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BMECTO NPEJUCJIOBUA

YBaxkaemble KoJuieru!

XI MexnayrapomHas koH(epeHus «/IMMYHOIOTHS TeMOII033a» U TAHHBIH HOMEp
KypHaJIa PaCCMaTpPHBAIOT HEKOTOPBIE BAXKHBIE aCTIEKThI JMCCEMUHALIMH COJIMIHBIX OITY-
XOJIeH 110 KOCTHOMY Mo3Ty. MH(OpMaTHBHOCTE IUTOOTMYECKOTO M MIMMYHOJIOTHIECKO-
T'O MCCIIEIOBAHMS KOCTHOTO MO3Ia XOPOIIO JOKa3aHa MPH OIyXOJIIX y AETeH 1 IpH Tep-
MHHIBHBIX CTaIWsIX paka y B3pociblX. Ha HauadbHBIX CTA[MsX paka, HalpUMeEp, paKa
MOJIOYHO JKECJIE3bI, TPU HUCCIICAOBAHMHN ITYHKTATOB KOCTHOI'O MO3ra Ha HepBLIﬁ TUIaH
BBICTYIIaeT NOPOOHAsT XapaKTEPHUCTHKA TOIYUYSHHBIX 00pa3LOB KOCTHOTO MO3ra, B TOM
YHCIIe ero KJIETOYHOCTH, MOP(OJIOTHYECKOro coctaBa (MHENIOrpamMMa); BaKHO TAKKe
ONPE/IENINTh CTEeNeHb pa30aBlieHHs KJIETOK KOCTHOTO MO3ra NepuQeprieckoil KpoBbIO,
KOTOpOE MPOUCXOIUT NpH 3a00pe 00pasiia KOCTHOro Mo3ra. KoinuecTBo pakoBbIX Kile-
TOK B KOCTHOM MO3re B OOJIBIIMHCTBE CIy4acB OIepaleibHBIX OITyXOJIeH HHUYTOXKHO
MaJIo — eIMHIYHbIE KIeTKH Ha 107 MuenokapuomuToB. OUeBH/IHO, YTO JUIs BIBIICHUS
TaKuX HEOOJNBIINX TPOIOPIHH KIIETOK TPEOYIOTCSI COBPEMEHHBIE TEXHOJIOTHIECKHE Pe-
mreans. OHAM 13 TIEPCIEKTUBHBIX MOIXO/IOB SIBJISIETCS BEICOKOCKOPOCTHASI TIPOTOYHAS
LUTOMETPHST C aKyCTUIecKod (POKyCHpOBKOW (IpoTodHBIE ITOMETphl Attune, Life
Technologies), mo3Bomsomast aamu3upoars 10 10° MuenokapromuToB. Pasmidmbe
ACIEKTBHI ATOTO MEPCIIEKTUBHOTO TOXO0/1a 00CYKIAI0TCSI B JAHHOM HOMEpE JKypHaJIa.

VIMMYHOTHCTOXMMHYECKOE MCCIIE0BAHUE MTO3BOJISIET HE TOJBKO BBISBIISATH JIHCCE-
MHMHHMPOBaHHBIE PAaKOBBIC KJIETKH, HO M OIICHUBATh MUKPOOKPYXKEHHE, B KOTOPOM
CKPBIBAIOTCSI 3TH KIIeTKU. OJIHOM N3 Ba)KHBIX MPOOJIEM IS KCCieioBaTeNel sSBISIOTCS
TIOIMHOYKECTBA KJIETOK B COCTaBE JAMCCEMHHHPOBAHHBIX OITYXOJIEBBIX AJIEMEHTOB, KO-
TOpPBIE MOXKHO CUHMTATh «CTBOJIOBBIMH PaKOBBIMH KJIETKaMI (BOSMOXKHBIH MCTOYHHK
pelmrBa OITyX0in). BeIsBICHNE 3THX 0COOBIX KJIETOK B KOCTHOM MO3I'€ U OIIpesiene-
HHE WX MPONOPIUH MPEICTaBIAETCS BAKHBIM BOIIPOCOM, Ha KOTOPBIA JOIDKHBI OTBE-
THUTB UCCIIEAOBATEIH, €CITN CTABAT IEepe]l OO0 3a/1ady IpaANKaIMY PaKa.

BaxxHy!0 posib B OHNMAHMHM HEPCHUCTEHIMK PAKOBBIX KJIETOK B KOCTHOM MO3I€ MIPAIOT
M3ydeHHE TEMOTI033a | IMMYHHOH CHCTEMBI KOCTHOTO MO3Ta OHKOJIOTHYECKUX OOJIBHBIX MPU
HAIMYMM U OTCYTCTBUH B HEM PAaKOBBIX KJIETOK. KOCTHBII MO3T SIBIETCS OTHAM U3 IVIaBHBIX
KOMIIAapPTMEHTOB, T/Ie JIOKAJIM3YFOTCS M COXPAHSIOTCS B MPOLIECCE JICUSHNUSI PAKOBBIE KIIETKH.
Ipobriema MUHUMATEHOTO paka dQPEKTHBHO H3yYacTCsl B MUPE, KKIbIC 2 TOIa IPOBOISITCS
CIICIMATM3IPOBAHHBIE  MEXIYHAPOIHbIE KOHIPECCHl, OpraHM30BaHHbIE —Ipodeccopom
K. TManrremnom (mocnemnsist koudeperms ISMRC coctosttack B 2013 r. B [1aproke; npezcena-
temm: ipopeccop K. IManrern, nokrop K. Aymke-TTaradrep u npodeccop K- [uepra). He-
COMHEHHO, JIMCCEMHUHNUPOBAHHBIE OITyXOJIEBbIE KIIETKU B KOCTHOM MO3IE SIBJISFOTCSI COCTaB-
HOM YacTBIO 3TOH MPOOJIEMBI, ¥ IOHNMAHHE MEXAHI3MOB HX JIATEHTHOCTHU M BBIXOJIA M3 3TOTO
COCTOSIHIS OyZIeT CTIOCOOCTBOBATH MOUCKY 3(P(HEKTUBHBIX ITyTeH PaIUKAITIN PaKa.

Knayc Ilaumen, Kampun Anuxc-Ilanaovep,
Jicopoe /canoccu u Huxonain Tynuyvin
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INTRODUCTORY WORDS

Dear colleagues!

The 11™ International “Haematopoiesis Immunology” Conference and this
Journal issue discuss some important aspects of the dissemination of solid tumor
cells into the bone marrow. The informative value of the cytological and
immunological studies of the bone marrow is described in childhood malignancies
and terminal cancer stages in adults. At the early phases of malignancies such as
breast cancer the analysis of bone marrow aspirates focuses on the detailed
characterization of bone marrow specimens including bone marrow cellularity and
morphological composition (myelogram) — with a consideration about the degree
of the dilution of bone marrow cellularity by admixture of peripheral blood drawn
during taking the biopsy. In most operable tumors the number of cancer cells in
bone marrow can be very small, only a few carcinoma cells per 10’ nucleated bone
marrow cells (myelokaryocytes). Clearly, the detection of such tumor cells in
minor proportions requires novel technical solutions. High-speed flow cytometry
with acoustic focusing provided by the modern flow cytometers such as Attune
(Life Technologies) is capable of analyzing up to 10® myelokaryocytes. Aspects of
this promising approach are documented here.

Immunohistochemical assays also detect disseminated cancer cells as well as
contribute to the assessment of the precise microenvironments where these
malignant cells hide. One extended aim is to focus on subsets of cells among
disseminated tumor elements which can be considered as the “cancer stem cell”
(from which the tumor can relapse). To observe whether these special seeds are
present in the bone marrow, and in what proportions, is one of the essential
problems to answer when cancer eradication is the aim.

Study of bone marrow hemopoiesis and the immune system in cancer patients
with cancer-cell positive bone marrow may also play an important role in
understanding of cancer cell persistence in bone marrow. Bone marrow is a main
compartment where cancer cells migrate and remain preserved during treatment.
The problem of the minimal cancer is in the focus of worldwide studies, and
specialized conferences organized by Prof K. Pantel are held every two years (Last
ISMRC meeting was held in 2013 in Paris: Chairpersons, Prof K. Pantel, Dr
C. Alix-Panabiéres & Prof J.-Y. Pierga). No doubt that disseminated tumor cells in
the bone marrow are a principal part of this problem, and understanding of
mechanisms of their dormancy and waking-up will help in search for effective
approaches to eradicate cancer.

Klaus Pantel, Catherine Alix-Panabiéres,
George Janossy and Nikolai Tupitsyn
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CIIUCOK COKPAIIIEHUI

AT — anTHUrex

ammoTT'K — a;mtoTpaHcIiaHTanys reMaTono3THIECKUX KIIETOK
Ayrto-, aino-TKM — ayTonoruusas Wiy alnaoreHHas TpaHCIUIAHTaluUs KIETOK
KOCTHOTO MO3Ta WJIA MOOMIN30BaHHBIX CTBOJIOBBIX KIJIETOK MEPUPEPHIECKON KPOBH
BPB — Oe3penuanBHas BEDKHBACMOCTb

BCB — 6ecco0OpITHI{HAs BEDKHBAEMOCTD

BK MITH — GacTHBIE KpH3bl MUEIONPONH(EepaTHBHBIX HOBOOOPa30BaHUH
JOK-KM — nucceMuHHpOBaHHAS OIYXOJb KJIETOK B KOCTHOM MO3Te
UI' — uMMyHOTTIO0YIIMH

NDA — ummyHOpEepMEHTHBIN aHATTN3

HNOT — nmmyHOeHOTUITPOBAHKE

JIA® — neiixo3-accormupoBaHHbIE (EHOTHITHI

JIAT — nakraTaeruaporeHasa

JII3 — mumdbonpomudepaTuBHbie 32001€BaHUS

JICK — neiiko3Hbl€ CTBOJIOBBIE KIJIETKH

MJIC — MHeTOIUCTUTACTUIECKUE CHHIPOMBI

MK — MOHOKJIOHAIBHBIA KOMIIOHEHT

MKA(T) — MOHOKJTOHAJIbHBIE aHTUTEIA

MM — MHO>XECTBEHHAsl MUEJIOMa

MHK — MOHOHYKJI€apHbIe KIECTKH

MOBb — MUHHMAaTBHAS OCTAaTOYHAs OOJIC3HB

MIIO — muenonepokcumaza

MIII] — MmynpTHIIapaMeTpUYecKast MPOTOYHAS IIUTOMETPHS
MPB — MmunumanbHas pe3uayanbHasi 00JIe3Hb

HXJI — HeXOMKKIHCKAs M oMa

HD — a-HadTmi-anerar-screpassl 3Gup

OMIJI — ocTpblif MUETONEHKO3

11 — mpoToYHast HUTOMETPUS

PA — pedpaxrepHas anemMus

Pb — pesupyanbHas 0oje3Hb

PMX — pak MOIOYHBII1 kKene3bl

PJI — pa3nune norapupmon

CKIIK — cTBOJIOBBIE KJIETKH NeprpeprIeckoil KpOBH
kII[[P — konuyecTBeHHas MoMMepasHasi IienHas peakius
KM — xocTHBII MO3r

PU®D — peakuys uMMyHO(DITYOpECIICHITNN

OJIJI — ocTpslit muM(p0oOIACTHBIHN JTEHKO3

[II'D — npoub TeHHOM IKCTIpeccuu

IIK — nna3maTuueckue KIeTKu

TIMD — nomuMophHBIE JIEMEHTHI

[1P — nonnas pemuccust

I — nmpoToYHast HUTOMETPUS

[P — nonumepasHas LemHas peaxius

COD — cKOPOCTh OCEIAHMSI SPUTPOIIUTOB

CPb — C-peakTuBHbIi O6€10K

TTIJI — TyMOp-TIEHETPUPYIOIINE TUM(POIUTHI

OTC — peranpHas TEITIbSI CHIBOPOTKA

B-XJIJI — B-KJICTOUHBIH XPOHUYECKUH JTUMGPOICHKO3
XMMIJI — xpoHHUECKUI MUEITOMOHOLIUTAPHBIN JIEHKO03
HTJI — murorokcuueckue T-TuMpOIUTHI

YP — yacTuuHas peMUCCUs
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ABBREVIATIONS

Ag — antigen

AML - acute myeloid leukemia

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

BM - bone marrow

CD —claster of differentiation

CR — complete remission

CRP — C-reactive protein

CML — chronic myeloid leukemia

DTC — disseminated tumor cells

EIA — enzyme immunoassay

ESR — erythrocyte sedimentation rate
ESFT — Ewing’s sarcoma family of tumors
FC — flow cytometrﬁ

FISH — fluorescent hybridization in situ
GEP — gene expression profiling
HMW-MAA - high molecular weight-melanoma-associated antigen
IG — immunoglobulin

IFR — immunofluorescence reaction

IPT — immunophenotyping

ITC — isolated tumor cells

LAPs — leukemia-associated phenotype
LDH - lactate dehydrogenase

LPD — lymphoproliferative disease

LSC — leukemic stem cells

MDS — myelodysplastic syndrome

MC — monoclonal component

Mab — monoclonal antibodies

MFC — multiparameter flow cytometry
MHC — major histocompatibility complex
MNC — mononuclear cells

MPN — myeloproliferatin

MRD — minimal residual disease

NK-cells — natural killer cells

NHL — non-Hodgkin’s lymphoma

QPCR - quantitative polymerase chain reaction
RFS — relapse-free survival

PNAS — Proceedings of National Academy of Sciences of the USA
RD —residual disease

PBS — phosphate buffered saline

PC — plasma cells

PCR - polymerase chain reaction
VCAM-1 — vascular cell adhesion molecule
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M.U. Jlasvioos, H H. Tynuywvin, T.A. I pucopvesa, O.A. besnoc,

O.A. Hosanuxuna, UK. Bopomnuxos, B.FO. Cenvuyk

METO/ MPOTOYHOM IUTOMETPUU

B OIIEHKE MUHUMAJIBHOTI'O ITIOPAKEHUSI KOCTHOI'O MO3T' A
Y BOJIBHBIX PAKOM

@OI'FY «POHIL] um.H H. Froxuna», Mockea

Pe3rome

O1ieHKa reMaToIOrMYeCKOr0 METacTa3upPOBAHUS SIBJISAETCS OJHOW W3 TIIaBHBIX
XapaKTEPUCTUK PACIIPOCTPAHEHHOCTH OITyXOJH B opranu3Me. OHa HaxOAWT OTpa-
xenue B knaccudukanun TNM kak unnekc M. B mociensee Bpems: 100aBICH HH-
nekc Mo(i+), KOTopbIii yKa3bIBaeT Ha NPUCYTCTBHE LUPKYJIUPYIOMINX OIyXOJIEBBIX
KJIETOK WJIM MHKpoMmeTacTa3oB pasmepoM meHee 0,2 Mmm. KocTHBIH MO3r siBisieTcst
TJIaBHBIM YYacTKOM TeJIa, TAE OIyXOJEBbIe KJICTKU 33€PKUBAIOTCS U HAXOIATCS B
MIOKOSIIIIEMCSl COCTOSIHUM B TEUECHHWE JIeT W AecsaTwietuil. He cymectByer craH-
JAPTHBIX METOJOJOTHUYCCKUX KPUTEPHEB KOJIMICCTBEHHOH OIEHKHU THUCCEMUHUPO-
BaHHBIX OITyXOJICBBIX KJIIETOK B KOCTHOM MO3re. PaHee MpOTOYHAs LUTOMETpHS
CUHTANACh HETIPUTOTHON IS BEISBICHUS TUCCEMUHHPOBAHHBIX OIMYXOJIEBBIX Kie-
TOK, TaK KakK OIpeesIeHIe MOCIeTHIX OBII0O HEBO3MOXKHO 0€3 MpeIBapUTEIIbHOTO
oborarmeHus Cpeu AeCATKOB U COTEH MIJIJIMOHOB MHEJIOKapHOINTOB. HOBEIE BBI-
COKOCKOPOCTHBIE TPOTOYHBIE IIUTOMETPHI Aftune ¢ aKycTU4eckon (hOKyCHpOBKOU
OTKPBIBAIOT BO3MOXKHOCTH HCCJICOBAHHS TUCCEMHUHUPOBAHHBIX OIYXOJEBBIX Klle-
TOK B KOCTHOM Mo3re. B pabote mpejicTaBieHbl JaHHbIE Ha MOJEIBHON cHUCTEME
JIUHUU KJIETOK paka MOJIouHOM xkene3pl MCF-7, 100aBnsieMbIX B pa3iHyHBIX MPO-
MOPIMSAX K HOPMAIBHOMY KOCTHOMY MO3ry. COOp OOJBIIOT0 KOJMYECTBa MHENO-
kapuonuToB (10 100 000 000) mo3BosieT MAESHTUHHUIMPOBATH BCe J00ABICHHBIE
pakoBBIe KIETKH Oe3 MpenBapUTEIbHOTO (PaKIIMOHUPOBAHHUS KOCTHOTO Mo3ra. B
IKCIIEPUMEHTAaX C UMMYHOMArHUTHBIM (DpaKIOHMPOBAaHWEM OTMEYalach IOTEps
YacTH OMYXOJEBBIX KIETOK. JJaHHBIH MPOTOYHO-IIUTOMETPUICCKHNA METOINICCKUN
MTOIXOA IPUMEHEH UISA ONpeNeNIeHUs TUCCEMHUHUPOBAHHBIX OMYXOJIEBBIX KIIETOK B
KOCTHOM Mo3re 65 OONBHBIX OrepadebHBIM PaKOM MOJIOYHOM jkene3sl. Omyxose-
BbIE KJIETKH OOHapyxkeHbl B 23% ciydaeB (6onee 1 knetkn Ha 10 000 000 mueno-
kapuouutoB). [lpu ompeneneHNH IUCCEMUHHPOBAHHBIX OITYXOJIEBBIX KIIETOK B
KOCTHOM MoO3re OOJIBbHBIX PakOM HEOOXOJMMO IMPOBOJHUTH WCCIECNOBAaHHE CPEAU
OOJIBIIOTO KOJMYECTBA MHUEJIOKAPUOIUTOB (IECSITKA MUUIMOHOB), OCYIIECTBISTH
3a00p Majoro oobemMa KOCTHOTO Mo3ra (mpumMepHo 1,0 Mi1) U MpoBOAUTH 00s3a-
TEJIFHYIO OLIEHKY KaueCTBEHHOT'O COCTaBa KOCTHOTO Mo3ra (KJI€TOYHOCTb, MHEJO-
rpamMMa).

KiroueBble cj10Ba: KOCTHBII MO3T, paK MOJIOYHOM KeIe3bl, JUCCEMUHUPOBAH-
HBIE OITyXOJIEBBIC KIETKH, Attune.
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M.I. Davydov, N.N. Tupitsyn, T.A. Grigorieva, O.A. Beznos,

O.A. Povalikhina, I.K. Vorotnikov, V.Yu. Selchuk

ASSESSMENT OF MINIMAL BONE MARROW INVOLVEMENT
BY FLOW CYTOMETRY

IN CANCER PATIENTS

N.N. Blokhin Cancer Research Center, RAMS, Moscow

Summary

Haematological metastasis status is one of the main characteristics of tumor
spread in the body. It is reflected in TNM classification as index M. Recently index
MO(i+) for micrometastases was added to indicate the presence of circulating tu-
mor cells or tumor aggregates less than 0,2 mm. Bone marrow is the main site
where tumor cells reside to dorm for years and decades. There are currently no
clear standardized criteria for quantification of disseminated tumor cells in bone
marrow. Flow cytometry was not formerly accepted because it could not assess
tens or hundreds of millions bone marrow cells to identify few tumor cells. New
high- speed flow cytometers Attune with acoustic focusing overcome these short-
comings. We present data on a model system with MCF-7 breast cancer cells
added to normal bone marrow. Harvesting of a large number of myelokaryocytes
(up to 100 million) allowed identification of all added breast cancer cells without
any tumor cell loss. However, we noted a loss of added tumor cells in parallel ex-
periments with immunomagnetic enrichment. This approach was used to study
bone marrow in 65 operable breast cancer patients. Tumor cells were detected in
23% of patients (more than 1 tumor cell in 10 million myelokaryocytes). In studies
of cancer patients’ bone marrow it is essential to assess a large number of cells
(several tens of millions), to take a small volume of bone marrow (about 1 ml), and
to perform bone marrow quality control (cellularity, myelogram).

Key words: Bone marrow, breast cancer, disseminated tumor cells, Attune.



10 HMMYHOJIOT'UA TEMOIIO33A4

OnHUM W3 TJIaBHBIX CBOMCTB PAKOBBIX KJIETOK SIBISIETCSI MX CIIOCOOHOCTH OTIIEH-
JSITHCSL OT TIEPBUYHON OITyXOJIH, TTOJBEPraThcsl PEeUUPKYIsiy [1] m MUTpupoBath B
KOCTHBIM MO3T, TJIc OHU TPEOBIBAIOT UTUTEIHHOE BPEMSI B JIATCHTHOM COCTOSIHHH [2].
Oomnapyxerne JJOK-KM accormupyercsi ¢ BEICOKMM PHCKOM OITyXOJIEBOHM IIporpec-
cHu M cMepTH 00NBbHBIX pakoM [3]. [IpoTodHas muToMeTpHs He SBISIETCS JOCTATOYHO
yyBcTBUTENBHON 1151 0OHapyxernst JJOK-KM, Tak kak 3TH OYeHb peaKue COOBITHS
00BIYHO OOHAPYKHMBAIOTCS C YaCTOTOWH Heckoibko KieTok Ha 10 000 000 mumenoxa-
puonuToB. ITo sTum npranHam Tpebyercs ¢pakimornposanre KM, 9to MoxeT OBITh
acCOIMUPOBAHO ¢ ToTepeit omyxoneBbix kierok. s anammza JIOK-KM uyBcTBH-
TEJIFHOCTh TMPOTOYHOW UTOMETpUH HeoOxoammo moBsicuTh B 100-1000 pa3. B Ha-
CTOSIIIEH CTaThe IMOKa3aHO, uTo KonudecTBeHHas oreHka JJOK-KM moxer mpoBo-
JITBCS CPEIM OTPOMHOTO KOJTMUecTBa MUeokapuoiutos (0 100 000 000) B mpubiiu-
sutenbHol M KM ¢ nenosnb30BaHIEM BBICOKOCKOPOCTHON MPOTOYHOM IIMTOMETPHH C
aKycTH4eckoi (hoKycHpoBKoH. D10 no3BoisieT ooHapyxwuBarh JJOK-KM 6e3 npenpa-
PHTENBHOTO (PPaKIMOHUPOBAHU KOCTHOTO MO3Ta M HMCKIFOYaeT IonaJiaHue B Mpoly
LMPKYJIMPYIOIINX OITyXOJIEBBIX KJIETOK KPOBH. JIaHHBIN MeTO UMeeT OoJiee BHICOKYIO
qyBCTBUTEIILHOCTH OOHAPYKEHHS PEAKIX COOBITHH H TTO3BOJISIET BBIPAXKaTh KOIMYECTBO
JOK ¢ ucronp3oBarmeM obrrero 3aamenarernst B 10 000 000 muenokapruonuTos. Ypo-
Benb JJIOK-KM otpakaer cTeneHs pacpoCTpaHeHHOCTH OIyXoiH, 1 uMeHHo JJOK-KM
SIBJISTFOTCSI TVIABHBIM MCTOYHMKOM Pa3BUTHS OTAAJIECHHBIX MeTacTa3oB. KommuecTBeHHas
onernka JIOK-KM monesHa B cTaIMpoOBaHUN paka, MOHHTOPHHTE PAacIPOCTPAHEHHOCTH
OITyXOJIM B XOJI€ JIEUEHHsI U TIOUCKE HOBBIX M071X010B 3paaukarmu JJOK-KM.

KocTtHblit MO3T — Hanboee MHTPUTYIOMINI OpraH y OOJBHBIX pakoM. FIMeHHO B
kocTHOM Mo3re JIOK MoryT BeDKHBaTh B T€UEHHUE JIET U Jaxe JACCATUICTHH, a 3a-
TEM «IPOOYXIaThcs» [4] U3 JTATEHTHOTO COCTOSHHS M JaBaTh POCT OTAAICHHBIM
(0OBIYHO JNeTanbHBIM) MeTacTazaM. B OONBIIMHCTBE Clly4aeB YPOBHH DPaKOBBIX
kietok B KM oueHb Hu3kue (Heckoibko mtyk Ha 10 000 000 MuenokapronuToB),
W aHAINM3 3THX OYEHb PEJIKMX COOBITHH sBIsieTCS HanOoJee CIOKHBIM B OHKOJIO-
run. OIHaKO MMEHHO 3TOT aHAIIM3 SIBIISIETCS] HanOoJiee BOCTPEOOBAHHBIM, TaK KakK
OH JEMOHCTPHpPYET (OTpakaeT) ypoBeHb MUHMMaIFHOTO paka B KM kak mpu 1u-
arHOCTHKE, TaK ¥ Mocie JiedeHus. [lonoOHas nHpopMarys UMeeT OONBIIYIO MPo-
THOCTHYECKYIO 3HAYMMOCTh. JTO JIyUYIINi KPUTEPUil OTBETA HA JICUCHHUE, KaK JOKa-
3aHO TPH OITyXOJISIX KPOBU M HEKOTOPBIX (hopmax paxa.

[IpoTouHas TUTOMETPHSA SBIACTCS CTAaHTAPTHBIM MeToJoM onpeaeneaus MOb
B oHKOremarosioruu [5—7]. Cnenndriyeckne aHTUTeHHbIE TPO(HIH 3II0KaYeCTBEH-
HBIX KJICTOK TIO3BOJISIOT OTJIIMYUTH OIyXOJIEBBIE KJIETKH OT HOPMAJIbHBIX aHAJIOTOB.
B onkoremaronorun Mopgonoruueckas Bepudukaius npu ananuze MOB He Tpe-
Oyercsi, TaKk KaKk OTJIMYUTh HOPMaJIbHbIE TUM(POLUTHL, TUM(POOIACTHI, TNIA3MOLMTHI
OT 3JIOKaYEeCTBEHHBIX Ha MOP(OJIOTHYECKOM YPOBHE HE MPEACTABISECTCS BO3MOXK-
HbIM. UyBcTBUTENBHOCTH onpeneneHuss MOB npoTouHoi nuToMeTpueil coctaBis-
et 1x10™, 4To COOTBETCTBYET KIMHUYECKUM TPEBOBAHMSM.
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Basic property of cancer cells is to detach from the primary tumor, undergo re-
circulation[1] and migrate to dorm in BM[2]. The presence of disseminated tumor
cells in bone marrow (BM-DTC) is associated with high risk of disease progression
and death of cancer patients.[3] Flow cytometry is not sensitive enough for detec-
tion of BM-DTC as these very rare events are usually found at a rate of few cells
per 10 million myelokaryocytes. Fractionation of BM is therefore needed in every
case which may be associated with tumor cell loss. Sensitivity of flow cytometry
should be increased by 10? to 10° to detect BM-DTC. We show here that BM-DTC
quantification may be made in up to 100 million myelokaryocytes in about 1 ml
BM using high-speed flow cytometry with acoustic focusing. It detects DTC with-
out preliminary BM enrichment and fractionation and excludes admixture of circu-
lating tumor cells. This technique has a higher sensitivity to rare events and allows
DTC numeric expression with a common denominator of 10 million myelokaryo-
cytes. The BM-DTC level reflects tumor cell burden, and these cells are the main
source of distant metastasis. The BM-DTC quantification is useful in disease stag-
ing, monitoring of tumor spread during treatment and search for new modalities of
DTC eradiation.

BM is the most intriguing site in cancer patients. It is in BM that DTC can sur-

vive for years or even decades to wake up[4] and give rise to distant (usually fatal)
metastases. In most cases levels of cancer cells in BM are very low (few cells per
10 million BM cells), and analysis of these very rare events is most difficult in on-
cology. However this type of study is most demanded as it demonstrates (reflects)
the level of minimal cancer in BM both at diagnosis and after successful treatment.
This information is of a great prognostic value. It is the best criterion of response to
treatment as proven for hematology malignancies and several cancer entities.
Flow cytometry is a standard method to measure MRD in oncohematology.[5—7]
Specific antigen profiles of malignant cells allow tumor elements to be distin-
guished from normal cell analogues. In oncohematology morphological verifica-
tion of MRD is not required because it is impossible to distinguish normal lym-
phoblasts, lymphocytes or plasmacytes from malignant analogues at the morpho-
logical level. Sensitivity of MRD detection by immunocytofluorimetry is 1x10™
which meets clinical requirements.
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Wnas curyanus umeer mecto npu obdHapyxennu JJOK-KM npu auarnoctuke
wm B xoae Jjedenns paka. Yposeab JJOK-KM mpu pake mpumepro B 1000 pa3
HIKe, yeM ypoBHH MOD, omnpenensiembie npu neiko3ax u auMmdomax. [lo atum
npuarHaM onpenenerne JJOK npoBogurcs mocne odorameHus: ¢ UMMYHOIIUTOJNO-
THYECKOH BepU(HKAIen SITUTENNATBHOM TPUPOJIBI 3TUX KIIETOK.

[IpoTouHbBIE ITUTOMETPHI HOBOTO TIOKOJICHHUS C aKyCTHUCCKOH (hOKYCHPOBKOW Af-
tune WMEIOT Psil YHUKAIBHBIX MPEUMYILECTB, BKIIOUas BBICOKYIO CKOPOCTH cOopa
kieTok (B 10 pa3 Oosblire, 4eM y OOBIYHBIX IUTOMETPOB), aKYCTUYECKYIO (DOKYCH-
poBKY (thopMupyroTcst Oonee 4eTKHe KIIETOYHBIE KIacTephl, MOAJIeKaIlie aHaN3Y)
1, HAKOHEI, BO3MOXKHOCTh CO31aBaTh orpoMHble (aitmer (Bmiote no 100 000 000
KJIETOK). OTH DPEBOJIIOIMOHHBIC TEXHOJIIOTHYECKHE PEIICHHS BIEPBHIC ITO3BOJISIOT
pemuTh TPOOIIeMy NETeKIHNH OYeHb PeaKux coObrThil, Takux kak JJOK-KM, mis
00HapykeHH KOTOphIX TpeOyetcs anann3 50—-100 000 000 MHETOKapHOITUTOB.

Hamu m3yduena BO3MOKHOCTh 0OHapykeHHs ¥ 00nbHBIX pakoM JOK-KM me-
TOJIOM IIPOTOYHOM MUTOMETPUH C aKyCTUIECKOH (POKYCHPOBKOIL.

MartepuaJjbl 1 MeTOAbI

DKcTepUMEHTAITbHBIE UCCTIEIOBaHUS OBbLIIM MPOBEJCHBI HA MOJIETBHOM CUCTEME C
ucnosnbs3oBaHreM KieTtok JuHu MCF-7 (pak MOIOYHOI kene3sl 4eraoBeKa), KOTOo-
pble 100aBIsIH B Pa3iIMYHBIX MPOMOPIHSAX K OOJIBIIOMY KOJIMYECTBY MHEIOKapHO-
utoB (1o 100 MiIH) HOPMAJIBHOTO KOCTHOTO MO3Ta /IS KOJIMYECTBEHHOT'O OIpejie-
JICHUS PAKOBBIX KJIETOK B KOCTHOM MO3T€ C TOMOIIBIO MPOTOYHOM ITUTOMETPHH.

OreHrBaM KIETOYHOCTH KOCTHOTO Mo3ra Ha aHammzatope Micros 60 (Horiba,
USA). lo6asnsum 9 o6bemoB mmsupytomiero pacrsopa (BD, USA) k 06beMy KOCTHOTO
MO3Ta, CoAep KaIero HeoOXOANMOe KOJMIECTBO KiIeToK (00braHO — 10—100 mm). Ilo-
CITe JTM3UCA SPUTPOIIUTOB KIIETKH OTMBIBAIN IEHTPHU(PYTHPOBAHHEM U MHKYOUPOBAIN C
pearenToM, onokupyronmm FcR (Myltenyi Biotech, USA), 3atem noGasnsiin aHTutena
(CD326-PE/CD45-FITC, BD, USA). Knerkn naky6upoBamu 30 MUH, OTHOKPATHO OT-
MbBaM PBS, moBommmm 1o koHIeHTparwy 1 MITH/MIT 1 COOMpati Ha MPOTOYHOM ITUTO-
metpe Attune (Life Technologies, USA). B cpaBHUTENBHBIX SKCIIEPUMEHTAX OMpesiesie-
HHE SIUTENHAIBHBIX KIETOK B KOCTHOM MO3T€ IPOBOJIIUIM IOCIIE NMMYHOMArHUTHOTO
oborameHus ¢ aHTH-CD326, MEUCHHBIMA MAarHUTHBIMM YaCTHIIAMH, B COOTBETCTBUE C
pexomeHpansiMu pupmbl-tiporBoautenst (Myltenyi Biotech, USA).

B knmmunHnueckux wuccnemoBanusix omnpenenenue JOK-KM nposeageno y 65
OOJNBHEIX OmepabeNnbHBIM PakOM MOJIOYHOH Kele3bl. BoNbHBIE TpenBapUTEIbHO
MTOMTUCHIBANA WH(GOPMIPOBAHHOE coriache. 3a00p KOCTHOTO Mo3ra (IpUMEpHO
1,0 M) TipoBOIMIIA TOJ OOIIEH aHecTe3Wel BO BpeMs XUPYPIHUSCKOTO BMeIIa-
TenbeTBa. OleHKa KIETOYHOCTH KOCTHOTO MO3Ta M MOJCYET MHEJIOrpaMM OCYIIe-
CTBIIUINCH BO BCeX Cirydasx. KIIETKM KOCTHOTO MO3ra OKpAIlWBalIM aHTHUTEIAMHU
CD326-PE/CD45-FITC no BeIIeonrcaHHON METOTHKE.
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The situation is different for BM-DTC detection at diagnosis or during treatment
of cancer. BM-DTC level in cancer is about 1000-fold lower than levels of residual
disease cells in leukemia or lymphoma. Therefore DTC detection is made after en-
richment with immunocytological verification of their epithelial origin to follow.

New-generation flow cytometers with acoustic focusing Atfune have several
unique advantages including high speed of cell harvesting (10 fold higher than that
of conventional cytometers), acoustic focusing (to ensure a more accurate forma-
tion of cell clusters to be analyzed) and finally the ability to create huge files (up to
100 million cells). These revolutionary technological solutions allow for the first
time to address the problem of detection of very rare events such as BM-DTC that
involves analysis of 50 to 100 million myelokaryocytes.

We studied possibility of BM-DTC detection by flow cytometry with acoustic
focusing in cancer patients.

Materials and methods

Experimental study was made on a model system using cells of the MCF-7
breast cancer lineage which were added at various proportions to normal BM to
assess potentials for tumor cell quantification, methods for fluorescent signal com-
pensation and accumulation of a large number of myelokaryocytes (up to
100 million cells).

In brief the procedure was as follows. We assessed BM cellularity using a Mi-
cros 60 (Horiba, USA) analyzer. Nine volumes of lysing solution (BD, USA) were
added to a BM volume containing the needed number (usually 20 millions or
10 millions) of cells, after lysis the cells were washed by centrifuging and incu-
bated with FcR blocking reagent (Myltenyi Biotech, USA), then antibodies
(CD326-PE/CD45-FITC, BD, USA) were added, and after one washing with PBS
the cells were diluted to a 1 million per ml concentration.

Flow cytometry was made using an Aftune (Life Technologies, USA) cytometer.
Clinical study involved BM-DTC detection in 65 patients with operable breast can-
cer. BM (approximately 1 ml) was harvested under anesthesia during surgery. As-
sessment of BM cellularity and morphological myelogram count on BM smears were
performed in all cases. Immunological cell staining was made as described above.

In comparison experiments epithelial cells were detected after BM treatment
with anti-CD326 antibody loaded with magnetic particles (Myltenyi Biotech, USA)
and immunomagnetic enrichment to follow according to manufacturer’s recom-
mendations.
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PesyabTaThl

Ouenena Bo3MoxxkHOCTH omnpexaenenus JJOK B Mop¢donaornyecku HOpMaIbHOM
KOCTHOM MO3Te (HCCcleloBaHHe TPOBEAEHO Ha 7 00pa3nax KOCTHOI'O MO3ra 00ib-
HBIX TeMo0acTo3aMd B KJIMHHKO-TEMAaTOJIOTHYECKOW peMuccuy). THUIHIHBINH
MIPUMEp paclpenesieHns] KJIETOK HOPMAJIbHOTO KOCTHOTO MO3Ta B KOOpAWHATaX
CD45/SSC npencrasieH Ha puc. 1a (cM. BKICHKY).

Ob6nactp mokanmzaruu JJOK ompeneneHa B MOOENsHONW CHCTEME C KIETKAMH
paka monouHoi xene3sl MCF-7, xoropsie nobasmsuin k 10-100 000 000 knerox
koctHOTO Mo3ra. Kierku MCF-7 nerko onpenensuuch cpeau MHETIOKaPHOIIUTOB U
(popmuposanu getkuii knacrep CD45— EpCAM” (puc. 16). B HOpManIbHOM KOCT-
HOM MO3re KJIETKH B JaHHOW 00JaCTH NMPAaKTHYECKW OTCYTCTBOBaIM (He Ooiee 2
xierok Ha 100 000 000 muenoxkapuoIuToB, To ecTh 0 kietok Ha 10 000 000 mue-
JIOKapUOLIUTOB BO BCEX CIIy4Yasix), puc. 1B.

KonunuectBo snutenuanbibix kiieTok MCF-7 B KOCTHOM MO3re, BBISIBISIEMBIX
MIPOTOYHOHM LUTOMETPUEH, COOTBETCTBOBAJIO KOJIMYECTBY STHX KIIETOK, J0OaBIICH-
HBIX K KOCTHOMY MO3TY, W MPONOPLIHOHAIBHO BO3PACTAIO MPH YBEIUUSCHUH KOJIH-
YyecTBa JOOABIAEMBIX AMUTEIHANBHBIX KieTok. KommuectBo kinerok MCF-7 B ko-
CTHOM MO3T€ IT0CJI€ MMMYHOMarHWUTHOTO oOOramieHust Obuio 0ojee HU3KUM, YTO
CBHJICTENBCTBYET O TIOTEPE KIETOK B Mporiecce HpakIHOHMPOBAHHUS (pHC. 2).

IIpn okpacke OOIBIIOrO KONMYECTBAa KIETOK KOCTHOTO MO3ra, COAEPIKAIIEro
no0aBIIeHHBIE KIIETKH paka MoyiouHoHU skene3sl MCF-7, MOHOKIIOHAIBHBIMHA aHTH-
TeJaMH ¥ OTMBIBOK KJIETOK OT HECBSI3@BILUXCSI aHTUTEN, Y9acThb KJIETOYHBIX JJIe-
MeHTOB TepsieTcs. Tak, npu o6paborke 100 000 000 MUENOKapUOLUTOB cOOpaTh
ymaBajiock oT 15 mo 46 000 000 knetok. OgHAKO, YTO MHTEPECHO, OIyXOJICBBIC
KJIETKU B IMPOLIECCEC OTMBIBOK HE «TCPAIUCHY. HO-BI/I[[I/IMOMy, B CHUJIy CBOUX (1)1/131/1-
YECKUX CBOWCTB, HalpuMep, OOJIbIIEro pa3Mepa B CPAaBHEHUH C JICHKOLUTAMH, 3TH
KJIETKH OoJjiee yCIIEIHO CEANMEHTHPYIOTCS TIPH OTMBIBKaX IEHTPH(yrupoBaHreM
W OCTaloTCsl B 00pasue. DTO I03BOJSIET OOCY)KAAaTh BONPOC O 3HAMEHATENE, TO
€CTh, O TOM KOJMYECTBE KJIETOK, CPEIM KOTOPBIX MPOBOAMWIOCHE OOHAPYKEHUE pa-
koBbIX. [TomoOHBIM 3HamMeHaTeneM mpu ompeneneHurn BM-DTC MoxeT OBITH He
KOJIMYECTBO KJIETOK, COOpPaHHBIX HA INTOMETpE, a 00IIee KOJINIECTBO KIICTOK, BHE-
CEHHBIX B IIPOOY VISl OKPACKH.

Omnpenenerane DTC mpoBeaeHO B KOCTHOM MoO3re 65 OONBHBIX OrepaldenbHBIM
paKoM MOJIOUHOH kese3bl. Mopdosiorudeckn ommyxoJsieBble KIeTKH He ObUTH 0OHa-
PY>KEHbI HA B OJTHOM Cliy4ac, TUIIUYHBIA MIpUMEpP MUCTIOTPAMMBI MPCACTABJICH Ha
puc. 3. CpeaHsisi KIIETOYHOCTh KOCTHOTO Mo3ra coctaBuiia 74,0+6,2 Teic/mki1. Yac-
tota BeisiBieHus JJOK cocraBuna 23,3 % mnpu UCIONIb30BaHUN B Ka4eCTBE TOPOTO-
Boro ypoBHs 1 omyxonesoi kietku Ha 1 000 000 MHETOKapUOIIMTOB (MaKCHUMAIlb-
HO — 11 xierox/miH: mpu uzmeperun 20 000 000 MHETOKAPHOIIMTOB MPUCYTCTBO-
BaJI YeTKHMH Kiactep u3 220 oImyXoJeBbIX KIIETOK).
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Results

We assessed possibility of DTC detection in morphologically normal BM (the
study was made on 7 BM samples from patients with hematopoietic malignancies
in clinical and hematological remission). A characteristic example of normal flow-
cytometrical cell distribution in CD45/SSC coordinates is shown in fig. la (see
insets).

DTC location area was determined in a model system with MCF-7 breast can-
cer cells added to 20—100 million normal BM cells. The MCF-7 cancer cells were
easily seen among myelokaryocytes and formed an EpCam+ CD45— cell cluster
(fig. 1b). There were practically no cells in this gate (0 to 2 per 100 000 000 mye-
lokaryocytes, i.e. 0 per 10 000 000 myelokaryocytes in all cases) in normal BM
and BM from patients with hematopoietic malignancies in remission (fig. 1¢).

The number of MCF-7 epithelial cells in BM as detected by flow cytometry
corresponded to that of the added cells and increased proportionally with increase
in the number of these cells.

The number of MCF-7 cells in BM after immunomagnetic enrichment was re-
duced which was evidence of cell loss during immunomagnetic separation (fig. 2).

A part of cell elements was lost as a result of monoclonal antibody staining of a
large number of BM cells with the added MCF-7 breast cancer cells and washing
the cells to remove unbound antibodies: we managed to harvest 15 to 46 million
cells after staining of 100 million cells. Interestingly, there was no loss in cancer
cells. It seems that these cells are more easily sedimented during washing by cen-
trifuging due to their physical properties (e.g. greater size as compared to leuko-
cytes) and are preserved in the sample. This observation allows discussion of the
problem of denominator, i.e. the number of cells among which cancer cells are
detected. It seems that the total number of cells undergoing staining rather then the
number of cells harvested on the cytometer should be taken as such a denominator
in BM-DTC detection.

BM-DTC detection was made in 65 patients with operable breast cancer. Tu-
mor cells were not found morphologically in any case; a characteristic myelogram
example is shown in fig. 3. Average BM cellularity was 74.0+6.2 thousand per
mcl. Frequency of DTC detection was 23.3% with a threshold of 1 tumor cell per
1 million myelokaryocytes (maximum 11 cells/million: a clear cut cluster of
220 tumor cells was seen when measuring 20 million myelokaryocytes).
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OO0cyxnenne

HccnenoBanne KOCTHOTO MO3ra IMPHM JUATHOCTHKE paka MOJIOYHOM JKele3bl
MMeEeT BaXKHOE MPOTHOCTHYeckoe 3HadeHui [8]. B kmaccupukamuun TNM 2010
rojia BBIJIEJICHa 0co0as CTaaus TeMaTOTCHHON qucceMuHauu Mo(i+).

Mertons! BeisiBnenuss JIOK-KM B HacTosiiee BpeMs He SIBIISIOTCS CTaHAAPTU30-
BaHHBIMHU. BOJBIIM HEZOCTATKOM HCCIIEIOBAaHUH B 3TOM 00JIacTH OBLIA MOMBITKA
MOy4YeHHs OOJIBIINX KOJMYECTB KOCTHOTO Mosra (Kak Impasmiio, 6omee 5,0 mui).
Bwmecre ¢ Tem, xopomro usBectHo, uto KM paz6asisiercst nmeprgepuaeckoil Kpo-
BbIO mIpH 3abope Oomee 0,2 mir [9]. [oCKONBKY KIETOYHOCTH KOCTHOTO MO3Ta B
10-30 pa3 BrImIe, YeM YPOBECHB JICHKOIUTOB KPOBH, 3a00p HeOompmux (1o 1,0 mi)
00BEMOB KOCTHOTO MO3ra MOXKHO CYUHTATh NPHEMJIEMBIM — IIPAKTUYECKH HE
BIMSAIONIMM Ha KJIETOYHOCTh U MOP(OIOTHUECKHHA COCTaB KOCTHOrO Mo3ra. B ma-
JBIX 00bEeMax KOCTHOTO MO3Ta MOMaJaHue [UPKYIUPYIOMNX OIyXOJIEBBIX KIETOK
U3 KPOBH MaJIOBEPOSITHO, T.K. 32 CTAHJAPTHBIN HCCIEIyeMblii 00bEM KPOBH, II0-
3BOJISIFOIIMIT OOHAPY)KUTh MO MEHBILEH Mepe OJHY OITyXOJIEBYIO KIIETKY, IPHHSATO
7,5 mu [10]. B Hamem nccieoBaHuM B3sITHE HEOOIBIIOTO 00beéMa KOCTHOTO MO3Ta
(mpumepHo 1,0 i) mo3Boimino y 80% OGonbHbIX M3yuuth Hanmmuue J1OK cpean
6onee 50 000 000 muenokapuoruroB (MakcumansHo 200 000 000), uro BroJHE
nmocratouno ais onpenencaus JJOK. Bpewms, neodxomumoe mns ananmsa JJOK ¢
HCIIOJIb30BaHUEM BBICOKOCKOPOCTHOT'O IIUTOMETPA C aKyCTHYECKOH (POKYCHPOBKOH
Attune, Taxoke SABISIETCS IPUEMIIEMBbIM (MeHee 3 4acoB).

B 3akmrouenue ormernM, uto ompenenenue JJOK-KM y OompHBIX pakoM MoO-
XKET B OmrKaiiiiee BpeMs CTaTh PyTHHHBIM TeCTOM. [ JTaBHBIMU TPeOOBaHHUAMHE IS
oJOOHOTO aHaK3a SBIIOTCA: 3a00p HEOONIBIIOr0 00beMa KOCTHOTO MO3Ta, MOp-
(osoTNUecKNii KOHTPOJb KadeCTBA KOCTHOTO MO3ra, MHEIOTpaMMa), OKpalluBa-
HHUE OMpEeIeNIeHHOTO KommdecTBa muenokapuorutos (20—100 000 000) anTuTena-
Mu CD326/CDA45, anannu3 BceX OKpAIICHHBIX KJIETOK Ha BBHICOKOCKOPOCTHOM ITH-
TOMETpE Aftune ¢ aKyCTHUECKON (OKYCHUPOBKOM.
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Discussion

Study of bone marrow at diagnosis of breast cancer is of great prognostic im-
portance.[8] A special stage MO(i+) of hematogeneous dissemination of breast
cancer was identified in TNM classification of tumors (2010).

Methods for BM-DTC detection are currently not standardized. The main dis-
advantage of the studies in this field was an attempt to harvest a large amount of
BM (as a rule more than 5 ml). However, it is well known that BM is diluted with
peripheral blood in samples more than 0.2 ml.[9] Such dilution is practically irrele-
vant for BM cellularity in small BM samples (up to 1.0 ml) because BM cellularity
is 10 to 30-fold greater than blood cellularity. The presence of circulating tumor
cells in small BM samples is hardly possible because the standard blood sample
allowing for detection of at least 1 tumor cell is 7.5 ml.[10] Eighty percent of pa-
tients present with more than 50 million (up to 200 million) myelokaryocytes in a
small BM volume (approximately 1 ml) which is enough for DTC detection. Time
needed for DTC analysis using a high-speed cytometer with acoustic focusing Az-
tune (usually less than 3 hours) is also acceptable.

In conclusion, BM-DTC detection in cancer patients may become a routine test
in the near future. Main requirements for this analysis include harvesting of a small
BM amount, morphological quality control (to prevent dilution), staining of a
strictly determined myelokaryocyte number (denominator) with CD326/CD45
monoclonal antibodies, analysis of all stained cells using a high-speed cytometer
with acoustic focusing Attune.

5. Rawstron A.C.et al. International standardized approach for flow cytometric
residual disease monitoring in chronic lymphocytic leukemia Leukemia 21,
956—64 (2007)

6. Borowitz M.J. et al. Clinical significance of minimal residual disease in child-
hood acute lymphoblastic leukemia and its relationship to other prognostic
factors: a Children oncology group study Blood 111, 5477-85 (2008)

7. Paiva B. et al. Response assessment in multiple myeloma: clinical significance
of MRD monitoring Haematopoiesis Immunology, 10, 34—77 (2012)

8. Janni W. et al. Persistence of disseminated tumor cells in the bone marrow of
breast cancer patients predicts increased risk for relapse — a European pooled
study Clin. Cancer. Res. 17,2967-2976 (2011)

9. Abrahamsen J.F. et al. Flow cytometric assessment of peripheral blood con-
tamination and proliferative activity of human bone marrow cell populations
Cytometry, 19, 77-85 (1995)

10. Cristofanilly M. et al. Circulating tumor cells, disease progression, and sur-
vival in metastatic breast cancer N.Engl. J. Med. 351, 781-91 (2004)



18 HMMYHOJIOT'UA TEMOIIO33A4

M.A. Ppenxens
HUCCJIEJOBAHUE KOCTHOI'O MO3TI'A B OHKOJIOT'UA
N.N. Blokhin Russian Cancer Research Center , Russian Federation

Pe3iome

HcenenoBannre KOCTHOTO MO3ra 3aHUMAET Ba)KHOE MECTO B OHKOJIOTHYECKOH JTar-
HocTuke. OHO JaeT BO3MOYKHOCTh XapaKTepU30BaTh Pa3IMIHBIC BapHaHTBI TeMoOIa-
CTO30B, BBISIBIIATH AMCCEMHHALIMIO OIyXOJIH, IPOBOANTH CTaANPOBAHHE OITyXOJEBOTO
npouecca. V3yueHue acmupaToB U TPEMaHOOHONTATOB SIBJISIETCS. BBICOKOTEXHOJIOTHY-
HBIM HccienoBanieM. OHO BKITIOYAEeT MOP(OJIOTHYECKHE, [IMTOXUMUYECKUE, UMMY-
HO(EHOTUITMYECKHE, UIMMYHOTUCTOXUMHYECKHE, IINTOTCHETHYECKIE W MOJIEKYJIPHO-
OuosornuecKre Mmoaxoasl. B HacTosiee BpeMst OCTAIOTCsl HEPEIIEHHBIMH TPOOJIEMBI
OLICHKH KOJIMYECTBEHHOTO COCTaBa acIMparoB, MOKa3aTelled colepKaHusl JIMM(OIIHU-
TOB B HOpME. B 1ieHTpe nHTEpecoB COBPEMEHHBIX MCCIIENOBATENIEH HAXOMITCS BOIIPO-
CBI XapaKTEPUCTHKN MHUKPOMETACTA30B OITyXOJIeH MM €ANHUYHBIX PAKOBBIX KIIETOK B
KOCTHOM Mo3re. OHM PEIaroTcsl ¢ IPUMEHEHUEM Pa3IMYHBIX METOAWYECKHX OAXO0-
JI0B: TIpOoTO4YHOM 1uToMeTpud, 1P, uMMyHOLMTONIOTUSL.

KiroueBble cjioBa: acnupar KOCTHOTO MO3ra, HOpMalibHass MHUEJIorpamMMma,
MUKpPOMETACTA3bI.

VccnenoBanue KOCTHOIO MO3ra IIMPOKO BOILIO B KIMHHUYECKYIO MPAKTHUKY B
Hamiell ctpane ¢ 1928 roga. CHavana acnupanys KOCTHOIO MO3ra IPOBOJMIIACH
IIpY MyHKIUY TPYAUHBL, ¢ 1945 T. — npy NyHKIMU NMOAB3IOMHON KOCTH, ¢ 1956 T.
B KJIMHUYECKYIO MPAKTHKYy ObLia BBeAcHa Tpemanoduorncus. B 40-50 romax XX
BEKa Pa3IMYHBIMH HCCIIEOBATENSIMA ObLIM OTpabOTaHbI HOPMBI COCTaBa MHEIIO-
rpamMMbl aist B3pocnbix [1-5]. B Hacrosiiiee BpeMsi OOIIETIPHHSTHIMHU SIBIISTIOTCS
nannbie B.B. Cokonosa u U.A. I'pudoBoii, moryueHnsie 1972 1 [6].

B oHKONOTHUECKOH MPAKTHKE MCCIICIOBAaHNE aclupara M TPEaHOOHOoNTaTa KO-
CTHOTO MO3Ta NpHUMEHSETCS ISl TUarHOCTUKH HEOIUTa3Hii TeMOIIO3THIECKOH U M-
(OMITHON TKaHW W BBIABICHHS METACTAaTHYECKHX OITyXOJICBBIX 09aroB. MeTacTasu-
pOBaHME B KOCTHBII MO3T Haubojee CBOMHCTBEHHO ISl paKa MOJIOYHOH >Kene3sl (10
50% cmydaeB), HeipobmacTomel (50-67%), MENKOKIETOYHOTO paka JErkoro
(17-45%), paka toncroit kumku (4—8%) [7]. Hepenko mopaskeHre KOCTHOTO MO3Ta
HaOJIIOIaeTCsl IPU METaHOME, paKe MOYKH, HaANIOYEYHUKOB, MPEICTATENbHON 1 IIH-
TOBUHOH xene3. Ha ocHOBaHMM NaHHBIX acIMpPaTOB M TPEMAHOOMOTATOB YCTaHAB-
JINBaeTCs THCTOT€HE3 OITyXOJH, B TOM YHCIIC — U3 HEBBIBIEHHOTO NMEPBUYHOTO OYa-
ra. [IockoynpKy KOHTHHTEHT HAallMeHTOB C HEYCTAHOBJICHHOM OIYXOJIBIO JOCTUIAeT
15% ot Bcex OONIBHBIX, M3y4YeHHE METAacTa30B B KOCTHBII MO3T BHOCHUT CBOIl onpee-
JICHHBIH BKJIaJl B OHKOAWArHOCTHKY.
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Abstract

Study of bone marrow plays an important role in cancer diagnosis. It helps to
characterize various types of hematology malignancies, to detect tumor dissemina-
tion, to stage the neoplastic disease. Study of aspiration and trepan biopsies is a
high-technology process. It involves morphological, cytochemical, immunopheno-
typic, immunohistochemical, cytogenetic and molecular biological approaches.
Problems of quantification of aspirate composition, establishing normal lympho-
cyte count have to be solved yet. Today investigators focus on characterization of
tumor micrometastasis or isolated cancer cells in bone marrow. A variety of meth-
ods including flow cytometry, PCR, immunocytology are used to address these
issues.

Key words: bone marrow aspirate, normal myelogram, micrometastases.

Bone marrow study has been widely used in the clinical practice in Russia since
1928. First, bone marrow aspiration was made by sternal puncture, since 1945 it
was supplemented by iliac puncture and in 1956 trepan biopsy was added. In the
1940-1950s several investigators defined normal composition of bone marrow in
adults [1-5]. The 1972 values by V.V. Sokolova and I.A. Gribova are currently
commonly adopted [6].

Studies of bone marrow aspiration and trepan biopsies are used in the diagnosis
of hemopoietic and lymphoid neoplasia and detection of metastatic lesion. Bone
marrow metastasis is most common for breast cancer (up to 50%), neuroblastoma
(50 to 67%), small-cell lung cancer (17 to 5%), colonic cancer (4 to 8%). Bone
marrow involvement is often seen in melanoma, renal, adrenal, prostate and thy-
roid cancers. Analysis of aspiration and trepan biopsies helps to find out histogene-
sis of tumors including those from unknown primaries. Since cases with unknown
primary tumors reach 15%, study of bone marrow metastases is a valuable contri-
bution to the diagnosis.
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HccnenoBanne KOCTHOTO MO3ra 3aHMMAaeT Ba)KHOE MECTO IIPH MOHHUTOPHHIE B
mpoliecce XMMHO- U Ouortepanuu. V3ydeHue acmuparoB M TpenaHOOHMONTaTOB B
HaCTOAIIEe BPEeMs SIBIIACTCS KOMIIEKCHBIM BBICOKOTEXHOJIOTHYHBIM JTHArHOCTHYE-
cKuM TponeccoM. Hapsimy ¢ MOpQOIOrHYecKMM METOJOM HCIIONIB3YIOTCS TaKXkKe
LUTOXUMHUYECKHE, UMMYHO(DEHOTHITNIECKIE, TMMYHOTHCTOXUMHYECKNE, LIUTOTe-
HETHYECKHE M MOJIEKYJSIpHO-Ononornyeckue moaxonsl. CyMmapHast OI€HKa JaH-
HBIX TI03BOJISIET KIMHUIMCTY PELINTh P BAKHBIX 3a/1a4 JUATHOCTUKH M MOHHUTO-
pHHTa OOJIBHBIX C OITYXOJIIMH CaMOT'0 Pa3IMIHOTO T'€HE3a.

Kak nmpaBuiio, acupar nosry4aroT NpH MyHKIUX OJHON JIOKAIH3aliH, OJHAKO B
OTJENBHBIX CIy4asX IPU 3aTPYIHUTEIBHOW TUArHOCTHKE PEKOMEHIYETCsl IPOBO-
JIUTh UCCIIEIOBaHUE OJIHOBPEMEHHO B TPEX TOYKaX: B TPYAMHE H JIBYX MOJB3/OII-
HBIX KOCTSIX, IIPH TIOUCKE METACTa30B MPOBOIUTCS TPETTAHOONOIICHS.

3abop acnupara KOCTHOIO MO3ra OCYIIECTBILIETCS IO OOIICIPUHATON METOAM-
Ke TIpH IMyHKIUH TPYIUHBI I NO/AB3JOIIHON KOCTH. ACIHUpaT MOMENaeTcst B Ipo-
oupky S-Monovette ¢ K2 3/ITA, B xonuuecTBe, He npeBbimaromeM 0,5 MiL., Tak
KaK yBeJIWYEeHHE 00beMa acmupara BEAET K pa3OaBieHHIO ero nepudepuaeckon
KpoBbio. ComepKuMoe MPOOHPKH THIATENFHO IEPEeMEIINBACTCS, MapKUpPyeTcs U
HampasisieTcs: B 1aboparopuio. KonmuecTBo MHETOKapHOIIMTOB ONPEEIseTCs] Ha
remaroyornueckom aHammzatope ABX Micros 60 Jlabukx, mpUroTaBIMBarOTCS
Ma3K{ Ui MOP(OJIOrHYECKOro M IMUTOXUMHUYECKOTo ucciaeqoBaHuil. OcTanbHON
Marepuall MOXeT OBbITh MCIOJB30BaH Ui UMMYHO(MEHOTUIIMPOBAHUS PA3IHMYHBIX
HOMYJIALUA FeMOTIOITHYECKHUX KIIETOK (0J1acTOB, TMMGOLUUTOB U NpYrux). JJaHHBINA
MOJIXO/]] TTO3BOJISIET N30ETHYTh MOBTOPHOM MYHKIMH TPH BO3HHMKHOBEHUH HEOOXO-
JTIMMOCTH JTOTIOJTHUTEIBHBIX METOJIOB UCCIIEOBAHUSI.

CoBpeMeHHbIE B3ITISAbI HA 3HAYMMOCTB TO/ICYETa YHCIIa MUETOKAPHOLIUTOB B KO-
CTHOM MO3Te B Pa3jM4HBIX IeMaTOJIOTMYECKHX IIKOJIAX HEOIMHAKOBHL Bo MHOIMX
KJTACCHYECKHUX PYKOBOZCTBAX PEKOMEH/IYETCsl OLEHMBATh KJIETOUYHOCTH aclypara BH-
3yalbHO TPH TPOCMOTPE Ma3KOB IO TPAfalysiM: KICTOYHBIN, MAJIOKJICTOYHBIH, TH-
nieprireTouHbIi [8; 9]. Omrako M.A. Kaccupekwuii eme B 1970 r. B MoHOTpadmu “ Kim-
HHUYECKasi TeMaToJIOTHs TTIOJYEPKUBAI CYIIECTBEHHOE IPAKTUYECKOE 3HAYEHUE OIIpe-
JIETICHUST YHCNa SIAPOCOEPIKAIINX IEMEHTOB B KOCTHOM MO3Tre. DTH JJaHHBIE M03BO-
JISIFOT KOHKPETHO COTIOCTABUTh KJIETOYHOCTh KOCTHOTO MO3Ta C YUCIIOM JIHKOLIUTOB B
KPOBH, OLICHHTH CTENeHb pa30aBlieHHs] KPOBBIO MK OEJTHOM aciupare M ONpEAeIHTh
CTeTeHb TUIEePIUIa3ii KOCTHOTO Mo3ra Ipu OoratoM. Kpome Toro, nokasarenu KieTou-
HOCTH UTPalOT Ba>KHYIO POJIb IPH MOHUTOPHUHTE TAIIEHTOB C IUToneHuel. Ham mMHoro-
JIETHHI ONIBIT I10 OTIPE/IENICHHIO KIIETOYHOCTH KOCTHOTO Mo3ra Ha npubope ABX Micros
60 nmpu aHamM3e OKOJIO MOJIYTOpa THICSY aclUPaTOB B IOJ CBUJIETENBCTBYET O BaYKHOU
KIIMHIYECKOH 3HAYNMOCTH 3TOTO HCCIIEI0BAHNS B OHKOJIOTHUECKON MPAKTHKE.

Crenyer OTMETHTb, YTO YUCIIO MHEIOKApHOIIUTOB B HOPME MINPOKO BapbUPYyET
(41,6195 x 10°/mK11). D10 06YCIOBICHO OCOOEHHOCTSIMH CTPOCHHUS CTPOMBI, pac-
MOJIO)KEHHEM KPOBETBOPHBIX OYAaroB Ha KOCTHBIX Oaikax, (u3noisorndeckumu
0COOEHHOCTSIMH IMAIlEHTOB.
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Bone marrow study plays an important role in monitoring of cancer patients re-
ceiving chemo- or biotherapy. Study of aspiration and trepan biopsies is currently a
high-technology diagnostic process. Besides morphological analysis, the investiga-
tors use cytochemical, immunophenotypic, immunohistochemical, cytogenetic and
molecular biological approaches. Summary analysis of the data helps the clinicians
to make important diagnostic decisions and to provide adequate monitoring of pa-
tients with tumors of various origin.

Besides the common puncture procedure, in difficult cases bone marrow
specimens are taken from three points, that is the sternum and two iliac bones, to
detect metastases trepan biopsy of both iliac bones is used.

Bone marrow aspirates are taken by a common procedure, i.e. sternal or iliac
puncture. The aspirates are placed to Vacutaner tubes with K2 EDTA at not more
than 0.5 ml because of the risk of peripheral blood dilution. The tube content is
stirred carefully, labeled and sent to the laboratory. Myelokaryocyte count is made
using a Micros 60 hematological analyzer and smears for morphological and cyto-
chemical analyses are prepared. The remaining material may be used for immuno-
phenotyping of hemopoietic cell populations (blasts, lymphocytes and others). This
approach allows repeated puncture to be avoided if additional investigations are
needed.

Current views on the value of myelokaryocyte count in bone marrow differ in
different hematology schools. Many classical guidelines recommend visual as-
sessment of aspirate cellularity with the smears classified as cellular, hypo- or hy-
percellular [8; 9]. However already in 1970 I.A. Kassirsky considered highly im-
portant quantification of nucleated elements of bone marrow. These findings allow
comparison of bone marrow cellularity and blood leukocyte count, evaluation of
dilution in meager or hyperplasia in rich aspirates. Cellularity evaluation also plays
an important role in monitoring of cytopenic patients. Our many-year experience in
assessment of bone marrow cellularity using Micros instruments with analysis of
about a thousand and a half aspirates per year proofs the high practical clinical im-
portance of this study.

It should be noted that normal range of nyelocaryocytes is rather broad (from
41.6 to 195 x 10*/mel). This is due to specific stromal structure, location of he-
mopoietic foci on bone plates, patient’s physiological specificity.
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VY nereili u OGepeMEHHBIX acHHMpaThl Hanbosiee OOraThl KIETOYHBIMH AJIEMEHTa-
MH, B TO BpeMs Kak mnociie 70 JieT 3ToT mokaszarensb cHikaercst. CormocraBiieHHe
pe3yJbTaToB acmupara U TPENaHOOWOIICHH IOMOTaeT YTOYHUTHh peajbHYIO Kile-
TOYHOCTH KOCTHOTO MO3Ta, TaK KaK B OT/AENBHBIX CIIy4dasX IIPH OCTEOMHUEIIOCKIEPO-
3€, BOJIOCATOKJIETOYHOM JICHKO3€ HE BCET/a yIaeTCsl aieKBaTHO €€ OLICHUTb.

I'nepkireTOYHBINH KOCTHBIN MO3T XapaKTepeH Ui MHOTUX OHKOT'€MaTOJIOTHYE-
ckux 3abojeBaHuil (OCTpble JICHKO3bI, MHeNonpoinudepaTuBHbe HOBOOOpa3oBa-
Hus, muMbornponndepaTuBHBIe 3a007I€BaHUA) U MPH HCIIOIB30BAHUN T€MOCTUMY-
JISITOPOB VIS JICYCHUS IUTONEHUYECKUX COCTOSIHUH. [ MIomnnasum xapakTepHbl U1
ocreoMuenopropo3a, BOIOCATOKIETOYHOTO JIEHKO3a, MHOKECTBEHHOH MHEIOMBI.
CHIDKeHNE KIETOYHOCTH, KaK MPaBUIIo, HAOII0JaeTcs B TPOIECCe XUMHO-Ty4eBON
Tepanuy. YKcino MHUEIOKapHOIMTOB MOXKET OBITh CHIDKEHHBIM IPH MeTacTa3ax B
KOCTHBIA MO3T, TaK Ha3blBaeMas ‘“‘aHreMOIUTONICHUs’, onrcaHHas emie B 1970 r.
N.A. Kaccupckum. Kpome Toro, yMeHbIIEHHE KOJIMYECTBA SIPOCOACPKALIUX dIle-
MEHTOB TaKXX€ MOXKET OBITh CIIEACTBHEM pa30aBlieHNs acnupara nepudeprniaeckon
KPOBBIO, JI0Ka3aTEIILCTBOM UYEMY SIBIISICTCS yBEIWUICHHUE JIOTM 3PENBIX HEHTpo(hu-
JIOB, MOHOIIUTOB ¥ JIUM(OIUTOB, OTCYTCTBHE METaKapHOIUTOB.

Juis Mopdoornaeckoro uccieaoBaHUs Ma3kd (UKCHPYIOTCS METoaoM Maii-
I'pronBasibzia u okpammBaroTcs no Pomanosckomy-I'umse.

AHanu3 coctaBa KOCTHOTO MO3Ta IPOBOJAT MPH MUKPOCKOIIMH Ma3KOB acIHpa-
Ta IPpU MajaoM yBenudeHUU. IIpu 3TOM KOHTPOJIUPYIOTCS NaHHBIE MOJCYETa Kile-
TOYHOCTH Ha aHAJIM3aTOpE, OINpPEAEISIETCS YHUCIIO MEraKapHOIMTOB, OIEHHUBACTCS
PaBHOMEPHOCTh pacIipeieieHus KJIETOK B Ipernapare, Halu4nue CTyCTKOB KOCTHOTO
MO3ra, BBISBIIIIOTCS CKOIUIEHUSI Makpodaros, IIa3MaTHUECKUX KIETOK, OCTe00a-
CTOB M OCTEOKJIACTOB. Ha npesiMeT Haymimumst MeTacTa3oB IIPOCMAaTPHBAIOT HE MEHee
6 npenaparos. McciienoBanue npu OOJIBIIOM YBETHYSHUH ¢ IMMEpPCHEN TT03BOIISIET
JlaTh KOJMMYECTBEHHYIO OIIEHKY COCTaBa KOCTHOTO MO3Ta, XapaKTepHCTHKY Mopdo-
JIOTHYECKUX OCOOCHHOCTEH 3JIEMEHTOB MHENOMAHBIX U IuMponaHbx tuani. Cy-
IIIECTBEHHOH rapaHTHeH OT OIMMOOK SBJISIETCS MPOBEICHNE aHAIN3a AByMs Mopdo-
JIOTaMH ¢ ToJIcueToM He MeHee 250 KIIeTOK KaxabIM. B ciydae pacxoxneHuid JaH-
HBIX TIPOBOANTCS TIOBTOPHBIH IEpecyeT.

[Ipu mojcuere MUENOrpaMMbl YYUTHIBAIOT JJIEMEHTHI MHUEJIO- U JIMM(OI0I3a.
MopGhoaornuecKd BBIACSIIOT MUCIOUAHBIC KICTKH TPAHYJIOIUTAPHOTO (HEHTPO-
¢GunbpHOTO, 303WHOMUIBHOTO, 0a30(UILHOTO0), MOHOIIMTAPHOTO, IPUTPOUIHOTO,
METaKapHOLMTAPHOTO PSZOB M DIEMEHTHl JUM(OHIHOrO psiia: JIUMQOLUTH U
IUTa3MaTH4ecKUe KIETKA. Bcero B KOCTHOM MO3Te pa3indaloTcs KIETKH 8 TeMOIIo-
STUYECKUX JINHUH.

KonmuaecTBeHHas OIleHKa METaKapHOIWTOB: CHI)KEHHAs, HOpMaJbHAS HIIH T10-
BBIIIICHHAS BBITIOIHACTCS BU3YAJIBHO ITPH MAJIOM yBEIHUYCHHUH.

B coBpeMEHHBIX POCCHMCKHMX PYKOBOICTBaxX INPHHATHI MOKa3aTEIH MHEINO-
rpaMM 3I0pOBBIX Jtoaed, pazpaboranusie B.B. CokomoBsiMm 1 U.A. I'puboBoii B
1972 r. [6]. Onn npeacraBieHs! B Ta0mI. 1.
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Aspirates are rich in cellular elements in children and pregnant women, while
individuals above 70 years of age present with lower cellularity. Comparison of
aspirates and trepan biopsies allows a more accurate quantification of bone marrow
cellularity, because this is sometimes difficult in cases with osteomyelosclerosis or
hairy-cell leukemia. Hypercellular bone marrow is characteristic of many hemato-
logical malignancies (acute leukemia, myeloproliferative or lymphoproliferative
lesions) and use of hemostimulants in the treatment of cytopenic conditions. Hy-
poplasia is common for osteomyelofibrosis, hairy-cell leukemia, multiple mye-
loma. Cellularity as a rule decreases during chemoradiotherapy. Myelokaryocyte
count may be low in cases with bone marrow metastases, so called “panhemocyto-
penia” described I.A. Kassirsky in 1970. Decreased number of nucleated elements
may also result from aspirate dilution with peripheral blood as evidenced by in-
creased fraction of mature neutrophils, monocytes and lymphocytes, absence of
megakaryocytes.

The smears undergo May-Griinvald fixation and Romanovsky-Giemsa staining
for morphological study.

Bone marrow composition is analyzed by microscopy of aspiration smears at a
low magnification. The analysis includes control of cellularity using a cell ana-
lyzer, quantification of megakaryocytes, evaluation of cell distribution, detection of
bone marrow clots, macrophage clusters, plasmatic cells, osteoblasts and osteo-
clasts. At least 6 specimens should be analyzed to detect metastases. Study at a
high magnification with immersion results in quantification of bone marrow com-
position, characterization of morphological features of myeloid and lymphoid ele-
ments. To minimize errors the analysis is done by 2 morphologists with each
counting at least 250 cells. In case of differences in their findings the count is re-
peated.

The myelogram includes myelo- and lymphopoietic elements. By morphology
investigators distinguish cells of granulocyte (neutrophils, eosinophils, basophils),
monocyte, erythroid and megakaryocyte lineages, as well as lymphoid elements
such as lymphocytes and plasma cells. As a whole 8 hemopoietic lineages are dis-
tinguished in bone marrow.

Megakaryocyte count is classified as decreased, normal or increased by visual
inspection at a small magnification.

Current Russian guidelines use healthy people myelograms as proposed by
V.V. Sokolov and I.A. Gribova in 1972 [6]. They are shown in table 1.
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Ta6ununa 1

PeByJ’IBTaTI)I HCCIICA0BaHNs CTCPHAJIbHBIX MYHKTATOB Y 30 310POBbIX JIUII.

ITokasaTenn MUEIIOTPaMMBI xtm xt 1,50
AGcommoTHOE coiepyKaHue KIIETOK B 110 400 + 11 480 | 25 800 — 195 000
ITYHKTaTe
PetukynspHbIE KIETKH 0,85 £ 0,065 0,33 - 1,37
T'eMorucTrOOIaCTHI 0,13 +0,031 0-0,38
Brnacter % 0,69 + 0,057 0,22 -1,15
IMpomuenonuts! %o 1,940,197 0,3-3,5
Muenouuts! % 10,6 £ 0345 7,75 - 13,45
Mertamuenouutsl % 11,3 +£0,317 8,7—13,9
[Manoukosnepubie HeATPODUIBI Yo 19,5+ 0,580 14,73 — 24,27
CermeHTosiiepHbIe HelTpoduitbl % 17,8 £ 0,65 12,55 — 23,05
Wupekc co3peBanusi HEHTPOYHIOB 0,63 £ 0,024 0,45 -0,81
CymmMa rpanysionuToB % 61,8 0,86 54,75 — 68,65
Do3uHOMITEl % 3,440,331 0,7—-6,10
Bazodwmier % 0,3 +0,052 0-0,72
Mouonutsl % 2,0+£0,151 0,75 3,25
Jlumdoruter % 7,6 0,619 2,5-12,70
[TnasmonuTter % 1,2+0,105 0,35 —-2,05
ITponopmobGaacTs! % 0,5£0,054 0,07-0,93
bazodunbHble HOpMOOTIACTHI % 3,4+0,209 1,75 - 5,05
[MonuxpomaroduiibHbIe HOPMOOIACTHI %o 13,6 £ 0,532 9,25 - 17,95
OxcuuinbHbie HOPMOOITACTHI % 3,0 £0,249 0,96 — 5,04
WHpaekc co3peBaHus HOpMOOJIACTOB 0,78 £ 0,008 0,72 - 0,82
CyMMa HOpMOOJIacTOB 21,1 +£0,73 15,1 — 27,10
Jleliko-3puTpobIacCTHUECKOE OTHOIICHHE 3,25+0,16 1,95 — 4,55

ComocraBneHne pe3yabTaTOB MCCICIOBAHHUS MHEIOTPaMM 370POBBIX JIOJEH,
MOJYYEHHBIX Pa3HBIMH HCCIICOBATENSIMH, CBHJECTEIBCTBYET 00 OINpEAEICHHBIX
pasnUuMsIX B MOMydaeMbIX AaHHBIX. He Bcerna ykasplBaloTCs MPUHLUIIBI OIpEie-
JICHUS! TIPE/IeJIOB HOPMAJIBHBIX KOJIE€OaHUH (IPUHUMAIOTCS JINOO MUHHMAJIbHBIE U
MaKCHMaJIbHBIE TOKAa3aTenH, JU00 MaHHBIE B mpenenax xt1,5¢ mmm xt2c0). 3a
npomenmue 40 1eT M3MEHWIACh THCTOTEHETHUECKAs XapaKTEPUCTHKA psfa Kile-
TOK, UCUE3JIM U3 TEMaTOJIOTHYECKO HOMEHKIIATYphl TAKUE TEPMHUHBI KaK PETHKY-
JISIpHBIE KJIETKH, T€MOTMCTHOONACTHI, BBEICHO MOHsATHE «Omact». CoBpeMeHHas
MHEIOrpaMMa HEecKoJbko TpanchopmupoBanack [10]. OOpaser; MueIorpamMmel,
npuHATHIA B PoccuiickoMm oHkonorndeckom nenrpe um. H.H. brnoxuna, npeacras-
JIeH B Tab. 2
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Table 1
Sternal puncture biopsy findings in 30 healthy donors.

Myelogram parameters xtm xt 1,56
Absolute cell count in puncture biopsies 110400+ 11 480 | 25 800 — 195 000
Reticular cells 0.85 + 0.065 0.33 -1.37
Hemohistioblasts 0.13+£0.031 0-0.38
Blasts, % 0.69 + 0.057 022-1.15
Promyelocytes, % 1.9+0.197 03-35
Myelocytes, % 10.6 + 0345 7.75 -13.45
Metamyelocytes, % 11.3+0.317 8.7-13.9
Stab neutrophils, % 19.5+0.580 14.73 —4.27
Segmented neutrophils, % 17.8 £0.65 12.55 - 23.05
Neutrophil maturation index 0.63 £ 0.024 0.45-0.81
Granulocyte total, % 61.8 £0.86 54.75 — 68.65
Eosinophils, % 3.4 +0.331 0.7-6.10
Basophils, % 0.3 £0.052 0-0.72
Monocytes, % 2.0+0.151 0.75-3.25
Lymphocytes, % 7.6 £0.619 2.5-12.70
Plasmocytes, % 1.2 £0.105 0.35-2.05
Pronormoblasts, % 0.5+0.054 0.07 - 0.93
Basophilic normoblasts, % 3.4 £0.209 1.75 - 5.05
Polychromatophilic normoblasts,% 13.6 £0.532 925-17.95
Oxyphilic normoblasts, % 3.0 £0.249 0.96 — 5.04
Normoblast maturation index 0.78 + 0.008 0.72 - 0.82
Normoblast total 21.1+£0.73 15.1 -27.10
Leukoerythroblast ratio 3.25+0.16 1.95-4.55

Results of study of healthy people myelograms by different investigators
demonstrate certain differences. Criteria for establishing normal ranges are not
always clear (whether minimal and maximal values or x + 1.56 or x = 2.5¢ are
used). Over the past four decades there were certain changes in histogenetic
characterization of some cells, several terms such as “reticular cells”, “hemo-
histioblastoma” were excluded from hematology nomenclature while the term
“blast” was introduced. The currently used myelogram also demonstrates some
transformation [10]. Table 2 shows a myelogram sample as used in the
N.N. Blokhin Russian Cancer Research Center.
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Ta6nuua 2

MuenorpamMma

AGc. cox. muenokapuouutos | x 10°/MKI (41,6—195) M

e — 0206 €rakapuoLUTHI B IIperapare
I'panyjionuTapHBbIH POCTOK
ITpomuenonuts 1,0 -4,1
HelTpod 203UHO( 6azodumn

MuenouuTst 7,0-12.2 0-1,0 0

MeTaMuenonuTs 8,0 - 15,0 0-1,22 0

[TanoukosinepHbie 12,8 — 23,7 0,1-1,2 0

CermeHTOsIEpHBIE 13,1 — 24,1 04-2,4 0/0-04

CyMMa rpaHyJIOIUTOB 57,1 — 66,5

Wupekc co3peBanusi HEUTPOPHIOB 0,5-0,9

MoHOUUTAPHBIN POCTOK

MonobmacTsl 0

[IpoMOHOIHUTEI 0

MoHouuTsl 0,7-3,1

JInumdouanselii pocTok

Jlumbouansie kietku |0 ITnasmoOmacter |0 BKIJI

[IpommmMpormTsl 0 [Ipommasmorutsr |0 0

JInmdounTsr 43 —13,7 ITnasmar. knetku | (0,1 —1,8

OpUTPOUIHBIN POCTOK

[IponopmoGIacThI 0,2-1,1

Hopmo6GmacTs! 6a30¢punsHbIe 1,4—-4,6

HopmoGmacTsl monuxpomaTouibHbIE 8,9-16,9

HopmoOmacTs! okcumiibHbIC 0,8-35,6

CyMMa KIIETOK 3pUTPOUIHOTO psifia 14,5 - 26,5

HHupexe co3peBaHus SpUTPOUIHBIX KIETOK 0,7-0,9

Jleliko-3pUTpOOIaCTHYECKOE COOTHOIICHHE 2,1-45

Camplec paHHHC KJICTKH B MHEJIOTpaMMe 0003HAYaroTCsl Kak OiacThl. X oTimyn-
TENBHBIMY TIPH3HAKAMHU SIBISIFOTCS HEXKHAs CTPYKTypa XpOMATHHA W HAJMYHE HYK-
neon. B HopMe GmacTel MOPGOTOTHIECKH CXOTHBI U HE TIOAPA3ICIIIOTCS 110 WX JTH-
HEMHOM MpPHUHAIJIEKHOCTA. B HOpPMaiabHOH MUENOrpaMMe OHHM COCTABIISIIOT
0,2-0,6%. YBemuuenue nomu 6mactoB 1o 20% maet ocHoBanue 3amono3puth MJIC,
6onee 20% mosBossier nuarnoctuposath OJI, BK MITH. Xapakrepuctika 61acToB B
00s13aTeIbHOM TIOPSIJIKE IOJDKHA 0a3UpOBATHCS HA Pe3yNbTaTax MOPQPOIUTOXUMHUYE-
CKOTO W MMMYHO(ECHOTHUIIMIECKOTO HCCIIEIOBAHUH, JAOTIOJHEHHBIX IIUTOT€HETHYe-
CKUMH U MOJIEKYJISIPHO-OMOJIOTMYEeCKUMH JaHHBIMHU. KOMITIEKCHBIN aHAIHU3 MO3BO-
JISICT THArHOCTUPOBATh reMOOIaCTO3bI M XapakTepu3oBaTh BapuanTsl OJ1.
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Table 2
A myelogram example.
Absmyelokalyocytecoum‘ x 10°/mel (41.6 — 195)]  Megakaryocytes in the specimen
Blasts 02-0.6
Granulocyte pool
Promyelocytes \ 1.0-4.1 ‘
\ neutroph. eosinoph. basoph.

Myelocytes 7.0-12.2 0-1.0 0
Metamyelocytes (8.0 — 15.0 0-1.2 0
Stab 12.8 —23.7 01-12 0
Segmented 13.1-24.1 04-24 0 0-04
Granulocyte total 57.1 - 66.5
Neutrophil maturation index 0.5-0.9

Monocyte pool
Monoblasts 0
Promonocytes 0
Monocytes 0.7-3.1 ‘

Lymphoid pool
Lymphoid cells |0 Plasmoblasts |0 Hairy cells
Prolymphocytes |0 Proplasmocytes|0 0
Lymphocytes 43-13.7 Plasmatic cells | [0.1 — 1.8

Erythroid pool
Pronormoblasts 02-1.1
Normoblasts, basophilic 14-4.6
Normoblasts, polychromatophilic 89-16.9
Normoblasts, oxyphilic 0.8-5.6
Erythroid cell total 14.5 -26.5
Erythroid cell maturation index 0.7-0.9
Leukoerythroblast ratio 2.1-45

Blasts are the earliest cells in the myelogram. They are characterized by tender
chromatin structure and the presence of nucleoli. Normal blasts are morphologi-
cally similar and are not subdivided with respect to lineage. Blasts are normally 0.2
to 0.6%. Increase in blast fraction up to 20% suggests MDS, blast fraction above
20% is indicative of AL or blast crisis of MPN. Blast characterization should al-
ways be based on morphocytochemical and immunophenotypic findings supple-
mented with cytogenetic and molecular biological data. Comprehensive analysis
helps to diagnose hematology malignancies and to characterize AL types.
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B penkux cirydasx 6nacto3 B MHEJIOrpaMMe He CBsI3aH C OIyX0JIeBOH mposmdepa-
mpeil. OH KOHCTaTHUpyeTcsl y HOBOPOJKIICHHBIX JieTeld ¢ OonesHbto [layHa, mpu pesyc-
KOH(JIMKTAX, IPH MOHUTOPHHTE TMAIIMEHTOB, BHIXO/SINX M3 TITyOOKOW IIUTOMEHUH.

I'panynonoss

Cpenu 37E€MEHTOB TPaHYJIONUTAPHON JMHUM Pa3IHYaloT 3JEMEHTHl TPeX TH-
OB HEHUTpOmIBI, 303uHOGMIEI 1 6a3o¢hmiel. B cBoeM co3peBaHHH B KOCTHOM
MO3re€ OHM HPOXOIIT MICHTUYHBIC CTaJud OT MHeiobnacta A0 3pesbiX (GopM.
CyMMa KJIETOK TPaHyJIOLMTapHOTO psiia B HOpMe Konebnercst ot 57,1 no 66,5%.
Wunekc co3peBanus HEUTPO(WIOB paBEeH OTHOIIECHHIO CYMMBI MOJIOJBIX (OpM
(IpOMHUENOIUTOB, MUEIIOLIUTOB U METAMHUENIOLUTOB) K 3pEbIM (MAJIOUKOSAECPHBIM
U cerMeHTosAnepHbIM). B HopMme oH paBen 0,6—0,8. Ero yBenudenue npu rumnep- u
HOPMOKJIETOYHOM KOCTHOM MO3T€ FOBOPHT O IpoJiM(epannuy MoJIobX (GopM Hel-
TpodmioB, uTo Habmonaercs npu MITH, nnm o 3anepkke co3peBaHus B polecce
LUTOCTaTHYECKOW Tepanuy. YMEHbIICHHEe HMHIEKca OOBIYHO Halmojaercs INpu
TUIOKJIETOYHOM KOCTHOM MO3T€, BBIPAXKAaeTCsl B CHIXKEHUHU 4KCcIIa MOJIOABIX U yBe-
JIMYEeHNH 3penbiX (OpM U3-3a pa3BeAeHHs neprdepraeckoi KpOBBIO.

Pacmmpenne rpaHyIoIUTapHOTO psiAa B KOCTHOM MO3T€ B COUYETaHUH C JEHKO-
IIUTO30M, KaK MPaBHJIO, SIBISETCS CJIEACTBHEM JIMOO OMyXoJIeBOH Hpoiudepanyun
HelitpodunpHOTO KiOHAa Tpu XMJI, 100 CenTHYEeCKHX IMPOIECCOB pPa3IHMIHON
sTHONOTHH. B TepBoM ciydae OMarHo3 OCHOBBIBAETCA HA IIUTOTCHETHYECKHX
W/WIIA MOJICKYJISIPHO-OMOIOTMYEeCKUX AaHHBIX. Hammume Ph—xpomocombl w/wmu
BCR-ABL 1 rena gaer ocHoBanue s quarsoza XMJIL B penkux cioyyasx oTcyT-
CTBHSI T€HETHMYECKUX MapKEPOB JUArHOCTUPYETCS] XPOHUYECKUH HEHUTPOQHUIbHBINA
JIEMKO03 MM aTUMWYHBIN XPOHUYECKUH MUETIOUTHBIN JIEHKO3.

Hapsiny ¢ xonmyecTBeHHOH, BaXKHYIO POJIb UIPAeT XapakTephcTHKa Mopdoiio-
TMYECKUX 0COOCHHOCTEH IPaHyJIOHTOB, BEISBICHHE IPU3HAKOB N3 PaHyJI0N033a.
OuenuBaercs pasmep HelTpodmiios, Gopma siiep, CTPYKTypa XpoOMaTHHA M OCO-
OEHHOCTH 3€pPHUCTOCTH B IMTOIUIa3Me. OOHapy>XKeHUE MEeNbIepOBCKUX WU TIeJb-
TepPOUIHBIX KJIETOK IAaeT OCHOBAaHHE IS MpoBeAeHUs TuddepeHInansHoro Iuar-
HO3a MEXAY BpPOKICHHOW aHOMaJIEd I'paHyJOLMTOB U HEOIUIa3MeW MMEJIOoNod3a,
kak npasuino, MJIC u OMJI. Hannuue rurantckux (opM HEWTpoduioB Moxker
CBHJICTENBCTBOBATh O HAPYIIEHUN TPAHYIOIMUTONO033a B MPOLECCE XUMHOTEPAINN
i nedunure ButamuHa By.

KionanbHas mponudepaiusi rpaHyJOUUTOB U MOHOLIUTOB C TIPU3HAKAMH MHe-
JIOUCIIIIA3UN B KOCTHOM MO3T€ SIBJISIETCS OCHOBaHMEM JJISl AUAarHOCTUKU XpOHHUYE-
CKOT'O MHEJIOMOHOLIUTAPHOrO JIEHKO03a.

YBenuueHne 4ucia 303MHO(GIIOB B MHeIorpaMMme Oosiee 6% MOXKET HOCHUTH
KJIOHAJNBHBIM WIN peakTUBHBIM XapakTep. B mepBoM ciyuae AMarHOCTHpYeTCs JH-
00 XpOHWYECKHUN Y03MHOPIITHHBIHN JIeliko3 (0e3 crenupuIecKix MpU3HaKoB), TH00
MHUENIONHAsT WM JUM(QOWIHAS HEoIlasus C aHOMAJIbHOM IepecTporKon
PDGFRA, PDGFRB unmu FGFR1[11].
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In rare cases blastosis by the myelogram is not associated with neoplastic pro-
liferation. It is found in newborns with Down’s disease, in patients with rhesus
conflict and those recovering from severe cytopenia.

Granulopoiesis

There are 3 types of cells within the granulocyte lineage, i.e. neutrophils, eosi-
nophils and basophils. During maturation in bone marrow they pass similar stages
from myeloblasts to mature forms. Granulocytes are normally 57.1 to 66.5%. Neu-
trophil maturation index is a ratio of young (promyelocytes, myelocytes and meta-
myelocytes) to mature (stab and segmented) forms. Normal index is 0.6 to 0.8. Its
increase in hyper- or normocellular bone marrow is indicative of proliferation of
young neutrophils as seen in MPN or retarded maturation during cytostatic therapy.
The index usually decreases in hypocellular bone marrow, reflects a fall in young
and a rise in mature forms due to blood dilution.

Enlargement in granulocyte lineage in bone marrow associated with leucocyto-
sis as a rule is evidence of either neutrophil clonal neoplastic proliferation in CML
or septic processes of various origins. In the former case the diagnosis is based on
cytogenetic and/or molecular biological data. The presence of Ph chromosome
and/or BCR-ABL I gene is characteristic of CML. In rare cases when genetic
markers are lacking the diagnosis is chronic neutrophil leukemia or atypical
chronic myeloid leukemia.

Characterization of morphological features of granulocytes and detection of
signs of dysgranulopoiesis plays an important role. It involves determination of
neutrophil size, shape of the nuclei, chromatin structure and granulosity in cyto-
plasm. The presence of Pelger or pelgeroid cells necessitates differentiation be-
tween inborn granulocyte abnormality and myelopoietic neoplasia, as a rule, MDS
or AML. The presence of giant neutrophils suggests disorder in granulocytopoiesis
during chemotherapy or due to vitamin B, deficiency.

Granulocyte and monocyte clonal proliferation with signs of myelodysplasia in
bone marrow is indicative of chronic myelomonocytic leukemia.

Eosinophil rise above 6% in the myelogram may be clonal or reactive. In the
former case the diagnosis is either chronic eaosinophilic leukemia (no specific fea-
tures) or myeloid/lymphoid neoplasia with abnormal rearrangement PDGFRA,
PDGFRB or FGFR1 [11].
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Kpome Toro, y oHKOJIOTHYECKHX OOJBHBIX MOXKET OBITh KOHCTATHPOBAaH JHOO
HIMONATHYECKUN THIEP303UHOMUIBHBI CHHAPOM C PEaKTHBHON 303MHO(UIHEH,
b0 mapaHeoruiacTHyeckas 203uHoGHs npu T-kietounoi mumdome, umpome
XOKKUHA, MaCTOIMTO3e, OCTpoM JuMdodIacTHoM neiikoze u psge MITH. Ipu-
YHHOW PEaKTHBHOW P03MHO(UINKE MOTYT OBITh aJljIepruueckue OOoNe3Hu, reJbMUH-
TO3bI, ICPMATUTBL paSﬂH‘IHOﬁ OTHOJIOTHH.

CyMMma HOpMOOJIaCTOB B KOCTHOM MO3re B HOpMe cocTaBisieT 14,5-26,5%. Ilo
naHHbM B. Bain [12] y My»4HH 4HCJIO HOPMOOJIACTOB B KOCTHOM MO3T€ JIOCTO-
BEpHO BhIIIE, YeM Yy sxeHmH (28,1 x 22,5%). Mnnexc co3peBaHust KpacHOTO psiaa
cocrasisier 0,8—0,9 u onpenensercss OTHOLIEHUEM CYMMBI ITOJIMXPOMATO(UIBHBIX
U OKCHU(WIBHBIX HOPMOOJACTOB K OOIIEMY KOJIMYECTBY BCEX HOPMOOJIACTOB.
CHIKeHne MHAEKCA CBUETEIBCTBYET 00 YBEINYEHUH YHCIIa MOJIOJIBIX HOpMOOIIa-
ctoB. Hanbosee gacToil mpuyamHON ABISETCS aHEMHS H3-3a Jeduiura BUTAMHHA
B12 wmn ¢onaros. OnHako mogo0Has CUTYaIMsi MOXKET acCOLMMPOBATHCS C MPO-
mudepariell HeOIUIACTHIECKUX KIETOK KPacHOTO psijia IPH OCTPOM 3PHUTPOHIHOM
netiko3e uinu MJIC.

Pexyxmms KpacHOTO pOCTKAa B KOCTHOM MO3T€ 4acTO KOHCTATHPYETCS B OHKO-
mormueckor mpaktuke [13]. Oma MokeT OBITH CIIEICTBHEM METACTa3HMpPOBAHUS
OITYXOJICBBIX KJIETOK B KOCTHBI MO3I U SIBJISICTCSA MOCTOSHHBIM CHMIITOMOM IIO-
JAaBJICHUA KPOBCTBOPCHUA B IMPOLECCE XUMHO- U nyquoﬁ TCpanunu.

XapakTepucTHKa JIEMEHTOB KPAaCHOTO psiia KOCTHOTO MO3ra BKIIIOYaeT MHO-
TOYMCIICHHBIE TApaMEeTPhl OLICHKH sIJIep ¥ IUTOILIa3Mbl HOPMOOJIACTOB, B TOM YHC-
JIe — pa3Mep KIIETOK, CTPYKTYpa SIIEPHOTO XpoMaTHHa U (OpPMEBI sJep, paBHOMED-
HOCTb OKPacKH LUTOIUIa3MBbI, COAEpKaHus xemes3a. [Ipu nu3spurpomnosse oOHapy-
JKHBAIOTCSI OOJBIINE KIIETKH, C MErao0IacTHOM CTPYKTYpPOH XpOMaTHHA, MHOTO-
siIepHbIe (POPMBI, ANCCOIMAIMS CO3PEBAHUS SAEP U LUTOIIIA3MBI, MEXKbSICPHBIC
MoOcCTHKH. Bee ati nmpusnaky narorHomoHn4Hb! 11t MJIC u sputpomuenosa.

B HOpME y OTAENBHBIX JOHOPOB B KOCTHOM MO3T€ B €JMHUYHBIX HOpMOOIacTax
MOTYT OBITh BBISBICHBI MPU3HAKH TUCIUIA3UHU: JBYSJEPHOCTH HOPMOOJIACTOB,
MEKXbEPHbIE MOCTUKH, BaKyOJIU3alUsl U HEAOCTATOUHAsI TeMOTTIOONHU3ALUS -
Toruia3mbl. OTHAKO YHCITO MOJAOOHBIX KJIETOK He mpeBbimaeT 7% [12].

[MTokazateneM Hed((HEKTHBHOCTH SPUTPOIOI3A SIBISETCS YBEJIMYEHHE 4YHCIIA
cunepoUIbHBIX TpaHyJd B HOpMoOJiacTaX, oOpa3yloIIMX BEHYHMK BOKPYT sjpa.
KonmuecTBo KombIEeBBIX cuaepobiaacToB 6onee 15% naer ocHOBaHME TUArHOCTH-
poBaTh pehpakTepHyIO aHEMHUIO C KoJbIieBEIMU cuaepodiactamu (MIC PAKC).

KonngecTBo MerakapronuToB B KOCTHOM MO3T€ B HOPME MOJKET 3HAYUTEIHEHO
BapbUPOBATh. VX YHCIIO HA IETKE Ma3Ka MOXKeT Konebarbest ot 7 1o 50.

CHIDKEHNE YUCia MEraKapruoOLUTOB M TPOMOOIIUTOB MOXET OBITH CIIEACTBHEM
METaCTaTHYECKOTO MOPAKEHNST KOCTHOTO MO3Tra, ATPOTCHHOTO BO3JICHCTBHSA XHUMHO
W/WNK JTy4eBOTO JICYCHUS, JeHKeMUIeckoil TpaHcopmanuu remomnodsa mpu OJI,
MIPOLYKINHU aHTUTPOMOOIIUTAPHBIX aHTUTEJN — B YacTHOCTH, mipu JIII3.
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Besides, cancer patients may have either idiopathic hypereosinophilic syn-
drome with reactive eosinophilia or paraneoplastic eosinophilia in T-cell lym-
phoma, Hodgkin’s lymphoma, mastocytosis, acute lymphoblastic leukemia and
some MDS types. The reactive eosinophilia may be caused by allergic reactions,
helminthosis, dermatitis of various origin.

Bone marrow normoblasts normally total 14.5 to 26.5%. According to B. Bain
bone marrow normoblast count in men is significantly higher than in women (28.1
vs. 22.5%) [12]. Maturation index for red cells is defined as ratio of the total of
polychromatophilic and oxyphilic normoblasts to the total of all normoblasts and
reaches 0.8 to 0.9. The lower the index the higher the number of young nor-
moblasts. Anemia due to vitamin By, or folate deficiency is the commonest cause.
However this situation may be associated with proliferation of neoplastic erythroid
cells in cases with acute erythroid leukemia or MPN.

Reduced bone marrow red cell pool is often seen in cancer patients [13]. This
condition may be caused by tumor cell metastasis to bone marrow and is a com-
mon symptom of hemopoiesis suppression during chemo- and radiotherapy.

Characterization of erythroid elements in bone marrow involves multiple pa-
rameters of the normoblast nucleus and cytoplasm including cell size, nuclear
chromatin structure and nucleus shape, even distribution of color in cytoplasm,
iron content. Dyserythropoiesis is associated with the presence of large cells,
megaloblast chromatin structure, multinuclear cells, dissociation of the nucleus and
cytoplasm maturation, internuclear bridges. All these signs are characteristic of
MDS and erythromyelosis.

Some donors may normally present with isolated normoblasts demonstrating
signs of dysplasia such as double-nuclear normoblasts, vacuoles and lack of hemo-
globin in cytoplasm. However these cells are not more than 7% [12].

Defficient erythropoiesis often manifests itself by increase in siderophilic gran-
ules in normoblasts that form a ring around the nucleus. A fraction of ring sidero-
blasts more than 15% is evidence of refractory anemia with ring sideroblasts.

Megakaryocytes in bone marrow may normally vary in number. In smear sam-
ples the variation may be from 7 to 50.

Decrease in megakaryocytes and platelets may be due to bone marrow metasta-
sis, iatrogenic effect of chemo- and/or radiotherapy, leukemic hemopoiesis trans-
formation in AL, production of anti-platelet antibodies in LPD.
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Beicoknii TpoMOO01IMTO3 B KpOBH 1 MerakaprolmTos B KM ¢ BepakeHHOH Mopdoo-
TMYECKOM JUCIUIA3MeH acCOLMUpYeTcs C HaIM4HeM XPOMOCOMHOHM —aHOMaIuu
3(q21;q26), uro Habmonaetcs mpu OMJI u MJIC. JIu3MerakapHoITON093 BEIPKACTCS
B HAINYHMH MEJIKUX OTHOSAEPHBIX ()OPM M KIIETOK C pa3beIMHEHHBIMU siapami [ 14].

OmneHka MUEIOrpaMMBl BKITIOYAeT HWCIIONB30BAHME BCIIOMOTATENBHBIX PACYETHBIX
nHAekcoB. COOTHOIIEHHE ITOKA3aTeNe IPOIIEHTHOTO COIepKaHHs TPaHyIOLUTaPHOTO
U 3PUTPOHTHOTO POCTKOB (JICHKO-3pUTPOOIACTUYECKOE OTHOIICHHE) COCTABISIET B
HOpMe 2,1-4.5. VBenndeHne 3Toro 1moka3aress IPH HOPMO- H THIIEPKIICTOYHOM KOCT-
HOM MO3T€ CBS3aHO C THIIEpIIIa3nel Oeoro pocTka. Y BeMUYeHHe Jicia HeHTpouiioB
C OJTHOM CTOPOHBI MOXKET OBITh peaKiiell Ha OaKTepruaIbHyI0 HH(EKINIO MIH Ha He-
orulactTuyeckuit rpouecc rnpu JIX, ¢ Apyroi — uMeTh OnyxoseBblil reHes. Pacivipenve
IPaHyJIOLIUTAPHOI'O POCTKA — XapaKTepHbIi cumnroM XMJL

YMeHbIIeHHE JeHKO-0pUTPOOIACTHYECKOTO OTHOLIEHHS! IPH HOPMO- M THIIEPKIIe-
TOYHOM KOCTHOM MO3I€ SIBJISICTCS CJIEICTBUEM a0CONIOTHOTO PAaCHIMPEHHs KPAacHOTO
POCTKa U Cy>KEHHH TPaHyJIOIUTAPHOTO psijia. JTa CUTyarys cneurIHa UIsl aHeMUI
paznuunoii sTHoNOTNK (B— 1 donar—nedumTHOMN, reMOIUTHYECKOH, P XpOHUYe-
CKHX 3a00JIeBaHMAX ), a TaKoKe 1T OCTpOro sputpomuenosa u MJIC.

[Ipy TMIOKIETOYHOM KOCTHOM MO3T€ CHM)KEHHE JICHKO-3PHTPOOIACTHIECKOTO
MHJIEKCa CBUETENBCTBYET O 3HAUNTEIBHONW PEAYKIMU IPAHYIONUTAPHOTO POCTKA
Y OHKOJIOTHYECKHX OOJBHBIX B MPOIECCE TEPAIMU U IIPH arpaHyJIOLUTO3E.

OrtnenbHyt0 mpoONieMy TpU OLEHKE MHUETOrPaMMbI MPEICTABISET aHAIN3 YKCIa
ymmmdormToB. B HopMe nx KosmuecTBo kosebinercs cymectBeHHo — oT 4,3 1o 13,7%.
3T0 CBS3aHO C TEM, YTO IPU YaCTHYHOM Pa3BEICHUN ITyHKTAaTOB MepUdepruueckon Kpo-
BBIO YKCIIO JIMM()OIUTOB YBEITMYMBACTCS JI0 MOTPAaHUYHBIX U Oonee mudp. B onpene-
JICHHOH CTENEeHH YHCIIO JMM(QOIMTOB MOXKET CITYXKUTh ITOKa3aTeleM HAJIMYMs IPUMECH
KPOBU B aCIIUpaTe, Tak Kak IIMPOKKE IPAHULIbI KJIETOYHOCTH KOCTHOTO MO3ra B HOPME He
BCEr/ia JaloT BO3MOXKHOCTh CYIUTh 00 3TOM, C JIPyroi CTOPOHBI JIMM(OIMTO3 KOCTHOTO
MO3Ta aCCOIMMPYETCs C HHBa3MEl HEeOIuTaCTHIECKUMHE KiieTkamu ripu JIT13.

Cyns 1o JaHHBIM JIUTEPATYphl, OIEHKAa Yncia JMM(OINTOB B acnupare HOp-
MaJIbHOTO KOCTHOTO MO3ra B pasHbIX padoTax BapbUpyeT 3HAYHUTENbHO. B Tabm. 3
MIPEACTaBICHBI MOKA3aTeIH 0NN JTUM(ONNTOB B HOPMAJIbHONW MHENIOTrpaMMe OTe-
YECTBEHHBIX M 3apyOEXHBIX HCCIIENOBATENCH 3a pas3Hble rojbl. B GoipmmHCTBE
paboT OIEHKa YKCIia MUEIOKAPHOIIMTOB MPOBOAMIACH BU3YyalIbHO M TOJBKO B ABYX
OTEYECTBEHHBIX paboTax MOJCUMTHIBAJINCH TOYHBIE MOKazaTelau. B To ke Bpems
OTJICJIbHBIE aBTOPHI aKIEHTUPYIOT BHUMaHHE Ha MUHMMAaJIbHOM 00BeMe HCCIeno-
BaHHOTO acrupaTa JJisi n30exaHusl pa3BeleHus epuGepruIecKoi KpOBbIO.

Kax BuzmHO 13 a6 3, cpenuee uncino MMMAOIMTOB B KOCTHOM MO3Te€ B HOpME KO-
JIeOJICTCS Y Pa3HBIX aBTOPOB OT 7,5 1m0 18%. 3HAUUTENBHBIC PA3IUYHsl ONPEICIISTFOTCS
Kak B HIDKHUX rpaHunax Hopmsl (1,2—11%), Tak u B Bepxuux (8,4—35%). Takum obOpa-
30M, JI0 HACTOSIILIETO BPEMEHHN HET YOS IUTEIbHBIX JaHHBIX O YHCIIE JIMM(OLUTOB, CIIe-
I(UYHBIX TOJIBKO JUISi KOCTHOMO3roBO# TKaHu. IIpobiemMa HCTHHHOTO cocTaBa KOCT-
HOTO Mo3ra 0e3 pa3BeIcHHs OCTAETCS JI0 MOCIIEAHEr0 BPEMEHH HEPEIIIEHHOIA.
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High blood thrombocytosis and bone marrow megakaryocytosis with marked
morphological dysplasia are associated with chromosomal aberration 3(q21;q26)
characteristic of AML and MDS. Dysmegakaryocytopoiesis is manifested by the
presence of small uninucleate cells with disintegrated nuclei [14].

Myelogram interpretation involves use of supplementary indices. Ratio of per-
centages of granulocyte and erythroid blasts (leukoerythroblast ratio) is normally
2.1 to 4.5. Increase in this parameter in normo- or hypercellular bone marrow is
associated with hyperplasia of white cells. Increased neutrophil count may, on the
one hand, be a reaction to bacterial infection or neoplastic process in Hodgkin’s
lymphoma, or, on the other hand, result from tumor development. Enlarged granu-
locyte pool is a characteristic sign of CML.

Decrease in leukoerythroblast ratio in normo- or hypercellular bone marrow is
due to absolute enlargement in the erythroid and narrowing of the granulocyte pools.
This situation is specific of anemias of various origin (B,- and folate-deficient,
hemolytic anemia, chronic conditions), and of acute erythromyelosis and MDS.

Decrease in leukoerythroblast ratio in hypocellular bone marrow is evidence of
a considerable reduction in granulocyte pool in cancer patients on therapy or in
agranulocytosis.

Analysis of lymphocyte count is a special problem in myelogram interpretation.
Normally these cells are 4.3 to 13.7%. This is because the number of lymphocytes
increases to maximum levels or higher due to dilution of specimens with peripheral
blood. Lymphocyte count may to a certain degree be indicative of blood admixture,
because the broad ranges of bone marrow cellularity may not always allow correct
judgment, on the other hand, bone marrow lymphocytosis is associated with inva-
sion of neoplastic cells in LPD.

Normal lymphocyte ranges in bone marrow aspirates are differently assessed
by different authors. Table 3 summarizes lymphoid fractions in normal myelogram
as proposed by Russian and foreign investigators. In most publications myelokar-
yocyte count was determined by visual inspection, while exact numbers were given
in 2 Russian papers only. At the same time some authors focus on minimal amount
of specimens to avoid dilution.

As seen in table 3, mean number of lymphocytes in bone marrow normally
ranges from 7.5 to 18%. Considerable differences are seen both in the lower (1.2 to
11%) and the upper (8.4 to 35%) normal limits. So, there are no definite data about
the number of lymphocytes specific of bone marrow only. The problem of true
bone marrow composition free from dilution has to be solved yet.
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Ta6unuma 3
KOJ'II/I‘ICCTBO J'II/IM(I)OIII/ITOB B KOCTHOM MO3r¢ B HOpMC
n Bos- V nyHkrara Kaeros- JInmdormrsr
ABTOpBI Ton ucei. Ion pacr (1) HOCTb %
(roapl) M x10%/m °
M, 14,6
[15] | 1941 28 | ™ | 20-29 <0,5 - (67-22.5)
16,8
[16] [1935| 52 | m | 20-30 0,2 - (72-263)
18,1
40 | x| 20-30 3,0 - (10.5-25.7)
M, 16,2
[17] | 1947 | 50 | 2o | 17-45 = - (7.5-76.5)
16,2
18] (1974 12 | m | >18 0,1-0,2 - 8.6-23.8)
[12] | 1996 | 50 i‘K 21-56 - - 13,1 (6-20)
M, 16,1
[19] | 1996 | 67 | > | >I8 - - (6.0-76.2)
M, 16,2
BT | = | — | x | >I8 - - (11-23)
M, 118,4 9,0
[10] | 2002 — 1 0| >I8 - @161950) | (43-13.7)
[ |1938| - 1:( >18 - - 10-13
2] | 1940 | - 1:( >18 - - 1,2-11,5
31 (1941 - | ™| >18 - - 4,0-19,8
X
4] | 1951 | - 1‘;{ >18 - - 2,9-10
[20] | 1952 | - “;( >18 - - 4,0-8.4
M, 7,50
21] 1954 | - ] 18 - - (2.5-15)
2 [1997 | — | | sg - 0=250 1 1o 15
M, 14
23] 1960 | - S EEST: - - (4.0-35.0)
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Table 3
Normal bone marrow lymphocyte count
No. of .
Au- Gen- Age, Punctate Cellularity, Lymphocytes,
thors | Y& Stil;g_ der years volume, ml x10%/1 %
14.6
[15] | 1941 | 28 | m,f | 20-29 <0.5 - (6.7—22.5)
16.8
[16] | 1935 | 52 m | 20-30 0.2 - (7.2-263)
18.1
40 f |20-30 3.0 - (105 - 25.7)
16.2
[17] | 1947 | 50 | m,f | 1745 - - (7.5 - 26.5)
16.2
[18] | 1974 | 12 | m | >18 | 0.1-02 - (8.6-23.8)
[121 11996 | 50 | m,f|21-56 — — 13.1 (6 — 20)
16.1
[19] | 1996 | 67 | m,f| >18 — - (6.0 —26.2)
16.2
[9] mf| >18 - - (11-23)
118.4 9.0
[10] | 20021 — | m, T} >I8 - (41.6—195.0) | (43—13.7)
[1] | 1938 m,f| >I8 — — 10— 13
[2] | 1940 m,f| >I8 — — 12-115
[3] | 1941 m,f| >I8 — - 4.0-19.8
[4] | 1951 m f| >18 — - 2.9-10
[20] | 1952 mf| >18 — — 40-84
7.50
[21] | 1954 mf| >18 - - (2.5 15)
2211997 | — |mf| >I8 - 50-250 12115
23] | 1960 | — | m,f| >I8 = - 14

(4.0 — 35.0)
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CaMOCTOATEIIBHYIO KJIMHUYECKYIO POOIIEMy TpeICTaBIseT IUAarHOCTUKA BTOPHY-
ueix MJIC, OMJI 1 MITH y nanmeHToB pa3iMyHbIMA OITyXOJIEBBIMH 3a00JIeBaHHSIMH,
MOJNYYaBIIMX paHee XUMHO- WM JIyYeBYIO TEpamuio. XapaKTepHBIMH IpU3HAKAMH
BTOPHYHOTO TeMOOJIACT03a SBISIOTCS BBIPAKEHHAS IUCIUIA3US TPAHYJIOLUTOB, HOP-
MOOJIACTOB M MEraKapHOLIMTOB, HATMYKE OJIACTOB B acnypare KOCTHOTO MO3Tra U OTIIe-
YaTKax TpernaHoononrTara. Bpems: BOSHUKHOBEHHS BTOPOTO 3a00JIEBaHMS KONeOeTcs! B
LIMPOKHUX TIPEZieNIaX U 3aBUCUT OT XapaKTepa MPOBOAUMOTrO Je4eHHs. PUCK BOSHUKHO-
BEHUsI TeM00J1acT03a MPSIMO MPOTIOPIMOHANICH CTAANH TIEPBUYIHOI OIyX0JIM U 0OpPaTHO
Bo3pacty 6ompHBIX. Tak, mpu PMX crenens pucka xonebnercs ot 1,87 mpu I 1o 5,66
npu 111 cragum u mocnenoBarensHO cHIbKaercs ot 10,6 B Bozpacte 20 — 49 ner o 1,28
crapire 75 [25]. VI3MeHeHne cxeM JIeueHUs] yMEHBIIaeT CTeleHb pucka Jielikosa. Tak
NPH HEXO/PKKMHCKOH JinMpome pesxm ABVD cHuzun puck no cpaBuenuto ¢ COPP ¢
3.4 no 0,7% [26], a orpaHrueHre 03Bl AJTKIIUPYIOUIMX areHTOB MPH HEOIUIA3USIX
YMEHBIIIWIO YUCIIO BTOPUYHBIX JIeHK030B ¢ 5,7 10 0,3% [27].

ITonck MeTacTa3oB B KOCTHOM MO3T€ NPH PYTUHHOM MOpP(OIOrHYeckoM Hc-
CJIE/IOBAaHUM acnupara, OTIeYaTKa TpernaHoOuonTara M COOCTBEHHO TperaHara
AMEET OTHOCHUTENIFHO HHU3KYI0 IHarHOCTHYECKYIO0 LEHHOCTh. [lokasaHo, 4TO Yy
60spHBIX PMOK ¢ IpM>KM3HEHHBIM OTCYTCTBHEM METAcTa30B Ha ayTOIICHH OHM BBI-
sursttotest B 80% cirydaes [28].

B Hacrosee BpeMs ycwiIusl TMarHOCTOB HANpPaBIEHbI Ha UCIIOIb30BAaHUE Me-
TOA0B UMMyHOXuMuH, 1P, npoTOYHON LMTOMETPUN Ui BBIABICHUS HE TOJIBKO
KOMIUIEKCOB, HO M M30JHPOBAHHBIX omyxoseBblx kieTok (MOK) B kocTHOM Mo3re
[29]. Tak, y 6onpHBIX PMIK, mpu cTaHZapTHOM METOJIE MCCIIEIOBAaHUS KOTOPBIX
METacTa3bl OTCYTCTBOBAJIH, 110 JaHHBIM [ILIP oOHapyxuBanuce y 52% c I cranueit
3aboneBanus, y 57% c lll my 82% c IV . B pabdore O.b. Bxanyr npu nMMyHOLH-
TOJIOTHYECKOM HCCIIEOBAaHUN MeTacTas3bl BRIABIUIHCE Yy 40% OGonpHbIX PMIXK B
I cranuu, y 50-60% Bo I, y 60% B IIl u 'y 62,5% B IV [30]. IToka3ano, 4To MUK-
pOMeTacTasbl BEIBISIOTCS CyliecTBeHHO yaine (45,3%) npu ncrnonszoBannn MKA
K SIUTENNAIBHBIM KJIETKaM, YeM HPU OOBIYHOM IUTOJIOTMYECKOM HCCIIeIOBAHUN
(3,77%) [31]. Pekomenayercs mpu oOCIeAOBaHUH MAIMEHTOK HA PAHHUX CTAJHIX
00JIe3HN MCIOTB30BaTh MMMYHOINTOIOTHYECKUN MOAXO0 IS YTOUHEHHUS CTENICHN
pacIpocTpaHeHHOCTH IIpoLecca.

MHoroo0pa3ne METOANYECKHX MOAXO00B K MOMCKY PAKOBBIX KIIETOK 3HAYUTEIHHO
pacIIMpUIIO TPAHUIBl AWATHOCTHYECKHX BO3MOXKHOCTEH. C MOMOIIBIO IPOTOYHOM
uroMetpun BeiBIsieTca onHa MOK ¢ gacroroit Ha 100 000 ki1eTok, a mpu Uccieno-
Baruu ¢ [P — oxgna Ha 20 000 000 ki1eTok. Pe3ynsTaTel IPOBECHHBIX HCCIEA0BAHUI
OKa3aJIMCh KIMHUYECKW 3HAYMMBIMH JUISl TIPOTHO3MPOBaHMS TeueHusi OosesHu. Tax,
YCTaHOBJICHA JIOCTOBEPHO Ooubimasi BeDKuBaeMocTh MIOK  OonpHbix PMIK, pakom
TOJNCTON KMIIKH, 5KeNTy/IKa 1o cpaBHeHHIo ¢ nanuentamu MOK'. OHako natoreHeTH-
YecKHe MEXaHM3MBI TEPeHOCa PAKOBBIX KJIETOK B KOCTHBIM MO3r M (hOpMHpOBaHHE
METACTaTHYECKHX 0YaroB OCTAIOTCSI HEJJOCTATOYHO SICHBIMH U SIBJISIIOTCS B HACTOSIIICE
BpeMs 33/1auei 711 MHOTOYHMCIICHHBIX NCCIIEJOBAHMIA.
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The diagnosis of secondary MDS, AML and MPN in cases with various tumors
receiving previous chemo- or radiotherapy is a separate problem. Secondary hema-
tology malignancies are characterized by marked dysplasia of granulocytes, nor-
moblasts and megakaryocytes, the presence of blasts in bone marrow aspirates and
trepan biopsy smears. Time to development of the second disease varies greatly
and depends on type of previous therapy. The risk of the second tumor is directly
correlated with stage of the primary and inversely correlated with patient age. For
instance, in breast cancer the risk is from 1.87 for stage I to 5.66 for stage III and
decreases gradually from 10.6 for patients aged 20 to 49 years to 1.28 for those
above 75 years of age [25]. Improvement in treatment schedules decreases the risk
of leukemia. For instance, use of ABVD schedule instead of COPP reduced the
risk from 3.4% to 0.7% in non-Hodgkin’s lymphoma [26], and limited use of alky-
lating agents in neoplasia resulted in a decrease in incidence of second leukemia
from 5.3 to 0.3% [27].

Search for bone marrow metastasis by routine morphological study of aspirates,
trepan biopsy smears or trepan biopsies is but of limited diagnostic value. It is
shown that post mortem examination discovered metastases in 80% of breast can-
cer cases free from metastases by biopsy [28].

The investigators currently focus their effort on utilization of immunochemis-
try, PCR, flow cytometry to detect both clusters of and ITC in bone marrow [29].
For instance, in breast cancer free from metastasis by standard study the portion of
metastasis-positive cases by PCR reaches 52% for stage 11, 57% for stage I1I and
82% for stage IV. According to Bzhadug [30] rates of immunocytological detec-
tion of metastasis from breast cancer are 40% in stage I, 50 to 60% in stage II, 60%
in stage III and 62.5% in stage IV. Micrometastasis is detected much more fre-
quently (45.3%) by analysis with MAB to epithelial cells than by standard cytol-
ogy (3.77%) [31]. It is recommended to use immunocytological approach when
examining patients with early cancer to make a more accurate assessment of dis-
ease extent.

Use of multiple methodologies for detection of cancer cells has enlarged con-
siderably potentials of the diagnosis. Flow cytometry can detect a single ITC per
100 000 cells, while PCR capacity is 1 per 20 000 000 cells. The results are of
clinical significance for the prognosis of disease course. Survival of ITC-negative
as compared to ITC-positive patients is significantly higher in breast, colonic and
gastric cancers. However pathogenetic mechanisms of cancer cell transition to
bone marrow and development of bone marrow metastases are yet unclear and are
addressed by multiple investigators.
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OnHuM U3 pa3ziesioB ITUX MOUCKOB SBIISIETCS U3yYEHHE MUHUMAIBHON pe3uay-
anpHOM Oone3nn y marmeHToB ¢ OJI, MHOkecTBeHHOU Muenomoit u JIII3. Mcmons-
30BaHUE IIUPOKON NAIUTPHl MOHOKJIOHAJIBHBIX aHTUTEN B IPOTOYHON LIUTOMETPUU
MO3BOJISCT BBIIBUTh MUHUMAIBHYIO MPONMH(EPALHIO OMyXOJIEBBIX KIETOK B KOCT-
HOM MO3T€, YTO TIO3BOJIIET CKOPPEKTHPOBATh TEPAHIO M OIPEIEIUTH MPOTHO3
TedyeHus 3a00JIEBAHMS.

Takum 00Opa3oM, ciemyeT KOHCTAaTHPOBaTh, YTO IMyHKIHS M TPETMAaHOOHOICHS
KOCTHOTO MO3Ta SIBIISIIOTCSI BaXHBIMH JAHATHOCTHYCCKUMU MEPOIPUATHSIMHE, HH-
(hopMaTHBHOCTh KOTOPHIX PACHIMPSETCS [0 MEpPe BHEAPEHHS HOBBIX BBICOKO TEX-
HOJIOTHYCCKUX IMOJXOJ0B. XapaKTePUCTUKA HEOIUTa3uii MHUEIOUIHOTO M JUM(O-
HIHOTO psia, OOHApYKEHHE MAKpO- U MUKPO- METACTaTUUECKUX OYaroB U M30JIH-
POBaHHBIX OMYXOJEBBIX KJIETOK MO3BOJIIOT MHAWBUIYyAM3UPOBAThH TepareBTUYe-
ckue noaxonl. McciaenoBanue KOCTHOTO MO3Ta UTPAET BEAYIIYIO POJIb B U3yUECHUU
3aKOHOMEPHOCTEN NUCCEMUHALIMM B OPraHU3MeE HEOIUIACTHUECKHUX KJIETOK U3 Tep-
BHYHOI'O OYara.

Minimal residual disease in AL, multiple myeloma and LPD is one of issues
under study. Use of broad panels of monoclonal antibodies in flow cytometry helps
to detect minimal proliferation of cancer cells in bone marrow for the clinician to
make correct clinical decisions and prognosis of disease course.

In conclusion, bone marrow puncture and trepan biopsy are valuable diagnostic
tools whose informative significance is increasing in parallel with implementation
of novel high-technology approaches. Characterization of myeloid and lymphoid
neoplasia, detection of macro- and micrometastasis and IST help to individualize
therapy. Study of bone marrow plays the leading role in the understanding of
mechanisms of tumor cells dissemination from the primary lesion.
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b. Bpanoo, A. 'ammu

AHAJIN3 HOPMAJIBHOTI'O KOCTHOI'O MO3Tr'A

METO/IOM MHOI'OIIBETHOM ITPOTOYHOM IUTOMETPUU
Jlabopamopusi 2emamono2uu 1 yeHmp nepeausanst Kposu, 6ovHuya Jleeano, Jleeano

AlcTpakT

M3yuenue cTpyKTyphl KIETOYHBIX NOMYJALMHA HopMaibHoro KM uenoBeka umeer or-
POMHOE 3HaYeHHME TS TOYHON UArHOCTHKH M TIPABIIIFHOM KITACCH(UKAIH TeMOoOIIacTo-
30B. Ha OCHOBaHHMM OTHOCHTEJILHOTO COZICP)KaHMsI OIpPE/IE/ICHHbIX KIIETOUHBIX CYOIOITy-
s B KM ObUtH onpeienieHbl MHOTHE TTaTONIOTHYECKNUE COCTOSHUSL, OJTHAKO BBISBIICHHE
CYOITOIyJISIMIA, COCTABILIIONMX 5% M MEHee OT OOIIEro umcia KICTOK, MPE/CTABIISCT
onpe/eNieHHbIE TPYIHOCTH; eIlle OJHOW IpOOJIEMOH SBIISETCST HENPHEMIIEMO MIMPOKOE
PacxoXK/IeHNE PE3yIIbTATOB aHaIIH3a, IPOBEICHHOTO Pa3HBIMU HCCIIEIOBATEISIMIL

MIIL cycnen3un acnuparoB KM mpencraBiseT LEHHBI MHCTPYMEHT LIUTO-
MOP(OIIOTHYECKOTO aHAIN3a, OCOOEHHO B TeX CIIydasx, KOrja TpeOyeTcs BHIIBUTH
«HEYIIOBHMBIE)» THITHI KIIETOK M OTIPEJEINTh HX OTHOCUTEIBHOE COIEPKAHUE.

Onnako mmroMopgonorudecknii aHam3 MaskoB KM u MIIL cycnieHsmit KieTok
KM He SBISIIOTCS] HOMHOCTBIO MEPEKPHIBAIOIIIMH IPYT JIPYTa METOAUKAMH, B CBSI3H C
TEeM, 9TO B IOCIIEAHEM CIIydae paz0aBiieHre o0pasiia meprueprIeckor KPOBBIO MOXKET
CYLIECTBEHHO TMOBJIMSTH HA KOHIIEHTPAIMIO OTIEIBHBIX CyOmomysimii kierok KM B
o0paslie ¥ U3MEHUTb COOTBETCTBYIOIIEE OTHOCHUTENIFHOE COJICPKAHUE 3THX CyOroIyJisi-
1uit. Kpome Toro, HEKOTOpBIE THITHI KJIETOK, HAIIPUMEp, TIa3MOLUTHI, MOTYT CIIMIIAThCS,
YTO 3aTPYIHSET MONYYCHHE OJHOKICTOUYHON CYCIIEH3MH W MPHBOIUT IPAKTHUECKH BCE-
IJa K HEJOOLEHKE MX KOHIEHTpauuy npu aHanmse merogoM MIIL no cpaBHeHumio ¢
ToMopdororndeckuM anann3oMm MaskoB KM. Tem e menee, MIIL] He mmeer cebe
PaBHBIX TPY KadeCTBEHHOM aHAIN3E CIIOXKHBIX KJIETOYHBIX cMecel. B Tex cimydasx, ko-
I7]a HEOOXOIMMO OIPEACIUTh CTENEHb CO3PEBAHMS TEMATONO3THYECKUX KIIETOYHBIX
JIMHUH, OLEHUTH CIIOKHBINA COCTaB OJIACTOB M KJIETOK-TIPEAIICCTBEHHUKOB, In(depeH-
LIPOBATh PEAaKTUBHBIN M 3JI0KAYECTBEHHBIN POCT KIIETOK, OIPEETUTh KIETOUHBIN (e-
HOTHII JUIsl OLIEHKU IIPOTHO3a 3a00JIEBaHMS Y CAENATh TOYHBINA aHAIN3 MUHUMAIBHOTO
OCTaTOYHOTO 3a00JIeBaHus1, UccienoBateny BoiouparoT MIIL] kak MeTo HerpeB3oiiIeH-
HOW TOYHOCTH, HaJIE)KHOCTH M CKOPOCTH.

MIILL 0cOOEHHO XOPOIIO MOAXOIUT JIsi OICHKH BO3PACTOCHICIIM(PUUSCKUX H3-
MEHEHHMH KJIETOYHBIX cyOnomysmsiiuii HopMansHoro KM, ¢usnonornyeckoii peax-
mun KM Ha BocmanuTenbHble COCTOSIHUS WK BoccranoBienne KM mnocne xumuo-
TEpanuy, a TakxKe JJIsl HCCIIeIOBaHUH IOy B-kieTok.

B nmanHOW cTaTbe paccMaTpUBAIOTCS W KPUTHUCCKH OOCYXIAIOTCS BOIPOCHI
npumenennss MIIL mpu mcciaenoBaHUM THIIOB KIICTOK, OMPENEICHHN UX OTHOCH-
TENIBHOTO COJEPKAaHMSI M CTPYKTYpPBI co3peBanusl B HopMansHOM KM, a Takxe mpu
nMMyHO(peHoTUIIMpoBaHuH. Llens paboTel — aHamU3 MPUMEPOB, KOTOPBIE MOTYT
CIIy’KHTb OTIIPABHON TOYKOM JJIs1 KOMIUIEKCHOTO N3y4YECHHUS TeMOOIacTO30B.
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Abstract

The knowledge of the cellular population patterns of the normal human BM is
of utmost importance in the precise diagnosis and correct classification of haema-
tological malignancies. Many disease states are now defined according to specific
frequencies of BM cell subset types, but human eye may be quite imprecise around
5% or less, and inter-observer variability can be unacceptably wide in many in-
stances.

FCM analysis of the BM aspirate suspensions is a valuable tool to support the
cytomorphologic assessment, especially when elusive cell types have to be identi-
fied and their frequency evaluated.

However, the cytomorphologic analysis of BM particle smears and the FCM
evaluation of BM cell suspensions are not entirely overlapping techniques, since in
the latter case the dilution by sinusoidal blood may modify remarkably the cellular
concentration of BM cell subsets in the sample and change the respective actual
cell frequencies. Moreover, certain cell types like Plasmacells are sticky and diffi-
cult to bring into a single-cell suspension, thus making their FCM evaluation al-
most invariably underestimated, as compared to cytomorphology of BM particle
smears.

FCM is nevertheless unbeatable when the quality of complex cell mixtures is to
be evaluated. The maturation patterns of haematopoietic cell lines, the complexity
of BM blasts and precursor cells, the discrimination between reactive and malig-
nant cell growth, the prognosis-related cell phenotypes and the accurate analysis of
minimal residual disease are all managed by FCM with unsurpassed accuracy, reli-
ability and speed.

The evaluation of age-related changes of normal BM cell populations and the
physiological BM response to inflammatory states or post-chemotherapy recovery
are particularly well suited to multicolor FCM analysis, and particularly useful in
the study of B cell compartment.

In this review the normal BM cell types, frequencies and maturation patterns
that can be evaluated by FCM and immunophenotyping analysis are described and
critically discussed. The aim of the present review is to provide examples that may
serve as a baseline reference in the complex and delicate study of haematological
malignancies.
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BBenenue

HenpepsiBHast mpogyKnust 3peibIX KJIETOK KpPOBH 00ECHEeYMBAETCs YIOPSIO-
YEeHHBIM Pa3BUTHEM TemarornodTndeckux auHui B KM. s storo tpebyercs: Koo-
repanysi KOCTHOMO3TOBBIX IPEIIECTBCHHHUKOB, IUTOKHHOB, XEMOKHHOB M A-
KJIIETOK B BBICOKOOPTaHM30BAHHOM MHUKpOOKpyxkeHuu [1; 2]. Mexanusmer KM
JOJDKHBI OBITh TOTOBBI OTBETUTH HA BHEIIHHWE CTHMYJIBI, HAIIPUMED, HEOKHIAHHOE
MTOBBIIIIEHHE TOTPEOHOCTH B MepuepHIecKiX KIIeTKaX, WH(PEKINH, BO3eHCTBIE
TOKCHYECKHX BEIIECTB M XMMHOTEPANEBTUYECKUX MpemaparoB. Kpome Ttoro, Ha
NPOTSHKEHUN JKU3HU YeJI0OBEKa MPOUCXO/ST 3HAYNTEIbHbIE H3MEHEHUsI XapaKTepH-
ctuk kinerok KM [3].

B cBs3M ¢ 3THM «HOPMAIBHOCTEY KJIETOYHOTrO coctaBa KM sBiseTcst TOBOJILHO
W3MEHYMBBIM ITOHSITHEM, KOTOPOE JOJDKHO YUUTHIBATH BIMSHUE Pa3INYHbIX (JaKTOPOB.

B cootBercTBHM ¢ MHOIMMHM KIMHHYECKMMH PYKOBOJCTBaMH ITOMOpQooruye-
CKO€ HCCJIE/IOBAaHME TPATULIIOHHO SIBIISICTCS «30JIOTBIM CTAaHIAPTOM» JUTS OTPEJICIICHHS
kirerouHocTd KM B LieisiX AMarHOCTHKY W CTaJMpPOBAHMSI PA3IMIHBIX TeMOOJIacTO30B
[4]. OnHako MpH MUKPOCKOIIMYECKOM AHAJIM3E U TOJICUETE KIETOK BO3HMKAIOT OMpEsie-
JICHHBIE TPYIHOCTH, CBA3aHHBIE C BEICOKUM YPOBHEM CyOBEKTUBHOCTH B HHTEPIPETALIN
pE3yJIbTaTOB, @ TAKXKE PACXOXKACHHEM OLCHOK y pa3HbIX HcciemoBatenei. OcoOeHHO
TPYAHO JOCTUYb TIPUEMIIEMOTO KOHCEHCYCa MPH aHATIN3€ TIOMYJIALMHA ¢ HU3KOH KOHIIEH-
Tparmeit (T.e. okono 5% U MeHee), Jake B TeX CIIydasx, KOorja JUar{Ho3 He BbI3bIBAET
comHenus [5; 6]. T1L] mproOperaer Bce Oosee BaKHOE 3HAYCHHE B aHAIN3€ reMo0IIacTo-
30B, Onarozapsi OBICTPOTE M BHICOKOH BOCIIPOU3BOAMMOCTH PE3YJILTATOB ONPEIeICHHUS 1
KOJIMYECTBEHHO! OLIEHKH Pa3HOOOPA3HBIX KIICTOUHBIX THIIOB, JAKE B CIIydae OYEHb pell-
KUX COOBITHH WMIIM HaJIM4Ms TIPUMECcei OTPOMHOIO YHMCIia HEPEJIEBAHTHBIX COITYTCTBYIO-
X KeTok [7]. Tem He MeHee, poib 3TOTO METOZA KaK aJIbTEpHATUBBI LIMTOMOP(OIIOTH-
YECKOMY HICCIIE/IOBAHHIO M JayKe OoJiee MPEANOYTUTENBHOTO MOX0/a IT0 CPABHEHHIO C
BI3YIBHBIM MUKPOCKOITYECKUM aHAJIM30M BCE EIIE OCTIapHBAEeTCs, IPH 3TOM YTBEP)K/Ia-
€TCsI eTO IPUMEHIMOCTB TOJIBKO JITsl HEOOJTBIIIOr0 YHCIa KIMHIYSCKHX cocTostHmMi [8—10].

Jns mpoBenennst nuromopdonorndeckoro ananuza acruparos KM tpebyercs
2—-3 M cycrieH3un mepBoro 3adopa B 9JITA, u3 KOTOpoit HEOOXOIUMO OCTOPOKHO
BBIIEUTH YacTUIbl KM 1 MOATrOTOBUTH CEpHIO Ma3KOB Ha MPEAMETHBIX CTeKIax. B
HACTOsAIIEe BPeMsl OOLICTIPUHSTHIH CTAaHAAPT HA/JEKHOTO HUTOMOP(HOIOrHIECKOTO
aHamM3a BKIIOYAET TaKkue TpeOOBaHMS, KaK MaHONTHYECKas oKpacka aist audde-
PEHLHAIBHOTO MHKPOCKOIHMYECKOro mojcdera He MeHee 500 smpoconepikamiux
KIeToKk 1 He MeHee 200 KJICTOK MHEJIOUIHOW JIMHHH, OKpallluBaHHE OCPIMHCKOMI
Ja3yphI0 ¥ HUTOXMMHUYECKOE OKpalInBaHue 1o Heooxoaumoctu [11; 12].

Jns MIIL-ananu3a rereporeHuslii oopaszer; KM HeoOxoanmo npeobpas3oBarts B
MOHOJIMCIIEPCHYIO KJIETOYHYIO CYCIEH3HIO, MNPEANOYTUTENBHO MEXaHWYeCKUMHU
cpeacTBaMu. Hewcrionp3oBaHHBIE OCTaTKH 00paslioB OOBEIUHSIOTCS C COITYTCT-
BYIOIIEH KPOBBIO, OCTATOYHBIE YACTUIIBI OABEPTAIOT IE3UHTETPALMH C HCIIOIB30-
BaHMEM MUIIETKU WM HEHIOHOBOH CETKH.
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Introduction

The continuous production of mature blood cells is ensured by the orderly de-
velopment of haematopoietic lineages in the bone marrow (BM). This requires the
cooperation of BM precursors, cytokines, chemokines and accessory cells in a well
regulated microenvironment [1; 2]. The BM machinery must be ready to respond
to external stimuli, such as unexpected increases of peripheral cell demand, infec-
tions, insults from toxic or chemotherapeutic agents. Moreover, throughout human
life BM cell features change remarkably with age [3].

Therefore ‘normality’ in the BM cell composition must be kept as a very flexi-
ble concept and must take into account the effects of a number of interfering fac-
tors.

According to many clinical guidelines, cytomorphology is kept as the tradi-
tional golden standard to obtain the required cell frequency values that assist the
diagnosis and the definition of the clinical grading of different haematological dis-
eases [4].

However, microscopic cell evaluation and counting is hampered by a high level
of subjective interpretation and interobserver variability. Acceptable consensus
may be particularly difficult to obtain especially when low cell frequencies (i.e.
around 5% or less) have to be evaluated, even in cases with a well established di-
agnosis [5; 6].

Flow Cytometry (FCM) has gained an ever increasing role in the analysis of
haematological malignancies due to its rapid and highly reproducible detection and
enumeration of many different cell types at a time, also if they are very rare or ad-
mixed to an overwhelming number of non-relevant accompanying cells [7]. Its role
as an alternative to cytomorphology or even its better performance over the visual
microscopic analysis is however still debated, having been unequivocally demon-
strated in a few clinical conditions only [8—10].

Cytomorphological analysis of BM aspirates requires a 2—3 mL ‘first pull’ sus-
pension in EDTA, in which BM particles must be carefully isolated and smeared
flat on a series of slides. Panoptic stains for a differential microscope cell count of
at least 500 nucleated cells and at least 200 myeloid lineage cells, prussian blue
and cytochemical stains, if required, are the currently accepted standard for a reli-
able cytomorphological analysis [11; 12].

For Flow Cytometry (FCM) analysis the dishomogeneous BM sample should
be reduced to a monodisperse cell suspension, preferably by mechanical means.
The sample leftovers are put together again along with the accompanying blood,
the residual particles are submitted to a gentle disruption maneuver by either
squeezing with a pipette or passing through increasing gauge needles or nylon
meshes.
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3T0 moMoraer MoHATh, OYeMy JIBa METO/la HE CIIOCOOHBI JaTh OJAMHAKOBBIA pe-
3yJIBTAT OIpe/esIeHns KIIeToYHOoCTH. Pemarontyto ponb urpaer pasbasnenne KM me-
pudeprueckoil KpoBbIO B KIJIETOYHBIX CYCIICH3HSX, KOTOpPBIE HCHOJB3YIOTCS JUIS
MIILI-ananu3a.

Hecmotpst Ha yka3aHHBIE TEXHWYECKHE MPOOJIEMBI, IUTOMOP(MOIOTNYeCKUH aHa-
m3 u MIIL] B HacTosiiee BpeMsl SBISIFOTCS JBYMSI OCHOBHBIMH M JIOTIOJTHSIOIIVIMHU
JIpyT Ipyra METOJaMH IOIy4YeHHs OCHOBHOTO MaccHBa MH(OpPMAalMM Ha acmuparax
KM. Cymmupyst BbllIecKa3aHHOE, IIMTOMOP(OIOTMYECKUH aHaIU3 MOXKHO CUHTATh
OCHOBHBIM KOJIMIECTBEHHBIM METOI0M, Torza kak MIIL] 0ObIMHO MO3BOMSET MOMYYINTH
Oonplire KayecTBeHHON nH(popMaruy. OIHAKO U3 3TOTO NPaBKJa €CTh U UCKIIFOYCHHUSI.
OOmue pe3ynbTarhl, OIYYSHHbIE ITUMH JIBYMsI METOIaMH, BCeTia TpeOyIOT CpaBHe-
HUS ¥ JIOJDKHBI KaK MOKHO OOJIbIIIe COBIaAaTh. B ciemyromux pasaenax npHBOAUTCS
KpaTkuii 0630p BorpocoB MIIL{-aHann3a OCHOBHBIX momyssinui kietok KM B HopMe.

Ilpoonema zemoounioyuu oopasyoe KM

PaszbaBienne auccormupoBaHHbIX KiIeTOK KM 3penbiMu sieMeHTaMu rieprugepu-
YEeCKOH KpOBH MPEICTaBIsIET COO0H MPaKTHYECKH HEMpeoAoInMyro npobmemy. Mac-
CHBHOE 3arpsi3HCHHE 00paslia KPOBBIO HE MO3BOJLSIET CAENATh TOYHBINA KOJIMYECTBEH-
HBIM aHaNM3 KJIETOYHOTO coctaBa KM 1 CyIeCTBEHHO CHIKAeT CTAaTHCTUYECKYHO LIEH-
HOCTh aHaIn3a o0pa3lia U ero MH(POPMATUBHOCTh IIPU MATOIOTHIECKUX COCTOSHHSIX
[13]. st OrleHKHM KOHTAMHHAIIMK 00pasiia KPOBBIO U COOTBETCTBYIOIIETO PABUIILHO-
ro nojcyera kjaetoyHocTd KM npeuioxkeHo HECKOIBKO MOAXO0/I0B, B OCHOBE KOTOPBIX
JI@KUT pasiuuue NpoQuiel MOBEPXHOCTHBIX aHTUTCHOB Y 3pEJIbIX DJIEMEHTOB MEpH-
(hepryecKoii KPOBH M CO3peBaroIInX 3meMenToB KM [14—17].

OnuH u3 Haubosee oMy sipHbIX MeTooB TouHoro MIIII-oncuera Gractor KM
(Tarke M 10 COIEPIKaHUIO PYTHX KIIETOUHbIX cyonomysimii KM) Ha ocHOBe orpene-
JIHUsI CTETIEHN KOHTAMHUHALMH 3peJIbIMH 3JIeMeHTaMu KpoBH npepiokut Loken [16]. B
OCHOBE 3TOr'0 METO/a JISKHUT MPEATIONIOKEHNE, YTO Ha JIOJIF0 HE3PENbIX KJIETOK TPaHyIIo-
murapro# ymaIA CD16-neg/dim nmpuxomurcs 80% Bceit MuenonmHo#H nomyrmimi KM,
YTO ONpPENeIIeTCsl aHATIM30M TPENaHOOMONTaTOB Y HOPMAIBHBIX TOHOPOB. Pazbasie-
Hue 3pensvu [IMD neprdeprdeckoil KpoBH 3HAYUTETHHO CHIDKAET 3TO KOJIHMYECTBO.
B cBsi31 ¢ 3TMM, HOPMATN30BAHHOE OTHOCUTEIIBHOE COACpXKaHUe JIF000H CyOmomyrs-
i kietok KM MoxkHO paccunTaTs 1o popmyste: HopmammzoBanusiit % = (80% / %
kietok CD16-neg/dim) x V3mepennsiit %.

Ecmu coneprkanne 3pensix [IMO menee 30%, KIETOYHOCTb, OMPEEICHHAs METO-
nom MIILI-ananu3a Oonee UM MEHee COBIANACT C PE3yIbTATOM MHKPOCKOIIMYECKOTO
nozicuera. [IpoTHBOpEYHBHIM MOMEHTOM 3TOTO MO/XO0/a, KACAIOMIMMCS HEO0OXO0IMMO-
CTH MCKJIFOUMTB 303uHO(mIbI (ki1eTkn CD16-neg), sBisieTcs: BONPOC, Kak ONpe/eInTh
YETKHIA Topor ist orieHku MetogoM MITL-aHanu3a, 4To0bl 3HAUCHUSI, PEBBIIIAFOIIIEC
9TOT TIOPOT MOTJIH OBITh OTBEPTHYTHI, U KaK OIPENEIIUTh €€ MPaBIILHOCTh B TEX CIIy-
Yasx, KOTrJja CHIDKEHO COZIEp)KaHHe CO3PEBAIOIIMX KIIETOK I'PaHyJIOLUTApHOTO psiaa
TP TAKHUX TTATOJIOTHYECKUX COCTOSTHUSIX, KAK MHUEJIOTUCILIA3HSL.
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This may help to understand why the two techniques cannot yield exactly the
same calculated cell frequencies. A major role is played by the variable dilution ex-
erted on BM cells by sinusoidal blood in cell suspensions used for FCM analysis.

Despite these technical differences, cytomorphology and FCM are now the two
major and complementary techniques to obtain a great deal of information from BM
aspirates: to summarize, cytomorphology can be considered as the leading quantita-
tive technique, whereas FCM can usually provide more qualitative data. Exceptions
to this rule can however occur in some instances. The overall results obtained by the
two techniques must always be compared and be as coherent as possible.

A quick review of the FCM analysis of the major BM cell compartments in
normal steady-state conditions is presented in the following chapters.

The Problem of Haemodilution of BM Samples

Dilution of dissociated BM resident cells by mature elements from the aspirated
sinusoidal blood is an almost unavoidable problem. A massive contamination by
blood hampers the correct enumeration of BM cells and greatly reduces the statistical
representation of the sample and its informative value in pathologic conditions [13].

Several methods have been proposed to evaluate the overall contamination by
blood and to calculate the correct BM cell representation accordingly, thanks to the
different surface antigen profile between peripheral mature and BM maturing ele-
ments [14-17].

Loken has developed one of the most popular methods to correct the FCM
count of BM blast (and by extension of other BM resident cell subsets) by estimat-
ing the rate of mature blood contamination [16]. This method assumes that imma-
ture CD16-neg/dim granular lineage cells represent the 80% of the whole BM resi-
dent myeloid population, as determined in dissociated trephine biopsies from nor-
mal donors. The dilution exerted by mature peripheral Polymorphs (PMN) reduces
this proportion accordingly. Therefore a normalized percentage of any BM cell
subset can be evaluated using the following formula: Normalized % =(80% /
CD16-neg-dim cells%) x Measured %.

When mature PMN are < 30% the FCM count overlaps more or less to the mi-
croscopic count. The controversial points of this approach regard the need to ex-
clude Eosinophils (CD16-neg cells), how to assess a clearcut threshold level over
which a FCM count should be rejected and its validity when the BM maturing
granular lineage is underrepresented in disease states, such as myelodysplasia.
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Eme ogHuM moaxonoM K OLEHKE KJIETOYHOCTH AUCCOLMUPOBAHHOTO acIupaTa
KM sBnsgercss ompenencHue NPOMOPLMH SAPOCOJAEPHKAIUX IPUTPOLUTOB TOCIHE
JIM3UCA XJIOPUAOM aMMOHUS, KOTOPOE MOXKET CUUTAThCs MPUEMIIEMBIM Ha YPOBHE
> 15% (amuynoe HaOmronenue). s toyHoctw, Bece 3akmodenus MIILl-ananmza
JIOJDKHBI BKITFOUATh OLICHKY IOJIHOM KoHTaMHuHanuu oopaszna KM kpoBbio.

TI'emamonoamuueckue npeoutecmeennuku ¢ KM

ITpn mpoBeneHNN TUTOMOP(OIIOTHUECKOTO aHAIN3a TEPMHH «OIacTHBIE KIIET-
ku KM» Bkimrodaer psax He3penblX MPEALIECTBEHHUKOB pPa3iIUYHbIX JIMHUH,
T.€. TEMATONO3THYECKUX IPEANIECTBEHHUKOB, MOHOOIaCTOB/IIPOMOHOIIUTOB, Me-
rakapuoOIacToB M He3peNbIX MpemecTBeHHUKOB B-xietok [5]. TpanurnuonHo
antured CD34 cuyurtaercss MapKkepoM KJIETOK, 00JIaalonuX KIOHOTEHHON CIOCc0o0-
HOCThIO, U ypoBeHb CD34+ xnerok KM mno mamaemv MIIll-anannsa B TedeHne
JUTUTEIBHOTO BPEMEHHU CUUTANICS IKBHBAJICHTOM «OJACTHBIX KJIETOK» 110 pe3yJibTa-
TaM MHKpockonudeckoro aHanuza [18]. CD34+ knetku KM sBistroTcs Guonorude-
CKU U MOP(OJIOTMYECKH TeTepOreHHbIMU U MPHHAJISKAT 0 KpaiiHeil Mepe TpeM
Pa3MYHBIM JIMHUSM, TaKUM Kak: a) TUM(pOOIacTl WIIM MOJIOJIbIE TIPEIICCTBCHHH-
ku B-knerok (CD34+, CD45+low; xapaktepuctuku SSC oueHb HU3KHE); 0) KOM-
MHUTUPOBaHHbIE KiIeTKH Muenouanon suaun CD34+, CD45+dim; xapakrepucTuku
SSC mpomexyTouHsle; U B) apyrue remomnostudeckue kietku (CD34+, CD45+
MIPOMEXXYTOUHBIA YpOBeHb; xapakrepucTuku SSC Huzkme) [8; 19-21]. Omnaxo,
npyrue CD34-otpunaresbHble MPEANICCTBCHHUKH, TaKHE KaK MOHOOJACTBI U Me-
rakaproOIacTbl, JOJDKHBI YUUTHIBATHCS IIPU BU3YAJILHOM I0JIcUeTe 0J1acTOB, HO HE
yuntbiBaThes npu MIII-anamuze CD34+ knetok. B cBsa3u ¢ atum unciao CD34+
6nacroB 1o nanHeiM MIII]-aHann3a MeHbIIE YHCiIa BceX OJIACTHBIX KIIETOK, TTOJTY-
YEHHOT'0 NpHU BH3yaJbHOM Iojcuere. bomee Toro, comepxanme CD34 OmactoB
OYEeHb YYBCTBHUTENBHO K paz0aBieHnio KM KpoOBBIO, MOCKOJIBKY MX MPOLEHTHOE
coZiepKaHNe TIOCTETICHHO CHIDKACTCS C YBEIMUYEHNUEM YMciia 3200poB 00pasIoB u3
TOM ke 30HBI acruparnmu [16]. Taroke omucaHsl Bapuanuy, 00yCIOBICHHBIE BO3-
pacTHBIMH 0COOEHHOCTSIMH U 30HOM actmpanuu KM [22].

B HacTosimee BpeMs B KauecTBE METOJIa AJISI TTOJTyYEeHUs! Ynciia OIacTHBIX Kile-
Tok KM mpu MIILl-anann3e, MakCHMaIbHO OJIM3KOTO K YHCITy OJIACTOB IPU MHK-
pocKkonuuecKkoM aHanuze (B HopMme MeHee 3%), mpemaraercs momumo CD34+
HCIOJB30BATh JOMOIHUTEIbHEIE MapKepsl, Hanpumep, CD117 m HLA-DR, u mpu-
MEHATH B KauecTBe 3HameHarenss CD45+ kmetku [23]. Eme ogHUM BaKHBIM MO-
MEHTOM SIBJIICTCS OIpEeJICHue HOPMAaJbHOW (DpakiiM He3penbix B-KieTouHbIX
MPEALIECTBEHHHUKOB MO OTHOIICHHIO K OOIIeH MOMyNsMK OJACTHBIX KJIETOK (B
cpearem 10% ot oOrmiero yucna 6mactoB KM). DToT mokaszateib HE 3aBUCHT OT
pas0aBieHHs KPOBBIO, KPOME TOTO TPH MHEIOAUCIIACTHYECKUX COCTOSIHUSIX C
BOCITPOM3BOANMBIM PE3YJIbTATOM ITOKa3aHO CHIDKEHHE IMPONOPIUH B-KieTouHbIX
MPEAIECTBEHHUKOB [24].
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Another approach to assess the representation of a dissociated BM aspirate can
be to evaluate the proportion of nucleated red cells after ammonium chloride lysis,
that may be kept as acceptable when > 15% (personal observation). For sake of
correctness an estimate on the overall BM sample contamination by blood should
be included in all FCM reports.

BM Haematopoietic Precursors

In the cytomorphologic analysis the term of ‘BM blast cells’ encompasses a
number of immature precursors of different lineages, i.e. haematopoietic precursors,
monoblasts/promonocytes, megacaryoblasts and immature B cell precursors [5].

CD34 has been traditionally considered as the marker of cells endowed with
clonogenic capability, and the level of CD34+ BM cells by FCM has long been
considered as an equivalent of the ‘blast cells’, as counted by microscope analyisis
[18]. BM CD34+ cells are biologically and morphologically heterogeneous and
belong to at least three different cell compartments: a) Lymphoblasts or young B
cell precursors (CD34+, CD45+low, Side Scatter very low); b) Myeloid lineage
committed cells (CD34+, CD45+dim, Side Scatter intermediate); and ¢) Other
haematopoietic cells (CD34+, CD45+ intermediate, Side Scatter low) [8; 19-21].
However, other CD34-negative precursors such as monoblasts and mega-
karyoblasts must be included in the visual blast count, but escape the FCM enu-
meration of CD34+ cells. The mere FCM ‘CD34+ blast’ count is therefore under-
estimating the visual enumeration of all blast cells. Moreover, CD34 blast cell
count is very sensitive to dilution by sinusoidal blood, since its percentage gradually
decreases with the number of subsequent pulls using the same aspiration site [16].
Age-related and aspiration site-dependent changes have been also described [22].

The addition of other progenitor cell markers, such as CD117 and HLA-DR, to
CD34+ and the usage of CD45+ cells as the denominator of the calculated percent-
age is now considered a FCM method to obtain a BM blast count as close as possi-
ble to microscope count (normal values <3%) [23]. Another important point is the
definition of the normal fraction of immature B cell precursor compartment in rela-
tion to the overall blast cell population (average 10% of all BM blasts). This pa-
rameter is dilution-independent, and a reduced proportion of B cell precursors is
reproducibly observed in Myelodysplastic conditions [24].
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Dpumpouonvie npeourecmeennuxu 6 KM

Snpoconepkaiue npenecTBEHHUKH IPUTPOUTHOTO Psja HETYBCTBUTEIbHBI K
JM3UPYIOIIUM BEIIECTBAM U MX MOXKHO M3y4yaTh METOJaMH (DEHOTHITUPOBAHMUS.

OpHUTpOUIHbIE MPEAIIECTBEHHUKU TaKXKe MOTYT ompenensaTses cpeau CD34+
kietok KM kak knetkn CD36+CD71+CD105+. OnHako HauMeHee 3pesble KIeT-
KHU-TIPEIIECTBEHHUKN JPUTPOUAHON JHMHUM XapakTepusyrorcss kak CD34-
OTpHUIATENIFHBIE 3JIEMEHTHI, COJIep)KaIlne BHYTPHKIJICTOUHBIN (DEPMEHT aibIerua-
nerunporenasy (ALDH), koTopslit onpenensercs: mpu HOMOIIN (BIyopeceHTHBIX
cyocTtpatoB u anammza meromoMm MIILL [19; 25; 26]. Hespensie 3puTpongHBIC
kneTku-npenmectBeHankn CD34-ALDH+ CD71+CD105+ Gonpiie mo pasmepy,
yem kietku CD34+ KM. Ilo mepe co3peBaHHMsS B OIPUTPOUIHBIX KIIETKaX-
MIpeeCTBeHHUKAaX HAa0M0AaeTcsl Mporpeccupyroniee yMeHbIIeHHe pa3Mepa spa,
yrpata ALDH, CD45 u CDI105 u nossienne riomkodopuna-A (CD235a). Otot
MIPOIIECC, TO-BUAUMOMY, IMEET XapaKTep AUCKPETHBIX IIAroB, a HE MPOTEKAeT He-
MPEephIBHO, Ha 4TO YyKa3biBaeT okpamuBanue Ha CD71/CD235a. Beicokoaudde-
PEHIMPOBAaHHBIE IPUTPOIUTH! yTpaunBaoT CD71 u 1eMOHCTPUPYIOT APKYIO OKpa-
cky Ha CD235a+. OTHOCHTENBHOE CONIepKaHUEe Pa3HOOOPa3HBIX THIIOB APUTPOH/I-
HBIX KJIETOK MPEACTaBIAET XOPOLINI 3KBUBAJICHT BU3yaJIbHOI'O CABUTa BIIPABO MU
BJIEBO, KOTOPBIN PETUCTPUPYETCA IPU MUKPOCKOITHUYECKOM aHaIU3e.

Hapymenue npornecca co3peBaHus IpU MHUEIOAUCIUIA3UU MOXKET NMPHUBECTH K
JI€30pTaHU3alMH dTUX YNOPSAIOYECHHBIX IIar0B CO3PEBAHUS, YTO YETKO ITOKA3bIBAET
MIIl-ananm3, ocobeHHO npu cHIkeHuu ypoHs CD71 [27].

HeaddexTuBHBI 3pnUTPOII033 MOKET HAOMIOAATECS TIPU PAIMYHBIX TEeMaTONOTH-
YecKnX 3a00NeBaHMSIX M XapaKTepH3yeTcs dKcHaHched spurpounHoro psga KM m
HaKOIUICHHEM M30()epPUTHHOB B MUTOXOHIPHAX KPacHBIX KIEToK [28]. B aTux ycmo-
BUSIX TIPU OKPAITMBAaHUN OCPIIMHCKOH JIa3yphi0 OTIIOXKEHHUH Kene3a MOTryT GOpMHpPO-
BaThCSl KOJIBLIEBBIE CHIEPOOIACTBI, COEPKaHNE KOTOPBIX NMEET OOJIBIIOE 3HAYCHUE
IUISL CTaJUPOBAHHS MUEIOJUCIDIACTHICCKUX cocTostHui [5]. Townoe ompenenexHue
YHCIa KOJIBLEBBIX CHIEPOOSIACTOB OBIBAaeT 3aTPyJHUTENBHBIM M CYOBEKTHBHBIM, B
CBSI3U C ATUM TNPEANIPUHUMAIOTCS MONBITKY MpuMeHTs MITLI-ananu3 11 BeIABIECHUSA
BHYTPHUKJIETOUHBIX N30(EPPUTHHOB C UCIIONIb30BaHNeM (uryopecuenimy [28]. OnHako
9TH TOMBITKH TI0Ka JaJeKH OT IPUMEHEHHs B IIPAaKTUKE, TOTAA Kak OOHapy)KeHHas B
HenaBHeM BpeMmeHH MyTanus SF3B1 mperncrapisercs HaaeHbIM MHAUKATOPOM MHeE-
JIOIUCIIACTHYECKHIX/MUAETIONIPOIN(EPATUBHBIX COCTOSIHUA € TPOMOOLMTONIEHUEH M
KOITBIIEBBIMHE cHziepoOmacTamu [29].

Co3peBaHue KiI1eTOK MueouaHON JuHun B KM

J M3ydeHns IpoLeccoB CO3PEBAHUS KIETOK MUEIOUTHON JTMHUHA M3 KOMMH-
tupoBaHHEIX CD34+ mpenniecTBEeHHUKOB HEOOXOIMMO HCIOIh30BaTh HECKOIBKO
KJIETOYHBIX MapKepoB, MO3BOJAIOMIMX pa3inyaTh TPaHYJIOUUTAPHYIO W MOHOIIH-
TapHyto nudpdepenuporku [3; 30].
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BM Erythroid Precursors

Nucleated erythroid precursors are insensitive to lysing agents and can be stud-
ied by phenotypic analysis.

Within the heterogenous BM CD34+ cell compartment also erythroid precur-
sors can be found, and they are identified as CD36+ CD71+ CD105+ cells. How-
ever, the most immature erythroid precursor fraction has been characterized as
made by CD34-negative elements endowed with the intracellular enzyme Aldehide
Dehydrogenase (ALDH), that can be detected by fluorescent substrates and FCM
analysis [19; 25; 26]. The immature CD34— ALDH+ CD71+ CD105+ erythroid
precursors are larger than BM CD34+ cells. Following maturation, erythroid pre-
cursors undergo progressive nuclear shrinking, lose ALDH, CD45 and CD105 and
acquire Glycophorin-A (CD235a). This process seems to proceed by discrete matu-
ration steps rather than continuously, as demonstrable by CD71/CD235a staining
patterns. Well differentiated red cells lose CD71 and are CD235a+ bright. The rela-
tive proportion of the various red cell compartments is a good equivalent of the
visual ‘shift’ to the right or the left used in microscopical analysis reports.

Maturation derangements occurring in myelodysplasia may disrupt these or-
derly maturation steps, and this is clearly demonstrable by FCM analysis, espe-
cially with the down-regulation of CD71 [27].

Ineffective erythropoiesis can occur in various haematological diseases and is
characterized by an expansion of BM red cell compartment and by the accumula-
tion of isoferritins within red cell mitochondria [28]. Under such conditions the
Perls’ prussian blue staining of iron deposits can generate the ‘ringed sideroblasts’,
whose proportion is crucial in the grading of myelodysplastic states [5]. The pre-
cise counting of ringed sideroblast is difficult and quite subjective, therefore FCM
attempts have been developed to detect intracellular isoferritins by fluorescent
techniques [28]. Such attempts are however still far from their routine application,
whereas the recent detection of the SF3B1 mutation seems now a reliable indicator
of myelodysplastic/myeloproliferative states with thrombocytemia and ringed
sideroblasts [29].

BM Mpyeloid Lineage Maturation

The study of the myeloid lineage maturation stemming from committed CD34+
precursors requires a number of cell markers to discriminate between granulocytic
and monocytic differentiation [3; 30].
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Okcnpeccust antureHa CD45 oTpHLIaTeNbHO KOPPEIUPYET CO CTENEHBIO 3peOCTH
kiterky. Kak oOriee npaBuiio, XOpoIo U3BECTHO, UTO YeM MEHee 3pesiol sIBisieTcsl cyo-
nonyssist kietok KM, tem cradee akcnpeccus CD45. Omgrako CD45 mocratoduHo cra-
OMIIBHO 3KCIIPECCHPYETCs Ha HOPMAJIBHBIX 3PENBIX JTMM(ONIUTAX Ha YPOBHE MPHOIH3U-
termpHO 200 000 empmwn ABC [33]; Takum o6pazom, sxcrpeccust CD45 MoxeT UCTIONs-
30BaThCsl B KAaUeCTBE OMOJIOIMYECKOW pe)epeHCHON BENMUMHBI UL OLEHKU CTEICHH
CO3peBaHMsI IPYTUX TUIOB KieTok. B HOpMme otHOmenne CU® skenpeccrn CD45 mst
CD34+ mueno6mactoB 1 TMM(OIMTOB JOJDKHO OBITH Oojiee 4, T.e. yKa3hIBaTh HAa CHU-
xenne sxcrpeccun CD45, Habmromaromieecs B aHOMAJIBHBIX MHEIO0IacTaX IPH MHE-
JIOMUCIIIA3UH M APYTHX MATOJNOTMYECKHX COCTOSIHHSAX IO CPaBHEHHMIO C COOTBETICT-
BYIOIIMMH KJIETOYHBIMH CYOIOMy siysiMi B Hopme [34].

BusyansHOe KOIMYECTBEHHOE ONpEIENeHUE MOAMHOMKECTB KIETOK MOHOIMTAPHOM
JIMHUM Ha MHKPOCKOIIE OCOOEHHO 3aTpyJHHUTEIHHO, HPU 3TOM OIpEIeNeHHe OTHOCH-
TEJBHOTO COJIEpYKaHKsT MOHOOJIACTOB M MPOMOHOIIMTOB MMEET KPHTUUECKOE 3HAYECHHE
JUI JIMarHOCTUKYA MOHOIIMTApHOTO/MHUEJIOMOHOIUTAPHOTO XPOHHYECKOTO M OCTPOTO
Tetiko30B [4]. Kak yka3pIBasioch BbIIIe, OOIIHIA TOICUET OJIACTHBIX KJIETOK HA MUKPOCKOTIE
JIOIDKeH, 1o pekomermamri BO3 (2008), BKTrOYaTh MOICYET MOHOOIACTOB M IIPOMOHOITH-
TOB. VI3 TIpaKTHYecKux cOOOpayKeHMIA JIMHKS CO3pEeBaHMsl MOHOIMTOB (110 JaHHbsmM MITLT-
aHaIIN3a) BKJIIOYAET TPU OCHOBHBIE TIOZMHOMKECTBA: MOHOOMACTHI (2—7% MOHOLMTAPHOH
mann) CD14— CD15— CD33++ CD64—/+ CD300e—; mpomoHormTsI (15-25% MoHOIWM-
tapoit M) CD14—/+ CD15+/— CD33+ CD64+ CD300e+/— 1 3pelble MOHOLMTHI
(65-80% monormTapHo# uann) CD14+ CD15+ CD33+ CD64+ CD300e+ [35]. ®usno-
JIOTHYECKOE Pa3BUTHE MHEJIOWIHOM JIMHMK B HOpMadbHOM KM Taroke MOXXHO M3ydars,
WCTIONB3YS OLEHKY OOMIEH IPaHyISIPHOCTH CO3PEBAIOIMX KIETOK. JTY OLEHKY MOYKHO
CIIeNaTh 110 COOTHOIICHHIO pactpeneseHrii no oc SSC rpaHyIsIpHBIX KIETOK U JIM(O-
TOB. B HOpME 3TO COOTHOITICHYIE TOIDKHO OBITE > 6 [34].

IIpn psge MUENOAMCIUIACTUYECKHX COCTOSIHUM MHUENOWAHBIE KIETKH MOTYT
MIPOSIBIISITH JINHEHHYIO HEBEPHOCTh, IIPH 3TOM YalIlle BCETO BCTpedyaeTcst abeppaHT-
Has skcnpeccus CD7 u CD56. OxHako 31ech HEOOXOAUMO TIPOSBISTH OCTOPOXK-
HOCTb, T.K.ciabas skcrpeccuss CD56 MoxkeT HaOdronaTbess U Ha HOPMaJIbHBIX
MHEOUHBIX KJIETKaX Y MpecTapesIblX JIUI WK Ipu akTuBauu [32; 36; 37].

Ecnu 3Tans! co3peBaHus JOBOJBHO JIETKO MOIAIOTCS OLIEHKE, KOIMMYECTBEHHOE OIl-
pezeneHne UCKaKeHNH OXKHIAEMBIX PacTIpe/IeNieHHi MHTEHCUBHOCTH (MTyOpeCLICHIH, 00y-
CIIOBJICHHBIX TOBBIIEHUEM WM CHIDKEHHUEM AKCIPECCHH TIOBEPXHOCTHBIX AHTUIEHOB B pe-
3yJIBTaTe HApYIIEHHS KIIETOYHOH (PU3HOJIOTHH, TIPEJICTARIISIETCS Ooriee CIIoKHOM 3aadei [38].

Cospesanue B-knemounoit runuu ¢ KM

N3zyuenne B-mmmormrapHoii smHuK (B HOpMe okoiio 2—12% CDA45+ kierok) B
KM He BBI3bIBaeT 3aTpyIHEHHH, U 3HAHHE HOPMAJIBHHOTO COOTHOIIECHHS B-KIeTouHBIX
cyOnomysimii uMeeT 0cob0e 3HAUCHNN B ANATHOCTHKE PEAKTHBHBIX COCTOSHUM, TIpH
BOCCTaHOBJICHHH TIOCJIE XMMHOTEpAH U TIpH B-K1eToYHBIX Jieiko3ax [3].



HAMATOPOIESIS IMMUNOLOGY 53

CDA45 antigen expression is inversely correlated with cell maturity. As a general rule,
it is well known that the more immature a BM cell subset, the dimmer its CD45 antigen
expression. CD45 is however quite stably expressed on normal mature lymphocytes, at
around 200 000 ABC units [33]: therefore this expression can be used as a biological
reference to evaluate the degree of maturation of other cell types. The mean fluorescence
intensity (MFI) ratio of CD45 expression between CD34+ myeloblasts and lymphocytes
should be >4 in normal subjects, thus stressing the reduced CD45 expression occurring in
abnormal myeloblasts in myelodysplasia and other pathological conditions as compared
to their respective normal counterparts [34].

The visual enumeration of monocyte lineage compartments is particularly difficult to
perform on the microscope, although the relative proportions of monoblasts and
promonocytes are critical in the diagnosis of monocytic/myelomonocytic chronic and
acute leukemia diagnosis [4]. As already mentioned, monoblasts and promonocytes must
be included in the overall blast count by microscopy, according to WHO 2008.

For practical purposes monocyte maturation line, as analyzed by FCM, includes
three major subsets: monoblasts (range 2—7% of monocyte lineage) CD14— CD15-
CD33++ CD64—/+ CD300e-; promonocytes (range 15-25% of monocyte lineage)
CD14—/+ CD15+/— CD33+ CD64+ CD300e+/— and mature monocytes (range
65-80% of monocyte lineage) CD14+ CD15+ CD33+ CD64+ CD300e+ [35].

The physiological development of myeloid lineage in normal BM can be also
studied by evaluating the overall granularity of maturing cells. This can be accom-
plished by ratioing the mode channels of granular cells and lymphocytes SSC dis-
tributions. In normal subjects this ratio should be > 6 [34].

In a number of myelodysplastic conditions, lineage infidelities can be demon-
strated in myeloid cells, with the aberrant expression of CD7 or CD56 being the
most commonly found. Caution must be however applied since CD56 can be also
weakly expressed by normal myeloid cells in elderly people or if activation takes
place [32; 36; 37].

While maturation fluxes are evaluable rather easily, the distortion of the ex-
pected fluorescence patterns due to up- or down-regulation of membrane antigens
caused by derangements of cell physiology is more difficult to quantitate [38].

BM B Cell Lineage Maturation

The B Lymphocyte lineage (normally around 2 to 12% of the CD45+ cells) can
be easily studied in the BM, and the knowledge of the normal maturing B cell pat-
terns is of utmost importance when performing analyses of reactive states, post-
chemotherapy regeneration or acute B cell leukemias [3].
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B-kiteTkH y4acTBYIOT B CIOXKHBIX Ipolieccax MepeMeIleHHsT MEeXIy JUMQOy3-
namu, nepudepudeckoit kpobto 1 KM. Onu npoxozst sransl co3peBanus B KM,
KOTOpBIE 110 HEOOXOJMMOCTH MOYKHO ONpPENeNUTh IpH oMoy antureHos CD19
(sxopubIit Mapkep), CD34, CD10, CD20 u TdT. Xopomo ycTaHOBIEHO, 9TO B
mpouecce co3peBaHus B-kieTku mocreneHHo yrpauusaioT CD10 u nmpuobperaror
CD20 [20; 39; 40].

IlepBBIM BaKHBIM IIAroM B aHAJIM3€ SBIIETCS pasluucHHE JMM(OOIacTOB
(TdT+ CD19+ CD10++ CD34+ CD45—/+ SSClow) 1 reMaToroHOB T MOJOIBIX
B-knerok (TdT— CD19+ CD10+ CD34- CD38++ CD45interim SSCvery low)
(puc. 1; cM. BKIEHKY). DTH MOIMYISALUHN IPOSIBIIOT YSTKHE Pa3IHYHs B 3aBHCUMO-
CTH OT BO3pacTa M (YyHKIIMOHAIBFHOTO COCTOSHHS, T.K. TUM(pOOIACTHl 1 TEMATOr0-
HBI IIPUCYTCTBYIOT B OOJBIIOM KOJIMYECTBE B IOHOIIECKOM BO3pAacTe M B IEPHOJ
BOCCTAHOBJICHHSI TIOCJIE XUMHOTEPAIMU U BCTpeUaroTcs peako nocie 60 met [3].

Kpome Toro, co crenupuuecKkMMu dTanamMu CO3peBaHMs U (YHKIHOHAIBHOU
muddepeHINpOBKH cBs3aHbl Takue Mapkepbl, kak slgD, CD24, CD27, CD38 u
CD81. KpaTko, myTh OT MOKOSIIMXCS «HeoOyueHHbIx» B-knerok (CD19+ CD27-
slgD+) no B-knerounsix 3ddexropos (CD19+ CD27+ slgD-), nnazmobnactos
(CD19+ CD24- CD27++ CD38+ CD138- slgD-) u mnazmonuro (CD19+dim
CD20- CD38++ CD138++) MOXHO IpOCIEIUTH, HCIIOIB3YsI MHOTOI[BETHOE OKpa-
mBaHue U MIIL. Ananu3 knoHampHOCTH B-KkieTok B HopMmasnbHOM 3penom KM
IIPOBOJAT HAa OCHOBE JKCIIPECCUU TSDKEJIOW MM JIETKOM LIeNH MOBEPXHOCTHOIO Ig
IO TOH e METOIMKE, YTO ¥ NP aHau3e neprudepudeckoil KpoBH.

CpaBHHTEIEHOE KOJMYECTBEHHOE OIPE/IENICHHE TMPE/IIECTBEHHNKOB B-KIeTok n
MHEJIOUTHBIX TPEIIECTBEHHUKOB sBisieTcst mapamerpoM MIIL-anamisa, KOTOpbIid
TIOJTYY/JT TIPU3HAHUE B OIIEHKE MHUENOMCIUIACTUYECKIX COCTOSTHUH. B KpyIHOH mory-
msmn ktetok B KM ¢ xapakrepuctukamu CD34+ CD4Sinterim/dim B-knerounsie
TIpeJIIIECTBEHHUKY onperensitores Kak kietkn CD45+dim SSClowCD10+ (B cpenaem
10% B HOpME B FOHOILIECKOM BO3pacTe), & MUEJIONIHBIC IPEAIICCTBEHHUKN KaK KJIETKA
CD45+ SSCinterim CD13/CD33+ (B cpeanem B HopMme 0,9%). CooTHOIIEHHE MHENIO-
WTHOTO KJIacTepa M KiacTepa B-npearecTBEHHNKOB HE 3aBUCHUT OT pa3daBiIeHHs Kpo-
BBIO ¥ MOJKET CITY>KHTh Ha/ISKHBIM HHANKATOPOM MHUETIOIICITIA3NH [34].

Inazmouumot ¢ KM

B mopme mmasmonmtel ompernensioTess kak kietkn CD45+dim SSCinterim
CD38++ CD138++ CD27+ CD117- ¢ NONUKIOHAIBHBIM PACIPEAECICHUEM JIETKON
nenu BHyTpukierouHoro Ig. B Hopme oHu cocTaBistoT 3—4% Bcex HEIPUTPOUI-
HBIX K1eTok KM 1 XapakTepu3yroTcs UTOIIa3MaTHYECKIM COOTHOIIEHHEM Karl-
na/mam6ma ot 1/10 mo 8/1 [41-43]. JonroxxuBymue IIa3MOIUTHI MIPEICTABISIOT
HE3HAYHTENIFHOE MOJMHOXECTBO, XapaKTePHU3YIOIeecsi CHIDKCHHEM WM OTCYTCT-
BueM CD45, orpunarensusiM 3HaueHneM CD19 m mHOTIAa MONTOXHUTEIBHBIM 3HA-
yenuem CD56.
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B cells are subject to a complex trafficking between the lymph node, the pe-
ripheral blood and the BM. They undergo maturation steps in the BM, that can be
studied by a staining panel made by CD19 (anchor marker), CD34, CD10, CD20
and TdT, if needed. The stepwise loss of CD10 and the progressive acquisition of
CD20 during B cell maturation are well established [20; 39; 40].

A first important discrimination must be established between lymphoblasts
(TdT+ CD19+ CD10++ CD34+ CD45—/+ SSClow) and hematogones or young B
cells (TdT- CD19+ CD10+ CD34— CD38++ CD45interm SSCvery low) (Fig. 1;
see insets). These populations display striking differences with age and functional
states, since lymphoblasts and hematogones are highly represented in the BM of
juveniles and during recovery from chemotherapy, whereas they become increas-
ingly rare after the 6th decade of life [3].

Additional markers that may be correlated to specific maturation or functional
differentiation steps are sIgD, CD24, CD27, CD38 and CDS81. Briefly, the pathway
between quiescent naive B cells (CD19+ CD27- slgD+) to effector B cells
(CD19+ CD27+ slgD-) to plasmablasts (CD19+ CD24— CD27++ CD38+ CD138-
slgD-) and plasmacells (CD19+dim CD20—- CD38++ CD138++) can be followed
by multicolor staining and FCM. Clonality analysis of normal mature BM B cells
is performed by surface Ig heavy or light chain expression with the same tech-
niques used for peripheral blood.

The enumeration of B cell precursors in comparison to myeloid precursors is a
FCM parameter that has gained importance in the assessment of myelodysplastic
conditions. Within the large BM CD34+ CD45interm/dim cell population B cell
precursors can be selected as CD45+dim SSClow CDI10+ cells (average 10% in
juvenile normals), whereas myeloid precursors are CD45+ SSCinterm
CD13/CD33+ (average 0.9% in normals). The proportion between myeloid and B
progenitor-related clusters is a dilution-independent parameter, and can be used as
a reliable indicator of myelodysplasia [34].

BM Plasmacells

Normal plasmacells can be identified as CD45+dim SSCinterm CD38++
CD138++ CD27+ CD117- cells, with a polyclonal intracellular Ig light chain dis-
tribution. They must normally be within 3—4% of all non-erythroid BM cells and
display a cytoplasmic Kappa/Lambda ratio between 1/10 and 8/1 [41-43]. The
long-living plasmacells are a minor subset characterized by reduced or absent
CD45, negative CD19 and sometimes positive CD56.
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OpHnako, yacroTa peructpanuu miazMouutos mpu MIIL 3HauuTenpbHO HUXKE,
YeM IpU HUTOMOPQOIOTHUECKOM aHaIN3€e, YTO OOBSICHICTCS MPHIMIIAHUEM 3THX
KJIeTok k MaTpukcy KM u TeHneHImu K arperarnuu.

[Ipu MIILl-ananu3e He ABISIETCS HEOOBIYHOW PErHCTpaIis IIa3MouToB B 10
pa3 pexe, yem B Mmaskax KM. Dto 3HauuT, yto MIIL] Henb3s cuuTaTh NOAXOISAIIUM
METOJIOM JUUISI OLICHKH YPOBHEH IIa3MonnTOB B AuarHoctuke MI'HD u muenomsl,
1 UCTIOJIb30BaHME ITOTO METO/Ia CIeyeT OrPaHIMYUTh KaueCTBEHHOMN OIeHKOU [44].

OnHUM M3 YacTBIX BOIPOCOB KIMHMYECKOH MPAKTUKHU SBISETCA BOIPOC O MPH-
cyrcrBu B KM 1 pasmepe aHOMalbHOM MOMYJISLUH [JIa3MOLUTOB HA OCHOBE pe-
3yJITATOB OMOXMMHUYECKOTO M TeMaTOJIOrMYEeCKOT0 aHaIn3a.

MIIL] umeer pyHmameHTanbHOE 3HAYEHHE B KIACCU(PUKAIMA HOPMAaJbHBIX U
aHOMaJIbHBIX MOMYJIALUH, 0COOEHHO €CIIM OHU SBJISIOTCS IPUMECSIMU U MOPQOIIO-
THUYECKUI aHaU3 HE MO3BOJISET CENaTh ONPEAEICHHBIN BBIBOJ, WK B CIIy4ae pe-
AaKTUBHOTO IJIa3MOLMTO3a C OYEHb BBICOKUMH YPOBHSAMHU IIa3MOLUTOB [45]
(puc. 2). Taxke geTko mokazaHo mpeBocxoactBo MIIL] B omeHke MUHHMAIBHOTO
OCTaTOYHOTO 3a00JIeBaHMS TIOCTIE JIEUESHISI MUETIOMBI [9; 42].

I'eTeporeHHOCTb SIBISETCS OCHOBHOW XapaKTEPUCTUKOW HOPMAJIBHBIX M aHO-
MaJIbHBIX TUIa3MOITUTOB [46].

ITpr MHOXKECTBEHHOM MHEIOME MOXET ONPEACTSITHCS OOBIIOE YUCIIO Pa3INy-
HBIX T€HETHYECKHX HApYIICHUH: OHM 00pa3yloT CIEKTp MOP(HOIOrHYecKHx U de-
HOTHUITMYECKUX M3MEHEHHUI B aOeppaHTHBIX IJIa3MOLIUTAX, TO3TOMY KIaCCHYECKUIH
¢enotun mnoBepxHocTHBIX aHTUreHoB (CD45dim/neg CD19— CD20+ CD38++
CD56+ CD138++) MOXeT UMETh Ps BapHalnil ¢ HEIPEACKa3yeMbIM CHIDKCHUEM
skcnpeccunn CD45 u CD138 [47; 48], BapuabenbHO# skcnpeccuern CD20, CD28,
CD117 u CD200. B yacTHOCTH, C OCTOPO’KHOCTBIO HY>KHO OTHOCHUTBCS K TPaHIIU-
OHHOMY MpEICTaBJICHUIO, 4T0 aHTUreH CDS56 sABnsercs OTIMUUTENBHBIM MPU3HA-
KOB a0eppaHTHBIX IUIa3MOLUTOB, NoTOMy uTo CD56 M npyrue MeHee yacTele T0-
BEpXHOCTHBIE MapKepbl (Hanpumep, CD117) MoryT BcTpeuaTsesi U Ha HOPMaJIbHBIX
mnazMonutax [47]. B aToil cBsi3u Bcerga Hapsily C aHaIM30M MOBEPXHOCTHBIX
MapKepoB HEOOXOIMMO MPOBOAWTH AHAIHM3 Ha KIOHAJIBHOCTH BHYTPHKIETOYHBIX
Lerei Karmna u Jsmoaa.

/Jlpy2ue nopmansHble Knemounvle munsl

Bonee penxue xnerkn KM, Takne Kak MErakapHOIUTHl M THCTHOLUTHI OOBIYHO
HE BCerja HaJexXHo onpeaenstoTcs Mmerogom MIILI.

Onnako Macrouutbl B HopMmanbHoM KM (SSChigh CD2- CD25- CD30-
CD45+ CD63— CD117+) moryT ompenenarscs Mmetogom MIIIl-ananu3a u jgerko
OTJIIMYAIOTCS. OT aHOMAJIBHBIX MacTOIMTOB [49]. Takxke BO3MOXHO BBISBICHUE Me-
tonoM MIIII-ananu3za neHApUTHBHIX KiIeToKk B KM, Kak 3TO 4acTo MPOUCXOAWT B
nepudepudeckoiil kposu U auMpoysnax [50].
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Plasmacell frequency, however, turns out much lower in FCM analyses than in
cytomorphology, and this has been attributed to their stickiness to the BM matrix
and tendency to aggregate.

In FCM analyses it is not unusual to obtain plasmacell frequencies around 10
times less than in BM smears. This means that FCM cannot be considered a suit-
able mean to count plasmacell levels in MGUS or Myeloma diagnosis, and its us-
age must be restricted to qualitative rather than to quantitative analyses [44].

One of the commonest clinical questions is whether an abnormal plasmacell
population is present in the BM and what is its size, on the basis of biochemical
and hematological findings.

FCM analysis of plasmacells proved to be fundamental in the classification of
normal and abnormal populations, especially when they are admixed and morphol-
ogic analysis is indeterminate or in case of reactive plasmocytoses with very high
plasma cell numbers [45] (fig. 2). Moreover, the superiority of FCM analysis in the
evaluation of minimal residual disease after treatment for myeloma has been
clearly demonstrated [9; 42].

Cell heterogeneity is a major feature of both normal and abnormal plas-
macells [46].

Many different genetic derangements may be present in multiple myeloma:
they produce a spectrum of morphological and phenotypic changes in aberrant
plasmacells, so that the classic myeloma surface phenotype (CD45+dim/neg
CD19- CD20+ CD38++ CD56+ CD138++) can display a number of variations
with unpredictable down-regulation of CD45 and CD138 [47; 48], variable expres-
sion of CD20, CD28, CD117 and CD200. In particular, the traditional evidence
that CD56 antigen is an hallmark of aberrant plasmacells should be considered
with caution, since CD56 and other less common surface markers (i.e. CD117) can
be detected also on normal plasmacells [47]. Clonality analysis of intracellular
Kappa and Lambda chains is therefore always mandatory along with surface mark-
ers.

Other Normal Cell Types

Rarer normal BM cells, such as Megakaryocytes and Histiocytes are usually
not well detectable by FCM.

Normal BM Mastocytes (SSC high CD2— CD25- CD30- CD45+ CD63—
CD117+) are however suitable to FCM analysis and can be easily distinguished
from abnormal mastocytes [49]. Dendritic cells can be spotted by FCM also in the
BM, as it commonly occurs in peripheral blood and lymph nodes [50].
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3akjouenue

MIILl-aHanu3 B HAcToOsIEEe BpeMs SBISIETCS HE3aMEHHUMBIM HHCTPYMEHTOM,
JOTOJHSIOIUM IUTOMOP(OIOTHYECKHHA aHAIN3 KOCTHOTO MO3Ta, W CIYXXKHT JUIs
YTOYHEHUs ero pe3ynbTaToB. OH MO3BOJISET MOJIYYHUTH OOJBIION MAaCCHB KadecT-
BEHHBIX M, B HEKOTOPBIX CIy4YasX, KOJIMUECTBCHHBIX JTaHHBIX, KOTOPbIE HEBO3MOXK-
HO ¢ OOJBIION CTENECHBIO HAECKHOCTH ITOJIyIUTh TOIBKO MPU MHUKPOCKOIINYIECKOM
aHaJIN3e.

«HopMaJsbHbIi» KOCTHBII MO3T MOXET TPEJICTABIAThH IIUPOKHUN penepryap ¢u-
3UOJIOTUYCCKHUX Bapuauuﬁ B 3aBUCUMOCTHU OT BO3pacta, (byHKLII/IOHa.HI)HI)IX I10o-
TpeOHOCTEH U peaknuy Ha BHeUIHue MoaudukaTopel. HekoTopble U3 Takux «HOp-
MAaJbHBIX)» CBOMCTB MOT'YT UMHTHUPOBATh MAaTOJOTHUECKUE COCTOSHUS, 3aTPyAHSS,
TakuM 00pa3oM, AuGQepeHIPOBAHHYIO JUArHOCTHUKY. BBICOKHMI cOBpeMEHHBIH
YPOBEHb CTaHAAPTU3ALUU, YyBCTBUTEIBHOCTH U HAAEKHOCTH MHorouseTrHou ITI]
obecrieunBaeT BO3MOKHOCTh HHTETPHPOBAHHOTO TOX0J1a K THarHOCTHKE IreMaTo-
JIOTHYECKUX 3a00JIeBaHMUM.

ABTOPBI 3a5IBJIAIOT 00 OTCYTCTBUH KOH(INKTOB HHTEPECOB.

Conclusion

FCM analysis is nowadays an indispensable tool to support the cytomor-
phological analysis of bone marrow and to corroborate its results. It provides a
large array of qualitative and sometimes also quantitative data that cannot be relia-
bly obtained by visual microscopy alone.

The ‘normal’ bone marrow may however display a vast repertoire of physio-
logical variations related to age, functional demands and response to external
modifiers. Some of these ‘normal’ features may sometimes mimick pathological
conditions, thus posing difficult challenges to differential diagnosis. The high de-
gree of standardization, sensitivity and reliability that can be obtained by state-of-
the-art multicolor FCM is of great help in a modern, integrated diagnostic approach
to hematological diseases.

The authors declare no conflict of interest.
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b. Ilausa

IVIASMATHYECKHE KJIETKH

N X CysnonyJisiiuu B KOCTHOM MO3I'E:
METOJOJOI'NTYECKHE ACIIEKTBI HCCJIEJOBAHUA

Jlabopamopus npomoynout yumomempuu, Hasappckuii yrusepcumem, Taviniona, Mcnanus

Ipencrasnsier uHTEpEC TOT (PaKT, YTO KICTOYHAS MOIYJALMS KOHEYHOH CTamnu
pazButus —IIK xapakTepusyroTcs BbIpaKEHHOM I'€TEPOreHHOCThIO B OTHOLIEHUH MIPO-
JOJDKUATETBHOCTH JKW3HM, (YHKIHOHAJIBHOCTH W TeHo-/(eHoTHmioB. Kak ciencrsue
JIOJITOM YKM3HM ¥ TIepCUCTeHIMH, nonroxuByiine [TK mo TunuyHbIM cBOWICTBaM Haxo-
JIITCSI BCETO B OJTHOM IIIare OT MaTOJOTHYECKUX KJIETOK (HAaIpUMep, OHKOTEHHBIX Jie-
MEHTOB, KOTOPbIE YCHIIMBAIOT KIOHAJIbHOE JOMHUHHUPOBAHHE 33 CUET MPOSH(epaTHB-
HOI1 okcriaHcum). [Iporpecc B TeXHOJIOTHH NPOTOYHOM IUTOMETPHH B TIOCIIEIHEE Bpe-
MsI TIPHBEJ K 3HAYUTEIILHOMY COBEpPIIICHCTBOBAHHIO MMMYHO(DEHOTHITYECKHX HCCIIe-
nosanuii [1K nmpu MM, KOTOpbIE MO3BOJIMIIM OTKPBITH CYILIECTBOBAHUE YETKO Pa3iiv-
Jaronmxcs (YHKIMOHAJIBHBIX CyOKIOHOB. OIHHUM W3 MPUMEPOB TaKHX CYOKIOHOB
coyxar [JOK MM. B paGore npuBomuTcs 0030p COBPEMEHHBIX TPEACTABICHHUN O
HOK MM u 06cy)aatoTcs TaJbHEHIIEe HATPABICHUS UCCIICIOBAHHUI.

KiroueBble cJ10Ba: JDOJNTOXUBYIINE IIa3MaTHYECKUE KIETKH, NMMYHO(EHO-
TUIIHPOBAHNE, ayTOUMMYHUTET, MUENIOMa, KJIOHAJbHAs TeTepOreHOCTh, LUPKYIH-
PYIOLIHE OIyXO0JIEBbIE KIETKH.

B-Kki1eTku MOTyT pa3BHBATHCS B /JBa OCHOBHBIX THIIA KIIETOK MaMsITH — B-kieTku na-
mste ¥ [1K mamsity. B-kneTkn maMsTi KOHCTUTYTHBHO HE BBITTOJHSIOT KaKUX-JIHOO (-
(exTOpHBIX (DYHKIMIA 1 TPeOYIOT MOBTOPHON CTUMYJISILIMH, YTOOBI BHECTH CBOM BKJIaJ] B
AHAMHECTUYECKYIO PEaKIyio. JT1a (popMa MmamMsITH OTIIMIACTCS THOKOCTBIO M €€ MOYKHO
PETyIMpOBaTh B 3aBUCUMOCTH OT KOJIYECTBa AHTUTEHOB M IMMYHHOTO OKpy>keHus. [TK
TIAMSITH CEKPETHPYIOT OrPOMHOE YHCIO A(DHEKTOPHBIX MOJEKYJ, T.€. CIICIH(PHICCKIX
AHTHTEN B TEYECHHE MPOJIOJDKUTENIHFHOTO Ieproaa BpeMeHu (6oiee 1 roma), mpu sTom
npucytctBys B KM kak Hepemsmpecs: kineTkd. OHU (pyHKIMOHUPYIOT HE3aBUCUMO OT
AHTUTCHHOW CTHMYJISLIMM W YTPAaTHII MOJIEKYJLIPHOE «00OpYyAOBaHHE», HEOOXOIMMOE
JUISL BBISIBIIEHMSI MMIIEHU — MUKpPOOPraHU3Ma WK aHTureHa. biaronaps coeil Josron
JKU3HU U IEPCUCTECHIUU, TOJITOKHUBYIOIINE I1K 110 CBOMIM THIMYHBIMH CBOMCTBAM HaXo-
JIATCSL BCETO B OJIHOM IIIare OT MaTOJIOTMYECKUX KJIETOK (HarpuMep, OHKOTEHHBIX dJie-
MEHTOB, KOTOpbIE YCUJIMBAIOT KJIOHAIBHOE IOMUHHPOBAHHE 33 CUET MpOonQepaTHBHOMN
skcnancun). Takum o6pasom, 1K, Garomapst OCTOSIHHOM CeKpelny MaToreHHbIX aHTH-
TeJ, MOTYT BBI3bIBaTh Pa3IMUHbBIE MTATOJIOTHYECKHE MPOSBICHMUS, TaKWe KaK XpOHHYe-
CKHI1 BOCTIAJINTENBHBIHN IPOLECC TPY ayTOMMMYHHBIX 3a00JIC€BaHSIX, MM PAa3BUTHE He-
oImIa3uil (HarprMep, MOHOKJIOHAJIBHON IaMMaIlaTHH), KOTOPbIE MOTYT MaJIMTHU3HUPO-
BaThCs (MHOXeCTBeHHAs MuenoMa U OJI-aMHIIONII03) WM OCTaBaThCS JOOPOKAYECTBEH-
HBIMH B TeueHHe HecKoIbkux JieT (MGUS, MI'HD).
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B. Paiva

BONE MARROW PLASMA CELLS AND ITS SUBSETS:
METHODOLOGICAL ASPECTS OF STUDY

Flow Cytometry Core CIMA LAB diagnostics University of Navarra

It is sticking to see that for an end-stage population, PCs show significantly
heterogeneity regarding longiness, functionality and geno/phenotypes. As a conse-
quence of their longevity and persistence, long-lived PCs are just one step behind
typical features of pathological cells (e.g.: oncogenic events that enhance clonal
predominance through proliferative expansion). Given the recent advance on flow
cytometry technology, immunophenotypic studies on MM PCs have remarkably
improved, and led to the identification of distinct functional subclones. One exam-
ple of such subclones is MM CTCs. Here, we will review our current knowledge
on MM CTCs, and discuss further research areas.

Keywords: long-lived plasma cells; immunophenotyping; autoimmunity; mye-
loma; clonal heterogeneity; circulating tumor cells

B cells can develop into two major types of memory cells, namely memory B
cells and memory PCs. Memory B cells do not constitutively express any effector
function, requiring restimulation before they can contribute to the memory re-
sponse. This form of memory is flexible, and can be regulated according to the
amount of antigen encountered, and the immune environment. Memory PCs se-
crete abundant amounts of effector molecules, i.e. specific antibodies for extended
periods of time (> 1 year) while remaining as non-dividing cells in bone marrow.
They persist independently of antigenic stimulation, and have lost the molecular
equipment necessary for sensing their target microorganisny antigen. As a conse-
quence of their longevity and persistence, long-lived PCs are just one step behind
typical features of pathological cells (e.g.: oncogenic events that enhance clonal
predominance through proliferative expansion). Thus, PCs can give rise to differ-
ent pathological manifestations such as chronic inflammatory processes in auto-
immune diseases by continuously secreting pathogenic antibodies, or neoplasms
such as monoclonal gammopathies that can either turn malignant (e.g.: multiple
myeloma and AL amyloidosis) or remain benign for several years (e.g.: MGUS).
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[IpexncraBnser nHTEpEC TOT (HaKT, YTO MOMYJISALMS B TIOCIEIHEH CTa N pa3BH-
THsI OOHapyKUBAET CYIIECTBEHHYIO KJIETOYHYIO TeTeporeHHocTs. Ha ypoBHe ¢e-
HoTuna HopmanbHble ITK neMoHCTpupyIOT rereporeHHyro skcmpeccuto CD45 un
CD19, comepxart HeOonpuryto CD20-mo0XKHUTENBHYIO MOMYJISIINAI0 M, HECMOTPS
Ha TOMOTEHHYIO CHIIbHYIO dKcnpeccuio CD81, 3ToT TeTpacnanuH He onpenensercs
npuMepHo B 5% oOmeit nomyssanun HopMansHbIX [IK. B HeOombImIoi cyomomyss-
mun [1K (5-20% Bcex I1K) nabnromaercst skcmpeccust APYrux MapKepoB, HAIpH-
Mep, CD56 u CD28. Taxkxe 3HaUUTENbHAS T€TEPOreHHOCTh HAOMIOAAETCS U B IKC-
npeccun Ha [IK mapkepos onpeneneHusix 3aboneBanunii. Ha ITIK MM wuccnenosa-
Hue SNP u cexBeHHMpOBAaHHE BCErO ICHOMA IMO3BOJMIM ONPEACIUTH TPH YETKUX
Pa3JIMYHBIX THIIA TEHOMHOW 3BOJIIOIMHU: CTaOWIIbHBIE TEHOMBI 0€3 Pa3IHYuil MKy
KJIOHaMH TIpU IOCTaHOBKE JMArHO3a W MpU peUUIUBE; JTMHEHHAs 3BOIIOUHUS, IpU
KOTOPOM PElMAMBHBIN KJIIOH OYEBHUIHO MTPOM30ILEI 13 CyOKIOHA, IIPUCYTCTBYIOIIE-
ro MpH MNOCTAaHOBKE JUAarHo3a, HO MPOAOJDKAET pa3BUTHE B CTOPOHY OTJIMYHSA OT
HETO0 3a CYET JOIOJHUTENBHO MPUOOPETEHHBIX CBS3EH; W pa3BeTBISIOMAsCS (He-
JIMHEIHAs) MOJeNlb, B KOTOPOH PELUIUBHBIA KJIOH MPOW30MIeN M3 HEeOOJIBIIOTO
CyOKJIOHa, c11abo MPEeCTaBICHHOTO MPH MTOCTaHOBKE AnarHosa. KitoHanpHas rere-
POTEHHOCTh, OTMEUECHHAsI HA TEHOMHOM YpOBHE, TpaHciaupyerTcst Ha yposens PHK,
n pacmmpenHoe u3ydeHue [II'D mo3BomseT OTKpHIBaTH HOBBIC OHOJIOTHYECKHE
(haxTOpHI, IMEIOIINE MPOTHOCTHYECKOE 3HaUeHHe mpu MM.

B GospoMHCTBE MONEKYISPHBIX KIacCH(UKAIMHA, CO3MaHHBIX HA OCHOBE pa3-
nuunbx 113, onpeneneHbl crielupHUeCKUe TeHETHIECKUE «ITOIIMTUCH», aCCOIIUH-
pyromuecs ¢ KOHKpeTHoU TpaHciokanuedt IGH unu ctatycom MmiIouaHOCTH, a Tak-
e € XapaKTePHBIM KIMHHYECKUM TTOBEICHUEM.

Kak crnenctBue reHOMHON U TPaHCKPUIILIMOHHOM T€TEPreHHOCTH, TaKXKe CyIle-

CTBEHHO pa3INYaloTCs W Npodmim UMMYHO(EHOTHITMYECKOH 3KCIPECCHU KIIO-
HanbHBIX [IK MM. Ba)kHO OTMETUTB, UTO yXKe YCTaHOBJIEHBI KOPPENALUU Pa3Iny-
HBIX UCXOIOB U JIaKe Pa3INYHBIX [UTOT€HETHYECKUX MpOoQuiIeh ¢ HAIHMINEM WIN
OTCYTCTBHEM PA3IMIHBIX AaHTUT€HOB.
[Tporpecc B TEXHOJIOTHH NMPOTOYHON HUTOMETPHH B MOCJIEIHEE BpeMs IPHBEN K
3HAQYUTEIBHOMY COBEPIICHCTBOBAHHIO HMMMYHO(GEHOTUIIMYECKUX HCCIIEIOBAHUN
I[IK MM, koTOpbl€é NO3BOJMWIH OTKPBITh CYIIECTBOBAHUE YETKO Pa3INYarolIMXCs
(YHKIMOHATBHBIX CYOKIOHOB. OJHMM M3 NMPHUMEPOB TaKUX CYOKJIOHOB CITyKaT
LHOK MM. VYcranosneno, uto [JOK npucyTCTBYIOT B MOJABIISIOIIEM OOJIBIIUHCT-
Be ciydaeB MM (80%), a Taxke B 6ombiioM yucie (20%) «TIaeromux» mpoieccos
nu MI'HD (Paiva, Leukemia 2011). Bo3MOXHBIM OOBSICHEHHEM PELUPKYIISIIHH
kimoHanbHEIX 1K Ha paHHUX cTamusx 3aboneBanus (Hampumep, MI'HD) moxer
CITy’KUTh TOXXWIOH Bo3pacT 6onbHBIX MI'HD, 4TOo MpUBOAUT K CHM)KEHHIO YHCIIA
nmeronmxcs HUm B KM. OziHako HaM He yAaJoch YCTaHOBUTH KaKue-In0o Koppe-
JSIIMU MEXy HanmaueM kioHanbHbIX [1K B mepudeprnieckoit KpoBH M BO3PAacTOM
OOJIBHBIX, YTO OCTaBJISICT OTKPHITHIM BOIIPOC O TOYHOM OMOJOTHYECKOM 3HAYECHHH
HOK nmpu MM.
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It is sticking to see that for an end-stage population, there is still significant cell
heterogeneity. At the phenotypic level, normal PCs show heterogeneous expression
of CD45 and CD19, harbor a small subpopulation positive for CD20 and despite an
homogeneous bright expression of CD81, approximately 5% of total normal PCs
lack this tetraspanin. Other markers such as CD56 and CD28 expression is ob-
served in a small subset of non-neoplastic plasma cells (between 5-20% of all
plasma cells). That notwithstanding, disease related PCs also show severe hetero-
geneity. Focusing on MM PCs, the study of sequential samples by SNP-arrays and
WGS has demonstrated three distinct patterns of genomic evolution: the stable
genomes without differences between diagnosis and relapse clones; the linear evo-
lution in which the relapse clone apparently derives from the major subclone at
diagnosis, but continues to diversify through additionally acquired lesions; and the
branching (nonlinear) model where the relapse clone clearly derives from a minor
subclone, barely present at diagnosis. The clonal heterogeneity observed at the
genomic level translates into the RNA level, and massive GEP has allowed the
recognition of new biological findings with prognostic impact in MM. Most of the
molecular classifications based on different gene expression profiles displays spe-
cific genetic signatures associated with a particular IGH translocation or ploidy
status and with a characteristic clinical behavior. Consequent with the genomic and
transcriptomic heterogeneity, also the immunophenotypic expression profiles of
MM clonal PCs greatly differ. Importantly, the presence or absence of different
antigens has already been correlated with different outcome and even different
cytogenetic profiles.

Given the recent advance on flow cytometry technology, immunophenotypic
studies on MM PCs have remarkably improved, and led to the identification of
distinct functional subclones. One example of such subclones is MM circulating
tumor cells (CTCs). We have recently observed that CTCs are present in the vast
majority of MM patients (80%), and also in a significant number of smoldering and
MGUS (20%) cases (Paiva, Leukemia 2011). A potential explanation for the recir-
culation of clonal PC in the early stages of the disease (e.g. MGUS) could rely on
the advanced age of MGUS patients, which could lead to lower numbers of avail-
able BM niches. However, we failed to show any correlation between the presence
of clonal PC in PB and patients’ age, which left us with the following question:
what is the precise biological significance of CTCs in MM?
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[pensapurenshoe henorunmyeckoe cpaBHeHue [TIK KM u LIOK y omaux u Tex
e OOJIBHBIX ITOKa3alio, 4yTo KioHaimbHbEIe [1K nepudepudeckoil KpoBH UMEIOT He-
CKOJIbKO MEHee 3peiiblii MMMYyHO(EHOTHNHYeCKui npoduias (Harmpumep, Ooiee
HU3KHE YPOBHH BHYTPEHHEH CIIO)KHOCTH M 0Ooyiee HU3KHE YPOBHH HKCIIPECCHU
CD38, CD138 u CD40). MaTepecHO, 9TO KIOHOTHUITNYECKHE KICTKH C MEHEee 3pe-
JIBIM (DEHOTHIIOM IOCTOSTHHO OOHApY)KHBAIOTCSI B Mepu(epruuecKoil KpoBH 00IIb-
HBIX MHEJIOMOH, M cHIDKeHHe skcnpeccun CD138, oTMedueHHOe Ha KIIOHAIBHBIX
[IK mepudepuyaeckoit KpoBH, MOXKET 03HAYaTh, YTO OHH O0OOTAIICHBI KIIOHOT€HHBI-
MU KJIETKaMH, 4TO COTJacyeTcs ¢ OOHApY>KEHHEM CBOICTB CTBOJIOBBIX KJIETOK Cpe-
1 UMMYHO(EHOTUITMYECKUX CBOICTB KiIOHABHBIX [1K.

Hecmotps Ha Bce BhllieckazaHHoe, Ouosnornueckue xapakrepucriku [IOK MM
elle IUI0XO M3Y4YeHBl, I MHOTHE BOIIPOCHI OCTAarOTCSl OTKPBITHIMH, Hampumep: 1)
Bce mu knonansabie [TK KM criocoOHBI BEIXOIUTE B Nepr(EepHIEcKyr0 KPOBb WIIH
TONBKO MX criermpuaeckue cyonomymsinun? 2) Bee nu IJOK oGnamatot coiicTa-
MH CTBOJIOBBIX KJIETOK WJIM OHH OOOTaIleHbl KJIOHOTCHHBIMH KieTkamu? U 3)
Bawusttor mn upkasnsie putmsl Ha LIOK (ananornyno CD34+ remMaTonostHueckum
CTBOJIOBBIM KJIETKaM)?

TakuM 00pa3oM, MOXKHO TIPEIIIOJIOKHTE, YTO HeOOobIIas (Gpakmust KIOHATIb-
weIx [1K, xoTopas mokugaer KM u nupkyiupyeT B mepudepruaeckoi KpoBH 00IIb-
Heix MI'HD u MM, MoxeT npencraBiirh crnenuduiaeckuii cyOKIoH, MOTEHIINAb-
HO 00J1a1af0IIMi HEKOTOPBIMU THITUYHBIMH XapAKTEPUCTUKAMHU CTBOJIOBBIX KJIETOK
(HaxoXXJeHHE B MOKOSIIEMCS COCTOSHHM, XEMOPE3UCTEHTHOCTh M CIIOCOOHOCTH K
CaMOOOHOBJICHHUIO) U SIBJISIETCS] MPUIMHON MEPBUYHOTO PaclpoCTpaHeHus 3aboiie-
Banus (MI'HD) mnm mo3gHuX (SKCTpaMemyJUIIPHBIX) PELUINBOB 3a00JeBaHUSA
(MM). B neprox 2012-2013 rr. MBI IPOBENH YIiTyOIeHHOE M3y4YeHHE OHOJIOTHYE-
ckux M (yHKUMOHaNbHBIX XapaktepucTuk LIOK, aHammsupys deHorunudeckue,
UTOreHeTyeckne u nupkagaeie coiictea LJOK y 6onbHbIx MM 1 cpaBHMBas UX
¢ xnoHaneHbIMU [TK KM.

B rpymme u3 32 GonpHBIX C BIEpBbIE JUArHOCTUpOBaHHOH MM MBI MOKa3aju, 4To
muenomusle [IOK nMeroT yHHKaIbHBIN IMMYHO(EHOTHITNYECKHH MPOQHITb SKCIpec-
cuu 6enkoB. [o cpaprenuro ¢ knonanpHBIME [TK KM, LIOK MM mnokazam cHimkeHre
skcnpeccun uHTErprHOB CD11a, CD1l1c, CD29, CD49d u CD49e, a Takxe MOJCKYI
anresun CD33 u CD56 u penenropa ¢axropa ctBoyoBsix Kitetok CD117. Ha ITOK
OTIPEACISUIOCH TUIIMYHOE CHIDKEHHE ypoBHS skcnpeccun CD138. B To ke Bpems He
BBIABJICHO PA3NIMYMi B IKCIPECCHM JPYTUX MapKepoB, CBSA3AHHBIX C CO3PEBAHHEM,
takux kak CD19, CD20, CD27, CD45 u CD79b, a Takxke perenropa4 XeMOKHHA
SDF-1 (CXCR4). CpaBrenne uMmyHodeHoTHIYECKUX Tpoduiieli sxcnpeccrn LIOK
n kioHaNbHBIX [TK KM y GonbHBIX nokasano, uto [{OK noctosHHO teMOHCTpHpOBaH
COBMaJicHHEe (PEHOTHITMYIECKUX XapakTepHCTUK ¢ KioHaneHbMH [IK KM; onmHako y
6omprmHCTBa 00sbHBIX [IOK 00pa3oBbIBaii KiIacTepbl B YHUKAIBHON OrpaHUYEHHON
obmacty, 3ansaToi KinoHambHBIMU [IK KM, Torna kak B €IMHIYHBIX OCTAJIbHBIX CITyYa-
sx HHOK pacnpenernsutick mo BceMy KOMIapTMEHTyY KiaoHaIbHbIX ITK KM.
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A preliminary phenotypic comparison between BM vs patient-matched CTCs
showed that PB clonal PC displayed a slightly more immature immunophenotypic
profile (e.g. lower internal complexity and lower expression of CD38, CD138 and
CDA40). Interestingly, clonotypic cells with a more immature phenotype have been
repeatedly found in the PB of patients with myeloma, and the decreased CD138
expression we noted on circulating PB clonal PC could also indicate they are en-
riched in clonogenic cells, in line with the previously reported immunophenotypic
properties of clonal PC showing stem cell properties.

Despite all the above, the biological characteristics of MM CTCs remained
largely unexplored with many unanswered questions e.g.: i) Are all BM clonal PCs
capable to egress into PB, or only a specific subpopulation? ii) Do CTCs have stem
cell-like features and are they enriched on clonogenic cells? or iii) Do circadian
rhythms also affect CTCs (similarly to CD34+ hematopoietic stem cells; HSCs)?

Thus, we hypothesized that the small fraction of clonal PC that exit the BM and
circulate in the PB of MGUS and MM patients may represent a specific sub-clone
that potentially harbors some of the typical stem-cell characteristics (quiescent,
chemoresistant and able of self-renewing), and are responsible for the initial
spreading of the disease (MGUS) and late (extramedullary) relapse of the disease
(MM). Between 2012 and 2013, we investigated in-depth the biological and func-
tional characteristics of CTCs, by analyzing the phenotypic, cytogenetic, and cir-
cadian characteristics of CTCs from MM patients, and comparing them to patient-
paired BM clonal PCs.

Based on 32 newly-diagnosed MM patients, we showed that myeloma CTCs
display a unique immunophenotypic protein expression profile. Compared to BM
clonal PCs, MM CTCs showed down-regulation of the CD1la, CDI11c, CD29
CD49d and CD49¢ integrins, as well as of the CD33 and CD56 adhesion mole-
cules, and the stem-cell factor receptor CD117. CD138 was typically underex-
pressed on CTCs. In turn, no differences were noted for other maturation-related
markers such as CD19, CD20, CD27, CD45, and CD79b, as well as for the SDF-1
chemokine receptor 4 (CXCR4). Patient-based comparisons between the immuno-
phenotypic expression profile of CTCs and BM clonal PCs revealed that CTCs
consistently displayed overlapping phenotypic features with BM clonal PCs; how-
ever, in the majority of patients CTCs clustered in a uniquely restricted area of that
occupied by BM clonal PCs, whereas in the few remaining cases CTCs were
spread throughout the whole BM clonal PC compartment.
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OTu pe3yapTaThl MOATBEPKAAIOT Npeanonaoxkenue o ToM, uto LHHOK npencras-
NS0T (eHoTunu4eckoe nmoaMHoxxectso muenaoMubix [IK B KM ¢ Gonee HU3KHM
YPOBHEM 3KCIPECCHM MHTETPUHA U MOJEKYJI aAre3ud U, Kak CIEJCTBHE, MEHee
BBIPKCHHYIO 3aBHCUMOCTh OT HUII CTPOMANBHBIX KiIeToK KM 1 Gornee BbIpakeH-
HYIO CTIOCOOHOCTD BBIXOUTH B EpH(EPUIECKYIO KPOBb.

WuTepecHo otmetuts, uto CD81 — TeTpacnaHuH, y4acTBYIOIIUN B aKTUBALUH
u npomudepanuu B-ki1eTok, Takke UMen HU3KUH ypoBeHb dkcnpeccrn Ha [[OK.
CDS81 sBnsiercst 6onee paHHEeH MOJIEKYyJION MyTH B-KkieTodHoro koperenropa, Ko-
TOpast TAK)KE YJaCTBYET B CUTHAJIBHBIX MyTSAX U aKTHBAIMU B-kieTok. Ml okasza-
U HenaBHoO, yTo 3Kcnpeccus CD81 B IIK KM npu MM accornuupyeTcst ¢ IOBBI-
LIEHHEeM HHZEKca Mposndepanud W, 4TO COIJIACYeTCSl C 3TUMH pe3yJbTaTaMH,
HOK accouuupyroTcs cO CHOKOHHBIM COCTOSHHUEM M 3HAYUTEIbHBIM CHHXXCHHEM
YPOBHS Npoii(epHUpyIOIUX KIETOK 10 cpaBHEHUIO ¢ KioHanbHbIME [TK KM (Mme-
nuana 0,8% npotus 0%; nuanazon 0,5% — 5% mportus 0% — 0,8%; P = 0,005).

CpaBHeHre UMMYHO(EHOTHITMYECKUX TpodHiel skcnpeccun KioHanbHbIX [TK KM
n LIOK ykasbIBaeT, 4to, 1o KpaiiHeii Mepe, y 6osbioro mpouenta 6oisHbix [IOK npen-
CTaBJIIOT YHUKAJIBHYIO CyONOIMy IIMi0 KomrapTMeHTa kioHamsHBIX [IK Bcero KM.
J1s nanbHENIero aHaam3a 3THX JaHHBIX MBI UCCIIEIOBAIM ONPE/EICHHBIE XPOMOCOM-
Hele abeppammn B FACS-orcopripoBanHbix kioHANRHBIX [IK KM BBICOKOW cTeneHn
ouncTKH y 5 60mpHBIX. AHam3 merogoM FISH FACS-otcoprupoBannsx LIOK Bricokoi
CTETIEHN OYMCTKU U mapHbIX KinoHambHBIX ITK KM mokazan, uto 3TH 1Be OImyXoieBble
CyOronyJISIIMK UMEIOT Pa3JIMYHbIe [IUTONCHETUUECKUE MPOQUIIH Y OOJNBIINHCTBA 0OJIb-
HbIX MM. UTO 0COOEHHO MHTEPECHO, HECMOTPSI Ha HAJIMUKE OOIIMX IIMTONeHETUYECKIX
nipenkos, kKoHanbHble [TK KM cuctemaridecky posiBisiig 6os1ee OTHOTO [IMTOreHETH-
YeCKOro M3MeHeHus, kotopele He onpeaensimck B LIOK. Otu npenBaputensHble pe-
3ysbTarhl nokasany, 4ro L{IOK MoryT umeTs lToreHeTHYeckuii mpoguiib, OTINYHBIN OT
kitoHabHBIX [IK KM, 1 4Tt0 HE00X0MMO NPOIOIKUTE MCCIIE0BAHMS C HCTIONb30BaHH-
eM OoJiee MPOKOTO AUANA30Ha HOBEHIIINX TCHOMHBIX METO/IOB.

Hecwmotps Ha 10, uro IIOK B OCHOBHOM HaxOZIATCS B COCTOSTHUM TTOKOSI, OHU JIOJDK-
HBI TIPOSIBJIATH OINPE/ENICHHBIN MOTCHIMAI K SKCIIAHCHH, €CIIM yJ4acTBYIOT B IIpoIiecce
«METACTa3uPOBAHIDY IMCCEMIHAIN MueNOMBL. B 3tom cimydae [IOK momkaer obma-
JIaTh KJIOHOTCHHBIM MOTEHIMAIOM, KOT/Ia MOCiIe 3Tana IUPKYISIIIN B IEpU(epHIecKOit
KpOBH OHHM CHOBA IONayT B Apyryto obmacts KM. [l MoaenpoBaHust 3TOro mporecca
Mbl KyseTuBHpoBay [{OK 10 pa3HbIx 60JBHBIX CO CTpoMaIbHBIMH KileTkamu KM; de-
pe3 14 mHeit B CyIIeCTBEHHOM MPOIICHTE CITy4YacB HAOMIOATICH KOJIOHUH H/WIH KilacTe-
pHI KiteTok, npoucxomuBiuux u3 LIOK. B cBoro ouepenp, B MAGHTHYHOM YHCIE CIIy4acB
TIpH KyJIGTUBALMK B @aHAJIOTHYHBIX YCI0BUSIX KioHaIbHbIe [TK KM oOpazoBaiyu meHbIne
KOJIOHHH M KJIACTEPOB Y MEHBIIIETO YKCIIa OONBHBIX. DTH MpeIBapHTEIIbHBIE PE3YIIbTaThI
in Vitro 1ar0T OCHOBaHMS CUUTATh, uTO (hpakiws KioHANbHEIX [1K, nokuHyBImas KM u
niepemenmas B nepupeprdeckyto kposb (LIOK), Moxer oboramarsesi KIIOHOTEHHBIMHI
KJIETKaMH, HO TAKoKe M TO, YTO KIIOHOTEHHBIE KJIETKH BCTPEYAIOTCSI OTHOCUTEIIFHO PEIKO
cpeu O0IIEro Yrcia MAETIOMHBIX KJIeTOK, 0cobeHHO B KM.
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These results support the hypothesis that CTCs represent a phenotypic subset of
BM myeloma PCs with lower expression of integrin and adhesion molecules and
consequently a lower dependence on BM stromal cell niches would have an en-
hanced capacity to egress into PB.

Of note, CD81 — a tetraspanin involved in B-cell activation and proliferation —
was also down-regulated in CTCs. CD81 is an upstream molecule of the B-cell
coreceptor which is also involved in B-cell signaling and activation; interestingly,
we have recently described that CD81 expression in MM BM PCs is associated
with an increased proliferation index, and in line with these findings, CTCs were
associated with a quiescent state, and a markedly reduced number of proliferating
cells as compared with paired BM clonal PCs (median of 0.8% vs. 0%; range 0.5%
— 5% vs. 0% — 0.8%; P = 005).

The comparison between the immunophenotypic expression profiles of BM
clonal PCs and CTCs suggested that, at least in a large subset of patients, CTCs
would represent a unique subset of the whole BM clonal PC compartment. To
build up on these observations, we investigated a selected number of chromosomal
abnormalities in highly-purified FACS-sorted BM clonal PCs and CTCs from 5
patients. FISH analysis on highly purified FACS-sorted CTCs and their paired BM
clonal PCs, unraveled a different cytogenetic profile between the 2 tumor subpopu-
lations in most MM patients analyzed. Most interestingly, despite a common cyto-
genetic background, BM clonal PCs showed systematically > 1 cytogenetic altera-
tion which was not detected in CTCs. These preliminary results illustrate that
CTCs may have a different cytogenetic profile as compared with BM clonal PCs,
and highlight the need for further investigations using novel and wider genomic
techniques.

Though CTCs were mostly quiescent, they should display some potential to ex-
pand if they are involved in the myeloma “metastatic”/dissemination process. In
such case, CTCs should have clonogenic potential when, after circulating in PB,
they home again into the BM at a different location. To mimic this process, we co-
cultured CTCs from 10 different patients with BM stromal cells; after 14 days,
colonies and/or clusters derived from CTCs were observed in a significant propor-
tion of cases. In turn, identical numbers of paired BM clonal PCs showed lower
numbers of colonies and clusters restricted to fewer patients when cultured in iden-
tical conditions. These initial results obtained in vitro suggest that the fraction of
clonal PCs that exit the BM into the PB (CTCs) could be enriched on clonogenic
cells, but also that clonogenic cells are relatively rare among all myeloma tumor
cells, particularly in the BM.
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W, naxonen, uccrnenoBanue nupkajgHoro purma muenaomusix [HOK moxasano
YIUBHUTEIBHBIN PE3yabTaT: Mbl HAONIOMAMN BBIpaKEHHBIE (IIYKTyallu aOCOJIOT-
Horo yucna [{OK B nepudepuueckoit kpou 60sbHBIX MM B TeueHue CyTOK, IpH
9TOM UK NPUXOIMICS Ha IEepHoJ ¢ 4 9acoB yTpa 70 12 yacoB AHS, & MUHAMAIb-
HBII YpPOBEHb — € 4 4acoB Bedepa 10 12 yacoB HOUM. DTHU Pe3yNbTaThl, XOTS U HO-
CAT MpeIBapUTENIbHBIN XapaKTep, YKa3bIBatoT, uTo aHanornuyHo CD34+ remaTormno-
3THYECKNUM CTBOJIOBBIM KileTkaM, [IOK MM MoryT BBIXOZUTH B HiepH(peprIecKyto
KpOBb OOJNBHBIX B IepHo] O3 JIeUeHHS M KOJIOHU3MPOBATH/METACTa3HPOBATH B
apyrue otaensl KM uinm skcTpaMenyuisipHble TKaHH. Takke mpecTaBisieTcs, 4To
tparcnopt LIOK monymupyercst yposaem SDF1, KoTOpsIii BMECTe ¢ YPOBHEM 3KC-
npeccun CXCR4 na nosepxHoctu 1K ¢uykTynpyer B 3epKajgbHOM OTPaKEHHH IO
oTHolIeHHIo K abcomorHomy unciy [JOK MM. Heo0xoaumMo npoIoiKUTh Uccie-
JIOBaHMsl Uil OoJjiee TOJHOTO M3YYEHHs MEXaHM3MOB MOAYJISIMU TPaHCIIOpTa
OK, a Takke aJst OTBETa Ha BOIIPOC, SIBJSIETCS JIM OH CrEIM(UIECKIM OHOIIOTH-
YECKUM CBOWMCTBOM TeueHHs MM mii Hao00poT, BTOPUYHBIM MTPOSIBIICHUEM HOP-
MaJIbHOTO IIMPKaJHOTO PUTMA, OOBIYHO MPHUCYIIEr0 HOPMaJbHBIM MHUEIIOWUIHBIM
CTBOJIOBBIM KJIETKaM.

B 3akmroueHne, HOBbIE HMMYHO(GEHOTUIHYECKNE ITOJXOIbI MTO3BOJIMIN BIIEp-
Bble mokaszarh, 4To [JOK MM mnpencraBisioT yHUKAIBHYIO CyONOIYJISIHIO KIIO-
HanpHBIX [IK KM, kotopas, mo-BuauMomy, oOoramieHa IpenMyIIeCTBEHHO CIIs-
IIMMH KIOHOTCHHBIMH KJIETKAaMH — CBOMMH HWUTOTEHETHYCCKHMH MpEIKaMH, a
TaKXXe, YTO PAaCHpPOCTPaHEHHE B MEepH(PEpPUIECKyI0 KPOBb HOCHT IMPKAIHBIA Xa-
pakrep, mogodbHo CD34+ reMaTOMmOSTHYECKUM CTBOJIOBEIM KieTkaMm. s mon-
TBEPKJACHUS M YIIIyOJICEHHOTO aHajiM3a IOIYyYCHHBIX PE3YJIBTaTOB HEOOXOAMMO
MIPOJIOJKUTD MCCIIEIOBAHMSI C AaKIIEHTOM Ha CHENU(PUIECKOM TPAHCKPUIITOMHOM U
snurenernyeckom npoduie LIOK, xotopbie mo3BomsaT pa3paborath crenuduye-
CKHE METOJIbl TePaITiH, HANIPaBJICHHOW Ha 3Ty CYOIOIYJISIIHIO.

Finally, while investigating the circadian rhythm of myeloma CTCs, it was
surprising to see the marked fluctuation of the daily absolute number of CTCs in
the PB of MM patients, peaking between 4:00 AM and 12:00 PM, with a nadir
between 4:00 PM and 12:00 AM. These results, although preliminary due to low
patient number, suggest that similarly to CD34+ HSCs, MM CTCs may egress to
PB during the patients’ resting period to colonize/metastasize other sites in the BM
or at extramedullary tissues. Moreover, the traffic of CTCs also seems to be
modulated by SDF1 levels, which together with CXCR4 expression on the PC
surface, fluctuated in a mirror basis with respect to the absolute number of MM
CTCs. Subsequent studies are needed to fully elucidate the mechanisms
modulating the traffic of CTCs, and to clarify whether this is specific MM
biological behavior or instead, a secondary manifestation of normal circadian
rhythms typically observed in normal myeloid stem cells.
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In summary, novel immunophenotypic approaches have unravel for the first
time that MM CTCs represent a unique subpopulation of clonal BM PCs, which
seems to be enriched in mostly quiescent clonogenic cells, an ancestral cytogenetic
background, and a circadian spread into PB that mimics that of CD34+ HSCs.
Further investigations in larger series of patients are now warranted to confirm and
extent on these findings, focusing on the specific transcriptome and epigenetic
profile of CTCs, so that specific therapies targeting this subpopulation can be
developed.
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Onou C. Poycmpon

MUWHHUMAJIBHOE OCTATOYHOE 3ABOJIEBAHUE

KAK KPUTEPUI OIEHKHU B KIMHUYECKHUX UCCJIEJOBAHUSAX:
OBHOBJIEHHBIE JTAHHBIE

OBIIECTBEHHOI'O PABOUYET'O COBEIIAHUA B USFDA
Huemumym onxonozcuu Cenm-/icetimca, Yueonvie knunuxu Jluoca, @ono HC3

Beenenue

Pa3paboTan psiq HOBBIX MpenapaToB, 00JaJarONIMX MOTCHIIHAIBHOW (B (hEeKTHB-
HocThlo B jeueHun XJUL. IIpumensronuecs B HacTOsLIEE BPEMsI TEPAIIEBTUUECKUE
CpelCcTBa NO3BOJISAIOT MONYYHUTh KIMHUYECKHH (P QEKT y OONBLION 4acTH NalllIeHTOB.
OnHako BBICOKHE TTOKa3aTeNn pe3yJIbTaTOB CTaHIapTHOM TepPary MOTYT OBITh JIOKa-
3aHBI, TOJIBKO €CNIM B Ka4eCTBE €UHCTBEHHBIX KPUTEPUEB OLCHKU B KIMHUYECKHX
HCCIIEIOBAaHMAX HOBBIX MPENapaToB HCHONB3YIOTCs mokasarenn OB u BbDKHBae-
MOCTb 0e3 IporpeccupoBaHMs 3a00JeBaHMsI, IPH 3TOM Ha NPOBEICHUE PAaHIOMH3H-
poBanHOTO HccienoBanus 11 Gpa3er Moxker moTpedoBaThes OT 5 10 10 reT.

Jns Toro, yTo0bI HOBEIE () (eKTHBHBIEC NMpernapaTshl MOTJIM IOCTYIIUTh B KJIMHHU-
YeCKyI0 IPaKTHKy Kak MOKHO panbie, USFDA paspemaer peructpupoBaTs HOBBIC
Ipenaparsl 10 yCKOPEHHOW MporpaMMe ¢ MPHUMEHEHHEM CYPPOTaTHBIX KPUTEPHEB,
CHOCOOHBIX C BBICOKOW BEPOSITHOCTBIO MPEACKA3bIBATh KIMHUYECKYIO MOJB3Y. JIro-
0oif OGroMapkep, KOTOPBIH ITOTEHIINAIEHO MOXKET CIY)KUTh CYppOTaTHBIM KPUTEpPH-
€M, JIOJDKEH OTBEYaTh CTPOTUM KBaJH(UKAMOHHBIM TPEOOBAHHSAM, H TOTIA KIIMHH-
YecKasl T10J1b3a OyJIeT ITOATBEpXK/IeHa KaK BTOPHYHBIN KpUTepHi oneHkH. merorcs
coobuieHust o ToM, 4to ypoBHH MO3, BbIBiIIEeMble UMMYHO()CHOTUITNUECKUMH Me-
TOJaMH, JIy4llle TIPEJCKA3bIBAIOT KIMHUYECKUH UCXOJI IIPH OTCYTCTBUHM MOP(]OJIOTH-
YECKHX MPU3HAKOB 3a00JICBaHISA, YeM OOBIYHBIE KPUTEPUH OLIEHKH 3P dexTa.

B namreit pabote o6cyxnaroTcs cxema KBalu(pUKAIMy OMOMAapKepoB M IaHHBIC
006 ucnone3zoBanny MO3 kak kputepus oneHkn npu XJUJI, mpexcraBieHHble Ha 00-
mecTBeHHOM pabodem cosemrannu FDA 27 ¢espans 2013 r. Ero otkpsumm npezacra-
Butenmu FDA, pacckazaBimme o TpeOOBaHMSIX, KOTOPBIM JOJDKHBI COOTBETCTBOBATh
OroMapKepbl ISl UCTIOIBb30BaHKsI B KAYECTBE CYpPpPOTaTHBIX KPUTEPUEB B KIIMHUYE-
cKkHX HccnenoBanusx. [locne 5Toro ObUTM MpeACTaBIIEHBI CICAYIONIHNE JaHHBIE: CHH-
xeHne MO3 10 ypoBHS HI)KE CTaHAAPTHOTO IOpora SBJSIETCSI He3aBUCHMBIM IIpe-
JMKTHBHBIM (DaKTOPOM KIMHHYECKOH 1MoJb3bl. Y HakoHel, ObIIM pacCMOTPEHBI TeX-
HUYECKHE aCMEKThI BBICOKOUYBCTBUTENBHBIX METOI0B onpeaeneHust MO3.

Pezynamopnoe éonpocot u ux npeonocwviiku

Hokrop Anebept Jduccepor (Albert Deisseroth) u3 otTaeneHus reMaToiornye-
CKHUX TPEnaparToB MPEJCTaBII JaHHbIE O KIMHUYECKOH I0b3e, He0OOXOIUMBIE IS
peructparu HOBHIX mpernaparoB USFDA. B KOMIETEHIINIO MOCTIEIHETO BXOAHT
pETHUCTpAITHs HOBBIX IPETapaToB Ha OCHOBAHWM NAHHBIX 00 3(dexTuBHOCTH TpH
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MIpreMIIeMOi 0e30MacCHOCTH, MOJYYEHHBIX B pe3yJbTaTe MPOBEJCHUS a/IeKBAaTHBIX,
XOpOIIO KOHTPOJIUPYEMBIX UCCIEA0BAaHUN, 1 BO3MOKHOCTH ONpEAETICHUs MOKa3a-
HUH K MPUMEHEHHMIO TIperapaTa B COOTBETCTBYIOIIEH MOMYJISALIUKN OOJIBHBIX, a TaK-
e TIpeloCcTaBlIeHne aJeKBaTHOW MH(popMamiy, obecrieunBaromer oe3omnacHoe u 3¢-
(heKTHBHOE MpPUMEHEHNE U Ha3Ha4deHHe MpernapaToB. B paMkax cBOMX 00s3aHHOCTEH
FDA oGnamaer omnpenerneHHON cBOOOIOH B MIPUHATHH HAYYHBIX PEIICHHI IO OTperie-
JICHWIO TUMA WM Ka4decTBAa JAHHBIX M MH(OPMAIMH, KOTOpbIE CIENyeT IPEACTaBUTb,
YTOOBI 3asIBJICHHBINA HA PETUCTPALHIO MIPEMapar OTBEYal YCTaHOBJICHHBIM CTaHapTaM.
B kauecTBe HaygHOr0 OOOCHOBAHHMSI BO3MOXKHOCTH HCTIONb30BaHMs MO3 B KadecTBe
OLICHOYHOTO KpUTEepHs OBUIM IPOAEMOHCTPHPOBAHBI NPUMEPHI OIpENeNICHUsI BUPYC-
Hoit Harpy3ku nipu BUY 1 konmmuectBenHoro onpenenenuss MPHK ber-abl mpu XMUJL.
B cyqae BUY no 1996 r. npuMeHsiM cieyronye KIMHAUECKUE KPUTEPUH: CHIDKE-
nue ypoBHst CD4 T-kiieTok, HOBble MH(EKIMH YCIOBHO TAaTOT€HHBIX BO30YyIHTENCH
uiu netanbHbil ucxo. [losiBnenue HanexxHbix MeTonoB aHanuza MPHK BHUY nociy-
KWJIO CTUMYJIOM JUISl HMCIIOJIB30BAHHS «MOJIEKYIAPHBIX» KPHTEPUEB, TO3BOJIIONINX
Ha4aTh JIEUCHUE J0 Pa3BUTHS 3a00JIeBaHMH, BHI3BAHHBIX YCIOBHO NTATOT€HHBIMU MUK-
poopraamsmamu. USFDA mpoBeno anamm3 maHHbIX Oosiee 5000 GonbHBIX, ydacTBO-
BaBIIMX B KJIMHMYECKNX HCCIEAOBAHMUSX, KOTOPbIE MOKA3aM, YTO CHIKCHHE BHpYC-
HOM Harpys3Kkd 4epe3 KOPOTKMH INPOMEXYTOK BPEMEHM KOPPEIUPYET C yCTOMYMBOM
pemuccueli, TOBBIIICHUEM BBDKHBAEMOCTH 0€3 MPOrpecCHpOBaHUs 3a00NEBaHUS U
obuieit BeokuBaemoctH. K 1996 r. monutopunr PHK BUY nnst onpenenenus Bupyc-
HOM Harpy3KH B peajJbHOM BPEMEHHU CTajl CTAHAApTHBIM MeTooM, U KoHcynbraTus-
ueiii komutrer USFDA kBanmuduimpoBan onpeaenaeHine BUPyCHON Harpy3ku depes 24
HeJleN B KauecTBE KPHUTEpHs OLEHKU B PaMKaxX MPOrpaMMbl YCKOPEHHOW perucrpa-
LMK, a TOKa3aTeN uepe3 48 Hemenb — B KauecTBE KPUTEPHS Tl OOBIYHON PEeTHCTpa-
mun. B cimygae XMUJI 66110 mokasano, uto onpeaencare MPHK bcer-abl B mepudepude-
CKOI KpOBH BCKOpE TIOCIIE POBEACHHUS TEPAITHH SIBISIETCS TPEANKTUBHBIM (haKTOPOM
HCXOJa B JOJNTOCpOYHOU mepcriekTuBe, u B 2003—2005 IT. 3TH METOABI ObLIH TapMo-
Hu3upoBaHbl. [1o mpomecTBun 7—8 jeT pe3yabTaThl MHOTOUUCIEHHBIX KIMHHUYECKUX
WCCIIeIOBAaHHH TTOJTBEPIMIII, YTO MOJIEKYJISIpHBIHN d(dext yepe3 3—18 mec mocrne Ha-
Yaya Tepanuy MIMaTnHrIOOM KOppEenupyeT ¢ KIMHUYECKHM HUCXOJIOM, U BBICOKHI MO-
JEKYISPHEIA dPQeKT (T.e. CHIKEHIE Ynciia KOmui TeHa ber-abl B mepudeprdaeckoit
KpoBH Ooree, yeM Ha 3 log) ObII MPHHAT B KAUECTBE OCHOBHOTO KPUTEPHS B PETHCTpA-
LIMOHHOM HccneoBaHny Humotranb6a.

C yderoM 3THX IBYX CHTyalllii Hadajaach paboTa 1o moarotoske K mpuasTiHio MO3
B Ka4€CTBE CTaHJAPTHOTO KPUTEPHS OLECHKU B KIMHUYECKHUX HCCIIEIOBAHIAX C TOCIE-
JIYIOIIEeH pa3pabOTKOM U CTaHAAPTU3AIMCH COOTBETCTBYIOIINX METOIOB aHATHM3A IS €r0
onpenenenust. [Ipencrout onpenenits 3G (HeKTHBHOCT CTAHIAPTU3NPOBAHHBIX METOIOB
B MPOCMIEKTHUBHBIX KIIMHUYECKHMX HCCIICIOBAHUSX, U €CITH OyIeT moATBepkacHa d(dek-
TBHOCTE MO3 Kak IpeicKa3aTeNbHOro (hakropa KIMHAYECKOH MOJb3bl, TO 3TOT MOKa-
3aTesb MOKHO OyZIeT HCIIONIb30BATh B KAYECTBE CYpPOTaTHOTO KPUTEPHSI B KITMHIMIECKHX
HCCIIEJOBAHMSAX MO MPOrpaMMe YCKOPEHHOMN PerucTparui.
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Hoxrop Pobept bekkep (Robert Becker) u3 ornena perynupoBaHus MeIUIIIH-
CKHUX CPE/ICTB COOOIIMII O HEOOXOJMMOCTH PETUCTPALIMH THArHOCTUUECKOTO METO-
na wim crocoba onpeneneaus MO3 in vitro. i kBanudukanum Gnomapkepa He-
00X0IMMO TIPEICTaBUTh ITAKeT JaHHBIX, IEMOHCTPUPYIONINX «HHTEPIPETUPYEMOE
3HAYEHHE» Pe3yJIbTaTOB aHATUTHIECKOTO METO/1a, KOTOPBIH B JajdbHEHIIEM MOXKET
IIMPOKO TIPUMEHATHCS B IPYIMX KIMHHYECKHX HccienoBaHusax. Keammgunumpo-
BaHHBIH OMOMapkep AOJDKEH HMACHTH(UIMPOBATHCS pPaHbINE, YeM CTaHJapTHBIC
MMOKa3aTeNN BEDKUBACMOCTH 0€3 MPOrpecCHpOBaHus 3a00JI€BaHUS U OOIIeH BBIKH-
BaeMocCTH. Takxe TOJDKHA OBITh NMOKA3aHa CHIIbHAS KOPPENALHS ¢ STUMH KIMHUYE-
CKHMHU TOKa3aTeNIIMU. B CBs3M ¢ TeM, 4TO KBaIUGHUIMPYETCs OHOMapkep, a He
KOHerTHI)Iﬁ METOA aHaJIn3a, peryJITOPHBIMU OpraHaMu HE 6yI[CT IPEABABIIATHCA
crenuuyecknx TpeOOBaHMH ISl PETHCTpalMU K TaKUM METOJIaM, XOTs, TeM He
MEHee, OJKHJIAeTCsl HAIW4Me YOEAWTENbHBIX JI0KAa3aTeNbCTB aHAINTHYECKUX BO3-
MOYKHOCTEI MeTO/1a TI0 pe3yIbTaTaM NPUMEHEHHUS B KaKOM-TTH00 uccienoBannu. B
YaCTHOCTH, HEOOXOIUMO OyJIeT NMPOBECTH CTAHIAPTH3ALUIO, BAIHIALMUIO U JIOKY-
MEHTHPOBAaHUE JTHOO 3apEerHCTPHUPOBAHHOTO JHATHOCTHYECKOTO METOZA in Vitro,
700 COTTIacOBaHHO MapaJNTMBI HCCIEAOBAHMUS, B TOM YHCIIE — BCE HEOOXOANMBIE
BaIMJAIMOHHBIE U KOHTPOJBHBIE MEPONIPUATHSA, HEOOXOAUMBIE JUIS MOATBEPXKIIE-
HUSI IPUEMIIEMBIX BO3MOXKHOCTEH METOAA.

Criermudraeckuii BaJUIAPOBAHHBIA METOJ aHAJIN3a, CKOpee BCETo, MOJOUICT
JUISl KOHKPETHOW CUTyaluy 3a00j1eBaHue — JIeYeHHe, TOra KaK NOAXOASIIMN Ono-
Mapkep OyIeT OTpakaThb XapaKTEPUCTUKY 3a00JIeBaHHUs, KOTOPYIO MOXHO H3Me-
PATH pa3HBIMH METOJaMH, OHAKO IPHU 3TOM HEOOXOJMMO OIPENENUTh «30JI0TOH
CTaH/AapT» JUIA BaJMIAlMK METOJOB aHaJlM3a, U JaHHBIH OMOMapKep JOJDKEH TOA-
XOJUTH ISl HCTIOJIB30BAHUS B PA3HBIX KIMHUYECKUX CUTYalUsX.

Joxrop Mapk Porman (Mark Rothman) mocesTun cBoe BhICTyIIIEHHE BOIIpOCcaM
BAIMIAIMN CyppOTaTHBIX KputepreB. CypporaTHbIl KpUTEpHI JOIDKEH KOPPEIHPO-
BaTh C KJIMHUYECKHM HCXOJIOM Ha YPOBHE OOJIBHOTO HE3aBHCHMO OT METOAA JICUCHHS U
JIOJDKEH TOJIHOCTBIO OTPaKaTh YMCTOE BIMSHUE JEUYCHUS Ha KIMHWYECKUH HCXOZ.
Hoxmamauk pacemotpen npumep omnpeaenerns CD4 KiIeTok u BUPYCHOH Harpy3Kd y
BUY-uadummposansbx. Yncno CD4 knetok — GroMapkep, KOTOPBIi IpecKa3biBa-
€T I/IH(beKLlI/IIO YCJIIOBHO NATOICHHBIX OPraHU3MOB, HO HEC ABJIACTCA MOKA3aTCIIEM TCUEC-
HUs1 3200JIEBaHUs, a CKOpee CIIY)KUT BTOPUYHOM Mepol akTHBHOCTH 3aboJieBanusl. Bu-
pycHas Harpy3ka BUY npencrapiseT npsmMyro Mepy akTHBHOCTH 3a00iieBaHus U (hak-
TOpOM TMporHo3a cHwxeHus umcia CD4 xierok. BupycHas Harpyska y BHY-
MH(ULIPOBAHHON MaTepH sBisieTcs (paKTopoM MPOTHO3a PHCKa Iepenadr HHpeKnuu
OT Marepu K pebeHky, Toraa kak uncio CD4 kieTok B opraHusMe MaTepu TaKuM
cBoiictBOM He oOmamaet. Takum oOpa3om, BupycHas Harpyzka BIIY otpaxkaeT Teue-
HHEe 3a00JIeBaHNsI ¥ KOPPETINPYET ¢ KIMHUYECKMM HCXOAOM B TEX YCIOBHSX, KO/
yrcno CD4 kieTok He 001ajaeT 3THMH CBOMCTBaMH, M CIIEIOBATEIBFHO, BUPYCHAs Ha-
rpy3ka BUY sBstercst Gonee moaxoasumM OHOMapKepoM ULl OLEHKH MOTEHIHAIb-
HOM KJIMHMYECKOH IO0JIB3bI JICYEHHS, YeM m3MeHenue yncia CD4 kiieTok.



HAMATOPOIESIS IMMUNOLOGY 79

BI/IOMapKep, HOHXOMHII/Iﬁ JJIA UCIIOJIB30BAHUA B KAYECTBE CYppPOIraTHOT'O KpUTC-
pyud B KIIMHUYCCKUX UCCICAOBAHUAX, NOJDKCH OTPAKaTb MOHUMAHUEC IATOJIOTrH4c-
CKOro mponecca Tak, yTOOBI M3MEHEHHUS €r0 3HAUYEHHIA MOIJIH ObI MpPCaACKa3bIBaATh
SHAYUMYHO KIIMHAYCCKYIO MMOJIb3Y, IIPUYICM JOJIKHA OBITH YCTaHOBJICHA CUJIbHAA KOP-
pesnusa MEKIAY N3MCHCHUSIMU BCJIIMYUHBI 6HOMap1<epa ¥ KIIMHAYECKOH MOJIB30H 110
pe3yibTaTaM HECKOJIBbKUX PAaHAOMU3UPOBAHHBIX KIIMHUYCCKUX I/ICCHCZ[OBaHI/II\/’I.

Cocmosnnue oyenxu MO3 npu XJI/I ¢ nacmoawiee epemsn:

Hanuuue mecHou ceazu mexcoy MO3~ cmamycom

U yyduienuem KiuHu4eckozo pe3ynvmama

Hokrop ITaoso I'ma (Paolo Ghia) oTkpbuT OYepenHOe 3aceaHue TOKIAJIOM O
KIIMHUYECKUX JaHHBIX, MOJATBEPKIAIOIINX BO3MOXKHOCTh Hcnoib3oBanus MO3 B
Ka4yecTBe KPUTEpHs OLEHKU B KIMHHYECKHUX HccienoBaHusx. OH ykas3aj, 4To cTe-
neHb dddekra B TeUSHWE MHOTHMX JIET CUHTANACHh JYYIIMM MapKepoM IpOTHO3a
MCXO0J1a, U MPUMEHSIONINECS] B HACTOSIIIIEE BPEMs TePaNeBTUIECKHE MOAXOIbI, Ta-
kne kak FCMR, narot addekr y 6onee 80% panee HenedeHHBIX O0nbHBIX. J[-p ['Ha
caemnan 0030p KIMHAYECKHUX uccaenopannii o onenke MO3 npu XJIJI u momgaepk-
HyJ TOT (akT, 9TO KIMHHYECKas pemuccus mnpu orcyrctBuu MO3 ompenensercs
KaK BBISBIIEHHE B KPOBH WJIM KOCTHOM MO3re MeHee oxHod kierku Ha 10 000 wmm
10* nefixoruTos. JIOKIATUHK PACCMOTPEN BOMPOCHI HPUMEHEHHS PA3THUHBIX Me-
Toguk mporouyHod nuromerpuud u I[P, a Takke mpeumyiiecTBa U HEIOCTATKU
kaxnoro merona. KonmnuecrBennass UI'X-IILIP sBisieTcst MmeToioM, crieuduaHbIM
1u1a 601BpHOTO, U UMeeT npezen onpeneneHus 0,001%, moxxer npumenarscs y 90%
MAIMEHTOB, HO TpeOyeT HAJMYMsI MaTepuaia JJisl aHalIn3a, MOIyuYeHHOTO JI0 Jieue-
nust. [IpeanoyrnTenbHee HCHIOIB30BaTh CBEXKHE CPE3bl, HO TAKXKE MOYKHO HCCIIE/I0-
BaTh 0Opaslbl, MoiydeHHble Oosee yeMm 3a 48 wacoB mo aHanusa. lIporodno-
nuroMerpudeckoe ompexaeneHne MO3 sBiseTcs METOAOM, CHEHU(GHIHBIM JUIS
3aboneBanus, 1 He TpeOyeT MarepHuaia, MOIXy4eHHOro 1o JjedeHus. IIporounas
LUTOMETPHSI MOXET NPUMEHAThCS Ooiee ueM B 95% cimydaeB (Bce OOJIBHBIE C TH-
MMTYHBIM (PEHOTHIIOM), HO TpeOyeT MaTepuaia, MoydeHHOTO MeHee ueM depes 48
4acoB 10 aHanu3a. [IepCreKTUBHBIM MOJXOJOM HPEACTABISIETCS BBICOKOI(D(EK-
THUBHOE CEKBEHHPOBAHHE, T.K. 3TOT METOJ 00beJUHSET B cebe mpenumymiecTsa real
time PCR 6e3 He00X0IMMOCTH UCTIONBb30BaHMSI MAIMEHT-CIIEIU(UUECKHUX TpaiiMe-
POB, OZIHAKO 3Ta TEXHOJIOTHsS IOKa He BajuaupoBaHa. M, HakoHeu, n-p I'ma mon-
TBepaua dpdexTuBHOCTE MO3 Kak cypporaTHOro Mapkepa McXo/a, MpoJeMOHCT-
PHPOBaB CBSI3b MEXKIY YIIyUlIEHHEM KIMHUYECKOTo ucxoaa U cHkenneM MO3 o
yposHs Huxe 0,01%.

Hoxrop Ceb Borrxep (Seb Bottcher) cneman moxman 06 onenke MO3 B HeMeIIKOM
nccnenosanru CLLS mo omenke pexxumoB ¢mynapadbus-mmkitodochamun (FC) u FC-
purykcumad npu XJIJ1. Pe3ynbraTsl mpoBEEHHOTO WCCIEIOBAHMS OITBEPIMIIN, YTO
MO3 sBiseTcsi He3aBUCHMBIM MTPOTHOCTHYECKIM (DaKTOPOM TSI BEDKHBAEMOCTH 0e3
mporpeccupoBanms 3a0omeBanis # OB mpi MHOTO(aKTOPHOM aHAIH3e.
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Crenyer mom4epKHyTh, YTO THH JICYEHHSI, KOTOPBIH 001aaeT BEICOKOM 3HAYM-
MOCTBIO JIJIsl IPOTHO3a MCXO0/1a IO pe3yJIbTaTaM OJHO(paKTOPHOTO aHaIN3a, TepseT
CTaTUCTUYECKYIO 3HAYMMOCTH I0CJIE KOPPEKTUPOBKH ¢ ydyeroM craryca MO3: nc-
xox mns 6opHEIX ¢ MO3™ cratycom mocie jederns FC ObuT TakuM e, 94TO U T0-
cie neuenns pexxumom FCR.

Hoxrop bumr Buepna (Bill Wierda) uz M.D. Andersson Center coobmur 06
ombite CHIA B onenke MO3 nociie xumronMMyHoTepanun. HecMoTpst Ha TO, 4TO
pe3ynbTaThl IOKa HE MOTYT OBITh OIyOJIMKOBAHBI, T.K. SBJISIOTCS YacThIO MPOAOII-
MKAIOLIETOCST KIMHMYECKOTO HCCIIEAOBAHUS, MMEIOIIMECS HA HACTOAIIEE BpeMs
JIAaHHBIE C BBICOKOH CTENEHBIO0 3HAUUMOCTH MOJTBEPIKAAIOT BO3MOXKHOCTh HCIIOJIb-
3o0BaHus ctatyca MO3 kak CypporaTHOTro KpuTepusl.

Hoxmnan nokropa Omuim Monceppat (Emili Montserrat) ObUT OCBSIIIIEH OITBITY
0apceoHCKOro IEHTPa, B KOTOPOM 255 GOJIBHBIX MPOXOAMIN JICUEHHE C IPUMEHE-
HUEM pa3HBIX PEXKUMOB, B ToM umcie xiopamOymwi, CHOP, PA, FC(M) u
(FC(M)-R. Pe3ynpraThl mokaszany IOBBIMICHHE KIMHUYECKON 3()(EKTHBHOCTH 3a
MOCIIEIHNE ABANATh JIET W €Ile pa3 MpojaeMOHCTpupoBanu, 9ro MO3 sBisercs
HE3aBHCUMBIM NPOTHOCTHYECKNM (HaKTOPOM ISl OLCHKH BBDKHBAEMOCTH Oe3 Jie-
yernns u OB.

IIpodeccop [urtep Xummmen (Peter Hillmen) pacckazan 06 ombite Benmkoopu-
taanu. MO3 sBIg€TCS MOIIHBIM MPOTHOCTHYECKUM (PAaKTOPOM HCXOJa 10 JaHHBIM
HECKOJIbKUX KIIMHUYECKUX HCCIIEIOBAHH, a TAK)Ke HE3aBUCUMbBIM MPEAUKTHBHBIM
(axTopoM Mcxoza y OOJbHBIX, OTYYaBIIUX Pa3INYHbIE PEKUMBI JICUCHHSL.

Hoxrop Jlxon bupn (John Byrd) u3 Yuusepcurera mrara Oraifo BbIcKazal
0co0YI0 TOUKY 3peHHs Ha 3HaueHne oneHKH MO3 B KOHTEKCTE HOBBIX IIPENaparos,
MOJIABIISIOINX CUTHAJIBHBIA MyTh penenrtopa B-kierok (BCR), Takux kxak GS-
1101 u NU6pyTHHUO.

OTH HOBBIE TpeNapaThl IPOJEMOHCTPHPOBAIN 3PPEKTUBHOCTH MO MTOKA3ATEIIO
KOHTpOJISI 3a00JIEBaHMS ¥ OYEHb BBICOKYIO BBDKHBAEMOCTH 0€3 IPOTPEeCCHPOBAHMS
JaKe Cpead MAIMEHTOB M3 KOTOPTHI JIMII BBICOKOTO PHCKa, OIpEAesieMo 1o Ha-
nmuanto HemyTtuposanHoro IGHV, nemermu 17p nnmm peneunu 11q. Ogaako xuHe-
THKa 3¢ (exTa STUX HOBBIX HHIHOUTOPOB CHJIBHO OTIMYACTCA OT TAaKOBOH IIPH HC-
M0JIb30BAaHUM OOBIYHOIM XMMHOTEpAIUU M XapaKTepU3yeTcs MepBOHAYAIBHBIM Iie-
pepactpenenenueM kietok XJUJI n3 nmumdoysnos B nepudepuyeckyro Kposs. B
pe3yJbTare 4acTo HaOJIOAeTCsl 3HAYUTENILHOE MOBBIIICHHE YPOBHS JIUM(OIMTOB
B nepru(epruuecKoil KPOBHU B IIEPBbIE HECKOIBKO MECSIIEB C MOCIEAYIOINM ITOCTe-
TIEHHBIM CHIDKEHHEM B TIOCIIETYIOIIME MECSIIBI U TOJIBI.

OTHOCUTENIBHO HEOOJIBIIOE YHCIO OOJIBHBIX JOCTHIAaeT OOBIYHOM PEMHCCHH,
TOT/Ia KaK y OOJBIIMHCTBA OTMEYAETCs epCcucTupyonmi tumdoruros. [-p bupn
ykasai, 4to onpenencane MO3 uMeeT 3HaUeHHE I TeparneBTHIECKUX CTPaTerni,
TPeOYIOINX 3paJiKalliy 3a00JIeBaHNs, HO HE 003aTeNbHO [T CTpaTeruii, mpemy-
CMAaTpPUBAIOIIUX KOHTPOIb 32 HUM, U Tpeutoxui cuntath MO3 daxynbTaTUBHBIM,
HO HE 00513aTeJIbHBIM KPUTEPHUEM.
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U, naxonen, noxrop Hun Keit (Neil Kay) pacckazan o KIMHHYECKHUX ITPOTOKO-
J1aX, KOTOpbIE B HACTOSIIIEe BPEeMsI HAXOAATCSI B CTAJAWHU pa3pabOTKH, U OTMETHII,
yro MO3 3aiiMeT IeHTpalbHOE MECTO B aHAIN3aX, MPEAYCMOTPEHHBIX OyAyIIMMA
HCCIIEIOBaHHUSMH.

Onpeoenenue MO3 memooom npomouHol yumomempuu:

mexHuuecKue 60npocwl

Jnsa kBanuduranum OnoMapkepa MOMHMO JIEMOHCTPAIMH KIMHUIECKOH MOJb-
361 HEOOXOIMMO HaJM4YHe OJHOTO W Ooiilee HAaIEe)KHBIX METOJOB KOJIMYECTBEHHOTO
oIpeZiesIeHuUs 3Toro Onomapkepa. TeXHHYECKHE acleKThl 00ecIeYeH s HaIe)KHOTO
KoJIn4ecTBeHHOro onpeneneuuss MO3 obcyxaanuch B qokinanaax Juau Poycrpona
(Andy Rawstron), Mepuamnuc Creriep-Ctuencon (Maryalice Stetler-Stevenson) n
Hxepapna Jlozoecku (Gerard Lozonski).

Koncopunym EBpomelickoil uccnenoBatensckod uHuUnMatuBbl npu  XJUJI
(ERIC) B Teuenne Oomnee qecsATH JET NPOBOAUT paboTy Mo pa3pabOTKe aHAIUTHIE-
ckux meronoB ais onpeneneHns MO3 mpu XJIJI, u 0030p MOTyYeHHBIX TaHHBIX
MOJTBEPKAACT, UTO MYJbTUIApAMETPHUECKas IMPOTOYHAS HUTOMETPHUS BIIOJIHE
MOIXOANT IJsl KonmmdectBeHHoro onpenenerns XJIUJI go 0,01% (10'4). Banugupo-
BaH A METOJIOB C HMCIIOJE30BaHUEM OT 4 10 6—8 I[BETOB C WCIOJIB30BAHUEM OJI-
HUX M Te€X XK€ OCHOBHBIX aHTHTEJ, MHOTHE U3 KOTOPBHIX HCIOJIB3YIOTCS B IMOCTa-
HOBKE JMarfo3a B TeueHHe AecsaTmwieTuil. OLeHKy NpHeMIIeMbIX MOTPENIHOCTEH
MIPOBOAMIIM ITyTEM CPaBHEHHMsI MPECKa3aTeNbHOI 3HaYMMOCTH onpeaeneHns MO3
nocne 100aBieHNs B pa3HOM CTENEHW CIy4YalHbIX OMHOOK. JIJIsl CylecTBEHHOTO
MOBBILICHUS BEDKMBAEMOCTH (HarnpumMep, Oonee 1 rona) Tpedyercs cHmxenune XJ1J1
Ha > 1log, mostomy morpemHocTh B ompeneneHun mo 0,5 log (mampumep,
0,01% = 0,005 — 0,05%) ©He BimseT Ha mporHO3 Hcxona. JlampHeimmii anamms
JIAHHBIX TI0 KOHTAMMHAIIWH, TIOJIyYEHHBIX B Pa3lIMYHBIX J1aOOPaTOpHsIX, MMOKa3al,
YTO aHaJUTHYECKHE IOTPEHIHOCTH, 00YCIIOBJICHHBIE IPOBEICHUEM aHau3a B pa3-
HBIX J1Ta0opaTopHsxX, IMOMAaNaloT B MpHEMIIeMbIH auana3oH. !, HakoHen, ObuIn
MIPECTaBIICHBI TIEPBHIC TaHHBIE, KOTOPHIC JAI0T OCHOBAHMUS OKUJIATh IOSIBJICHUS B
ommkaiireM Oyaymem Matepuana o nmpoBepke kBanudukanuu (EQA).

B otHOmeHNn Gonee crienmu(pUIecKiX acleKTOB MPUMEHEHHUST METO/IOB aHAJI3a
MO3 B KIMHMYECKHMX MCCICHOBAHMAX OTMEYalloch, 4To Heobxomum XJIJI-
CeIM(PUIHBIA METO KOJIMYECTBEHHOTO ONpPEENICHNs], a HE KaueCTBEHHBIE MOIXO0-
IIbI, OCHOBaHHBIE Ha KJIOHAJBHOCTH. MaTtepualt, MoIy4eHHbIA O JIeYeHNs, JOJDKEH B
naease TMOAXOAWUTh sl MoHuTOopuHra MO3. [l MOMy4eHHs BOCTIPOM3BOAMMOTO
npenena ooHapysxenust 0,01% BbIsIBIEHHE METOJOM NMPOTOYHON IuToMeTpun 20—-50
coObitiid ¢ XJIJI-monoOHBIM (EHOTHIIOM BIIOJHE BEPOSTHO OyIeT NpEeNCTaBISTh
nonyssinuto XJIJI, ogHako BOCIIPOU3BOAMMOCTE 3THX PE3YJIbTATOB OyleT HHXKe, YeM
IpH YCTAaHOBJIEHHOM MHHHMyMe 50 coObiThidi. B uneane Oyner mpuMeHSTHCS KOH-
Tposb koHTamuHaruu (CD3) mis pesynbratoB Ha yposae 0,005-0,05%.
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Heo6xoauMo npoBOIUTE HE3aBHCUMYIO BaIHUAALMIO PE3yJIbTaTOB KOO C HC-
M0JIb30BAaHUEM YaCTHYHOT'O U30BITOYHOTO KOHTPOJIS ¢ 4/6 IIBETaMH 110 HECKOJIBKUM
mpoOupkam, 1100 ¢ HE3aBUCUMOH TOATOTOBKOH NPOOHPOK, JIMOO BaJIHIalluK HE3a-
BHCUMBIM MeTo0M, Hanpumep, RQ-ASO IGH-PCR. Ecnu kaMHHYECKOE peleHne
MIPUHUMAETCS 110 pe3yJibTatry omnpeaenenust MO3, 1o Hadana jedeHns moTpedyercs
HECKOJIBKO TIOJIOKUTENBHBIX TECTOB B Pa3HbIX BPEMEHHBIX TOYKAX, YKA3bIBAIOIINX
Ha noBbimeHne ypoBHs MO3. MoryT noTpe6oBaThCs TOTOIHUTEIBHBIE HCCIEI0-
BaHMA ISl OTPEJCNICHNs] albTEPHATHBHBIX MapKepoB I'e€HTHPOBaHMS B-KIETOK ¢
MOSIBIIEHHEM IIpenapaToB, HarpasieHHbIX Ha CD19.

Munumanshoe ocmamounoe 3abonesanue

Kak cyppozamubtii Kpumepuii npu XJI/T

HakomnieH cymiecTBeHHBII MacCUB JJaHHBIX, YKa3bIBAIOLINX, YTO CHHXKEHHE KO-
nuuaectBa kinetok XJIJI no yposHs Hmke 0,01% (1 xnerka XJIJI va 10 000 umu 107
%) SBJISETCS HE3aBUCHMBIM MPEICKa3aTeNbHBIM (AKTOPOM TIOBHINICHHS BBIKHBAE-
MocTH 0€3 MpOrpeccHpoBaHUs 3a00eBaHUS M 00mel BebkHBaeMocTH. MO3 He
BCET/a MOJXOJUT ISl BCEX KIMHUYIECKUX YCIOBHH: TaK, HHTHONTOPBEI CUTHAIBHBIX
IMyTel B-KIETOYHBIX penenTopoB MOTYT AaBaTh KIMHWYECKYIO TOJIB3Yy 0€3 3paau-
Kaiuu 3aboneBanus. OJHAKO AT MOJXOJOB, HANPABICHHBIX HAa 3PaJUKALUIO 3a-
6oneBanus, ypoBeHb MO3, onpeneneHHbIH BBICOKOUYBCTBUTEIBHBIME KOJTHYIECT-
BEHHBIMH METOJaMM, TaKUMH Kak mpoTouHas muromerpus win RQ-ASO IGH-
PCR, MOXeT npencTaBiIsATh HaIeKHBIM KPUTEPUI B KIMHUYECKUX UCCIEOBAHUIX.
Takue MeToapl MOTYT NPUMEHSTHCS B CHENUATU3UPOBAHHBIX JIAOOPATOPHSIX, HO
UCIIONIB3YIOTCSI B OOJIBIIMHCTBE CTPaH, YTO TMO3BOJLIET MIPOBOAUTH MHOTOLEHTPO-
BbIE MEXAyHApOJHbIE HCCIENOBaHUSA ¢ UcHonb3oBaHHEM MO3 kak OLIEHOYHOIO
KpPHUTEpUS TIPH yCIOBHH, YTO OyIyT NPENNPUHATHI JOCTATOUHBIE IIark Ui o0ecIe-
YEHUsI COTIIACOBAHHOCTH MEXIy IEHTPaMH; PEIICHHIO 3TOH 3a1aun OyneT crocoo-
CTBOBATh IIOJIydCHHE CTAOMIM3MPOBAHHBIX OOpA3IOB ISl MPOBEPKH KBAIH(HKA-
i B Ommwkaiimem OyamymeM. OOCyXIamuch BONMPOCH ONTUMAIbHOTO BPEMEHH
3a0opa 00pa3mnoB u marepuana mjs onpeneneHuss MO3, u XOTsS UMEIOTCS JaHHBIE,
YKa3bIBAaIOIINE, YTO ONTHMAJIBHOMN MpOLeAypoi sBiseTcs 3abop nepudepudeckon
KpOBH uepe3 6 Mec IMocje OKOHYAHUS JIEUCHUS, OONBIIMHCTBO MMEIOLINXCS JaH-
HBIX OBUIO TOJIy4YEeHO Ha OCHOBAaHHMHU MCCIIEIIOBAHHM aclUpPaToOB KOCTHOI'O MO3ra,
0TOOpaHHBIX JUIsi 00bIYHOI oueHkH dddekra. [IpencraBieHnble 10BOABI yoeaH-
TeJbHO J0Ka3aJH BO3MOKHOCTb HCIO0JIL30BaHus ypoBHs MO3 kak cypporart-
HOI'0 KPUTepUsl B KJIMHHYECKUX HCCIeJ0BAHUSX, KOTOPbIe NMPOBOAATCS IJIsl
perucTpauMu HOBBIX Npenapartos s Jedenus XJLJL.
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A.A. Ban oe Jloocopexm, T.M. Becmepc

POJIb MPOTOYHOM IMTOMETPUU

P MUEJOAUCIIIIACTHYECKOM CUHAPOME
Omoenenue cemamonozuu, AmMcmepoamcKkull OHKOI02UYeCKULL YeHmp,
Yuusepcumemcxuu meouyunckui yenmp, Amcmepoam, Huoepranowi

[1L] npr3HaHa OJHUM H3 BaXKHBIX HHCTPYMEHTOB B quarHoctuke MJIC, oco6eHHO
B TEX, CIIy4asiX, KOTJa MUTOMOP(OIOTHYECKOE M IUTOTEHETHYECKOE UCCIIeIOBAaHUS HEe
TIO3BOJISIFOT CIENaTh OlpeNeNieHHoe 3aKimoveHrne. MexayHapomHoe pabodee coBerma-
Hue EBporeiickoil cetu neiiko3oB mo cranaaptuzanuu [ mpu MIC npemmoxuno
MHHHMMaJIbHbIE TpeOOoBaHus U1 aHanu3a auciuiasuu MerozaoM 1L, ocneansis nomxk-
Ha BXOJUTh B MHTETPUPOBAHHYIO CXEMY JMArHOCTHKH KaK €€ COCTaBHAas 4acTb, a HE
KaK CaMOCTOSITENBHBI METOJ| HMCCienoBaHusi. B nmanHoll pabore paccMarpuBaroTcs
Bonpocsl npumeneHus I11 B auarnoctuxke MJIC. Taxke paccMOTpeHBI MOCIeTHHIE
noctkenns B mpumenerun [11] s quarsoctuxy u mporaoza MJIC.

BBenenue

IMuromop¢oaornyeckoe UCCIeI0BaHNE CUUTACTCS OCHOBHBIM METOAOM B -
arHoctuke M/IC, omHako ero pe3yabTaThl MOTYT OBITH HEOJHO3HAYHBIMH, 0COOCH-
HO B CIIy4asiX HU3KOT'O YpPOBHsI 0JIACTOB M CJIa0OBBIPAKEHHBIX IMPH3HAKOB JUCILIA-
3un. B yacTtHOCTH, y OOJBHBIX C LUTONEHUEH U HOPMAaIbHON MIIM HEOAHO3HAYHOM
Mopdoioriell 1 HOpMaJbHOW LUTOT€HETHKOM, HEOOX0UMO HCCIEeI0BaTh JOMOJ-
HUTENbHBIC JUATHOCTHUYECKHE MapKepbl. KiroueByro ponb B 3TOM ClIydae MOXET
ceirpath IIL. TIporounas nmutomerpust mpumensercs B auarHoctuke MJIC kax
BaXKHBIN JOMOJTHUTENBHBIA KpuTepuil. boiee Toro B nocinennee BpeMs 3TOT METOJ
PEKOMEHJIOBaH K IMpuMeHeHHIo B auarnoctrke M/IC B KIIMHIYECKOM PYKOBOJICTBE
«Cranpaptuzarus 11 mpn MJIC» Paboueit rpynmsr EBpomnetickoii cetn neiiko3oB
(ELNet) [1-4]. B arom nokymente ELNet npuBonsiTcs peKOMEHIaUK 110 ITpUMe-
Heruto III] (T.e. Takue TeXHWYECKHE BOMPOCHL, KaK MOJArOTOBKa 0Opa3loB, Ha-
CTpoOIiKa MpHOOPOB U OIEHKA Ka4eCTBa, MOTyUYCHNE JAHHBIX U CTPATETHs TeHTHUPO-
Banus). Pabouas rpynma ELNet taxxke paspaborana MEHAMaJIbHBIE KPUTSPUH IS
nmuarHoctuky u mporao3a MJIC u apyrux dopm nurtoneHwnu [2; 3].

AHanmm3 KJIETOK KOCTHOro mosra meromoM III mo3Bomsier maeHTHPHIMPOBATH
crienmduueckie abepparyi Kak He3peNbIX, TaK U 3pEJbIX KJIETOK Pa3inuHbIX reMarto-
MOATUYECKUX JUHUHA. B cBs3u ¢ Tem, uro mousitue MJIC o0beMHSET Pa3HOPOIHYIO
IPYIIy MUEJIOMAHBIX HEOIUIa3uid, Bpsi it MoxkHO auddepenuupoats M/IC ot npy-
rux (GopM LUTONEHWH Ha OCHOBE BCEro OAHOro Mapkepa. CiieoBaTeNbHO, HAITMYHC
MHO)KECTBEHHBIX abeppalii nMeeT Oorbliiee TpenckasarenbHoe 3Hadenne it MJIC,
yeM efuHcTBeHHas [5—8]. D1o cornacyetcs ¢ pekomeHnanusivu BO3 2008 r., B KOTOpBIX
TPHU3HACTCSI HATMYKE TpeX U Oosee abepparwii o T11, xapakreprbix mst MJIC [9].
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Kak mokazanu pe3ynbTaTbl MHOTOLEHTPOBOTO HCCIENOBAaHUs, MPOBEACHHOIO
ELNet, [10] npuMeHEeHHE TOJBKO YETHIpEX MapaMeTpoB IO3BOJSIET Au(depeHIu-
poBate MJIC HH3KOro pUCKa OT HEKJIOHAIBHBIX ITUTONICHUN 03 MPYTUX CIICIU(U-
YECKHX MapPKEPOB (T.€. IIUTOTCHETHYCCKHUX HIIH KOJNBIIEBBIX CHACPOOIIacTOB).

DTO cleqyroe KIIFOYCBBIC TapaMeTPhI:

(1) nossiuienne yposust CD34" KieTOK-NPEIIIECTBEHHUKOB CPEU HyKIeap-
HBIX KJIETOK KOCTHOTO Mo3ra (> 2%);

(2) cHmKeHME NPOLEHTA MPEIIECTBEHHUKOB B-keTok B myne CD34" knetok
(= 5%);

(3) cHmxeHue wim noBbieHUe 3kcnpeccun CD45 Ha MUCTOMTHBIX KIIETKAX-
MIPEIIIECTBCHHUKAX M0 CpaBHEHUIO ¢ uMdormramu (< 4 i > 7,5);

(4) cumwxenue SSC HeHTpo(UIIOB 1O CpaBHEHHIO ¢ TUMpouuTamu (<6).

Hanuuue aByx u Oornee u3 3TUX cnenuuIeckux adeppanuii mo3BoJsSCeT UICH-
tudunmpoBats 70% ciaygaes MJIC HU3KOTO puCKa MPH CHEHU(PUIHOCTH METOoa
93% [10].

Hennyto nHpOpMANNIO MOKET IaTh OlleHKa abeppanuii o qaHHbM [11] B Mue-
JIOMIHBIX KJIEeTKaX MpeIIeCTBEHHUKAX U CO3PEBAIOILUX MUEIOMOHouuTax [5; 11].
Tarxoxe momomHHUTENbHYIO HH(popMarmio MoxeT aate [I1[ sputpommHON awcruia-
3un, 0oco0eHHo B oTHOIeHNH MJIC Hu3koro pucka [12—14].

[ Tarxke MpUMEHSETCS B PsIlie CIIydacB I aHAIH3a JIMHUNA METaKapHOINTOB,
OJTHaKO 3TH MOAXOABI ITOKa He cTaHAapTH30BaHkl [15]. B cnenyromem ad3ane npu-
Boasatcs pekomeHnanuu s [11-armanmsa mpu MJIC.

Crnemyer OTMETHTBH, YTO OIEHKa Auciuiasmm Metogom IIIl TpeOyer 3HaHmA
YPOBHEH SKCIIPECCHH B COOTBETCTBYIOIIMX HOPMAJIBHBIX U MATOJOTHYECKUX KOH-
TPOJIBHBIX 00pa3ax KOCTHOTO MO3Ta.

Ouenka oucninazuu

6 KOMRapmmeHme He3pPenbixX MUEIOUOHBIX NPEOULeCHIBEHHUKOG

KommapTMeHT He3penbIX KJIETOK OTIMYaeTcs OOJIBIION reTeporeHHOCThIo. B
CBSI3H C TUM, MOMHMMO KIaccuueckoro npopuns CD454™/SSC'Y'™ s unentu-
HKAIMM MHENOMIHBIX KIeTOK-TpemecTBennukos (CD45™ u SSC™™) cpenu
JpYruX MOMyJSAUMH, JEMOHCTPUPYIOUIMX HAJOKEHUE TPU3HAKOB CD45%™
SSC™™" (Hanpumep, MpeMIECTBEHHUKH B-KIETOK, IIIa3MOLUTHI, MOHOGIACTSI,
6a30¢uibl, 3pUTPOOIACTHI M NPEANISCTBEHHUKN TUIa3MAlMTOUAHBIX JECHIPUTHBIX
KIIETOK), TpeOyroTcs Takue komOnHammu antuteln, kak CD45/CD34/CD117/HLA-
DR u CD45/CD34/CD123/HLA-DR [2].

IIpu M/IC abepparuu B KOMIIAPTMEHTE HE3PENIbIX MUEIONIHBIX KIETOK BKIIIO-
Yar0T aHOMAJBHYI0 MHTEHCHBHOCTb WJIM OTCYTCTBHE 3Kcmpeccun CD45, CD34,
CD117, HLA-DR, CD13, CD33, acunxponHoe npucyrcteue CD11b u/umu skc-
MIPECCUI0 TAaKUX MapKepoB JMHEWHOH HeBepHOCTH Kak CDS5, CD7 wim CD56 [5; 7,
11;12; 16-19].



HAMATOPOIESIS IMMUNOLOGY 85

Ouenka oucnaazuu 6 KOMRApMMeEHme HelmpoQpuioe _ _

- Cospesaromme HeliTpoduibl pacrnosHaores no ux mpoduao CD45™SSC™
bright TTpyrue mapkepsi, Takue kak CD33, CD64, HLA-DR u CD11b, none3us! s
OIIpEZICTICHUS] MOHOIIUTOB W THIIOTPaHYISApPHBIX HeHTpoduiaoB. Helrpoduisl nme-
0T ToHMKeHHY dKkcnpeccuio CD33 u CD64, reTeporeHHy0 10 CHIBHOM JKC-
mpeccuto CD11b u npaktudecku orcyrcTue skcnpeccun HLA-DR mo cpaBHeHUIO
¢ CD33 e HL A-DR* u CD11b* MoHOUMTAMH.

Opnnoit n3 Hanbosee gacto peructpupyemsix I111-abepparuii B koMmapT™MeHTe
CO3pEBAIOIINX HEUTPO(DMIOB ABIsETCS aHOMaNbHOEe cHIDKeHne SSC, oTpakaroriee
THITOTPaHyISIPHOCTH (mipuMep Ha puc. 1) [2]. [Tomumo cHmkernus SSC mucmimacTu-
YecKre HeHTPO(MIIBI MOTYT AaBaTh a0eppPaHTHBIC YPOBHH HKCIIPECCHUH OIPEIeIICH-
HBIX aHTUT'CHOB MJIM a0EPPaHTHOE COOTHOIIEHHUE JIBYX M 0OJee aHTUICHOB, HATIPH-
Mep, abeppantHoe cooTHorrenue Mexay CD13 u CD11b w/umu CD13 u CD16 u
Mmexay CD15 u CD10 (ibid) [2; 3].

Ouenka oucnaazuu 6 KOMRAPMMeHne MOHOUUMOE

[Ipn oTcyTCTBHM BBIpR)KEHHOTO MOHOIIMTO3a2 MOP(OIOTHYECKask OLEHKA JUC-
Mononos3a npu MJIC 3arpyanutensHa. Merogom ITI] MOHOIUTEI MOXKHO ompene-
JUTH Ha OCHOBe MX 3kcrpeccun CD45 (mpomexyrounas-spkas), SSC (spkoe), u
JIOTIOTHUTENBFHEIM MapkepaM, TakuM kak HLA-DR, CD11b, CD64, CD36, CD33 u
CD14. Tlpumenenue ognoro CD14 moxeT naTh 3aHMKEHHYIO OLIEHKY IPOLIEHTa
MOHOIIUTOB, 0COOCHHO B CITydae MPUCYTCTBUS He3pembix ¢popM. AGeppanuu, mpea-
CTaBJISIOLINE WHTEPEC, B MOHOIIUTAPHOMN JIMHUM BKIIIOYAIOT aHOMAJIBHOE pacIpe-
JIeNleHNe CcTaiuii co3peBaHus, aHomanbHoe cooTHomenne HLA-DR m CDI11b,
agoManbHy0 uHTeHCHBHOCTE CD13 u rumepakcmpeccuto CD56. CD56 (u CD2)
MOTYT MOMOYb jAaxe npu auddepenuposke XMMIT u M/IC/mMuenonponudepa-
THBHBIX Heorutazuii [20; 21].

Ouenka oucnaazuu 6 IpUMpPoOUOHOM KOMRAPMMENmE

OpUTPOUTHYIO MOIYJIAIIMIO MOYKHO BBISIBUTB M0 OYEHB C1a00H JI0 OTpHIATENHEHON
skcnpeccurt CD45 u vm3kuMm FSC m SSC. OObraHO MCTONB3yroT Mapkepbl CD45,
CD71, CD235a, CD36, CD117 u, pexe, CD105. OnHoit n3 Hanboiee 9acTo HaOro-
naeMbIx abeppanuii (80% ciyuaes M/IC HU3KOTO pHCKa) SBIISIETCS TOBBIMICHHE YHCTa
SPUTPOUIHBIX KIIETOK-TPEAIECTBEHHIKOB, KOTOPOE acCOLMHPYETCS C YBENNYCHHEM
OPOTIOPIMKA HE3PENBIX IpUTpouaHbIX Kietok (CD117" wim CD105%). Kpome Toro,
npubmsuTensHO Y 70% OobHBIX HabMIomaeTess aHoManbHoe cooTHomenne CD71 u
CD235a w/unm noHmkeHHas sxcnpeccrss CD36 [7; 12—-14; 22].

IIpomounas yumomempus u npoznos npu MJ[C.
Ha cerogHsi equHCTBEHHON BaJMJUPOBAHHON CHUCTEMOI OLIEHKH IPOTHO3a
meronoMm [111 sisercs cuctema Wells et al. [5; 8; 19; 23]. [To Helt yIUTHIBAIOT
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MIPOLIEHT MUENIONIHBIX KJIETOK-TIPEANIECTBEHHIKOB U MX abeppanuii ¥ KOJIUIECTBO
abeppayii B KOMIApTMEHTE CO3pEBAIOIIMX MHEIOMOHOLMTOB. B KimHH4eckon
MPaKTHKE NIMPOKO MPUMEHSIOT XOPOIIO BAIMAMPOBaHHbBIE Kiaccudukamuio BO3,
MexnyHaponHyto nporaoctudeckyto mkamy (IPSS, IPSS-nmepecmorpennas) n
[Mpornocrrnueckyto mkany Ha ocaoe BO3 (WPSS) [9; 24-26]. UnTepecHo oTMme-
TUTh, YTO B Mpeeiax MOATPYNI WX TPyNI PHUCKAa OLEHKH Mo mkagam BO3,
IPSS(-epecmoTpennoit) u WPSS cuitbHO paznugarorcs. 9to 3Ha4MT, uto 1L Mo-
KET MJICHTU(PUIIPOBATH OONBHBIX C MEHEE OJIarONpHUsITHBIM IIPOTHO30M B IIpejie-
JIaxX BaJMJMPOBAHHBIX KATETOPHUI PUCKa.

Ilpumenenue npomounoi yumomempuu

6 npozno3e u Monumopunze Ihgpexma neuenusn

Amnani3 koctHOro Mo3ra Metoniom I11] no3Bossier uaeHTUGUIMPOBATH MOATPYIIIBI
MJIC HM3KOTO ¥ MPOMEKYTOUHOI0-1 pHcka ¢ onpeieNIeHHbIMU KIMHUYECKUMU XapaK-
TEPUCTHKAMH B TUIAHE 3aBUCUMOCTH OT TpaHc(y3uit u nporpeccuposanus [19]. Kpome
TOr0, B COOTBETCTBUU C MOJENBIO TPHUHATUS KIMHUYECKUX PELIEHUHA OTCYTCTBHUE
abeppaHTHBIX MUEJIOUTHBIX KIICTOK-TIpeimecTBeHHUKOB 110 [11] B koMOMHamu ¢ Hu3-
KAMH YPOBHSIMH 9HIOTEHHOTO 3PUTPOIIO3THHA yKa3bIBaeT Ha 3 (EeKTHBHOCTD MpUMe-
HeHust (hakTopoB pocta [27]. Takxke ycTaHOBIICHO, YTO abeppaHTHas SKCIIPECCHs Map-
KEpOB Ha MHEJIOMIHBIX NPEAIICCTBEHHHKAX ITO3BOJCT MIACHTH()UIMPOBATD TPYIITY
GOJBHBIX, y KOTOPBIX OyIeT 3 (EKTUBHBIM JICUSHIE TUITOMETHIMPYIONIMMH Tpenapa-
TaMH (TakUMH Kak asaruTuauH) npu MJIC nmpomexyTouHOro-2 M BBICOKOTO PHCKa
[28]. NmeeTcst HEOOMBIIOE KOIMMYECTBO JAHHBIX, YKa3bIBAIOIINX, YTO OOJIBHBIE C ITOJI-
Hoit pemuccueii OMJI Tociie BRICOKOIO3HON XUMHOTEpAIUH, HO ¢ AucIuiazuei, mo T11]
MOTYT IMETh MEHee OJIaroNnpusATHBIN KIMHIIECKUN UCXOM, 00YCIOBIECHHBIN BO3MOXK-
HOH mepcucTeHnuer HeBbisBieHHoTo (panee) MJIC. U, HakoHen, yCTaHOBJIEHBI CIie-
uduueckue [1I-moanucu B OMpEAeICHHBIX MUTOTCHETHUCCKUX MOATPYIINAX, TAKUX
kak MJIC ¢ u3onmupoBanHoii del(5q). OTv moanucu MOryT UMETh 3HAYCHHUE /ISl MOHH-
topunra npu MJIC Ha oHe JiedeHns JTeHaTUIOMUIOM.

3aKkiI0uUTEILHbIE 3aMeYaHus

[TpoTOYHO-INTOMETPUYECKUH aHAIN3 NTPU3HAH M Ja)Ke PEKOMEHJOBAH KakK M-
arHoctudyeckuii nHCTpyMeHT npu MJIC 1pH ycIIoBUH ITPOBECHUS aHAIN3a B COOT-
BerctBuu ¢ pykoBojicTBoM ELNet [2; 3]. Cneayer ormeruts, yto I npu MIC
MOYKHO HMPUMEHSTH TOJBKO KaK 4acTh HHTETPHPOBAHHOTO TUArHOCTUYECKOTO IOJ-
xona. Pesynpratel [11] MOXHO MCHOIB30BaTh B AOIOJHEHUE s YTOUHEHUS IIPO-
rHo3a. B Hacrosiee BpeMs NpOBOAATCS MCCIAEAOBAaHUS C LIENbIO0 OLleHKH ponu 111
B MOHUTOPHHTE TeueHHs 3a0oneBannsa y 6ompHBIX M/JIC (HU3KOTO pricka) 6e3 je-
YeHUs, a TaKkke B 0TOOpe OOJBHBIX, Y KOTOPBIX MOXKET OBITh A(PPEKTUBHBIM MPH-
MEeHEeHHE HOBBIX MpenapaToB npu MJIC HU3KOTO U BEICOKOTO pHCKa.
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Bripaskaem OmaromapHocTh BceM wieHaM paboueid rpynmsl ELNet n Tomnana-
ckoii paboueii rpynner MJIC-I11] 3a Bknan B pa3pabotky pykoBonctBa ELNet o
nposenenuto [11-ananuza npu MJIC.
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ANTIGEN EXPRESSION HETEROGENICITY USED

FOR MRD MONITORING IN B-LYMPHOBLASTIC LEUKOSIS

ST “Institute of Urgent and Recovery Surgery n.a.V.K. Gusak, NAMS of Ukraine”

Identification of minimal residual disease consists of leukemic cells detection
among the normal bone marrow precursors.

In this study we analyzed CD34, CD20, CD10, CD58 antigens expression used
for MRD monitoring on the B-lymphoblasts of 68 untreated patients with B-ALL.

In the study results didn’t present antigen expression in some samples; in posi-
tive expression samples some cells expressed antigens homogeneously; in some
tests were revealed positive as well as negative blasts simultaneously (Table 1).
During the carrying out of multiple staining with the other antigens (T-lymphoid,
myeloid, activation) were observed different cell distribution in tumor population
with positive expression CD10, CD34, CD58, CD20. There were revealed sub-
populations with different phenotypes: bright/bright, bright/dim, dim/dim.

Table 1
Expression of antigens in patients with B-ALL
Positive expression
A f - —
bsencg © Presence of posi- Distribution hetero-
. expression . . Homogeneous S
Antigen (n) tive/negative expression (n) genicity in double
cells (n) P staining (%)
62
cp10 6 12 | 50 | 4
50
CDh 34 18 14 | 36 | 14
67
CD 58 ! 13 | 54 | 67
27
CD 20 41 9 | 13 | 10

Analysis of antigen CD10, CD34, CD58, CD20 expression by tumor cells showed that
in majority of samples in presence of homogeneous co-expression with the standard “an-
chor” diagnostic markers (CD10+/CD19+, CD34+/HLA-DR+), at least one antigen among
CD10, CD34, CD58 or CD20 distributed heterogeneously in population of B-lymphoblasts.
The achieved result allowed to conclude that population of B-lymphoid tumor cells at the
disease beginning is heterogeneous; there are sub-populations with various physical and
functional characteristics. This fact should be considered by MRD monitoring with multi-
colored antibody combinations, and control populations with nonstandard phenotype.
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Judit Bedekovics, Gabor Mehes

STROMAL ACTIVATION OF BONE MARROW

IN INFILTRATIVE, LYMPHOID NEOPLASIAS

Department of Pathology, University of Debrecen Clinical Centre Debrecen, Hungary

Primary or secondary neoplastic diseases of the bone marrow result in patho-
logic interaction between neoplastic cells and non-neoplastic stroma cells. This
may lead to the activation and expansion of the BM stroma creating an altered mi-
croenvironment, which is called the neoplastic niche. This modified environment
may influence neoplastic cell growth and survival.

The main goal of this study was to assess the stromal activation in lymphopro-
liferative disorders infiltrating the BM. Altogether 78 paraffin embedded, formalin
fixed biopsy specimen were evaluated. 15 of 78 cases were negative for neoplastic
disorders and were considered as normal control, while in 63 cases lymphoprolif-
erative neoplasia were diagnosed. 37 of the 63 pathologic cases showed primary
lymphoid neoplasia (acute lymphoid leukemia, chronic lymphocytic leukemia,
myeloma multiplex, hairy cell leukemia). 26 of 63 cases were diagnosed with ag-
gressive or indolent lymphoma infiltrating the BM (diffuse large B-cell lymphoma,
follicular lymphoma, mantle cell lymphoma, etc.). Fiber accumulation was evalu-
ated using reticulin staining, while stroma cell activation was assessed using anti-
PDGFRp immunohistochemical (IHC) staining. In selected cases the vasculature
was visualized by anti-CD31 IHC reaction.

Both the fiber content and the amount of activated stromal cells were elevated
in the pathologic subgroup compared to the control group. Significant correlation
could be found between the amount of fiber content and cellular component
(r>0.75, p<0.0001). Basically two pattern of stromal activation could be de-
tected. In a smaller group of cases neovascularisation was prominent, where the
fibroblast proliferation was associated to the perivascular area, while in other cases
interstitial fibroblast proliferation was accompanied by significant fiber production.

Lymphoproliferative neoplasias infiltrating the BM cause stromal activation, re-
sulting in fibroblast proliferation and in most cases in fiber accumulation. Sometimes
prominent neovascularisation can be also detected. The effect of stromal activation
on prognosis should be evaluated in cases with significant stromal activation.

The scientific work (infrastructural background) was supported by the
TAMOP- 4.2.2.A-11/1/KOV-2012- 0045 “Research network on vascular biol-
ogy/medicine” project and the personal support provided by the TAMOP 4.2.4.
A/2- 11-1-2012-0001 ,,National Excellence Program — Elaborating and operating
an inland student and researcher personal support system. The project was subsi-
dized by the European Union and co-financed by the European Social Fund.
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BONE MARROW MYELOID-DERIVED SUPPRESSOR CELLS

Oncology and Immunology Section, Department of Surgery, Oncology and
Gastroenterology, University of Padova and Istituto Oncologico Veneto

One of the mechanisms of immune tolerance induced by the cancer is due to
the expansion of myeloid-derived suppressor cells, a population of immature mye-
loid cells that has been shown to accumulate in the blood, lymph nodes, bone mar-
row and tumour sites in patients and experimental animals with neoplasia, and ca-
pable of inhibiting both adaptive and innate immunity thus limiting both immune-
surveillance and immunotherapy.

In cancer patients, the nature of MDSC:s is still incompletely defined and based
on a synthesis of the clinical data about MDSCs in cancer patients, it appears that
MDSCs mainly consist of at least a monocytic population, a more differentiated
granulocytic population, and an immature myeloid cell population. In order to dis-
sect the molecular pathways involved in MDSC differentiation, we recently de-
fined in vitro culture conditions to elicit MDSCs from human and mouse bone
marrow (BM) cells. We demonstrated that the combination of GM-CSF with either
G-CSF or IL-6 enriched an immature population from human and murine BM
cells, and that after 4 days of culture the resulting myeloid cell population, named
BM-MDSCs, was able to inhibit the proliferation of both mitogen and alloantigen-
activated T cells. Of note, these cells share phenotype and functions of tumor-
induced MDSCs and can be adoptively transferred to recipient mice inducing anti-
gen tolerance. Interestingly, adoptive transfer of syngeneic bone-marrow derived
MDSCs to diabetic mice transplanted with allogeneic pancreatic islets resulted in
the allograft acceptance of the and long term correction of the diabetic status.

Preclinical evidence strongly supports a beneficial effect of approaches target-
ing either MDSCs or their inhibitory pathways on the anti-tumor immune response,
either endogenous or elicited by immunization/adoptive transfer of tumor-specific
T cells. Development of new treatments will thus have a double role: defining new
immune modulators to improve the effectiveness of the immunotherapy of cancer
but also elucidate the role of MDSCs in various stages of cancer progression. On
the other side of the same coin, techniques allowing generation of MDSCs might
represent a novel tool to control diseases characterized by excessive activation of
the immune systems such as either autoimmune diseases or allograft rejection.
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THE MONITORING MINIMAL RESIDUAL DISEASE

AND MAINTANENCE THERAPY AFTER AUTOLOGOUS STEM CELLS
TRANSPLANTATION

IN PATIENTS WITH MULTIPLE MYELOMA

Main Military Clinical Hospital, Moscow, Russian Federation.

Introduction: High-dose therapy with autologous stem cell transplantation
(auto-Tx) for treatment of the patients (pts) with multiple myeloma has been con-
sidered the standard frontline treatment for younger pts even in the era of novel
agents (bortezomib and lenalidomide). Posttransplant treatment has clearly shown
improvements in the depth and duration of response. However, the optimal post-
transplant therapy, if any, is still to be defined, as well as duration of such treat-
ment. Monitoring of the minimal residual disease may helps to deside this problem.

Methods: Since 2001 we performed 72 auto-Tx + 1 allo-Tx in 62 pts. 59 pts in-
cluded in the analysis. 10 pts recieved 2 auto-Tx (6 planned «tandem» u 4 in progres-
sion), 1 pt - auto+allo-Tx. M/F 40/19; middle age of pts - 52,4 y. (34—67); Ipts>60
y., 3pts<40 y. Time from diagnosis to the Tx — mediana 6,5 m (2,5-95,9). Mediana
follow up — 25,6 m. (0,7-108). Early mortality (before reconstitution hematopoi-
esis) — 0, 100-days mortality — 2 (3,4%). Mediana OS and PFS after Tx — 43,7 m.
and 18,8 m. respectively. Mediana OS before 2010 — 32 m. (n = 34), after 2010 —
didn’t achieve (n=25). Since 2010 14 pts received posttransplant maintanence ther-
apy with bortezomib (btz) 1,3 mg/m’ s.c. This treatment fulfills from the posttrans-
plant period till the progression or excessive toxicity.

Results: Since Nov.2011 monitoring MRD were performed 14 pts. MRD de-
tected by multiparametric flow cytometry. Bone marrow aspirate researches after
induction therapy (4—-6 VDD or VCD); before Tx; at 3, 6, 9, 12 m after Tx in 1-st
year; and every 6 m in the sequel. 8 pts had immunophenotyping remission includ-
ing 5 pts with immunochemical remission, i.e. SCR, before Tx. This pts received
posttransplant therapy btz one beweekly and saved response (3 pts achieved ICR)
during follow up (3—18 m after Tx). 6 pts had VGPR and PR without IFR before
Tx. This pts received btz weekly after Tx. If the paraprotein or MRD increase, the
dexamethasone 40 mg po was added. In this group 2 pts had clinical relapse of the
MM in 9 and 12 m., 2 pts achieved sCR (IFR+ICR) after Tx and keep response at
18 m., 2 pts save PR at 3 and 6 m. Thereby, MRD detecting permit to define our
treatment in future.

Conclusion: On our data, MRD monitoring is useful tool, which helps to de-
termine prognosis and to choose of the posttransplant strategy in pts with MM.
However, longer period of follow up and more pts in further trials are needes to
choose the optimal variants and duration of posttransplant treatment.
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Albert D. Donnenberg, Ph.D.
CANCER STEM CELLS: CELL TYPE OR CELL STATE?

That cancer is initiated by mutated stem cells is an old hypothesis that has had
validity since the 1977 observation of Fialkow that CML arises from a bipotential
progenitor capable of myeloid and lymphoid differentiation. Our understanding of
stemness has evolved and now encompasses the totipotent cells responsible for
embryogenesis as well as multipotent adult stem cells that mediate tissue mainte-
nance and repair. From the field of experimental developmental biology we have
learned that stemness, in its most fundamental sense, is an epigenetic state that can
be achieved through somatic nuclear transfer, induced by forced expression of a
quartet of genes, or selected through exposure to harsh environmental conditions
and subsequent exposure to growth and differentiation factors. How does this new
information, the concept that stemness is characterized by self-renewal, multipo-
tency and self-protection, square with the cancer stem cell hypothesis? How does
our understanding of the roles of epithelial to mesenchymal and mesenchymal to
epithelial transitions during embryogenesis inform our understanding of cancer
progression and metastasis, and what does this have to do with cancer stem cells?
This lecture will trace our understanding of adult stem cells from its origins in ex-
perimental hematology to its current status, in an effort to discern whether cancer
stem cells, the clonogenic cells responsible for tumor propagation and metastatic
spread, are a cell type or a cell state.

Ekaterina Chigrinova

BONE MARROW INVOLVEMENT

IN HEMATOLOGICAL MALIGNANCIES: LYMPHOMA
Hematology department, University Hospital of Geneva (HUG).

Bone marrow involvement in lymphoma represents a complicated interaction
between hematological tissue and malignant cells. Bone marrow homing of lym-
phoma cells is associated with some specific profiles of expression of adhesion
molecules from the both sides- hosting hematopoietic tissue and homing lym-
phoma cells. Detection of BM involvement represents a critical step of staging
process in patient newly diagnosed with lymphoma, since it brings the evidence of
a disseminated disease requiring a systemic therapeutic approach. The choice of a
method for detection of BM involvement by lymphoma depends on lymphoma
type’s biology and on staging purposes. Growing evidence shows, that an initial
staging of a high grade NHL seems do not require bone marrow aspiration or bi-
opsy, but rather a radiological confirmation by positron emission tomography
(PET). Clinical importance of a minimal residual disease in certain types of indo-
lent lymphomas requires, at the contrary, a high sensitivity approaches of BM in-
vestigation, being based on molecular biology.
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DETECTION OF DISSEMINATED TUMOR CELLS

IN PATIENTS WITH NSCLC AND ESOPHAGEAL CANCER
N.N. Blokhin Russian Cancer Research Center, Moscow, Russia

Introduction. This research was performed to evaluate feasibility of immu-
nomagnetic technique for intraoperative detection of DTC in bone marrow of pa-
tients with non-small cell lung cancer (NSCLC) and esophageal cancer (EC).

Materials and methods. 25 patients with NSCLC and EC, grade II-IV, un-
derwent radical operation with excision of a rib segment (4-7 cm) used for DTC
analysis. Mononuclear cells (MNC) were separated from bone marrow washed out
of the rib. Immunocytochemical protocol was used for standard cytokeratin (CK+)
cell identification. Immunomagnetic enrichment of CK+ cells derived from bone
marrow MNC was achieved by positive selection of CK7/8 expressing cells. En-
riched cell population was stained by CD45-FITC monoclonal antibodies for fluo-
rescent microscopy cytological examination. Hematoxylin-eosin was used for con-
trol MNC staining.

Results. Immunocytochemical technique for DTC detection showed 14 sam-
ples of CK+ cells. According to previously suggested relevant morphological crite-
ria for discrimination from false-positive CK- stained cells only 9 samples were
referred to as tumor cells. Immunomagnetic separation of CK+ cells revealed 15
samples with 2—15 bead-rosetted cells. Cytological examination of hemotoxylin-
eosin stained CK+ samples identified large cells with eccentric nuclei as non-tumor
cells. Immunofluorescent analysis of the rosetted cells showed that these cells ex-
pressed CD45 marker of hemopoetic cells as well as CK-negative mononuclear
leukocytes, which were not isolated from the studied population of bone marrow
cells by magnetic separation. And only two samples of CK+ cells isolated with
immunomagnetic enrichment technique proved to be malignant after additional
cytological examination.

Conclusion. Immunomagnetic isolation of cytokeratin-positive cells allows col-
lection of enriched population of viable CK+ cells and subsequent morphological
control of the isolated cells is required to verify tumor cells. The results suggest
that correct intraoperative diagnostics of DTC requires two stages: immunomag-
netic separation to obtain enriched population of CK+ cells and histological stain-
ing with cytological evaluation.
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CD138+ AND CD138— MULTIPLE MYELOMA CELLS

DEMONSTRATE DIFFERENT MEMBRANE EXPRESSION

OF INTERLEUKIN-6 RECEPTOR (CD126)

AND VASCULAR ENDOTHELIAL

GROWTH FACTOR RECEPTOR 3 (VEGFR3)

'Laboratory of Haematopoiesis Immunology, Institute of Clinical Oncology,
N.N. Blokhin Russian Cancer Research Center RAMS, Moscow, Russia
’Laboratory of Tumor Cell Genetics, Institute of Carcinogenesis, N.N. Blokhin
Russian Cancer Research Center RAMS, Moscow, Russia

Multiple myeloma is characterized by proliferation and accumulation of malig-
nant plasma cells in the bone marrow. The adequate method in differential diagno-
sis and in progression level assessment of the disease is flow cytometry. It is possi-
ble to use two plasma cell antigens — CD38 and CD138 (syndecan-1) to discrimi-
nate plasma cells from other bone marrow mononuclear cells. However, a number
of recent reports have shown heterogeneity of clonal plasma cells in respect of
CD138 expression. We investigated levels of surface expression of main myeloma
growth factor (IL-6) receptor — CD126 and VEGFR3, separately on CD138+ and
CD138- neoplastic plasma cells, with its relation to proportion of plasma cells in
bone marrow and to plasma cell immunophenotype. 27 MM patients were studied.
The level of CD126 expression was very low. The proportion of CD138- cells
ranged from 0% to 74,2% (median 3,1%) of all plasma cells identified on the basis
of CD38++ and SSC. There were higher both frequency of CD126-positive cases
(p =0,001) and percentage (p = 0,003) of CD126+ cells in CD138+ subpopulation
of plasmacytes compared to CD138— subpopulation. As well CD138+ cells had
higher proportion of CD45—-CD19-CD56++CD126+ cells. Mean proportion of
VEGFR3+ cells within plasma cells was 83% in 23 MM patients. In 16 cases al-
most all MM cells expressed this receptor (93—99%). In CD138- cells expression
of VEGFR3 was absent.

Mauro Krampera

STROMAL BONE MARROW MICROENVIRONMENT

IN CANCER DEVELOPMENT

Department of Medicine, Section of Hematology, Stem Cell Research Laboratory,
University of Verona, Italy.

Stromal cells are essential components of the bone marrow microenvironment
regulating and supporting the survival of different tumors, including B-cell acute
and chronic lymphocytic leukemia (B-ALL and CLL), and acute myeloid leuke-
mia. We investigated the role of Notch signalling in human BM-mesenchymal
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stromal cell (hBM-MSC)-promoted ALL, CLL and AML survival and chemoresis-
tance. The block of Notch signalling through y-secretase inhibitor (GSI) XII re-
verted the protective effect mediated by co-culture with BM-MSC. The treatment
with combinations of anti-Notch neutralizing Abs resulted in the decrease of B-
ALL cell survival, either cultured alone or cocultured in presence of BM-MSC
from normal donors and B-ALL patients. The inhibition of Notch-3 and -4 or Jag-
ged-1/-2 and DLL-1 resulted in a dramatic increase of apoptotic B-ALL cells by 3
days, similar to what is obtained by blocking all Notch signaling with the GSI XII.
The same Notch receptors are involved in CLL survival except for Notch-1 that, in
CLL, mediates a synergistic effect with other Notch receptors in inducing the anti-
apoptotic phenotype. Some preliminary data showed that Notch system is involved
in survival and chemoresistance of acute myeloid leukemia blasts. Overall, our
findings show that stromal cell-mediated Notch signaling has a role in promoting
ALL, CLL and AML survival and resistance to chemotherapy. Therefore, the tar-
get of Notch pathway activation may represent a useful strategy to overcome drug
resistance and improve the efficacy of conventional treatments.

V.P. Letyagin, N.N. Tupitsyn, O.V. Krohina, 1.V. Vysotskaya, E.M. Pogodina
CLINICO-MORPHOLOGICAL CHARACTERISTICS

OF BREAST CANCER AND THEIR RELATIONSHIP

WITH MICRO METASTASIS IN THE BONE MARROW

Materials and methods: in 53 patients with [-IV stages of breast cancer held im-
muno-morphology study of bone marrow cells(sternal puncture, or simultaneously,
and sternal puncture the iliac crest) with use of monoclonal antibodies to cy-
tokeratins.

Results: immuno- cytological method has a much higher sensitivity than standard
cytology. With his help I was given to determine the presence of metastases from
45.3% of patients against 3.77% with a standard cytology. The size of the primary
tumor, localization, histological type and degree of malignancy were not signifi-
cantly affect the presence or absence of metastases in the bone marrow. There is a
significant relationship between receptor status of the tumor and micro metastasis
in the bone marrow: negative on the estrogen receptors tumors have a micro metas-
tases in bone marrow in 62.1% cases positive — in 28.6% of the cases. Similar
data were obtained in RP+ and RP — tumors: micro metastases in bone marrow
diagnosed in 76.9% with RP-negative tumors and only in 25% cases whith RP-
positive status. No significant correlation was found between the degree of the
damage to regional lymph nodes (NO, N1, N2) and micro metastasis in the bone
marrow, which is equally probable (72% and 71.5%) is diagnosed when NO and
NI1+2.



98 HMMYHOJIOT'UA TEMOIIO33A4

DYNAMICS OF TUMOURS IMMUNO- PHENOTYPE DURING
NEOADJUVANT THERAPY

IN PATIENTS WITH LOCALLY ADVANCED BREAST CANCER
V.P. Letyagin, N.N. Tupitsyn, A.A. Subotina, 1.V. Vysotskaya, E.M. Pogodina

For solid tumors and breast cancer, in particular, a consistent system of knowl-

edge about the change immuno- phenotype epithelial cells as their differentiation is
the subject of active research.
Materials and methods: thirty patients with breast cancer stages T2-4N1-2MO0 stud-
ied the following characteristics of tumors immuno- phenotype: CD71, CD29, CD54,
HLAI and class II in the dynamics of neoadjuvant treatment (according to the core-
biopsy and operating material). The data obtained on the basis of direct and indirect
fluorescence reaction and immuno-morphology research on cryostat sections by
means of monoclonal antibodies. All patients in the preoperative stage was con-
ducted: mode CAF (4 cycles)of 15 patients, CMFVP(2-cycle)of 15 patients.
Results: during increase of expression CD29 sensitivity (clinical-radiological re-
gress) to treatment decreases (p<0.05). With the severity of pathological changes
significantly associated dynamics of CD95 and HLA 1. L.e. to chemotherapy CAF,
probably with great effect will answer sick, tumors are Express FAS/APO-1 anti-
gen. Patients with complete absence of HLA I on tumor cells reasonable degree of
pathological changes were observed twice when Monomeric reaction HLA — 75%
and 37.5%, respectively.

Catherine Alix-Panabieéres

DETECTION AND CHARACTERIZATION OF VIABLE TUMOR CELLS
IN THE BLOOD AND THE BONE MARROW: LIQUID BIOPSY FOR
CANCER

Laboratory of Rare Human Circulating Cells, Department of Cellular & Tissue
Biopathology of Tumors, Institute of Regenerative Medicine & Biotherapy, Saint-
Eloi Hospital, University Medical Centre of Montpellier, 80, avenue Augustin
Fliche 34295 Montpellier, France.

Keywords: Circulating tumor cells, Disseminated tumor cells, EPISPOT, Solid
tumor, Real-Time Liquid biopsy, Prognostic value, Bone marrow, blood.

The enumeration and characterization of circulating tumor cells (CTCs) in the pe-
ripheral blood and disseminated tumor cells (DTCs) in bone marrow may provide
important prognostic information and might help to monitor efficacy of therapy.

Since current assays cannot distinguish between apoptotic and viable
DTCs/CTCs, it is now possible to apply a novel ELISPOT assay (designated
‘EPISPOT") that detects proteins secreted/released/shed from single epithelial can-
cer cells. Cells are cultured for a short time on a membrane coated with antibodies
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that capture the secreted/released/shed proteins that are subsequently detected by
secondary antibodies labeled with fluorochromes.

In breast cancer, we measured the release of cytokeratin-19 (CK19) and mucin-1
(MUC1) and demonstrated that many cancer patients harbored viable DTCs in
their bone marrow, even in patients with apparently localized tumors (stage My:
54%). Preliminary clinical data (n = 57) showed that patients with DTC-releasing
CK19 have an unfavorable outcome. We also studied CTCs or CK19-releasing
cells (CK19-RC) in the peripheral blood of 194 M, breast cancer patients and
showed that patients with CK19-RC had a worse clinical outcome.

In prostate cancer patients (n = 48), we used prostate-specific antigen (PSA) se-
cretion as marker to detect PSA-secreting cells and observed that 83% and 42% of
M, & M, cancer patients, respectively, had CTCs with a difference in the CTC
median (29 for M; & 9 for My) and found that a significant fraction of CTCs also
secreted fibroblast growth factor-2 (FGF-2), a known stem cell growth factor.

More recently, in colon cancer, a considerable portion of viable CTCs detect-
able by the Epispot assay is trapped in the liver as the first filter organ in colon
cancer patients. The enumeration of CK19-RC by the CK19-Epispot assay in 75
colorectal cancer patients revealed viable CTCs in 65.9% and 55.4% (p =0.04)
patients in mesenteric and peripheral blood, respectively, whereas CellSearch de-
tected CTCs in 55.9% and 29.0% (p = 0.0046) patients. In mesenteric blood, the
number of CTC was significantly higher than in the peripheral blood. Our clinical
data showed that localized colon cancer patients with a high level of CTCs have an
unfavorable outcome (n = 60).

In conclusion, the EPISPOT assay offers a new opportunity to detect and charac-
terize viable DTCs/CTCs in cancer patients and it can be extended to a multi-
parameter analysis revealing a CTC/DTC protein fingerprint.

DETECTION OF DISSEMINATED NEUROBLASTOMA CELLS

IN BONE MARROW USING MULTICOLOR FLOW CYTOMETRY

A. Popov1 2 E. Shorikov'?, T. Verzhbitskaya1 2 G. Tsaur'?, A. Druyl’z,

A. Solodovnikov’, L. Saveliev'”, L. Fechina'”

'Regional Children’s Hospital 1, Pediatric Oncology/Hematology Center, Ekater-
inburg, Russian Federation

?Research Institute of Medical Cell Technologies, Ekaterinburg, Russian Federation
Ural State Medical University, Ekaterinburg, Russian Federation

Bone marrow micrometastases detection in children with neuroblastoma is crucial for
correct patients staging and risk group stratification. Flow cytometry is widely available,
fast and easy-to perform approach for finding NB cells among normal BM hematopoietic
cells. Aim of the study was to investigate prognostic significance of flow cytometric tu-
mor cells’ detection in BM of children with NB at the time of diagnosis.
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Patients and methods. 51 patients (24 boys and 27 girls) aged from 6 days to 15
years (median age 1 year 3 months) with NB were included in the study. BM sam-
ples at the time of diagnosis were obtained from 1-5 aspiration sites per patient
(median 3 samples per patient). 5-color FC was applied for
CD45(-)CD56(+)CD81(+)GD2(+)CD9(+)-cells evaluation.

Results. NB cells were detected in BM by FC more frequently comparing to con-
ventional cytomorphology (49.0% and 29.4% patients respectively, p =0.043).
Patients with NB cells detected in BM by FC had significantly worse event-free
survival, overall survival and progression-free survival (28.0 + 9.0%, 35.8 £ 10.7%
and 34.3 £ 10.4% respectively) in comparison to children with negative result of
immunophenotyping (83.5+7.6%, 87.7+6.7% u 86.8+7.1% respectively,
p <0.001 in all cases). BM involvement detection by FC maintained its prognostic
significance in following patients groups distinguished by other stratification crite-
ria: patients without MYCN amplification, patients without BM lesion as assessed
by cytomorphology, patients younger than 1 year, patients older than 1 year, pa-
tients with stages I-III and IVS, patients with stage IV, patients with localized tu-
mor (stages [-III). In multivariate analysis immunophenotyping proved to be an
independent prognostic factor when analyzed jointly with other risk factors such as
age, disease stage and MYCN amplification.

Conclusion. Thus flow cytometric BM involvement detection could be used in combi-
nation with other parameters for the treatment strategy choice in patients with NB.

V.V. Rodionov"’, N.N. Tupitsyn’, O.A. Bogomolova"?,

V.V. Kometova®, M.V. Rodionova’

DETECTION OF BONE MARROW DTC

IN BREAST CANCER USING FLOW CYTOMETRY
'Ulyanovsk State University, Ulyanovsk

? Regional Cancer Center, Ulyanovsk

3 N.N. Blokhin Russian Cancer Research Center, Moscow

The purpose. To assess the degree of hematogenous dissemination in breast can-
cer patients basing on the detection of DTC in bone marrow by flow cytometry.
Materials and methods. The study included 50 breast cancer patients stages [-1V treated
in the Ulyanovsk Regional Cancer Center since November 2011 up to date. BM assess-
ment was performed prior to treatment using standard cytological and histological meth-
ods and FC with monoclonal antibodies to EpCAM. The volume of BM punctate did not
exceed 0.5 ml. FC was conducted in the coordinates CD45/CD326 after immunomag-
netic enrichment of cells with anti-EpCAM (CD326). This allowed to estimate up to 50
mln myelokaryocytes. The presence of 1 or more DTC per 1 mln myelokaryocytes was
considered to be the threshold level. Core biopsy of poster-lateral upper iliac spines on
both sides was performed for histological assessment.
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Results. Cytological and histological studies revealed BM metastases in 1 (2.0%) and 2
(4.0%) of 50 patients, respectively. FC confirmed BM involvement in both cases and
significantly increased the rate of micrometastases and DTC detection: totally in 8 pa-
tients (16.0%). The univariative analysis showed no significant correlation between
tumor size, tumor grade, hormone receptor status, status of the regional lymph nodes
and DTC detection. The only statistically significant correlation was found with Uly-
anovsk prognostic index (UPI) (p = 0.009). UPI is a new total pathological index intro-
duced by pathologists of the Regional Cancer Centre.

Conclusion. In our opinion FC is the method of choice for DTC measurement in BM
after immunomagnetic enrichment of tumor cells with anti-EpCAM (CD326) antibody.

N.I .Semesiuk, N.O. Bezdieniezhnykh, O.O. Lykhova, Yu.l. Kudryavets
CELLULER AND HUMORAL ELEMENTS
OF THE BONE MARROW MICROENVIRONMENT
OF BREAST CANCER PATIENTS
R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology
National Academy of Ukraine, Kyiv, Ukraine

The bone marrow constitutes an unique microenvironment for normal resident
and cancer cells because rich in growth factors and cytokines that promote their
proliferation and survival and as a consequence cancer progression.
The objective was to reveal features of BM of breast cancer patients: detect the
disseminated tumor cells in BM, determine cytokine status of BM and investigate
the phenotypic characteristics of cells of BM.
Methods: immunocytochemistry, bioassay, ELISA, cell culture, statistical methods.
Patients: 72 BCP with histologically proven diagnosis and 14 healthy donors were
were enrolled into study. 31 patients with progression of disease and 41 patients
with clinical stabilization (conditional remission) were included to “progression”
and “remission” group respectively. This division of BC patients was conditional
and was made during the 3 years study.
Results. DTC in BM was detected in 47.5% BCP with progression of disease. The
levels of proinflammation cytokines — TNF-a, IL-1f3, IL-6 and growth factors —
CSF-1, TGF-B1, VEGF were revealed. This cytokines in BM act as a specific mi-
croenvironment and was found that the elevated levels of this cytokines were asso-
ciated with progression of BC. Obtained data was showed that most prominent
predictive markers of tumor reccurence with detection of DTC in BM of BCP are
levels of proinflammation cytokines and growth factors. Phenotypic features of
cells of BM were studied.
Conclusion. Detection DTC and determination of the levels of TNF, IL-1p, IL-6,
CSF-1, VEGF, and TGF-1 in BM of BCP are important to establish the features
of BM microenvironment especially for prediction of metastasis and correction
antitumor therapy.
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Shiekh Aejaz Aziz, MD,DM*, Mohmad Hussain Mir, MD**.

PATTERN OF BONE MARROW METASTASIS

IN SOLID TUMOURS-A RETROSPECTIVE ANALYSIS

AT A REGIONAL CANCER CENTRE IN KASHMIR,INDIA

*Prof .and Head Medical Oncology,

** Senior Resident, Medical Oncology, Sher-i-Kashmir Institute Of Medical Sci-
ences, Srinagar, Jammu& Kashmir, India.

Abstract

Background: Though bone marrow involvement is a common occurance in leu-
kemias and lymphomas, solid tumours may also spread to bone marrow especially
the ones which metastsize via the blood stream.

Aims and objectives: The aim was to review the clinical chareteristics and the
pattern of bone marrow infiltration in various solid tumours in adult and paediatric
population.

Material and Methods:This retrospective study was carried out at the Department
of Medical Oncology, Regional Cancer Centre, Sher-i-Kashmir Institute Of Medi-
cal Sciences, Srinagar, Jammu and Kashmir, India. The clinical, hematological and
pathological data of the patients was reviewed over a two years period from Janu-
ary 2012 to December 2013.

Results: Out of 6232 cancer patients registered during the study period, 860
(13.79%) were hematological and lymphoreticular malignancies while as 5372
(86.21%) were solid tumors. The frequency of adult and paediatric solid tumors
were 94.64% (5084) and 5.36% (288) respectively. In the adult solid tumors, the
bone marrow infiltration was observed in 4 cases each of breast and lung cancer
(0.078%), 3 cases each of prostate and colorectal adencarcinoma (0.059%) and 2
cases of gastric adenocarcinoma (0.039%). A rare case of ovarin epithelial cancer
with secondaries bone marrrow was found in this study. In the pediatric solid tu-
mors, the frequency of secondaries bone marrow was 4.86% in ewings sarcoma
/PNET (14 cases), 2.70% in neuroblastoma (8 cases), 1.04% in rhabdomyosarcoma
(4 cases) and 1.04% in wilm’s tumor (4 cases). There was a unique case of hapato-
blasoma with secondries bone marrow.The common symptoms include fatigue,
low apetite, fever and bleeding. Anaemia was commonest hematological finding
(72.5%), followed by thrombocytopenia (63.9%) and neutropenia (12.8%).
Conclusion: Bone marrow infiltration in adult solid tumours is a rare occurance
compared to pediatric solid tumours. There are no definite defined guidelines to
assess the occurance of this problem, so a felt need to raise awareness to that extent
is percieved.
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L.Zh. Shubina, Yu.A. Borisova, G.B. Smirnova, M.V. Kiselevsky, HM. Treshalina
EVALUATION OF CK19+ DISSEMINATED TUMOR CELLS

IN MURINE BONE MARROW AFTER ANTI-ESTROGEN THERAPY
N.N. Blokhin Russian Cancer Research Center, Moscow, Russia

Background. Detection of cytokeratin 19 (CK19) positive cells in peripheral blood
(circulating tumor cells, CTCs) and bone marrow (disseminated tumor cells,
DTCs) of patients with breast cancer was reported to be a useful tool for
monitoring minimal residual disease. Blockade of estrogen-positive (ER+) tumors
with anti-estrogen therapy may have dose limitation due to possible tumor cell
dissemination resulting from the increase of estrogenic background.

Materials and methods. We used murine transplanted mammary adenocarcinoma
Ca755 ER+ in the study of a new phyto-antiestrogen agent #091013-S (dosage:
250 mg/kg/d) and Tamoxifen (dosage: 50 mg/kg/d) per os with comparable
antitumor activity for 10 days. Bone marrow samples (control and two study
groups) obtained at the baseline and final stage of therapy were stained by anti-
CK19 antibodies and evaluated by flow cytometry using WinMDI 2.8 program.
Live CK19+ cell fluorescence and cytological examination were assessed by
fluorescent and light microscopy.

Results. The results showed that both drugs significantly inhibit growth of Ca755
ER+ with tumor growth inhibition, TGI = 67-98% (p < 0.05). Mean fluorescence
intensity and characteristics of CK19 expression in all bone marrow samples of
tumor-bearing animals were similar. Estimation of CK19 showed GeoMean(+SD)
31.94+5.02; 28.87+13.70; 28.0249.50 and CV(£SD) 24.74+2.60; 17.76+1.51;
20.11£0.22 in control and both study groups, respectively. Immunofluorescent
analysis and cytological examination revealed single Ca755 cells in the given
samples.

Conclusion. Bone marrow of all animals with transplanted murine mammary
adenocarcinoma Ca755 ER+ stained by CK19 presented single disseminated tumor
cells. The studied drugs in effective doses and regimens significantly inhibited
tumor growth and did not change CK 19 expression comparing to the control group.
Therefore, detection of CK19+ cells in bone marrow may be used to control
possible disseminating function of new antiestrogen drugs.
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Z.D. Yunusova

ISOLATED SEVERE BONE MARROW

OF HEPATITIS C VIRUS AMONG PATIENTS

WITH ACUTE LEUKEMIA

Science Research Institute of Hematology and Blood Transfusion, Uzbekistan

One of the pressing questions of modern science is a hematologic finding repli-
cation of viral hepatitis B and C (VHB, VHC) not only in the liver, but also in
various organs, including bone marrow (BM). In Uzbekistan, the first time we
identified markers of VHC in serum and BM in patients with acute leukemia (AL).
We first determined the incidence of VHC in AL patients in Uzbekistan — 71.1%
(64 patients: 35 — AML, 29 — ALL), the study of the distribution of its genome.
Revealed only two genetic variants: 1b — 70% and 30% 3a. Also, out of which 18
patients with AL for the first time the Commission examined for the presence of
HCV. Of these 12 (66.6%) patients revealed the presence of HCV RNA (with
ALL-4-PLA 2 AML-6). Among them, the stage of remission induction were — 2,
consolidation remission — 6, supporting PCT (polychemotherapy) — 4 patients.

As a result, was investigated the clinical course of AL against VHC stages of
chemotherapy. All investigated patients had liver disease syndromes: mesenchimal,
cytolysis, cholestasis. According to clinical and laboratory data on haemogram per-
sistent thrombocytopenia, leukopenia, on myelogram reduction of megakaryocytes
from the norm. Of the 12 HCV positive patients identified in the Commission's in-
creasing bilirubin and cytolytic enzymes are 3—4 times above normal was detected in
4 patients in the consolidation phase of remission. At the time of the study because of
lack of anti-HCV in serum by polarization fluoroimmunoassay hepatitis validate as
toxic (in connection with which the PCT has been temporarily postponed), but later
in the serum also detected HCV RNA. In 7 patients with elevated transaminases was
noted by 1.5-2 times, and hepatitis was characterized by a moderate level of activity,
in connection with which the program was continued by PCTs.

V.P. Letyagin, N.N. Tupitsyn, A.A. Subotina, 1.V. Vysotskaya, E.M. Pogodina.
ASSESSMENT OF THE RELATIONSHIP BETWEEN LEVELS

OF INFILTRATION OF THE TUMOR SUBPOPULATIONS

OF LYMPHOCYTES AND PATHOMORPHOSIS

Materials and methods: in 30 patients with locally advanced breast cancer stages
T2-4N1-2MO the analysis of the relationship between levels of infiltration of the
tumor tissue of different subpopulations of lymphocytes to destination neoadjuvant
chemotherapy (the material of the core-biopsy) and the degree of severity of dis-
ease variability (according to operational material). Studied the following parame-
ters: CD 45+, CD 7+, CD 20+, CD 25+.
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Results: increase of the level of T-lymphocytes was accompanied by a greater se-
verity of the disease variability in tumor tissue. When expressed infiltration by
General leukocyte antigen CD45, moderate disease variability was observed twice
the minimum (66.7% and 33.3%, respectively). Similar results were obtained for T
cells (CD7) — 73.3% and 26.7% respectively. The largest and reliable relation-
ships obtained for subpopulations of T-lymphocytes (CD25+) — time prevalence
of moderate disease variability over a minimum of 90% and 10%, respectively, in
the presence of CD25+ cells in tumor tissue before treatment. That is, this parame-
ter can be used as predictor of the possible effectiveness of drug therapy.

Professor Elena B. Viadimirsky, MD, PhD
NORMAL BONE MARROW HEMOPOIESIS AND ITS REGULATION

In spite of great cell production in normal hemopoiesis, the number and compo-
sition of every branch of the hemopoietic system is constant. This is due to the
main law of kinetics: equal number of cells is born and dies within each time unit.
To meet this law the hemopoietic system uses 3 levels of equilibrium control: stem
cells, growth factors and stromal microenvironment.

Hemopoietic stem cells (HSCs) can differentiate into all types of blood cells
and at the same time proliferate to preserve the constant number of their pool as
there is no input from the outside. When the entire body of HSCs is reduced below
the critical level (e.g., by chemotherapy or radiation), they stop differentiating, and
enlarge the proliferating pool until the standard level is reached again. This is the
main cause of cytopenia after chemotherapy and radiation.

Hematopoietic growth factors — glycoproteins — are produced by several
blood and stromal cells. The growth factors’ action is essential for the realization
of any cell programme, but the type of the programme depends solely on the cell
itself: its genetic determination and the presence of active signal molecules.

The hemopoietic bone marrow cells lye on the bone trabeculae that are covered
with stromal tissue, which consists of stromal cells and the extracellular matrix.
The hemopoietic function of the stroma is realized through specific adhesion of
HSCs and production of growth factors and molecules of cell interaction. Stromal
environment also plays the essential role in the preferential egress of blood cells
from the marrow into the peripheral blood.

Evaluation of bone marrow aspirate through smear examination is a very im-
portant diagnostic tool. It should be done using the so-called bone marrow indexes,
i.e. ratios of several types of hemopoietic cells: the myeloid/erythroid index; the
index of neutrophil maturation; the index of red cell maturation. Assessment of
these indexes together with the cellularity of aspirate enables the doctor to reach
highly important diagnostic conclusions.
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Vera S. Donnenberg, Ph.D., F.C.P.
TUMOR ASSOCIATED MACROPHAGES AND CANCER STEM CELLS

The current understanding of cancer and its metastatic potential is that cancer
cells must change their shape and gain motility. This process, termed the epithelial-
mesenchymal transition (EMT), confers on cancer cells a series of mesenchymal
traits and the ability to enter into the cancer stem cell (CSC) state, with self-
renewal and self-protection as the key characteristics. We have shown that rare
epithelial cells expressing mesenchymal markers are already present in the primary
tumors as rare events, but are prevalent in metastatic disease. However, the mecha-
nisms that enable CSCs to interact with their microenvironment are poorly under-
stood. As during development, where tissue macrophages provide a supporting role
in EMT, an analogous interaction may be present in primary and metastatic tumors.
In this presentation we will discuss how tissue macrophages create a CSC-niche
and signal with CSC to amplify their EMT state.

M. Efimenko, O. lllarionova, O. Malevich,

N. Chripkova, T. Shamanskaya, E. Osipova, S. Plyasunova

EFFECT OF ALLOGENIC BONE

MARROW MESENCHYMAL STEM CELLS

ON PROLIFERATION AND APOPTOSIS

OF NORMAL HEMATOPOIETIC PROGENITORS

AND LEUKEMIC CELLS

Federal Clinical Research Centre of Pediatric Hematology, Oncology and Immu-
nology, Moscow, Russia (Moscow, RU).

Objectives. The use of transplantation of mesenchymal stem cells (MSCs) to
accelerate the engraftment of hematopoietic precursors and for the correction of
graft-versus-host disease (GVHD) in malignant hematological diseases makes one
wonder what influence may have MSC on leukemic cells present in bone marrow
of the recipient in the form of minimal residual disease. The aim: investigate the
mechanism of the effect of allogeneic bone marrow MSCs on the ability of tumor
cells to spontaneous and induced apoptosis.

Methods. Leukemic cells from bone marrow samples of patients (age 6 months —
17 years) with newly diagnosed acute leukemia (AL): B-ALL-41, T-ALL-12,
AML-18. MSC (from 43 healthy donors) were cultured in DMEM with 20% FCS.
Clonogenic study of granulocyte-macrophage bone marrow progenitors (from 15
healthy donors) were performed in semisolid agar medium. The sensitivity of blast
cells to cytotoxic drugs was studied by the MTT-assay. To determine the levels of
spontaneous and induced apoptosis in leukemia cells we use Apoptosis Detection
Kit II (BD). Cytokines produced by MSCs was determined by flow
Cytofluorometer using reagents BD Cytometric Bead Array.



HAEMATOPOIESIS IMMUNOLOGY 107

Results. MSCs stimulate colony formation of granulocyte-macrophage precursors,
surpassing the effectiveness of phytohemagglutinin-leukocyte conditioned medium
as a source of colony stimulating factors. Efficiency of cloning was 27.9+1.5 and
22.9+2.4, respectively. When leukemic cells were cultured on MSC for 4 days the
proportion of viable cells was higher at 47.2% in ALL, and 63.1% in AML com-
pared with controls. Incubation of leukemic cells with MSCs resulted in a decrease
of sensitivity to cytarabine in 2 times in B-ALL, in 1,5 times in AML and 6 times
in T-ALL. Under the influence of MSCs sensitivity of leukemic cells to daunorubi-
cin decreased in all groups. MSC increased the sensitivity of blast cells from ALL
patients to MP, but did not influence the sensitivity of AML blast cells to MP.
MSCs inhibit apoptosis of leukemic cells induced by cytarabine. The study of
MSCs cultures with SMA showed that MSCs produce a wide range of cytokines
(IL-2, 4, 6, 10; FGF, VEGF), which may mediate the effect of MSCs on the viabil-
ity of hematopoietic progenitors and leukemic cells.

Conclusion. On the basis of the research is clear that the important aspect is the
safety of MSCs in terms of their influence on the sensitivity of leukemic cells to
chemotherapy in patients with hematologic malignancies.

C.A. Tionanoun

POJIb KOCTHOT'O MO3IrA

BI'EMATOI'EHHOM METACTA3UPOBAHUU

Poccutickuii onxonoeuueckuil nayunvii yenmp um. H.H. Fnoxuna, Mocksa

OCHOBHOW TPUYNHONW CMEPTHOCTH OT 3JI0OKAQYE€CTBEHHBIX OITyXOJICH SIBIISIOTCS
MeTacTaspl. Ha caMbIX paHHMX CTaAMsX CBOErO BO3HUKHOBEHHUS KIJIETKM 3JI0Kaue-
CTBEHHOM OIyXOJIM IOJIYYaroT JOCTYIl K KDOBEHOCHOMY pYCIy M IIAHC MONagaHus
B KPOBOTOK C ITOCJIEYIOIIMM PacIpOCTPaHEHNEM O opraHaM u TkaHsMm. OOHapy-
JKEHUE OIyXOJIEBBIX KJICTOK B KOCTHOM MO3I€ WIH LUPKYJUPYIOIUX OILyXOJIEBBIX
KJIETOK B IepU(pepUUECKO KPOBH SIBISIOTCS yOEANTEIBHBIM CBHETEIECTBOM CHC-
TEMHOCTH OITyXOJIEBOTO Tporiecca. KOCTHBIN MO3T Oyaydn «pe3epBaIiein» omyxo-
JIEBBIX KJIETOK B OPraHHU3ME MOMHMO 3TOrO MIpaeT BaXKHYIO POJb B pealu3aluu
METacTaTUYECKOro IMpolecca B IPYIMX OpraHax M TKaHAX. Me3eHXUMalbHbIe
KJIETKH KOCTHOI'O MO3ra, I0Ia/iasi B 30Hy pOCTa METacTas3a, AatoT Hayajlo MEPULIH-
TaM 1 SHAOTEIHAIHHBIM KJIETKaM, TEM CaAMbIM Y4acTBYIO B (POpMHUpPOBAaHHH KpOBe-
HOCHBIX cOCyA0B. OJJHOBPEMEHHO ME3CHXHMaJIbHbIE KJIETKH KOCTHOIO MO3ra Ipe-
BpamiaoTcs B (UOpoOIaCTBl CTPOMBI, KOTOPBIE SBISIOTCS BAXHEHIIUMU CTHMYJIS-
TOpaMu NpoJudepay omyXoaeBbIX KIeTOK. IpyruM Ba)KHbIM MEXaHU3MOM OITy-
XOJIEBOM MPOTPECCHU SIBIISETCS MOAABICHHUE MPOTHBOOITYXOJIEBOIO MMMYHHUTETA.
KoctHblit MO3r — 3aBox 1o npousBojacTBy T u B nmumQonuros, NeHAPUTHIECKUX
KJIETOK, MakpogaroB, KOTOpbIC 33J€HCTBOBAHBI B OCYIIECTBICHUH KJIETOYHOTO U
TYMOpPaJIBbHOTO IPOTHBOOITYX0JIEBOTO UMMYyHHUTeTa. COOM B paboTe 3TOro 3aIliuT-
HOT'O ME€XaHH3Ma He MOT'YT IPOU30WUTH 0e3 yJacTHsi KOCTHOTO MO3ra.
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[TosTOoMy n3yueHne GyHKIIMOHHPOBAHUSI KOCTHOTO MO3ra Y OOJBHBIX 3JI0Kaye-
CTBEHHBIX OIYXOJSIMU JIOJDKHO IPOJIUTH CBET HAa MEXaHW3MBbl pealn3allid MeTa-
cTatuyeckoro kackana. [lomumMo pemienus: pyHIaMEeHTaIbHBIX IPOOJIEM yKE Cero-
IHS U3YYCHHE TUCCEMUHUPOBAHHBIX KIETOK B KOCTHOM MO3Te M IUPKYJIUPYIOIIIX
KJIETOK B INepudepruueckoidl KpOBU IO3BOJISET IONYYUTh BAXKHYHO KIMHUYECKYIO
nHdopManny. JMHaMHKa Y¥CiIa OMyXOJEBBIX KIETOK MOXET OBITh OHOMapKepoM
3¢ GEeKTHBHOCTH MPOTUBOOMYX0JeBOH Teparmu. OnpeneneHre (EeHOTHUIIA B TE€HO-
THIIA UPKYJIUPYIOIHUX KIETOK CIHOCOOHO AaTh MH(POPMALMIO O MEPCIEKTHBHBIX
MHIIEHSX MPOTUBOOIYXOJIEBOTO BO3ACHCTBUS M MEXaHM3MaX PE3HCTEHTHOCTH K
JIEKapCTBEHHBIM TIperapaTaM.

Z. Hevessy', E. Szanthé', B. Karai', G. Ivady', I. Szegedy’,

C. Kiss®, J. Bedekovics®, M. Petras®, G. Ujj°, A. Ujfalusi’, J. Kappelmayer'
NON-HAEMOPOIETIC TUMOR CELL DETECTION

BY FLOW CYTOMETRY

'Dept. Laboratory Medicine,

’Dept. Pediatric Hematology-Oncology,

Dept. Pathology, University of Debrecen, Debrecen,

“Children’s Hospital, Miskolc,

’County Hospital, Szolnok, Hungary

We aimed to evaluate the role of multicolor flow cytometry in the detection of
bone marrow involvement in patients with solid tumors and in pediatric neuroblas-
toma cases. We investigated 55 bone marrow aspirates, 6 cerebrospinal fluid samples
and 1 bronchoalveolar lavage fluid with multicolor flow cytometry (MFC) and corre-
lated the results to morphology/immunohistochemistry (IHC) results of bone marrow
biopsies where it was performed. Thirty-two samples of 30 patients with a clinical
suspicion of solid tumor or transfusion-dependent anemia investigated by MFC re-
vealed 8 cases of solid tumor with CD45—/EpCam+ carcinoma cells (n=7) or
CD45-/CD99+ Ewing sarcoma cells (n=1) and 2 cases of hisiocytosis with
CD45-/CDla+ cells. In 17 cases results were concordant (10 positive and 7 nega-
tive) while in 1 case MFC was negative while pathological histiocytes could be de-
tected by IHC in the bone marrow biopsy specimen. Thirty samples of 14 children
with suspected neuroblastoma or during its follow-up was analysed in a four-color
setting (CD45/CD117/CD81/CD56) by MFC and 22 samples were investigated by
IHC. In 13 cases results were concordant (8 positive and 5 negative) while in § cases
discordant result were obtained (6 MFC+/IHC— and 2 MFC—/IHC+). In conclusion
the two methods gave concordant results in 77% of cases and most of the discordant
results were found in those neuroblastoma follow-up samples where pathological cell
ratio was below 1% in a hypocellular bone marrow environment. Here MFC proved
more valuable in minimal residual disease detection.
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A. Ujfalusi, B. Bessenyei, Z. Hevessy,

B. Karai, E. Szantho, G. Ivady, J. Kappelmayer

DETECTION OF GENETIC ABNORMALITIES ON

ENRICHED PLASMA CELLS

FROM BONE MARROW

BY FLUORESCENCE IN SITU HYBRIDIZATION (FISH)

Department of Laboratory Medicine, University of Debrecen, Debrecen, Hungary

Multiple myeloma (MM) is a hematopoietic neoplasm characterized by mono-
clonal plasma cells (PC) accumulated in the bone marrow. A variety of chromoso-
mal abnormalities contribute to pathogenesis and affect risk stratification and
treatment of MM. Cytogenetic aberrations are not frequently detected by karyotyp-
ing due to low proliferative rate of PC. Interphase FISH overcomes this limitation
but it has been suggested that it should be performed on specifically identified PC.
In this study our aim was to evaluate the utility of plasma cell enrichment com-
bined with FISH for the detection of prognostically significant cytogenetic abnor-
malities in patients with MM. Plasma cells were enriched in bone marrow aspirates
by using CD138 immunomagnetic bead selection in eighteen cases with low level
of monoclonal PC. The PC selection was followed by FISH. The MM FISH panel
included the following probes to detect high-risk genetic abnormalities: t(4;14),
t(14;16), -13/del(13q), del(17p)(TP53). Plasma cell content in non enriched speci-
mens ranged from 0.9% to 38% compared with 35% to 71% in enriched samples
according to flow cytometric analysis in five cases. The most frequent chromo-
some aberrations were monosomy 13/del(13q) (n=38) followed by del(16q)
(n=06), >2 ATM signal (n=6), >2 TP53 signal (n=75), del(14q32) (n=4), >3
IGH (14q32) signal (n=2). Specific translocations, t(4;14) and t(14;16), were de-
tected in one-one case. The percentage of PC harboring genetic aberrations de-
tected by FISH was higher than monoclonal PC content detected by flow cytome-
try in enriched samples. Based on our results plasma cell enrichment of bone mar-
row samples with low percentages of monoclonal PC increases FISH sensitivity for
detecting high-risk cytogenetic abnormalities and can be of value to improve risk
stratification and management of MM patients.

B.B. Poouonos', H.H. T ynuubmz, 0.4. Bozomonosa’

TEMOIIOD3 Y BOJbHBIX PAKOM MOJIOYHOM KEJIE3bI
Y3 O6racmuoti kiunuveckuii OHKOA02UYECKUTE oucnancep, 2. YivAHo8ck
‘@IrBY " POHI] um. H.H. Broxuna" PAMH, 2. Mockea

Cocrostnne koctHoro mosra (KM) siBnsieTcsi BayKHBIM TOKa3aTelleM CTEleHU
reMaToreHHOM JAMCCEMUHAIMU OIyXoyieBoro npouecca. KM urpaer BaxHyo poiib
B IIpOLI€CCaX UMMYHOJOTHYECKONW MaMSITH U €ro UCCIIEIOBAHUE SIBIISIETCS LIEHHBIM
JUTSl TAAaTHOCTUKY UMMYHHBIX U3MEHEHUH MIPU OMYXOJIEBOM MaTOJOTHH.
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CymiecTByeT AOCTaTOYHO MHOTO IyOJMKAIMi IO BOIPOCY PEaKIHUH KpOBe-
TBOPHOHM CHCTEMBl Ha HpHUCYTCTBHE MakpomeractazoB B KM. A.U. BopoObes
(1985) BBIAETSIET ClEMyIOIIME THUIBI U3MEHEHHS KPOBETBOPEHUS: B pe3yjbTaTe
pa3zpaXeHHUs OIMyXOJIeBBIMH KileTKaMi KM MoxeT ObITh peakTHBHBIM, C yBEIIHUe-
HHEM KJIETOYHOCTH BCEX POCTKOB KPOBETBOPEHMS, HIIH OCTHBIM (THITOIUIACTHIHBIM
WIN aljIacTHYHBIM) BCIIEICTBHE 3aMEIIEHHUs KOCTHOMO3TOBOT'O IPOCTPAHCTBA Me-
TACTaTHYECKUMHU KJeTKaMH. IIpu mpoBeneHMM HaMu aHaiIn3a nepHpepruyecKoi
KpoBH OOJBHBIX pakoM MoJjouHOH xemne3sl (PMIK) ¢ makpomeractazamMu U MUK-
pomeractazamMu B KM (n= 15 u 19 cooTBeTCTBEHHO) OBIIO BEISIBIICHO, YTO OOJH-
HBIX NIEPBOH TPYHIBI OTINYAET OT MAIIMEHTOK BTOPOH TPYIIBI CTATUCTUYECKH JJOC-
TOBEPHOE CHIKEHHE YPOBHs I'eMOTVIOOMHA, TPOMOOIIMTOB, a TaKXKe YBEINYEHHE
COD (p < 0,05). Kpome Toro obHapyxeHo, uto meractassl B KM conmpoBoxmaroT-
csl crieu(PUYECKMM CHMIITOMOKOMITJIEKCOM, BKJIIOYAIOUIMM B ce0si: HEMOTHBUPO-
BaHHYIO PE3KYI0 C1ad0CTh, MUTPUPYIONIHE OOJH MO KOCTSIM CKeJIeTa, HOBBIIICHHE
Temnepatypsl Tena a0 37,5-38°C. B nutepaType UMEIOTCA UMb €AUHUYHBIE CO-
o01eHns1 00 aHanM3e KOCTHOMO3TOBOW PEaKIMU Ha OTIENIbHBIE OIyXOJIEBbIE KIIET-
ku. B pabore O.B. Kpoxunoit u coart. (PI'BY «POHIl um. H.H. Brnoxunay
PAMH, 2003) 6bu10 caenaHo MpearoyioKeHue, 4To K Hanbosee paHHUM ITPOsIBIIC-
HusiM peakin KM Ha mpHCyTCTBHE OTAENBHBIX OIYXOJIEBBIX KIIETOK Y OOJIBHBIX
PMJX MOXHO OTHECTH CIEIyIOINe U3MEHEHHUs] KPOBETBOPEHHS IO JaHHBIM MHE-
JIOTpaMM: THIIOKJIETOYHOCTh KOCTHOTO MO3Ta, CKOIUICHHS TNIa3MaTHIECKUX KIIETOK,
oOHapyXeHHe KPYIHBIX KIETOK C THIIEPXPOMHBIM SOPOM M MHOXKECTBEHHBIMHU
HYKJIEOJIAMH, TIOBBIIICHNE JIEHKO-IPUTPOOIACTHUECKOTO OTHOIICHUS, MOBBIIICH-
HBIE CpeHHE 3HAYCHUs KOJIMYECTBA MOHOLMUTOB M JUM(OUUTOB. MBI Tarke mpo-
Benw aHanu3 KpoetBopeHus 50 6ompHBIXx PMXK, Haxomsmmxcs Ha nedenun B ['Y3
OO0nacTHOM KIMHHYECKOM OHKOJIOTHMYECKOM JAucraHcepe (T.YIbSHOBCK) ¢ HOSIOps
2011r. Cpennuii BO3pacT manuMeHTOK coctaBmi 56,7 = 10,5 roma. Ha momeHT mo-
CTaHOBKM NMEPBUYHOIO JMarHo3a JIoKajbHble (HopMbl 3a00eBaHus ObUIM JHAarHo-
ctupoBaHbl y 48% O0IBHBIX, MECTHO-pACIPOCTPaHEHHBIH nponece — y 42%, me-
TacTatudeckuil pak —y 5%. UccnegoBanme KM BBIMOMHSUIN 1O HavYasa JIEUCHHUS.
[Ipy UMTONOTMYECKOM M TUCTOJOTMYECKOM HCCleoBaHusIX mMeractaszsl B KM BbI-
sBrieHbl y 1 (2%) 1 2 (4%) u3 50 manueHToK COOTBETCTBEHHO. Y 00eHX MalUeHTOK
MeracTa3bl B KM moaTBep kKIeHBl METOOM NMPOTOYHOU uromMeTpun. Kpome Toro,
y 5 (10%) u3 50 maneHToK B MUenorpaMMax OOHapy>KeHBI «eAMHUYHBIE Hennd-
(epeHIMpPOBaHHbBIE KIETKH HESICHOTO MPOUCXOXKICHHUS, BO3ZMOXKHO, HETEMOIIOITH-
YeCKOW MpUpOIbD. DTH KICTKH OBUIH PACIEHEHbI KaK MOAO03PUTEIbHBIC Ha METa-
cratnueckue. Y 2 u3 5 00ompHBIX MEKpoMeTacTa3bl B KM moaTBep KIeHBl METOAOM
npotrouHoii uTomerpun. Kpome toro, y 9 (18%) u3 50 6onbHBIX B TpenaHOOHOT-
tatax KM o6GHapy>keHbl €qMHUYHBIE IIa3MaTHUECKHE KIETKH WM MUKPOOUYaroBoe
UX CKOIUICHHE. MeToA MPOTOYHOW IIMTOMETPHU B COYETAHMM C MMMYHOMAarHUT-
HBIM 00OTaIIEHNEM OITyXOJIEBBIX KJIETOK C IPUMEHEHHEM MOHOKJIOHAJIBHBIX aHTH-
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ten k EpCAM (CD326) no3Bosuit JUarHocTHpoBaTh MUKpomeractassl B KM y 11
(22,0%) u3 50 6onpHBIX. [Ipy npoBeeHNN aHAIM3a MUETIOIPaMM BBISIBIICHO, YTO B
rpymme OOJBHBIX C MHKPOMETACTa3aMH CHIDKCHHE KJIETOYHOCTH KOCTHOTO MO3Tra
orMmevanoch dame (36,4%), 4yeM y TanumeHToK 0e3 MHKpomeTracTa3oB (25,6%:;
p > 0,05). Conepxanue TUMQOIUTOB B KOCTHOM MO3re y OOJBHBIX C MUKpPOMETa-
CTa3aMH OBLIO IOCTOBEPHO BHIIIE, YEM B OTCYTCTBHE €TI0 OIIYyXOJICBOTO IMTOPaXKECHUS
(63,6% £ 0,5 u 30,8% £ 0,47% cootBercTBeHHO; p = 0,048). He uckiroueHo, ox-
HAaKO, YTO YBEJIMUYCHHE KOJIWYECTBA JMM(OLIUTOB OBUIO OTHOCHTENBHBIM. [laib-
HEHINMI aHaJIM3 MHUEJIOTPaMM, BO3MOXKHO, TTO3BOJIUT BBISIBUTH KOCBEHHBIE MTPU3HA-
KM TIPUCYTCTBHS OITYyXOJIEBBIX KIETOK B KOCTHOM Mo3re y 60mbHbIX PMOK.

HAYYHBIE :KYPHAJBI
POHIIl M. H.H. BJIOXHHA PAMH
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Pucynox k cmamve b. bBpanoo
AHAJIN3 HOPMAJIBHOT'O KOCTHOI'O MO3T'A
METO/JOM MHOT'OIIBETHOM MPOTOYHOM IUTOMETPUN

Picture by Bruno Brando
MULTICOLORFLOW CYTOMETRIC ANALYSIS
OF NORMAL BONE MARROW
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Puc, 1. Orans! co3peBanus ki1erok KM B HOpMe 10 JaHHBIM aHaIHM3a METOIOM 8-
usetHoi [ (xamma-FITC/ namona-PE/ CD34-PerCP-CyS5.5/ CD38-PE.Cy7 /
CD10-APC / CD19-APC-Cy7 [sxopHbIii mapameTp reiitupoBanusi] / CD20-V450 /
CD45-V500.

®wnoneToBbIi: TMM(OOIACTEI, CHHIIA: TEMAaTOTOHBI; 3€JICHBIN: 3pelbie B-KieTku.

Fig. 1. The normal B cell maturation steps are depicted, as demonstrable by 8-
color FCM analysis of BM (Kappa-FITC / Lambda-PE / CD34-PerCP-Cy5.5 /
CD38-PE.Cy7 / CD10-APC / CD19-APC-Cy7 [anchor gating parameter] / CD20-
V450 / CD45-V500.

Purple: Lymphoblasts; Blue: Hematogones; Green: Mature B cells.
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Puc. 2. HopmanbHubie kieTku B-kieTku, HOpMallbHbIe M aHOMaJIbHbIE MJIa3MOLUTHI
mo naHHbeM aHamm3a KM wmeromom 8-mBerHoi III] (xamma-FITC/ nsm6ma-PE/
CD34-PerCP-Cy5.5 / CD38-PE-Cy7 / CD10-APC / CD19-APC-Cy7 / CD20-V450
/ CD45-V500).
3eJeHbIi: TeMaTOTOHBI, (PHOJICTOBBII: HOpManbHbIe B-Ki1eTku.
A. HopManpHble MIa3MOLMTH (KPAacHBI M CHHMI) SKCHPECCUPYIOT MOJUKIOHATb-
HbIE HUTOIJIa3MAaTUUYECKHUE LIENH Kallra 1 JIIMO01a.
B. HopmanbHble ma3MouuTsl (KpacHbI) B BUAE MPUMECH K KIOHAJIBHBIM JIsIMO1a+
IU1a3MONKTaM (CHHHUI) U HOpMaJIbHBIM B-kieTkam ((huosaeToBblii).

Fig. 2. Normal B cells, normal and abnormal Plasmacells by 8-color FCM analy-
sis of BM (Kappa-FITC / Lambda-PE / CD34-PerCP-Cy5.5 / CD38-PE-Cy7 /
CD10-APC/ CDI19-APC-Cy7 / CD20-V450 / CD45-V500).
Green: Hematogones; Purple: Normal B Cells.
A: Normal Plasmacells (Red or Blue) express polyclonal cytoplasmic Kappa or
Lambda chains.
B: Normal Plasmacells (Red) are admixed to clonal Lambda+ Plasmacells (Blue)
and normal B cells (purple).



Pucynox k cmamve M.U. /lagvioosa
METO/ IPOTOYHOM IUTOMETPUU
B OHEHKE MUHNUMAJIBHOT' O ITIOPA’KEHHSA KOCTHOI'O MO3T A

Y BOJIBHBIX PAKOM

Picture by

ASSESSMENT OF MINIMAL BONE MARROW INVOLVEMENT

BY FLOW CYTOMETRY
IN CANCER PATIENTS
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Puc. 1. [IpoTOYHO-LIUTOMETPUYECKOE BBI-
SIBJICHHE KJIETOK paKka MOJIOUHOM >Kene3bl
Ha mpubope Attune (Life Technologies,
USA) ¢ akyctuueckoe (pOoKyCHpPOBKOM.

A. Ha ocHOBaHMM paccCesiHHsI CBETa JIa3ePHOTO
ny4a (ocb Y, SSC) u skcnpeccun obieneii-
kxouurapaoro antureHa CD45 (FITC, ocw
X) derko mupepeHIHPYIOTCS OCHOBHBIE
KJICTOYHBIC THIBI — JIMMMOLHTHI (3ECHBIH
I[BET), MOHOLUTHI (PO30BEIM ILBET), TPaHy-
JoIUTHl  (TOyOOH  IIBET), OPHTPOLMTHI
(xpacHsblii 1BeT).

b. MognenbHblil SKCIIEPUMEHT: K KJIETKaM HOp-
MaJIBHOTO KOCTHOTO MO3ra J00aBlIeHbI
KJIETKH paKa MOJIOYHOM JKeNe3bl, JIHHUK
MCF-7. BuzeH 4eTkuii Kiactep OITyXoje-
BBIX KJICTOK (OKpAIIeHbI KPACHEIM).

B. orcyrerBue ierok B reiire R1 ¢ denorn-
nom CD236+CD45—(samurennans-HbIX, Me-
TACTATUYECKHX KJIETOK) B HOPMAJIBHOM KO-
cTHOM Mosre (mo ocu X — JKCIpeccHs
CD45, no ocu Y — skcmpeccus CD326).

C



Fig. 1. Flow cytometric detection of breast cancer cells using an Attune (Life Tech-

nologies, USA) cytometer with acoustic focusing.

A. Main cell types such as lymphocytes (green), monocytes (pink), granulocytes (blue),
erythrocytes (red) are well differentiated in the coordinates of laser beam scattering
(Y axis, SSC) and expression of common leukocyte antigen CD45 (FITC, X axis).

B. Model experiment. Breast cancer cells (MCF-7 linage) were added to normal
bone marrow cells. A clear-cut tumor cell cluster (red) is seen.

C. No cells in gate R1 with CD236+CD45— phenotype (epithelial metastatic cells) in
normal bone marrow (CD45 expression, X axis; CD236 expression, Y axis).

Parameters: CD45_FITC vs EpCam_PE

Gate: Ungated

Experiment Name: new compensation 03-17-2014 05 51 PM
Specimen Name: Specimen

Sample Name: MCF-74K.M. 19.12.13 EpCaM PE+45
Showing 1,015,259 of 1,015,259 events.

Name Event Count % Parent % Total
= [ an events 1,015,259 100.000%  100.000%
[Om 8,919 0.878% 0.878%

Experiment Name: new compensation 03-17-2014 05 51 PM
Specimen Name: Specimen

Sample Name: MAGNIT

Showing 62,586 of 62,586 events.

Name Event Count % Parent % Total
= [Janevents 62,586 100.000%  100.000%
Or 2,761 4.412% 4.412%

Puc. 2. CpaBHuTeNbHAsA OLIEHKA KOJIMYECTBA SMUTENUAIbHBIX KIeTOK JuHu MCF-
7 B HOpMaJbHOM KOCTHOM MO3r€, BbIsBIsIeMbIX OByMs meTtogamu. K 10 muH mue-
JIOKAPUOIUTOB HOPMAJIBHOTO KOCTHOrO Mo3ra jo0aBieHbl 9 000 KICTOK JTHHUU
paxa MostouHo# xene3sl MCF-7.
A. Kurerku okpamenst antutenaMmu CD45-FITC/CD326-PE (cm. «Marepuaist u
MeToabI») U cobpansl Ha mpubdope Attune (Life Technlogies, USA).
b.  KJIeTKM MoJBeprHyThl IMMYyHOMArHUTHOMY OOOTAIllEHHIO, 3aTeM OKpAIleHB! aH-
turenamu CD45-FITC/CD326-PE (cm. «Marepuansl u MeTons»). [locne mps-
MOW OKpacKH BbIIBIIEHO 8919 srurenuanbHbIX KIETOK, MOC/IE HUMMYyHOMAarHUTHO-
ro oborameHust — 2761 KieTka, YTO CBUJIETENIBCTBYET O MOTEpe 3HAUMTEIHHOM
YaCTH SMUTETHAIBHBIX KIIETOK B IIpoliecce ppaKIMOHUPOBAHHUSL.



Fig. 2. Comparison of MCF-7 epithelial cell numbers in normal bone marrow as
assessed by two techniques. 9000 MCF-7 breast cancer cells are added to
10 million normal bone marrow myelokaryocytes.
A. The cells were stained with antibodies CD45-FITC/CD326-PE (see Materials and
methods) and harvested on an Attune (Life Technologies, USA) cytometer.
B. The cells underwent immunomagnetic enrichment and CD45-FITC/CD326-
PE staining to follow (see Materials and methods). 8919 epithelial cells were
detected after the direct staining versus 2,761 cells after the immunomagnetic
enrichment which was evidence of a loss of a considerable portion of epithe-
lial cells during fractionation.

FSBI "RUSSIAN CANCER RESEARCH CENTER"
HAEMATOPOIESIS IMMUNOLOGY Lab.

MYELOGRAM

N case hist. 13... Date  20.08.13.
NAME BVA. Department: He5
Diagnosis Breast Cancer
Cellularity 218 000/mcl {41,6-195) Megacaryocytes: enough
Number of cells 500 100
Blasts 0.8 (0,2-0,6)

Granulocytic Row
Promyelocytes 1.0 (1,0-4,1}

neutrophyls eosinophyls basophyls
Myelocytes 2.8 (7.0-12,2) 0 (0-1,0) o]
Metamyelocytes 11 (8,0-15,0) 0 (0-1,2) 0
Bands 23,8 (12,8-23.7) 0,2 (0,1-1.2) 0
Segments 16,6 (13,1-24,1) 06 (04-24) 0 (0-04)
Sum of granulocytes 63,0 (57,1-68,5)
Index of neutrophyl maturation 0,5 (0,5-0.9)

Monocytic Row
Monoblasts 0
Promonocytes 1]
Monocytes 2.2 (0.73.1)

Lymphoid Row
Lymphoid cells 1] Plasmablasts a
Prolymphocytes 1] Proplasmacytes a
Lymphocytes 3.4 4.313,7) Plasmacytes 1.6 (0,1-1,8)

Erythroid Row
Pronormoblasts o (0.2-1,1)
Normoblasts Basophylic 2,2 (1,4-48)
Normaeblasts Polychromatophyli 17,2 (8,9-16,9)
Normoblasts oxyphylic 2,6 (0,8-58)
Sum of erythroid cells 29,0 (14,5-28,5)
Index of erythroid cell maturation 09 (0,7-09)
Leuco-erythroid ratio 2.2 (2,1-45)

Description
Bone marrow is hyper cellular. Enough megacaryocytes.

Myelogram is normal.
Metastatic cells are not found (6 smears investigated).
Signatures of Physicians

Puc. 3. IIpumep HOpMaIbHON MHEIOrpaMMbI Y OONBHOW PaKOM MOJOYHOM JKelre-
3bl. Mopgonornyeckuii moacyeT KISTOYHbBIX 3JIEMEHTOB IIPOBOJUTCS B Jaboparo-
pun ummyHosoruu remomnossa ®PI'bY «POHIl nmenn H.H. bnoxuna» PAMH y
BceX OOJBHBIX PAKOM MOJIOYHOM jKeJle3bl, HallpaBJIIeMbIX Ha ONpeJe/IeHHe qucce-
MHUHHPOBAHHBIX OITyXOJIEBBIX KJIETOK B KOCTHOM MO3re (KOHTPOJb OTCYTCTBHS
pasbaBieHus nepudepraeckoil KpoBbIo).

E
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Fig. 3. An example of normal myelogram of a breast cancer patient. Morphological
count of cell elements is done at the Hemopoiesis Immunology Laboratory,
N.N. Blokhin RCRC, RAMS, in all breast cancer patients referred to measurement
of disseminated tumor cells in bone marrow (dilution control).

Pucynku k cmamve A.4. Ban oe Jloocopexm
A POJIb MPOTOYHOU HUTOMETPUHN
MNPU MUEJOJUCIIJIACTHYECKOM CUHIPOME
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Puc. VImmyHOeHOTHIIUECKAsT CTPYKTYpa MHEIOMOHOLMTAPHOTO KOMIIAPTMEHTA B

ob6pasue KM 6omsr0r0 ¢ MJIC 110 CpaBHEHHUIO ¢ HOPMAJIBHBIM KOHTPOJIEM.
MHororBeTHbIe IpadHKH INIOTHOCTH Il HOPMAIBHOTO KOCTHOTO MO3Ta M KOCTHOTO Mo3ra 6onsHoro ¢ MJIC
TMPE/ICTABJICHBI B BEPXHEM U HIDKHEM psifiaX, COOTBeTCTBeHHO. Ha rpadukax A u B mo ocu aberice mokasaHbl
CD45 xieTky, o OCH OpIUHAT — XapaKTepHCTHKH 0oKkoBoro paccesHus (SSC). Tloka3aHs! KIIeTOUHBIE TI0-
MyJISIHM MHETOMIHBIX KIIETOK-TIpeIecTReHHMKOB (CD45M/SSCIow o emedite ' ron t10-cHHHiA 11BET), MOHOITH-
Th1 (CD45™/SSC™, opamskessiit), u Hefitpodumsl (CD45™/SSC™ © 8" pasupie 1Bera). paHyIAPHOCTH
(mpencraenennas kak SSC neitrpodunos nmpu M/IC Ha rpaduke B abeppaHTHO MOHIDKEHA IO CPABHEHHIO €
HeffTpouIaMi HOPMAIBHOrO KOHTpONS (TpadHk A), T.e. HAaOIIOHACTCS THIIOTPAaHYISIPHOCTD; IIOCIEIHES
TaKke OTHOCHTCS ¥ K 203uHOGMIaM (kopruHeBslii 11BeT). Ha rpadukax C 1 D cTpyKTypbl CO3pEBaHMs M€~
JIOMOHOIIUTAPHBIX CyOHOIMy iyl moka3ans! Ha rpaduxax HLA-DR (ock abemucc) u CD11b (ock opauHar).
JuddeperimpoBka MuenonaHsx Kietok-npeamectseHHnkoB HLA-DR+CD11b— (TemHO-cHHHMIA I1BET)
MIPOHCXOUT B HAPaBJICHNH 10 YacoBoi crpenke 10 HLA-DR—CD11b+ HeliTpodunos; muddepeHimpoBka B
nanpasneHnt HLA-DR+CD1 1 b+ MOHOIMTOB (OparyKeBblil) IPOMCXOIUT MPOTUB YacOBOM CTpeski. B ciyuae
MJIC na rpaduke D nokasana runepakcnpeccust CD11b Ha Gonee 3penbix HefiTpodmax (KpacHBIH U CBETIO-
3enensiit). Ha rpadukax E u F mokasauns! HekoTopsle cyononyssiimn HelTpodutos B npeaenax CD16 (och
abcruec) 1 CD13 (och opaunar). Ha rpaduke E nokazano HopmansHoe cospeanue o CD13+CD16— Hespe-
TBIX HelfTpoduiIos (roy6oif) yepes mpomexyTounyio pasy CD13%™ (senensiif) 10 3penbx HEHTPODHIOB
CD13+CD16+ (xpacHslif); 203MHO(UIEI IPEACTABICHB! KOpHIHEBHIM IBeTOM. B ciywae M/IC Ha rpaduxe F
TpO(UIIH CO3PEBAHIS MMEET AHOMAIIBHYFO BOTHYTYIO, @ HE BBIITYKIIYIO (hOopMYy.
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12.30-14.15

Ipeacenaresn

3am. aupekropa HUU knunnyeckoit onkonoruu POHILI, mpodeccop
C.A.Twnsuaun, 3am. qupekropa HUM neTckoit OHKOJIOTUN U TeMaTOJIOTUH
POHI] akanemuk, npogeccop B.I'. lloasikos, mpod. B.B. Pognonos
(VapsHOBCK), pod. UK. BopoTHuKoB

12.30-12.50

Axanemuk, podeccop B.I. Ilonakos, ct.H.c. K. M.H. T.B. I'opoynosa
«IIpobrema nopasicenuss KOCMHO20 MO32a 8 0EMCKOU OHKOLO2UUY
12.50-13.05

JLIO. I'pueyosa «ImmyHOIOTHYECKAs! OI[CHKA TE€MOIMIIONNN KOCTHOTO MO3Ta
(Tect JlokeHay)

13.05-13.25

IMpodeccop K.H. Kopoanua, xkaun.men.nayk .M. bokun «KocTHbII MO3T y
OOJILHBIX PAKOM SIMYHUKOBY

13.25-13.40

Kannunat mequuunckux Hayk E.B. Peymoea "MukpomeTacTassl
HEMEJIKOKJIETOYHOI'0 paka JIETKOro B KOCTHOM Mo3re"

13.40-13.55

T.A. I'puzopsesa, npodeccop H.K. Bopomnukog, npodeccop B.I1O.
Cenvuyk «CyOnomynsamun TuM(GOIHUTOB KOCTHOTO MO3Ta y OOJNBHBIX paKOM
MOJIOYHOM JKENe3b»

13.55-14.15

Kangnnat meqnmuackux Hayk A.M. ITonoe (Exatepun0Oypr) «Onpenenenue
JICCEMUHHPOBAHHBIX KJIETOK HEHPOOIACTOMBI B KOCTHOM MO3T€ C
HCII0JIb30BAHUEM MHOTOLIBETHOM IIPOTOYHON IUTOMETPUID)

14.15-15.00 OBE]

15.00-16.30

Beuepnee 3acenanue

«IPHUTPOINO033 Y OHKOJIOTHYECKOT0 00JIHLHOI0»

IIpencenarens npopeccop O.A. PykaBunbia

15.00-15.20

Ipodeccop C.O. Iloosa3znukos, xKanauaat MequuHCKUX HayK E.T.
Tumonuna «OcoOEHHOCTH SPUTPOII0I3a Y OONBHBIX IIOCKOKIETOYHBIM PAaKOM
TOJIOBBI U IIEM»

15.20-15.35

ITpodeccop H.H. Tynuybin «Mopho-uMMyHOJOTHYECKAs XapaKTePUCTHKA
TG GEPEHIIMPOBKH KICTOK SPUTPOUTHOTO PAIar»

15.35-16.00 COTOKC «2puTpOnO3THHBI B OHKOJIOTHIDY

16.00-16.30 Juckyccus



9.30-11.05

YTpennee 3acenanue «Bonpocsl reMono33a, ”MMYHOJIOTHH U TPAHCILUIAHTA-
MM KOCTHOTO MO3r'a NPH paKe»

Ipencenarenn npodeccop C. Aunuep, k.M.H. K.H. MeskoBa

9.30-10.00

[podeccop C. Junuep «AnnoreHHas TpaHCIIAHTALUSI KOCTHOTO MO3Ta.
Bomnpocsl nMMyHOIOTHI»

10.00-10.20

Joktop meauimHeKX Hayk M.K. Illy6una, 10.A. bopucosa, I'.B. Cnupnosa, npodec-
cop M.B. Kucenegsckuii, ipodeccop E.M. Tpewjanuna «/13yuenne MUcceMAHNPOBAHHBIX
omyxoneBbIx K1eToK (CK19+) B KOCTHOM MO3Te MBIIIIEH MOCIIe aHTH-3CTPOTCHHOH TepaItHiD)
10.20-10.35

I' /1. Ilemposa «MexaHI3MBI KOCTHOMO3TOBOT'O AEHCTBHS U 3PPEKTUBHOCTH HO-
BBIX METO0B MOOMIIM3ALIUH CTBOJIOBBIX T€MOIIO3THUECKHUX KIIETOK)»

10.35-10.50

0.A. Bozomonoea (Y nbsiHOBCK) «['eMO1033 y OONBHBIX PAKOM MOJOYHOMN KeJe3bD»
10.50-11.05

Kanmiar memscknx Hayk O.11. Konbayxas «CpaBHUTENBHAS XapaKTEepUCTHKa CyOIToTy-
JISILFOHHOTO COCTaBa JIMM(OLIMTOB KOCTHOTO MO3Ia IPH OCTPBIX JIBHK03aX Y JIETEH 1 B3POCIIBIX)
11.05-11.30 Kogpe-opeiik

11.30-13.30

CoBemanue padoueii rpynnbl N0 MMMYHOIHATHOCTHKE MUHIMAJILHOI ocTa-
TOYHOM 00/1€3HH B OHKOIeMATOJIOT UM

IIpencenarenn:

mpocgeccop E.A. Ocmanos, 1.m.H. A.B. Ilona, npodeccop C.A. Jlyrosckas,
npodeccop H.H. Tynuubin

11.30-11.45

Crapumif Hay4qHbIH COTPYIHMK, KaHAUAAT MeAUIMHCKUX HayK H.A. Kynpoiuuna
«OCHOBBI ¥ HOBOBBEJICHUSI B IMMYHO/IMarHOCTHUKE XPOHHYECKOTO JTUM(POICHKO3a»
11.45-12.00

Crapimii Hay4HbIi COTPYIHUK, KaHIUAAT MeUIMHCKUX Hayk JLFO. I'pusyoea
«OCHOBBI 11 HOBOBBEZICHHS B IMMYHO/IHArHOCTHKE OCTPBIX TMM(OOIACTHBIX JIEHKO30B)»
12.00-12.25

Kanmunat meqnmuackux Hayk A.M. ITonoe (ExatepunOypr) «Pe3ynpTaTsl paboTHI
rpynisl no uMmmyHoauarsoctuke MPbB B onkoremaronioruu. Ipennoxenus no
TEPMHUHOJIOTHU U HAOOPY MapKepoB»

12.25-12.45

AcrmpanT oteseHyst Xxumuoreparn remooitactosos HN J10ul” POHL M.A. Lllepsawuo-
3e «Porb KocTHOrO Mo3ra B orieHke MPB ripr ocTpoM JTM¢o0IacTHOM JISHKO3€ Y IeTein
12.45-13.30 Boicmynnenus, npeonoxnceHus y4acmHuKkos padoyeil zpynnul
13.30-14.30 CosmectHo ¢ HITO «IletpoBakc dapm». «[10IMOKCHIOHHI B OHKOIOT U

14.30-14.50 3asepuenue pabomut Konghepenyuu



Final programme

June 6, 2014

09.00

Welcome addresses from conference organizers

Professor Klaus Pantel, MD, Ph.D, University Medical Centre, Hamburg-
Eppendorf, Hamburg, Germany

Catherine Alix-Panabiéres, Ph.D, University Medical Center, Montpellier, UM1,
Montpellier, France

Professor George Janossy, Academician of Hungarian Academy of Sciences, UCL,
London, United Kingdom

09.20 Plenary lecture: “Major role of bone marrow in tumor cell dormancy, distant
metastasis formation and patient’s death”

Lecturer: Professor Serge A. Tjulandin, MD, Ph.D, DSc., Deputy Director of Can-
cer Research Center, Moscow, Russia

Moderator: Professor George Janossy, Academician of Hungarian Academy of
Sciences, London, United Kingdom

09.50 Immunohistological study of bone marrow in cancer patients

Chairman: Professor Andras Matolcsy, Head Dept. of Pathology, Budapest, Hungary
09.50 Malignancy in bone marrow: cellular interactions, Professor George Janossy
10.00 Classic immunohistology of trephine biopsies in malignancy: a bridge to the
future, Professor Giovanni Pizzolo, Verona, Italy

10.30 Bone marrow involvement in cancer and haematological malignancies,
Ekaterina Chigrinova, MD, PhD, Geneva, Switzerland

10.50 Stromal bone marrow microenvironment in cancer development, Mauro
Krampera, Verona, Italy

11.20 Coffee break

11.30 Disseminated Tumor cell Biology

Chairman: Professor Serge A. Tjulandin, MD, Ph.D., Russia

11.30 DTC (Disseminated Tumor Cell) research: state-of-the-art & perspectives,
Professor Klaus Pantel, MD, Ph.D, Hamburg, Germany

12.00 Challenges in DTC detection and viability assessment, Catherine Alix-
Panabiéres, PhD, Montpellier, France

12.30 Role of Bone marrow in study of MRD in haematopoietic tumors and DTC
in cancer, Professor Rawstron A., Ph.D., Consultant .Clinical Scientist, Leeds,
United Kingdom

13.00 Interactions of Macrophages and Cancer Stem Cells, Vera Donnenberg, PhD,
Pittsburgh, USA

13.30 Lunch break



14.30 Normal and metastatic bone marrow

Chairmen: Professor Klaus Pantel, MD, Ph.D, Hamburg, Germany and Catherine
Alix-Panabiéres, Ph.D, Montpellier, France

14.30 Cancer Stem Cells: Cell Type or Cell State? Professor Albert Donnenberg, ,
PhD, Pittsburgh, USA

15.00 Multicolor Flow Cytometric Analysis of Normal Bone Marrow, Professor
Bruno Brando, MD, Milano, Italy

15.30 Coffee break

16.00 Selected oral presentations

Moderator: Professor Suleyman Dincer, President of Turkish Haematology asso-
ciation, Turkey

16.00 Antigen expression heterogenicity used for mrd monitoring in b-
lymphoblastic leukosis, Valeriya Konashenkova, Ukraine

16.07 The monitoring minimal residual disease and maintanence therapy after
autologous stem cells transplantation

in patients with multiple myeloma, Oleg Rukavitsyn, Russia

16.14 Stromal activation of bone marrow in infiltrative, lymphoid neoplasias, Judit
Bedekovics, Hungary

16.21 Detection of Disseminated Tumor Cells (DTC) in Patients with NSCLC and
Esophageal Cancer, Mikhail Kiselevskiy, Russia

16.28 CD138+ and CD138- multiple myeloma cells demonstrate different embrane
expression of interleukin-6 receptor (CD126) and vascular endothelial growth fac-
tor receptor 3 (VEGFR3), Maria Kostjukova, Russia

16.35 Detection of disseminated neuroblastoma cells in bone marrow using multi-
color flow cytometry, Alexander Popov, Russia

16.42 Detection of bone marrow DTC in breast cancer using Flow cytometry, Ok-
sana Bogomolova, Russia

16.49 Cellular and humoral elements of the bone marrow microenvironment of
breast cancer patients, Nadiia Semesiuk, Ukraine

16.56 New possibilities of disseminated breast cancer cell detection in bone mar-
row by acoustic flow cytometry (Attune), Olga Beznos, Russia

17.03 Pattern of bone marrow metastasis in solid tumours-A retrospective analysis
at a Regional Cancer Centre In Kashmir, India, Shiekh Aejaz Aziz, India

17.10 End of the conferences

19.00 Evening in Budapest Operetta



June 7, 2014

09.00 Bone marrow immunology

Chairman: Professor Zaira G. Kadagidze, MD, Ph.D, DSc, Russia

09.00 Bone marrow myeloid-derived myeloid suppressor cells, Susanna
Mandruzzato, PhD, Padova, Italy

09.30 Bone marrow plasma cells and its subsets. Methodological aspects of study,
Bruno Paiva, MD, PhD, Salamanca, Spain

10.00 Peculiarities of bone marrow lymphocyte subpopulations in children with
sarcomas,

Professor Nicolai N. Tupitsyn, MD, PhD, Russia

10.20 Non-haemopoietic tumour cell detection by flow cytometry. Case presenta-
tions, Zsuzsanna Hevessy, Associate Professor, Dept. Laboratory Medicine, Uni-
versity of Debrecen, Hungary

10.40 FISH (fluorescence in-situ hybridisation) on enriched bone marrow plasma
cells, Anikd Ujfalusi, Assistant Professor, Dept. Laboratory Medicine, University
of Debrecen, Hungary

11.00 Discussion

11.30 Coffee break

12.00 Haematologists and oncologists - Special lecture

Chairmen: Professor Janos Kappelmayer, MD, PhD, Debrecen, Hungary

12.00 Normal bone marrow hemopoiesis and its regulation

Lecturer: Professor Elena B. Vladimirsky, Israel

12.30 Concluding remarks, Professor Janos Kappelmayer, MD, PhD, Debrecen,
Hungary

12.45 Firm representatives: New technologies of bone marrow study

13.30 Lunch break

14.30 Round Table: High technology methods of BM DTC detection: practical
recommendations

16.00 End of the congress
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