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T'YMAHI30OBAHA MOJIEJIDb KYJIbTUBYBAHHS 130JIbOBAHO1
CYCIIEH3II TEMOIIOETUYHUX KIITUH-IIOIEPEJIHUIIb
JJIA BUBYEHHSA BIUIMBY IOHI3YIOUOI PAIIALIIIL IN VIVO

MeTa pocnigeHHA — CTBOPEHHS yMaHi30BaHOT CUCTEMM KyNbTUBYBAHHA KNiTUH No3a opraHiamom nofuHu (Nopu-
Ha—MULWa) 1 BOCNIIKEHHA B HI BNIWBY 10Hi3yl040T pagiauii y 3pocTaoynx 403ax Ha KONOHIEYTBOPIOKOYY 3AaTHICTb re-
MOMOETUYHUX KNiTUH-NONepesHuLb.
Marepianu i metopu. 3pasku KicTKOBOro Mo3Ky oci6 6e3 3axBOpioBaHb CUCTEMU KPOBi KyNbTUBYBANU y reneBux fu-
Gy3iliHMX Kamepax i3 HaniBpPifKUM arapom y YepeBHiil NOPOXHUHI Muwwen NiHii CBA, nigaanux aii ioHisyouoi papgiauii.
MpoBOAMAM NigPaxyHOK KNiTUHHUX arperartie, OTPUMAHUX Y KynbTypi Andy3iHNX Kamep in vivo, Ta BU3HaYanu edek-
TUBHICTb KONIOHIEYTBOPEHHS KNiTUH KiCTKOBOFO MO3KY.
Pe3ynbratu. BusBneHo cTumynauito KONOHIEYTBOPEHHSA Nij Ai€to i0Hi3ylo4yoi pagiauii y 3pocTaoymnx o3ax Ha TBapuH-
peuLnnieHTiB Kamep, WO CBiAYNTb ONOCEPEAKOBAHO MPO CUHTE3 KONOHIECTUMYNIOKYOro haKkTopa B OpraHi3mi muwen i
MPOHUKHEHHA 10r0 y Ancy3iiHI Kamepu 3 KNITUHAMKU KiCTKOBOTO MO3KY NtoAWHW. BuBYEHO Aito Ha opraHiam muwwen
MTOCTATUKIB, AKi B eKCnepuMeHTaNbHO NifibpaHin 1031 BUKAMKAOTb CTUMYIALIID KONOHIEYTBOPEHHSA Y KyNbTypax
KNiTWUH, fIK Yepe3 24 FroAWHK, TaK 1 Yepe3 2 rofuHK Nicns BBeAEHHS.
BucHOBKMU. Y po6oTi OLiHEHO 3[ATHICTb reMOMOETUYHMX KNiTUH-NONEPeAHULb KiCTKOBOTO MO3KY 10 YTBOPEHHS KO-
NIOHIN 1 KnacTepiB Npu KynsTUBYBaAHHI B HaNiBpifKOMY arapi y renesux gudysinHux Kamepax in vivo Ta BCTaHOBNEHO
3B'A30K 3 103010 ONPOMiHEHHS Y BiANOBIAHMX MeXaX, WO CBiAYMTb NPO KNOHANbHUI XapaKTep POCTY KNITUHHUX arpe-
rati y KynbTypi. [TokasaHo, Wwo o6po6aeHHs TBapKH 3a J0OY 40 EKCNEPUMEHTY BBELEHHAM LUTOCTATUKIB 3iCcTaBHe 3
Ai€lo 10Hi3yl040T papialLii i MoXe BUKOPUCTOBYBATUCh 1 BUBYEHHS reMONOoe3y B CUCTEMT «IH0AMHA—MULIAY.
KniouoBi cioBa: reMonoeTuyHi KNiTMHU-NONepeaHMLL, 30BHILIHE PEHTTEHIBCbKE ONPOMIHEHHS, LUTOCTATUKY, KYNbTY-
pa KNiTuH y reneBux Andy3inHuMx Kamepax y CUCTeMi «1tofuHaA—MULWAY.
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HUMANIZED MODEL OF ISOLATED SUSPENSION CULTIVATION
OF HEMATOPOIETIC PROGENITOR CELLS FOR THE
INVESTIGATION OF IONIZING RADIATION INFLUENCE IN VIVO

Objective: development of the humanized system for cells cultivation outside the human organism (human-mouse)
and investigation of the influence of ionizing radiation in increasing doses on the colony-forming ability of
hematopoietic progenitor cells.

Materials and methods. Bone marrow samples of individuals without blood system diseases were cultivated in gel
diffusion chambers with semi-solid agar in the abdominal cavity of CBA mice exposed to ionizing radiation action.
Cell aggregates, which were obtained in the culture of diffusion chambers in vivo, were counted and colony-forming
efficiency of bone marrow cells was determined.

Results. We revealed the stimulation of colony forming under the action of ionizing radiation in increasing doses
on the animals-recipients of the chambers, which indirectly indicates the synthesis of colony-stimulating factor in
the mice organism and its permeation into the diffusion chambers with human bone marrow cells. The effect of cyto-
statics action on the mice organism was investigated, which in experimentally selected dose cause stimulation of
colony forming in cell cultures, both 24 hours and 2 hours after administration.

Conclusions. The ability of hematopoietic progenitor cells of bone marrow to form colonies and clusters was eval-
uated during the cultivation in semi-solid agar in gel diffusion chambers in vivo, as well as the association with the
number of explanted cells in the appropriate range was established, which indicates the clonal nature of cell aggre-
gates growth in culture. It was shown that the treatment of animals the day prior to experiment with administra-
tion of cytostatics is comparable to the action of ionizing radiation and can be used to study hematopoiesis in
«human-mouse» system.

Key words: hematopoietic progenitor cells, internal roentgen radiation, cytostatics, cell culture in gel diffusion

chambers in «<human-mouse» system.
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BCTYII

BruuB ioHi3yro4oi pagiailii Ha 6i0IOTiYHI CUCTeMU MO-
K€ CHPUYMHUTU Oy>K€ LIMPOKUI CIEKTP HACHiIKiB,
30KpeMa, i cepito3Hi nmaToioriyHi craHu. IMOBIpHICTb
KOHTAKTy 3 JIXKEpPEJOM BUIIPOMIHIOBAHHS Ha ChOTOAHI
JIOBOJIi BUCOKA y 3B’A3KY 3 MPOdeciiiHOIO disTbHICTIO
JIIOMWHM Ta HasBHICTIO KEpes i0Hi3ylouoi pamialii y
JToBKiuti. ToMy BaXKJIMBUM € MoJaaiblie BUBUCHHS 3a-
KOHOMIpPHOCTe!l BILUIMBY iOHi3ylOUOTO OMNPOMiHEHHS
Ha OioJIOTiYHI cucTeMH, SIK Ha MOJIEKYJISIPHOMY PiBHi,
TaK i Ha piBHi opraHiB Ta cucteM. OJHI€I0 3 TAKUX CHC-
TeM, 110 BOJIOJIi€ BHCOKOIO PadiouyTIMBICTIO, € KPO-
BOTBOpHa cuctema. PapialiiiHa iHakTuBalliss cTOBOY-
POBUX KPOBOTBOPHUX KJIITWH i KJIITUH, 1O TiJATHCS,
KOMITEHCYETHCSI iCTOTHUM 3POCTaHHSIM BiIHOCHOIL
yacTku npoiidepyrouux kiituH. Lleil mpouec oxomn-
JIIOE KacKaj MOAid Ha KJIITUHHOMY 1 MOJIEKYJISIpPHOMY
PiBHSIX, SIKi, Ha XaJib, HE BPaXOBYIOThCSI B CUCTEMi in
Vitro.

P« Nadiia M. Bilko, e-mail: nadia.bilko @gmail.com

INTRODUCTION

The influence of ionizing radiation on biological
systems can cause a very wide range of conse-
quences, including serious pathological conditions.
The probability of contact with the radiation source
is rather high today due to human professional activ-
ities and the presence of ionizing radiation sources
in the environment. Therefore, it is important to
study further the patterns of ionizing radiation influ-
ence on the biological systems, both at molecular
level and at the level of organs and systems. One of
these systems which possess high radiosensitivity is
hematopoietic system. Radiation inactivation of
hematopoietic stem cells and dividing cells is com-
pensated by significant increase in the relative frac-
tion of proliferating cells. This process involves cas-
cade of events at the cellular and molecular levels,
which, unfortunately, are not taken into account in
the in vitro system.
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OcHoBHaA MeTa peafidallii KIITUHHUX TEXHOJOTii
MOJISITa€ y CTBOPEHHI 11032 OPraHi3MOM ONTUMAIbHUX
YMOB, Y IKUX MOTIJIM O pO3BUBATUCS, IpoTidepyBaTH i
audepeHLiloBaTucsa Oyab-g9Ki KiaiTuHu. Po3pobka
HOBITHiX TMiAXOmiB AJs1 BMBYEHHS [ii iOHi3yl04Oi
paniauii ex vivo 3aJUIIAETbCS OE3YMOBHO BaXKJIMBUM
HamnpsIMKOM y cdepi paniodiooriyHuX AOCHiIKEHb.
Cepen TakuXx IMiIXoniB — KyJBTUBYBAHHS KJIITUH 103a
OpraHi3MOM Y KyJBTYpi in vivo.

KpoBoTBopHa TKaHuHa Oyja, SIK BilOMO, MEPLIMM
00’€KTOM TSI KYJIBTUBYBAaHHS in vitro. MUHYI0 IOHA
100 pokiB, aje i moTernep MPOMOBXKYIOTHCS MOLIYKHU
TaKUX TPUHAOMIB KYyJIBTMBYBaHHS, SIKi O TO3BOJIWIU
BIIPOJOBX TPMBAJIOTO 4Yacy MiATpUMYBaTU MpoJtide-
paiifo i mrudepeHIiloBaHHS TeMOITOSTUYHMX KIIITUH
[1, 2]. PazoM 3 mpupoJHUMU CTBOPEHO O€3J1i4 peKOM-
OiHAHTHUX LIUTOKIiHIB i XKUBWJIBHUX cepeaoBull. I1po-
T€ MiATPUMKA FeMOMO0E3Y ex Vivo LIUM He OOMEXYEThCSI.
Baromuii BHeCOK B yCIillIHE KyJIbTUBYBAaHHS KJIITUH
MPUBHECIN Pe3yJIbTaTU MOCTiIKEHHS MiKPOOTOUYEHHS
i )XopcTKOCTi cyocTpaty. Ha 1ie BKasye aHali3 KiHeTH-
KM nposidepallii eMOpioHaTbHUX CTOBOYPOBUX KITITUH
Ha M’SIKili OCHOBI 3 MoiakpraMigHoro remo [3—5].
3a yac BUBYEHHS TeMOIT0e3y CTBOPEHO AeKibKa MOJIe-
JIe#, 110 iMiTyI0Th (pi3ioJIOTiYHMUI CTaH KPOBOTBOPHOL
TKaHWHU. [ymaHi30BaHa MOJENb «IIOAWHA—MUIIA»
OpeICTaBIIsIE CIIOCIO KYJIBTUBYBAHHSI KJIITUH JIIOAUHU
B OpTaHi3Mi MUIIIE.

IcHye KinbKa BapiaHTiB TOTO, SIK CaMe reéMOITOeTUYHi
KJIITUHU 3 KICTKOBOI'O MO3KY JIIOAWHU OyayTh iMIJIaH-
TOBaHi 10 opraHizmy muiueil. JJocaifHUKK NPOMNOHY-
IOThb BapiaHT, KOJIA CYCITEH3isI KJTITUH CITOYATKY KyJIbTHU-
BYETBbCA in Vvitro. Y 1leil yac 4acTKOBO BiIOYBa€ThCS
npouec IU@EpPeHLiIOBaHHSI TeéMOIIOETUYHMX CTOBOY-
poBux kiituH (I'CK). Jami y cneniansHOMY cKaddommi
(EMHOCTI 3 OPTaHiYHOTO CKJIa YU TOJIiCTUPOITY 3 (PiabT-
pamu) KyasruBoBaHi I'CK pa3zoMm 3 ixHiMU HalllaaKaMu
IMITJIAHTYIOTh IO OpraHizMy MUIIei. Y iHIoMy miaxomi
B OpTaHi3M MUIIEH CITOYATKy 3aHypPIOIOTH cKapdoI,
ITiCJIS1 YOTO MEePEeHOCITh KyJTbTUBOBAHY 3a3/1aJIeTiAb CyC-
neHzito 'CK 4yu BBOISTH Yy XBOCTOBY BEHY MMIIEH
KiCTKOBOMO3KOBi KJIiTUHU, SKi MirpyloTh y IITYYHO
CTBOpEHY [JIs1 HUX Hiy [6, 7]. IcHye criocid BBeneHHS
¢parMeHTa KiCTOUKM i Karcyay HUPKU MUILIEH, 10
SIKOT MIiTPYIOTh T€MOITOETUYHI KJIITUHU MUIIIi-Xa3siHa,
CTBOPIOIOYM OCEPENOK KPOBOTBOPEHHS. Takuii mimxin
Ha3MBAaETHCS TeTePOTOITHOIO TpaHCcIuIaHTaliero [8]. Bei
i MoIeJli TPeaCTaBIsIOTh BiIKPUTI CUCTEMU, V STKUX
I'CK 3acensioTh nponoHoBaHy TepuTtopiio [9, 10, 11].

Hudy3ziiiHi KaMepu € 3aKpUTUMU CUCTEMaMU, Yy SKi
BBOJSITHCSI FTEMOTIOCTUYHI KJIIITUHU JIIOAUHU Y CYCIIEH3i1

The main goal of the realization of cell technolo-
gies is to create optimal conditions outside the
organism, in which any cells could develop, prolifer-
ate and differentiate. Development of the novel
approaches to study ionizing radiation action ex vivo
remains certainly an important area in the field of
radiobiological research. Among such approaches is
the cultivation of cells outside the organism in the in
vivo culture.

Hematopoietic tissue was known to be the first
object for cultivation in vitro. More than 100 years
have passed, but the search is still ongoing for such
cultivation techniques which would allow maintain-
ing the proliferation and differentiation of hemato-
poietic cells for a long time [1, 2]. Along with natural
ones, many recombinant cytokines and nutrient
media have been developed. However, support of
hematopoiesis ex vivo is not limited to this. Significant
contribution into successful cultivation of the cells
was made by the results of investigation of microenvi-
ronment, as well as the stiffness of substrate. This is
indicated by the analysis of proliferation kinetics of
embryonic stem cells on a soft substrate of polyacry-
lamide gel [3—5]. During the study of hematopoiesis,
several models were developed which imitate the
physiological state of hematopoietic tissue.
Humanized <human—mouse» model is a method of
cultivation of human cells in the mice organism.

There are several variants for how exactly
hematopoietic cells from human bone marrow will be
implanted into mice organism. The researchers sug-
gest an option in which cell suspension is firstly culti-
vated in vitro. At this period the process of differenti-
ation of hematopoietic stem cells (HSC) partially
occurs. Then in a special scaffold (container of plexi-
glass or polystyrol with filters) cultivated HSCs
together with their descendants are implanted into the
mice organism. In another approach, firstly the scaf-
fold is implanted into the mice organism, and after
that previously cultivated HSC suspension is inserted
or bone marrow cells are injected into the tail vein of
the mice, which migrate into the artificially created
for them niche [6, 7]. There is a method of introduc-
ing the bone fragment under the capsule of mice kid-
ney, to which hematopoietic cells of the host mouse
migrate, creating hematopoietic compartment. This
approach is called heterotopic transplantation [8]. All
these models represent open systems in which HSCs
repopulate the proposed area [9, 10, 11].

Diffusion chambers are closed systems into which
human hematopoietic cells are injected in suspen-
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nepea TUM, SIK OyTH iMIUJIAaHTOBAaHMMU B OPraHi3M MM-
HIef-peuuITieHTiB. MeToauKa KyJbTUBYBAaHHSI KJIITUH
KiCTKOBOTO MO3KY CCaBIIiB y AUQY3iMHNX KaMepax in
vivo 3anporioHoBaHa 11e B 1960-x poxax [12, 13]. doBe-
JIeHO, 110 TBapUHa-peUMITIEHT KaMmep 3abe3reuye
KYJIBTYpY >XKWUBUJIbHMMHU pPEUYOBMHAMM, LUTOKiHAMU i
pocTtoBuMU akTopamMu. [eMornoe3 HeMOXIMBUI 0e3
PEryJII0I0YOro BIUIMBY JOMEHIB CTPYKTYPH KiCTKOBOIO
MO3Ky. MexaHi3mu mposicdepallii Ta nrudepeHIitoBaH-
Ha I'CK € 6araToKOMIOHEHTHUMU. HaCTUHU LbOTO
MEXaHi3My YIIPaBJIiHHS YTBOPIOIOTH (PYHKIIIOHATBLHUMA
onok — Himy 'CK. Me3enximaabHa TKaHMHA BU3HAUE-
Ha SIK OCHOBHU perymtotounii KommoHeHT Hitn ['CK, i
KPOBOTBOPEHHSI Y KiCTKOBOMY MO3KY € IIPOAYKTOM
B3a€EMO/i1I KOMIIOHEHTIB Hilli. JlociimKeHHs reMonoe-
TUYHUX KJIITUH, 3aHypeHUX Yy AU(y3iiiHUX KaMepaxX B
yepeBHY MOPOXHUHY MUIIEH, € KpOKOM JJisI TTOIJIMO-
JICHOTO BUBYEHHS B3a€EMO[il MiX TeMONOECTUYHUMU
KJIITUHAMU Ta MiKPOOTOUYEHHSIM.

J11s1 cTBOpEHHST KaMep JUISE KYJIbTUBYBaHHSI KiCTKOBO-
TO MO3KY MOXYTh BUKOPUCTOBYBAaTUCH Pi3Hi MaTEpiaJIn.
BoHu He MOBMHHiI BUKJIMKATH Yy pELMIIEHTA i TpaH-
CIUIaHTATy IMYHHOI peaklii, IIpy LbOMY CTBOPIOIOYU
CTIpUSITIIMBE cepenoBuile i (izionorivHoro QyHk-
nionyBaHHs I'CK Ta ixHix moximHux. [Tpuyomy Kamepa
€ He MPOCTO MicleM po3TallyBaHHs KJiTUH. Lle tepu-
TOpisl, Ha SIKiii OyOyeTbCS OCepeaoK KPOBOTBOPEHHSI.
KriTuHu He TOKMIAI0Th KaMepy i He MirpyloTh 330BHi.

Hesnogai 3’scyBajiocs, 110 He TiILKU caM MaTepial,
3 SIKOro nodyaoBaHa Kamepa, ajie i Horo XXopcTKiCTh
BIUTMBAIOTh HAa CAMOIATPUMKY KJITHH y Kamepi. IM
HeoOxigHa BM3HaYeHa M’SIKiCTh HOCis, 1110 3a0e3meuye
MEXaHi4Hy B3aEMOIII0 CTPYKTYp, sSIKi OyaylOTb HOBY
TepuTopito. Tak, Hamu OyJIM 3alIPOIIOHOBAHI KaMepu 3
MoTiaKpMJIaMiZHOTO TeTio. 3aBASKN THYYKOCTI Ta OI-
TUYHIA TIPO30pPOCTi iX 3pyYHO BUKOPUCTOBYBATU IS
aHali3y KiHETUKU PO3BUTKY KJIITUH, HE MOPYLIYIOUU
B3a€EMOPO3TAIllyBaHHS KIITUH. B eKcriepuMeHTaIbHIX
YMOBaX, 3a PaxXyHOK yIOCKOHAJIEHHSI CIIOCOOY BUTO-
TOBJIEHHS TeJIeBOi IU(Py3iiiHOI KaMepU, BAAJIOCh OTPU-
MaTH TaKy kopcTkicTb remo (0,6 kI1a), sika B yMoBax,
HaoinbLI HAOIMKeHUX 10 (i3iooriyHux, 3ade3neuye
MMITPUMKY TeMOTI0e3y B KyJIbTypi KiTiTHH [14].

META JOCJIIZKEHHS

MeTtoro poboTu OyJ0 CTBOPEHHSI T'yMaHi30BaHOI CUC-
TE€MU KYJIbTUBYBaHHS KJIITHH 11032 OPraHi3MOM JIIOIM-
HU (JI0AMHAa—MMIIA), siKa O 103BOJIMJIAa BUBYATH JIit0
iOHi3yl0UO1 pajiallii Ha reMorioe3 JIOIUHU B YMOBax
Haibinbl HAOJMXXKEHUX A0 MPUPOAHMX, a TAKOX
JOCHIAXXEeHHsI Yy Hill BIUIMBY Ha KOJIOHIEYTBOPIOIOUY

sion before being implanted into recipient mice. The
method of cultivation of mammalian bone marrow
cells in diffusion chambers in vivo was proposed in
the 1960s [12, 13]. It is proved that animals-recipi-
ents of the chambers provide the culture with nutri-
ents, cytokines and growth factors. Hematopoiesis is
impossible without the regulatory influence of the
domains of bone marrow structure. The mechanisms
of HSC proliferation and differentiation are multi-
component. Parts of this managing mechanism form
a functional block — the niche of HSC.
Mesenchymal tissue is defined as the main regulato-
ry component of HSC niches, and hematopoiesis in
the bone marrow is a product of niche components
interaction. Investigation of hematopoietic cells
inserted in diffusion chambers in the abdominal cav-
ity of the mice is a step towards profound study of
the interaction between the hematopoietic cells and
microenvironment.

Various materials can be used to develop the cham-
bers for bone marrow cultivation. They should not
cause immune response in the recipient and trans-
plant, at the same time creating the favorable envi-
ronment for the physiological functioning of HSCs
and their derivatives. Besides, chamber is not just the
location area for the cells. This is the territory on
which hematopoietic site is built. Cells do not leave
the chamber and do not migrate from the outside.

It soon became clear that not only the material
itself from which the chamber is made, but also its
stiffness affect self-maintenance of the cells in cham-
ber. They need a certain softness of the matrix, which
provides mechanical interaction of the structures
building new territory. Thus, we have proposed poly-
acrylamide gel chambers. Due to their flexibility and
optical transparency, it is convenient to use them to
analyze the kinetics of cell development, without the
disarranging of cells collocation. Under experimental
conditions, based on the improvement of gel diffu-
sion chamber manufacturing method, it was possible
to obtain such gel stiffness (0.6 kPa), which in the
conditions closest to physiological provides the sup-
port for hematopoiesis in cell culture [14].

OBJECTIVE

The aim of the work was developing the humanized
system of cell cultivation outside the human organ-
ism (human—mouse), which would allow studying
the ionizing radiation action on human
hematopoiesis in the conditions closest to natural, as
well as the investigation of the influence of cytostat-
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30ATHICTb TeMOITOETUYHUX KIITUH-TONepeIHUb M-
TOCTATUKIiB Ta iOHI3yIOUOI pafiallii y 3poCTaloumnx A0-
3ax.

MATEPIAJIM I METOIN

HocnigxeHHs1 0yJ0 MpoBeJAeHe 3 BUKOPUCTAHHSIM MU-
meit CBA 9K peumItieHTiB Kamep, 110 MIiCTUIIA CyC-
MEH31I0 TEMONOETUYHUX KIITUH-TIONEPEAHULIb JIFOIM-
HU Y HamiBpinkoMy arapi. MarepiajioMm /Uisl KyJIBTUBY-
BaHHSI CJYTYBaJIX 3pa3KM KiCTKOBOIO MO3KY, OTpUMaHi 3
¢parmeHTiB pedep, BUIYIEHNX TIPU XipypridyHUX BTPY-
YaHHSX y Mali€HTIB 0e3 TeMaTOJIOTIYHUX 3aXBOPIOBAHb
(15 oci0). [MTauieHTH ganu ycBiioMIeHy 3roay BUKOPHUC-
TOBYBAaTHU iXHil MaTepian 1151 AOCHiIHULIbKUX LIIEH.

Mulieii-peuMnieHTIB 3a3fajierigb MiggaBaad il
10Hi3y1040] paiallii 3 METOIO BUBLIbHEHHS KOJIOHIECTH-
MyJIIOI0YMX (hpaKTOpiB y BIiNMOBiIb Ha OMPOMiHEHHSI.
Tak, 150 tBapuH (Mmuii-camui jiHii CBA) Oyau po3s-
MoIiJieHi Ha 5 Tpym 10 5 TBapWH y KOXHIN rpyri. Omn-
pOMiHEHHS 3[iCHIOBAIN Y Pi3HUX J03aX Ha YCTAaHOBLIL
PYM-17 3 npucrtaBkoio sl poTaliii 00’ekTa, 110 OIl-
POMIHIOETBCS, 31 IIBUOKICTIO 00epTaHHsg 2 00./XB. [1030-
Be HaBaHTaxkeHHs ckiiagano 2 Ip, 4 Ip, 6 Ip, 8 [pi 9 Ip.
Iocra rpyna Oyyia He orpoMiHeHa i BBaxaaacs KOHT-
posibHOI0. EKCITepUMEHTH TTPOBOAWIIM Y I1'SITU TTIOBTO-
pax. Bci maninynguii 3 TBapuMHaMM 3iMiCHIOBaIU
BiIMTOBITHO 10 BUMOT 0i0OE€TUKY Ta MIXKHAPOAHUX MPUH-
uMniB €Bporieiicbkoi KOHBEHILIIl MpO 3aXMCT TBApUH i
HAalliOHAJbHOTO 3aKOHOMABCTBA 3 TYMAHHOIO ITOBOA-
JKeHHSI 3 TBApMHAMU, 1110 BUKOPUCTOBYIOTBCS IS €KC-
NepUMEHTAJIbHUX Ta IHIIMX HayKOBUX LILIEH.

Jlo 3pa3KiB KiCTKOBOro MO3Ky AoaaBanu (ocdaTHuit
oybepHuii pozuuH PBS (Invitrogen, HiMeuuuHa) y
crniBBimHomeHHi 1 : 3. KiiTuHHY cycneH3ito Biaaiisiv
nearpudyrysanaaM (30 xB ripu 750 g) y rpamienTi His-
topaque (Sigma-Aldrich, CIIIA) minbHicTio 1,077 1/M1.
Bunineni kiituau tpudi Bimmuanu y PBS (10 xB 250 g),
miapaxoByBaly KiJbKiCTh KJIITUH Y Kamepi [opsieBa i B
KisbkocTi 1 x 10° KIiTUH y HammiBpinKoMy arapi BHOCUIN
y TIOBHE XXUBUWJIbHE CEPEIOBUIIIE, SIKE BKIIIOYAJIO Cepe-
popuiie DMEM (Gibco, Himeuunna), 2 mMoib L-
rmotaMiny (Gibco, HimeuunHa), antubiotnku: 50
Ol/mn menimuwiniHy Ta 50 MI/MJI CTPEeNTOMILIMHY
(Gibco, Himeuunna), 10 % deTtanbHOI Teas1901 CUPO-
Batku (Sigma-Aldrich, CILA) i 0,33 % arap (Difco,
CIIA). QudysiiitHi KaMepyu BU3HAYEHOI KOPCTKOCTI
BUTOTOBJISUIM 3 momiakpuiaMmigHoro remo [14]. Cyc-
MEH3i10 KJIITUH Y HaMliBpiAKOMY arapi BBOIWUJIM LIJISIXOM
MPOKOJIy OOKOBOI CTiIHKM KaMepPH T'OJIKOIO 3 LLIMPULIOM.

Hapani kamepu Oyiu iMILUIaHTOBaHi B YepeBHY MO-
poxxHUHY JiHiHMX Mumeir CBA (2 xamepn Ha MU-

ics and ionizing radiation in increasing doses on the
colony-forming ability of hematopoietic progenitor
cells in it.

MATERIALS AND METHODS

The study was performed using CBA mice as the
recipients of chambers containing the suspension of
human hematopoietic progenitor cells in semi-solid
agar. The material for cultivation were bone marrow
samples obtained from fragments of ribs, removed
during surgical interventions in patients without
hematological diseases (15 individuals). Patients
have given their informed consent to use their mate-
rial for research purposes.

Recipient mice were previously exposed to ioniz-
ing radiation action in order to release colony-stim-
ulating factors in response to irradiation. Thus, 150
animals (male CBA mice) were divided into 5 groups
of 5 animals in each group. Irradiation was carried
out in different doses on the RUM-17 unit with an
attachment for the rotation of irradiated object with
a rotation speed of 2 rpm. The dose load was 2 Gy,
4 Gy, 6 Gy, 8 Gy, and 9 Gy. The sixth group was not
irradiated and was considered as a control one. The
experiments were performed in five repeats. All the
manipulations with animals were carried out in
accordance with the requirements of bioethics and
international principles of European Convention for
the Protection of Animals and national legislation
on the humane treatment of animals used for exper-
imental and other scientific purposes.

PBS phosphate buffer solution (Invitrogen, Germa-
ny) was added to bone marrow samples in the ratio of
1:3. The cell suspension was separated by centrifuga-
tion (30 min at 750 g) in the Histopaque gradient
(Sigma-Aldrich, USA) at the density of 1.077 g/ml.
Selected cells were washed three times in PBS (10 min
at 250 g), the number of cells was counted in the Go-
ryaev chamber, and the cells in the amount of 1x 10° in
semi-solid agar were placed in complete nutrient
medium, which included DMEM medium (Gibco,
Germany), 2 mmol L-glutamine (Gibco, Germany),
antibiotics: 50 U/ml penicillin and 50 mg/ml strepto-
mycin (Gibco, Germany), 10 % fetal calf serum
(Sigma-Aldrich, USA) and 0.33 % agar (Difco, USA).
Diftusion chambers of determined stiffness were made
of polyacrylamide gel [14]. The cell suspension in
semi-solid agar was injected by puncturing the side
wall of the chamber with needle and syringe.

Subsequently, the chambers were implanted in the
abdominal cavity of linear CBA mice (2 chambers per
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11Iy); orepallito MPOBOIWIHN ITiJ TiOIIEHTAJI0BOIO aHEeC-
tesiero (KuiBMennpenapart, YkpaiHa). ¥ 1BOTUKHEBUIA
TepMiH MuUllIeit 3a0MBajIi METOAOM LIepBiKaIbHOIL AUC-
JIoKalii CMUHHOT'O MO3KY, BUJIyJYaau KaMepH i 3aBOSIKU
iXHilf MPO30POCTi BUBYAIM ITiJl iHBEPTOBAHUM MiKpOC-
KonoM (Zeiss, HimeuunHa).

ITigpaxoByBaiu 3arajibHYy KiabKiCTh KOJIOHIl (arpera-
TH, 1O CKJIaAaloThcs OiTbII HiX 3 40 KJTiTUH) Ta Kj1ac-
TepiB (10 40 KJIITUH), 1110 YTBOPUJIUCS B IPOILIEC] KYJIb-
TUBYBaHHS. Br3Hauamu cepenHe 3HAUCHHS IIUX ITOKa3-
HUKIB i CTaHAAPTHE BiAXWJIEHHSI, a TAKOX MOPiBHIOBA-
JIM 1X 3a JOTIOMOTO10 t-KpuTepito CThlogeHTa IJis1 He3a-
JIEXXHUX BUOIpOK; BiIMiHHOCTI BBaxkajiud CTaTUCTUYHO
3HauymuMu npu p < 0,05. OTpumaHi gaHi aHaTi3yBaaIu
3a TIOIIOMOT0I0 iHCTpyMeHTiB Microsoft Excel.

VY HacTtynHill cepil eKCIIEpUMEHTIB OIPOMiHEHHS
TBApUH 3aMiHWJIM Ha OOPOOJEHHS LUTOCTATUKAMM,
JiI0YOI0 PEYOBUHOIO SIKMX € Hukiaodocdamia mo-
Horinpat. Llnknodocdamin — 11e aHTUHEOTIIACTUIHNIA
3acid kiacy okcaszadocdopuHiB. BiH HeakTUBHUIA in
vitro. lluknodocdamia akTUBYETbCS in Vivo, TOJJOBHUM
YHOM, 3a JOIIOMOTOI0 MiKpOCOMAJIbHUX €H3UMIB Y
nevinmi. Lutorokcnuna gmig umkiaodocdaminy Oa-
3YEThCS Ha B3aEMOJIl MixX MOTO aJKiTyBaJJbLHUMU Me-
tabonitamu i JJHK. Ile ankimyBaHHS MPU3BOIUTH IO
po3puBy Ta mepexpecHoro 3’eaHaHHs HUTOK JIHK, a
takox JJHK i 6inkiB [8]. TBapmHaM-peunITieHTaM 3a
J00y 10 eKCIepUMEHTY BBOAWIM LMKIOdochamin
(Sandoz, ABsctpis), nukiodocdan (Arterium, Yk-
paiHa) uu eHaokcaH (Baxter, HimMmeuunHa) y mosax,
nigidpaHuX eMIIipU4YHO. Y BCiX TpbOX BUIIAAKaX 1034
200 Mr/kr macu TBapuH OyJa ONTHUMAJbHOIO i
BilMoBigasa ONPOMiIHEHHIO TBapUH Yy CyOJIeTaJbHil
no3i. HacTynHi etanu KyJabTUBYBaHHS KJITUH OyJau
TaKi K caMi, SIK 1 Tics il ioHi3yrouol pagiaiii.

PE3VJIBTATU TA OBTOBOPEHHA

Binomo, 1o B mpoleci KyJbTUBYBaHHS in Vitro y
HaIiBpiIKOMY arapi reMOIIO€TUYHI KJIITUHU-TTOIepe/I-
HUILIi TpoipepyroTh Ta YTBOPIOIOTH KOJIOHII i KJTacTepu
B KyabTypi. U1 MOXKHA BBaXKaTW KOJOHISIMU KJIiTUHHI
arperaTu, siki popMyIoThCs y MOIIOHUX YMOBAX y rejie-
BUX IUQY3iAHUX KaMepax, IMIIJIAHTOBAHUX Y YePEBHY
MOPOXKHUHY JadopaTopHUX TBapuH? [l Binmosini Ha
1le 3aMMTaHHS HEOOXiMHO OyJI0 3HAWTU MeXi KIITUH-
HUX KOHLIEHTpalill, y 30Hi SKMUX iCHY€ JiHiliHa 3a-
JIEXKHICTb MiXK KUJIBKICTIO €KCIJIAHTOBAHUX KJIITUH Ta
KiJIBKICTIO YTBOpPEHMX B arapi KoJyioHiil. g 1poro
KJIITUHU KiCTKOBOTO MO3KY OOCTEKEHUX OCi0 BBOAUIN
Yy HaIiBpiAKOMYy arapi B rejeBi audysiiiHi kamepu y
KoHueHTpauisx 0,25 x 10°, 0,55 x 10°, 1,65 x 10°, 5,0 «x

(1) 240

mouse); the operation was performed under thiopental
anesthesia (Kyivmedpreparat, Ukraine). Within two
weeks, the mice were killed by cervical dislocation of
spinal cord, the chambers were removed and due to
their transparency they were examined under the
inverted microscope (Zeiss, Germany).

The total number of colonies (aggregates consist-
ing of more than 40 cells) and clusters (up to 40
cells) formed during cultivation was counted. The
mean of these indices and standard deviation were
determined and compared using Student’s t-test
for independent samples; differences were consid-
ered statistically significant at p < 0.05. The
obtained data were analyzed using Microsoft Excel
tools.

In the next series of experiments the irradiation of
animals was replaced by treatment with cytostatics,
the active substance of which is cyclophosphamide
monohydrate. Cyclophosphamide is an antineoplas-
tic agent of the oxazaphosphorine class. It is inactive
in vitro. Cyclophosphamide is activated in vivo,
mainly by microsomal enzymes in the liver. The
cytotoxic action of cyclophosphamide is based on
the interaction between its alkylating metabolites
and DNA. This alkylation leads to the break and
cross-linking of DNA strands, as well as of DNA and
proteins [8]. Recipient animals the day prior to
experiment were administered to cyclophosphamide
(Sandoz, Austria), cyclophosphan (Arterium, Uk-
raine) or endoxan (Baxter, Germany) in empirically
selected doses. In all three cases, the dose of 200
mg/kg of animal weight was optimal and corre-
sponded to the irradiation of animals in sublethal
dose. Subsequent stages of cell cultivation were the
same as after ionizing radiation action.

RESULTS AND DISCUSSION

It is known that in the process of in vitro cultivation in
semi-solid agar hematopoietic progenitor cells prolifer-
ate and form colonies and clusters in culture. Can we
consider as colonies the cell aggregates which are
formed under similar conditions in gel diffusion cham-
bers implanted in the abdominal cavity of laboratory
animals? To answer this question, it was necessary to
find the limits of cell concentrations, in the area of
which there is a linear relationship between the number
of explanted cells and the number of colonies formed in
agar. For this purpose, bone marrow cells of the exam-
ined individuals were injected in semi-solid agar into gel
diffusion chambers in the concentrations of 0.25 x 10°;
0.55x10% 1.65x10°; 5.0x 10%; 10.0 x 10°; 20.0 x 10°, and
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10°, 10,0 x 10°, 20,0 x 10° ta 40,0 x 10° Ha 1 MJ1 cycIeHs3ii.
KitiTHM KicTKOBOTO MO3KY KOXHO1 KOHLIEHTPALIil KYJIb-
tuByBaIM y 8—10 Kamepax. OO0JiK yTBOpEHHST KOJIOHIM
Ta KJacTepiB MPOBOIWIM Ha 14-ii AeHb KYJIBTUBYBaHHSI.

OtpuMaHi pe3yabTaTy HaBeaeHo B TaoOu. 1. ITimpaxoBy-
BaJIM KiJIbKICTb rpaHyJIOLIMTapHO-MaKpoaraibHUX KOJI0-
HieyTtBoprorounx oguHUIb (KYO-I'M). ¥V Hammx mocin-
JKEHHSIX 30Ha JIIHIAHOI 3aJ1e3KHOCTi 3HaXOAMUJIacs B iHTEP-
Baji Big 1,65 x 10° mo 20,0 x 10° kritiH B 1 MJ1 cycrieHsii.

HagBHicTb npsiMoi AiHiAHOI 3a71€3KHOCTI MiX KiJbKOC-
TIMM eKCIIJIAHTOBAHUWX KJIITUH i KOJIOHIH, SIKi chopmy-
BaJIUCh y PE3yJabTaTi iX KyJbTUBYBAHHS B IUPY3ilHUX
KaMepax, CBiTYWTb MpPO KJIOHAJAbHUI XapaKTep POCTY
KJIITUHHUMX arperartiB Ta JOBOIMTb, 1110 BOHU i € KJIOHA-
MU, SIKi CTBOPEHI OJHI€I0 KIITUHO-MONEPeIHULICIO.

3a e(eKTUBHICTh KOJIOHIEYTBOPEHHS OYJI0 MPUITHSITO
KUIBKIiCTh KOJIOHi, $Ki (hOpMYIOTbCS B pe3yJbTari
ekcrianTamii 1 x 10° kmituH. IHoAi BOAeThes OTpUMAaTh
Bim noHopa Mene 1 x 10° kniTuH. SIKy 6 KOHLIEHTpaLIiio
KJIITUH He 0yJIO €eKCIUIaHTOBAHO B KaMepH, iX MOXKHa T1e-
pepaxyBati Ha 1 x 10°, gKILO KiJbKIiCTb KJIITUH 3HAXO-
JUTBHCS B M€XKaX BUSIBJICHOI JIiHiAHOI 3a71€3KHOCTI.

VY pesynbraTi aHanidy KyJabTyp BUSIBUJIOCH, 11O MHpU
ekcrianTaiii 0,05 x 10° 1 0,11 x 10° x1iTHH Ha KaMepy y
TepIIoMy BUITAIKy KOJIOHII yepe3 2 THXXHI He (hopMyBa-
JIMCS, a B IPYTOMY B 1ieii TepMiH 6ys10 oTpuMaHo 2,6 = 0,7
KoJIoHit Ha 1 x 10° mocamKeHUX KITWH. 30iIbIIeHHS
KiJIbKOCTi €KCIUIAHTOBAHUX KJIITUH Y TPY pa3u IIPpU3BEJIO
IO YTBOpeHHs1 Bcboro jaume 12,1 *= 1,2 KOJOHIiA.
BincyTHicTh JiHiIfAHOI 3aJIEXKHOCTI B LIUX KYJBTypax €
CBiIYEHHSIM TOrO, 110 TaKOl KOHLEHTpallil KJIiTUH He-
JOCTaTHLO JJig (hOpMYBaHHSI KOJIOHIil; IJisI HUX He-
00XigHa BU3HAY€HA KOHLEHTpaLlisl KJITUH, sIKa CTBOPIOE

Taonauusa 1

40.0 x 10° per 1 ml of suspension. Bone marrow cells
of each concentration were cultivated in 8—10 cam-
eras. The assessment of colonies and clusters forming
was carried out on the 14" day of cultivation.

The obtained results are shown in Table 1. The
number of granulocyte-macrophage colony-form-
ing units (CFU-GM) was estimated. In our studies,
the linear dependence zone was in the range from
1.65x 10° to 20.0 x 10° cells in 1 ml of suspension.

The presence of direct linear dependence
between the quantities of explanted cells and
colonies formed as a result of their cultivation in
diffusion chambers indicates the clonal character
of cell aggregates growth and proves that they are
clones created by one progenitor cell.

Asthe efficiency of colony forming we accepted the
number of colonies formed as a result of the explan-
tation of 1 x 10° cells. Sometimes less than 1 x 10° cells
can be obtained from the donor. Whatever cell con-
centration was explanted in the chambers, they can
be re-estimated to 1 x 10° if the cell number is within
the detected linear dependence.

As a result of cultures analysis it turned out that
during explantation of 0.05x 10° and 0.11 x 10° cells
per chamber in the first case colonies did not form
within 2 weeks, and in the second case we obtained
2.6 £ 0.7 colonies per 1 x 10° explanted cells in this
period. Three times increase in the number of ex-
planted cells led to the forming of only 12.1 = 1.2
colonies. The absence of linear dependence in
these cultures is the evidence that such concentra-
tion of the cells is not enough for colony forming;
they need a determined concentration of cells,

3anexHicTb KOJNIOHiEyTBOpeHHA Yy reneBux Au(Y3inHUX Kamepax in vivo Bif KiNbKOCTI eKCNNaHTOBaHUX

reMonoeTUYHUX KNiTuH
Table 1

Dependence of colony forming in gel diffusion chambers in vivo from the number of explanted hematopoietic

cells

KinbkicTb knitTd Ha 1 Mn
CyCneHsii
Number of cells per 1 ml
of suspension

KinbkicTb kniTuH Ha 1 kamepy
06’emom 0,2 mn
Number of cells per 1 chamber
with the volume of 0.2 mi

per 1 chamber (CFU-GM)

KinbkicTb KOnOHii
Ha 1 mncycneHsii
Number of colonies
per 1 ml of suspension

KinbKicTb KONOHi Ha
1 kamepy (KYO-I'M)

Number of colonies

0,25x 105 0,05 x 10°
0,55 x 10° 0,11 x 10°
1,65 x 10° 0,33 x 10°
5,0x 105 1,0x 108
10,0 x 10° 2,0x10°
20,0 x 10° 4,0x10°
40,0x 105 8,0x 10°

Hemae pocty / No growth Hemae pocty / No growth
2607 136£25
121+1.2 62,1 £6,5
36,8 £2,3 187,3 £ 12,0
724 +84 360,5 + 17,1
144,0 + 18,2 712,7+ 31,6

3nmBHmii pict / Merged growth 3nuBHwmii pict / Merged growth
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Take iX B3a€EMOpPO3TalllyBaHHS, IO BilMOBiJa€E OMNTHU-
MaJlbHOMY 1XHbOMY CTaHy IJIs TpoJiidepallii KIiTUH Yy
KJIoHax. HagBHICTb JiHIAHOI 3a/1€2KHOCTI Mi>K KOHLICHT-
palii€ro KIiThH, sika 3pocrtaia Big 0,33 x 10° 1o 4,0 x 10° Ha
Kamepy, i KiJIbKiCTIO KOJIOHiI, CBITYUTb MPO BipOTiAHICTb
Takoro npumnyuieHHs. KiabKicThb KOJOHi 30iablIyBa-
Jlacsl JIiHiIMHO Ta JopiBHIOBajia BiamosigHo 36,8 £ 2,3;
72,4 = 8,4; 144,0 = 18,2 KOJOHIil-KJIOHIB (Tabdm. 1).
30UTbIIIEHHS KOHIEHTpAllii KJIITUH TPU3BOIUIO IO
3JIMBHOI'O POCTY KOJIOHil, 110 YHEMOXJIMBJIIOBAIO IX
nigpaxyHoK. ¥ noaajblIuX JIOCTiIKEeHHSIX 0yJI0 oOpaHO
TaKy KOHIEHTpalilo KJiTUH IS eKCIUIaHTallii, sKa
nopiBHIOE 1 x 10° KJTiTUH.

TBapuH-pelMMi€HTIB 3a 100y 10 €KCIIEPUMEHTY OIl-
poMiHIoBaiu B 103i 2 Ip, 4 Ip, 6 Ip, 8 [P i 9 Ip. Byno
3’SICOBaHO, IO IiABUILEHHS e(peKTUBHOCTI KOJIOHIEYT-
BOPEHHSI KiCTKOBOTO MO3KY B KYJIBTYpi KJIITUH BigOyBa-
JIoCs TIpU 30i/IbIIEHHI 103U onpoMiHeHHs Bia 2 Ip i BU-
me (Tabn. 2). MakcumasnbHa e(eKTUBHICTb KOJIOHIEYT-
BOPEHHSI T€MOIIOCTUYHUMU KJIITUHAMU-IIONEePEeIHULIS-
MU crocTepirangacs Iicisi orpoMiHeHHs B 1o3ax 8 [p i 9
I'p Ta nopisHIoOBaa, BigmosigHo, 54,0 = 8,61 58,5 £ 8,2,
110 OOYMOBJIEHO IMiABUILEHUM BUPOOJEHHSIM KOJIOHI€E-
CTUMYJTIOI0YOTO (paKTOpa i cCyTpeciero iMyHHOI peaKTUB-
HOCTi peuumnieHTa. OgHak, Mpu LUX 103aX ONIPOMiHEHHS
BTpayvajacs JiHiliHa 3aJIeXXHICTb i CIocTepiraiacs BUCO-
Ka pagiauiiiHa 3arubenb MUILEW OO0 AHSI 3aBepLISHHS
ekcriepuMmeHTy — 45 % i 70 %, BinnosinHo. [lo3a 6 Ip 3a-
Oe3nevyyBajla JTOCTaTHbO BUCOKY €(MEKTUBHICTh KO-
JioHieytBopeHHs 38,0 + 4,3 mopyy 3 MiHiMaJIbHOIO 3aru-
OeJro MuIeit Bin pamiamii (5 %).

Mu 3ocepeauanch Ha aHajli3i yTBOPEHHSI KOJOHIH, a
HE KJIacTepiB, OCKiJIbKU KJIACTEPHU € PE3YIBTaTOM MPOJTi-

Ta6nuusa 2

which creates such their collocation that corre-
sponds to the optimal state for cell proliferation in
clones. Presence of the linear dependence between
the concentration of cells growing from 0.33 x 10° to
4.0 x 10° per chamber, and the number of colonies,
indicates the probability of such an assumption. The
number of colonies grew linearly and equaled,
respectively, 36.8 2.3, 72.4 + 8.4, and 144.0 £ 18.2
colonies-clones (Table 1). Increase in cell concen-
tration led to the merge growth of colonies, which
made their counting impossible. In subsequent
studies, we have chosen such concentration of the
cells for explantation, which equals to 1 x 10° cells.

Recipient animals were irradiated the day prior
to experiment at a dose of 2 Gy, 4 Gy, 6 Gy, 8 Gy,
and 9 Gy. It was determined that the growth in the
colony-forming efficiency of bone marrow in cell
culture occurred with an increase in radiation dose
from 2 Gy and above (Table 2). Maximal colony-
forming efficiency of hematopoietic progenitor
cells was observed after irradiation in doses of 8 Gy
and 9 Gy and equaled, respectively, 54.0 + 8.6 and
58.5 £ 8.2, which is due to the increased release of
colony-stimulating factor and the suppression of
recipient immune reactivity. However, with these
doses of irradiation the linear dependence was lost,
as well as high radiation death of mice to the final
day of the experiment was observed — 45 % and 70
%, respectively. Dose of 6 Gy provided rather high
colony-forming efficiency of 38.0 £ 4.3 along with
minimal death of mice from radiation (5 %).

We have focused on the analysis of colony forming,
not clusters, since clusters are the result of prolifera-

Bnaue 3pocTaioyoi A03M ONPOMiHEHHA MULIEeH-peuunieHTiB Ha e(eKTUBHICTb KOJIOHIEYTBOPEHHA KNiTUH
KiCTKOBOro MO3KYy B KynbTypi reneBux audysiiHux kamep in vivo

Table 2

Influence of the growing dose of irradiation of recipient mice on the colony-forming efficiency of bone marrow

cells in the culture of gel diffusion chambers in vivo

Do3a KinbkicTb KniTuH KinbkicTb KniTuH KinbkicTb KonoHin KinbkicTb KonoHin  BigcoTok muwuei,
ONPOMiHEHHS, Ha 1 mn Ha 1 kamepy Ha Kamepy Ha 1 mn wWo 3aruHynu, %
Mp cycneHsii 06’emom 0,2 mn (KYO-TM) cycneHsii
Dose of Number of cells Number of cells per  Number of colonies = Number of colonies Percentage of
irradiation, Gy per 1 mi 1 chamber with per 1 chamber per 1 ml of mice dead, %
of suspension 0.2 ml volume (CFU-GM) suspension
0 5x 10° 1x10° 25+0,4 50+0,2 0
2,0 5x 10° 1x10° 10,7+15 48225 0
4,0 5x 10° 1x10° 27,0 2,1 1353+ 56 0
6,0 5x 10° 1x10° 38,0+43 188,7+ 11,8 5
8,0 5x 10° 1x10° 54,0 + 8,6 270,5 + 17,6 45
9,0 5x 10° 1x10° 58,5 + 8,2 295,7 20,0 70
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depallii KIiTUH-TIONEepeAHNIb, SIKi BXXe 3pOOUIU KiJlb-
Ka MOJiJIiB 10 BHECEHHS B KYJIBTYpaJIbHE CEPEOBUIIE,
TOX KiJIbKiCTh KJITUH Y HUX IOCTyIanacsl KiJIbKOCTi
KJIITUH Y KOJIOHisIX. ToMy KiacTepoyTBOpPEHHS He Bifo-
Opaxkae cTaHy KPOBOTBOPEHHS B KyJbTypi [135].

Hamu He Oyi0 BUSIBJIEHO CTATUCTUYHO AOCTOBIpHOL
pi3HMLI MiX oTpmMaHuUMU KimbkocTamMu KYO-T'M
KiCTKOBOTO MO3KY, TTOMIllICHOTO B OpraHi3M TBapuH-
PELIUITIEHTIB, TiCJIsI ONMPOMiHEHHS 3a 2 TOMWHU Ta 3a 24
TOIWHM IO TOYATKY €KCIEPUMEHTY. 3HaUeHHS eeK-
TUBHOCTI KOJIOHI€EYTBOPEHHSI BiAIOBIAHO JOpPiBHIOBA-
am 36,5 = 3,81 35,1 £ 7,5. Lleit ¢pakT cBimuuTh NPO Te,
10 MOCHJEHHSI YTBOPEHHSI KOJOHIECTUMYJIIOIYOIO
¢akTopa B OpraHiami ONPOMiHEHOI TBAPUHU MOYU-
HA€ETHCS BXKE B Meplli TOAWHMU ITicsl ONPOMiHEHHSI.

Jist ioHi3y10UOi1 pamiallii Ha opraHiaM TBapMHU 3yMOB-
JIIOE 3pOCTaHHSI B CUPOBATIL KPOBi PiBHS KOJOHIECTH-
MYJIIOI04O0ro (hakTopa, IKUil CpuUse MiIBUILIEHHIO Kilb-
KOCTi TpaHYJIOLUTIB y nepudepiitHiit kposi. Lle y3roa-
JKYETbCS 3 NTaHUMM, OTPUMAHWMM HaMU MNP JOCHiMI-
JKeHHi HACIigKiB ONMPOMiHEHHS LIypiB CTpOHLieM-90.
3oKpema, BUBUEHHSI FeMaTOJIOTNUHUX MOKA3HUKIB J1a00-
paTOPHUX TBapWH HO3BOJMJIO BUSIBHUTH Tireprpodtide-
paTUBHY peakllilo KPOBOTBOPHUX KJIITUH KiCTKOBOTO
MO3KY Y PaHHill TEpMiH IicC/Isl TTOYaTKy BHYTPIlTHHOTO
OIpOMiHEHHs. Y mepudepiiiHiii KpoBi OMpPOMiHEHUX
TBApUH BUSIBJISIA IMiABUILEHY KiJIbKiCTh IPaHYJIOLUTIB
[15, 16]. TakuM YMHOM, ONPOMIHEHMI PELIMUITIEHT 3a-
Oe3neuye KyJbTypy He TiJIbKU XUBWILHUMU PEUYOBUHA-
MU, ajle ¥ BiIHOCHO CTaHIAPTHUM (WISl JAaHUX YMOB)
JKepeIOM KOJIOHIECTUMYITIOI0UOTo (haKTopa.

Taxk, micng iMraHTauil AUy3iiHUX KaMep Y HeoTll-
POMiHEHUX MMIIEN CrocTepiraju He3HAYHUI piBeHb
KosioHieyTBopeHHs (1—3 kojoHii Ha 1 x 10° ekcrutaH-
TOBaHUX KJIiTUH). OTIpOMiHEHHS MUIIIEH TPU3BOINIO
JI0 30i7bIIEHHS KiJIbKOCTi KOJOHIi y KaMepax. Y JiTe-
partypi € gaHi, SIKi BKa3yloTb Ha MiABUILIEHHS e(heKTUB-
HOCTi YTBOPE€HHSI KOJIOHil KJIITMHAMU KiCTKOBOTO
MO3KYy MUlIe i cobak mpu iX BHECEHHI B arapoBUX M-
(¢y3iiiHMX Kamepax B OpraHi3M OINPOMiHEHUX MUIIIEH.
ABTOpU OTIPOMIHIOBAIM TBapuH Yy-TipoMeHssMu *’Cs.
HocnigHuku BKa3yoTh Ha 103y 850 paj, sika BUSIBUJIA-
cg HalOiTbII e(peKTUBHOIO [8].

Jlo3a onpoMiHEeHHSI peHTIeHiBCbKUMU TIPOMEHSIMU,
sKka 3a0e3rnevyyBajla 0 MaKCUMaJIbHY €(EKTHUBHICTb
KJIOHYBaHHSI Yy Wil cucTtemi, HMXX4Ya, HiK IIPpU OM-
poMiHeHHi y-ipomeHsiMu ’Cs, a pafialiiitHa 3aru6eb
MUIIEH TIpU 30iMbIIEHHI 103U OMPOMiHEHHS Oilblla.
Leii pakT Moxke OYTH MOB’3aHUI 3 BUKOPUCTAHHSIM
Pi3HUX TUMIB pafialii, TUM Oilblle, 10 PEHTIeHiBChKi
OpPOMEHi BOJIOAiIOTh BUILOK BiZIHOCHOI 0i0JOTIYHOI0

tion of progenitor cells, which have already made sev-
eral divisions before entering the cultural medium, so
the number of cells in them is lower than the number
of cells in colonies. Therefore, cluster forming does
not reflect the state of hematopoiesis in culture [15].

We did not reveal statistically significant difference
between the obtained quantities of CFU-GM of
bone marrow, placed in the organism of recipient
animals, after the irradiation 2 hours and 24 hours
prior to the experiment. The values of colony-form-
ing efficiency were equal to 36.5 = 3.8 and 35.1 £ 7.5,
respectively. This fact suggests that the enhancement
of the generation of colony-stimulating factor in the
organism of irradiated animal begins in the first
hours after irradiation.

The action of ionizing radiation on the animal’s
organism leads to the increase of the level of colony-
stimulating factor in blood serum, which contributes
to the raise in the number of granulocytes in periph-
eral blood. This is consistent with the data obtained
during the investigation of the consequences of rats’
irradiation with Strontium-90. In particular, the
study of hematological indices of laboratory animals
allowed detecting the hyperproliferative reaction of
bone marrow hematopoietic cells in an early period
after the beginning of internal irradiation. Elevated
number of granulocytes was detected in the peripher-
al blood of irradiated animals [15, 16]. Thus, the irra-
diated recipient provides the culture with not only
nutrients, but also with relatively standard (for these
conditions) source of colony-stimulating factor.

Consequently, after the implantation of diffusion
chambers into non-irradiated mice we observed low
level of colony forming (1—3 colonies per 1 x 10°
explanted cells). The irradiation of mice caused the
growth in the number of colonies in chambers. There
are data in the literature which indicate the increase
in the colony-forming efficiency of bone marrow
cells of mice and dogs when introduced in agar diffu-
sion chambers in the organism of irradiated mice.
The authors have irradiated the animals with y-rays
of 'Cs. Researchers indicate the dose of 850 rad,
which turned out to be the most effective [8].

The dose of X-rays, which would provide the max-
imal cloning efficiency in this system, is lower than
during the irradiation with y-rays of '’Cs, and the
radiation death of mice is higher with the increasing
of radiation dose. This fact may be associated with
the usage of different radiation types, especially
since X-rays have higher relative biological efficien-
cy of irradiation, compared to y-rays [17].
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e(PeKTUBHICTIO OTPOMiHEHHS ITOPiBHSHO 3 Y-IIPOMEHSI-
mu [17].

Tak, ipu onpoMiHeHHI TBapuH B 1031 2 [P KilIbKicTh
KOJIOHI y Kamepax craHoBuia 10,7 £ 1,5, aB 103i 4 [p —
135,3 £ 11,8. 30iiblIeHHs] KOJOHIEYTBOPEHHS CIOC-
Tepirajiocss TpU MNOAATBIIOMY 3POCTaHHiI JO3U OIl-
poMiHeHHs 10 6 Ip, sxkiit Bigmosigano 188,7 £ 11,8 ko-
Joniit Ha 1 ma i 38,0 £ 4,3 — Ha KaMmepy 3 pO3paxyHKY,
10 BHYTPIillIHiIii 00’eM KaMepu MicTuTh 0,2 M cyc-
neHaii. JIo3u onpomMineHHs 8 Ip i 9 Ip cynpoBomxKyBa-
JINCh aKTUBHUM KOJIOHIEYTBOPEHHSIM; MOTO edeK-
TUBHIiCTh gopiBHIoBajga 270,5 £ 17,6 1 295,7 £ 20,0 Ha
1 mMn cycnensii, BignmosigHo. IIpoTe 1i g03u ompo-
MiHEHHS CIIPUYMHSUIM 3HAYHY 3aruoesnb muiueit. loza
6 Ip BusIBMIIACS Takolo, 1O 3a0e3rnedyyBajla BUCOKUIA
piBeHb KOJIOHIEYTBOPEHHS TIpU MiHiMaJIbHiil 3aruberti
TBapuH. ToMy TS TOAAIBIINX TOCTiIXKEeHb OyIa odopa-
Ha came 1151 103a ONMPOMiHEHHSI.

Ha nactynmHoMy erari eKcriepuMeHTaJbHUX JOCHiI-
JKEeHb MOPiBHIOBAJIM BIUIUB LIUTOCTATUKIB HA 3JAaTHICTh
KiCTKOBOMO3KOBHUX KJIITUH YTBOPIOBAaTH KOJIOHii B
KyJbTYpi resieBUX AUPy3iiiHUX KaMep in vivo. MeTolo
LbOTO eTany Oy/J10 eMITipUYHO MiaiopaTu Taki 403U LM-
TOCTATHUKiB, SIKi CTUMYIIOBAIN O KOJIOHIEYTBOPEHHS B
KYyJBTYypi Ta He TPU3BOAWIM A0 3arubeii TBapuH,
nigmaHux Jii HUX mpernapartiB 3a 100y 10 eKCIIepUMEH-
Ty. 3Baxkaro4yy Ha Te, 110 BCi TPU IpernapaTv CTBOPEHi
Ha OCHOBI UMKJI0(pochaminy, MU MPUITYCTUIIH, 11O pe-
3yJIbTaTU TOBUHHI OyTH 3iCTaBHUMU. AHaJli3 OTpuMa-
HUX JAHUX CBIIYMB, 110 IIpernapaTi MOXYTh CIyTyBaTU
CTUMYJIOM [J1s1 KOJIOHIEYTBOPEHHSI B KYJIBTYpi in vivo i
iXHS Jis € 3iCTaBHOIO 3 Pe3yabTaToM BIUIMBY CyOJie-
TaJIbHOI 103U paniauii (puc. 1).

Tak, xinbKictb oTpuMaHux KYO-T'M npu o6po6ui
TBapUH-PELUITIEHTIB HUKI0dochamizoM, HUKI0POC-
¢aHOM Y1 €HIOKCAHOM Yy MOPiBHSAHHI 3 JIi€I0 i0Hi3yI0-
yoi pafialii B cybJieTabHill 1031 CYyTTEBO HE BiApPi3HSI-
nacs (36,9 £ 2,6; 36,5 = 3,8; 37,2 £ 3,3; 38,0 = 4,3,
BinmoBinHO). BogHOYAaC y KOHTPOJIBHIi rpyITi 6e3 HasIB-
HOCTi CTUMYJIiB, KOJIY BOHU OyJIM 3aMiHeHi Ha (pocdar-
HO-OydepHUil pOo34MH, KOJOHIEYTBOPEHHS 30BCIM HE
crocTepiranocs, a B KyJAbTypi KJIiTUH BUSIBJISIIA JIULIE
3—5 kmacrepiB.

BinoMo, mio mpu 3acTocyBaHHi TipemnapatiB 3 Ii-
0400 PEYOBUHOIO HUKIODOCHaMiTOM BUHUKAIOTH
SIBUIIA MPUTHIYeHHS (PYHKIIiT KiCTKOBOTrO MO3KY, 110
BUKJIMKAE LIUTOIEHi0. B opraHizMi omnpomiHeHOI1
TBApMHU Yy BIANOBilb Ha ILIMTOIEHiIO, CIPUYUHEHY
OMPOMiIHEHHSIM UM BBEIEHHSIM LIMTOCTATUKIB, BigOy-
BAa€ETbCSI aKTUBHUI CUHTE3 LIUTOKIHIB, i cepel HUX
KOJIOHIECTUMYJIIOI0YOro akropa, SKWUN IIPOHUKAE
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Thus, when animals were irradiated with the dose
of 2 Gy, the number of colonies in the chambers
amounted to 10.7 + 1.5, and at the dose of 4 Gy —
to 135.3 = 11.8. The increase in colony forming was
observed with further growth of irradiation dose to
6 Gy, which corresponded to 188.7 £ 11.8 colonies
per 1 ml and 38.0 £ 4.3 per chamber based on the
estimation that the internal volume of the chamber
contains 0.2 ml of suspension. Irradiation doses of
8 Gy and 9 Gy were accompanied by active colony
forming; its efficiency equaled to 270.5 = 17.6 and
295.7 = 20.0 per 1 ml of suspension, respectively.
However, these radiation doses caused significant
death of mice. The dose of 6 Gy appeared to be the
one that provided a high level of colony forming
with the minimal death of animals. Therefore, this
dose of irradiation was chosen for further investiga-
tions.

At the next stage of experimental studies we com-
pared the influence of cytostatics on the ability of
bone marrow cells to form colonies in the culture of
gel diffusion chambers in vivo. The purpose of this
stage was empirically determining of such doses of
cytostatics, which would stimulate colony forming in
culture and would not lead to the death of animals
treated with these preparations the day prior to exper-
iment. Taking into account that all three preparations
are developed on the basis of cyclophosphamide, we
assumed that the results should be comparable. Ana-
lysis of the obtained data showed that preparations
can serve as stimulus for colony forming in the in vivo
culture and their action is comparable to the result of
the influence of sublethal radiation dose (Fig. 1).

Thus, the number of obtained CFU-GM did not
differ significantly in case of the treatment of recip-
ient animals with cyclophosphamide, cyclophos-
phan or endoxan comparing to the action of ioniz-
ing radiation in a sublethal dose (36.9 £ 2.6; 36.5 £
3.8; 37.2 & 3.3; 38.0 £ 4.3, respectively). At the
same time, in the control group without the pres-
ence of stimuli, when they were replaced by phos-
phate-buffer solution, colony forming was not
observed at all, and only 3—5 clusters were detected
in cell culture.

It is known that when using preparations with
cyclophosphamide as an active ingredient, the phe-
nomena of inhibition of bone marrow function
appear, which causes cytopenia. In the organism of
the irradiated animals in response to cytopenia,
caused by irradiation or cytostatics administration,
the active synthesis of cytokines occurs, and among
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OnpomiHeHHs, 6 'p

L Irradiation, 6 Gy

. Luknodocdamig, 200 Mr/Kr macv TBapuHu
Cyclophosphamide, 200 mg/kg of animal weight

LuknococdaH, 200 Mr/Kr macu TBapuHH
L Cyclophosphan, 200 mg/kg of animal weight

EngokcaH, 200 Mr/Kr macv TBapuHm
L Endoxan, 200 mg/kg of animal animal weight

KinbKictb KYO-I'M / Number of CFU-GM

PUCYHOK 1. MopiBHANbHUI aHANi3 CTUMYNIB KICTKOBOrO MO3KY NauieHTiB 6€3 remMaTosioriyHux 3aXBOpIOBaHb
[0 KOJIOHIEYTBOPEHHA B KyNbTypi reneBux andysiinHux kamep in vivo

Figure 1. Comparative analysis of the stimuli of bone marrow of the patients without hematological diseases
to colony forming in the culture of gel diffusion chambers in vivo

yepe3 IMOPUCTY CTiHKY KaMepU Ta CTUMYJIOE KO-
JIOHIEYTBOPEHHS.

OTxe, BHACJIZOK TIPOBEIEHMX IOCIIIKEHb OYI0
BUSIBJICHO, 11O is iOHi3yI04Oi pamiallii, a TaKoX JIis
LIMTOCTATUKIB CIPUSIU BUBLIbHEHHIO KOJIOHIECTUMY-
JII0I0YOoro (pakTopa B OpraHizMi MUILIEeH-pELIUITIEHTIB.

BUCHOBKU
VY naniii po6oTi HaMu OyJIO OLIiHEHO 3[aTHICTh FeMO-
MOECTUYHUX KITHH-TIONEPEIHUIb KiCTKOBOTO MO3KY
0cib 6e3 reMaToJI0r YHUX 3aXBOPIOBAaHb 10 YTBOPEHHSI
KOJIOHIi1 i KJIacTepiB TpM KyJBTMBYBaHHI Yy HalTiB-
piIKoMy arapi B rejeBUX Oudy3iiHUX Kamepax, a Ta-
KOX BCTaHOBJIEHO 3B’SI30K i3 KiJIbKICTIO €KCIIJIAHTOBA-
HUX KJIITUH Yy BiINOBITHUX MeXax, 110 CBiIYUTH MPO
KJIOHAJIbHUI XapaKTep pOCTy KJIITUHHMX arperatiB y
KyJbTypi. BUSIBIIEHO CTUMYJISIIIO KOJIOHIEYTBOPEHHS
Min giero ioHi3yr4ol pafialiii y 3pocTarouux A03ax Ha
TBapUHY-pEeLUITIEHTA KaMep, 1110 CBIIYUThL ONocepe/l-
KOBaHO IPO CUHTE3 KOJOHIECTUMYITIOI0UOro (pakTopa
B OpraHi3Mi MUILIEH i MPOHUKHEHHS 1ioro y nudy3iliHi
KaMepH 3 KJIITUHAMU KiCTKOBOTO MO3KY JIIOJVHMU.
BuBueHo nil0 Ha opraHi3amM MMILEH LIATOCTATUKIB,
SKi B eKCIIEpUMEHTAJIbHO MiniOpaHiil 1031 BUKJIMKA-
I0Tb CTUMYJISILIIO KOJOHIEYTBOPEHHSI B KYJBTypax
KJIITUH, SK 4yepe3 24 ToOMHM, TakK i yepe3 2 TOAUHU
nicinst ix BBeaeHHs. [Toka3zaHo, 1110 00po0OIeHHS TBa-
PUH 3a 100y 10 €KCIIEpUMEHTY BBEACHHSIM LIUTOCTA-
THKIB 3iCTaBHE 3 JIi€l0 i0Hi3yI04O01 paaiallii i MOxe BU-
KOPUCTOBYBATHUCH JUISI BUBYCHHSI T€MOIIOE3y B CHC-
TeMi «IIJIUHA—MUILIA».

them the colony-stimulating factor, which permeates
porous chamber wall and stimulates colony forming.
Thus, as a result of investigations performed it was de-
termined that the action of ionizing radiation, as well as
the action of cytostatics contributed to the release of co-
lony-stimulating factor in the organism of recipient mice.

CONCLUSIONS

In the current work, we have evaluated the ability of
bone marrow hematopoietic progenitor cells of the
individuals without hematological diseases to form
colonies and clusters under the cultivation in semi-
solid agar in gel diffusion chambers, and established
the association with the number of explanted cells in
the appropriate range, which indicates the clonal
nature of the growth of cell aggregates in culture. We
have revealed the stimulation of colony forming under
the action of ionizing radiation in increasing doses on
the animals-recipients of the chambers, indicating
indirectly the synthesis of colony-stimulating factor
in the mice organism and its permeation into the dif-
fusion chambers with human bone marrow cells.

The effect of cytostatics on the mice organism was
investigated, which in the experimentally selected
dose cause stimulation of colony forming in cell cul-
tures, both 24 hours and 2 hours after their introduc-
tion. It was shown that the treatment of animals the
day prior to experiment with administration of cyto-
statics is comparable to the action of ionizing radia-
tion and can be used to study hematopoiesis in
«human—mouse» system.
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