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BO3MOXHOCTH INPUMEHEHUS METOJA
OLEHKH ®YHKIHMOHAJBHON AKTHUBHOCTH
I'EHOMA KJIETKU 4JI1 JUOPEPEHIUAJILHOU
JUATHOCTUKU EMOBJIACTO30B Y JETEH

Omoen monexynapno-buonozuseckux u paduousomoniusix memodog
uccnedosarnus

JIMarHoCTHKa 3710Ka4eCTBEHHEIX 3a60MeBaHUI CHCTEMBI
KPOBETBODEHHA 0 LIUTONIOTHYECKUM MpenapaTaM HepemKo
OblBaeT 3aTpymHeHa, TaK KaK LMTONIOTHYecKas XapakTe-
pHCTHKa OOBeKTa MO pa3NUYHBIM APHYMHAM MOXET GBITH
HETUNHYHA NN JaHHOW (GopMBel 3a00seBaHHA. DTO CTABUT
nepes NpakTHYeCKOH MEIHLIMHOR 3amady paspaboTku
HOBBIX METOOMYECKNX MPHEMOB, KOTOPBIC MO3BONMIN Obi
KIMHALKMCTY TOoNy4YaTh Bce Oonee TOYHYIO HHGOPMALHIO
0 xapaxTepe 6onesnu naumenrta. [lorpebuocts B 3TOM 06Y-
CHIOBJIEHA W HeoOXOAMMOCTBIO pa3pabOTKH KOMMYECTBEH-
HBIX KDHUTEpHEB OLIEHKH 3()(EexTUBHOCTH JleueHHUA remMob-
nacTto3oB. Jaa 3THX Lenell Mbl MpemjiaraeM HCMONb30BaTh
METOH, OLieHKH YHKLUMOHANBHON aKTHBHOCTH FeHOMa KJIET-
k# [2]. Meron ocHOBaH Ha HUTODOTOMETPHYECKOM AHANHN3E
KJIETOYHOH MOMYNAUUH [0CHE OKpackH fAOpa KIETKH, IO
®enbreny (oxpacka Ha JJHK), u HadTONOBBIM KeNThIM
S (oxpacka Ha rucToHsl). IS KOMMYECTBEHHOTO ONpese-
TeHnss QYHKLIMOHATIBHOW aKTUBHOCTH TeHOMa KIIETKH M-
TONB3YIOT Mokazatenb Ky, — koaQpduiment ¢yHxLmO-
HaJIbHOW aKTUBHOCTM TE€HOMa, KOTOpBIH BhIBEHNEH W3
oTHoweHna BenuduH ructoH/JJHK nocne ompenenenns B
YCIOBHBIX €IHHHLIAX ONMTHYECKON IUIOTHOCTH AApA KNETKH.
Jaunbiit MeTOH AaeT BO3MOXHOCTb OMNpENENAHTh B aHANM-
3MpYEMOH NONYIANU KOIHYECTBO KIIETOK, OTKIIOHSIOUIMX-
€4 OT HOPMBI N0 PYHKHUNOHAILHON AKTHBHOCTH MX FEHOMA.
Pasnmnunblil xapakTep pacnpefefeHUsA KIETOK M0 BEIHIHHE
3HaveHndd K, ., MOXHO WCHONB30BaTh B Ka4YeCTBE TECTa
npu auddepeHIHaNEHOR JUATHOCTHKE 3JI0KAYECTBEHHBIX
3aboneBaHuii cHcTeMBl KpoBeTBOpeHHMA. Hapangy c sTum
N0 THCTOTPaMMaM, MOCTPOEHHBIM Ha OCHOBE OMNpeeNieHHBIX
3HaueHu# K, ., MOXHO Kak CICIWTH 32 JAMHAMHKOH Te-
4eHHs 3a00NIeBaHNA, TaKk M KOJWYECTBEHHO OLIEHHTb 3¢-
dexTHBHOCTE ero JyeueHns. CTeneHb pasIMuds MeXIY
OBYMSA CPABHMBAEMBIMH TMCTOFpaMMaMH aHaJTU3UPYEMBIX
nonymauMiA KIETOK ompenendgercs no noxasateno C. Be-
nryrHa C CKIagbIBAETCA M3 KOJNMYECTBA KIIETOK GOILHOTO
(OMBIT), MPEBBILAIOIMX YUCIIO KIIETOK AOHOPA {KOHTPOJb)
B OIHOM H TOM X€ pa3pane CpaBHHUBAEMbIX THCTOrpamMMm,
U 4YHCIIa KJIETOK ONbITa, HE HUMEIOLIMUX 3HadYeHUH K
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FROM PRACTICE

I P. Shabalkin

EVALUATION OF CELL GENOME
FUNCTIONAL ACTIVITY AS APPLIED FOR
DIFFERENTIAL DIAGNOSIS OF
HEMOBLASTOSES IN CHILDREN

Department of Molecular Biological and Radioisotopic Methods
of Investigations

Diagnosis of hemopoietic malignancies basing on
cytological specimens is often difficult because cytological
characteristics of the object may be atypical for the
given disease form due to a variety of reasons. Therefore
the necessity arises to develop new methods for clinicians
to derive more accurate information about the nature
of disease in question. There is also the need in quan-
titative criteria for evaluation of hemoblastosis treatment
efficacy. We propose to evaluate cell genome functional
activity by a method described in [2]. The method involves
cytophotometry of cell population after staining of cel-
lular nuclei according to Feulgen (DNA staining) and
with naphthol blue S (histone staining). To make quan-
titative evaluation of cell genome functional activity we
used the parameter C,,,. C,.,, i. €. coefficient of func-
tional activity of genome, was derived from histone/DNA
ratio as determined in conventional units of cell nuclear
optical density. This method allows determination of
the number of cells different from normal cells by their
genome functional activity. The difference in cell dis-
tribution with respect to Cp,,., may be used in differential
diagnosis of hemopoietic malignancies. Besides, histo-
grams based on Cg,., values may be applied to monitor
disease course and to assess treatment efficacy. The dif-
ference between two histograms of cell populations com-
pared is measured basing on a parameter C. The C value
shows the number of patient’s (test) cells exceeding the
number of donor’s (control) cells in the same histogram
group and the number of test cells having no Cp,,., values
similar to control cells. C is expressed as percentage. The
examples below demonstrate the practical application of
the method in several cases managed at the Institute of
Pediatric Oncology CRC RAMS (Moscow).

Leukemia is a common type of pediatric malignancy
whose diagnosis is based on identification of leukemic
cell types and differentiation degree. Acute lymphoblastic
leukemia (ALL) is mainly characterized by low degree
of differentiation while acute myeloid leukemia (AML)
by high differentiation degree. However, there are

61




3amemxie u3 npaxmuxu

o .nl hr[!mm“h ”n rﬂr] m sl ; 0 TellllE BT : L . . ] ] ”'H[l ”l“'lllhl” + L . !

Puc. 1. Tuctorpammel pacnpefeneHUs KNeTok KOCTHOrO MO3ra B 3aBUCUMOCTH OT U3MEHEHUS BelUYKHbLI Kparew NPY MuenobnactHom
(a), numdobnacTHom (b) ne#ikose u MuenoBnactHoi capkome (C) y AeTeid.
3pect W Ha puc. 2—4: no ocu abeuucc — aHadeHne Ky, MO OCM OPAMHAT — 4acToTa BCTPE4AEMOCTU KNETOK C OnpedeneHHsIM 3HaueHreM

FeH*

Fig. 1. Distribution histograms of bone marrow cells with respect to Cy,gq, in children with myeloblastic leukemia (a), lymphoblastic

leukemia (b) and myeloblastic sarcoma (c).

Here and in figs. 2-4 numbers on the x axis- show Cpge, Values, numbers on the y axis show frequency of cells with a cerfain Cpygen

value.

aHaJIOTHYHBIX KJIeTKaM KOHTponbHOW nonymsuuu. [Toka-
3atenms C BpIpaxkaeTcs B IPOLEHTaX. Psi MpHUBEIEHHBIX
HU>KEe IPUMEPOB, OCHOBAHHBIX Ha pe3yNbTaTax HabmoaeHu
3a rpynmnoi 60NbHBIX, MPOXOIMBIIKX Kypc Jederus B HUU
nmerckoit onkonmornn OHL] PAMH (Mockea), cBHIeTENB-
CTBYET O BO3MOXXHOCTH HCIIOJIb30BaHHS Ipe/IaraeMoro Me-
TONa B MEOWLHMHCKOH MpaKkTHKe.

H3BecTHO, YTO ONHON M3 pacmpoCTpaHEHHbIX (GopM
OIIYXONEBOTO POCTa Y AeTell ABIAIOTCS JEHKO3BI, THATHOC-
THKa KOTODBIX OCHOBBIBAETCS HAa HACHTUOHKAUUM THMNA
TIeWKO3HBIX KIETOX U ypoBHE UX OuddepeHunpoBkH. I1pu-
yeM A octporo auMdobnactHoro neiikosa (OJIJI), kak
NpaBUIIO, XapaKTepHa HU3Kasd cTerneHb AU epeHINpOBKH,
IUIS OCTpOro MHemongHoro neikosa (OMIJI) — Boicokas.
OpgHaxko BCTPEYAIOTCS W TakKve BapHAHTHI reMob1acro3os,
JHATHOCTHKA KOTOPBIX 3aTpyAHeHa. HamnpuMep, no HacTo-
ALETO BPEMEHU NMCKYTUPYETCA BONPOC O TOM, 4TO cobo#
MpPEeNCTaBIAIOT reMaTOCapKOMBIL: JIEHKO3bI C OMyXOJEBBIMH
pa3spacTaHUSIMH WM CApPKOMBI C BTOPWUYHBIM JICHKO3OM.
IMosToMy coBpeMeHHas OWarHOCTHKAa reMob1acTo30B, Ha
Hall B30JIA1, JODKHA OCHOBBIBATHCA Ha KOMIJIEKCHOH OLIEH-
K& HMMYHOJIOTHHECKHUX, OHOXHMHYecKuX, Mopdoyoruyec-
KHMX MapaMeTpOB KJIETOK, COCTaBHO#H 4YacThl0 KOTOPBIX
MOXeT ObITb U TakoH mokasatens, Kak Kg,., Hmmocrpa-
uued K CKasaHHOMY ciayxHT HabmopeHue 1.

Hatmopenne 1. Kak BUIHO M3 NpeOCTAaBIACHHBIX THC-
TorpaMMm (pHc.l), pa3nW4YHBIM THIIaM reMo0iacTo30B CO-
OTBETCTBYET pPa3HbIA MONANBHBIA KJacec KJIETOK (MakcH-
MaIbHOE KOJIUYECTBO KIIETOK C OMpPEHENICHHbIM 3HaYeHHEM
K gares TPH COBEPILIEHHO pa3HBIX popmax ructorpamm. flpu
3TOM 1A TMMGoOIacTHOTO Nefiko3a XapaKTepeH CIBUT THe-
TOTPaMMBI BJIEBO, T. €. B CTOPOHY YM¢HbBIIEHHs 3Ha4YeHHH
Karew» U1 MHETOOIACTHOTO JIEHKO3a — BIPaBO.

Ha6mopenne 2. MHTepecHO, UTO OXUH W3 BapUaHTOB
MHENOBIacTHOTO Nefiko3a — M2 — 110 KIIMHHKO-TeMaTo-
JIOTHYECKMM JaHHBIM HepelKo ObIBAeT 3aTPYAHUTENBHO OT-
JTHYUTL OT MHENOCAPKOMBI (IPaHYNIOUUTApHOH CapKOMBI),
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hemoblastoses difficult for diagnosis. For example, the
question whether hematosarcoma is leukemia with neo-
plastic growth or sarcoma with secondary leukemia is
still disputed. We believe therefore that diagnosis of
hemoblastosis should be based on complex evaluation
of cellular immunological, biochemical, morphological
profile including Cg,,.,. Consider case 1.

Case 1. As seen in the histograms (fig. 1) different
modal classes of cells (maximal number of cells with
a certain Cg,,, value and in different forms of histograms)
correspond to different hemoblastosis types. Histogram
shift to the left (to smaller Cp,,, values) is characteristic
of lymphoblastic leukemia, while the shift to the right
is typical for myeloblastic leukemia.

Case 2. The M2 variant of myeloblastic leukemia
is difficult to differentiate from myeloid sarcoma (granu-
locytic sarcoma) by clinical hematological characteristics,
and there are but few publications [1] on myeloid sarcoma
diagnosis in children. Our method may be used suc-
cessfully in this case. Cell distribution histograms (fig. 2)
of AML type M2 and myeloid sarcoma by Cg,,., show
marked distinction in some characteristics.

First, the AML M2 histogram is shifted to the left
(see fig. 2, @) from the myeloid sarcoma histogram (see
fig. 2, b) which means a lower degree of differentiation
of M2 cells as compared to myeloid sarcoma. Secondly,
as concerns the parameter C: fraction of myeloid sarcoma
cells different from M2 myeloid leukemia by C,.., is
54% which suggests some difference in changes of cell
genome functional activity in populations studied (see fig.
2,¢). Note that C is a polyfunctional parameter. For
instance, it may be used as a criterion in quantitative evaluation
of treatment efficacy in some diseases (case 3).

Case 3. Patient F. was admitted to the Pediatric
Clinic of CRC RAMS with the diagnosis of lymphosar-
coma to receive chemotherapy. Treatment results as his-
tograms are presented in fig. 3. As seen in fig. 3,4,
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c. 2. PacnpefefieHne KNeToK KOCTHOrO MO3ra fo KpUTepuio
aren Y O€TeR, GONbHbIX pa3HbiMK hopmamu Muenobnacrosos.
KpyKn — M2-8apuaHT OCTPOro MUENnougHoro nemrkosa, b: kpec-
U — MUenougHas capkoMa; ¢ — oueHka nokasatens C no ruc-
pamMmam, cooTeeTcTBylOWMM M2-cbopMe muenoneikosa v mueno-
OW CapKoMme.

. 2. Bone marrow cell distribution with respect to Cpg,, in
ldren with various myeloblastosis types.

circles represent M2 acute myeloid leukemia; b, crosses represent
eloid sarcoma; ¢, C values as assessed by histograms of myeloid
kemia M2 and myeloid sarcoma.

KaK IO BONPOCY AMATHOCTHKHM MHENOCapKoMbl y JeTeH
eIOTCA JINIIBL OT/HENbHBIE HccenoBanus [1]. B aToM cirydae
€co00pa3HO BOCIIONBb30BAaThCA MPEMIATAEMBIM METOIOM.
aBHEHHE THCTOrpaMM (pHc. 2) paclpedeciieHus KIETOK 10
TepHio Ky, Wi M2-Bapuanta OMIJI 1 Muenocapkomei
TUTENBHO TTOKA3BIBAET, YTO aHATM3HPYEMBIE THCTOTPAMMBI
TTHYAIoTC MEXIy coboit NMo psmy NpHU3HAKOB.
Bo-mepBoix, no ¢opme: rucrorpamma M2-papuanTa
JI caBuHyTa BNEBO (CM. pHUC. 2, @) OTHOCHUTENBHO THC-

aMMbl MHEJIOMIOHOM CapkOMBI (cM. pHc. 2, b), 4TO CBH-
eJILCTBYET 0 GoJlee HU3KOM cTeneHn aUd¢epeRIMPOBKH

ok M2 mo cpaBHEHHIO ¢ MHenocapkoMoll. Bo-BTopeIx,
nokaszaremo C, To/s KJIETOK B NOMYNAUNH MHETOHTHON
KOMBI, PasIMYalolMXcs Mo 3HayeHHs M Ky, OT KIeTOK

yrmaupd M2-Bapuanta MHenmoneiikosa, mocruraer 54%,

yKa3biBaeT Ha pasHbid XapakTep U3MEeHeHWH (yHKIH-

BHOW aKTHBHOCTH T'€HOMa KJIETOK B aHAITM3UPYEMBIX MMO-

uuax (cM. puc. 2, ¢). Hago otMeruts, uto Bennuuna C
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Puc. 3. PacnpeneneHue kneTtok KOCTHOro Mo3ra filo Kputepuio
Kgyaren ¥ 6ONbHOrO ®. 0 W nocne neveHus NUMOCapPKOMbI.
a — KoHTponb, poHop Ne 105 (ksagpatbi); b — Ao neveHusa (kpec-
TUKM) W nocne Herc (KpyxKku).

Fig. 3. Bone marrow cell distribution with respect to Cig.,
in Patients F. before and after treatment for lymphosarcoma.
a, control (donor No. 105); b, crosses represent cells before treat-
ment, circles represent cells following treatment.

before treatment 71% of bone marrow cells (parameter C)
were shifted to the left from the normal position. Bone
marrow from a donor (No. 105) supplied by the bone
marrow bank of CRC RAMS was used as control.
After chemotherapy 69% of the cells were shifted to
the right from the baseline histogram by C,,, (see fig.
3, b). The fact that 69% of bone marrow cells of the
patient demonstrated deviation to the normal side by
Crueen Was evidence of treatment efficiency.

The cases considered prove high resolving capacity
of the method. As concerns sensitivity, the method allows
monitoring of changes in patient’s bone marrow cell popu-
lation even in remission as assessed by the basic hema-
tological characteristic, i.e. blast percentage (case 4).

Case 4. Patient Kh. with the diagnosis of ALL
was in remission during 1991-1992 as assessed by cytology
(blasts were not more than 3% of bone marrow cell
population). But clinically the patient presented with
extramedullar recurrence (affection of soft tissues of right
maxillary sinus). Changes associated with this disease
manifested themselves as difference in bone marrow cell
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Puc. 4. IuHammuKa U3MEHEHUA COCTOAHUA nonynauuK KNeTok KOCTHOro Mo3ra no Kputepuio charou 6onsHoro X. Npu IKCTpaMelynnapHoOM

peuupmuBe.
a—mapt 1991 r, b— gekabpb 1991 r., ¢-—mapt 1992 r.

YenosHble 0GO3HAYEHNR: KPYIKN — KOHTPONb (qoHop Ne 105), KPECTUKA — AUHAMMKA W3MeHeHMi.

Fig. 4. Changes in bone marrow cell population by Cpagen in Patient Kh. with extramedullar recurrence.
a, b, ¢, circles represent gontrol (donor No. 105); crosses show changes a in March 1991, b in December 1991, ¢ in March 1992

ABIETCA MONMHGYHKUHOHAITEHBIM TMoKasaTeneM. Harnpumep,
€ro MOXHO HCTIONIb30BaTh B KauyeCTBE KPHUTEPHA VIS KO-
JIMYECTBEHHOH OLEHKH 3((EKTHBHOCTH JeYeHHA TOTO WITH
_uHoro 3aGonesanus (Habmoneuue 3).

Habmopenne 3. bonbnomy ., nocrynupieMy B
merckyto kmianky OHLI PAMH ¢ muarHosom nmumdocap-
KOMBI, ObUI MpPOBENEH KYypC XMMHOTEpANuH. Pe3ynpTaThi
JIeYeHHS, OTPaKeHHBIC B THCTOTpaMMax, NpPEACTABIIEHB] Ha
puc. 3. Kax BugHO Ha puc. 3, a, y 601bHOro nepe HayaaoM
neyenus 71% kneTok KOCTHOro Mosra (nokasatens C) oT-
KJIOHAETCS OT KOHTPONA BNEBO. B kavecTBe KOHTpoNA B
HaHHOM CITyYae MWCIIONb30BAJICA KOCTHBI MO3T HOHOpa
(Ne 105), B3aThIit U3 Ganka kocTHOro Mosra OHI[ PAMH.
[Tocne XMMHOTEPANEBTHYECKOTO JIEYEHUS CPAaBHHUTENBHBIH
aHamM3 TUCTorpamMm GonbHoro (cM. puc. 3, ) nokasan,
qTo 69% knerok mo xpurepuio K ..., OTKIOHSeTCs BrpaBo
OTHOCHTENIBHO THCTOTpaMmbl N0 JNedeHus. Tor daxr, yro
nocine XMMHOTEpanuy 69% KIIETOK KOCTHOTO Mo3ra 60JIBHOTO,
no 3HaueHnsM K, .. OTKIIOHAETCA B CTOPOHY HOPMBI, MOA-
TBePXKAAET IQPEKTUBHOCTE BEIGPAHHOM MPOrpaMMBbl JIEYEHHA.

Pe3ynsTaThl paccMOTpeHHEIX HaOOAEHMH CBUIETEND-
CTBYIOT O TOM, YTO MpemjiaraeMblidl MeTonx o6nagaer Bbi-
COKOi paspemaromed cnoco6HOCTbI0. UyBCTBHTETBHOCTD
JAHHOI'0 METONd TaKOBa, 4YTO MO3BOJNSET CIEAHUThL 3a IH-
HAMHKON M3MEHEHHS COCTOAHHS MOMYMALMH KJIETOK KOCT-
HOro Mo3sra GONBHOTO AaXe B TeX CIydYasx, KOrha Mo
OCHOBHOMY reMOLIUTOIOTMYECKOMY MOKA3aTeNo (MPOLEHTY
6MacTHBIX KJIETOK) MOMYIALMA KOCTHOTO MO3ra GONBHOTO
HaXO#UTCS B COCTOAHMH, GJIM3KOM K HOpMe, T. €. B pe-
MHCCHH (HaOmonexue 4).

Habmoaenne 4. BonbHoil X., uMeromuii THarkLos
OJIJ1, B Teyenue 1991—1992 rr. Mo HUTONOTHYECKHM TiO-
Ka3aTelIAM HaXOAMJICA B COCTOSHUM PEMHCCHH, TaK Kak
nons GHACTHBIX KJETOK B ONYISAUMHM KOCTHOTO MO3ra 601b-
HOTO He mpeBblwana 3%. OIHaKo KIMHUYEeCKH y OONBHOTO
0OHapyXeH OKCTpaMeNy/UISpHbIA peuuanB (MOpaKeHHe

population by Ci,., (fig. 4). As seen in the figure, the
solid tumor pathologic growth proceeded in parallel with
increase in percentage of bone marrow cells different
from the control (donor No. 105) by cell genome func-
tional activity. These changes in bone marrow population
are directed to lower differentiation in the population
which is characteristic of ALL progression.

In conclusion I should like to say that this method
is surely not unique, but it is simple and informative,
and thus easy to apply in the medical practice.

MATKHX TKaHeH npaBoil BepXHeUYeMoCTHOM nasyxu). Ua-
MeHEHHS, CBA3AHHbIC C Pa3BHTHEM JAaHHOTO 3a60JIeBaAHNS,
HAlUTA CBOE OTpaXKeHHe B XapakTepe MepeCTPOHKH Mo-
MYNAUHA KOCTHOTO MO3ra GOMBHOTO, MO KPHTEPHIO Ky,
(puc. 4). Kak BUAHO Ha pHc. 4, 110 Mepe NaTONIOIrHIECKOro
POCTa CONMMAHOM OMYXONH B MOMYNSALMH KOCTHOTO MO3ra
GOMBHOTO YBENHYMBAETCS NONA KIIETOK, OTKIOHSIOUIMXCS
oT KOoHTpona (moHop Ne 105) mo ¢yHxkuMoHamsHOH ax-
THBHOCTH HX reHoMa. IIpHyeM 3TH H3MeHeHHa B IIONyJILHH
KOCTHOTO MO3Ta HanpaBlIeHbl B CTOPOHY CHIDKEHHS ODH(p-
(epeHIMpOBKH B aHATH3UPYEMOH MOMYNALMH, YTO XapaK-
TEpHO 11 xapTuHbl pa3sutus OJIJL.

B saxmodenne creqyer ckasaTh, YTO npemIaraeMsilit
MeTO/, 6e3yCcNoBHO, He ABIAETCA BCEOOBEMITIOIIHM H YHU-
KaJbHBIM, OHAKO OH NMPOCT W HMHPOpMATHBEH, YTO MO-
3BOJIAET HaleAThCA HA €ro HCIOJB3OBAHHE B MEOHLMH-
CKOH mNpakTHKe.
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