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CTAH EPUTPOITHOI, TPAHYJIOLIUTAPHOI

I TPOMBOLIMTAPHOI JIAHOK TEMOIIOE3Y HA ETAIIAX
XIMIOTEPAIIIL Y JITEM 3 TOCTPUMMU JIIM®OBJIACTHUMUA
JEMKEMIAMM, SKI 3A3HAJIM BILIMBY IOHI3YIOYOI'O
BUIIPOMIHIOBAHHSA BHACJIIJIOK ABAPII HA YAEC

Meta. Buuutu npouecu nponicdepauii Ta AudepeHyiloBaHHA KNiTUH-NONePeAHUKIB KiCTKOBOTO MO3KY 3a CKIafoM
€/leMeHTiB epUTPOiAHOT, rpaHyNoLUTapHOT Ta TPOMBOLMTAPHOT NAHOK reMonoe3y Ha eTanax JiikyBaHHA AiTeil 3 rocTpu-
Mn nimdobnactHumu neiikemiamu (M1J1), Aki 3a3Hanu BNAMBY i0Hi3ylOYOro BUMPOMiHIOBAHHA BHACNiIAOK aBapii Ha
YopHobunbcbkiii AEC.
Marepianu i meTogu. 06cTexeHo 46 giteir, xsopux Ha [JU1, saki npoxusanu Ha Teputopiax Kniscbkoi, utommpcbkoi
Ta YepHiriBcbkoi obnacteit. [locnigxeHHs npoBeAeHi neped noyatkom ximiotepanii (XT), Ha 33-it geHb XT (I etan) Ta
nicna 3akiHyeHHs kypcy XT (II etan). OuiHoBanu Jo3n ONPOMiHEHHA XBOPMX, MOKAa3HUKW remorpam i mienorpam Ta
iHAEKCH B03PiBaHHA KNiTUH-NoNepefHUKiB. AHaniyBanu 03Haku AUCnNasii eNemMeHTiB 1aHOK remMonoesy
Pe3ynbratu. 06cTexeHo 46 xsopux Ha B-J1J1 (5 — npo-B-MJ1J1, 36 — «3aranbHuit Tun», 3 — npe-B-MJ1J1) Ta 2 guUTUHM
3 T-TJ11. B pe6ioTi 11 KicTKOBMIA MO30K y XBOpUX OyB NpeacTaBneHunit nimpobdnactamu. Mpu npoeaeHHi XT KicTko-
BOMO3KOBE KPOBOTBOPEHHS BifJHOB/IOBANOCh 38 TAKUMU TUNAMU: €PUTPOIAHMUM, TPAHYNIOLUTAPHUM, TPaHyAOLUTAp-
HWUM 3 MOHOLIMTAMM Ta PiBHOMIPHWUM, KONM YMCNO KNiTUH BCiX NApOCTKiB OyN0 B MeXax HOPMaTUBHUX BennyuH. Ha II
eTani XT 3MeHLWYBanoCh YNCI0 XBOPUX, Y AKUX BiLHOBNIEHHSA KPOBOTBOPEHHS BiAbyBanocs 3a epuTpoifHNM TUNOM Ta
36iNblyBaNOCh YNCNO [iTEN 3 aKTUBALiEID rPpaHyNOLMUTApHOT NaHKK remonoesy. 3a HafsBHOCTI y AiTeit npo-B-MJ1 Ha
060x eTanax XT epuTpoifHi eneMeHTH Oynn BUWMMM 332 HOPMATUBHI. [pAMKii KOpenaLiiHmMii 38'A30K BCTAHOBNEHWU
MiX Yyucnom mienokapiounTis Ta merakapiounTis Ha I Ta II etanax nikyBaHHs (Rs = +0,72; Rs = +0,56, BignoBigHo).
KopensLitHoro 3B’A3Ky MiX [,03aMu ONpoMiHeHHs xBopux (3,73 + 0,12 m3B) i BU3HAaYeHUMN NapamMeTpamMu BCTAHOB-
NEeHo He Gyno.
BucHoBKu. BcTaHoBEHT TMNK BigHOBNEHHS KiCTKOBOTO MO3Ky y xBopux Ha [JIJ1 micnsa XT cBigyaTtb npo pi3Hi me-
XaHi3MW KiHETWKM KNiTUH-NonepeaHuKiB remonoesy. BUBYEHHS NpUUYMH NpeBantoBaHHA OKPEMUX NIAHOK KPOBOTBO-
PEHHA Y XBOPUX HAAACTb 3MOTY PO3KPUTK iX POJb B IeKEMOreHe3i Ta KOpuryeaTu nporpamm Tepanii.
KntouoBi cnoBa: fitu, roctpi nimdo6nactHi neikemii, TMNKU BifHOBNEHHA KiCTKOBOrO MO3KY, €pUTPOiAHA, rpaHynoLm-
TapHa, TPOMOOLMTApPHA NAHKM KPOBOTBOPEHHS, 10Hi3ytoue BUNPOMiHIOBAHHS.

Mpobnemu padiayiiinoi meduyuru ma padiobionozii. 2016. Bun. 21. C. 178-190.
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State of erythroid, granulocyte and platelet branches of hematopoiesis on
stages of chemotherapy in children with acute lymphoblastic leukemia, who
were exposed to ionizing radiation after the Chornobyl NPP accident

Objective. Evaluation of proliferation and differentiation processes of progenitor cells in bone marrow by the com-
position of elements of erythroid, granulocyte and platelet branches of hematopoiesis on the treatment stages in
children with acute lymphoblastic leukemia (ALL), who were exposed to radiation from the Chornobyl NPP accident.
Materials and methods. The 46 children with ALL were studied, who lived in Kyiv, Zhytomyr and Chernihiv regions.
Studies were conducted before the start of chemotherapy (ChT), on the 33-day of ChT (phase I), and after the com-
pletion of ChT (phase II). Exposure doses of patients, hemogram and myelogram parameters both with indices of mat-
uration of progenitor cells were evaluated. Signs of dysplasia of hematopoietic branch elements were revewed.
Results. The 46 patients were studied. They have had the B-ALL, namely pro-B-ALL (n=5), «<common type» (n=36),
pre-B-ALL (n=3), and T-ALL in 2 other cases. In a debut of ALL the bone marrow was represented by lymphoblasts.
Along with ChT conduction the bone marrow hematopoiesis recovered by such types, as erythroid, granulocyte, gran-
ulocyte whith monocytes, and uniform, when the cells number of all branches was within a normal quantity. At the
phase IT of ChT the number of patients with hematopoiesis recovery by erythroid type decreased and number of chil-
dren with activation of granulocyte branch of hematopoiesis increased. In children with pro-B-ALL the number of
erythroid elements was higher than normative at both ChT phases. A direct correlation was established between the
number of myelokaryocytes (Mkc) and megakaryocytes (Mgkc) in both phase I and phase II of treatment (Rs =+0.72;
Rs = +0.56, respectively). There was no correlation between the radiation dose in patients (3.73 + 0.12 mSv) and
studied parameters.
Conclusions. Types of bone marrow recovery were established in ALL patients after the ChT indicating to the differ-
ent kinetic pathways of hematopoietic progenitor cells. Evaluation of reasons of prevalence of some hematopoietic
branches will allow to reveal their role in leukemogenesis and to correct the treatment programs.
Key words: children, acute lymphoblastic leukemia, types of recovery of bone marrow, erythroid, granulocyte, platelet
branches of hematopoiesis, ionizing radiation.
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BCTVYII

CToBOYpOBi TeMOITOETUYHI KJTIITUHA MalOTh 30aTHICTb 10
nposicdepaliii i MdepeH1itoBaHHS BCiX JJAHOK TeMOIIoe-
3y. [Ipouiecu perysiii KJIITUH-TIONePeaHUKIB KPOBOTBO-
peHHS 3ajiekaTh Bif 6araTbox (haKTOpiB, O SIKUX BiTHO-
CSITBCS POCTOBI (haKTOPH, CTpOMAaIbHE MiKPOOTOYEHHS,
uMToKiHM [1]. Beauky posib mpu LIbOMY BilirpatoTb Me-
XaHi3MM B3aEMO/Ii1 CTPOMATIbHUX Ta TEMOMOETUYHMX €Jie-
MeHTIB [2, 3 |. @yHKIIST CTPOMAIBHOTO MiKPOOTOUYEHHS
peatizyeTbcs yepe3 CTOBOYPOBi KIIITUHU, POCTOBI (paKTO-
pU i MIXKITITUHHY B3aeEMofito. SIK IoBelIeHO B OCTaHHI
pOKM, MyXJMHHE MiKpOOTOYEHHS Ma€ CBOI (PyHK-
ioHAJBHI 0co0MBOCTi [4, 5]. Y mocmimKeHHSIX 3 i€l Te-
MaTUKM iCHYIOTb JIaHi Mo Te, 1110 BiTHOBJIEHHS TeMOII0e-
TUYHUX CTOBOYPOBMX KJTITUH Y pa3i MOTpeOr BiIOYBa€Th-
sl 3aBISIKM Me3eHXiMaJlbHOMY MiKpooTodeHHIo [6 |. [Jo-
BEIEHO, IO CTPOMaJbHE MIiKPOOTOUEHHS, SKE CKJa-

INTRODUCTION

Hematopoietic stem cells have the ability to prolif-
erate and differentiate within all hematopoietic
branches. Processes regulating the hematopoiesis of
progenitor cells depends on many factors, which
include growth factors, stromal microenvironment,
and cytokines [1]. Mechanisms of interaction
between stromals and hematopoietic elements are
of important role here [2, 3]. Function of stromal
microenvironment is realized through the stem
cells, growth factors, and intercellular interaction.
As proven in recent years, the tumor microenviron-
ment has functional features [4, 5]. There is an evi-
dence, that the recovery of hematopoietic stem cells
in case of need is due to the mesenchymal microen-
vironment [6]. It is proved, that the stromal
microenvironment, which is consisting of closely
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JAETHCA 3 TICHO MOB’s13aHUX (hiOpoOIacTiB, Makpodaris i
eHIoTelialbHUX KJITHUH, € (hi3ioJOriyHOI0 Hilllelo s
ONTUMAJIBHOTO (PYHKITIOHYBAHHS €JIEMEHTIB €pUTPOIITHOI
JIAaHKJ TeMOTI0e3y, MMOYNHAIYM 3 paHHIX ix etariB [7, 8].

B ocraHHi poku BeauKe 3HAYeHHST NPUIIISIETbCS MU-
TaHHSM (YHKIIOHYBAaHHS KiCTKOBOMO3KOBHUX €Jie-
MEHTIB Ta iX B3a€EMO/il 3 MiKpOOTOUEHHSIM y AiTeit 3
rocTpuMM Jelikemismu [9]. € HM3Ka HayKOBUX IIpallb,
MPUCBIYEHUX BUBUYCHHIO KiHETUKM Pi3HUX JIAHOK KPO-
BOTBOPEHHSI, 30KpeMa epuTpoinHoi. Bitomo, 1110 epur-
poOJIaCTHI OCTPiBLI € BaXXJIMBOK XXMBUJIBbHOIO HillI€lO
o751 e(eKTUBHOTO AUdepeHIliloBaHHS €pPUTPOIIOE3Y.
DyHKIIIOHYBaHHS 1X 3aJIe3KUTh BiJl B3a€MOJIil MixX €pUT-
POIIHMMU KJIiTUHAMU-MOIEePeIHUKAMU i MakpodaraMu
[10, 11]. Ommcani mpoliecu BiZHOBJICHHS TPaHyJIOIN-
TapHOI JIJAaHKM I'€MOIIOe3y Yy XBOPMX Ha OHKOIeMarTo-
JIOTiYHI 3aXBOPIOBAHHS TiCIsd MEAUKAMEHTO3HOI Mi€Jio-
cyImpecii, MexaHi3MM NOpPYLIeHb FeMOCTa3y NPy PeAyKILii
TpoMOoumTapHoi JaHku. OmHaK TIepeKoHJIMBa iH(POP-
Mallis IIOA0 XapaKTepy BiIHOBJEHHS BCiX IapOCTKiB
KPOBOTBOPEHHSI Ta iX B3a€EMOJil Yy MiTel 3 TroCcTpUMM
nmiMmpoobnactHumu Jnerikemismu (IJIJI) ipu mpoBeneHHi
ximioteparrii (XT) BimcyTHs.

META JOCJIJIZKEHHA

BuBunTy npouecu mnpoJidepalii Ta audepeHLitoBaHHS
KIIITUH-IONEPEeIHUKIB KiCTKOBOIO MO3KY 3a CKJIagoM
€JIEMEHTIB epUTPOINHOI, TPAHYJOLIMTAPHOI Ta TPOMOO-
LIMTapHOI JJAaHOK reMomnoe3y Ha eTanax JiKyBaHHS IiTeit
3 rocTpuMHM JdiMpodaactHumu neiikemigamu (I'JUT), gki
3a3HaJiM BIUIMBY iOHi3yHOUOTrO BUIIPOMiHIOBAHHSI BHa-
caigok aBapii Ha YAEC.

MATEPIAJIN TA METOJIUN JOCJIJIZKEHHA
Ho rpynu yBiiiiuim 46 giteit, xsopux Ha I[J1J1 (x10M4uKiB —
26, aiByat — 20). JliTn mpoxkuBaiu Ha Teputopisx Kuis-
cbKoi, Kutomupchbkoi Ta YepHiriBcbkoi obsacTteid.
3rinHo 3 mpotokosioMm XT (ALLIC-BFM 2009) mari-
€HTIB OO0OCTeXyBaJili B HACTYIHI TepMiHHU: Oe3moce-
peaHbO Mepea MoYaTKOM JIiKyBaHHS, Ha 33-i1 1eHb Te-
pamii (tmicis 3akinueHHs I ¢asu iHnykuii pemicii; [ eran
XT) Ta miciasg 3aKkiHYE€HHSI iHTEHCUBHOI (pa3u JiKyBaHHS
repen moyaTkoM TmiaTpumyrodoi ximioreparii (I eram
XT). B punamiui mikyBaHHS XBOpUX MpoBeaeHo 138
JIOCTiIXKeHb MiejorpaM

Jo31 onpoMiHEHHsI XBOPUX PO3PaXOBYBaJIM 3rigHO 3
MaTepiaaMu «3araJlbHOJO3MMETPUIHOI TTacIopTr3alii
HaceJIeHUX TIYHKTIB YKpaiHM, SKi 3a3HaJIU pagioaKTUB-
HOTO 3a0pynHeHHs micias YopHOOMIbCHKOI aBapii».

V niteil oLiHIOBaNM KJIiHiKO-TeMaTOJIOriYHi XapakTe-
PUCTUKM Ta MOKa3HUKU remorpam. KinbKiCcHi moka3HU-
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associated fibroblasts, macrophages and endothelial
cells, is a physiological niche for optimal physiolog-
ical functioning elements of erythroid branch of
hematopoiesis beginning with its early stages [7, 8].

In recent years a great importance is given to the
functioning of bone marrow cells and their interac-
tions with microenvironment in children with acute
leukemia [9]. There are some scientific publication
devoted to the study of kinetics of various links of
hematopoiesis, and of erythroid in particular. We
know that erytroid islands are an important nutrient
niche for the efficient differentiation of ery-
throoiesis. Their functioning depends of interaction
between erythroid progenitor cells and macrophages
[10, 11]. Processes of recovery of granulocyte branch
of hematopoiesis in patients with oncohematolodi-
cal diseases after the drug myelosuppression and
pathways of hemostasis disorders in reduction of
platelet branch are described. However, there is no
conclusive information about the nature of recovery
of hematopoietic branches and their interaction in
children with acute lymphoblastic leukemia (ALL)
under the conducted chemotherapy (ChT).

OBJECTIVE

To study the processes of proliferation and differ-
entiation of progenitor cells of the bone marrow by
composition of elements of erythroid, granulocute
and platelet branches of hematopoiesis on stages of
treatment of children with ALL, who were exposed
to ionizing radiation from the accident at the
Chornobyl NPP.

MATERIALS AND METHODS
The group included 46 children with ALL (26boys
and 20 girls). Children were living in the territory
of Kyiv, Zhytomyr and Chernigov areas. According
to the protocol of ChT (ALLIC-BFM 2009) the
patients were examined on the following dates:
immediately before the treatment, at the 33™ day
of therapy (after phase I of remission induction)
(ChT phase I) and after the intensive phase of
treatment before the maintenance chemotherapy
(ChT phase II). The 138 investigations of myelo-
gram were conducted within treatment course.
Exposure doses in patients were calculated accord-
ing to the «Total dosimetric certification of settle-
ments of Ukraine, which suffered from radioactive
contamination after the Chornobyl accident»
Clinical and hematologic characteristics and indi-
ces of hemograms were evaluated in children. Several
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KM €JeMEHTIB mepudepryHol KpoBi AOCTIIKYyBaIM Ha
remoaHanizatopi HE-7000 (Sysmex, fAnonis). ITokas-
HUKM TeéMOIpaM Ta Mi€jorpaM BUBYaIM B Ma3Kax Iepu-
¢epnyHOi KpOBi Ta KiCTKOBOI'O MO3KY, 3a0apBiIeHUX 3a
PoMmaHoBcbkMM-T'iM3010, i OlLIiHIOBAJIM Yy CBITJIOBOMY
Mikpockomi (36inbmeHHs n x 900). [TapameTpu Mienaor-
paM MigpaxoByBaJM 3TiIHO 3 NPUNHSATUMU METOAAMU Ta
MpeACTaBUIM Y BiICOTKAX Ta iHAeKcaxX JO3piBaHHS KJTi-
TUH-MOINepeaHUKIB [12].

JliarHo3 JiefikeMii BCTaHOBJIIOBAJIM Ha OCHOBiI MOpdoO-
JIOTIYHUX OCOOJIMBOCTEN Ta iMyHO(DEHOTUITY OJJACTHUX
KJIITUH KiCTKOBOTO MO3KY MAIli€EHTIB Y BiAIiIi KIiHIiYHOL
imyHogsorii HHIIPM (xepiBHuk — ui.-kop. HAMH VYk-
painu, a-p mea. Hayk, npodecop . A. ba3uka).

O3HakM AMCIasii eIeMeHTIiB KiCTKOBOTO MO3KY 0a3y-
BaJlCh Ha KpuTtepisix, BudHaueHux BOO3 [13]. 3miHu
Oylu TipeAcTaBieHi B TrpajalisXx, KOTpi O3Haydyaau
CTyMiHb nopyiueHb: 0 (03HaKu BiAcyTHi), 1, 2, 3. I1pos-
BU AU3EPUTPOIIOE3Y, BIiAINOBIAHO, B rpagauisx: 1-i
cTyminb — 10 20 % KIiTUH MaJli TIOMipHi 03HAKW MeTa-
JIOOJIACTUYHOTO Ta MaKpPOHOPMOOJACTUYHOTO €pUTPO-
mnoe3y, IBOSiAePHI (hOPMH, 3EPHUCTY CTPYKTYpPY Xpoma-
TUHY, MK SIepHi Ta MiKTIJIa3MaTUYHI KJITITUHHI MiCTKH;
2-1i cryniHb — 20-60 % xj1iTuH OyiM 3 0O3HaAKaMU MeTa-
JIOOTAaCTHUI YW MaKpOHOPMOOJACTHUI €pUTPOIIOE3Y,
MaJii ABosiAepHi abo OaratosaepHi ¢GopMu 3 Ou-
colliali€o MiX J03piBaHHSIM sipa i LIUTOIIa3MU, 3€p-
HUCTY CTPYKTYpY XpOMaTHHY, (pparMeHTaliio siaep Ta
MeTaxpoMa3iio [IUTOIIa3MHM; 3-ii CTymiHb — rmoHazn 60 %
KJIITMH MaJli METrajiobJIaCTHUI epUTponoe3, IBOsIAepHi
abo OararosiaepHi KIIiTUHM, (pparMeHTAallilo siaep, TpaHy-
JIIPHY CTPYKTYPY XpOMaTUHY, HasIBHICTh MeTaxpoMmaasii.

[TposiBu nUCTpaHyIOLMTONIOE3Y KiCTKOBOTO MO3KY OY-
JIA TpeacTaBiieHi B Tpajauisx: 1-ii ctyminb — g0 20 %
KJIITUH OYyJIM 3 Tilo- Ta rinepcerMeHTali€eo saaep, Maaiu
MiABUILEHY KOHIEHCAllil0 XpOMAaTMHY B sIpax He-
JMO3PUTNX KJIITHH, TiMO- Ta TimeprpaHysiilo IUTOoIIa3-
MM, 2-ii ctyminb — 20-60 % rpaHyIOLUTIB OY/IM 3 Tilo- Ta
rinepcerMeHTali€lo siaep, NceBa0-NeabrepiBCbKOK aHO-
MaJti€lo, MaBUILEHOI0 KOHASHCAlli€I0 XpOMATHUHY B sIApax
HEeJ03PiIINX T'PaHyJIOLUTAPHUX KIIITUH, 06a30(iJbHOIO L1~
TOILIa3MOI0 B 3piIMX HEWTpodinax, aTUIIOBOIO IpaHy-
JIAIi€l0, BaKyoJi3allielo IUTOIUIa3Mu; 3-M CTyMHiHb —
oinbire 60 % rpaHyJIOLMUTIB MalIu IepepaxoBaHi BUIIIE
O3HaKM TUCITIA3il.

[IpossBM mucMerakapiolnToIoe3y KiCTKOBOTO MO3KY
B Irpajauisx: 1-il cTymiHb — peecTpyBaBCsl MTOMipHUIA
aHi301IMTO3 MErakapioluTiB, TiMo- Ta TilepcerMeHTO-
BaHi siipa MErakapioluTiB; 2-i CTYIiHb — BUpPaKeHUI
aHI30LIMTO3 MerakapioluTiB, TilMOCErMEHTOBaHi (MoO-
HOHYKJIeapHi/OiHyKJIeapHi) Y1 TimepcerMeHTOBaHI Me-

indicators of peripheral blood elements were studied
at the hematology analyzer HE-7000 (Sysmex,
Japan). Indices of hemograms and myelograms were
studied in peripheral blood smears and bone marrow
stained by Romanovsky-Himza method and assessed
using the light microscope (x900). Parameters of
myelograms were calculated in accordance with
accepted methods and presented in percentages and
maturation indices of progenitor cells [12].
Leukemia was diagnosed according to morpho-
logical features and immunophenotype of bone
marrow blast cells in the Department of Clinical
Immunology of NRCRM (Head — D.A. Bazyka,
Corresponding Member of NAMS of Ukraine).

Signs of dysplasia of bone marrow elements were
based on the WHO criteria [13]. Signs of change were
presented in gradations, that means the degree of
impairment, i.e. 0 (no signs), 1, 2, 3. Signs of dysery-
thropoiesis were listed in gradations : 1% degree — up
to 20 % of cells had moderate signs of megaloblastic
and macronormoblastic erythropoiesis, dual forms,
granular structure of chromatin, between nuclear and
plasma cell the bridges; 2™ degree — 20— 60 % of cells
had signs of megaloblastic or macronormoblastic
erythropoiesis, dual or multinucleus forms with dis-
sociation between nucleus and cytoplasm matura-
tion, granular structure of chromatin, fragmentation
of nucleus and cytoplasm of metachromasia; 3
degree — > 60 % of cells had megaloblastic erythro-
poiesis, dual nucleus or multinucleus, fragmentation
of nucleus granular structure of chromatin, the pres-
ence metachromasia.

Signs of dysgranulocytopoiesis of bone marrow
were assigned in the gradations: 1* degree — up to
20 % of cells were with hypo- and hypersegmenta-
tion nucleus, had an increased condensation of
chromatin in nuclei of immature cells, hypo- and
hypergranulation of cytoplasm; 2" — 20—60 % of
granulocytes had hypo- and hypersegmentation
nuclei, pseudo Pelger anomaly, increased conden-
sation of chromatin in nuclei of immature granulo-
cytic cells, basophilic cytoplasm in mature neu-
trophilic granulocytes, atypical granulation, vacuo-
lation of cytoplasm; 3 — more than 60 % of gran-
ulocytes had the listed above signs of dysplasia.

Signs of dysmegakaryocytopoiesis of bone marrow
were assigned in gradations of the 1% degree featuring
a moderate megakaryocyte anisocytosis, hypo- and
hypersegmentated nuclei of megakaryocytes; 2"
degree had a pronounced anisocytosis of megakary-
ocytes, hyposegmentation (mononuclear/bi-nuklear)
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rakapioluTH, MiABUIlLEHA KiJIbKiCTb HEI03PiIMX Mera-
KapioluTiB; 3-i CTymiHb — BimMidanach IosiBa MiKpo-
yu MeragopmM MerakapioluuTiB, BUpaxeHa Tilno- 4u
rinepaoiab4YacTiCTh SIep, TilorpaHymisdiis ado aHo-
MajbHO BEJUKi TpaHyJIu Yy LMTOIUIa3Mi Merakapio-
LIUTIiB.

3MiHM B MOHOIIMTAX KiCTKOBOTO MO3KY B Ipamalrisax: 1-
1 CTYIiHb XapaKTepu3yBaBcs 0a3odinielo UTOMIa3Mu
MOHOILIUTIB, TOHKOTPAHYJISIPHOIO CTPYKTYPOIO SAEPHOTO
XpOMATHHY B TTOOIMHOKMX MOHOILIMTAX; 2-f1 CTyIiHb —
TOHKOTpaHYyJIsIpHA CTPYKTypa SIAEPHOTO XPOMATHHY
peecTpyBajach y OiJbIIOCTI MOHOLIMTIB, B SIApax MOHO-
IIUTIB iHKOJW PEECTPYBAIUCH HYKJIEOIU, 3’ SIBJISIJIACH
MPOMOHOLIUTH; 3-i CTYIiHb — BU3HAYaBCSl aHi30LIMTO3
eJIEMEHTIB MOHOIIMTaAPHOTO TMAapOCTKa, ITOJiMOpPdi3M
si7iep, TOHKOTpaHyJIsIpHa CTPYKTypa SAEPHOTO XpoMaTH-
HY, HYKJICOJI! B SiApaX MOHOIIUTIB, IIPOMOHOLIMTH.

OO0po0OKa oTpMMaHUX MaTepialiB MPOBOAMIIACH 32 ME-
TOJAMW MaTeMaTWYHOI CTaTUCTUKM (KoeillieHT Kope-
nauii Cr’rogenTa, Crniipmena, U-kputepiii).

PE3VYJIBTATU TA OBI'OBOPEHHS
3a pesynbTaTaMW iMyHO(DEHOTHIIOBOTO IOCITiIKEHHS
JiMpo0OacTiB y 46 XBOpMX Oy BCTAHOBJICHI HACTYITHI
Bapiantu B-TJIJI: ipo-B —y 5, «3arainpHuii Tum» —y 36,
npe-B —y 3 ta T- I'JUJI — y 2 miteit. [lokazHUKU remMor-
paM y XBOpUX B Je010Ti 3aXBOPIOBaHHSI OYyJIM IpeICcTaB-
JIeHi niMcdobiacTaMu i 3aJUIIKAaMU 3piuX eJIeMEHTIB
rpaHyJOLIMTAPHOIO PSITY TeMOIMOE3y y BillIOBIAHOCTI 10
CTPOKIB iX LHUPKYJISLII B CYyIMHHOMY PYCJi, peecTpyBa-
JINCh IPOSIBU aHEMil, TpaHYJIOLMTOIIeHil Ta TPOMOOLIM-
tomeHii. Jlo moyarky mpoBeaeHHS XT BigMmivaauchk
3MiHU TIpolieciB Tpodidepaliii Ta audepeHIitoBaHHSI
€JIEMEHTIB KJIiITUH-TTONEPeHUKIB KiCTKOBOTO MO3KY i Lie
3HAMIILIO BimoOpaxKeHHs y pe3yJibraTax Miejorpam XBo-
pUX, Y IKMX KiCTKOBUI MO30K OYB IpeIcTaBIeHUI TTepe-
BaXXHO OJACTHMMHU e€JIEMEHTaMW Ta ITOOJMHOKUMMU
3piIMMU TPaHYJIOLMTAPHUMU KIliTUHaAMHU. ToOGTO, HOp-
MaJjlbHe KPOBOTBOPEHHSI OYJIO BUTICHEHO MYXJIMHHUM
kioHoM (ta6:. 1). [Tpu nmposenenHi XT Ha I ta 11 eTamax
00CTEXXEeHHSI XBOpUX Mpolecy audepeHILiloBaHHS efie-
MEHTIB Pi3HHUX JIJAHOK reMOI10€3y BiTHOBIIOBAJIUC.
ITigpaxoByBaJlu HACTYITHI iHAEKCU Mi€JIOrpaMU: iHAEKC
JIO3piBaHHSI HEUTpodiTiB (CymMa TMPOMIEIOLUTIB, Mi€IO0-
LIMTiB, METAMIEIOLMTIB, sIKa AiIMIaCh HA CYMY MaJIUUKOSI-
JNEPHUX Ta CEIrMEHTOSIAEPHMX HEUTpodiliB); iHIEKC H0-
3piBaHHS epUTPOOIIACTIB (CyMa MOMiXpoMaTo(iTbHUX, OK-
cU(iLTbHUX HOPMOLIMTIB, SIKa ALIAIaCh Ha CYyMYy epUTPOO-
JIacTiB, 6a30(hiTbHUX, MOTIXPOMATODITEHUX Ta OKCUPLTH-
HUX HOPMOLIUTIB; CIiBBIZHOLIEHHS CYMU KJIITUH Oi0ro
MMapoCTKa 10 CYMU KITITUH YepBOHOTO TTapocTKa (Tadm. 2).

or hypersegmentation of megakaryocytes, increased
number of immature megakaryocytes; 3* degree
corrsponed to appearance of micro- or megaforms
megakaryocytes, pronounced hypo- or hyperlobed
nuclei, otherwise a hypogranulation or abnormally
large granules in the cytoplasm of megakaryocytes.

Changes in bone marrow monocytes were in grada-
tions of the 1% degree characterized by basophilia of
cytoplasm of monocytes, finely granular structure of
nuclear chromatin in isolated monocytes; 2™ degree
featured a finely granular structure of nuclear chro-
matin in most of monocytes, sometimes registered
nucleoles in nuclei of monocytes, and appeared
promonocytes. 3™ degree corresponde to anisocytosis
of monocytic root elements, polymorphism of nuclei,
finely granular structure of nuclear chromatin, nucle-
oles in nuclei of monocytes, promonocytes.

Methods of mathematical statistics (coefficient
of correlation of Student’s, Spearman, U-criteri-
on) were applied for the data analysis.

RESULTS AND DISCUSSION

The following variants of B-ALL were identified
through the mmunophenotyping of lymphoblasts
in 46 patients: pro-B-ALL (n=35), «common»
(n=36), pre-B (n=3) and T-ALL (n=2.) Indices of
hemograms in debut of disease were represented
by lymphoblasts and remnants of mature granulo-
cytic of hematopoietic elements in accordance
with terms of their circulation in blood. Eevidence
of anemia, granulocytopenia and thrombocytope-
nia were registered. Before the start of ChT therer
were recorded some changes of proliferation and
differentiation of progenitor cells of bone marrow
been reflected in the results of myelogram in
patients, whose bone marrow was represented
mainly by the blast elements and single mature of
granulocytic cell. That is, normal hematopoiesis
was replaced by the tumor clone (Table 1). Along
with ChT conduction on phases I and II a recov-
ery of differentiation of hematopoietic elements of
various branches occurred.

The following indices of myelogram were counted:
thew maturation of of neutrophils (sum of promyelo-
cytes, myelocytes, metamyelocytes, which was divid-
ed on the sum of stab and segmented neutrophils);
maturation index of erythroblasts (sum of polychro-
matic, oxyphilous normocytes, which was divided on
the sum of erythroblasts, basophilic, and polychro-
matic and oxyphilous normocytes); ratio of the white
cells to total sum of red branch cells (Table 2).

(1) 182
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Ta6nuusa 1
MokasHuKku mienorpam y gitei 3 N1 B guHamiui XT

Table 1

Indices of myelograms in children with ALL in dynamic of ChT

Eranu XT / Phases ChT (n=46)

HopmatueHi paHi,

Moka3Huku mienorpamu (%) n=>53
Indices (%) Bo XT | etan XT Il eran XT Normative data,
before ChT ChT phase | ChT phase Il n=>53
MienokapioumTy, [/n / Mke, G/1 147,2 + 3,1 17,8 £ 4,14 150,2 + 8,9 118,4 385
Merakapiouutyt (B 1mkn) / Mgke (in 1 mcl) 12,0 £3,6 ** 68,5+ 9,7* 68,8 = 6,9* 100,0 = 25,0
JlimpobnacTu / lymphoblasts 76,2 + 3,3** 2,2 +0,27%** 2,3 +0,2F** 0,5+0,1
MpomienouuTn / promyelocytes 0,12 £0,02** 1,58 +0,15* 1,93+0,26 * 25+0,8
Mienouptn / myelocytes 1,0 +0,3** 7,0 £0,65* 11,19 = 0,58* 96+1,3
Metamienouutt / metamyelocites 0,02 £0,01** 3,22 = 0,24* ** 51 £0,31*** 115+1,8
MannukosinepHi / stab neutrophil granulocytes 0,04 +0,01** 8,6 £0,6%* 15,0 = 0,76* 18,2+ 2,8
CermenTosepHi / segmented neutrophil granulocytes 3,41 £0,01* 20,55 + 1,95* 19,1 £ 1,23* 18,6 £2,8
EosuHodinm / eosinophil granulocytes 0,01 £0,0** 0,34 = 0,10*** 2,26 = 0,13* 32+13
MoHouuTn / monocytes 0,1 +0,01* 7,73 = 0,48*** 8,91 £ 0,55%** 1,9+0,6
Jlimpouutn / lymphocytes 16,24 £ 1,13** 16,8 £ 1,3*** 9,77 = 0,65* 90+24
EputpoinHi Bci / erythroid all 2,40 £ 0,02** 30,58 + 2,46%,** 25,6 £ 1,4%** 204+19
Eputpobnactu / erythroblasts - 1,62 = 0,20** 1,11 £0,13** 0,60 = 0,25
bazodinbHi eputpokapiouwty / basophilic erkc - 4,3+ 0,46 3,23 + 0,26 30+0,8
MonixpomatodinbHi eputpokapiouutyn / polychromatic erkc 1,20 + 0,02** 11,4+ 175" 7,8 £0,63* 12,8+29
OkcudinbHi eputpokapioumtn / oxyphilous erkc 1,11 £0,03,** 13,44 = 1,37*** 13,13 £ 1,03*,** 3212

Mpumitka. * — pigHnUS Mix nokasHukamu fo XT 1a nicns XT; ** — pisHnUs MiX nokasHkamu NopiBHSHO 3 HopmaTueHUMM aaHumu (p < 0,05 ).
Note. * — difference between the indices before of ChT and after ChT; ** — difference between the indicators compared to the normative data (p < 0,05).

Ta6auusa 2

Inpekcu mienorpamm y xsopux Ha 1)1 3anexHo Big etany XT

Table 2

Indices of myelogram in patients with ALL depending on the phase of ChT

IHpekc pospiBaHHS

Inpekc pospisaHHs

CniBBigHOLWEHHS CyMU KNiTUH

Eranu XT HeuTpodinis eputpobnacrie 6inoro napocTKa A0 YepPBOHOro

Phases of ChT Indices of maturation Indices of maturation Ratio of sum of cells
neutrophil granulocytes erythroblasts white to red link

| etan XT / ChT phase | 0,77 £ 0,06 0,74 £ 0,07 2,4

Il eran XT / ChT phase Il 0,81 £0,09 0,82 = 0,08 2,9

Hopmatuei aani / normative of data 06—-08 08-09 2,1-41

Hamwu Oynu nmpoaHalizoBaHi IMOKa3HUKU Mi€jlorpam y
xBopux Ha I'JIJI B mepion BimHOBIEHHS KiCTKOBOMO3KO-
BOr0 KPOBOTBOPEHHsSI, Ta IIpOBeJcHa ITOPiBHSJIbHA
OlIiHKa (3B’$130K) 3 YMCJIOM MienoKapiouuTiB. OTprumMaHi
pe3yabTaTy MoKa3aau, 110 KIITUHHICTb KiCTKOBOTO MO3-
Ky Y XBOpMX HE KOpeJItoBaja 3 BiICOTKOM KJIITUH-IIOIe-
peaHUKIB y Mienorpami. B Toit yac Oyiu BU3Ha4YeHi aesiki
KOpEeJSILifiHI 3B’SI3KM MiX eJIeMeHTaMM Mi€JlorpaMu.
Tak, y xBopux Ha ['JIJI OyB BcTaHOBJIEHUIA PSIMUIA KOpe-
JISUIAHUN 3B’I30K MiX KiJIbKiCTIO MOHOIIWTIB, TPOMi-
eqouutiB i mienouutiB (Rs = +0,38), mo aoriyHo
BUTiIKae 3 (hi3ioJOTiyHUX MpoLeciB (DYHKIIOHYBaHHS
KiCTKOBOMO3KOBOI'O KPOBOTBOPEHHSI Ta BIUIMBY POCTO-

We analyzed the myelogram indices in patients
with ALL during the bone marrow recovery and
coneucted a comparative evaluation (connection)
with the number of myelokaryocytes. It had
appeared that cellularity of bone marrow not corre-
lated with percentage of progenitor cells in myelo-
gram. At that some correlation was found between
the myelogram elements. So in patients with ALL a
direct correlation was established between the
number of monocytes, promyelocytes and myelo-
cytes (Rs = +0.38), that logically follows from the
physiological processes of functioning of bone
marrow hematopoiesis and influence of growth
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Bux (akropis, 30kpema 'M-KC® [1]. IIpsmuii kope-
JISILIAHUMI 3B’S130K TaKOX OYB BM3HAUYEHUIA MiX 3arajib-
HOIO KIJBKICTIO €pUTPOIAHUX €JIEMEHTIB Y KiCTKOBOMY
MO3KY Ta epUTpOOIaCTiB, 1110 Ma€ (i3ioNOTiuHY ITiaCTaBy
mono gyHkuii eputpony (Rs = +0,64) [1]. [Ipsamuii Ko-
peSILUiiiHUIA 3B’SI30K BCTAHOBJICHUIA MiX YMCJIOM €pUT-
po6mnactiB Ta MoHOLIUTIB (Rs = +0,59). Lle mosicHIOETHCS
B3aEMOJII€I0 KITITUH-TIONEPETHUKIB YePBOHOTO PSIIY, TT0-
YUHAIOUM 3 €PUTPOITHUX OCTPIBIIB, SIKi € MOYATKOBUM
€TarioM PO3BUTKY €PUTPOHY, B LICHTPi SIKMX PO3TAILIOBY-
IOTbCSI MOHOLIUTH, 1110 MICTSITh 3ariac 3aji3a, HeoOXigHUM
IJIsT TOAaNIbIIOro Ipoliecy Tpomidgepaiii i aude-
PEHILIIIOBAaHHS €JIEMEHTIB EpUTPOLIUTAPHOIL JTaHKHM [14].

Bigmomo, 1110 JTiKyBaHHSI TOCTPUX JieiiKeMili y miTeil Ta
MOBHA KJIiHIKO-reMaToJIoTiuHa peMicisi, He MOXYTb OyTU
JIOCSITHEH] 0e3 epaauKallii IMyXJIMHHOIO KJIOHY Ta Mi€Jlo-
cympecii KicTKOBOro Mo3ky. KiJIbKicTb Mi€JIOKapiolUTiB
B MieJjiorpami B nepioa mienocynpecii (I ta II eranu ) y
xBopux craHoBwia (14,5 £ 2,8) I'/n, neiikouutiB — (0,6
*0,1) I'/n, rpanynouuriB — (0,3 £ 0,1) I'/n.

XapakTep BiTHOBJIEHHS FeMOIT0e3y Y XBOPUX 3aJI€KUTh
Big 6aratbox (pakTopiB. OLiHKA CKJIamy Ta YUCEIbHOCTI
KIIITUH-NONEPEIHUKIB €pUTPOINHOI, TpaHyJIO0LUTAPHOI
Ta MerakapiouuMTapHoOl JaHOK KiCTKOBOTO MO3KYy B
nepio BiTHOBIEHHS KiCTKOBOMO3KOBOT'O KPOBOTBOPEH-
HsI miciis XiMioTepartii MOXXYTh HagaTH iH(pOpMallilo 110~
JIO TIPOTHO3YBaHHSI Iepediry 3aXBOPIOBaHHSI y XBOPUX Ha
I'JIJI i BcTaHOBIEHHST NOJATKOBUX KPUTEPIiB IJIsT CTpa-
tudikauii rpyn pusuky. Hamu 6ynu mpoaHaiizoBaHi mo-
Ka3HUKU JaHOK remornoesy Ha I erami XT Ta micis ocra-
TouHoro 3akiHyeHHs aikyBaHHA (II erami XT) i mpoBe-
JIeHa MOPiBHsUIbHA OLIiHKAa OTpUMaHuX JaHuX. BpaxoBy-
BajJid BiICOTOK €JIEMEHTIB B KOXHOMY MapOCTKY, SIKUM
OyB BUIIMM 32 HOPMATUBHMIA, i IPEACTABWIMN iX Y BUT-
Jsiai rpagauiit. Huxkye HaBoguMo BU3HAYEHI rpafallii:

1 — epurpoinni knituuu T 30 %:;

2 — rpaHynouutapHi kiituan 1 50 %;

3 — rpanysouutapHi Kitituau 1 50 % Ta MoHoumty 1 5 %;
4 — monouutu T 5 %:

5 — piBHOMipHMM TIPOITOHYETHCST BBaXKaTU TaKe BiTHOB-
JIEHHSI KiCTKOBOTO MO3KY, MPU SIKOMY B >KOJHOMY 3 Ta-
POCTKIiB KPOBOTBOPEHHSI HE CIIOCTEPIra€ThCsl IepeBU-
ILIEHHSI BiICOTKa KJIITUH MOHAJ HOPMaTUBHUIA.

Cnia migKpecaIuTH, 10 BpaxyBaHHSI CyMapHOI KiJlb-
KOCTi €JIEeMEHTIB €pUTPOIMHOIO Ta TPAHYJIOLUTAPHOTO
NapocTKiB KpOBOTBOpPeHHs y XxBopux Ha IJIJI ang
OL[IHKM MeXaHi3MiB BiIHOBJIEHHSI KiCTKOBOI'O MO3KY
OyJIO TIpaBOMipHUM Yy 3B’SI3KY 3 BiCYTHIiCTIO CTaTHC-
TUYHOI Pi3HUII B iHAEKCaX J03piBaHHS KJIITUH LIUX Jia-
HoK. B Ta6i. 3 HaBeaeHo po3noain aiteit 3 I'JIJI 3anex-
HO BiJ XapakTepy BiJHOBJIEHHSI KiCTKOBOMO3KOBOTO

(1) 184

factors, including the GM-CSF [1]. A direct corre-
lation was also determined between the total num-
ber of erythroid elements in bone marrow and ery-
throblasts, that has a physiological basis on the
function of erythron (Rs = +0.64) [1]. A direct cor-
relation was established between the number of
erythroblasts and monocytes (Rs = +0.59). This is
due to interaction of red branch precursor cells
beginning with erythroid islands, which are the ini-
tial stage of erythron, in the center of which there
are monocytes that containing the iron stores
required for the further proliferation and differenti-
ation of erythrocyte branch elements [14].

Is known, that treatment of acute leukemia in chil-
dren and full clinical hematological remission can not
be achieved without eradication of the tumor clone
and myelosuppression. Number of myelokaryocytes
in myelogram during the myelosuppression (phases I
and 1) was (14.5 & 2.8) G/I, leukocytes — (0.6 = 0.1)
G/1, granulocytes — (0.3 £ 0.1) G/1.

The nature of hematopoietic recovery in patients
depend on many factors. Evaluation of composi-
tion and number of progenitor cells of erythroid,
granulocytic and megakaryocytic roots of bone
marrow during the recovere of bone marrow
hematopoiesis after chemotherapy may provide an
information about prognosis of the disease in
patients with ALL and establish the criteria for
stratification of risk groups. We have analyzed the
indices of hematopoietic branches in ChT phase 1
and after the final treatment (ChT phase II).
Finally these data were compared. Percentage of
each element in the branch exceeding the norma-
tive was calculated and presented as the grada-
tions. There were the following gradations :

1 — erythroid cells T 30 %;

2 — granulocytic cells T 50 %;

3 — granulocytic cells T 50 % and T monocytes 5 %;
4 — monocytes T 5 %:;

5 — uniform; such a recovery of bone marrow is
suggested to be considered if there is no excess of
cell percentage of any hematopoietic branch vs.
normative.

It should be emphasized, that taking into account
the total number of elements of erythroid and granu-
locytic branches of hematopoiesis in patients with
ALL for evaluation of recovery mechanisms of bone
marrow was appropriate in the absence of statistical
difference in the indices of cell maturation of the
branches. Table 3 shows the distribution of children
with ALL depending on the nature of recovery of
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Ta6nuusa 3

Po3nogin xsopux Ha M1 3anexHo Big TMNY BifHOBNEHHA KiCTKOBOro MO3KY Ha eTanax XT

Table 3

Distribution of patients with ALL depending on bone marrow recovery type at phases of ChT

EnemeHTn mienorpamm letan XT,n=46 |l eran XT, n = 46
Elements myelogram | phase XT n =46 |l phase XT n = 46
1 - yucno eputpoigmx knituk T 30 % 17~ 7

1 - number of erythroid cells T 30 %

2 - yncno rpaynouvTapHix knitud T 50 % 0* 14

2 - number of granulocytes cells T 50 %

3 - 4MCno rpaHyNOLMTAPHIUX KIITUH T 50%, MoHouuTiB * 5% 14 16

3 - number of granulocytes cells T 50%, monocytes * 5%

4 - yueno moHouuTie T 5 % 7 7

4 - number of monocytes T 5 %

5 - 4MCno KNITUH BCIX NAPOCTKIB B MEXAX HOPMATMBHIX BEMYMH 8* 2

5 - number of cells of links within the normative values

MpumiTka. * — pisHmnus Mix nokasukamu (p < 0,05).
Note. * — difference between the indices (p < 0.05).

kpoBoTBopeHHs Ha I i Il eranax XT. To6To, Ha II etami
00CTeXXeHHSI 3MEHIIYBajach KiJIbKiCTbh XBOPUX, Y TKUX
BiJTHOBJIEHHSI KPOBOTBOPEHHSI OYJIO 3 MepeBakaHHSIM
epUTPOIAHUX €JIeMEHTIiB BUIIMX 3a HOPMAaTWBHi, i
30LJIbLIYBAJIOCh YUCJIO JiTei 3 aKTUBALII€I0 I'PaHYIOLU-
TapHOI JJaHKM TeMOoIloe3y MopiBHSHO 3 | eTamoM crmoc-
TepeKeHHSs].

Hamu Oynu mpoaHanizoBaHi MOKa3HUKU BigHOBIIO-
BaHHSI KiCTKOBOI'O MO3KY Y XBOpPUX 3aJIeXKHO Bij BapiaH-
ty IJUI (1ipo-B, «3aranbHuii tum», npe-B ta T-TJII).
Ouwinka posnofiny xBopux Ha II erami XT 3aiexxHo Bif
BU3HAYEHUX BapiaHTiB 3aXBOPIOBAHHS i TUIIIB BiIHOB-
JICHHS KiCTKOBOTO MO3KY (B rpafallisix) Imoka3saia, 1o 3a
HasgBHocTi npo-B-TJIJI y 4 maiiieHTiB 3 5 npeBajoBaIn
€PUTPOINHI eJIEMEHTU. Y OUTBIIOCTI XBOPUX B Mi€orpa-
Max BiIMivyaaucsl TpaHYJOLUMTapHi KIiTUHU-IOIEpPeI-
HUKH Ta MOoHOLIUTH (30 3 46) (Tabi. 4). Ciif 3a3HAYUTH,
110 HAMM HE 3aCTOCOBYBAJIIMChH KOJOHIECTUMYIIIOIOYi
¢axTOopu y XKOIHOTO XBOPOTrO B Iepioli LIMTOCTATUYHOI
MiejtocyIpecii.

Ta6naumus 4

bone marrow hematopoiesis on the ChT phases I and
I1. That is, on the phase II there was a decrease of
number of patients, in whom recovery of hematopoi-
esis occurred with prevalence of erythroid elements
exceeding normal values, and there was an increase
of number of children with activated granulocyte
hematopoietic branch vs. observation at phase I.

We have analyzed the indices of bone marrow
recovery depending on the ALL variant (pro-B,
«commony, pre-B and T-ALL). Evaluation of the
distribution of patients at the ChT phase II of
depending on disease variant and types of bone
marrow recovery (in gradation) showed, that the
presence of a pro-B-ALL variant in 4 out of 5
patients the erythroid elements prevailed.
Granulocytic progenitor cells and monocytes were
registers in myelogram of majority of patients (30 of
46) (Table 4). It should be noted, that we have not
used a single colony stimulating factor in patients
in the period of cytostatic myelosuppression.

Po3nopin xBopux 3anexHo Big BapiaHTie [l i TuniB BigHOBNEHHA KicTKOBOro Mo3ky Ha II etani XT

Table 4

Distribution of patients depending on the variants ALL and types recovery of bone marrow on II phases of ChT

Bapiantu 11

I'papauii BigHOBNEHHS KicTKOBOro Mo3ky Ha Il eTani XT

ALL variants Graduations of bone marrow recovery in phase Il of ChT

1 2 3 4 5 Bcboro / total
Mpo-B-INJ1 / pro-B-ALL 4 - 1 - 5
«3aranbHuit Tun» 1171 / «common» 2 14 14 4 2 36
Mpe-B-NN / pre-B-ALL 1 - 1 1 - 3
T-rn / T-ALL - - - 2 2
Beooro / tolal 7 14 16 7 2 46
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OxpeMo 3yIMMHUMOCH Ha BiTHOBJIEHHI ITOKA3HUKIB M-
rakapiouuTapHoi JJaHku y xBopux Ha I'JIJI. Yucio mera-
kapiouuTiB Ha I erani XT y giteii KoauBaoch Bix 5 10
200 B 1 MKJ i cTaHOBUMIJIO B cepenHboMy 68,7 = 4,5 B 1
MKJ. 11 AeTaabHOro aHajai3y MaTepialy MOKa3HUKU Oy-
JIM posnoaijieHi Ha 4 rpagauii (HopmatuBHi — 50—150 B
1 MKJT; HYIDKYi 3a HopMaTuBHI — 50—25 B 1 MK ; myxe
HU3bKiI — 3a 25 B 1 MKJI; BUIL 32 HOPMaTHUBHi — OiIbIIIi
3a 150 B 1 mku). Tak, y 6 mallieHTiB YMCIO Mera-
KapiouuTiB OyJ10 BUIIMM 3a HOpMaTUBHE, y 18- HOpMa-
TuBHE, y 14 — B Mexax Bim 50 1o 25,y 8§ — Hikue 3a 25 B
1 mxa. ITicag XT (IT eran XT) y niteit KiabKicTb Mera-
KapioumTiB KoJuBanach Bif 5 10 230 B 1 MKJT i cTAHOBU-
Ja B cepegHboMy 76,7 = 3,1 B 1 MKJ1. Y 8 mauieHTiB ymc-
JIO MeTaKapiolMTiB Oy/10 BUIIIAM 3a HOpMaTUBHE, y 27 —
HOpMAaTUBHE, Y 5 — B Mexax Bix 50 1o 25, y 6 — HUKYUM
3a 25 B MkJ. ToOTO oTpuMaHi AaHi, xo4ya i Maju TMeBHi
KOJIMBaHHS, OJHAK HE PO3Pi3HSUIMCh MiX co0010, 110
CBiIYMTH MPO BIACYTHICTh Pi3HMLI B Mpoliecax BiIHOB-
JIeHHsI TpoMOouuTapHoi JaHku y niteit 3 [JIJI B oouasa
nepioau crioctepexkenHs (1 : 0,23—0,14—0,08; 2 : 0,25—
0,17-0,11) (p > 0,05).

OuiHIoIOYM OTpMMAaHi JaHi 3a 00MIBa TIEPioan JIiKy-
BaHHS, OyJIM BCTAHOBJICHI HACTYITHI KOpeJsLiliHi 3B’ 13-
KW TIpIMUA KOPESALIMHUN 3B’SI30K BU3HAYEHUN MiX
yucaom mienokapiouutis (I'/n) Ta merakapionuTtis (B 1
mki) Ha I ta Il etanax oocrexkernns (Rs = +0,72 ta Rs =
+0,56, BiaIOBIiIHO).

BaxnuBuMmu, Ha Hally OYMKY, € Pe3yJIBTaTU OLIiHKH
Mi€TOIUCIUIACTUYHUX IIPOSIBIB Y €JIeMEHTaX T'eMOIToe3y
KICTKOBOro MO3KY Ha eTanax JiikyBaHHs xBopux Ha [JIJI
(tab6. 5). Tak, micas Kypcy X T 3MeHIIyBajiach KiIbKiCTh
XBOPUX 3 OLTBII BUPAXKEHMMHU ITPOSIBAMU B €PUTPOITHIX
eneMeHTax (3-s1 rpanaiist: 3 16 1o 8 ocib). AHanmoriuHa
cuUTyallisl CriocTepiraaach iy AiTei 3 o3HaKaMM JUCIIa3il
TpaHyJOLIMTAPHUX €JIEMEHTIB, y SKUX 30iJblIyBajiach
KiJIbKiCTh (DYHKIIIOHAJTbHO HOPMaJIbHUX KIIITUH y KiCT-
KOBOMY MO3KY.

ITopiBHSIIbHA OLIiIHKA MOKA3HMKIB B 00MJIBA TEPMiHU
JIIKyBaHHS MMoKa3zaia, 1110 y xBopux Ha [JIJI micns kypcy
XT 30i1bIIYETHCS YMCIIO OCiO O€3 03HAK AMCIIA3ii B eJie-
MEHTaxX epUTPOITHOI Ta rPaHyJIOLUTAPHOL JAHOK ITeMO-
mmoe3y (p < 0,05). Yacrora Ta xapakrep LIMX 3MiH B eJie-
MEHTax MerakapioluMTapHOTO psIy Ta MOHOIIMTax
KiCTKOBOTO MO3KY Y XBOPMX ITPAKTUYHO HE PO3Pi3HSI-
JICh Y 3a3HAaY€HI CTPOKM JIiKyBaHHSI.

Hamu OGyiu nmpoaHaiizoBaHi 103U ONPOMiHEHHS XBO-
pUX 3 ypaxyBaHHSIM iX BiKy Ha MOMEHT 3aXBOPIOBAHHSI,
crtari, Bapianty I'JIJI, iHilLiaAbHMX MOKA3HUKIB reMorpa-
MU, 4YHMCJIa MI€JIOKapioUUTiB, MerakapiolluMTiB Ta Ipa-
Jaiiii  BiZHOBJEHHS KIiCTKOBOTO MO3KY (OIIiHEeHO
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Recovery of indicators of megakaryocytic branch in
ALL is of especial concern. The number of
megakaryocytes in ChT phase I ranged from 5 to 200
in 1 mcl and averaged 68.7 = 4.5 to 1 mcl. For a
detailed analysis of material the indicators were divid-
ed into the 4 gradations (normative — 50—150 in 1
mcl; lower, than the normative — 50—25 in 1 mcl; very
low — less than 25 in 1 mcl; higher, than the norma-
tive — more than 150 in 1 mcl). Thus, in 6 patients the
number of megakaryocytes was higher, than norma-
tive, in 18 it was normative, in 14 ranged from 50 to
25, in 8 was below 25 in 1 mcl. After the ChT (phase
IT) the count megakaryocytes ranged from 5 to 230 in
1 mcl and averaged 76.7 = 3.1 to 1 mcl. In 8 patients
the number of megakaryocytes was higher, than nor-
mative, in 27 it was normative, in 5 ranged from 50 to
25, in 6 it was lower, than 25 mcl. That is, the received
data, although been of some fluctuations, were not
differrent however among ourselves, that indicates to
no difference in recovery of platelet branch in chil-
dren with ALL in both periods of observation (1:
0.23—0.14— 0.08; 2: 0.25—0.17—0.11) (p > 0.05).

Evaluating the data for both periods of treatment
the following correlations were established. The
direct correlation between number of myelo-
karyocytes (G/1) and megakaryocytes (1 mcl) in
the phases I and II of the survey (Rs = +0.72 and
Rs = +0.56 respectively).

Results of evaluation of myelodysplastic mani-
festations in hematopoietic cells in the bone mar-
row at the phases of treatment in patients with
ALL are important in our oipinion (Table 5). So,
after a course of ChT a number of patients with
more severe sings in erythroid cells reduced (3 gra-
dation: from 16 to 8). A similar situation was
observed in children with signs of granulocytic
dysplasia, in whom the amount of a functionally
normal cells increased in bone marrow.

Comparative evaluation of indices in both phases of
treatment showed that after a course of ChT there is
an increased number of patients without signs of
myelodysplasia in erythroid and granulocyte branch-
es of hematopoiesis (p < 0.05). Frequency and nature
of dysplastic changes in elements of megakaryocytic
branch and monocytes of bone marrow was almost
did not differrent in stated terms of treatment.

We have analyzed the radiation doses in patients
considering their age at the time of disease, gender,
ALL variants, initial hemogram indices, number
myelokaryocytes, megakaryocytes and bone mar-
row recovery gradations (estimated relationship).
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Ta6nuusa 5

Po3snopin xeopux Ha 1)1 3a etanamu XT Ta 03Hakamu mienoaucnnasii B efneMeHTax KicTKOBOro Mo3sky (Kpurtepii

rpapauin - 0, 1, 2, 3 pus. «Marepianu Ta meToan»)
Table 5

Distribution of patients with ALL for stages of ChT and signs of myelodysplasia in elements of bone marrow
(Criteria gradations - 0, 1, 2, 3 see «Materials and methods»)

EnemeHTH KicTKOBOr0 MO3KY Ipapauir | etan XT, n = 46 Il etan XT, n = 46
Elements of bone marrow Gradations | phase ChT, n = 46 Il phase ChT, n = 46
EpurtpoigHi / erythroid 0 0* 5

1 6 9

2 24 24

3 16 * 8
IpaHynouutapHi / granulocytes 0 1* 15

1 8 7

2 19 15

3 18 * 9
MerakapiouutapHi / megakaryocytes 0 35 38

1 2 2

2 9 5

3 0 1
MoHouutn / monocytes 0 27 36

1 6 5

2 9* 1

3 4 4

[MpumiTka. * — pisHnus mMix nokasHukamu (p < 0,05).
Note. * — difference between the indices (p < 0,05).

B3a€EMO3B’5130K). Tak, 1031 ONMPOMIHEHHST XBOPUX 3HA-
xomuanuchk B Mexax Big 0,5 M3B 10 28,0 M3B (cepenHs —
(3,73 £0,12) m3B). [lo3u aHaJi3yBajau y ABOX rpajallisix:
1o 20 M3B Ta BuIle. Po3paxyHok npoBoauBcs 3a U-kpu-
tepieM (Mann-Whitney). KopesuiiiHOro 3B’s13Ky Mix
JI03aMM OIPOMIiHEHHSI XBOPMX Ta XXOAHUM i3 BU3HAUe-
HUX MapaMeTpiB BCTAHOBJIEHO He OyJIo.

TakuMm 4yrHOM, B 1€0I0Ti TOCTPUX JeHKEeMill BigMiva-
JIMCh MOpYLIEHHs MpoleciB mpoiaidepaliii Ta aude-
pPEHILIIOBaHHS €J1eMEHTIB KiCTKOBOIo MO3Ky. Hopmanb-
HE KPOBOTBOPEHHS BUTICHSUIOCH IMMyXJIUMHHUM KJIOHOM.
ITicng epamukalii OJJacTHUX €JEMEHTIB Ta Iepioay
Mi€ejlocynpecii cnocTepirajoch BiTHOBAEHHS MapOCTKiB
KPOBOTBOPEHHSI Ta HOpMaJlizalisl IpoleciB mpoide-
pauii i gudepeHIitoBaHHS KiCTKOBOMO3KOBUX eJie-
MEHTIB 3a MTOKa3HUKaMU €pUTPOITHOI, TpaHyI0LUTap-
Hoi Ta TpoMOOLMTAapHOI JJaHOK reMonoe3y. OuiHKa pe-
3yJIbTATiB Mi€JlorpaMu 3a BiICOTKOM €JIEMEHTIB y KOX-
HOMY MapoCTKy KpoBOTBOpeHHs y xBopux Ha [JIJI na I
eTarli Tepartii i micyig 3aKkiHdeHHs moBHoro Kypey XT (11
erani XT) BcTaHOBWJIA 5 TUTIB BiTHOBJIEHHS T€MOTIOE-
3y Micjs epaguKallii NyXJIUHHOro KJIOHY. Tak, BiZHOB-
JIEHHS TIapOCTKiB KPOBOTBOPEHHS BigOyBajioCh 3a pa-
XYHOK KJIITHH-TIOTIEPEIHUKIB €pUTPOIAHOI JaHKU Te-
MoIToe3y Ta/abo TpaHyJIOHUTApHOI, a TaKOX pPiBHO-
MIpHOTI'O BiCOTKa €JeMEHTIB Y KOXXHOMY 3 MapOCTKiB.

Thus, the exposure doses in patients were in the
range from 0.5 to 28.0 mSv (3.73 = 0.12 mSv aver-
age). Doses were analyzed in two gradations: up to
20 mSv or higher. The calculation was performed
using the U-criterion (Mann-Whitney). No corre-
lation was found between the exposure dose any
registered parameter.

So, at the debut of acute leukemia the abnormal-
ities of proliferation and differentiation of bone
marrow elements were recorded. Normal
hematopoiesis was displaced by neoplastic a clone.
After eradication of blast elements and the period
of myelosuppression a recovery of hematopoiesis
and normalization of proliferation and differentia-
tion of bone marrow elements was observed
according to the indices of erythroid, granulocytic
and platelet branches of hematopoiesis.
Evaluation of the results myelogram by percentage
of elements in each branch of hematopoiesis in
patients with ALL in phase I of therapy and after
the full course of ChT (phase II) to resultd in
establishing of 5 types of hematopoietic recovery
after eradication of the tumor clone. Thus, the
recovery of hematopoietic branches was due to
erythroid and/or granulocytic progenitor cells of
hematopoietic branches, as well as due to uniform
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IToxazaHo, 10 y OiNBLIOCTI MAlLi€HTIB BiIHOBIEHHS
KJIITUH-TIONEPEAHUKIB B 3a3HAYEHI TEPMiHM CIIOCTEpE-
KEHHSI BiIOYBaJIOCh 3a PaXyHOK T'paHYJIOLIMTIB Ta MO-
HOLIMTIB.

O1iHKa ITOKa3HMKIB BiZTHOBIIOBAHHS KiCTKOBOT'O MO3-
Ky y XBOpHX 3aj1exHo Bix BapiaHTiB B- I'JIJI (mpo-B, «3a-
rajgbpHUM THI», TIpe-B) ta T-TJ1JI mokasana, 1o 3a HasIB-
HOCTi IPOTHOCTUYHO HECIPHUSITIMBOrO BapiaHTy 3aXBO-
proBaHHsg Tipo-B-IJIJI y wmienorpami Oyia migBullneHa
KUJIbKiCTh €pUTPOINHUX €JIEMEHTIB, TO/I SIK Y iHILIMX XBO-
pux MOpeBajloBajiyd rpaHyJOLUTAPHI KIIITUHU-TIONEPEI -
HUKU 1| MOHOLIUTH.

AHaJji3 MieJIOAUCIIIACTUYHUX O3HAK B eJleMeHTax re-
MOITO€3Yy KiCTKOBOro Mo3Ky y xBopux Ha I'JIJI Ha eTanmax
JIIKyBaHHSI T10Ka3aB, 1110 YUCJI0 0Cid 31 3MiHAMU B KJIiTU-
Hax-IIoNepeaHuKax micis nmoBHoro Kypcy XT 3MeHIny-
Bajioch mopiBHSHO 3 I eramoM jikyBaHHsI. OTpuMaHi
JaHi € HAyKOBUM ITiAIPYHTIM JUISI MOAQIbIIOTO BU3HA-
yeHHs nporHosy nepeodiry I'JIJI y giteit Ha migcTaBi BU3-
Ha4yeHHsI MeXaHi3MiB BiTHOBJIEHHS TeMOI0e3y MiCJIs 11~
TOCTAaTUYHOI Mi€ocympecii.

3B’4I3Ky MiX IOKa3HUKaMU €pUTPO-, TpaHyJo- i
TPOMOOLIMTOTEHE3y KiCTKOBOTO MO3KY Ta J03aMU
onpomMiHeHHs y xBopux Ha [JIJI (3,73 £ 0,12 mM3B)
He BcTaHOBJIeHO. KpiM Toro, 1i 103U He BIJIMBaIMU
Ha MNOKa3HUKM TeMOMoe3y Ha eTamax JIiKyBaHHS
TiTEH.

BUCHOBKU

1. Do nmouyatky npoBeaeHHsa XT y xBopux Ha [JIJI
BimMivammnch 3MiHM TIpolleciB Tpouridepalrii Ta mude-
pPEeHIIiI0OBaHHS eJIEeMEHTIB KJIiTUH-TTOTIepeIHUKIB KiCTKO-
BOTO MO3KY 3a paxyHOK KJIiTMH ITyXJIMHHOTO KJIOHY. [Tpun
nposeneHHi XT Ha I i Il etanmax JiKkyBaHHSI, TIPOLIECU A1 -
depeHIifoBaHHS €JeMEHTIB BCiX JIJAaHOK T'eMOIIOEe3y
BiIHOBJTIOBAJIUCh.

2. B mepion BiTHOBJIEHHSI KiCTKOBOMO3KOBOTO KPOBOT-
BopeHHd y xBopux Ha I'JIJT OyB BcTaHOBJIEHUIA MPSIMUI
KOPEJSLiHHAN 3B’SI30K MiX KiTbKIiCTIO MOHOIIMTIB Ta
npomienouutiB i mienouuriB (Rs = +0,38), KinbKicTio
epUTPOINHUX eJeMeHTIB Ta epuTpooOaactiB (Rs = +0,
64); yrcaoM epuTpoOIACTIB Ta YMCIOM MOHOLNTIB (Rs =
+0,59); uyumcimom wmienokapioumutiB (I'/1) Ta Mera-
KkapiouutiB (BIMk), gk Ha I, Tak i Il etami o6cTexxeHHS
(Rs = +0,72 Ta Rs = +0,56, BignmosigHo).

3. Ilicng 3akiHyeHHs moBHoro kypcy XT (II eram )
3MEHIIYBa/Iach KiJIbKICTb XBOPUX, Y SIKUX BiAHOBJIEHHS
KPOBOTBOPEHHSI BilOYBaIOCh 110 €PUTPOITHOMY TUITY Ta
301IbIITYBAJIOCH YHCIIO AiTel 3 aKTUBALIE€I0 TPAaHYJIOL-
TapHOI JJaHKM TeMOII0e3y MOPiBHSAHO 3 | eTamoM criocte-
pexeHHs. 3a HasgBHOCTI po-B-IJIJI y xBopux BimHOB-
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percentage of elements in each of the branches. It
is shown that in most of patients the recovery of
progenitor cells in the set time of observation was
due to granulocytes and monocytes.

Evaluation of the indices of the bone marrow in
patients depending on the variants of B-ALL (pro-
B, «common», pre-B) and T-ALL has shown, that
in the presence prognostically unfavorable disease
variant i.e. the pro-B-ALL there was an increased
number of erythroid elements in myelogram, while
in other patients the granulocytic progenitor cells
and monocytes prevailed.

Analysis of myelodysplastic sings in elements of
hematopoietic bone marrow cells in patients with
ALL on the phases of treatment showed that the
number of chidren with changes in progenitor cells
after a full course of chemotherapy decreases vs. treat-
ment phase 1. The received data are a scientific basis
to determine the further prognosis of ALL in children
based on definition of pathwys of hematopoietic
recovery after a cytostatic myelosuppression.

No link was established between indices of bone
marrow erythropoiesis, granulocytopoiesis and
thrombocytopoiesis and radiation doses of patients
with ALL (3.73 + 0.12 mSv). In addition, these doses
did not affect the performance of hematopoiesis on
the phases of treatment of children.

CONCLUSIONS

1. Before the beginning of ChT in patients with
ALL the changes of proliferation and differentia-
tion elements progenitor cells were recorded in
bone marrow due to the cells of tumor clone.
When conducting the ChT on the phases I and II
of treatment the differentiation of hematopoietic
elements of all branches recovered.

2. During the recovery period of bone marrow hema-
topoiesis in ALL patients there was a direct correla-
tion between the number of monocytes and promye-
locytes and myelocytes (Rs = +0.38), number of ery-
throid cells and erythroblasts (Rs = + 0.64), number
of erythroblasts and monocytes (Rs = +0.59), num-
ber of myelokaryocytes (G / 1) and megakaryocytes
(in 1 mcl) in the phases I and II of examination
(Rs =+0.72 and Rs = +0.56, respectively).

3. After the full course of ChT (phase II) a number
of patients in whom a recovery of hematopoiesis
occurred on erythroid of type decreased and num-
ber of children with activation of granulocyte link
hematopoiesis increased vs. the phase I of observa-
tion. In the presence of pro-B-ALL in patients the
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JIEHHSI KPOBOTBOPEHHS 3MiMICHIOBAJOCh 3a PaxyHOK
epUTPOITHUX €JEMEHTIB, B TOW 4Yac SK y pelTH
MNali€HTIB MpeBaIOBaI TPaHYJIOLUTAPHI KIITUHU-IIO-
Me-peIHUKY Ta MOHOLIMTH.

4. OuiHKa Mi€TOAXCITIACTUYHHUX 3MiH B KJIITUHAX-TIOIIE-
peaHrKaxX KiCTKOBOTO MO3KY Ha eTamnax JiKyBaHHS XBO-
pux Ha I'JIJI mokazana, 110 Iicjist HopMatizallii IIpoleciB
IndepeHIitoBaHHSI 3MEHIIyBajlach KiJIbKiCTh XBOPUX 3
SIKICHUMMU TIPOSIBAMU B €PUTPOITHMX, TPaHYJIOLUTaPHUX
Ta TPOMOOLIMTAPHUX MapOCTKaX KPOBOTBOPEHHSI.

5. Jlo3u onpomiHeHHs xBopux Ha I'JIJI 3Haxomunuch B
mexkax Big 0,5 M3B 1o 28,0 M3B, cepeaHi 3HAUEHHS CTa-
HoBuau 3,73 £ 0,12 M3B, i BOHU He KOpEJIIOBAIMU 3 BiIKOM
JTUTMHU HAa MOMEHT 3aXBOPIOBaHHS, 1i CTATTIO, BapiaH-
TOM XBOPOOH, iHiLliaIbHUMU MTOKAa3HUKAMU FeMOIrpaMu,
YHCJIOM Mi€JOKapioUTiB, MerakapiollMTiB Ta Ipa-
JalisiMy BiIHOBJIEHHS BCiX KJIITUHHUX €JIEMEHTIB KiCT-
KOBOI'O MO3KY.
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recovery of hematopoiesis occurred through ery-
throid elements, while the granulocytic progenitor
cells and monocytes prevailed in remaining
patients.

4. Evaluation of myelodysplastic changes in bone
marrow progenitor cells at the phase of treatment for
ALL showed that upon normalization of differentia-
tion processes the number of patients with qualita-
tive signs of manifestations in erythroid, granulocyt-
ic and platelet links of hematopoiesis reduced.

5. Radiation doses in patients with ALL were in
the range from 0.5 mSv to 28.0 mSy, average values
were (3.73 = 0.12) mSy, and there was no correla-
tion with age of a child at the time of illness, his or
her gender, disease variant, initial hemogram
indices, number myelokariocytes, megakaryocytes
and gradations of recovery of all cellular elements
of the bone marrow.
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