIO Ta OIl-
POMiIHEHUMMHU KPOBOTBOPHUMU KIIITUHAMM, a MEXaHi3M
1IbOTO SIBUIIA 3aJIMIIAETHCS HE 10 KiHIIS 3’ SICOBAaHUM.

ITpurHidyeHHsI CTPOMOIO pajialliiiHO iHAYKOBAaHOI 3aru-
0eJ1i reMOITOeTUYHMX KJIITUH MOXEe CBiTYMUTH IIPO Te, 110
BUXKMBaHHSI CTOBOYPOBUX KJIITUMH OiJIbIIOI0 MipolO 3aje-
JKUTb Bil CUTHAIIB 3 TeMOMOETUYHOIO MiKPOOTOYEHHSI,
HiX BiZl BHYTPIlTHBOKJTITUHHUX IIJISIXiB PETYJISLii amor-
To3y [9]. Cnig TakoX 3a3HAYMTHU, 1110 XOU TeMOMNOSTUYHE
MIiKPOOTOYEHHS MOXE 3MEHIIMTH IIUTOTOKCUYHUIA
edeKT, 3yMoBIeHM i pamiauiitHuM ymkomkeHHsIM JJTHK y
CTOBOYPOBHUX KJIITUHAX, IPOTE HAOYTi MOPYILIEHHS B CUC-
TeMi perapauii DoABIMHUX PO3PUBIB MOXYTb Y MOJATb-
IIOMY CIIPUYNHUTH JielikeMoreHes [17, 18].

Ha ocHOBi 37aTHOCTI Me3eHXiMaJIbHUX CTPOMAaJbHUX
KJIITMH 3a1o0iratv anonTo3y Ta NpUIIBUAIIEHOMY AU-
(¢epeH1IilI0BaHHIO TEeMOITOETUYHUX CTOBOYPOBUX KIIi-
THH MOXHa CTBOPIOBATU KYJBTYpajbHi CHUCTEMH, IO
JO3BOJIATh IMABUILIMTU IXHil TIpoJlipepaTuBHUN T10-
TeHILiaJ i JoBlIe 30eperty HeaudepeHLiiioBaHUI cTaH
kiituH [19, 20].

BNMCHOBKH

VY pesyabTaTi NpoBeAeHUX AOCTiIXKEHb 0y10 BUSIBJICHO,
o O6e3nocepenHst B3a€EMO/isl TeMOIMOETUYHUX CTOBOY-
pOBUX KIJITUH 1 KJIITUH-NONEPEIHUKIB OIMPOMiHEHUX
muieii Balb/C 3i ctpoManbHUMU KJIITUHAMMU B KYJIBTYpi
in vitro 3HUXKY€E piBeHb pajiallilHO-iHAYKOBaHOI 3arv-
Oesli B reMoNoeTUYHMX KJliTMHaxX. KpiM Toro, 1s B3ae-
MoJiss 3amo0ira€ MPUrHIYEHHIO KJOHOT€HHOIro II0-

exposed to ionizing radiation, reducing their death
rate and preserving their proliferative potential.
However, this requires a direct interaction between
the stroma and the irradiated hematopoietic cells,
and the mechanism of this phenomenon remains
incompletely understood.

The suppression of radiation-induced hemato-
poietic cell death by stroma may indicate that stem
cell survival depends more on the signals from
hematopoietic microenvironment, than on intra-
cellular pathways of apoptosis regulation [9]. It
should be also mentioned that although the hema-
topoietic microenvironment can reduce the cyto-
toxic effect, caused by radiation-induced damage
of DNA in stem cells, however, acquired defects in
the reparation system of double-strand breaks may
subsequently cause leukemogenesis [17, 18].

Based on the ability of mesenchymal stromal
cells to prevent apoptosis and accelerated differ-
entiation of hematopoietic stem cells, it is possible
to create cultural systems, which will allow
increasing their proliferative potential and main-
taining the undifferentiated state of the cells for a
longer period [19, 20].

CONCLUSIONS

As a result of performed investigations it was
revealed that the direct interaction of hematopoi-
etic stem and progenitor cells of irradiated Balb/C
mice with stromal cells in the in vitro culture
reduces the level of radiation-induced death in
hematopoietic cells. Along with that, this interac-
tion prevents the suppression of stem cells’ clono-
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TeHLIiaJly CTOBOYpOBUX KJIITUH, SIKE 3a3BUMYail BUHUKAE
nopu il ioHi3yro4yoro BUIIpOMiHIOBaHHS. OTXe, Me-
3eHXiMaJIbHI CTPOMaJIbHI KJIITUHU SIK KOMIIOHEHTU Te-
MOITOETUYHOTO MiKpPOOTOUEHHS BiirpaloTh KIIIOYOBY
poJib Y BiAHOBJIEHHiI (DYHKIIIOHYBaHHS KPOBOTBOPHMX
KJIITMH 3a YMOB il i0Hi3yt04oi pafdiallii B cybJjeTalbHil
no3i. i gaHi MoXyTb OYTM BUKOPUCTAHI IJIs pO3pOOKU
HOBHUX KYJbTYpaJbHUX MoOJeJiell 1 BUBYEHHS il
iOHi3y10401 pamiallii Ta eKCHaHCii TeMOIMOETUYHUX CTOB-
OypOBUX KIIITUH ex Vivo.
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genic potential, which usually occurs under ioniz-
ing radiation action. Therefore, mesenchymal
stromal cells as components of the hematopoietic
microenvironment play a key role in the restora-
tion of hematopoietic cells’ functioning under the
influence of ionizing radiation action at a sublethal
dose. These data can be used to develop new cul-
tural models for studying the effects of ionizing
radiation and the expansion of hematopoietic stem
cells ex vivo.
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