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OT PEJAKTOPA

Bce Oonee akTyalbHBIM B Tepanuu reMo0JIacTO30B SIBISIETCS MOJIEKYJISIPHBIN
KOHTpPOJIb 3 PeKTuBHOCTH JeyeHus. OTHUM U3 HanboJiee TOUHBIX METOAOB OLIEH-
KH MOJICKYJISIPHOM PEMHCCHH SIBIISIETCS HMMYHOJIOTHYECKUI METOJI C MCIOIb30Ba-
HHEM MHOTOLIBETHOM MPOTOYHON LUTOMETPUHU. MIMEHHO 3TOMY aKTyaJlbHOMY BO-
mpocy mocBsmieHa 7 Poccuiickas ¢ MeXTyHapOIHBIM ydacTHeM KOHpepeHIHs
«mmyHomorust remonosza» (7-8 mionst 2010 r.). OOCyxneHO 3HaYEHHE MUHH-
MasibHO#M ocrarouHoil OonesHn (MOB) npu B-kierouHoMm XpoHHYECKOM JUMQO-
Jeiiko3e, OCTPBIX JIeMKO03aX U MHOXKeCTBeHHOM muenome. B 2007 roxy rpymmnoit
ERIC (European Research Initiative in B-CLL) pa3pabotan cTaHZapTHBII IIPOTO-
ko oueHku MOB mpu B-XJIJI. DToT MeTon peKOMEHAOBaH AJIS ONpeAeTeHUs
MOB wmexayHapoausiM pabounM coBemanneM no B-XJIJI (IW-CLL; Blood,
2008), Ha KOTOpPOM OBLIM YTOYHEHBI KPUTEPUH MOJTHOH pemuccuu ¢ yderom MOB.
Ha xongepenuun npodiema MOB npu B-XJIJI neranbHO M3N0XkeHa co3paTeneM
CTaHJapTU30BaHHOTrO IpoTokosa A. Rawstron.

B nacrosmmem HOMepe kypHana poccuiickue (A.M.IlomoB ¢ coaBTOpamMu) u
amepukaHckue (M. Borowitz) ydeHble npencTaBUiii COOCTBEHHBIH OMBIT ONpese-
JIEHUS! ¥ OIIEHKH KJIMHUYecKoi 3Haunmoct MODB mpu ocTpbIX Jeiko3ax y JeTei.
BaxxHbIM BBIBOJOM 3THX CTaT€dl M NOKJIAI0OB CTAJlIO TO, 4To ompeaenecHue MODBb
JTOJDKHO TIPOBOJIUTHCA COBPEMEHHBIMH BBICOKOTEXHOJIOTHYHBIMU MeETOdaMH (Oc-
HOBHO€ BHUMaHHE Y/EIEHO MHOTOIIBETHOH NPOTOYHOW LUTOMETPHUH), SIBIISETCS
MH()OPMATUBHBIM M BA)XHBIM, TaK KaK IO3BOJISIET BBIAEIATH TPYIIBI PHCKA OO0JIb-
HBIX, Y KOTOPBIX MOKET UCIOIb30BATHCS TEPAIUS pa3IMYHON HHTEHCUBHOCTH.

Ocoboe 3HaueHHe NMEET KaueCTBO HMCCIICJOBAHUI KOCTHOTO MO3ra, TOYHOCTh
KOJINYECTBEHHOM OIICHKH KIIETOK-TIPEANIECTBEHHUKOB W KOPPEKIHUS pa3OaBieHUs
nepudepryeckoil KpOBBIO Ha OCHOBE MMMYHOJIOTHUECKHX KpuTepueB (ctaTbs M.
Loken, CIIIA).

Xo4y OTMETHTh OrpoMHBIN BKiay npodeccopa G. Janossy (London, UK) B
MOArOTOBKY KOH(EepeHIMH U KypHajia. Bce craTbu aHINOSI3BIYHBIX aBTOPOB, a
TaK)Ke NEepPeBO/bl PYCCKUX CTAaTel Ha aHTJIMUCKUH SI3bIK OBUTH PEIeH3UPOBAHBI UM.
SBnsisich B TeUeHHE MOCJIEAHUX 5 JIET MOYETHBIM MpejcenaresneM KOoH(epeHInH,
G. Janossy cymen mpuaath e MeXIyHapOIHBIN ypOBEHb. DTOT KPYIHBIN yueHBII
SIBIISIETCS] CO3/1aTEJIeM HarlpaBjeHust 1 OMOMEANIMHCKON TaT(opMbl HIMMyHO(e-
HOTHUIIMPOBAHUS B OHKOreMaTosornd. OCHOBBI COBPEMEHHBIX IPOTOKOJIOB NUMMY-
HOJIMATHOCTUKH JIEWKO30B U ompenaesieHuss MOB ObUtH BO MHOTOM 3aJI0KEHBI
G. Janossy B co34aHHOM MM OTAeJde KIMHUYeCKOoM mMmmyHonoruu Koposesckoro
cBoboaHoro rocriutais B Jlonnore. Ilo mopydenuro naboparopuu MUMMYHOJIOTHH
reMomnod3a M pelakiuu Bepaxkaro G. Janossy orpomMHyro 0J1arogapHOCTh 3a KOH-
(hepeHIHIO U )KYPHAI U MO3/PaBJISIIO ¢ 00uIeemM!

Tasuwiii pedaxmop sicypruana « Ammynonoz2uu 2emonoszay
3acnyscennviii desmens nayku Poccuu, npogeccop
H.H. Tynuywin
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FROM THE EDITOR

Molecular control of treatment efficacy is an increasingly important problem of
therapy in patients with hematology malignancies. Immunologic multicolor flow
cytometry is a most accurate approach to evaluatlon of molecular remission. It is
this important problem that is in the focus of the 7" Russian Conference with In-
ternational Participation on Haematopoiesis Immunology (June 7 to 8, 2010). The
conference will discuss significance of minimal residual disease (MRD) in B-cell
chronic lymphocytic leukemia, acute leukemias and multiple myeloma. In 2007 the
European Research Initiative in B-CLL (ERIC) developed a standard protocol for
MRD evaluation in B-CLL. The International Workshop in B-CLL defined more
precisely criteria of complete response with respect to MRD and recommended this
method to monitor MRD (IW-CLL; Blood, 2008). At the conference the issue of
MRD in B-CLL is considered in detail by A. Rawston, the originator of the stan-
dard protocol.

In the current journal issue Russian (A.M.Popov et al.)) and American
(M. Borowitz) investigators present their own experience in detection and evalua-
tion of clinical significance of MRD in children with acute leukemia. The impor-
tant conclusion of these presentations is that MRD monitoring should be done by
up-to-date high-technology assays (with emphasis on multicolour flow cytometry),
is an informative and important technique as it allows selection of risk groups to
receive therapy of different intensities. Of much importance is quality of bone mar-
row analysis, accuracy of quantification of precursor cells and correction for
haemodilution on the basis of immunologic criteria (M. Loken, USA).

A should like to emphasize the tremendous contribution of Professor
G. Janossy (London, UK) into the journal and the conference preparatory activities.
He reviewed all papers by English-speaking authors and all translations from Rus-
sian into English. As the Honorary Chairman of the conference over the last 5
years, G. Janossy rendered the conference international value. This outstanding
scientist is the author of a new field and a biomedical immunophenotyping plat-
form in oncohaematology. Fundamentals of current protocols for immunodiagnosis
of leukemias and MRD monitoring were to a large extent developed by G. Janossy
at the department of clinical immunology at Royal Free Hospital (London) headed
by him. On behalf of the Haemopoiesis Immunology Laboratory and the editorial
board I heartily thank G. Janossy for the conference and the journal, and wish him
all the best on the occasion of his jubilee!

Honored Scientist of Russia
Editor-in-Chief Haemopoiesis Immunology journal
N.N. Tupitsyn
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CIIUCOK COKPAIIIEHUI

AT — aHTHTCH,

AyTto-, amno-TKM — ayTonorinyHas Wik aJuIoreHHas! TPaHCIIAHTALS KIIETOK
KOCTHOT'O MO3Ta WJIM MOOMIM30BaHHBIX CTBOJIOBBIX KJIETOK Iepr(epruuecKoi KpoBH,
BCB — 6eccoObiTHiiHAs BEDKUBAEMOCTb

[-XJIJI — B-KIIeTOYHBIH XpPOHUYECKAN TMM(OTIEHKO3,
NI — ummyHOT100YNHH,

NDA — nMmMyHOQEpMEHTHBIN aHAIH3,

UDT — uMMyHODEHOTUTTHPOBAHUE,

JIAD — nakTaTaeruaporeHasa,

MK — MOHOKJIOHATbHBIH KOMIIOHCHT,

MKA — MOHOKIIOHAJIPHBIC aHTHUTEIIA,

MM — MHO>KECTBEHHAsI MHUEJIOMa,

MHK — MmoHOHYKJI€apHBIE KIIETKH,

MOB — MHHMMAaJTbHAS OCTATOYHAs 00JIE3Hb,

MPPB — MuHnManbHas pe3umyaibHas OOIe3Hb,

HXJI — HexomKKHUHCKas TuMpomMa

PB — pesunyanbHas 0one3Hs,

PMX — pak MOIOYHBIH *KeJe3bl

KM — kocTHBIH MO3r

PU® — peaknust ”MMYHO(ITyOpECICHIHH,

OJUI — octpsrit mtuMpoOIacTHBIH NeiKo3,

I1K — nna3mMatiuueckue KJIeTKH,

I1P — nonnas pemuccust

[ — mpoToYHas HUTOMETPHS,

[P — nonumepasHas LenHas peakius,

COD — ckopoCTh OCeaHusl IPUTPOLIUTOB,

CPB — C-peakTHBHEIH OETIOK.

TIIJI — TymMOp-nIeHeTpUpYIOIINe TUM(POLUTEI

YP — yactuuHas pemuccus
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ABBREVIATIONS

Ag, antigen.

ALL, acute lymphoblastic leukemia.

Auto-/allo-BMT, autologous or allogeneic transplantation of bone marrow cells or
mobilized peripheral stem cells.

B-CLL, B-cell lymphocytic leukemia.

BSA, bovine serum albumin.

BC, breast cancer

CD (claster of differentiation) — kactep JeHKOIMTAPHBIX TU(HEPCHIMPOBOYHBIX AHTHUTCHOB.
CRP, C-reactive protein.

EIA, enzyme immunoassay.

ESR, erythrocyte sedimentation rate.

FC, flow cytometry.

FISH, fluorescent hybridization in situ (¢prroopecueHTHas THOpUAN3ALYSA in Situt).
IG, immunoglobulin.

IFR, immunofluorescence reaction.

IPT, immunophenotyping.

LDH, lactate dehydrogenase.

MC, monoclonal component.

Mab, monoclonal antibodies.

major histocompatibility complex (MHC)

MNC, mononuclear cells.

MRD, minimal residual disease.

NHL, Non-Hodgkin’s lymphomas

PNAS (Proceedings of National Academy of Sciences of the USA)

RD, residual disease.

PBS, phosphate buffered saline.

PC, plasma cells.

PCR, polymerase chain reaction.
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Matixn P. Jloken, [lenuc A. Yonnc

OINPEAEJEHHUE KJIETOK-IPEJINECTBEHHUKOB
Temamonooocuxce, Unux. 3161 Dnnuom Asenio 200, Cusmn
E-mail: mrloken@hematologics.com

Pe3rome

OrmpeneneHre KIETOK-NPEIIISCTBEHHUKOB B acluparax KOCTHOTO MO3ra MeTO-
JOM TIPOTOYHOH LIMTOMETPHU HE CMOXKET ITOJTYYHTH IIMPOKOI0 PACIPOCTPAHCHUS B
reMaToJIOTHH [0 TeX IIOop, IToKa He OyJeT HaliJeHO afeKBaTHOE CPEACTBO IOJCYETa
YHCTIa KIETOK-NPEANICCTBEHHIKOB, HE3aBUCHUMOE OT JIA00OpaTOpuH, B KOTOPOH Ipo-
BOJUTCS HCCIIEI0BAHYE.

Pe3ynbTaThl aHanm3a 3aBUCAT OT Pa3iM4HBIX (DAKTOPOB Ha BCEX JTarax aHau3a,
HO3TOMY HEOOXOAMMO CTaHAAPTH3UPOBaTh KaXKIBIA ATall, 4TOObI JOOUTHCS €IUHO-
00pa3us pe3yIbTaToB BO BCEX JIAOOPATOPHSX.

Hcnonp30BaHue TOrO WM MHOTO aHTUKOATYJISIHTA, Pa3Mep U CIIOCO0 MOATOTOBKH
oOpa3na MOTYT CWJIBHO BIHMSTH Ha BO3MOXXHOCTH OIpENETEeHHs KIETOK-TIPe-
LICCTBEHHHUKOB.

LenecooOpa3HO NPUMEHATh HECKOJIIBKO PEareHTOB, T.K. B MPOLIECCE 3JI0KAYECT-
BEHHOH TpaHC(OpMaIMK MOXKET NCUE3HYThH JIFOOON OTIENbHBIN aHTHIeH. VIcTomnb30-
BaHHE HECKOJIbKUX PEarcHTOB SABJISIETCS] HE3aBHCHMBIM CPEICTBOM JOCTIKCHUS SJIH-
HOOOpasus pe3ynbratoB. ONpeseNieHHe COOTBETCTBYIOIIETO 3HAMEHATEIs, a TakkKe
BBISIBJICHHE T'EMOJIIUTIONMHI U BHECCHHE COOTBETCTBYIOLINX TIOMPABOK MO3BOJIUT CHU-
3UTh CTEIICHb HEOIPEJETICHHOCTH IIPU MaTEMAaTHIECKUX BBIYHCIICHHUSX.

Bocnpon3BoauMoCTh pe3yIbTaToB UCCIIEJOBAHUS B PA3HBIX Ja00OPaTOPHAX MOXK-
HO 00€CIIeYHTh TOJBKO IyTeM YETKOro OIpeleIeHUs IPOoLeayphl Ha KaKI0M dTarle
a"amu3a. Co BpeMeHeM, €CIIH yIacTcs CTaHAapTU3UPOBATh MPOLIECC, 3Ta TEXHOJIOT U
MOJYYUT NPHU3HAHHWE TEMATOJIOTOB KaK CTaHJAPTHBIA METOJ ONpelesieHHs YKcia
He3pelbIX KIEeTOK B aclipaTax KOCTHOTO MO3ra.

KaroueBble ciioBa: KIICTKU-IPCAIIICCTBECHHUKH, JII/IM(I)OﬁﬂaCTI)I, MI/ICH06HaCTLI,
nIpoToOYHAsA HUTOMCECTPHS, KOCTHBIH MO3T.

BBenenue

[ponopuust HE3peTbIX KIETOK ABISETCS KIFOYEBBIM ITApaMETPOM aHAIH3a aci-
paToB KOCTHOTO MO3Ta.

OOBIYHO ee OMpPEeAEIIOT IyTeM MHKPOCKOIIMYECKOTO UCCIISOBAHKS IIpenapara:
MOZCYUTHIBAIOT YHCIIO OJACTHBIX KJIETOK M PE3yJIbTaT BBIPaXKAIOT IO OTHOIICHHUIO K
MOJICYMTaHHBIM SIIPOCOJIEPAKAIINUM KJleTkaM, 00braHO Ha 500 knetok u meHee [1].
[Ipn mcnonp30BaHNM METO/Ia MPOTOYHOM IIMTOMETPHM MOACYUTHIBAIOT YHCIO KIle-
TOK-TIPE/IIICCTBEHHUKOB Ha OCHOBE (DEHOTHIIA M XapaKTEPUCTHUK CBETOPACCESHUSL.
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Michael R. Loken, Ph.D. Denise A. Wells, MD

ENUMERATION OF PROGENITOR CELLS

HematoLogics, Inc 3161 Elliot Avenue, Suite 200, Seattle, WA, 98040
Email: mrloken@hematologics.com

Abstract

The enumeration of progenitor cells in a bone marrow aspirate by flow cytometry
will not achieve wide spread acceptance within the hematology field until there is a
consistent means of arriving at this number that is independent of the laboratory re-
porting the results.

All steps taken to obtain this value can affect the results, therefore, each must be
standardized to insure consistency from laboratory to laboratory. Specimen anti-
coagulant, size and processing can cause dramatic differences in the ability to detect
progenitor cells.

Redundant reagent combinations are necessary as any single antigen can be lost
during neoplastic transformation. The use of multiple reagents provides an independent
measure of consistency of the result. Defining an appropriate denominator as well as
detecting and correcting for hemodilution reduce the variability introduced in the
mathematical calculations.

Only by defining each and every step in the analysis can the results be replicated
from laboratory to laboratory. With standardization, over time, this technology will
gain acceptance by the hematologists as a standard means of enumerating the imma-
ture cells in a bone marrow aspirate.

Key words: Progenitor cells, Lymphoblasts, Myeloblasts, Flow cytometry,
Bone marrow,

Introduction

A key parameter in the assessment of a bone marrow aspirate is the determina-
tion of the proportion of immature cells.

Routinely this is performed b y microscopic examination of a spicule squash,
counting the blast cells and expressing the results per nucleated cell counted, usu-
ally 500 total cells or less [1]. The analogous parameter determined by flow cy-
tometry is the enumeration of progenitor cells based on phenotype and light scat-
tering properties.
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HccnenoBanye METOIOM MPOTOYHOH LIUTOMETPHH MMEET BAKHBIE MPEHMYIIIECTBA
TI0 CPaBHEHHUIO ¢ MOP(OIOTMIECKUM TIOJICIETOM ONacTHBIX KJIETOK: HalpuMep, oolee
YHCNIO MOJCYUTAHHBIX KJIETOK, ONPEAEICHNE YUCIa KIETOK-IPEAIECTBEHHUKOB pas-
HBIX JIMHUH, OOBEKTHBHOCTh KPUTEPUEB HACHTH(HKAINH KIETOK-TIPEAIICCTBEHHIKOB
1 BO3MOXHOCTh IM((EepeHIMpPOBaTh HOPMAIBHBIC U TATOIOTMYECKH W3MEHEHHBIC
KJIETKU-TIPEIIECTBEHHUKH. MOp(OIOrnuecKuii mojcuer O1acTHBIX KIETOK OCTAeTCS
CTaHAapTHBIM METOA0M KIMHAYECKOHU TMPAaKTUKU KU3-3a CYIIECTBYIOIINX HECOOTBETCT-
BUIA MEXK/Ty KPUTEPUSIMH UIICHTU(PUKALIMN KJIETOK-TIPE/IIECTBEHHUKOB M ONPECIICHHS
HX TIPOTIOPLIMM METOJIOM MPOTOYHOM LIMTOMETPHUH B pa3HbIX Jabopatopusx. [loka B
reMaToJIOTH He OyIyT MPUHATHI eMHbIE TTapaMeTPhl BBISBICHHS KJIETOK-TPEAIIECT-
BEHHHKOB M CIIOCOOBI BRIPQKEHHS PE3yJIBTATOB, TOT MOIIHBIH METOJ] HE CMOXET TOJI-
HOCTBIO PEan30BaTh CBOM BOBMOXKHOCTH M OyJIET OCTaBaThcsl HA BTOPBIX POJISAX B -
arHOCTUKE FeMaToJI0rMYeCKUX HapynieHnid. Ecim ynacTes craHaapTHU3UpoBaTh IOAX0-
JIbl B pa3HBIX J1JA00PATOPUsIX, YTOOB! MCHOJIL30BAIICH OJTHH U T€ JK€ (PEHOTHITMIECKUE
MapKepsl, OTHA M T€ K€ TeHTHl M CHOCOOBI MOACYeTa MPONOPIMIA KIETOK, TO TOTAa
YHCNIO KJIETOK-NIPENIIECTBEHHUKOB CTAaHET CTAHJAPTHBIM I'€MATOJIOTMYECKHM Iapa-
METPOM, aHAJIOTUYHBIM YPOBHIO TE€MOTJIOOWHA WM JISHKOIUTOB. Mopdomormdeckuit
MOJZICUET ONACTHBIX KIIETOK OCHOBAH HAa COBEPILIECHHO JPYTOM ITOJXOJIE 10 CPABHEHHIO
C IPOTOYHOLIUTOMETPUYECKUM aHATM30M KIIETOK-IIPENIIECTBEHHUKOB, TO3TOMY TPY/I-
HO OXKH[aTh, YTO MOJIy4YEHHbIEC 3HaUCHUs OyIyT oauHaKOBbIMU. C TEUCHHEM BpEMEHH,
Koraga 6y]1yT CTaHAapTU3HUPOBAHbI MCTOJBI TMOACUCTA KIICTOK-NPCAIICCTBCHHUKOB,
YUCIIO0 ONACTHBIX KJIETOK M YHCIIO KIIETOK-TPEIIECTBEHHUKOB MOTYT PacCMaTpHBaTh-
Cs KaK OTJENbHBIC U He3aBHCUMBIE TIOKa3aTean KieTouHoro cocraBa KM, koTopsle He
JIOIDKHBI 00513aTENbHO ObITh MACHTHIHBIMK. OIHAM M3 IMIAroB B 3TOM HAaIlpaBIICHUH
MOXET CTaTh YTOUYHEHHE TEPMUHOJIOTUH TIPH PETHCTPALMH PE3yIbTAaTOB aHAIM3A IIPU
HCTIONB30BaHUM ATUX IBYX MeToAuK. IIpenmaraercs, B 9TOM IIIaHE, UCHOJIB30BaTh
TEPMUH «YHUCIIO OJTACTHBIX KIETOK» TOJIBKO B KOHTEKCTE MOP(OIOTMYECKOTO HCCIIEI0-
BaHus acrpatoB KM, a TepMUH «4UCIO KIIETOK-IPENIIECTBEHHUKOBY IIPUMEHSThH
TOIBKO TIPH HCIOJB30BAHUM MPOTOYHON LHUTOMETPHM [UISl ONPENENICHUS HE3PEIIbIX
KieTok B actiupate KM. Torna, mpu nozcuere KIETOK-Ipe/IeCTBEHHUKOB TpeOyeTcs
OIIpe/IeNUTh, KaKas KJIeTOYHAs JIMHHS OILCHUBACTCS (T. €. KaKhe peareHThl UCIIONb3Y-
I0TCS JUTsl OTIPEJIENICHUsT), U BBIOpATh aJICKBaTHBIN CIIOCOO BBIPOKEHHS PE3YJILTATOB,
HE3aBHCHMBIH OT METOJIMKN 00pabOTKH KJIeTOK. B naHHO# paboTe mpeacTaBieHbl He-
SIBHBIE OCOOCHHOCTH aJIeKBATHOTO IOZICUETa KJIETOK-TIPEIIIECTBEHHUKOB KaK OJJHOTO
U3 [IaroB B HAINPABJICHHWH OIpE/ICTICHUS MTapaMeTpoB, HEOOXOANMBIX IS TOIyYeHHs
TaKWX K€ 3HAYCHHH B CIIy4ae MCCIIeIOBaHMs JAHHOTO 00pasiia B Ipyroi 1abopaTopui.

OopaboTka [2;3]

IIpu acnmparoHHO# TPETaHOOHOTICHH B KaueCTBE aHTHKOATYJSTHTA MCIIONB3YIOT
renaprH, a He EDTA, T.K. HEKOTOpbIE KJIETOUHBIE IOBEPXHOCTHBIC aHTUTEHBI (HAIIPH-
Mep, CD11b) sBistroTes: KanbLiA-3aBUCUMBIMHI, 1 X MHTEHCUBHOCTB OyZIeT CHIDKEHa,
eciti 00paboTKa 00pasifa He MPOBOIUTCS HEMEICHHO.
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The flow cytometric determination has significant advantages over morphologic
blast counts in terms of total number of cells counted, enumeration of progenitor
cells of different lineages, objective criteria to identify progenitors and the ability to
distinguish between normal and abnormal precursor cells. The morphologic blast
count remains the standard in clinical practice because of a lack of consistency
between laboratories in identifying progenitor cells and calculating their proportions
by flow cytometry. Without consistency throughout the hematology field in the
parameters used to identify progenitor cells and a definition of how to express the
results, this powerful technology will not achieve its full potential and will be
shunted to a minor role in the assessment of hematologic disorders. If standardization
between laboratories can be achieved, so that the same phenotypic markers are used
with the same gating strategies and with calculations of proportions, then the
progenitor cell count will become a standard hematology parameter similar to
hemoglobin concentration, whole blood count, or differential count. Since the
morphologic blast count is obtained in a completely different manner than flow
cytometric analysis of progenitor cells, it should not be expected for these parameters
to be the same. Over time, with consistency in the methods of obtaining progenitor
cell counts, blast counts and progenitor cell counts will be viewed as separate and
independent measures of bone marrow composition without the expectation that they
must be identical. One step in achieving this goal is to distinguish the two
measurements by the terminology used to report the results. Therefore, it is suggested
that the term blast count be used only in the context of morphologic examination of a
bone marrow aspirate while progenitor cell count be applied to a flow cytometric
determination of immature cells in the marrow aspirate. The progenitor cell count, then,
requires a definition of which lineage is being assessed (i.e., which reagents were used)
and a consistent means of expressing the results, independent of the technique used to
process the cells. This manuscript will highlight the salient features of consistent
progenitor cell counts as a step towards establishing the parameters required for
obtaining the same value when a specimen is processed in different laboratories.

Processing [2;3]

Trephine bone marrow aspirates should be collected using heparin as an anti-
coagulant rather than EDTA, as some cell surface antigens, e.g. CD11b, are
calcium dependent, and if the specimen is not processed immediately, will show
decreased intensity.
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Jlydme ucnonp3oBaTh HEOONBIIME O 00BEMY OOpasIpl, T.K. HA KOHEUHBII pe-
3ynbTaT MOJICYeTa MOXKET BIHMATH pazdaBienne KM nepudepnueckoit kpobto. s
UMMYHOQJIIOOPECIIEHTHOTO OKpAIIMBaHUS HCIOJIB3YIOT TakWe THUTPBHI PEaKTHUBOB,
KOTOpBIC TTO3BOJISIOT TTONYYHTh MAKCHUMAIBHYIO M BOCIHPOHM3BOIUMYIO HHTCHCHB-
HOCTbH (rroopectieHIun. [ au3uca 3pUTPOIMTOB HEOOXOIMMO HCIIONH30BaTh pea-
TeHTHI, KOTOpbIE HE BJIMAIOT Ha CBOWCTBa cBeTopaccesHus [2;3]. MeToauku ¢ uc-
MOJIb30BaHUEM TIOCIICIOBATEIILHOCTH OIEpaIiii OKpAIlUBaHUE, JIM3HC, IMPOMBIBKA,
(huKkcanms UMEIOT TO TPEHMYIIECTBO, YTO METUTHh KIIETKH aHTHUTEJIaMHd MOXHO B
IIPUCYTCTBUM BBICOKMX KOHLIEHTPALMH HOPMAJIBHOM 4YEJIOBEYECKOH IUIA3Mbl, 4YTO
MPUBOJUT K CHIDKCHHIO PHCKAa HECTIeIM()UIECKOro CBs3BbIBaHMA. Bce 00pasip
JIOJDKHBI ObITh ukcupoBanbl B 0,5 % napadopmanbaerune a1 CHIKSHHUS BO3ZICH-
CTBHsI OMOJIOTHUYECKUX (PAKTOPOB U 00ECICUCHHUs COXpaHHOCTH 00pasiia. [IpoTouHo-
IIUTOMETPHUUYECKUN aHAJIN3 HYXKHO MPOBOANUTH KaK MOXKHO CKOpEe TOCIe OKpallIiBa-
HUS JUISL CHIDKEHHSI BOBMOYKHOCTHU TIOSIBJICHUS MOBBIICHHON ayTO(III00pECeHINH,
KOTOpasi MOSBIISIETCS C TEYCHHUEM BPEMEHH 1ociIe (PHKCALIUH.

CrangapTusauusi npudopoB

YcrpoiicTBO 1 paboTa MPOTOYHOTO MUTOMETPA B ONPEEIICHHON CTEIIEHH 3aBH-
CHUT OT NPOM3BOAMTENS M MoJenu npubopa. HeoOxoxmmo MCrons30BaTh ompee-
JICHHBIE TPOLEAYPbI, 00ECIICUNBAOIIME ONTHMAIBHYIO M OJMHAKOBYIO UyBCTBH-
TEJILHOCTh KAKJIOTO KaHaia nu30 JHS B JeHb. KOHTpOIb KadecTBa MprOOpa, BKIIIO-
Yas CHEKTPaJbHYI0 KOMIIEHCAMIO (DIIOpECUEHIINH, IOJKEH PEeruCTPHPOBATHCS
exenHeBHo. (I[IpencTaBneHHbIe B pyKOIIMCH JaHHBIE MMOTydeHs! Ha npudope FACS
Calibur, Becton Dickinson Biosciences, Can-Xoce, CIIIA).

Brbi0op pearenton

[Nanenn peareHTOB IS aHANIM3a KOCTHOTO MO3ra OTJIMYAIOTCSI TAKUM e Pa3Ho00-
pasuem, 4To ¥ J1abopaTtopuu, KOTOpBIE IPOBOAT Takol aHanu3. K HacTosiemy Bpe-
MCHHU CTAaHIAPTHU3AINA KOMOWHAIINNA PEareHTOB HaXOJUTCS Ha HU3KOM YPOBHE, BCIICI-
CTBHC OTCYTCTBHSI KOHCEHCYCA IT0 UCIIOIBb30BAaHHIO JTAHHBIX B KIIMHUYIECKOM MPAKTHKE.
Knerku-npemecTBeHHUKH MOYKHO ONPENeNATh, UCTIONb3YS HECKOJIBKO KOMOWHAITHIA
AHTHUTEN B COCTaBe OoJiee IIMPOKOH MTaHEeIN PEareHTOB LIS OIICHKH KIETOYHOTO COCTa-
Ba KM. [lns onpeneneHus KIETOK-TIPEAIIECTBEHHUKOB TPeOyeTcst OONBIIOe YHCIIO
QHTHUTEN, T.K. JF000H eauHCTBeHHBIH Al' MOKET OBITh MOTEPSIH MM SKCIPECCHPOBAH
HE3HAYUTENHFHO B TPOIECCE 3T0Ka4eCTBEHHOH Tpanchopmamun [2]. [Tostomy mpocto
peructprpoBath nporopiur CD34-moJIoKUTENBHBIX KIETOK KakK €TUHCTBEHHBIN MOKa-
3aTesib He3peNbIX KIETOK B 00paslie HEKOPPEKTHO, MOCKOJIbKY ATOT Al MOXKET MpHCyT-
CTBOBAaTh HA MOBEPXHOCTH JIMM(OUIHBIX ¥ MHUEJIOWIHBIX IIPE/IIIECTBEHHUKOB, a TAKOKe
cnabo sxHA pUC. 1.3athes 3pensivu Gasoduiamu [4]. Boigenenue reiira CD45/SSC
(bOKOBOE CBETOpACCEsSHUE) PEKOMEHITYETCs JIst OOJICTUCHHS aHAITH3A JaHHBIX U TTOTHOTO
uckimoueHust apyrux mnuid [5—8]. IpermymectBo CD45/SSC kak napamerpa Bbjiee-
HUS TeliTa mpu aHamze acrpatoB KM cocTouT B BO3MOXHOCTH TIOTy4YEHHUsS MaKCH-
MaJIbHOM MH(OpMaIMK MPH UCTIONIB30BAHUH €IMHCTBEHHOTO peareHTa [9].
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Smaller volumes of aspirated specimens should be encouraged as hemodilution af-
fects the final calculations. Immunofluorescence staining should be performed using
reagents titered to yield maximum and reproducible fluorescence intensities. Erythro-
cyte lysis should be performed using reagents that do not affect the light scattering
properties [2; 3]. A procedure using the sequence of stain, lyse, wash, fix has the advan-
tage of the antibody exposure to the cells in the presence of high concentrations of
normal human plasma reducing non specific staining. All specimens should be rou-
tinely fixed with 0.5% paraformaldehyde to reduce biohazard exposure and to preserve
the sample. Analysis on the flow cytometer should be accomplished as soon as possible
after staining to reduce the increase in autofluorescence that occurs over time after fixa-
tion.

Instrument Standardization

The set up and operation of the flow cytometer is somewhat dependent on the
manufacturer and model of the instrument. Procedures must be in place to insure
optimal and consistent sensitivity in each channel from day to day. The quality
control (QC) of the instrument including fluorescence spectral compensation must
be documented demonstrating identical results on a daily basis. (The data presented
in this manuscript were collected on a FACS Calibur, Becton Dickinson Biosci-
ences, San Jose, CA.)

Reagent Selection

The panels of reagents used in the analysis of bone marrow are as varied as the
laboratories that perform these tests. Little standardization of reagent combinations
has been achieved as a consequence of a lack of consensus of how to use these data
in a clinical setting. Progenitor cells can be identified using several combinations of
antibodies, as part of a more extensive panel of reagents used to assess bone marrow
composition. The detection of progenitor cells requires redundancy as any single
antigen may be lost or inappropriately expressed during neoplastic transformation
[2.] Therefore, it is inadequate to simply report the proportions of CD34 positive
cells as the only measure of immature cells in the specimen as this antigen is ex-
pressed on lymphoid and myeloid precursors as well as dimly expressed on mature
basophils [4.] CD45/SSC (right angle light scatter) gating is recommended to facilitate
data analysis and full discrimination of different lineages [5—8]. The advantage of
CD45/SSC as a gating parameter in the analysis of bone marrow aspirates is derived
from the maximum information obtained from a single reagent [9.]
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[Tpu oMoty 310l KOMOMHAIMK MOYKHO BBIICIUTH JIOOYIO N3 OCHOBHBIX KJIETOU-
HBIX JIMHUH B coctae KM, MOXKHO OTIpefeNuTh pa3indus MeXy KIeTKaMi OIHOH H
TOM ke JuHUM. [lockonbKy nTuHamuueckuid auanazoH SSC Al pa3iMuHbIX KIIETOK B
KM HacTonbko MIMPOK, 3TOT MapameTp CiemyeT HPEACTaBIsITh CKOpee B BHAE JIOTa-
pudmIgeckolt, a He THHEHHON ocu. JlaHHBIe TOKa3aHBI HA puc. 1A. Actmpar KM c
HOPMAaIBHBIM (DEHOTHIIOM MOXXHO Da3JeiNTh Ha KJIETOYHBIE KJIACTEPbI, COOTBETCT-
BYIOILIME 3peJIbIM JTMM(OLMTAaM, CO3PEBAIOIIIUM MOHOLIMTAM, CO3PEBAIOLIINM MHEJIOH /-
HBIM KJIETKaM (B TOM 4HMciIe 203UHO(IIaM, HEHTpOo(huIaM OT IPOMHUENIOLMTAPHOM CTa-
MM W Jajnee, U OTACNbHBIM TYYHBIM KIIETKaM), SAPOCOACPIKAIMM SPHTPOHIHBIM
KJIeTKaM ¥ KJIeTKaM-TIpe/iiecTBeHHUKaM. [liist cpaBHeHus1, oOpaser nepudepraeckoit
KpOBU OyZIeT UMETh TOJBKO KJIETKU B JMM(OWUIHOH, MOHOIIMTAPHOH U MHEIOUTHON
o0nacTsax U HeOoNbIIoe YncIo 6a30(hIIoB B 00JIACTH KIIETOK-TIPEIIIECTBEHHUKOB. B
o0pasiax HOpMaJbHOH Tmepudeprdeckod KpPOBH OTCYTCTBYIOT He3pejble KIETKHU-
TIPE/IIECTBEHHNUKH | SIPOCOJIEPIKAIIE SPUTPOHIHBIE KIIETKH, KOTOPBIE MOTYT IIOSIB-
JISTHCS B Pa3HBIX TPOTIOPLHSX TIPY MATOJIOTHYECKUX COCTOSHMSX. Vcronb30BaTe oHy
komOuHarmro CD45/SSC amst BBISBICHHS HE3PENbIX KIETOK HE PEKOMEHIyeTcs, T.K.
JIaHHAsT 00J1aCTh OTIMYACTCS OONIBIIMM PAa3HOOOPA3HEM U PA3IIIACTCS TI0 COCTABY IPH
Pa3NIMYHBIX ATOJIOIHYECKHX cocTosIHUAX U ctpecce KM. Takum obpasom, naeHTH(H-
IUPOBaTh M TOJCUATATh HCTUHHBIC KJICTKHU-TIPEIIICCTBEHHUKH PA3IMYHBIX JIMHUN
MOYXHO HCIIONTB3YSI 3Ty KOMOWHAITHIO BMECTE C IPYTUMH peareHTamu [4].

CD11b u HLA-DR

Bce kieTku-npearecTBeHHIKY 3KCIPECCHPYIOT aHTUreH Broporo kinacca HLA-DR.
CrnenoBatesbHO, Mociie OnpesieieHus] Oolee 3perbIX KIETOK, CIOCOOHBIX AKCIIPECCUPO-
Barth 3T0T Al’, OH CTAHOBUTCS! OTJIMYHBIM MAapKEPOM JUTS BBIIEICHNS HE3PEIbIX KIIETOK.
3penblie TM(OHIHBIE KIETKH, MOHOLMTHI 1 MUEJIOMAHbIE KIIETKH MCKITIOYal0TCs M3 aHa-
Tm3a B pe3ynbrare ucrnois3oBanus reiita CD45/SSC. Hespernble MOHOIMTBI SKCIIPECCH-
pytor AI' CD11b Ha paHHMX CTagusX Pa3sBUTHS W, CIEIOBATEIHHO, MCKIFOYAIOTCS W3
noncuera (puc. 1B). Knerku-npenmectsennmku (CD11b-, HLA-DR") BkmoyaroT Kier-
KU, KOTOPBIE HAXOATCS B HIDKHEN MpaBoi obmactu rpadmka (2,4 %) u nerko oTimda-
to1cst oT 6azoduo (CD11b-nonoxurensubie, HLA-DR-oTpuiatensHeie), KOTopble
TPYNIHPYIOTCS B BEpXHEHl JieBoi yacTu rpaduka. KineTku-npenecTBeHHUKH, BbISB-
JICHHBIE B pe3yJbTaTe HCIOIb30BAHMS JaHHON KOMOWHAIIMHM, BKIIOYAIOT IMPE/IecT-
BEHHHUKH B-miMdonaHo#i, MOHOIMTApHOW M MHeNOUIHON JiHui. [l onpenenenus
YHCIIa KIETOK-TIPE/IIIECTBEHHUKOB OJIHOM MUEJIOUIAHOH JIMHUK, HEOOXOIMMO BBIYECTD
YHCIT0 B-TUM(pOUIHBIX IPEIIICCTBEHHUKOB (CM. MTOCIIETYIOIIEEe 00CYKIICHHUE).

CD34 u HLA-DR

Iokazano, uro CD34 skcripeccupyeTcsi Ha paHHHUX KJIETKaX-NPeIIeCTBEHHUKAX
BCEX TeMaTOJIOTUYECKUX JIMHUH, OHAKO HCIOIb30BaHue 3T0oro Al' B KauecTBe euH-
CTBEHHOTO MapKepa KIIETOK-TPEAIICCTBEHHHKOB MPH IPOTOYHOM LUTOMETPHH OTpa-
HHUYEHO, MOCKOJIBbKY 3TOT A’ MOXET OTCYTCTBOBAaTh Ha BCEX HEOIUTACTUUECKUX KIIET-
Kax-MpeIeCTBEHHUKAX, MO0 COXPAHATHCS Ha 0O0JIee 3PENbIX KICTKaX.
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Each of the major lineages of cells in the bone marrow can be distinguished from
this combination as well as maturational differences between cells of the same
lineage. Since the dynamic range of SSC for different cells is so large in bone
marrow, the parameter should be displayed as a log rather than linear axis. These
data are illustrated in Fig. 1A where a phenotypically normal bone marrow aspirate
can be divided into cell clusters corresponding to mature lymphocytes, maturing
monocytes, maturing myeloid cells (including eosinophils, neutrophils, from the
promyelocyte stage onwards, and the occasional mast cell), nucleated erythroid cells,
and progenitor cells. In comparison, a peripheral blood specimen will only have cells
in the lymphoid, monocyte and myeloid cell regions with a few basophils residing in
the progenitor cell region. Immature progenitor cells and nucleated erythroid cells are
absent from normal peripheral blood specimens while they may appear at different
proportions in diseased states. The combination of CD45/SSC alone to detect
immature cells is not recommended as this region is heterogeneous and changes in
composition with different diseases or marrow stress. Therefore, in combination
with other reagents, the true progenitor cells of different lineages can be identified
and enumerated [4].

CD11b vs HLA-DR

All progenitor cells express the class II antigen, HLA-DR. Therefore, by
discriminating the more mature cells that express this antigen, this becomes an
excellent marker for identifying these immature cells. The mature lymphoid cells,
monocytes, and myeloid cells are excluded from the analysis based on the
CD45/SSC progenitor cell gate. Immature monocytes express CD11b early in
development, and therefore are eliminated from the enumeration (Fig. 1B). The
progenitor cells (CD11b negative, HLA-DR positive) are comprised of cells that lie
in the lower right region of the graph (2.4%) and can be clearly separated from
basophils (CD11b positive, HLA-DR negative) which are confined to the upper left
portion of the graph. The progenitor cells identified using this combination include
precursors of the B lymphoid, monocyte, myeloid lineages. To obtain a progenitor
count for the myeloid precursors, alone, the number of B lymphoid progenitor cells
must be subtracted, see following discussion.

CD34 vs HLA-DR

Although CD34 has been shown to be expressed on early progenitor cells of all
hematopoietic lineages, its utility as the sole measure of progenitor cells in flow
cytometry is limited as this antigen may be lost from neoplastic progenitor cells, or
it may be retained on more maturing cells.
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Kpome Toro, 3pensie 6azoduibl skcnpeccupyor CD34 B Manblx KOJIMUYECTBaXx,
YTO MOJKET IPUBECTH K CYIIECTBEHHBIM Pa3iIMYMsAM B pe3yjbTarax aHajln3a B 3aBH-
CHMOCTH OT TOTO, BKJIIOUCHBI B aHAJIN3 3TH KJICTKU WM HeT. basodmiel He akcmpec-
cupytoT HLA-DR 1 nostoMy MOTyT ONpenensiTbesl Ipu HCIOJIb30BaHUU 3TOH KOM-
Ounar B BepxHed seBoi wact rpaduka (puc. 1C). Torma, nctunnsie CD34-
TIOJIOKUTENIbHBIE KIIETKH-TIPEANISCTBEHHIKH HAaXOSATCS B BEpXHEH IpaBoii obmactu
rpauka ¥ BKIFOYAIOT MPEAIIECTBEHHUKN JTUM(MOUIHBIX U MUEIOUIHBIX KiIeToK. U
OIISITh, TI0 ATOMY Tpa(uKy HEOOXOANMO PA3INIUTh MHUEIOUAHBIE U B-mumdongabie
MIPEAMIECTBEHHUKH, T.K. KJIETKA 00eMX 3THX JTMHUH SKcpeccupyor CD34.

CD117

MuenounHsle U IpUTPOUAHBIE MPEALIECTBEHHUKH dKcnpeccupyoT CD117, Boo-
CJIC/ICTBUM HA TIPOMMEINIOLUTAPHON CTaIMK Pa3BUTH HEUTPO(QHIOB U HOpMOOIIACT-
HOHM CTaJii CO3PEBaHUsI KJIETOK 3PUTPOUIHONM JIMHUU 3TOT aHTHreH Tepsiercs. OH
TaKKe yTPauMBaeTCsl HA paHHMX 3Tallax CO3PEBaHUsI MOHOLUTOB, JIEHAPUTHBIX KIle-
ToK 1 6azodmios. [Ipenmymectso CD117 o cpaBHEHHIO C IPYTUMH ABYMsI KOMOU-
HalUsIMH PEareHTOB COCTOHT B TOM, UTO OH HE dKCIIpeccupyercs Ha B-immMbonHbIx
npenmecTBeHHUKax. OHAKO OYEHb BAXKHO ONPEACIUTH MPEIICCTBEHHUKH TPaHy-
JSpHBIX HelTpodmnos, sxcrpeccupytomux CD117 (moBemmenue ypoBHs SSC), T.K.
a1oT Al coxpaHsieTcss Ha TaHHBIX KieTkax mocie ucuesHoBeHnss CD34 u HLA-DR
(Puc. 1D). AHanoruuHo, UCKITIOYAIOTCS] SPUTPOUIHBIC KIETKH C HU3KHM YPOBHEM
skcrpeccun CD45, T.x. 3ToT Al 3KCIIpeccHpyeTcsl TakKe M CO3PEBAIONINMH KIIETKa-
MU sputpouanoro psaa. I'eiit CD45/SSC npu aHanm3e KIeTOK-TPEIIIeCTBEHHUKOB
UCTIONB3YeTCs ISl UCKITIOYEHHs 9THX 0oJiee MO3JAHUX KIETOK, 4TO 00ECIEeUUT CpaB-
HEHHE Pe3yJIbTAaTOB M0 3TOMY U Apyrum Al

[NoxcueT KiIETOK-IIPENIIECTBEHHUKOB MO PAacCMOTPEHHBIM TPEM KOMOHMHAILUSIM
JIaeT TpU HE3aBUCHUMBIX TOKa3aTess Ul He3penblX KieTok B coctaBe KM. Kak Bua-
HO u3 Puc. 1B-D, npomnopiin KIeTOK-Npe/IIecTBEHHUKOB JOJDKHBI OBITH IOBOJIBHO
CXOIHBIMH. PerucTpupyioT cpeHee 4ncio KIETOK-TPEAIIECTBCHHIKOB I MaKCH-
MaJlbHOE 3Ha4deHHe. B 3akimroueHHM 1abOpaTOpPHOrO MCCIEAOBAHMSA HEOOXOIMMO
yKa3aTb METOJ IOJCYETa, HalpUMep, MHUEIONIHBIE MpenmecTBeHHuKH, 2,1 %
(CD117-non0xuTenbHbIE KIETKH).

Omnpenenenne B-iuMponaHbIX NpeIecTBEHHUKOB

B-nmumdoniHble KIETKH-TPEIIECTBEHHUKH B COCTaBE KOCTHOTO MO3ra JIETKO OIl-
penemsitores ipu oMot AI' CD19 B xomOunanmu ¢ CD45/SSC (puc. 2A). Ot
npesecTBeHHUKN B-kietok o0bequusitor craauu 1 u 1l pasButus B-mumbonanbix
kierok [10]. Cnenyer otmeruts, uto CD34 skcnpeccupyeTcs TOJIBKO Ha TOW 4acTd
MIPEAIECTBeHHUKOB B-KI1eToK, KoTopas HaXOquTcsl B IepBoi cTaauu pa3sutus [10].
Iockonbky npenmecTBeHHUKH B-kietok sxcnpeccupyror HLA-DR B craausax xax I,
Tax u 11, 171t mosTydeHust Ynciia MUEITOUAHBIX MPEIIECTBEHHNKOB HEOOXOANMO TI0/I-
cUMTaTh 00€ TPYIIIHI YKa3aHHBIX KIETOK U BHIUECTH HOJTydEeHHBIE 3HAUCHUS U3 YhCTIa
CD11b/HL-DR "krerok.
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In addition, mature basophils do express low levels of CD34 which can cause
significant differences in results between laboratories depending on whether or not
these cells are included in the analysis. Basophils lack expression of HLA-DR and
therefore can be identified in this combination in the upper left portion of the data
(Fig. 1C). True CD34 positive progenitor cells, then, lie in the upper right cell cluster
and include precursors of lymphoid and myeloid cells. Again, distinction between
myeloid and B lymphoid progenitor cells must be calculated from this plot as cells
from both lineages express CD34.

CD117

Myeloid and erythroid precursors express CD117 which is then lost during the
promyelocyte stage of neutrophil development and normoblast stage of erythroid
maturation. This antigen is lost early in the maturation of monocytes, dendritic cells
and basophils. CD117 has the advantage over the other two reagent combinations in
that it is not expressed on B lymphoid precursors. However, it is essential to distin-
guish granular neutrophil precursors that express CD117 (increased SSC ) as this
antigen remains on these cells after CD34 and HLA-DR are lost (Fig. 1D). Similarly,
the erythroid cells that express lower levels of CD45 must also be excluded as this
antigen is retained on the maturing erythroid cells as well. The CD45/SSC gate on
progenitor cells is used to exclude these later cells from the analysis thereby provid-
ing a means of comparing results of this antigen to the others.

The enumeration of progenitor cells using these three combinations provides
three independent measures of the immature cells of the marrow. The proportions of
progenitor cells should be very similar as illustrated in Fig. I1B-D. The average pro-
genitor cell count or the highest number can be used for the report. The method used
for enumeration should be noted in subsequent laboratory reports, e.g. myeloid pro-
genitors, 2.1% (CD117 positive cells).

Identifying B lymphoid precursors

The B lymphoid progenitor cells in a bone marrow are easily identified using
CD19 in combination with CD45/SSC, Fig. 2A. These B cell precursors comprise
both Stage I and Stage II of B lymphoid development [10]. It should be noted that
only a portion of the B cell progenitor cells, restricted to Stage I, express CD34 [10].
As both Stage 1 and Stage II B cell precursors express HLA-DR, both must be
counted to be subtracted from the CD11b/HLA-DR determination to achieve a mye-
loid progenitor cell count.
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IpemmectBennukn B-knerok, sxcnpeccupyromme CD19 u CD34, MoxHO Taxke
omnpenemuts U auddepennmpoars 0T CD34-11010KNUTEIBHBIX MHETOUIHBIX KIIETOK
no Hm3koMy ypoBHIO SSC (puc. 2B). Takum o0pa3oM, KIIETKH, SKCIIPECCHPYIOIINE
CD34, MoxHO KIacCH(PUIMPOBaTh KaK JUM(OUAHBIC WM MHUEIONAHBIE. 3aTeM IIpo-
nopi CD34" MUENOMIHBIX KIETOK MOYKHO CPAaBHHTB C TIPOHOPIUAMHU KIETOK, IKC-
npeccupytommx HLA-DR 6e3 CD11b, u CD117" kj1eToK-TIpe/IecTBeHHIKOB.

Boruuciaenusn

B CBsA3H C TEM, YTO YHCJIIO ;mpoco;lepxcaumx 3pI/ITpOI/I}IHBIX KJICTOK, COXpaHI/IB-
IIUXCS TOCNIE JIM3KCA 3PEITBIX IPUTPOIIMTOB, MOXKET BaPhHUPOBATh, JUIS BHIPAKCHUS
MPOTMOPIMU KJICTOK-TIPEANICCTBEHHUKOB HEOOXOAMMO HCIOJIB30BaTh CTaHAAPTHYIO,
BOCIIPOM3BOANMYIO OCHOBY. ECITH MCIIOTB30BaTh OTHOIICHWE KIICTOK-TIPE/IIICCTBEH-
HUKOB K HEIPUTPOHIHBIM KJIETKAM, MOKHO OOOHTH mpobieMy BapHaOeIbHOCTH
SPUTPOIUTAPHOTO COCTaBa KOCTHOTO MO3Ta B oOpasiie. HecMoTpst Ha mpenMymecTBO
IoJIcYeTa 9ucia TPEeNIIeCTBEHHHKOB B OTHOIICHHH K SAPOCOAEPIKAIINM KIIETKaM,
TaKOH CIIOco0 IMoJcYeTa MCIOIb30BaTh HENB3s U3-3a MIEPEMEHHOT0 YUCIa SPUTPOUT-
HBIX KJIETOK, OOYCIIOBJIEHHOTO 00paboTkoit oOpasma. Kak mokazaHo Ha puc. 1A,
MIPOIIOPLIMIO HEAPUTPOUAHBIX KiteTok B KM serko nony4nts u3 rpaduka CD45/SSC.
3namenarem (T. e. CD45" KIETKM M AOpOCOAEpKAIUe KIETKH), HCIIOIb30BAaHHBIE B
pacyerax, ONPEACIISIOT 3HAYNTEIBHYIO PA3HHUIYY MEXKIY YHCIOM KJICTOK-IPEIIIeCT-
BEHHUKOB M YHCJIOM OJIACTHBIX KJICTOK, MOJYYCHHBIM B pe3ysibTare Mophoornde-
cKoro aHanu3a. Uuciio ONACTHBIX KIICTOK, MOJYYEHHOE MOP(OJIOTHYCCKH, MOKHO
HETMOCPE/ICTBEHHO MPUBECTH K 3HAYCHHUIO, CXOJHOMY C YHCIIOM KJICTOK-IIPEIICCT-
BEHHHKOB, TMOJYYCHHBIM MPOTOYHOIIMTOMETPHYCCKAM METOJIOM, MyTeM Mepecyera
IT0 OTHOIICHHIO K HEAPUTPOUIHBIM SIPOCOCPIKAIINAM KIICTKAM.

T'emoaunronust

CBoii BKJIJ B PacXOXCHUE 3HAUCHUH YrcIa OJaCTHBIX KIETOK, IOJIy4eHHOTO
B pe3yJibTaTe MOP(OIIOTHIECKOTO aHaM3a, U YHCJIA KIETOK-NPEIIeCTBEHHUKOB,
HOJIy4YeHHOTO NPOTOYHOLMUTOMETPHYECKHMM METOJIOM, BHOCHT M caM oOpasel.
Mopdomnoru BeiOHparoT U3 00pasla Ty 4acTh, B KOTOPOH XOPOIIO NPEICTABICHBI
KOCTHOMO3TOBBIE JJIEMEHTBI M XOPOIIO BbIpaxkeHa Mopdosorudeckas CTpyKTypa.
Biusanune TEMOIUIIOINU MOXKXHO MHUHHUMHU3HUPOBATH, €CIU BBI6paTB JUIA aHalin3a
TOJIBKO YacTh 00pa3na B HEMOCPEICTBEHHOM OJIM30CTH K LIETKE.

B 10 xe Bpems, oOpasel Uil MPOTOYHON HUTOMETPUH OTJIMYAECTCS] TEeTEPOTeH-
HOCTBIO U 4aCTO COAEPIKHUT Pa3HOE KOJIMYECTBO Mepruepruueckoil KpoBH. ITO 0CO-
OEHHO SIBHO NPW aHAJIU3€ BTOPOTO, TPETHETO U IOCIEAYIOMNX aclupaToB. Takum
00pa3zoM, OYEeHb Ba’KHO BBISBISATH pa3zdaBieHune oOpasia neprupepruueckoii KpoBbIO
U BHOCUTH COOTBETCTBYIOILYIO ITOTIPaBKy Ha NaHHBIN apTedakT. JloctatouHo mmpo-
CTO PA3IMYUTh 3peible HEUTPODHIBI OT CO3PEBAIOIIMX HEUTPODHIOB IO UHTCH-
cuBHocTH (puc. 3) dmoopecuenimn CD16 (w/mmu CD13) [11]. Cpenree coaepxa-
HHUE 3penbix HeirpodminoB B Omonratax KM (mpy MUHMMAaNTbHOM COJEpKaHUU
KpoBH) coctaBisieT 17+6,7 % [11].
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The B cell precursors expressing CD19 and CD34 can also be identified and
discriminated from myeloid cells expressing CD34 by their low SSC. Figure 2B.
Therefore, the cells expressing CD34 can be readily classified as to lymphoid or
myeloid based on this display. The proportions of myeloid cells expressing CD34
can then be compared to the proportions expressing HLA-DR without CD11b and
to the CD117 positive progenitor cells.

Calculations

Since there is variable recovery of nucleated erythroid cells after lysis of the ma-
ture erythrocytes, the proportions of progenitor cells must be expressed based on a
standard, reproducible basis. The problem of variable erythrocyte composition of the
specimen can be circumvented by calculating the progenitor cells per non-erythroid
cell. Although it would be advantageous to calculate the proportions of progenitor
cells per nucleated cell, the variation due to sample processing of included erythroid
cells precludes this calculation. The proportion of non-erythroid cells in the bone
marrow can be easily obtained from the CD45/SSC plot as shown in Fig. 1A. There-
fore, a significant difference arises between progenitor cell counts and morphologic
blast counts based on the denominator s (i.e. CD45" cells vs nucleated cells) used for
the calculation. It is straight forward to convert the morphologic blast count to be
similar to the flow cytometry progenitor cell count by recalculating the blast cell
count to be based on non-erythroid nucleated cells.

Hemodilution

An additional difference between morphologic blast counts and flow cytometric
progenitor cell counts is the specimen itself. The morphologist selects a portion of the
slide with a good spicule and good morphology. Hemodilution is minimized by as-
sessing only a portion of the slide that is in close proximity to the spicule.

In contrast, the specimen provided to flow cytometry is heterogeneous and often
variably contaminated with blood. This is especially true for second and third, or the
larger, aspirate pulls. Therefore, it is important to recognize when a specimen has
been diluted with blood and attempt to correct for this artifact. Using the intensity of
CD16 (and/or CD13) it is relatively easy to distinguish mature neutrophils from ma-
turing (Fig. 3) neutrophils, [11]. The average proportion of these mature neutrophils
in bone marrow biopsies (assumed to have minimal blood contamination) is
17%+6.7 [11].
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CrienoBatesbHO, BBISIBUTH H30BITOYHOE KOJMYECTBO 3pEIIbIX HEUTPO(UIIOB B 00pasiie
JUTS IPOTOYHOM IIUTOMETPHH MOKHO TIPOCTO HOACUUTaB urcio apkux CD16™ muenoun-
HBIX K1eTok. Ecrmu uncrno spkux CD16" 3penbix Heittpodunos menbire 30 % (+2), 06pa-
el He ommyaercs ot Ouonrara KM 1 He cHIbHO pamkibkeH KpoBbro. OfHAKO, eciu
apxux CD16" knerox 6ombme 30 %, obpasen ckopee Bcero pasbasieH Kposbio. [l
«HOPMAIN3ALMI YUCIIa KIETOK-IPEIIIECTBEHHIKOB HEOOX0IMMO BHECTH TIONPABKy Ha
TEMOIMITFOLIMIO, YTOOBI JIOBECTH 00pasell IO COCTOSIHUS, COOTBETCTBYIOIIETO OHoNTaTy
KM. JInst KOppeKTUPOBKHU YKCIIA KIIETOK-TIPE/IIIECTBEHHUKOB HA TEMOJIUIIOIAI0 MOXKHO
HCTIONB30BATh MPOCTYIO (HOPMYITY, B OCHOBE KOTOPO# JIGKHUT JOMYIIEHUE, YTO POIIOp-
st dimCD16 co3peBarommx MUETIOHIHBIX KIETOK (HE3PENbIX MUCTIOUIHBIX KICTOK) B
6uornrare coctaBsieT 80 % .

80% X 4HCII0 KIIETOK - IPEAIIECTBEHHUKOB

- = HOPMAJIN30BaHHOE YUCIIO KIIETOK - TPEANICCTBEHHIKOB
%dimCD16 MHETOUIHBIBIX KIETOK

[pu ucronp30BaHuK 3TOH (HOPMYIIBI UCXOIAT U3 MPETIOIOKEHHUS, YTO B Tiepude-
pudeckoil kpoBu He conepxkutcs dimCDI16" kieTok, 4To J1erko MpoBEpUTh, MyTeM
00paboTku 0Opa3ia KpoBH marmenTa ¢ oopasmom KM.

3akia4uenue

INoncuer uncna KIETOK-TPEAIIECTBEHHIKOB METOZIOM TIPOTOYHON IUTOMETPHH TIPE-
CTaBIsIET COOOH MOIITHBIM MHCTPYMEHT OMpelieNeHis cocTaBa acmpato KM. Otor crio-
co0 HMMeeT MpEeUMyIecTBa OOBEKTHBHOM OIEHKH KIICTOK-TIPEIIIECTBEHHUKOB PAa3HBIX
JIMHUH, MOTyYEHUs] BHICOKUX 3HAYEHUI 4YHMCla KIETOK, YTO MCKIIFOYAET CTAaTUCTHYECKUE
TOTPEITHOCTH, ¥ BO3MOYKHOCTH TU((depeHIMaIE HOPMAITBHBIX M MAaTOJIOTHYECKN U3Me-
HEHHBIX TPEIIECTBEHHUKOB. METo/ MO3BOJISET MOMYYHTh COBOKYITHOCTh MapaMeT-poB,
OTJIMYHBIX OT PE3yJILTATOB T0/ICYETa ONACTHBIX KJIETOK MPH MOP(HOIOrHIECKOM HCCIIEIO-
BaHUM, M HE CIIE/IyeT 0XKUIIATh, YTO 3TH ITOKa3aTen OyIyT WICHTHYHBIME. TeM He MeHee,
HEoOXOIMMO CTPEMHUTHCS K TOMY, YTOOBI CBECTH 3HAYEHHs! YMCIIa OJIACTHBIX KIIETOK M YHC-
JIa KJICTOK TIPE/IIICCTBEHHUKOB KaKk MOKHO OJIVbKe APYT K JIPYTY, HAIPHMeEp, ITyTeM Mop-
(hoOrMHYEcKOTO OIpeEeNeHNsI HEIPUTPOUIHBIX IOy IS, JIoOuThCs TOTrO, YTOOBI NaH-
Hasl METO/IMKa CTaJIa eIMHO00pa3HON 1 ObliTa MIPUHSTA B KIIMHUYECKON MPAKTHKE, MOYKHO
TOJIBKO ITyTEM CTaHApTU3ALMK MPOLIELYpPHI MOJCUeTa B pasHbIX Jabopatopusix. Korma
TIporieypa MojicueTa OyIeT COTTIacoBaHa MEXTY JIaAOOpaTOPHSAMIE, KOppEIsIst tabopa-
TOPHBIX JTaHHBIX W HCXO0Za 3a00/IeBaHMs POJEMOHCTPHUPYET BO3MOXKHOCTH U IIPEUMY-
IIIeCTBa ITOI TEXHOJIOTUH, & TAKKE €€ POJIb B TUArHOCTUKE TeMaTOJIOTMYECKHX HapyIlie-
Huil. OTHAM U3 JOTIOJTHUTENBHBIX BAXKHBIX NIPEUMYILECTB €AMHOM TEXHOIOIUH IPOTOU-
HOM LIUTOMETPHH SIBJISIETCSI TO, YTO OHA MOXKET CTaTh OCHOBOM [ JIETAJIbHBIX CpaBHe-
Huit KM B HOpME M TIpW pasiMyHBIX IMATOJIOTHSX (3I0KaYeCTBEHHBIC 3a00JIEBaHUS U
MHEJIOJIUCIUIACTHYECKIE COCTOSIHUS). DTH HCCIIE0BAHHUSI COBMECTHO C OIpEJICIICHIEM
CKOPOCTH COKpAILICHHS YKclia OJIACTHBIX KJIETOK B TPOLECCE JICUCHHS U JUarHOCTHKOH
MHMHUMAJIGHOTO OCTaTOYHOTO 3a00JIEBaHMs CTaHYT OCHOBOW COBpPEMEH-HOW Jrabopartop-
HOW CITVKORI B TEMATOIIOTHH.
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Therefore, it is possible to assess whether or not the flow cytometric specimen has
excess mature neutrophils simply by counting the bright CD16 positive myeloid cells.
If there are less than 30% bright CD16 mature neutrophils (2 SD), the specimen is
indistinguishable from a bone marrow biopsy and therefore is not diluted significantly
with blood. However, if there are more than 30% bright CD16 positive cells, the
specimen most likely has been diluted by blood. A correction for the amount of dilution
can be made in order to «normalize» the progenitor cell counts to what would be ex-
pected if the specimen were a biopsy. A simple formula used to adjust the progenitor
cell count to help account for the hemodilution is based on the proportion of dim CD16
maturing myeloid cells (the immature myeloid cells) for biopsies to be 80%.

80% x Progenitor Cell Count
%dimCD16 myeloid cells

= Normalize Progenitor Cell Count

In using this formula, it is assumed that there are no immature, dim CD16 positive
cells in the peripheral blood, which can easily be tested by processing the patient’s
blood sample with the marrow specimen.

Summary

Flow cytometric enumeration of progenitor cells is a powerful method of determin-
ing the composition of bone marrow aspirates. This procedure has the advantages of
objective definition of progenitor cells of various lineages, high cell numbers to reduce
statistical errors, and the ability to distinguish between normal and abnormal precur-
sors. This measure should be considered to provide a different set of parameters from
the morphologic blast counts and should not be expected to be identical. Nevertheless,
efforts can be made, e.g. by evaluating the percentages of non-erythroid populations by
morphology, to bring the blast counts and progenitor counts closer to each other. Only
by standardizing this counting of progenitor cells between laboratories will the technol-
ogy be consistent enough to be accepted as a uniform clinical test. Once there is consis-
tency in the determination of this important population, the correlation between the
laboratory data and patient outcome will demonstrate both the power and the advan-
tages of the technology and its value in assessing patients with hematologic abnormali-
ties. One particular extra advantage of the uniform flow cytometric technology is that it
then forms the basis of detailed comparisons between the normal bone marrow with the
various disease states such as malignancies and myelodysplastic conditions. These
steps, together with the detection of the speed of how the blasts cells are decreased in
number on treatment as well as the identification of residual minimal disease, form the
basis of the modern laboratory service in hematopathology.
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Michael J. Borowitz
MINIMAL RESIDUAL DISEASE DETECTION IN CHILDHOOD ALL
Johns Hopkins Medical Institutions

Introduction

Although the outcome of children with acute lymphoblastic leukemia has im-
proved, many children still relapse and succumb to their disease. Many biologic
factors have been shown to predict which children are more likely to relapse [1-7].
For a long time it has been known that response to initial therapy is of great impor-
tance [8; 9]. More recently, it has become clear that one of the most powerful
prognostic factors is the presence of small numbers of leukemic cells (minimal
residual disease, MRD) following therapy [10-18].

MRD in ALL is typically detected by one of two methods: molecular methods us-
ing the polymerase chain reaction (PCR), or flow cytometry. PCR methods take advan-
tage of the fact that essentially all cases of ALL have unique clonal rearrangements that
can be specifically amplified and detected even when they are present in very low
numbers [19-23]. In order to achieve clinically relevant sensitivity, however, it is nec-
essary to design clone-specific reagents to amplify and detect the unique clonal se-
quences. Flow cytometry, by contrast, takes advantage of the fact that leukemic cells
have a phenotypic signature that differs from those of normal cells, which can be rec-
ognized in appropriately designed multiparameter analyses of data [24—27]. Each tech-
nique has advantages and disadvantages.

The PCR technique has been standardized and is highly reproducible[20; 23; 28; 29].
It is more sensitive than flow cytometry, and typically able to detect 1 clonal cell in
10° normal cells[20; 21; 30; 31]. By contrast, flow cytometry typically only achieves
a sensitivity of 1/ 10*[12; 24; 25; 27; 32; 33], and there has been much less standardi-
zation[34;35], so that interpretation of results is very dependent upon the skill of the
laboratory performing the assay.

However, a disadvantage to molecular methods is that they are relatively expen-
sive and time consuming; the initial pretreatment sample must be available, and the
clonal rearrangement sequenced and allele-specific oligonucleotides produced that
are essential necessary for amplification of the tumor-specific sequence. As a conse-
quence, it is difficult to measure MRD very early in therapy as synthesis and valida-
tion of the specific probes takes time.

However, once these are available, the marginal cost of assaying additional
specimens at multiple time points is very low. Flow cytometry, on the other hand,
can be done rapidly, with results typically available the same day a specimen is re-
ceived, so that it is feasible to adjust therapy early in the course of treatment based on
flow MRD results.

In addition, though it is not desirable, it is possible to do flow MRD even without
having a diagnostic signature, as many of the phenotypic aberrancies can be readily
recognized even without knowing specifically what one is looking for.
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Both techniques have the potential pitfall of changes in the unique signature over
time. In the case of PCR the effect of this clonal evolution is mitigated by monitoring
more than one marker [21; 22; 36]; with flow cytometry, analysis strategies need to
be tailored to look for any abnormal population, rather than just a population with a
phenotype identical to that seen at diagnosis [24; 25; 37; 38].

In this article, we will further discuss applications of flow cytometry, emphasiz-
ing the experience that we have had doing ALL MRD studies in the Children’s On-
cology Group (COG).

Technical considerations

Bone marrow is the preferred sample for MRD analysis. In T-ALL, blood and
marrow give approximately similar results, but this is not true for B-ALL so marrow
is essential for that disease [39]. Hemodilution from blood is a potential problem if a
large volume of marrow is aspirated, so that this should be avoided. Studies have
been published using either ficolled samples, or lysed whole marrow, though the
latter is faster.

Critical to MRD studies is the acquisition of sufficient T—cells to achieve a sensi-
tivity of at least '/;o* (0.01 %). We typically collect at least 500,000~750,000 total
events, which gives us a significant margin for achieving this sensitivity in case there
is debris that is acquired along with cells.

Typically we can detect abnormal populations of as few as 10-20 events, so that
in practice our sensitivity is considerably greater than 0.01 %; however, we only re-
port as positive populations that are >0.01 %.

Also critical is the design of informative combinations of antibodies, and appro-
priate multiparameter analysis. Our original studies of B-ALL in the COG used 4-
color flow cytometry with two tubes providing diagnostic information in the great
majority of cases [27].

Combinations included CD20-FITC/CD10-PE/CD45-PerCP/CD19-APC; and
CD34-FITC/CD9-PE/CD45-PerCP/CD19-APC. Additional informative markers
used in some cases included CD58, CD38 and TdT. More recently, the COG has
incorporated additional markers in 6 color flow cytometry and has improved the
specificity of detection of abnormal populations.

These combinations include:
CD20-FITC/CD10-PE/CD38-PerCPCy5.5/CD58-APC/CD19-PECy7/CD45-APCHY,
CD9-FITC/CD13+33-PE/CD34-PerCPCy5.5/CD10-APC/CD19-PECy7/CD45-APCH7.

The best analysis strategies rely on sequential multiparameter gates. CD19, vs
SSC is a useful initial gate, but this should be further refined using additional mark-
ers such as CD45 or CD10.

In some cases, markers can be used to exclude irrelevant populations. For exam-
ple, if a broad CD19 gate is used as an initial gates myeloblasts that contaminate the
gate will have dimmer CD19 and be positive for CD34 and bright CD13 and CD33,
and can be excluded in subsequent gates. Examples of flow cytometric plots with
MRD populations are shown below.
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T-ALL is generally more difficult to analyze than B-ALL, and although recom-
mendations have been made for standard panels[26], 4 and 6-color combinations are
less well standardized in our laboratory. Most T-ALLs express markers of immaturity
including CD99[40], TdT, or, in some cases, CD34. In contrast to B-ALL, there are
essentially never normal immature T—cells seen in marrow [41]. However, as discussed
further below, administration of steroids to children with ALL will frequently result in
maturation of leukemic blasts so that MRD may have a more mature phenotype than at
diagnosis [38]. A consequence of this in T-ALL patients is that these useful immature
markers are lost, so even though they are relatively tumor-specific, they may not be
optimal for MRD detection. Most cases of T-ALL, however, either lack surface
CD3(sCD3) or express it at low levels, so it can be combined with other
T—cell markers such as CD5, or especially cytoplasmic CD3 (cCD3) to identify abnor-
mal populations; in other cases, CDS5 is abnormally expressed(42) and this may be a
useful marker of MRD as well. Care must also be taken in quantitation of MRD.
While it is relatively easy to use multiparameter gating to identify and count events
that fulfill criteria for abnormal cells, the problem of what to use for the denominator
is more challenging than it might seem at first glance. In our studies, though we use a
whole-marrow-lysis technique, we report our results as a percentage of mononuclear
cells, which we determine on a display of CD45 vs right angle scatter, excluding
cells that fall in the myeloid window. This has the advantage of making our numbers
more directly referable to molecular studies that employ only ficolled cells (as well
as to other flow cytometry studies that use ficoll), and also is less subject to problems
related to variable loss of granulocytes in specimens shipped to our lab. Early in ther-
apy there is typically little granulocyte recovery and values obtained using all cells
compared to mononuclear cells are not that different; however later in therapy, large
numbers of granulocytes may result in a significant correction with this method.

The other concern we have is making sure that we exclude events that represent
debris; for this purpose we use a DNA-binding dye. Because we have not found a
satisfactory dye that works with our existing 6 color combinations, we use a third
tube containing SYTO16, which emits in FL1, as first employed by Dworzak [18].
This tube also contains CD19, so that we can express CD19 as a percent of nucleated
cells; our MRD results are then expressed as a % of CD19 positive cells and then
overall MRD percent calculated. We also add CD45, CD3 and CD71 to the tube as
this allows us to estimate the numbers of T—cells and nucleated red cells, as these two
parameters give us some idea about hemodilution and thus the quality of the sample.

Interpretation of flow cytometry results for MRD in bone marrow samples

Before undertaking MRD analysis, it is important to obtain a good working knowl-
edge of the patterns seen in normal, and also in regenerating marrows. The latter show
increased numbers of B cell precursors (hematogones), but the pattern of antigen ex-
pression of these is very consistent. Different stages of B cell development can be iden-
tified, and while all regenerating marrows will follow the same path of maturation, the
proportion of cells in different stages may differ between cases.
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Fig. 1 and 2 show an example of a bone marrow with an increase in normal B
cell precursors (red). Also shown are examples of 2 cases of B-ALL (blue or
green) superimposed on the pattern seen in normal marrow. It can be seen that the
phenotype of these cases, and indeed most cases of ALL, differs significantly from
that of normal marrow precursors in some, though not necessarily all, dual-
parameter projections. In Fig. 1, CD20 expression in the leukemia shows the same
broad pattern of expression that characterizes normal maturation. However, CD10
is overexpressed relative to CD20. CD45 in this case is relatively bright, so that
this is not a particularly useful marker for distinguishing normal and abnormal.
However, CD38, either in combination with CD10 and especially with CD58, are
the best displays in this case for separating normal and abnormal, because CD58 is
relatively overexpressed and CD38 underexpressed compared to normal.

In fig. 2 the display of CD45 vs CDI10 is useful for distinguishing normal and
abnormal; this is typical of the majority of cases of ALL. This case also overex-
presses CD10. Also, this case has relatively homogeneous expression of CD34 and
CD9. This is in contrast to what is seen in normal, where these two markers are
typically variably expressed so that seeing a complex pattern on a CD34 vsCD9
display favors normal.

When analyzing a case for MRD it is important to take advantage of the knowl-
edge of normal differentiation, and also useful to know the initial phenotype. An
example of B ALL MRD is shown in Fig. 3. Gating was first done on CD19 vs
SSC and then refined on a gate of CD19 vs CD45, and only B cells displayed. In
this case there is a small amount of MRD (about 0.6%) displayed in blue. Normal
mature B cells are in green, and the pretreatment phenotype of the leukemia dis-
played in orange. In this case the phenotype of the MRD is clearly abnormal (com-
pare to the normal cells in fig. 1) and very similar to that seen initially.

However, in many cases, patients who are treated with steroids will show matu-
ration of their leukemic blasts, so that MRD can have a phenotype that is consid-
erably different from that seen before treatment. This is particularly true when this
is measured at the end of induction. Such a case is shown in Fig. 4. Here there has
been considerable maturation of the MRD cells (blue), with acquisition of both
CD45 and CD20, giving a pattern that is much closer to normal hematogones. For-
tunately, looking at other markers makes it easier to recognize the MRD. CD58
and CD38 are essentially unchanged from diagnosis, and very different from nor-
mal, while CD34 is only slightly decreased in intensity, and the aberrant expression
of myeloid antigens seen at diagnosis is retained.

Fig. 4 shows an example of T ALL MRD. CD7 is used for gating purposes.
Normal T—cells and NK cells (CD3-negative, CD7+) are shown in green, and the
MRD in blue. In this case the leukemic blasts are slightly dimmer CD45 and
brighter CD7 compared to normal cells, but this is not seen in all cases. However,
CD3 is typically underexpressed in most cases of T-ALL, so that MRD can often
be recognized on displays of CD5 vs CD3, or especially cytoplasmic CD3 vs sur-
face CD3.
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Some NK cells can show up in these regions, however, so to achieve high sen-
sitivity MRD detection it is good to add NK markers including CD56 and CD16, as
these are rarely seen in T-ALL and so can be used to exclude small numbers of NK
cells in multiparameter gating. Finally, CD99 overexpression is preserved in this
case and makes identification of MRD relatively easy. However, as noted above,
maturation of MRD is often seen, and CD99 frequently lost, so absence of CD99
does not exclude MRD.

Clinical significance of MRD detection

MRD has been shown to be a strong prognostic factor that predicts relapse [10; 12;
13; 16—18; 31; 43—51]. In our own studies, patients with B-ALL who had MRD at the
end of induction therapy fared significantly worse than those who didn’t, with those
having higher levels having a worse outcome than those with lower levels. Specifically,
in our series of nearly 2000 patients [13], those with MRD<0.01 % had an 88%1 % 5
year event free survival; those between 0.01 % and 0.1 % 5915 %; 0.1 % and 1 % 49+6
%; and > 1% 3048 % (p<0.001).

Prognostic significance was maintained when the effect was looked at separately in
good or poor risk patients, or among patients with favorable prognostic features. Inter-
estingly, not all patients who were MRD positive relapsed early; MRD at the end of
induction was equally predictive of both early and late (>3 years) relapse. However,
bone marrow MRD predicted marrow, but not CNS relapse.

In multivariate analysis that included NCI risk group, presence of favorable cytoge-
netic features, or presence of marrow response by morphology, MRD was the most
powerful prognostic factor, with a hazard ratio of 4.3.

These results are very similar to those of several other studies looking at MRD at
the end of induction therapy using either flow cytometry [10; 17; 18; 44; 52] or mo-
lecular methods [11; 16; 31; 43; 45; 48].

When should MRD be measured?

MRD has been shown to be prognostic in ALL almost any time it is measured,
even late in therapy [46] though generally speaking, more informative measurements
are made earlier in therapy. There are two reasons for this. First, the longer you go
out into therapy, the fewer patients who are MRD positive, so that you may miss
patients destined to relapse. Second, most successful interventions in therapy have
come from intensification relatively early in the course[53].

In addition, the cutoff level for prognostic significance may be different at differ-
ent points in therapy.

With molecular methods of MRD detection, the BFM group divides children into
three risk groups based on MRD measurements at day 33 and day 78 after the start of
therapy: patients who are MRD negative below 1x10 at day 33 are categorized as
standard risk, those who are >107 at day 78 as high risk, while others are intermedi-
ate risk [16]. Note that the significance of positivity at a particular level of MRD is
different at different time points.
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In our current studies, patients who are >0.1 % at day 29 are considered higher
risk and offered intensive therapy, while those who are >1 % at day 43 are consid-
ered very high risk and removed from standard therapy; a similar strategy is also
used at day 42 in St. Jude studies that also use flow cytometry [54].

More recently, laboratories using flow cytometry to detect MRD have taken advan-
tage of its ease of performance to study samples even earlier in therapy. Studies have
been done at day 15 or day 19 of therapy looking at bone marrow[10; 44], and in our
studies, at day 8 of therapy looking at blood. Because patients with MRD tend to have
higher levels earlier in therapy, and because B cell regeneration is less of a problem at
these times, the relatively lower sensitivity of flow compared to molecular methods is
less of an issue; thus, relatively straightforward analytical approaches are useful
here[55—57]. In contrast to studies performed later in therapy, patients with low levels
of MRD at these times do not fare that poorly; a major use of these measurements is to
identify patients who fare very well. In BFM studies, patients with <0.1 % MRD at day
15 had a 7.5 % relapse rate [10]; in the St. Jude studies those with <0.01 % at day 19
had a 4.8 % relapse rate [44]; in the COG studies we found patients with <0.01 %
MRD at day 8 to have a 10 % relapse rate, though when we looked only at standard
risk patients with favorable genetics the rate fell to 3 %[13]. Patients with very high
levels of MRD early in therapy do have a high probability of relapse, however [10;13],
and while such patients are also more likely to continue to be MRD positive at later
time points, in our studies patients who had day 8 blood>1 % but day 29 marrow <0.01
% had only a 7944 % 5 y EFS rate compared to 901 % (p<0.001) for those who were
end induction marrow negative and also day 8 blood <1 %.

Our plans for risk assignment in our future studies will incorporate both day 8 blood
MRD measurements and day 29 marrow MRD measurements, along with standard age
and white count criteria as well as cytogenetic findings. Patients with favorable cytoge-
netics and good age and white count criteria who are MRD negative at both day 8 and
day 29 will be considered good risk and treated with minimal therapy, while all patients
with day 29 MRD>0.01 % will be considered very high risk. The remaining patients
will be divided into two different risk groups based on age, white count, cytogenetics
and day 8 MRD levels. In this way we hope to tailor intensive therapy to those who
need it most, and not give patients with a high probability of cure more toxic therapy
than would be necessary.

Conclusions

MRD in ALL is a clinically relevant measurement that is readily performed by flow
cytometry. However, correct interpretation of results requires a good understanding of
phenotypic properties of normal cells, as well as changes in phenotype of leukemic
cells that are likely to occur following therapy. However, once these are understood,
relatively simple antibody panels and relatively straightforward analysis can provide
information that is very important for patient management.
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MOHMTOPUHI MUHUMAJIBHON OCTATOYHOM FOJIE3HU
METO/J0OM NPOTOYHOM IUTOMETPHHU Y JTETEN

C OCTPBIM JINM®OBJIACTHBIM JIEUKO30M

W3 B-IMHEMHBIX IPEIINECTBEHHUKOB

TP MOMOIIH YITPOIIEHHOI'O ITIOAXO/IA:

BO3MOXHOCTHU U OTPAHUYEHUSA

'O6nacmnas demeras knunuueckasn Gononuya Ne 1, Examepunéype, PD
’I'V3 Lenmp opeanuzayuu cneyuaiusuposantblx U008 MEOUYUHCKOU NOMOUU
«Hucmumym meouyunckux Kiemounvix mexuonozuily, Examepunoype, P®
’Vpanvckas cocydapemeennas meduyunckasn axademus, Examepuntype, PD

Pe3rome

OOHHUM W3 OCHOBHBIX METOIOB OLEHKH MHHHMAJILHOH OCTAaTOYHOH OOJIE3HH
(MOB) npu octpom UMGpOOIACTHOM JietiKo3e 13 B-ITHHEHHBIX MPe/IIeCTBEHHUKOB
(BIT-OJIJ]) sBnsiercs mpoTtounas urometpus. E. Coustan-Smith et al. IpeTOXIUITH
UCTIOJIL30BaTh Jjist onpeneneHus MOB B cepeivHe MHAYKIIMOHHOW TEpalvy Tak Ha-
3BIBAEMBIN «YIPOIICHHBI TPEXIIBETHBIA aHAIU3 C UCIIOIh30BAHHEM KOMOHWHAIIUU
aatuten CD19/CD10/CD34.

CpaBHEHHE pe3yJIbTaTOB «YIPOIICHHOIO» U CTaHJAPTHOrO (4—9-1BeTHas mpo-
TOYHAsT [UTOMETPHS) TTOAXOJ0B MPOU3BOMMIOCE B 134 00pasmax KOCTHOTO MO3ra,
B34TBIX Ha pa3IUuHbIX dTanax tepanuu y 55 nereit ¢ BII-OJUL. CpaBHeHue pesynb-
taTtoB omnpeneneanss MODB aByms meromamu BBISBIUIO, 9TO KadecTBeHHO MODB «yi-
POIIEHHBIM» METO/IOM Oblna HeKOppeKTHO ompezaeneHa y 8,0 %, 17,6 % u 75,8 %
MaryeHToB Ha 15-#, 36-i u 85-1 nHM Tepammm, cCOOTBETCTBEHHO. Kpome Toro, B He-
KOTOPBIX MCTHHHO ITO3WTHBHBIX OOpa3sax ObUT BBIABIEH HEKOPPEKTHBIH MOACYET
KOJIMYECTBA OCTATOYHBIX OIyXOJIEBBIX KJIETOK OTHOCHTENIFHO MOPOTOBBIX 3HAYCHHH,
Yalie BCero npeiaraeéMbiX A CTpaTH(UKANK NaleHToB. TakuM o0pa3oM, mpu
MPUMECHEHHUN «YIPOIICHHOT0» MOAX0Ja B CIIyYac HCIOJIB30BAHUS PE3YIIBTATOB OII-
penencans MOB st crpaTudukayiy NanueHToB HA TPYIIBI PUCKA, HEMPABMIIEHYIO
nHpopMarmto mamu Oer 16,0 %, 27,4 % u 81,8 % obpasuos 15-ro, 36-ro u 85-ro
JTHEH Tepanuy COOTBETCTBEHHO.

KiroueBble cioBa: MUHIMaIIbHAs OCTaTOYHAast 00JIE€3HB, OCTPHIH ITuMdoOmacT-
HBII JIEHK03, IPOTOYHAs! IUTOMETPHUS.

Pe3ynbTaThl JI€4eHUs OCTPHIX JIMM(POOIACTHBIX JEHK030B U3 B-mmHEeHHBIX Tpen-
mectBeHHUKOB (BIT-OJIJ]) y neteii B mocneHue AeCATHIETHS 3aMETHO YITyUIIHINChH
[1]. OmHako MpUMEpPHO Y YETBEPTH MAIMEHTOB Pa3BHBAIOTCS PEIMIUBBLI OITyXOJIH,
YTO CBSI3aHO C COXPAaHEHUEM OIyXOJIEBBIX KJIETOK B KOJIMUYECTBE, HE PaclO3HaBae-
MOM CTaHJapTHBIMU LIUTOJIOTHUECKUMHU MeToaaMu [2]. COBOKYIMHOCTb 3THX KIJIETOK
NOJTyYHIIa Ha3BaHHe MUHUMAJIBHOM ocTaTouHOi 6one3nu (MOB).
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OpHMM U3 OCHOBHBIX MeTof0B orieHkHn MODB sBisieTcss mpoTOYHAs! IIUTOMETPHSL.
IMporuoctuyeckas 3aaunMocTs ypoBHI MOB, onpezernsieMoro JTaHHBIM METOJIOM, TI0-
Ka3aHa B paMKax pa3iMyHbIX MPOTOKOJIOB Teparuu [3—7]. B Tedenue monroro Bpeme-
HU 11 onpeneneHnss MOB Hanbosee 9acTo mpUMeHsUTach 4-1BeTHAsT TPOTOYHAS ITH-
tomerpust [3—11]. CoOTBETCTBEHHO, YETHIPEXLBETHBIN aHANM3 U SBIISIETCS HanoOonee
craggapti3oBaHeM [10;11]. OpHako B HacTosiiee BpeMs Bce Hallle MPUMEHSCTCS
TIPOTOYHAS! IUTOMETPHS BEICOKOTO Pa3peIeHHs, TO3BOIIONIAs OTHOBPEMEHHO aHAJIH-
3upoBath dKcrpeccrto 5-9 anturenos [8;10]. [Ipu onpenenennn MObB merogom npo-
To4HOU uromerpuH y aerer ¢ OJUI u3 B-muneitnpix npemectserrHukoB (BIT-OJLT), B
HEKOTOPBIX CITy4asX NPH aHATN3E JAHHBIX MOTYT BO3HHKATh CIIOXHOCTH. Harre Bcero 3to
CBSI3aHO C HaIMUMeM B obpasie HopMmatbHbIX BIT [3;12-15], nveronmx deHorw, cxon-
HBIA IO 3KCHpeccu MHOTHX MapkepoB ¢ Omactamu (CD19+CD10+CD34+~CD45dim)
[3; 125 13; 16; 17]. Cunraetcs, uTo BO BpeMsl MHILYKLIMOHHOW Tepanui HopMaibHble BIT B
KOCTHOM MO3re OTCYTCTBYIOT [3; 14]. B obmactu pacrionokeHust ONacToB Ha TOYCUHBIX
rpadHKax TakKe MOXKET PETHCTPHPOBATHCS (MTFOOPECIICHIIHSI, SBIBSIOIIASCS PE3YTETATOM
HecTelM(UYIecKoro cBs3bIBaHus anTuTed [3; §; 18].

E. Coustan-Smith et al. npemioXxunu ucnoinb3oBath uist onpeneierns MObB B ce-
penuHe MHAYKIIMOHHON Tepanuy YIPOIISHHbBIN 3 IIBETHBINA aHAIN3 C MCIOJIb30BaHHEM
komOuHarmu aatuten CD19/CD10/CD34 [14]. Oto memaercs Wi TOTO, YTOOBI CyIIie-
CTBEHHO CHH3UTh CTOMMOCTb aHamM3a M cienaTts omnpeneneHne MOB moscemecTHO
BO3MOXKHBIM [14]. JIaHHBII TIOIXO OCHOBaH Ha TOM, 4YTO Ha 19 JIeHb MHIYKIIMOHHOM
Tepanuu 1o nporokonam Tepanuu TOTAL nopmansnsie BIT 8 KM otcyrerBytort, cie-
noBatenbHO, Bce CD19™ xnertkn, sxcnpeccupyromue CD10 w/mmm CD34, sBisttorest
omyxoneBbiMH [14]. TlpennoskeHHbI MeTOI ObUT TO3/IHEE MCTIONB30BaH TS OTpesie-
senust MODB Ha 15 neHb Tepanuu y NaluyeHToB, MOMyYaBIlInX TEPAIUIO 10 MPOTOKOITY
ALL-IC [15]. Omaako OONBIIMHCTBO IMPOTOKOJIOB IPETyCMaTPHBACT OIpe/cICHHIE
MOB Taroke Ha MOMEHT OKOHYaHUsI MHAYKIIMOHHOM Tepalyy U B OJHOM MITH HECKOJIb-
KUX BPEMCHHBIX TOYKaX BO BpeMs KOHCONMIAIMW/ nHTeHcHpuKarmu [3—6]. [Ipumenu-
MOCTb «YTIPOLIEHHOTO» MoAxoa At MouuTopurra MOB Bo Bcex BpeMEHHBIX TOUKaX,
MPETyCMOTPEHHBIX TEPATIEBTHUECKUMH [IPOTOKOJIAMH, OCTAeTCs] HEBBIICHEHHOM.

ean

OueHnTh BO3MOXKHOCTH NPHUMEHEHHUS] METOJa NMPOTOYHOW IUTOMETPUH C HC-
MOJIb30BAaHUEM TPEXIIBETHOTO «YIMPOIIEHHOro» moaxona s onpexaeneHus MOB
Ha pa3nn4HbIX dTanax tepanuu OJIJI y neteit.

MarepuaJjibl 1 METOABI

HccnemoBaHre IpOBOAMIIOCH B JTA0OPATOPHOM OTICNICHHH OTZENa JETCKOH OHKOIIO-
run 1 remaronoruy OJIKB Ne 1 r. ExarepunOypra c staBapst 2008 . o Hosiops 2009 .
Beumn uccnenoBansl 134 o6pasua KM 55 manumentoB ¢ BIT-OJUI, nomyyaBimmx Tepa-
mvto 1o potokoiiaM ALL-MB 2002 [18], ALL-MB 2008 [18] u MLL-Baby [19].
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Juarsoctika nmmyHosorrndeckux Bapuantos OJIJI ocymecTBisuiack coriaacHo
obmenpuHATEIM Kputepusm [20]. B uccnemyemoit rpynme y 11 mamueHToB muar-
HoctupoBaH BI mmmyHnonorugeckunit Bapuant OJUL, y 43 — BIL, y 1 — BIIL.

UccrenoBamu 50 00pasnoB, B3ATHIX Ha 15 neHP MHIYKIMOHHON Tepamuw, 51
oOpaszerr, B3ATHIA HAa MOMEHT OKOHYAaHWS MHIYKIIMOHHOHN Teparuu (36-if neHp Te-
panmn) u 33 oOpasua, B3IThIX Ha 85 neHs Tepanmun. MOB Ha 15-i u 36-i mHU Te-
panuu ompenensui y Bcex manueHToB. Ha 85 mens MODB oneHmBamu TOIBKO y
MAIEHTOB TPYII CTAHAAPTHOTO U MPOMEXKYTOYHOTO prucka. CpaBHEHHE TPOHU3BO-
JUIIOCH B 00pasiiaxX, KOTOPBIE OKpAIIUBaIA 6—8 MOHOKIOHAIFHBIMU aHTUTEIIAMH B
KOMOMHAISIX, KoTopble Beerga Bkmodann CD19, CD10 u CD34. IIpotounas uu-
TOMeTpUs BhInonHsIack Ha npudopax “FACS Canto I1” u “FACS Aria” (Becton &
Dickinson (BD), CIIIA).

Hactpoiika NpoTOYHBIX IHUTOMETPOB MPOM3BOIWIACE C HCIOIb30BaHHEM Ka-
nmbpoBouHoi cucteMsl “Comp Beads” (BD). MoHuTOpHHT cTaOMIBHOCTH pabOTHI
IpUOOPOB OCYIIECTBIISUICS TPH TIOMOINM KalnOpOBOYHBIX cucteM “‘Cytometer
Setup and Tracking” (BD), “7-color Setup Beads” (BD) u “DAKO Fluorospheres”
(Dako, lanus). Pe3ynpTaTel IMMYyHO(EHOTHITUPOBAHUS OICHUBAINCH MIPH ITOMO-
mu nporpammuoro obecrieuennss FACS Diva 4.0-6.1 (BD). lns onpenenenus
MOB npuMeHsITICh MOHOKJIOHAJIBHBIC aHTUTENA, IPEICTABICHHBIC B Ta0I.

Tabnuna
[TpumeHsBIIMECS MOHOKIIOHAIBHBIC aHTHTENA
diyopoxpoM MOHOKJIOHAJIbHBIE aHTUTEIIA
FITC CD10, CDS58, CD58(1, CD45, CD38, CD99, CD15
PE CD10, CD45, CD58, CD11a, CD34, CD38, CD133[1[]
PerCP CD45, CD20

PerCP-Cy5.5 CD19, CD20, CD38

PE-TexasRed CD34[]

PE-Cy7 CD10, CD34
APC CD19, CD10
APC-Cy7 CD20, CD45
AmCyan CD45

Bce anTnTena, ecam 3T0 He yKa3aHO CIelUaIbHO, Tpou3BeneHsl BD.
— amTurena npomsBoacTBa Beckman Coulter (BC) (CIIIA);
— anrurena npoussojctea Miltenyi Biotec (I'epmanust);

OkpalyBaHye IePBHYHOMEUCHHBIMI MOHOKJIOHAIBHBIMHA aHTHTEIaMH IPOM3-
BOAWIOCH COTJIAaCHO MHCTPYyKUMM mpousBoxutens. Ilocne uHKyOanuu cycreH3uu
KOCTHOMO3T'OBBIX KJIETOK C MOHOKJIOHAJIbHBIMH aHTHTEIaMH B3BeCh 00padaThiBaiach
msupytomumM pactBopoM («FACS Lysing solution» BD), a 3atem ormbiBanack ¢oc-
¢arHo-coneBbM Oydepom («Cell Washy, BD).
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[Mo3uTHBHBIMU CUUTAINCH 00pA3Ibl, B KOTOPHIX HA TOYEYHBIX rpadHKax onpene-
Jsack rpymma u3 10 1 6osee KIETOK, MMEIONIHX JIEHK03-aCCOIMUPOBAHHBIN IMMYHO-
(eHOTHIT W 3HAYCHHS MapaMeTPOB CBETOPACCESHHS, XapaKTepHbIC il JUMGOIH-
toB/mum¢podnactoB [3; 10]. IIpu «ynpomeHHOM» aHauM3e Ha TOYEUHBIX I'padukax
CD19/CD10 u CD19/CD34 Beinensmu B-kimetkn, sxcnpeccupytormme CD10 w/vnm
CD34. Oru xnerkn orodpakamick Ha rpapuke FSC/SSC (obpatHoe relitupoBanue),
Ha KOTOPOM BBIICISUINCH TOJBKO OJIACTBI, MONajaloNMe B «IMMQOLIHUTapHO-
mmdoObmacTHeI perrony. [Ipu onpeneneamn MOB 6—8-1BeTHOH IIUTOMETpHEH TIPH-
MEHSIICS TIOIX0J1, OCHOBaHHBIA Ha pekoMeHauusx rpymmnsl AIEOP-BFM [10]. Cua-
yana Ha ToueyHoM rpaduxe CD19/SSC Beimensim B-kieTkw, a 3aTeM ¢ y4eToM 3Kc-
TIPECCHH BCEX MPUMEHSIBIIIXCS MApKEPOB BIIEISUN OITyXoJieBble KieTku. [Tocme ato-
TO NPOU3BOAMIIN 00paTHOE TelThpoBaHue. Pe3yabTaT pacCUUTHIBAIN B BUJIE MPOLIEHT-
HOTO COJIeprKaHHs OITyXOJIEBBIX KIIETOK CPEAN BCEX siApocoaeprkanmx kieTok KM.

INocne 3TOr0 MPOW3BOAMIIOCH KAYECTBEHHOE M KOJHMYCCTBEHHOE COIOCTABICHHUC
PE3YNBTAaTOB, MOIYYEHHBIX 3 IBETHON U 6—8-1IBETHOM MPOTOYHON nUTOMeTpHen. Ko-
JMYeCTBeHHOE cpaBHeHHE YypoBHA MOB Tpon3BOAMIOCH OTHOCHTENBHO BenmmyuH 10
%, 1 %, 0,1 %, 0,01 %, Tak Kak A1 pa3aeneHus MaUeHTOB Ha TPYIIIbI C Pa3HbIM PHC-
KOM Pa3BHUTHS PELMANBA UCCIIEI0OBATENH UCTIONB3YIOT UIMEHHO 3TH MOPOTrOBbIE 3HAYE-
Hrst MOB [3-7]. OmmOkoi#t kommaectBeHHOTO ompeneneHnss MOB «ynporeHHbIM
METOZIOM CUMTANICS Pe3yNbTaT, OTAMYAIONMIiCS OT pe3ynbTaTa 6—8-I[BETHOM MpOTOU-
HOW IIMTOMETPUH OTHOCUTENBHO KaKOTO-TMOO M3 TAHHBIX TIOPOTOBBIX 3HaueHwWid. Ha-
mmane B oOpaste BII onpenemsuiocs Mo THIHYHOMY [UTI HOPMAJIBHOTO pa3BUTHS B-
JMM(OLMTOB pacIpeIENICHHIO KIIETOK Ha TOUeYHbIX rpadukax (puc. 1) [13;16;17].

PesyabTarsl

KauecTBeHHas cXxoquMOCTh pe3ysbTaroB onpeaenenuss MOB npu nomonmwm «ym-
POIIEHHOTO» W CTAaHAAPTHOTO IO/IXO/I0B 3HAYUTEIHHO BAPHUPOBAIa B 3aBHCHMOCTH
ot srana tepanuu (puc. 2). Ha 15 nens teparmuu 5 (10,0 %) obpa3sios Obum Hera-
TuBHBIMH, a 41 (82,0 %) — MO3WTHBHBIM NIPH HCIOJIF30BAaHUH OOOMX ITOJIXOJIOB.
[pn npumenennn 3 nBeTHOTO aHamm3a 1o 2 (1o 4,0 %) obpasna oka3aIich J0KHO-
TIOJIOXKUTENBHBIMH | JIO)KHOOTPHUIATENbHBIMU. HY B 071HOM M3 00pasioB 15 nHs He
Ob1UTH 00HApYXeHB HopManbHbIe BIT.

Ha 36 nenp Tepanuu 1o pesyibTaraM 3 IBETHOM IUTOMETPUM MCTUHHO TO3U-
TUBHBIMU U UCTUHHO HeraTuBHBIME ObuTH 29 (56,9 %) u 13 (25,5 %) 00Opa3ios co-
OTBETCTBEHHO, B TO BpeMs Kak ObUTH BBIABIEHBI 1 JoxxHOHeratuBHBIN (1,9 %) u 8
TOXHOTIO3UTHBHEIX (15,7 %) obpasuos (puc. 2). B 6 obpasnax (11,8 %) 36-ro mus
ObuH 00HapyskeHbl HopMasibHble BII. B 3 u3 8 n0)XxHOMO3MTHBHBIX 00pa31oB UMEH-
HO HopMaibHbIe BII 1 OpUTH HHTEPIIPETHPOBAHBI IPH MCIIOIB30BAHIHN «YIIPOIICHHO-
TO» TI0/IX0/1a KaK OITyXOJIeBble KieTKH. Ha 85 meHp Tepanuu nmpu moMoIy cTaHaapT-
HOTO TOJX0/Ia OCTATOYHBIC OITYXOJICBBIC KIICTKU ObUTH OOHapyxeHbl B 5 (15,1 %)
obOpasmax, B To BpeMs kKak B 25 (75,8 %) obpasmax HopMmaipHBe BII OputH pactiene-
HBI TIpH 3-IIBETHOM aHAJIM3€ KaK JeHKeMuaeckue OacTsl (puc 3.).
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Eme y 3 (9,1 %) naunentoB MOB He Oblia 0OHapy»KeHa HU OHMM U3 METO/IOB.
VY Bcex manueHTtoB, kpoMme 3tux 3, B KM npucyrctBoBanu HopMansHble BII. Cpenn
98 00pa31oB, B KOTOPBIX He ObUIO HOpMabHBIX BII, ObUIO BBISIBIEHO 3 JIOXKHOOTPH-
narenbHbIX (3,1 %) u 7 T0XXHOMONOXKUTETBHBIX (7,1 %) pe3yabTaToB «YIPOIICHHOTO
Metona» (puc.3). Cpenu 36 BII-mo3UTHBHEIX 00pa3I[OB UCTUHHO TTO3UTUBHBIMU OBI-
M Tonbko 8 o0pasuoB (22,2 %), ocTalbHBIE OKAa3alInCh JIOXKHOIIOJIOKHUTEIHHBIMU
(puc. 3). KomryectBeHHOE CpaBHEHWE HCTHHHO IO3WTHBHBIX DPE3YJIBTAaTOB BBISBHIIO
onmoOku B onpenenernn ypoHst MOB «ynpomierHbiM» mMetoniom B 4 (8,0 %), 5 (9,8 %)
u 2 (6,0 %) obpasuax Ha 15, 36 u 85 1HM TEpannu COOTBETCTBEHHO.

Takum oOpas3omM, mpu cpaBHEHHE IBYX crioco0oB oreHkn MOB («ynpomeHHo-
ro» MoAX0Ja U 6—8 IBETHON HMUTOMETPUHN) OOHAPYKEHBI pacXxoxacHus B 16,0 %,
27,4 % u 81,8 % obpaznos Ha 15, 36 u 85 nens Tepammu OJIJI cOOTBETCTBEHHO.

ITpumepsl KOPPEKTHOTO M HEKOPPEKTHOTO BBIIEICHHS OITyXOJEBBIX KIIETOK
«YTIPOILEHHBIM» METOIOM IpeICTaBIeHBI Ha pucC. 4.

OO0cyxkneHne MoJy4eHHBIX Pe3yJIbTATOB

JIJIst yCTIeIIHOTO MCIIONIb30BaHMs «YMPOIIEHHOT0» MOAX0a HE0OOX0IUMO OBITh
YBEPEHHBIM, YTO B JIAHHOW TOYKE HAONIOJCHUS B KOCTHOM MO3I€ OTCYTCTBYIOT
HopMmainbHble BII. OnHako, o HammMM JaHHBIM, YK€ Ha MOMEHT OKOHYaHHS HH-
JTYKUMOHHOM Teparmu (36-it nens) y 11,8 % manuenToB HaunHaercst B-nmnelinas
pereHeparst. Ha 85 nmeHp Tepamuu yke y IMONABIIAIONIETO OONBIIMHCTBA JETEH
(90,9 %) KM 3acemnstot BII.

CpaBHenne pesynbTatoB onpeneneauss MOB nBymst MeTonamMu BBISBHIIO, YTO
kagecTBeHHO MODB «ympomeHHsIM» METOAOM OblTa ONpefe/cHa HEMPAaBUIbHO Y
8,0 %, 17,6 % u 75,8 % mamueHToB COOTBETCTBEHHO Ha 15, 36 u 85 mHM Tepanwy.

ITpuurH HEKOPPEKTHBIX PE3yIbTATOB IIPU IPUMEHCHUH «YIPOIIEHHOT0» IOIX0-
Jla HecKkosibKo. MeHee ueM B nosioBuHe ciydaeB BIT-OJIJI Bce omyxoneBble KIETKU
AKCIIPECCUPYIOT 00a MCIOIb3yeMbIX Mapkepa [22; 23]. XoTs yaie BCero omyxoJe-
Bas NOMYJISIIKSL TOMOTEHHO DKCIIpeccHpyeT Kak MuHUMYM 6o CD10, mu6o CD34
[22; 23], BcTpeyaroTcst cirydan, KOTaa He Bee OJIacThl 3KCIPECCUPYIOT 3TH aHTUT€HbI
[14; 22; 23]. B cBsi3u C 3TUM MPUMEHEHHE «YIIPOILIEHHOTO» MOJAX0/1a Y TaKUX Ialy-
€HTOB INpeJCTaBIsAeTcd HeKoppeKTHbIM. Kpome Ttoro, skcnpeccus CD10 n CD34
MOXKET CYILECTBEHHO CHIDKATHCS MO JEHCTBUEM MPOTHUBOOIYXOJIEBBIX IPETIAapaToB
[24-27], mpexne Bcero KopTuKocTepounoB [26]. B atom cimydae mibo BooOIe Hemb3st
WCIIOJIB30BaTh 3TW aHTHIeHb! s onpeneneHust MOB, mibo cTaHOBUTCS CIIOXKHBIM YeT-
KOE BBIJEJICHUE BCEX OIyXOJIEBBIX KJIETOK Ha TOUEUHBIX rpadmkax. Kpome toro, mis
JOCTIDKCHUSI PEKOMEH/IOBAHHOW WyBCTBHTEIFHOCTH HCCIICIOBAHUS (1><104—1><10'5)
[3—11] HEeoOX0aMM aHanMM3 OobIIoro kommdectsa kietok [10; 11]. Tlpu sTom mMoryT
OIPENIENSATHCS TPOIYKTHI HecTieU(UIecKoro cBsi3biBanus anturen [3; 8; 18]. Ana-
JIU3 9KCIIPECCHH 6—8 aHTUTE€HOB MO3BOJISIET YETKO OTIMYUTDH OITYyXOJIEBBIE KIETKH OT
Hecnenuduaeckoi GIrOPECCHINY, B TO BpeMs KaK IPH IPHUMEHEHNH BCETO TPeX
MapKepoB 3TO MOKET OBITh 3aTPyAHUTENBHO.
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Haxonen, mo oxoHuaHWU MHAYKUMOHHOM Tepanuu KM HauMHAIOT 3acensiTh HOp-
masbHble BIT. TTo skcrpeccrm CD10 n CD34 311 KiIeTKH MOX0XKHU Ha JIHKO3HbBIE O1a-
CTBI, YTO TIPUBOJUT K HOSIBJICHHIO JIO>KHOTIOJIOKHUTEIBHBIX PE3YIIbTaTOB.

Kpome Toro, B HEKOTOPBIX UCTHHHO IO3MTHBHBIX 00pa3liax ObUT BBISBICH He-
KOPPEKTHBIN TIOACYET KOJIMYECTBA OCTATOUHBIX OMYXOJIEBBIX KIETOK OTHOCHTEIHEHO
TIOPOTOBBIX 3HAYEHHIA, JaIlle BCETO MPEAIaraeMbIX Ui CTPaTH()UKAIMU TallHEeHTOB.
Takum 00pazoMm, IPH MPUMEHCHUH «YIPOIICHHOT0» MOJAX0Aa B CIIy4ae HCIOJIb30Ba-
HUsS pe3ynbratoB onpeneneHus MOB st cTpaTHduKanuy NAnUeHTOB HA TPYIIITBI
pHCKa, HenpaBWIbHYI0 HH(popManuro xanu Os1 16,0 %, 27,4 % n 81,8 % ob6pasios
15, 36 u 85 nHel Tepanuu COOTBETCTBEHHO.

«YTIPOILIEHHBII» TOJXO0] K aHAJM3Y JAaHHBIX ObLT pa3paboTaH IS OmpeeeHHs
MOB Bo Bpems HHAYKIIMOHHOI Teparmu [14], omqHako naxe Ha 15 nenp y 16 % wmc-
CIICIOBAHHBIX MAIIMCHTOB «YIIPOLICHHBII» MeTox onpeneneans MOB nan HeBepHbIi
pe3yabTaT C TOYKH 3pEHUST BO3MOXKHOW crpaThdukanuu. [IpuMeHeHue TaHHOTO
MOJX0Za Ha MOMEHT OKOHYAHWS HHAYKIMOHHOM Tepamiy, Taroke IpeaaracMoe
aBTOpamH [ 14], BO3MOXKHO Y €Ille MEHBILIETO KOJINIECTBA OOIBHBIX.

TakuMm 00pa3oM, «ynpolIeHHBI moaxo K onpeneneanio MObB Hanbonee npu-
MEHMM Ha 15 JIeHb Teparmu, OJJHaKO M B 3TOW TOYKE HAOIIOJCHUS MOTYT OBITH JOITy-
nieHsl ommoku. [IprmMeHeHne naHHOrO Metoza Ha 36 JIeHb elle Jalle IPUBOJUT K He-
KOPPEKTHBIM pe3yJIbTaTaM, a Ha 85 JIeHb UCTIONB30BAHIE ITOTO TIOIX0/a HEMPUEMITEMO.
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VII Poccuiickas c mexcOyHapoonsvim yuacmuem Kongepenyus
Hmmynonozun zemonosza, Mockea, 7-9 utona 2010 2.
I'nybokoyBakaeMble KoJjiern!

POHII mm. H.H. brioxuna PAMH,
Poccutickuit pouA HyHIAMEHTAIEHBIX HCCIICOBAaHUH,

7-9 uronst 2010 roxa

nposogaT VII Poccuiickyro ¢ MesKAyHAPOAHBIM y4acTHEM KOH(pepeHuno

«I/IMMyHOJIOl"I/Ifl reMoIio33a)

Tema koH(pepeHUMH:
«AMMYHOJIOrH4eCKUH KOHTPOJIb 3(PPeKTHBHOCTH
COBPEMEHHBIX METO/0B JIeYeHHUsI FeM00J1aCTO30B»

Anpec npoBenenust kongepenuuu: r. Mocksa, Kamupckoe mocce 1.23,
Poccuiickuii onkonornyeckuil Hayunbii nentp umenu H.H. bioxuna PAMH,
KOH(epeHII-3aJ1 KINTMHUKK. brivpkaiinmas crannms merpo «Kammpekas»

Ha xoHdepenmn OyayT npeacTaBieHbl JOKIAIbl BEAYIINX YIEHBIX B 00IaCTH
MMMYHOJIOTHH T€MOOIaCTO30B.

OcHoBHBIC HAYYHBIC HANIPABJICHUA KOH(pepeHnn
(moapoOHas mporpaMMa Ha caiite www.imhaemo.ru ):

Bxitan ¢yHnameHTanbHONM Haykd B pa3pabOTKy Hambolnee MHPOPMAaTHBHBIX
KIIMHAYECKUX AUarHOCTHYECKHX TecTOB B oHKoreMarosoru (G. Janossy)
VIMMyHOAHMArHOCTHKAa ¥ UMMYHOJIOTHYECKHH KOHTPOJIb 3P(HEKTHBHOCTH
teparmmu B-XJUJT u 3peno-B-knerounsix mumdom (A. Rawstron);
MoHoxoHambHBIH B-kmeTounsnii uMdornmtos (A. Rawstron);
VIMMyHOAHMArHOCTHKAa ¥ UMMYHOJIOTHYECKHH KOHTPOJIb 3((HEKTHBHOCTH
Tepanuu OCTPHIX Neiiko30B (M. Borowitz);

VIMMyHOAHArHOCTHKAa M KOHTPOJb 3((QEKTHBHOCTH TEparyd MHOXKECT-
BenHo# muesomsl (IIpodeccop E.E. 3yepa);

HmmyHoIIOrHueckre KpUTepuu pa30aBiieHns KOCTHOTO MO3ra nepudepu-
yeckoii kpoBbio (M. Loken);

Pa300p TUIHMYHBIX ¥ CJIOXHBIX CIy4aeB yCTAHOBICHUS MUHUMAJIBHOW OC-
TaTO4YHOU O0JIe3HN

Marepuainsl KOHGEpEeHIINH Oy Iy T OMyOJIMKOBaHbI B )KypHaie
«mmynosnorust remornossa/Hematopoiesis Immunology», N1, 2010.
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s ydactust B KOH(epeHIIMH HEOOXO0IMMO NPHUCIIATh PErHCTPALIOHHYI0 (hOpMYy B
anapec OprxoMuTeTa. 3aperHCTPHUPOBATHCSI MOXHO 10 VHTepHeTy Ha caiite
KOH(pepeHIMH Www.imhaemo.ru, WIH BBICIATh PETUCTPAMOHHYIO (OpMy IO

9JIEKTPOHHOH noute: imhaemo_6june(@ronc.ru

Ilo 6cem 6onpocam, c6A3aHHbIM C YUACMUEM
6 KoHgpepenyuu, obpawamsca ¢ Opzkomumem

IIpencenarear Oprrkomurera:

3acmyKeHHBIH eaTeNnb Hayku Poccun

3aBemyromuii 1aboparopreil HUMMYHOJIOTHH TeMOII033a

LleHTpan30BaHHOTO KIMHUKO-Ta00paTOPHOTO OTAeIa

POHI] umenu H.H. brioxuaa PAMH

JIOKTOp MEAMIIUHCKUX HaYK, mpodeccop  Tynuuywvin Huxonaii Huxonaesuu

CekpeTrapb OprkoMmuTeTa:
Kanaunar MeguIMHCKUX HAYK Illonoxoea Enena Hukonaeena
Ten. (495)-324-14-30

Anpec Oprkomurera: 115478, Mocksa, Kamupckoe mocce, 1. 23,
HUU Knuanyeckoii onkonorun POHL um. H.H. bioxuna PAMH,
KoH(pepeHuus: « AmmyHnonozusn zemonoszay

TelL.: (495)-324-90-69, dakc: (495) 324-90-69,
E-mail: imhaemo_6june@ronc.ru
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POHII umenun H.H. broxuna PAMH
Poccuiickuii poua GyHIaMEHTAIBHBIX HCCICIOBAHUI

7 Poccuiickasi ¢ Me:KIYHAPOAHBIM y4acTueM KOH(epeHuus
«AMMYHOJIOTHSI T€MOI10332»

«AMMYHOJIOT'TYECKHI KOHTPO.JIb YX®®EKTUBHOCTH
COBPEMEHHbBIX METO/J1OB JIEYEHHUS 'TEMOBJIACTO30B»

IMPOI'PAMMA

7 vioHs 2010 — 3ae31 YYACTHUKOB, perucTpanus
8 urons 2010 — 8.30-9.30 perncrpanus
9:30-10.30 OTkphITHE KOHEPEeHIHHT

Mpencenatenu: npodeccop 3.1". Kamarunze; anen-xoppecnonaeaTr PAMH, mpod.
W.B. Iogmy6nast, mpodeccop J.11. Ocmanos, mpodeccop H.H. Tymuisia

— Bcerymmrensnoe cnoBo mupekropa POHL] um. H.H. Boxuna PAMH 3a-
ciy>xeHHoro jgesarens Hayku Poccum akamemmka PAH u PAMH mpodec-
copa M.U. [laBbi0oBa

— 3as. xadenpoii orkomornn PMAIIO, unen-koppectionnear PAMH mpodec-
cop W.B. [logmy6nast (Mocksa) “MoneKysipHO-IMMYHOJIOTHYECKas! OI[CHKa
3¢ PEKTUBHOCTH TePAITHK — IPHOPUTETHAS 3a1a4a OHKOTeMATOJIOTUH

—  3aB. UEHTPAIM30BaHHBIM KIMHUKO-IA00PATOPHBIM OT/IENIOM U JlabopaTopueit
KIMHIYecKoi nMMyHojoruu ommyxoneit POHLI, mpodeccop 3.I'. Kaparumze

— 3aBemyromuil OTAeNeHWEM XHMHOTepanuu reMoOmacto3oB POHLI mvenu
H.H. Bbnoxuna PAMH mnpodeccop [I.I11.Ocmanor (Mocksa) 3aB. maboparo-
preil IMMYHOIOTHH reMono33a LleHTpanin30BaHHOTO KITMHUKO-TIa00paToOpHO-
ro otaena POHII, npodeccop H.H. Tynwisa

— IIpod. G. Janossy (Jlonmon) “ IIyTe oT pyHmaMeHTATBHON HAYKH K KJIH-
HHUYECKH 3HAYMMBIM JUArHOCTHYECKUM MeTomam’’

10:30-14.00 — YTpeHHee/AHEeBHOE 3acelaHHe
«Ouenka 3 peKTHBHOCTH TapreTHOH Tepanuu
TIpH 3PENIOKIIETOUHBIX B-K1eTounbix mmdomax (CD20"), B-XJ1T
Y MHO>KECTBEHHOH MHEIIOME)

Tpencenarem: G. Janossy (JIormon, UK), M. Borowitz (Barravop, CITIA), A. Rawstron (JTrc, UK)
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— Consultant Clinical Scientist, HMDS Department of Haematology
St. James's Institute of Oncology (Leeds) A. Rawstron “MunnmanbHas
ocratouHas Oone3ns npu XJIJI: ximHAYecKoe 3HAYCHNE M CTaHIapTH30-
BaHHAsI IMarHOCTHKA MHOTOIIApaMEeTPOBOM TPOTOYHOMN ITUTOMETpUE”

— 1.6.H. AM. Kospuruna (POHLI) «AGeppanTHbIe IMMYHO(DEHOTHUIIBI IIPU
3peno-B-ki1eToYHbIX TUMpoMax»

—  Consultant Clinical Scientist, HMDS Department of Haematology St. James's
Institute of Oncology (Leeds) A. Rawstron «JlocTmxkeHHUs B TUAarHOCTUKE U
MOHUTOPHHIe B-K1€TOUHBIX OIyX0JIel IPOTOYHON IUTOMETPUEID

Coffee-break

— 3aB. nabopaTopuell KIMHUYECKOH MMMYHOJOTMH U MOJIEKYJIIPHOM JHar-
noctuku [JJIJ] CTIGIMY um. akan. W.I1. ITasnoa, npodeccop E.E. 3yesa
(C-Tletepbypr) “MHoxecTBeHHass MueloMa. MIMMyHOOUWarHoctuka |
oreHKa 3(h(heKTHBHOCTH JIeUeHHS

— 3aB. OTHENEeHHWEM TpaHCIUIaHTauu KocTtHoro Mo3ra POHII, k.M.H.
K.H. MenkoBa (MockBa) “MIMMyHOJIOTHYECKHE aCTEKThl TPAHCILIAHTA-
IIMM KOCTHOTO MO3ra IpH reMobiacro3ax”’

— Consultant Clinical Scientist, HMDS Department of Haematology
St. James's Institute of Oncology (Leeds) A. Rawstron «MoHOKIOHATB-
HBII B-xietounstit muM@omTos: HOBBIE JaHHBIE K naToreHe3y B-XJ1JD»

Jduckyccust
14.00-15.00 — OGen

15.00-18.00 — BeuepHee 3acenanue
«MMMyHosI0rHYecKasi OLeHKA 3(pPeKTHBHOCTH JIeYeHHs OCTPBIX JIEHKO030B»

Mpencexaremu: npodeccop H.H. TymuipiH, npodeccop E.E. 3yera, n1.m.H. A.B. [Tona

—  Professor of Pathology and Oncology Johns Hopkins Medical Institutions
(Baltimore) M. Borowitz “Clinical Significance of Minimal Residual Dis-
ease Detection in Paediatric ALL”

— 3as. otaenenneM XT remo6iacrozos HUW JIOul” POHLL, n.m.H. A.B. Iloma
(Mockga) «KnuHdeckoe 3HaYeHHUE UArHOCTHKA MUHUMAIBLHOW OCTATOYHON
©0J1€3HH IIPH OCTPHIX MUEJIOUTHBIX U JIMM(OMIHBIX JISHKO3aX>

— AM. Ilomnos, Ob6nactHas merckas kiuHHYeckas OompHuIA Nel (Exarepus-
Oypr) "MOHUTOPHHT MHUHUMAJIBEHOH OCTaTOYHOH OOJe3HH METOJOM TPOTOU-
HOH IIUTOMETpUH B pamMKax npotokoioB ALL-MB u MLL-Baby"

Coffee-break

Ipodeccop M. Loken (Cuatri) «Puck-crparudukanus npu OMJI y nereii: pesynbra-
TBI OIIEHKHM OCTaTOYHOW OOJIE3HM IO JAHHBIM MOJIEKYIISIPHO-OMOIIOTHYECKOTO HCCie-
JIOBaHUS1, KAPUOTUTIMPOBAHUS U IPOTOYHON IUTOMETPUU"

Ipodeccop G. Janossy (London) "Pan-Leucocyte antigen CD45 in routine immuno-
haematology diagnostics"

Juckyccust 3akpbITe KOHQEPEHIUH
Cnoucop xondepenuun komnanus ""'buoJlaiin"
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7 Russian Conference with International Participation
“Haematopoiesis Immunology” - June 7-8, 2010.

IMMUNOLOGIC MONITORING OF THERAPY EFFICACY
IN HEMATOLOGY MALIGNANCIES

PROGRAMM

June 7, 2010 — arrival of participants, registration
June 8, 2010: 8.30-9.30 registration
9:30-10.30 Opening ceremony

Chairpersons: prof. Z.G. Kadagidze, Associate Member of RAMS, prof. I.V. Pod-
dubnaya, prof. D.S. Osmanov, prof- N.N. Tupitsyn

— Introductory words by Academician, Professor M.I. Davydov, Director of
N.N. Blokhin Russian Cancer Research Center

—  Professor I.V. Poddubnaya, Associate Member of Russian Academy of
Medical Sciences “Molecular immunological assessment of therapy effi-
cacy is a principal task of oncohaematology”

—  Professor Z.G. Kadagidze, Head of Centralized Clinical Laboratory De-
partment

—  Professor D.Sh. Osmanov, Head of Department of Chemotherapy of
Haematology Malignancies; Professor N.N. Tupitsyn, Head of Haemato-
poiesis Immunology Lab.

—  Professor G. Janossy (London, UK), Lecture: “How basic science can
lead to simple routine tests for easy interpretation.”

10:30-14.00 Morning/Afternoon session
“Mature B-cell lymphomas (CD20"), B-CLL and Multiple Myeloma”

Chairpersons: G. Janossy (London, UK), M. Borowitz (Baltimore, USA),
A. Rawstron (Leeds, UK)
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— A.V. Shibinskaya (Moscow) "Morphological heterogeneity of B-CLL"

— A. Rawstron, Consultant Clinical Scientist, HMDS Department of Hae-
matology, St. James's Institute of Oncology (Leeds, UK) “Minimal resid-
ual disease in CLL: clinical implications and standardized approaches
with multiparameter flow cytometry”

— A.M. Kovrigina, MD, PhD, DSc, Leading Researcher of Dept. of Patho-
logical Anatomy of Human Tumors, Cancer Research Center, Moscow
«Aberrant immunophenotypes in mature B-cell Lymphomas”

Coffee-break

— A.Rawstron, Consultant Clinical Scientist, HMDS Department of Haema-
tology, St. James's Institute of Oncology (Leeds, UK) “Improvements in the
diagnosis and monitoring in B-cell malignancies using flow cytometry”

—  Professor E.E. Zueva, MD, PhD, Head of Clinical Immunology and Mo-
lecular Diagnostics Lab., Cancer Research Center, Center of Laboratory
Diagnostics, I.P. Pavlov St. Petersburg State Medical University “Multi-
ple Myeloma. Immune diagnosis and evaluation of treatment efficacy”

— K.N. Melkova, MD, PhD, Head of Bone Marrow Transplantation Dept.,
Cancer Research Center, Moscow “Immunological aspects of bone mar-
row transplantation in Haematologic malignancies”

— A. Rawstron, Consultant Clinical Scientist, HMDS Department of Hae-
matology, St. James's Institute of Oncology (Leeds, UK) “Monoclonal B-
cell Lymphocytosis: insights into the pathogenesis of CLL”

Discussion

14.00-15.00 Lunch

15.00-18.00 Evening session

“Immunological assessment of acute Leukemia treatment efficacy”

Chairpersons: Professor N.N. Tupitsyn, Professor E.E. Zueva, Professor A.V. Popa

— M. Borowitz, prof. of Pathology and Oncology, J. Hopkins MI (Baltimore,
USA) “Clinical Significance of MRD Detection in Paediatric ALL” — 45 min

— A.V. Popa, Head of Department of Chemotherapy of Children Hematology
Malignancies, Institute of Children Oncology and Hematology, CRC, Moscow
«MRD in acute myeloid and lymphoid leukaemias” — 30 min

— AM. Popov, Regional Childhood Hospital Nel, Ekaterinburg, Russia "Flow cytomet-
ric monitoring of MRD by treatment protocols ALL-MB and MLL-Baby" — 30 min

— T.Yu.Verzbitskaya, Regional Childhood Hospital Nel, Ekaterinburg, Russia
"Detection and monitoring of CNS involvement in children with acute leu-
kaemia by flow cytometry" — 10 min

Coffee-break

— Michael R.Loken, Hematologics, Inc, Seattle, USA «Risk stratification in Pe-
diatric AML: Combining Karyotype, Molecular and Flow Cytometry Residual

Disease Results"

— Professor G. Janossy (London, UK) "Pan-Leucocyte antigen CD45 in routine
immunohaematology diagnostics"
Discussion Closing the Conference
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Puc. 1. Ananu3 acrimpara KM ¢ HopMaibHbIM (DeHOTHIIOM. PeareHThl, HCTonb30BaH-
Hble i okparmBanus kiaetok KM: CD45 PerCP u HLA-DR FITC/CD11bPE, HLA-
DR/CD34 PE wm CD2 FITC u CD117 PE (Bce pearenTsl mpenocrasiensl Becton
Dickinson Biosciences, Can-Xoce, CI1IA).
A) Anamms o CD45/Log SSC BesiBIIT 4 KPYIHBIX KIacTepa COOBITHH, COOTBETCTBYIONIHX
3pensIM TMM(OIATAM, CO3PEBAIOIIM MOHOLUTAM, CO3PEBAIONINM MHEIIOMIHBIM KIIET-
KaM ¥ KJIeTKaM-TIpeIIIEeCTBeHHUKAM; CMECh He3PEeJbIX JIMM(MOHIHBIX 1 MUEITONIHBIX KiTe-
TOK. Bce HeapuTpONIHEIC KITETKH BBIIETICHBI KPACHBIM.
B) Knetku-npeaiiecTBeHHUKH B yKa3aHHbBIX reitax (Puc. A), maeHTHQUIMPOBaHBI Kak
nonoxwurenbHble o HLA-DR, Ho otpunatensusie no CD11b (2,4%).
C) KneTku-npeecTBeHHUKH TAKKe MOYKHO BBIIBUTE 10 Koskenpeccunt HLA-DR u CD34.
D) Muenouassle KITKH-TIPEUIECTBEHHUKH MOXHO HWACHTH(OHIMPOBATh IO SKCHPECCHI
CD117, HO ¢ OrpaHUYECHHEM HCIIOIB30BaHUS TeiTa KIETOK-TIPEANIECTBEHHUKOB, KaK ITOKa-
3aHo Ha Puc. A.

Fig. 1. Analysis of a phenotypically normal bone marrow aspirate. Bone marrow cells
were stained with CD45 PerCP and HLA-DR FITC/CD11bPE, HLA-DR/CD34 PE or
CD2 FITC and CD117 PE (all reagents from Becton Dickinson Biosciences, San Jose, CA).
A) Analysis of the CD45/Log SSC reveals 5 major clusters of events corresponding to ma-
ture lymphocytes, maturing monocytes, maturing myeloid cells, erythroid cells and pro-
genitor cells (mixture of immature lymphoid and myeloid cells), Total non-erythroid cells
are identified by the red box.
B) Progenitor cells, gated as illustrated in Figure A, are identified as positive for HLA-DR
but negative for CD11b (2.4%).
C) Progenitor cells can also be detected as expressing both HLA-DR and CD34.
D) Myeloid progenitor cells can b e identified by expression of CD117 but restricted to the
progenitor cell gate in A.
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Puc. 2. Pazmune Mexay uMQONIHEIME 1 MACTIOMIHBIMU KJIETKaMHU-TIPEIIECTBEH-
aukamu. Knerku KM (apyroit obpazen nio cpaHenmto ¢ Puc. 1) metrmm CD45 PerCP,
CD19 PE wm CD34 PE.

A)

B)

9]

D)

Ananuz o CD45/Log SSC BbusiBui TuMGOHIHBIE KIIETKH-TIpeamecTBeHHUKH. Co-
ObITHs ¢ dkenpeccueit CD19 BbineneHs! kpacHbIM, 3penble T- n NK-kiietku nokasa-
HbI CHHUM IIBETOM. MOHOIIUTHI ¥ MUEJIOMIHbIE KIIETKU TIOKA3aHbI 3€JIEHBIM I[BETOM.
Tpu knacrepa CD19-mon0XHUTENEHBIX KIETOK MOXKHO HUAESHTU(HUIIMPOBATH 110 Pa3-
JTUYHBIM cTeneHsM skcrpeccun CD45, coorBerctByromum 1, Il cragusam u komOu-
Harmu 1I+1V cragmit passutus B-mumdonnasix kietok [10]. JlumbounaHsie KieT-
KH-TIpeIIICCTBEHHUKH MpeAcTaBieHbl ctaausmu [ u 1.

B-mumdonanble mpeaecTBeHHNKH, dKcnpeccupyromme CD34, orpaHndeHs! cTaiu-
eit [ u umeror MeHbiee 3HaueHue log SSC, ueM MUETIONIHBIC KICTKH-TIPE/IICCTBEH-
HHUKH, 0003HAYE€HHBIE 3€JIEHBIM IIBETOM.

JIuMGONIHBIX KIETOK-IIPEAIIECTBEHHUKOB, SKcnpeccupyonmx CD34, menblie mo
JTaHHBIM TIPSIMOTO PACCESHUSI CBETA, YEM YHUCIIO COOTBETCTBYIOIIMX MHEIOUIHBIX
KIIETOK-TIPEIIECTBEHHUKOB, SKcTpeccupyronmx CD34.

Fig. 2. Discrimination between lymphoid and myeloid progenitor cells. Bone marrow
cells (a different specimen than used in Fig. 1 were stained with CD45 PerCP, CD19

PE or CD34 PE.

A) Analysis of CD45/Log SSC highlighting the lymphoid progenitor cells. Events ex-
pressing CD19 are shown in red, while mature T and NK cells are blue. Monocytes
and myeloid cells are depicted as green.

B) Three clusters of CD19 positive cells can be identified based on the differential expression
of CD45 corresponding to Stage I, Stage Il and a combination of Stage IIIH+IV of B lym-
phoid development [10]. Lymphoid progenitor cells include both Stages I and I1.

C) The B lymphoid precursors expressing CD34 are restricted to Stage I and have
lower Log SSC than the myeloid progenitor cells identified as green.

D) Lymphoid progenitor cells expressing CD34 are also smaller by forward light scat-
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ter than the corresponding myeloid progenitor cells expressing CD34.



Puc. 3. I'ucrorpammel, mokaspBatorme sxcrpeccuto CD16 FITC (Pharmingen Can-

Huero, CIIIA) Ha co3peBaromnX MUEIOHTHBIX KIETKaxX B 6 pa3HBIX 00pa3max.
A) Tlepudepuueckas KpoBb.
B-F) Acrmparst KM, BbIOpaHHbIE CltydaifHBIM 00pa3oM, 13 00pa3IioB ¢ HOPMaIbHBIM (eHO-
TUIOM. MUETOUIHbIC Oy HACHTU(PUIIMPOBAHEI HA OCHOBE TCHUTOB, MPEICTABICHHBIX
Ha puc. 1A. 3pensie HEUTPOPHUIIBI MOKHO ONPENETUTE 10 OTHOPOAHOMY CHMMETPHIHOMY
Ky (A). 50% xeTok Goee sIpko OKpAIIIeHBI, YeM KIIETKH KA — 3TO TPOCTOi C1Iocod om-
peneneHns o0IIero uncia sIpko okpameHHbIX CD16-T0M0KUTeTBEHBIX KIIETOK B 00pasIie 1o
CpaBHEHMIO ¢ MHKOM (TipetokeH a-pom Jean Feuillard, JInvmox). OueBnana BapraGens-
HOCTB MpoTopuuMit AipKo okpamennsix CD16" kieTok B 5 pasHbix acparax KM (B-F). B
nByx acriparax B n F konramuHauus nepudepudeckoil KpoBbIO OTCYTCTBYET, TOT/Aa KaK B
obpasiiax C—E Habmomaetcst M30bITOK 3pebiX HeHTpodmiios (6oiee 20%, XapaKTepHBIX IS
6uornratos KM). TIponopiwu sipko okpamesHbix CD16" MueTonIHbIX K1eToK 6oible, ueM
MIMKH, TOKa3aHbl Ha pyuc. CuHel JIMHMel MoKa3aH Mopor ABYKPATHOTO MPEBBIICHHS ITHKA,
COOTBETCTBYIOIIETO BCEM «ApKo okpamreHHEIM CD16" KieTkam» B kKaxoM obpasue. Takim
o6pazom, obee IHCITo ApKO okparmeHHEX CD16" KieTok B KakIoM 00pasiie B 2 pasa BhIIITE
TIPOTIOPIIMH KJIETOK, TIPEBBIMIAOIIEH TMKOBOE 3HAUECHHE.

Fig. 3. Histograms showing expression of CD16 FITC (Pharmingen, SanDiego,

CA) on maturing myeloid cells comparing 6 difference specimens.
A) Peripheral blood.
B-F) Randomly selected bone marrow aspirates from phenotypically normal specimens. The
myeloid populations were identified based on the gate illustrated in Fig. 1A. Mature neutrophils
can be identified as a homogeneous, symmetrical, peak (A). 50% of the cells are brighter than
the peak providing an simple method to determine the total bright CD16 positive cells in a
specimen based on the peak (Suggested by Dr. Jean Feuillard, Limoges). The variability in the
proportions of bright CD16 positive cells in 5 different bone marrow aspirates (B-F) is readily
apparent. Two of the aspirates, B & F, have little or no blood contamination while C[JE have
excess mature neutrophils (>20% expected for bone marrow biopsies). The proportions of
bright CD16 positive myeloid cells greater than the peaks are illustrated in the figure. The blue
line illustrates the position of a threshold 2 times the peak corresponding to the total “Bright
CD16” cells in each specimen. Therefore, the total bright CD16 positive cells in each specimen
is 2 x the proportion of cells greater than the peak value.
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Fig. 1. Characteristic immunophenotypic pattern of normal B cell precursors (red),
compared with case of B-ALL (blue). The earliest B cell precursors lack CD20 and
have brighter CD10. As they mature, they gain intensity of CD20, CD19 and CD45
with relatively constant CD10, and eventually lose CD10. CD38 is typically brightly
expressed while CD58 is variable. In this case the ALL overexpresses CD10 and CD58
with more homogeneous expression of the latter, but is best separated from normal
based on underexpression of CD38.
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Fig. 2. Comparison of normal B cell precursors (red) tested with a different
combination of markers with another case of ALL (green). In normal, CD34 and
CD9 are variably expressed so that a typical display with normals shows 4
populations on a display of CD34 vs CD9; there can be great variablility in the
proportions of different populations, however. Most cases of ALL will be more
homogeneous than this. In this case, the leukemic cells are most readily
distinguished from normal because of loss of CD45, though there is also
overexpression of CD10.
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Fig. 3. Detection of MRD in a case of B-ALL. The sample is gated to display only
CD19+ B cells. Mature B cells are shown in green, and the MRD in blue. The
original pretreatment leukemic phenotype is overlaid in orange. Except for some
slight loss of intensity of CD34, the MRD sample is very similar to that of the
initial leukemia. While the intensity of CD10 and the variability of CD20 are
similar to what would be expected in normal B cell precursors, the loss of CD45,
overexpression of CDS58, and homogeneous expression of CD34 and CD9 all
indicate that this is MRD and not normal cells.

VI



E cells

L1 L1111 III
: m
4 o
0]
i

v unl
g - -I-
g

ChodS APC-HT- &
|
CO1'9 PE-Cy7T-4

_I..I |'|||i'l'l'| |'||'||-|IT|\.' T |||||I'I'|. |.|:'|||'IT| _I T ||||ITI'| ||||||IT| ||||||I'I'| ||||||IT|
CLA0 PE-4 CO20 FITC- &

E cells B cells

ChE2 APC-4&
CD13+33 PE-A

.. -J . -
||||||I'I'| ||||||IT| T ||||ITI'| ||||||IT| ||||||I'I'| ||||||IT|
CL33 PerCP-Cy3-5-4 CLE4 PerCP-Cy3-5-#

Fig. 4. Detection of MRD in a case of B-ALL. In this case, there has been a
significant change in the phenotype between the MRD positive leukemic cells
(blue) and the original leukemia (orange). The gain in CDA45, slight loss of
intensity of CD10 and CD34, and gain of CD20 are all consistent with maturation
to a more mature B cell, and with these markers alone it would be difficult to
distinguish these from normal B precursors. However, the pattern of expression of
CD58 vs CD38 is maintained and is markedly different from what would be
expected with normal precursors (see fig. 1).
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Fig. 5. Detection of MRD in a case of T ALL. The MRD (blue) is readily
distinguished from background normal mature T cells and NK cells (green) based on
expression of CD5 and cytoplasmic but not surface CD3, and by overexpression of
CD99. Not all cases of T-ALL MRD will be as easy to recognize as this (see text).
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MOHMTOPUHI' MUHUMAJIBHOM OCTATOYHOM BOJIE3HA
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Puc. 1. Tunuynoe i HOpManbHOTO pa3BuTus B-nmuMdonmToB pacnpenenenue
CD19-1I03UTHBHBIX KJIETOK Ha TOYCYHBIX TpadHKax.
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Puc. 2. ComocraBienue pe3ynbratoB ompenaeneHuss MOB B pasHbIX Toukax
HaOJIIOJIEHUS TIPU TTOMOIIHN «YIPOIIEHHOTO» (3 IBETHOTO) W cTaHAapTHOro (6—8
LBETHOTO0) TIOAXO/a K aHAJIN3Y JaHHBIX.
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Puc. 3. Conocrasnenue pesynsTaToB onpeneneHus MODB npu moMomm «ymnpoueH-
HOTO» (3-IIBETHOTO) M CTaHAAPTHOTO (6—8 IBETHOrO) MOAXOMA K aHAM3Y JMAHHBIX B
3aBHCHMOCTH OT HAJIMYHS B 00pasiie HopManbHbIX BIT.
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Puc. 4. IIpiuMepbl KOPPEKTHOTO U HEKOPPEKTHOTO BBIACICHHS OITyXOJIEBBIX KICTOK
B 0o0Opa3max 36 nHs Tepanmud NMpH MPUMEHEHWH «YNPOLICHHOTO» MeToja (JeBas
KOJIOHKAQ) T0 CPaBHEHUIO CO CTaHAApPTHBIM MOJXOJOM, IPEIyCMaTPUBAIOIIAM
aHanu3 skcnpeccun CD45, CD20, CD58, CD38.

a — KOPPEKTHBIN pe3ybTar,

0 — KOJTMYECTBEHHO HEKOPPEKTHBIH pe3yIbTar,

B — JIOKHOTIOJIOKUTENbHBIN pe3ysbTar.
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