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ME3EHXIMAJIbHI CTOBBYPOBI KJIITUHHA TA KIIITUHU-
IHOIIEPEAHUKH KICTKOBOI'O MO3KY IITYPIB B YMOBAX
XPOHIYHOI A1I IOHI3YIOUYOI PAIIALIIL

Mpu Aii i0Hi3yl04Oro BUNPOMiHIOBAHHA Ha KPOBOTBOPHY CUCTEMY CTYNiHb ii ypaxeHHA BU3HAYAETbCA He NuLe pafio-
YYTNUBICTIO FEMONOETUYHUX CTOBOYPOBUX KiTUH, @ it pajialliiHO-iHAYKOBaHUMU 3MiHaMK Y PYHKLiOHYBaHHi MiKpo-
OTOYEHHS, 30KpeMa, Me3eHXiMaNlbHUX CTOBOYPOBMX KNNiTUH AIK MOTO CKNALOBMX.
MeTa po60Tu: BM3HAUMTK 0COGNMBOCTI DYHKLIOHYBAHHA ME3eHXiManbHUX CTOBOYPOBUX KNiTUH Ta KNiTUH-Nonepea-
HUKiB KiCTKOBOTO MO3KY LypiB B yMOBax AOBroTpuBanoi Aii ioHi3ylouoi paaiauii BHacnigok iHkopnopauii *Sr.
Marepianu i metoau. Byno BUKOPUCTAHO MOAENb BHYTPilWHLOTO ONPOMiHEHHA pagioHyknigom *°Sr wypis Bictap Ta
30iICHEHO KyNbTUBYBAHHSA in Vitro Me3eHXiMaNbHIUX KNiTUH IXHLOTO KiCTKOBOIO MO3KY. Bu3Hauanu nokasHuku edektus-
HOCTi KONIOHiEYTBOPEHHSA Yy KYAbTYPi in vitro Ta 3aaTHICTb LMX KNiTUH chopMyBaTH igepHMii Wwap i nigTpumyBaTh Kpo-
BOTBOPHi KNiTUHM KiCTKOBOrO MO3KY LYPiB Yy KynbTypi andy3inHux kamep in vitro.
Pe3ynbtat Ta BUCHOBKM. 3'ACOBAHO, WO XPOHiYyHA Aif IHKOPNOPOBAHOro pafioHyknigy *°Sr 3ymoBnioBana cyTreBe
3MeHLIEHHS Y NOPIBHAHHI 3 KOHTPONEM NPoNiepaTMBHOT aKTUBHOCTI ME3eHXiMaNbHUX CTOBOYPOBUX KNiTUH, @ TaKOX
NPUrHiYeHHA 34aTHOCTI chopMoBaHMUX HUMU (ifepHUX WaAPiB A0 LOBrOTPMBANOi NigTPUMKM NPOLECIB reMonoesy in
vitro.
Omke, me3eHxiManbHi CTOBOYPOBiI KNiTUHW KiCTKOBOrO MO3KY Ta iXHi HAMOAMXKYI HAWAAKM — KNiTUHU-TIONEPeAHUKM
npu Aii ioHi3yl0y4oi pagialii xapakTepu3yBanucb J0BOJT BUCOKOK PAAioyyTIMBICTIO, WO MPOSBAANOCH Y CYTTEBOMY
3HMKEHHT BHACNiLOK ONPOMiHEHHS TXHbOT (YHKLIOHANbHOT aKTUBHOCTI Y KYNbTYPi in Vitro NOPiBHAHO 3 KOHTPONEM.
KnioyoBi cnoBa: me3eHxiManbHi KNiTUHM, KiCTKOBMiIA MO30K, CTOBOYpPOBi Ta KNiTUHM-NONepegHUKM, ioHi3yloua
papialis, CTpoHUiii-90, KynbTypa KNiTUH in vitro.
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Mesenchymal stem and progenitor cells of rats' bone marrow under chronic
action of ionizing radiation

Under the influence of ionizing radiation on hematopoietic system, the level of its injury is determined not only by
the radiosensitivity of hematopoietic stem cells, but also by radiation-induced changes in microenvironment func-
tioning, in particular, mesenchymal stem cells as its components.

Objective: to define functioning characteristics of mesenchymal stem and progenitor cells of rats” bone marrow
under prolonged action of ionizing radiation as a result of **Sr incorporation.

Materials and methods. We applied the model of Wistar rats’ internal irradiation with *°Sr radionuclide and per-
formed the in vitro cultivation of their bone marrow mesenchymal cells. Colony-forming efficiency in the in vitro cell
culture was determined, as well as the possibility of these cells to form feeder layers and to support rat bone mar-
row hematopoietic cells in the culture of diffusion chambers in vitro.

Results and conclusions. We established that chronic action of incorporated *°Sr radionuclide induced considerable
decrease in proliferative activity of mesenchymal stem cells comparing to control, as well as the inhibition of the
capability to prolonged support of hematopoietic processes in vitro by their feeder layers.

Thus, bone marrow mesenchymal stem cells and their closest progeny — progenitor cells were characterized by rather
high radiosensitivity under the influence of ionizing radiation, which was revealed in considerable decline of their
functional activity in cell culture in vitro comparing to control indices as a result of irradiation.

Key words: mesenchymal cells, bone marrow, stem and progenitor cells, ionizing radiation, Strontium-90, cell cul-

ture in vitro.
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BCTYII

OIHUMU 3 HaWBaXJIMBIIIUX €JIEMEHTIB KPOBOTBOPHOTO
MIKPOOTOUYEHHSI € Me3eHXiMallbHi CTOBOYPOBi KJIITUHU
Ta IX HOXiJIHI — OCTe00JIACTU, OCTEOLIUTU, aAUIIOLIUTH, a
TaKOX AaIBEHTUINHi, PETUKYISIPHI KJIITUHU i €HIO-
TediouuTu. Bigomo, 1o mpu Aii i0HiI3yHO4Oro BHII-
POMiHIOBaHHSI Ha KPOBOTBOPHY CUCTEMY CTYIIiHb ii ypa-
JKeHHSI BU3HAYAETHCS HE JIMIIE CTYIIEHEM pPaaiouyT/iuv-
BOCTi TE€MOMNOETMYHUX CTOBOYPOBUX KIITUH, a W
pafialiifHO-iHAYKOBAaHMMU 3MiHAMM Y (DYHKIIIOHYBaHHi
MiKpooTOo4YeHHs [1].

MeseHximManbHi CTOBOYPOBI KIIITMHHM 3a3BMYail BBaXka-
IOThCS TOBOJTi paliope3UCTEHTHUMU, TIPUHAMHI ITOPiBHSI-
HO 3 TeMOMNOETUYHMMM CTOBOYpPOBUMU KJIiTMHaAMU [2, 3].
Psan dakTopiB, y TOMY YMCITi TIITOKCisl, 30aTHI MiABUIILY-
BaTU PE3UCTEHTHICTh ME3€HXIMaJIbHUX KJIITUH MpU Oii
ioHi3yrouoi pamianii [4]. IIpoTe Bimomo, 1110 cepel HUX €
cyoronyJisiiii 3 BUCOKOIO paaiouyTIMBICTIO, 110 3peLl-
TOIO 3YMOBJIIOE YIIKOIKEHHSI T€MOIIOETUIHOTO MiKpO-
OTOYEHHST MpPU Aii i0Hi3yl0UOoTO BUIIPOMiHIOBAaHHSI Ha
KicTKOBUU M0O30K [5]. 30kpemMa, OyJ0 BUSBIEHO, IO
npyu 3HAYHOMY padiallilHOMY YypaXeHHi BCbOIO Op-
raHizmMy yIIKOMXYETbCS TaKOX i reMOMoeTUYHE MiKpO-

INTRODUCTION
One of the most important elements of hematopoi-
etic microenvironment are mesenchymal stem cells
and their derivates, those are osteoblasts, osteo-
cytes, adipocytes, as well as adventitional cells,
reticular cells, and endotheliocytes. It is known that
under the influence of ionizing radiation on
hematopoietic system, the level of its injury is deter-
mined not only by the level of hematopoietic stem
cells radiosensitivity, but also by radiation-induced
changes in microenvironment functioning [1].
Mesenchymal stem cells are usually considered
to be rather radioresistant, at least comparing to
hematopoietic stem cells [2, 3]. Several factors
including hypoxia are able to enhance the resist-
ance of mesenchymal cells under ionizing radia-
tion action [4]. However, it is known that there are
subpopulations with high radiosensitivity, which
consequently cause the damage of hematopoietic
microenvironment in case of ionizing radiation
action on the bone marrow [5]. For instance, it was
defined that after major radiation affection of the
whole organism the hematopoietic microenviron-
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OTOYEHHS, BHACIOK YOTO MOXe OyTH Hee(heKTUBHOIO
TPaHCIUIAHTALlil TEMOMOETUYHUX CTOBOYPOBUX KIIITUH
[6]. ToMy poLIBHUM OYJIO TOCTIAUTH BILJIMB 10HI3YI04YO1
pamianii BHaciimok iHkopropauii *’Sr Ha (QYHKIIOHY-
BaHHS ME3€HXIMaJIbHUX CTOBOYPOBUX KJIITHH Ta KJIITUH-
MOIEePENHUKIB Y KYJBTYpI in vitro.

Paninre namum Gyna mpoBeneHa OIliHKa (PYHKIIIOHY-
BaHHS TeMOIIOETUYHUX CTOBOYPOBUX KJIITWMH Jabopa-
TOPHMX TBApUH 3a YMOB Aii *’Sr, a TaKOX CTaH KPOBOT-
BOPHOTO MiKPOOTOYEHHS ONPOMiHEHUX LIYpPiB i 0COO-
JIMBOCTi IpoOLEeCy reMoI1oe3y BHACiI0K 3MiH y pery-
JIITOPHUX BIUIMBaxX YIIKOIXeHoi ctpomu [7, 8]. Jlana
poboTa MpucBsiYeHA BUBYEHHIO (PYHKIIOHAJIbHOI aK-
TUBHOCTI Me3eHXiMaJlbHUX CTOBOYPOBUX KJIiTUH
KiCTKOBOro MO3KY LIIYpiB B yMOBax /il i0Hi3yw04o0i pa-
niarii.

META JOCJIIJIZKEHHA

MeTtoro poboTH Oy0 BM3HAYUTH (PYHKIIOHAIBHY aK-
TUBHICTb Me3eHXiMaJIbHUX CTOBOYPOBMX KJIITMH Ta iXHiX
HaROMVDKIMX HaIlaIKiB — KJIITUH-TIONEPETHUKIB KiCTKO-
BOTI'O MO3KY IIYPiB SIK CKJIAIOBUX KPOBOTBOPHOTO MiKpO-
OTOUYEHHSI B yMOBaxX JOBrOTpUBaNOi il iOHi3yHO4OIl
panianii BHacJimoK iHKopropallii B opraHiami TBapuH *°Sr.

MATEPIAJIN I METOJIN

HocnigxeHHs1 0yJu MpoBeAeHi 3 BUKOPUCTAHHSIM LIypiB-
camiiB Bicrap. ExcriepyMeHTaTbHUM TBaApUHAM IIOACH-
HO BBOIWJIM PO3YMH XJIOPULY *’Sr 3 METOIO JOCATHEHHS
MOIJIMHYTOI y CKeJleTi A03u y po3Mipi 1 Ip mo KiHug
nepioay BBeJAeHHs pagioHykiiny. Bci MaHimyssuii 3 TBa-
pUHAMU TTPOBOIWIIM BiATIOBIIHO 10 BUMOT 0iOETUKMU.

s X nochiKeHb 0yJI0 BUKOPUCTAHO JECSTh IIypPiB
BicTap, onpomineHux *Sr, i TaKy 3K KiJIbKiCTh KOHTPOJIb-
HuX TBapuH. KiCTKOBMI MO30K CTErHOBUX KiCTOK KOXK-
HOI TBapMHMU CJIYTYBaB JKEPEIOM JIJIsI IOCTAaHOBKHU I’ ITU
KYJBTYp KJITUH i1 Vitro y TIJTACTUKOBUX KYJIBTYPaTbHUX
maTpalax s Bu3HayeHHs nmokasHuka KYOd@, a tTakox
JUIST OTpUMaHHS (igepHOro mapy y LIECTUIYHKOBOMY
KyJbTypajJbHOMY TuTaHIeTi. OOYMCIIOBaIN CepeaHE
3HAUYEHHsI MOKA3HUKiB KOJIOHIEYTBOPEHHS 3 YCiX KYJBTYP
Ta CTaHAapTHe BimxujaeHHs. JIOCTOBipHICTh BimMiHHOC-
Telt MiX cepelHiMU 3HaUYeHHSIMU €KCIIEpPUMEHTAaJIbHOI Ta
KOHTPOJIbHOI TPyl BM3HAJyajlu 3a JIOIOMOIOI0 f-KpH-
tepito CTerofeHTa (piBeHb 3HaUyIocTi p < 0,05).

Hns  ouiHkM @yHKLUiOHAJIbHOI AaKTUBHOCTI Me-
3eHXiMaIbHUX KJIITUH-TIOIEPEAHUKIB KiCTKOBOTO MO3KY
OINPOMiIHEHUX LIYPiB MPOBOAWIN BU3SHAYEHHS €(PEKTUB-
HOCTi 1X KOJIOHi€YTBOPEHHS ILLISIXOM ABOTHXKHEBOTO
KyJBTUBYBAHHS y KYJBTypalibHill cucTeMi in vitro. Kpim
TOro, OyJO BUKOPMCTAHO MOjAEJb i3 TeJleBUMU M-

ment was also injured, which resulted in the inef-
ficiency of hematopoietic stem cells transplanta-
tion [6]. Hence, it was appropriate to investigate
the influence of ionizing radiation due to *°Sr
incorporation on mesenchymal stem and progeni-
tor cells functioning in cell culture in vitro.

Previously we have performed the assessment of
hematopoietic stem cells functioning under *Sr
action on the laboratory animals, as well as the state
of hematopoietic microenvironment of irradiated
rats and characteristics of hematopoietic process as
a result of alterations in regulatory influence of
damaged stroma [7, 8]. Current work is dedicated to
the investigation of mesenchymal stem cells func-
tional activity obtained from the bone marrow of
the rats under ionizing radiation action.

OBJECTIVE

The aim of investigation was to determine the func-
tional activity of mesenchymal stem cells and their
closest progeny — progenitor cells of rats’ bone mar-
row as the components of hematopoietic microenvi-
ronment under prolonged action of ionizing radiation
as a result of *Sr incorporation in animals’ organism.

MATERIALS AND METHODS

Investigations were performed using Wistar male
rats. Experimental animals obtained *°Sr chloride
solution daily to reach internal absorbed dose of 1
Gy in the skeleton till the end of administration
period. All the manipulations with animals were
led according to bioethics principles.

For these investigations we used ten Wistar rats
irradiated with *°Sr and the same number of
control animals. Bone marrow of the femoral
bones of each animal was the source for five cell
cultures in vitro in plastic cultural flasks for
CFU-f determination, as well as for feeder layer
obtaining in 6-well cultural plate. We assessed
the mean value of colony-forming indices from
all the cultures and their standard deviation.
Certainty of differences between the mean val-
ues of experimental and control groups was
determined using Student’s 7-test (significance
level p < 0.05).

To investigate functional activity of bone mar-
row mesenchymal progenitor cells of the irradi-
ated rats we determined their colony-forming
efficiency by means of two-week cultivation in
the cell culture in vitro. Apart from that, the
model with gel diffusion chambers was applied
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¢y3iiiHUMN KamMepaMy Ta MiATPUMYIOYMMU (DiTepHUMU
mapamMu ISl JOCJIIXKEHHST 3JaTHOCTI Me3eHXiMaIbHUX
KJIiTUH 3a0e3redyBaTy (pyHKIIIOHYBaHHS in Vitro Kpo-
BOTBOPHUX KJIITMH-MOINEPETHUKIB KiCTKOBOIO MO3KY 3a
PaxXyHOK CMHTE€30BaHUX HUMU POCTOBUX (PaKTOPiB.

PE3VIJIBTATU TA OBTTOBOPEHHS

BHacninok mpoBeneHMX OOCHiIKeHb OyJI0 3[iliICHEHO
OLIIHKY (DYHKIIiOHAJIbHOI aKTUBHOCTI Me3eHXiMaJbHUX
CTOBOYPOBMX KJIITUH i KJIITUH-TIONEPEAHUKIB, SIK CKJIa-
JIIOBUX KPOBOTBOPHOTO MiKPOOTOUYEHHSI Ta BHU3HAYEHO
BIUIMB Ha HUX OIIPOMiHEHHsI iHKOPIOpOBaHUM *°Sr.

71 11bOTo 3aCTOCOBYBAJIM KYJIBTMBYBAaHHS KiCTKOBO-
MO3KOBMX Me€3eHXiMaJIbHUX KJIiTUH-TIONEPEeIHUKIB OIl-
POMIHEHMX TBApUH Yy CUCTEMi in Vitro 3 TOJAJIBIIOIO
OLIIHKOIO KiJIbKOCTi YTBOpEHUX KOJIOHi. Bimomo, 110
Me3eHXiMalbHi KJIITMHU KiCTKOBOTO MO3KY, Ha BiIMiHY
Bil KpOBOTBOPHUX, IIpYW KYJBTUBYBaHHI in Vitro 3maTHi
afre3yBaTu 10 ITIOBEPXHi KyJBTYpaJIbHOTO IIJIACTHKA,
npoiepyIoTh i 3ro1IoM yTBOPIOIOTh CKYITUEHHSI BEpeTe-
HOMOIiIOHUX KJITUH-(}iOp0o0IaCcTiB, KOXHE 3 IKUX € Ha-
1IAIKOM OAHi€T CTOBOYPOBOI KJIIiITUHU.

3a KOJIOHII0 IIpUiiMaiy KIITUHHI arperat 3 50 i Oi1b-
me ¢didbpobaacTononionux kiaituH (puc. 1). Edek-
TUBHICTh KOJIOHIEYTBOPEHHSI ME3€HXiMaJIbHUX CTOBOY-
POBUX KJIITUH BU3HAYAIOTh 32 KiJIbKICTIO OTPUMAaHMX 10
14-i 1oOM KynbTUBYBaHHS KOJOHIEYTBOPIOIOUMX OOV~
HULb-¢iopodaactiB (KYOd) Ha 1 MIH KyJIETHUBOBAaHUX
KiCTKOBOMO3KOBUX KJIITHH.

ITpu gocnigkeHHi AMHAMIKKY YTBOPEHHST KJIITUHHUX ar-
perariB y KyJIbTypi OyJ10 BUSIBJIEHO 3aTPUMKY KOJOHIEYT-

using supporting feeder layers to determine the
capability of mesenchymal cells to provide in
vitro functioning of bone marrow hematopoiet-
ic progenitor cells due to synthesized growth
factors.

RESULTS AND DISCUSSION

Performed investigations have allowed assessing
the functional activity of mesenchymal stem and
progenitor cells as hematopoietic microenviron-
ment components, and determining the influence
of incorporated *Sr irradiation.

We applied cultivation of bone marrow mes-
enchymal progenitor cells of irradiated animals in
cultural system in vitro with further assessment of
obtained colonies number. It is known, that mes-
enchymal cells of bone marrow, unlike hematopoi-
etic cells, are capable to adhere to the surface of
cultural plastic during in vitro cultivation, to prolif-
erate and later to form the clusters of spin-like
fibroblast cells, each one being the progeny of one
stem cell.

As colonies we accepted cell aggregates consist-
ing of 50 and more fibroblast-like cells (Fig. 1).
Colony-forming efficiency of mesenchymal stem
cells was determined by the number of fibroblast
colony-forming units (CFU-f) obtained till the
14™ day of cultivation per 1 million cultivated bone
marrow cells.

‘While investigating the dynamics of cell aggregates
appearance in culture we revealed the delay in colony

PucyHoK 1. KonoHia meseHxiManbHux KNiTUH-nonepeaHUKiB KicTkoBoro mMo3ky wypis (KYOd) y kynbtypi
KNiTUH in vitro Ha 14-Ty o6y KynbTMBYBaHHA. 3a6apBieHHA 3a PomaHoBcbkuM-Tim3a. 36. x 200.

Figure 1. Colony of mesenchymal progenitor cells of the rats’ bone marrow (CFU-f) in cell culture in vitro on
the 14" day of cultivation. Romanovsky-Giemsa staining, x 200.
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BOPEHHSI Me3eHXiMaJbHUX KJITUH-MOINEPEeIHUKIB KiCcT-
KOBOI0O MO3KY BHACIiIOK [ii ioHi3yrouoi pamiauii. Tak,
nosiBa TeplunuX KJIITUMHHUX CKYNYE€Hb Y KYJIbTYpi KIIITUH
OIPOMiHEHUX TBApUH CIIOCTEpiraaacs Julle Ha 4-Ty 100y
KyJIETUBYBaHHSI, TOMi SIK Y KOHTPOJBbHUX KYJbTypax 1ie
BimOyBasiocs BABiYi LIBUALIE; HA 2-Ty 100y KyJIbTUBYBaH-
Hsl YK€ BUSIBJISLIM HEBEJIMKI I'PYNU BEPETEHOIOMIOHUX
KJTITUH, MPUKPITITIEHUX A0 KYJBTYpaJbHOTO TIJIaCTUKA.

Pesynbratu, orpuMaHi npu miapaxyHky KiekocTi KYOd
y Mpoleci KyJbTUBYBaHHS Me3eHXiMaIbHUX KIITUH-I10-
nepeIHUKiB KiCTKOBOTO MO3KY OIPOMiHEHUX LIYypiB Ta
TBapUH IPyIIM KOHTPOJIIO, IIpeAcTaB/eHi Ha puc. 2. CyT-
T€Bi BimMiHHOCTI y KigbKkocTsax KYOd mix aBoma mo-
CJNIIHUMU TpynaMu 3’SBJISIJIMCH BXXKe HA APYroMy TUXKHi
KyJIBTUBYBaHHS in vitro. Tak, MOKa3HUK KOJOHIEYTBO-
peHHS Me3eHXiMaJbHUX KIITUH-TIONEPEIHNKIB KOHT-
posbHOI Tpynu Ha §-My 100y ctaHoBUB (3,30 + 0,48), a
npu onpoMiHeHHi — (2,30 = 0,48) KYO@. Ha 11-1y no-
Oy KyJIbTUBYBaHHS 1Ii 3HAYEHHS IS €KCIIEPUMEHTaJIb-
HOI Ta KOHTPOJIbHOI I'pyn aopiBHIOBaau (2,90 + 0,32) Ta
(4,40 = 0,52), BiZnmoBigHO.

3arajibHUf MOKa3HUK €(PEeKTUBHOCTI KOJIOHIEYTBO-
PEHHSI Me3eHXiMaJIbHUX CTOBOYPOBUX KIIITUH, SIKUM Y
MiACYMKY BU3HauaBcs Ha 14-Ty noOy KyJIbTUBYBaHHS in
Vitro, CBiTUMB TTPO BUPAXKEHUI BILUIMB iOHi3yI0YOTO BUII-
POMiHIOBAaHHS Ha Li KJITUHHI €IeMEHTU MiKPOOTOUYEH-
Hsl i BKa3yBaB Ha iX paaiouyyTjauBicTb. Tak, y rpymi TBa-
PUH, TigAaHUX XPOHIYHOMY BIUIMBY iHKOPIIOPOBAHOTO
PSr, kinbKicte KYO® Ha 14-Ty no6y ctaHoswmia (3,30 £
0,48) Ha 1 MJIH eKCIJIaHTOBAHMX KJIITUH, TOMI SIK Yy TpyMi
KOHTPOJIIO 1ieli MoKa3HUK OyB y MiBTOpa pa3a BUIIMHI i

forming by mesenchymal progenitor cells of the bone
marrow as a result of ionizing radiation action. Thus,
emerging of the first cell conglomerates in the cell
culture of irradiated animals was observed only on
the 4™ day of cultivation, whereas in control cultures
it happened twice as fast; on the 2" day of cultivation
we have already visualized small groups of spin-like
cells, attached to cultural flask.

The results obtained upon assessing the CFU-f
number in the process of mesenchymal progeni-
tors cultivation from the bone marrow of irradiat-
ed and control animals are shown on Fig. 2.
Distinct differences in CFU-f numbers between
the investigated groups appeared on the 2™ week of
cultivation in vitro. Thus, colony-forming indices of
mesenchymal progenitor cells from control group
on the 8th day were (3.30 & 0.48), and under irradi-
ation — (2.30 = 0.48) CFU-f. On the 11" day of cul-
tivation these values for experimental and control
groups equaled to (2.90  0.32) and (4.40 + 0.52),
respectively.

General indices of colony-forming efficiency for
mesenchymal stem cells, which finally were deter-
mined on the 14™ day of cultivation in vitro, have
shown considerable influence of ionizing radiation
on these cell components of microenvironment
and pointed out their radiosensitivity. Thus, in the
group of animals chronically influenced by incor-
porated *Sr the CFU-f number on the 14th day
was (3.30 £ 0.48) per 1 million cells explanted,
while in control group this index was 1.5 times

KYO¢ Ha 1 maH. Knitud / CFUf per 1 million cells
wW

--e-- Sr90
—&— Kontpons / control

2 " 3 " 4 "5 "6 " 7 '

TepMiH KynbTUBYBaHHA (Ro6m) / duration of cultivation (days)

8 "9 " 10" 1112 " 13

PucyHOK 2. [luHamika KoNOHiEyTBOpEHHA Y KynbTypi in vitro me3eHxiManbHUX KNiTUH-NONEpPeAHMKIB KicTKO-

BOro MO3Ky onpomiHeHux °°Sr wypis.

Figure 2. Dynamics of colony forming by mesenchymal progenitor cells of the bone marrow of rats irradiat-

ed by °°Sr in cell culture in vitro.
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crtaHoBuB (5,10 £ 0,74) KYO@ Ha 1 MJIH KyJIbTUBOBaHUX
KJIiTUH. CtaTucTMyHa 00poOKa OTpUMAHUX PE3yJIbTaTiB
CBiguMIa MNpPO HAsIBHICTb 3aJ0BLIbHOI JOCTOBIPHOCTI Y
PI3HUIII MIX IOCHIIXYBaHMMM TpylnaMu IIiCJIs IBOX
TIKHIB KYJIETUBYBaHHSI.

IMTomanbliMM eTanoM JOCiIKeHb Oyia OlliHKa (PyHK-
LIOHAJILHOTO CTaHy Me3eHXiMaJbHUX KJIITUH-MOIepe-
HUKIiB KiCTKOBOTO MO3KY OIIPOMiHEHHUX TBAPUH, a caMe, iX
3MaTHOCTI chopMyBaTh ifepHUi ap y KyJAbTYpi in vitro
Ta 3a paXyHOK CMHTE30BaHMX HUM POCTOBUX (haKTOpIB pe-
ryJI0BaTU MPOLEC KPOBOTBOPEHHS Y KYJIBTYpI in vitro. J{ns
1ILOTO Ha OTPUMAaHUi1 ¢igep MOMillIaIM TesieBi Tuy3iiiHi
KaMepH 3 TeMOITOSTUIHNMM KIIITUHAMU -TIOTIepeAHUKAMM
i JogaBaiv BiAIOBiAHE KyJBTypaibHe cepenoBulle. Kyib-
TUBYBaJIN KJIITUHU IIPOTITOM 14 1i0 Ta OLiHIOBAIM TTOKa3-
HUKU e(PeKTUBHOCTI 1X KoyoHieyTBopeHHs. KoHTponem
CJIyTYBaJli MOKA3HUKU KOJOHIEYTBOPEHHSI TeMOIOETUY-
HUX KJITUH-TIONEPEAHNUKIB TBAPUH TPy KOHTPOJIIO, TIPU
oMy igepHMii map OyB c)OpMOBaHMIT Me3eHXiMallb-
HUMMU KJIITUHAMU KiCTKOBOTO MO3KY TBapMH 1Ii€i XX IpyIIu.

3a3zHavyeHa MOJe/b KYJIbTUBYBAaHHS KJIITUH J03BOJIMIA
BUSIBUTU 3MiHU y (DYHKIIOHAJbHilA aKTUBHOCTI Me-
3eHXiIMaIbHUX KJIITUH-NONEPEeIHUKIB Yy pe3yabraTi il
ioHi3ylouoi pamiawii. 3okpeMa, OyJio 3’sICOBaHO, IO
(inepHi mapu, chopMoBaHi KITITUHAMU OINPOMiHEHUX
TBapyH, XapaKTEePU3YIOTbCS 3HIZKEHOIO 3IAaTHICTIO IO
OIATPUMKU HaJIeXXHOTO (PYHKLIOHYBAaHHSI KPOBOTBOP-
HUX KJTITUH Y TOPiBHSIHHI 3 KOHTPOJIEM.

OtpuMaHi (igepHi 1apy 3 Me3eHXiMaJIbHUX KJIITUH TO-
BUHHI NPOAYKYBaTU FeMOMNOETUYHI POCTOBI (haKTOpH, Ipo-
Te iX MOXJIMBOCTI 3a0€3I1e4yBaTy MPOLIEC FEMOIOE3Y Y KYJIb-
Typi OyJI TIPUTHIYUEHUMU BHACJIIIOK il i0Hi3yI0UOro BUII-
poMmiHIoBaHHs. Tak, MpH OLliHIOBaHHi MTOKA3HMKIB €(heKTHB-
HOCTI KOJIOHIEYTBOPEHHSI T€MOIOETUYHUX KJITUH-MOMNe-
PEIHVKIB y TeJIeBUX AU(PY3iHIX KaMepax Ha (hiepHMX I11a-
pax OyJ10 BUSIBJICHO X 3HIKEHHS Yy 1,5 pa3a B MOpiBHSHHI 3
KoHTposeM — (9,60 £ 0,97) ta (15,02 £ 0,84) KYO na 10°
eKCIJITAaHTOBAHMX KJITUH, BiIMOBiAHO. Pi3HULIST MixK MOPiB-
HIOBaHVMM TpynaMu cTaTUCTUYHO BiporigHa (p < 0,05).

OTxe, MOXHa TOBOPUTHU IIPO CYTTEBE ITOPYILEHHS
npolleciB (hyHKIIIOHYBaHHS ME3eHXiMaJIbHUX CTOBOYpO-
BUX KJIITUH Ta KJIITUH-TTONEPEAHMKIB IIPU il HA KiCTKO-
BUI MO30K JJabOpaTOpHUX TBAPUH 10HI3yIOUO1 pagiallil y
BUIIIe3a3HAUEHil 1031 BHACIZOK iHKOpHopallii pamio-
HyKJTiay *°Sr.

BUCHOBKU

OCKiTbKM MOPYILIEHHS Y CUCTeMi KPOBOTBOPEHHST BHACITi-
JIOK OMPOMiHEHHSI MOXYTh CYTTEBO 3aJiexKaTU BiJ CTaHY
Me3eHXiMaJTbHUX CTOBOYPOBUX KJTITUH Ta IXHiX HAILIAAKIB —
KJIITUH-TIONEPEIHUKIB K KIHOUOBUX €JIEMEHTIB r'eMoIloe-

higher and equaled to (5.10 = 0.74) CFU-f per 1
million cultivated cells. Statistical analysis of
obtained results indicated the presence of accept-
able certainty in the differences between investi-
gated groups after two weeks of cultivation.

Further step of research was to assess the func-
tional state of mesenchymal progenitor cells of the
bone marrow of irradiated animals, namely their
capability to form the feeder layer in culture and to
regulate the hematopoietic process in vitro due to
the synthesis of growth factors. For that we placed
gel diffusion chambers with hematopoietic pro-
genitor cells on the obtained feeder layers and
added sufficient cultural media. Cells were culti-
vated during 14" days and then their colony-form-
ing efficiency was evaluated. As control we used
CFU number of hematopoietic progenitor cells of
control animals, when feeder layer was formed by
bone marrow mesenchymal cells of the same
group of animals.

Indicated model of cell cultivation has allowed
determining the alterations in functional activity
of mesenchymal progenitor cells as a result of ion-
izing radiation action. In particular, we found out
that feeder layers formed by the cells of irradiated
animals are characterized by decreased ability to
provide proper functioning of hematopoietic cells
comparing to control.

Obtained feeder layers of mesenchymal cells are
to produce the hematopoietic growth factors, but
their possibility to support hematopoiesis in cul-
ture was inhibited due to impact of ionizing radia-
tion. Thus, while assessing colony-forming effi-
ciency indices of hematopoietic progenitor cells in
gel diffusion chambers on feeder layers we revealed
a 1.5 time decrease comparing to control — (9.60 *
0.97) and (15.02 £ 0.84) CFU per 10° explanted
cells, respectively. The difference between com-
pared groups is statistically certain (p < 0.05).

Consequently, we can assume that there are con-
siderable distortions of mesenchymal stem and
progenitor cells functioning under ionizing radia-
tion action on the bone marrow of animals in the
indicated dose as a result of radionuclide *Sr in-
corporation.

CONCLUSIONS

Whereas the distortion in hematopoietic system as
a consequence of irradiation can significantly
depend on the state of mesenchymal stem cells
and their progenitor cells as key elements of
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TUYHOTO MiKPOOTOUEHHSI, OYJI0 MPOBEAECHO JOCTiIKEHHS
(pYHKILIIOHAJILHOI aKTMBHOCTI ME3eHXiMaIbHUX KJIITUH-TIO-
NepeIHUKIB, OTHUM i3 TIPOSIBIB SIKO1 € 1X 3JaTHICTb 10 Mifl-
TPUMKM KPOBOTBOPEHHS Y KYJIBTYpi in Vitro 3a paxyHOK
CUHTE30BaHMX HUMU POCTOBUX (DaKTOPIB.

V pe3yabTaTi NpoBeAeHUX AOCTIIKEHb BUSBUJIOCS, 1110
Me3eHXiMaJlbHi KJIITUHU-IOIEePEAHUKU KiCTKOBOIO MO3-
Ky BHACJIIJOK XpPOHIYHOI Jii i0Hi3yI0uoi pagiallii BTpaya-
IOTb MOXJIMBICTb HaJICKHUM YMHOM ITiATPUMYBATU FeMO-
noe3 in vitro, 110 BimoOpaXkaeTbCsd Ha KOJIOHIEYTBOPIO-
I0Uili aKTUBHOCTI T€MOMNOETUYHUX KJITUH-TIONEepe-
HUKIB, SIKi Oya1 3aHypeHi B IUy3iiHUX KaMepax Y K1-
BUJIbHE CEPEOBUIIE 3 ONTPOMiHEHUM (PiAepPHUM ILIAPOM.

Ile cBiguuTh MpO BHMILY, HiX 3a3BUYail BBaXaaocs,
pamiovyyTJMBICTh ME3EHXiMaJIbLHUX CTOBOYPOBUX KJIITUH
Ta KJIITUH-TIONEPEeIHUKIB KiCTKOBOTO MO3KY, III0 MOXe
MaTu 3HAYe€HHS MpU po3poOlli cTpaTeriii pamioreparii
OHKOTeMAaTOJIOTIYHMUX 3aXBOPIOBaHb Ta JOCHiIKEHHI
pOJIi MiKpOOTOYEHHSI [JIsl YCHIlIHOI TpaHCIUIaHTallil re-
MOTIOETUYHUX KJIiTUH.
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hematopoietic microenvironment, we performed
the investigation of their functional activity; one its
expression is their capability to support
hematopoiesis in vitro through synthesized growth
factors.

As a result of our research it was determined that
bone marrow mesenchymal progenitor cells due to
chronic action of ionizing radiation have lost their
ability to proper support of hematopoiesis in vitro,
which is respectively revealed in colony-forming
activity of hematopoietic progenitor cells inserted
in diffusion chambers in cultural medium with
irradiated feeder layer.

This indicates higher radiosensitivity of mesenchy-
mal stem and progenitor cells of bone marrow than it
was previously described, which can be important for
the development of radiotherapy strategies for hema-
tological malignancies, as well as for the investigation
of microenvironment role in the process of success-
ful transplantation of hematopoietic cells.
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