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OT PEJAKTOPA

Ouenp ObicTpo mponerenu 10 et (2003-2013 rr). U Bot yxe nmaboparopuun
AMMYHOIIOTHH Temorod3a — 10 jer. 6-m mrors 2003 roma gaTupoBaH MpHKa3 AH-
pexropa LlenTpa akamemuka M.U. J[aBbIioBa O CO37[aHUH JIAOOPATOPHH.

Hauunas ¢ 310il gaTbl Kaxblil roa 6 UIOHS B AE€Hb POXKICHUS BEIMKOIO PYCCKOrO
noata A.C. [Tymkuna Mbl poBoziiM KoHpepeHuuto «ViMmyHonorus remornodsay. [lep-
BBIE TO/IbI OHA ObLIa BHYTPHHUHCTHUTYTCKOM, 3aTeM — POCCHICKOM, 3aTeM — ¢ MeXIyHa-
PpoIHBIM ydacTueM. U, HakoHel, B OCNIEHNE TO/bI KOH(EPEHIWMS MOXKET I10 IIPaBy CUH-
TaThCs MEXyHApOJHOH (Harpumep, B mporpamme 2013-ro roga — 10 noknanoB Beay-
mmx ydeHbx CIHA, Axrrmm, ['epmanvm, ©panwm, Hupepnannos, Typrwmm, ABctpa-
JIMM ¥ APYTUX CTpaH). [J1aBHYIO poIib B OINpEAENICHUH HAIPaBICHHOCTH KOH(epeHI MK
ceirpan npodeccop Jhxopmk xanoccn (AHDIHS). ITOT KPYIMHBIA UMMYHOJIOT COBpE-
MeHHocTH TpuBIiek B 2006 rogy BHUMaHKE K IIPoOeMe MHHAMAIBHONW OCTaTOYHOH 00-
JIe3HU TIpH Jeriko3ax. U aTa npobieMa moyymia cBoe pa3BUTHE IPH Pake 1 B POPMYJIIH-
PPOBKE TPOOJIEMBI SpaAKaIld MUHIMAJIFHOTO paka — I1aBHON TeMe KoH(pepertmn 2013
roma. Ota npobiieMa, IHUPOKO pazpabaThiBacMast BO BCEM MHUPE, TTOTyUHia Pa3BUTHE U B
Poccrm. ['maBHast 3aciiyra B 3TOM NMPHHAUICKUT JIAIEPaM B OOJIACTH M3y4eHHS LIUPKY-
JIMPYIOLIMX PAKOBBIX KJICTOK, y4acTHUKaM KoHdepeHuu npogeccopy Kiaycy Ilanteny
(Tepmanmst) u Karpun Asmxc-ITana0Obep (@panumst). O 3HaYeHUM 3THX padOT CBHE-
TENBCTBYET BBICOKAsI OlleHKa Akagemuy HayK DpaHINM, IPUCBOMBILEH IJIABHBIA MPH3
®pannuu B odnactu oukonoruu B 2012 romy Karpun Anvkc-ITanaowep.

C mepBoro xe roja CymecTBOBaHMS JaOOPaTOPUN MBI CTaJIM BBITyCKaTh «M-
MYHOJIOTHIO TeMoro033ay, 0 2006 roga kak cOOpHUK TpyaoB, a ¢ 2006 roga kak
TIOJTHOIIEHHBIH KypHaJl Ha PyCCKOM M aHIJIMHCKOM si3bIkax. M B aToMm roxay «Mwm-
MyHOJIOTHH Temonod3a» — 10 mer. JKypHam Bc€ Gojee mpuBiekaeT 3apyOeKHBIX
YUYEHBIX, U B HACTOSIIIIEM HOMEpE OHM IpeacTaBwin 5 crarei. Cepredno Onarona-
PO pyKOBOAUTENS U3aaTeNbekoi rpynmsl K.M.H. E.I'. TypHsHCcKy10.

Jlaboparopust MHOrOe crenana 3a 10 jer. YKpeIUieH KaJpoBblil COCTaB, B INTAT
BEPHYJNCh KOTZAa-TO YIIE[IINE ¥3 OHKOLECHTPA OIBITHBIE T'EMOLUTOJIOTH
H.b. JIe6enesa u 3./1. XKaposa, moAroToBIeHB MOJIOJBIE KaApbl MOP(OTIOTOB M IMMY-
HonoroB — JLIO. I'puBnioBa, H.A. Kynpemmmna, O.I1. KonbGarkas, C.B. Uynkosa,
A.B. Moxenxkosa, SI.A. Yaanosa, M.H. KoctrokoBa, O.A. be3noc. Biawce B Kojiek-
THB XOPOIIO IOJIrOTOBJICHHBIE MOJIOJBIE MEIHMIMHCKUE JIa0OpaTOpHbIE TEXHHKU —
O.A. IloBamuxuna, .M. HoBumikas, /I.B. Pomanosa, H.B. KoBanesa. OcoOyto pors B
NPO(eCCHOHAILHOM CTAHOBJICHUHM MOJIOJIOKH MIPAeT CTapllee 3JUTHOoe 3BeHo Poc-
CHHCKUX y4eHbIX — npogeccop M.A. @penkens, B.H.c. E.H. llonoxosa, Beicokonpo-
(beccnoHabHBIE TA00PAHTHI-UCCICAOBATENN, MEJUIIMHCKIE TEXHOJIOTH, (heTbAIIephl-
nabopaHTel, J1abopaHThl, caHutapkn — B.B. Tumomenko, T.H. A3apoBckasi,
C.IO. Tuxonosa, O.C. /Iorinukosa, JLII. 3enenckas. 3a 10-1eTHe MOATOTOBIIEHO 26
KaHMIaTOB M 7 JOKTOPOB HAayK, OMyOJMKOBAHO MHOXKECTBO CTarcif, MOHOTrpaduii,
IJIaB B PyKOBOJICTBAX, JOKJIA/I0B HA POCCHICKUX M MEXTYHAPOAHBIX KOH(EPEHIHSX.
Ho raBHOE HE TOJBKO B 3TOM — CO3aH KOJUIEKTUB €IMHOMBIIIICHHHKOB, CITIOUCH-
HBIX eJIMHOM LeNbio obepl Hasl pakoM. M riryboko yOexeH, 4To pe3yabraTsl pabo-
ThI KOH()EPEHLINHN TTOCITYXKaT ATy 3paJuKalK paka, Oy[LyT BHEAPEHbI B KIIMHIYECKHE
npoTokobl antutena SC-1 (pak xenyaka), PAT-SM6 (Menanoma) u aipyrue.

Harmre#t rutomoTBopHO# paboTe BCeMEpHO CONEHCTBYET 3aBEIyIOIIAs OTACTIOM —
npodeccop 3aupa I'puropreBna Kaparnaze. OT gy mosapasisieM €€ CO ClaB-
HBIM I00HIICEM B 3TOM roxy!

Inaenwiti peoakmop sicyprana « AmmyHonoz2ua 2emonoazay
3acnysrcennvlii deamens nayku Poccuu, npogeccop H.H. Tynuyvin
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FROM THE EDITOR

Ten years (2003 to 2013) have flied by unnotlced And the Haematopoiesis
Immunology Laboratory is ten years of age. The 6™ of June, 2003, is the date when
Academician M.I. Davydov, Director of the Center, 51gned his order to set up the
laboratory.

Every year since this date of June the 6th — the birthday of the great Russian poet
A.S. Pushkin, we have been holding the Haematopoiesis Immunology conference. First
it was intrainstitutional, then became Russia-wide and later it attracted international
participants. And now the conference has gained a full right to be considered interna-
tional (for instance, the 2013 program includes 10 reports by leading scientists from the
USA, UK, Germany, France, Netherlands, Turkey, Australia and other countries). It
was George Janossy (UK) who plaid a key role in determining the conference direc-
tion. In 2006 this prominent immunologist of the present drew attention to the problem
of minimal residual disease in leukemia. This problem later evolved into minimal re-
sidual disease in cancer which, phrased as ‘eradication of minimal cancer’, is the main
topic of the 2013 conference. This problem under intensive development worldwide is
currently in focus in Russia too. Participants of our conference Professor Klaus Pantel
(Germany) and Catherine Alix-Panabieres (France) are the main contributors to these
developments. The great importance of this research is confirmed by appreciation of
the French Academy of Sciences that in 2012 awarded Catherine Alix-Panabieres with
the grand prix in oncology.

Since the laboratory first year we began to publish the Haematopoiesis Immunology
journal, as proceedings before 2006, and since 2006 as a full-value journal in Russian
and in English. This year the Haematopoiesis Immunology is 10. We have strengthen
our staff with experienced hemocytologists such as N.B. Lebedeva and Z.D. Zharova
who returned to the Center after leaving it earlier, and trained young morphologists and
immunologists, L.Yu. Grivtsova, N.A. Kupryshkina, O.P. Kolbatskaya, S.V. Chulkova,
A.V. Mozhenkova, Ya.A. Udalova, M.N. Kostyukova, O.A. Beznos. New, well-trained
young medical laboratory technicians, such as O.A. Povalikhina, D.M. Novitskaya,
D.V. Romanova, N.V. Kovaleva joined our laboratory. The senior contingent repre-
senting elite of the Russian science, Professor M.A. Frenkel, leading research scientist
E.N. Sholokhova, skilled medical technologists, medical and laboratory assistants, at-
tendants, T.N. Azarovskaya, L.Yu. Tikhonova, V.V. Timoshenko, O.S.Dvoinikova,
L.P. Zelenskaya play a special role in the professional making of the young. Over the
last decade 26 laboratory workers took their PhD degree and another 7 had their DSc
degree, we published multiple reports, monographs, chapters of guidelines, prepared
presentations at Russian and international conferences. However the main point is that
we have created a team of like-minded specialists, solidary in their commitment to
conquer cancer. [ am deeply convinced that results of our conference will contribute to
cancer eradication, antibodies SC-1 (gastric cancer), PAT-SM6 (melanoma) and others
will be included into clinical protocols.

Professor Zaira Grigorievna Kadagidze, the Department Head, provides all possible as-
sistance to our fruitful activities. We heartedly congratulate her with her glorious jubilee!

Honored Scientist of Russia
Editor-in-Chief Haemopoiesis Immunology journal N.N. Tupitsyn
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CIIMCOK COKPAIIEHUM

AT — anTHUrex

aoTTK — ayutoTpaHcanTanys reMaTono3THYECKUX KIETOK
Ayrto-, aino-TKM — ayTonoruuHas Wiy anjaoreHHast TpaHCIUIAHTaLUs KIETOK
KOCTHOTO MO3Ta MJIM MOOMIM30BAHHBIX CTBOJIOBBIX KJIETOK TepU(EpUIecKoil KpOBH
BPB — Oe3penuaiBHas BEDKHBACMOCTb

BCB — 6eccoObITHitHAs BEDKUBAEMOCTb

I'CK — remaromnostudeckasi CTBOJIOBasI KJIETKa

B-XJ1JI — B-kneTouHblii XpoHUYecKuil TuMpoIeiko3

Ul — ummyHOTIOOYTHH

NDA — nMmyHODEepMEHTHBIH aHATH3

NOT — nummyHOpEeHOTUTTHPOBAHTE

JIA® — neiiko3-accoruupoBaHHble HYEHOTHITHI

JIAD — nakraTaeruaporeHasa

JICK — neiiko3HbIe CTBOJIOBBIE KIETKH

MJIC — MHENOANUCIUIACTUYECKHE CUHIPOMBI

MK — MOHOKJIOHaIbHBIA KOMIIOHEHT

MKA(T) — MOHOKJIOHAJIbHbBIE aHTHUTENA

MM — MHOKECTBEHHAsI MHEIIOMa

MHK — MoHOHYKJI€apHbIE KICTKH

MOB — muHnManbHasi ocraTodHast 00JIe3Hb

MCK — Me3eHXuMabHasi CTpOMaJIbHAs KJIeTKa

MIIO — muenonepokcuaassl

MIIL — mynbTUIIapaMETpUYECKas! TPOTOYHASI IUTOMETPUS
MPB — MuHHMalbHasI pe3utyaibHas 00Ie3Hb

HXJI — HeXOmKKIHCKAs M oMa

HD - a-HadTri-amneraT-3cTepassl

OMUJI — ocTpslif Muenoneikos

PA — pedpaxrepHas anemus

PB — pesunyanbHas 00J1e3Hb

PMK — pak M0JIOUHBII1 JK€T€3BI

PJI — pa3nurie gorapugmon

CKIIK — cTBOJIOBBIE KJICTKH NIepHpeprIeckoil KpOBH
TKP, T-k1eTO4HBIN perenTop

KIIL[P — xonnuecTBeHHas oaMMepa3Has LieHas peakuus
KM — xocTHBII MO3r

PU®D — peakuus tMMyHO(ITyOpECLICHIIMN

OJIJI — ocTpslit MMM 0oOIACTHBIN JIEHKO3

I1K — nnasmatiueckye KIEeTKH

1P — nonnas pemuccust

I — npoTo4yHast LUTOMETPUS

TIL{P — nonumepa3Has 1ienHas peakuus

COD — cKOpOCTh OCEHAHUS IPUTPOLIUTOB

CPb — C-peakTuBHBIH O€TI0K

TIIJI — TyMOp-TIeHeTPUPYIOIINE JTUM(POIUTHI

®A — (oxanbHas anre3us

OTC — deranbHas TISUbsI CHIBOPOTKA

LIMB, uuromeranoBupyc

HTJT — nurorokcnueckue T-nmumdonuts

YP — yacTuuHas peMUcCUs
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ABBREVIATIONS

Aﬁ/’l antigen. . .
AML, acute myeloid leukemia
APC, allophycocyanin ]
ALL, acute K/III’IIP oblastic leukemia . .
Auto-/allo-BMT, autologous or allogeneic transplantation of bone marrow cells or
mobilized peripheral stem cells.
B-CLL, B-cell lymphocytic leukemia.
BC, breast cancer .
BSA, bovine serum albumin.
BM., bone marrow
CD (claster of differentiation) — xtactep nefikormTapHbIX H(hepeHIPOBOYHBIX aHTHTEHOB
CMV, nutomeraiQBupyc
CR, complete remission
, C-reactive protein

C
CI\S’ cyanine o ) )
EDTA, ethyleneDiamineTetraAcetic Acid

EIA, enzyme immunoassay

ESR, erythrocyte sedimentation rate

ESFT, éwing’s sarcoma family of tumors

FA, focal adhesion

FC(M), flow cytometry =~

FISH, fluorescent hybridization in situ ($hroopecuenTras THOPHAN3AIMAS in Sifi)
FITC, fluorescein IsoThioCyanate . .

HMW-MAA, high molecular weight-melanoma-associated antigen

HSC, hematopoietic stem cell

IG, immunoglobulin )

IFR, immunofluorescence reaction

IPP, n3onentenmn mupodocdar

IPT, immunophenotyping

LAPs, leukemia-associated phenotypes

LDH, lactate dehydrogenase

LSC = leukemic stem cells

MDS, myelodysplastic syndromes

MdJFCS, Median Forward Scatter, meanana FSC

MdFI, median fluorescence intensity, Menuana UHTEHCUBHOCTH (DTyOpECICHITIH
MC, monoclonal component

Mab, monoclonal antibodies.

MFC multiparameter flow cytometry

MHC, major hlstocompl)atlblhty complex

MNC, mononuclear cells

MRD, minimal residual disease

MSCs, mesenchymal stromal cells

NK-knerkun H&TipaHLHI)Ie KWLIEPBI

NHL, Non-Hodgkin’s llymphomas . .

QPCR, quantitafive polymerase chain reaction

PCR, polymerase chain reaction

PE, phyco-erythrin

RC, refractory cytopenia

RFS, relapse-free survival )

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

RD, residual disease )

PBS, phosphate buffered saline

PC, é) asma cells )

PerCP, peridin chlorophyl protein

SSC — 60k0oBOE CBETOpAcCEesIHUE

TCR, T cell receptor )

VCAM-1, vascular cell adhesion molecule (Monexyma aare3un cOCyTUCTHIX KICTOK)
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ONPEJEJTEHUE MUHUMAJIBHOI'O OCTATOYHOI'O 3ABOJIEBAHUS
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MMPU OCTPOM MUEJIOUIHOM JIEMKO3E
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Pe3rome

Mownwutopuar MOB umeet 60JibIioe 3HaYeHHE Tl CTpaTH(UKAIIMK OOJIBHBIX 10
CTENEeHH PUCKAa U paHHero BeIABIeHMA peuunusa npu OMIL Kak nokasaHo B psize
uccnenoBanui, oreHka MODB siBsieTcss MOIIHBIM HE3aBHCHUMBIM (PaKTOPOM TIPOTHO-
3a ipu OMJI; Ge3penmauBHas 1 00I11asi BBKMBAEMOCTh Y 00NbHBIX 0¢3 MOB BhiIe,
4yeM B ciydasx BeisiBieHHs MOB. C mporpeccom B pa3paboTke J1abopaTOpHBIX METO-
JoB, Takux kak KIILIP u MIILI, cBsi3aHa 3BOMIONMS KIMHUYECKOW NPUMEHHMOCTHU
Morutopuara MOB. Tlocnemanii MeTOx TI03BOJSAECT OMHOBPEMEHHO OLICHUBATH IISThH
1 OoJiee XapaKTepPHUCTHK M OIMPEAeATh, TakuM obpazom, JIAD. MIIL] sensercs BbI-
COKOYYBCTBUTEIBEHBIM, KOJIMYECTBEHHBIM (ITO3BOJITIONIAM KJIACCH(HUKALINIO BEIIIE U
Hmwke ypoBHs 0,01% — nopora crpaTuduKanyy, IPHHATOTO B KIMHHKE), OBICTPHIM
METOZIOM, KOTOPBIH moaxoauT 6omnee yeM st 90% OonbHbIX. Kpome Toro, MeTos
MIIIT u xITIIP obnamaroT BHICOKOW CTEICHBEO KOMIUIEMEHTAPHOCTH, YTO MO3BOJISIET
BeLIBIIATE MOB B 100% cimy4aeB. DTOT METO/ TakKe MPUMEHSETCS JJIS1 BBISIBICHUS
HI3KKX ypoBHeH MODB B ayToTpaHCIIIaHTaTaX, a Takke y OOJBHBIX B EPHO/] TTOCIIE
TpancmianTanun. Tarxke MIII crmoco6Ha BeBIATE JICK, KOTOpBIE COCTABISIOT
O4eHb MaJTyI0 (PaKIHIO, 00ECTICUNBAIOINIYIO PAa3BUTHE JICHKO3HBIX OJIACTHBIX KIETOK
u permauBa 3aboneBanus. Yposerb JICK B mepuon mocnenyromiero HaOIrOICHUS
MOXKET CITY’KHUTh HOBBIM TIOCT-IAarHOCTHIECKUAM (DAKTOPOM IIPOTHO3A.

Takum o6pa3zom, MIIL] MOXXHO CUNTATh OTIIMYHBIM HHCTPYMEHTOM JUIS OTIpE-
nenerrst MOB mpu OMUJL.

KaroueBble ciioBa: muHuManbeHas ocrarounas 0onesnb (MOB), octpblii Mue-
nosneriko3 (OMJI), neiiko3-accoruupoBanHble Qenorunsl (JIA®D), neiiko3Hble
ctBosioBbie kieTku (JICK).

BBenenune

OMUI TpyaHO mOAAETCs JISYEHHUIO Y OONBIIOro Yucia OOIBHBIX, HECMOTPS Ha
NPUMEHEHHE MHTCHCUBHOM XUMUOTEPAIINH, BCICACTBUE YCTOHUMBOCTH K JICUCHUIO
1 OONbILION YacToTe peluIMBUpOBaHMWs. Kak mokasaad MHOTOYHCIICHHBIC HCCIIe-
noBaHus, nepcucteHuss MOB B kxoctHoM Mo3re y 6ompHBIX OMIJI mocite XumMuo-
TeparuH, CBA3aHa ¢ PHCKOM peLIiBa JIeHKo3a.
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Abstract

Monitoring of MRD is valuable for risk stratification and early detection of
relapse in patients with AML. Several studies have demonstrated that MRD
evaluation is a powerful and independent prognostic factor in AML; MRD-negative
patients having a better disease-free survival and overall survival than MRD-positive
patients. The clinical utility of monitoring MRD has evolved with the progress in
techniques such as QPCR and MFC. The latter approach assesses five or more
characteristics simultaneously allowing the detection of LAPs. MFC is sensitive,
quantitative (allowing classification above or below the 0.01% level, the target used
in clinical stratification), rapid and applicable in more than 90% of patients.
Moreover, the MCF and the QPCR are highly complementary methods allowing the
MRD detection in 100% of cases. This method is also useful for monitoring low
level MRD in autologous graft products or in the post-transplant period. In addition,
the MCF allows detection of LSC which constitute a very small population
responsible for the propagation of leukemic blasts and relapse. The LSC
quantification in follow-up time points offers a new post-diagnosis prognostic factor.

In summary, MFC is a perfect tool for the MRD evaluation in AML.

Keywords: minimal residual disease, acute myeloid leukemia, leukemia-
associated phenotypes, leukemic stem cells

Introduction

The management of AML is a therapeutic challenge due to resistant or relapsing
disease in a significant number of patients despite intensive chemotherapy. The
persistence of MRD in the bone marrow (BM) of patients with AML following
chemotherapy has been established by many studies to be strongly associated with
relapse of leukemia.
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MOB npepacraBiseT co00i MOMYINAUIO JICHKO3HBIX KICTOK, HEOMPEISIIIEMYTO
MOP(HOJIOTHYCCKUMHI METOAAMH, U CICIOBATEIbHO, s onpeaciacHus 3(pdekTus-
HOocTH XuMuotepanun 1 MOB HeoOXomuMbl 0oJiee UyBCTBUTCIBHBIC METOJIBI, Ta-
kue kak KIIIP u MIIL. KonmuectBennas I[P B peanpHOM MacmrTabe BpeMEHH
(rt-ITLP) mo3BossieT onpenensTh TPAHCKPHIITH CIUSHUS U peapaHKUPOBKA TSHOB
AHTHTCHHBIX PELEeNnTOPOB M 00NIaaeT MPEUMYIIeCTBOM BEICOKOH UyBCTBHUTEIBHO-
cru (oaHa KieTKa-mumens Ha 10 ¢ kierox).

OpHako HE y BceX OONBHBIX JIEWKO30M HMMEIOTCS chenu(udeckue reHeTHde-
CKHe MyTanuu, HeoOxoaumsble mis BeiiBieHHs MOB. MIIL] mo3BoiseT OIEeHNUTh
IATh U OoJiee MapaMeTpoB OJHOBPEMEHHO, YTO 00ECIICUYMBACT BBISBIICHHE CIICIIH-
¢uueckux abeppaHTHBIX (DEHOTHIIOB JISHKO3HBIX KJIETOK M, CIIE0BATENILHO, KOJIH-
yecTBeHHOE omnpereneHrne MODB B G0NbIIMHCTBE CITydaes.

Onpeoenenue MOb memooom MIIT]

Onpenenerne MOB meronom MIIL] npu OMJI npeacraBisieT onpeneneHHyo
TPYIHOCTh, OOYCJIOBJIEHHYI0 MMMYHO(EHOTUIIMYECKOH I'€TepPOreéHHOCTHIO IIOITY-
JIALAN JISHKO3HBIX KJIETOK [1].

Knerkn OMJI 00bI4HO pacripeneseHsl 10 MHOTHM OOJacTsIM TOYEYHOTO Ipa-
¢uKa, a He 00pa3yIoOT YETKUH KiacTep, Kak 3TO IPOUCXOIUT MPH OCTPOM JHM(O-
neiikose (OJIJI), KOTOpBIit OOBIYHO XapaKTepU3yeTCss TOMOT€HHOCTBIO.

[To sroif mpuumHE I UMMyHO(pEHOTHIMYecKoro ompeneneHns MOB mpu
OMIJI Heo6X0IUMO HCIONIB30BaTh 0OJiee MIMPOKYIO IaHEdb aHTHTEN, YeM Mpu
OJIJI. KoMOuHanusi COOTBETCTBYIOIIMX MapKEpOB MO3BOJISIET OIPENENUTh adep-
paHTHYIO SKcIpeccuio MapkepoB win JIAD Ha 3710KkayeCTBEHHBIX KIETKaX MpH
MOCTaHOBKE quarHosa [2—7].

Hama rpymnma, kak ¥ MHOTHE JpyTue, nposeia uccnenopanue JIA® npu OMIL
Hamu moxaszano, uto JIA® OTCYTCTBYIOT WJIM NPHCYTCTBYIOT OYEHb PEIKO Ha
HOpPMaJbHBIX Onactax u kierkax KM, Taxoke Mbl ONpeneniv cieaylomue Hanoo-
Jiee BaKHbIE abeppanuu:

1. AcuWHXpOHHAs aHTHT€HHas 3KCIIpeccHs (OJHOBPEMEHHAs SKCIIPECCHS paH-
HUX M MO3JHUX MapKepoB Ha OJHOW WM TOH e KJIETKE, HalpuMep, KOIKC-
npeccust anturenos CD34/HLA-DR/CD117/CD33/CD15);

2. JluneiiHas «HeBepHOCTHY (dKcmpeccuss TUMQOUAHBIX MapkepoB — CD2,
CD3, CD5, CD7, CD10 1 CD19 Ha MuenonaHbIX 0ractax);

3. T'unepoakcrpeccus aHTUreHa (AHOMAJIBHO TMOBBILIEHHAs YKCIIPECCHsI OTpe-
JIEJICHHOTO aHTHI'€HA Ha OJIHY KIIETKY);

4. AbGeppaHTHbBIC CBOICTBa CBETOpaccesHHUs (IKCIpPEecCHUs aHTHICHOB, acco-
UAPYEMBIX C JTUM(OUIHBIMH KJICTKaMH, Ha OJIACTHBIX KJIETKAaX C OTHOCH-
TENIHO BBICOKUM IEPEJAHUM U OOKOBBIM CBETOPACCESHHUEM, COOTBETCT-
BYIOITUM HOPMaJIbHBIM MUEJIOUTHBIM KIIeTKaM) [2, 6—9];

5. OrcyrcTBHE NTHHEWHO-CIIEIM(UUECKUX AaHTUTCHOB (OTCYTCTBHE JKCIIpec-
cun Takux aHTHreHoB kak CD13 u CD33 Ha MuenouaHpIx 0acrax).
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MRD is a leukemic population undetectable by morphologic methods and
therefore more sensitive techniques such as QPCR and MFC are useful to quantify
the degree of both response to therapy and MRD. Real-time quantitative PCR (RQ-
PCR) identifies fusion transcripts and antigen-receptor gene rearrangements and
benefits of high detection sensitivity (one target cell per 10*~107 cells).

However, not all leukemia patients have specific genetic mutations that are
suitable for MRD detection. MFC assesses five or more parameters simultaneously
allowing the specific detection of aberrant phenotypes of leukemic cells that can be
applied for quantification of MRD in most cases.

Detection of MRD by MFC

Detection of MRD by MFC in AML presents some specific difficulties owing
to immunophenotypic heterogeneity[1]. AML cells usually spread across many
areas of the dot plot instead of forming a tight cluster when compared with ALL,
which is usually homogeneous. For this reason, the immunophenotypic detection
of MRD in AML requires a larger panel of antibodies than in ALL. The
combination of these markers can define the aberrant marker expression, denoted
as LAPs on malignant cells at diagnosis [2—7]. Therefore, our team as others has
studied these LAPs in AML. We have shown that these LAPs are not present or
only very infrequently present on normal blood or BM cells and the most relevant
aberrations includes:

1. asynchronous antigen expression (simultaneous expression of early and
late markers in single cell, such as coexpression of the CD34/ HLA-DR/
CD117/ CD33 / CD15 antigens);

2. lineage infidelity (expression of the lymphoid-associated markers, i.e.,
CD2, CD3, CD5, CD7, CD10, and CD19 on myeloid blast cells);

3. antigen overexpression (abnormally increased expression of a certain
antigens per cell);

4. aberrant light-scatter properties (the expression of lymphoid-associated
antigens in blast cells displaying a relatively high forward scatter and side
scatter, corresponding to normal myeloid cells)[ 2;6-9];

5. absence of lineage-specific antigens (absence of antigen expression such as
CD13 and CD33 on myeloid blasts).
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CoBpeMeHHbIE UMMYHOJIOTUUECKUe crpareruu omnpeaeneHuss MOB ocHoBaHEI
Ha BBISIBJICHUM KOMOHMHAIMK JISHKOIIMTAPHBIX MapKepOB, KOTOPBIE OTCYTCTBYIOT B
HOpPMaJBHBIX nepudepryeckoii kposu U KM [8]. Ot JIAD MOXHO OIpEenenuTh,
WCIIONIB3YS OKpaIMBaHKue 6 U OoJiee IBETaMH IIPY ITOMOIIHM aHTHTEJN, KOHBIOTUPO-
BaHHBIX C PA3IMIHBIMHU (DIFOOPOXPOMAMH.

Abeppayuu npu nocmanoske OuazHo3a:
OmpeneneHsl cuenyomue XapakTepHble IMMYHO()EHOTHITBI, CBSI3aHHBIE C TIPH-
CYTCTBHEM IOBTOPSIOINXCS TeHETHIECKUX aHoMaui, mpu OMJL:

1. OMII c t(8;21) xapakrepusyercs cuibHoU skcnpeccueid CD34, HLA-DR,
MPO u CD13, a Takxe HaJIMuueM a0eppaHTHOM IKCIIPECCHHU JIMM(OUTHBIX
Mapkepos CD19, cCD79a u CD56.

2. OMJI inv (16) u t(16;16) xapakrepnu3yercst BRICOKHM yPOBHEM DKCIIPECCHU
CD34 u CD117 Ha He3penbIx Oiactax MapauieIbHO C aCHHXPOHHBIM CO-
3peBaHNEM I'PAHYJIOIUTOB M MOHOIIUTOB.

3. OMJI c t(15;17) c oueHb HU3KOH HKCIIPECCHEN WM OTCYTCTBHEM JKCIIpEC-
cun anturenos CD34 u HLA-DR.

4. OMIJI c myraumeit NPM1 sBisercs CD34 u neMOHCTpHpYET CHIIBHYIO
skcrpeccuro CD33.

5. OMIJI ¢ myranmeit CEBRA sBisercs CD34", CD13", CD33" HLA-DR.,
CD147,CDI15", CD7".

Ilpoznocmuueckoe 3nauenue MOB npu OMJT

OmyOIMKOBaHO HECKOJIBKO COOOIIEHHM, J0Ka3bIBAIOIIUX, YTO OTpejesieHue
MOB npu OMJI siBasieTcst IEHHBIM HHCTPYMEHTOM IPOT'HO3a PelUrBa 3a00eBa-
Hus [9-14].

B pabote San Miguel et al. [9] u3y4aeTcs nporHocTuuecKas poJib OIpeIeNICHUs
MOB y 53 6ompuBIx OMJI ¢ JIA® npu mocraHoBKe AuarHos3a. B pesymsrare mpo-
BEJIEHUsI CTaHJIapTHOH Tepanuu 1o moBoxy OMJI y GobHBIX Oblila 3apeTucTpupo-
BaHa rosHas Mopdoiormyeckas pemuccus (I1P), yposaun MOB onpenensiu mocie
OKOHYaHMS WHIYKIMOHHON M MHTEHCH(HUIMPYIONMIEH Tepanuu. ABTOPHI NTOKa3aiH,
4yro ypoBeHb MODB B KOHIIE yKa3aHHOTO IepHoa ObUT HETIOCPEICTBEHHO CBSI3aH C
BPB. Ilokazano, uto B noarpymnmne 6oibHbIX ¢ ypoHeM MOB 0,5% u 6onee mocie
MHIYKIMOHHOH Tepanuy MpOLEHT peuauBoB (67%) OblI BhIIIE, YeM y OONBHBIX C
YpOBHEM OCTaToOuHBIX KieTok MeHee 0,5% (20%), Taxxke B Irpynie ¢ ypoOBHEM
MOB 0,5% u 6onee Ob1a Hike BPB.

B KxoHIle MHTEHCH(HUKALUKY TTOPOTOBBIH YPOBEHb OCTaTOUHBIX JIGHKO3HBIX KJIe-
Tok 0,2% T03BOJIMII pa3/ieNuTh OOJBHBIX HA JIBE KATETOPUH C ITOKAa3aTEeIISIMH PELIU-
muBupoBanus 69% u 32% coorBercTBeHHO; BPB Obl1a HIXke y OONBHBIX C YPOB-
HEM OCTaTOYHBIX JICHKO3HBIX KieTok 0,2% u Gomnee. Yposau MOB 0,5% xierok u
6onee nocne naayKuuu 1 0,2% mocne MHTEHCU(DHUKAIINK TaK)Ke KOPPETHPOBAIN C
6onee kopotkoit OB.
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Current immunologic strategies for detecting MRD rely on combinations of
leukocyte markers normally not seen in peripheral blood and BM [8]. These LAPs
can be identified by 6 or more-color staining techniques performed with antibodies
conjugated to different fluorochromes.

Aberrancies at diagnosis:

Characteristic immunophenotypes have been associated with the presence of

recurrent genetic abnormalities in AML:

1. AML with t(8;21) shows strong expression of CD34, HLA-DR, MPO and
CD13 and the presence of aberrant expression of lymphoid markers CD19,
c¢CD79a and CD56.

2. AML inv (16) or t(16;16) presents a high level of expression for CD34 and
CDI117 on immature blasts, along with granulocytic and monocytic
maturation asynchrony.

3. APL with t(15;17) displays very low expression or absence of expression
for CD34 and HLA-DR antigens.

4.  AML with mutated NPM1 is CD34™ and has strong expression of CD33.

AML with mutated CEBPA is CD34*, CD13*, CD33", HLA-DR", CD14",

CD15%, CD7*

Prognostic impact of MRD in AML

Several reports have been published providing evidence that study of MRD in
AML is a valuable tool for predicting relapse.[9—14]

San Miguel et al [9] have studied the prognostic role of MRD detection in 53
AML patients with LAPs at diagnosis. The patients had achieved morphologic CR
after standard AML therapy, and the levels of MRD were studied after completion
of induction and intensification therapy. The authors showed that the level of MRD
at the end of this period was directly correlated with relapse and RFS. They found
that patients showing a MRD level of 0.5% or more after induction therapy had a
higher rate of relapse (67%) compared with patients with less than 0.5% residual
cells (20%) and a shorter RFS.

At the end of intensification, the cut-off value of 0.2% residual leukemic cells
allowed to separate patients into 2 categories with relapse rates of 69% and 32%,
respectively; the patients presenting 0.2% or more residual leukemic cells having
lower RFS. An incidence of 0.5% MRD cells or more after induction and 0.2%
after intensification was also correlated with a shorter duration of OS.
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Venditti et al. [11] npoBenu uccrnenoBanue y 56 6ompaprx OMII 1 mokasany,
yro ypoBeHb MODB mocie KOHCONMIALMOHHOM Tepanuy SBISIETCS HAMIYYIINM
¢axTopoM mporHosza ucxoxa. Yposeab MOB 0,035% mocne koHcomuaanum craTu-
CTHYECKH 3HAYUMO KOPPEIUPOBAT C BEICOKMM IMPOUEHTOM pennanBos (77 u 17%).
Orot ypoBerb MOB taxxe Habmronancst y 60IbHBIX U3 TPYII IPOMEKYTOYHOTO U
BBICOKOT'O IIUTOI€HETHUYECKOTO PUCKa C KOpOoTKUM nepuogoM bPB u OB. ABTtopsl
MOKa3aJIM TAaKXKe, YTO ayTOTPAHCIUIAHTALUSA CTBOJIOBBIX KJIETOK HE M3MEHSET He-
ONMarompUATHBIA TPOTHO3, OOYCIOBICHHBIH BBICOKHMMH ypoBHsAMH MOB mocne
KOHconmuIanuu. Yacrora peruauBHPOBAHUS IIOCIE TPAHCIUIAHTALMM COCTABMIIA
70% 1o cpaBHeHUIO ¢ 28% y OOJBHBIX C OTPUIIATEIHHBIM PE3YJIBTATOM OTpeesie-
Hust MOB B KOHIIe KOHCOTUAITUH.

B uccnemopannu Al Mawali [15] npumensuin S-nBetHyro MIIL nns ompenernre-
nHust MOB y 54 6oapabix OMIJL, 13 KOTOpPEIX y 25 3aperucTpupoBaHa MoOpQoIorH-
yeckas [IP mociae MHAYKIMOHHOW XMMHUOTEpanuu U y 22 mociae KOHCOIHMJALMU.
Iopor, no3Bonsomuii pasaenuts 6onsHeX Ha MOB™ u MOB' rpynmel, cocTaBun
1o orieHke aBTopoB 0,15% ocTaToYHBIX JTEHKO3HBIX KIETOK, M 3TOT YPOBEHb SIBIIS-
eTcsl ONTHMAITBHBIM IS pasneneHus 6ombHbIx OMII o kareropusim pucka. Kpome
Toro, onpegeneane MOB nocie HHAYKONHU MO3BOJISIIO OOJIee TOYHO MPOTHO3UPO-
BaTh UCXO/[ 110 CPABHEHUIO C ONPEEIICHUEM MI0CIIe KOHCONUAAINH, TAKXKE YPOBEHb
MOB nocne naayKnny BiusiI kak Ha bPB, Tak n Ha OB.

HecMoTpst Ha TO, 4TO BBIBOABI aBTOPOB 3THUX pabOT COBMAAAIOT, Pe3yJbTaThI
uccnenosanuid Venditti et al. [11] u Al Mawali [15] Bce xe paznuuatorcs. Tax, Al
Mawali [15], kak u San Miguel et al. [10], mokaszan KOPpPEJISAIUI0 MEXIY PELUAIM-
BupoBaHueM U ypoBHeM MOB nociie unaykimm; torna kak Venditti et al. [11] yc-
TAHOBHJIM, YTO Ba)KHBIM (PaKTOpOM NpOrHO3a siBisieTcst ypoBeHb MObB mocie xoH-
COJMIALUH, a HE M0CJIe MHIYKIUH. JTO pa3iNyie MOXKeT ObITh 00yCIIOBIICHO TPH-
MEHEHHEM pa3HbIX PEKUMOB XMMHUOTEPAIINH B 3THX ABYX HCCIICAOBAHUIX.

B Gonee mo3aneit pabore San Miguel et al. [10] moaTBepkacHA 3HAYNMOCTD
omnpezaencHus yposast MOB nociie MHIYKIIMOHHON Tepanuu. ABTOPBI yCTaHOBHIIH,
YTO paHHUH OTBET HA XUMHOTEPAIHIO 110 JAHHBIM UMMYHO(GEHOTUIIMPOBAHUS TIEep-
Boro obpasna KM y 6ompHBIX ¢ Mopdomornueckoii I1P mociie nHAYKITNH T03BOJIS-
€T ONpe/eNUTh TPYNITy OOJBHBIX HU3KOW CTEIICHH PHCKa PelUAnBa. DTO UCCIEN0-
BaHKe NpoBoawiH y 126 6onbHbIx OMIJI ¢ abeppaHTHBIMU ()EHOTUIIAMH TIPH I10-
cTaHOBKe Auarto3a. Ha ocHoBanuu ypoBHeit MOB mocie MHIYKIMOHHON Teparnuu
OBbUIO BBIAEIEHO 4 TPYNITBI OOJIBHBIX:

1. Ouens Hu3KHit puck permmsa (107 knerox),

2. Huskuii puck peruausa (10 kietok),

3. IpomexyTounsIii puck permausa (10772 kieTok)

4. Belcokuii puck permmmpa (> 107 k1eTok).

ABTOpSBI cenany BbIBOA, uTo ompenenenne MOB mocne mepBoro mukmia Xu-
MHOTepanuu npu Mopgonornuaeckoit [P sBnseTcs BaKHBIM HHCTPYMEHTOM CTpa-
tudukamu 6oxpHEIX OMJI o rpymmam pucka.
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Venditti et al, [11] in a study comprising 56 patients with AML finds that the
level of MRD after consolidation therapy was the best predictor of outcome. The
MRD level of 0.035% after consolidation therapy was significantly correlated with
a high relapse rate (77% vs 17%). This MRD level was also coincident with inter-
mediate or poor-risk cytogenetics and short duration of RFS and OS. Moreover, the
authors show that autologous stem cell transplantation not changes the negative
prognostic of high MRD levels after consolidation. Indeed, the relapse rate after
transplantation was 70% vs 28% in patients with a negative result at the end of
consolidation.

Al-Mawali,[15] using 5-color MFC studied MRD in 54 AML patients; 25
reaching morphologic CR after induction therapy and 22 after consolidation che-
motherapy. The threshold discriminating MRD-negative from MRD-positive cases
was set at 0.15% residual leukemic cells and this would be the optimal value for
discriminating risk categories in AML. In addition, postinduction MRD assessment
has able to better predict disease outcome than consolidation and the level of post-
induction MRD influences both RFS and overall survival (OS).

Although the concluding message is the same, the findings of Venditti et al[11]
and of Al- Mawali study[15] are discrepant. In fact, Al-Mawali as San Miguel et
al[10] have shown a correlation between relapse with the level of MRD after in-
duction; in contrast, Venditti et al[11] found that the level of MRD after consolida-
tion, but not after induction, was the important as prognostic factor. The different
therapeutic regimens used in the 2 studies may explain this variance.

San Miguel et al,[10] in a further report, confirmed the importance of the level
of MRD after induction therapy. The authors found that early response to chemo-
therapy, as determined by immunophenotyping in the first BM sample in the mor-
phologic CR cases after induction therapy, might identify patients at low risk of
relapse. This study included 126 patients with AML who had aberrant phenotypes
at diagnosis. Based on the level of MRD after induction therapy, 4 categories of
risk were identified:

1. very low risk (< 107 cells),

2. lowrisk (10 to 107 cells),

3. intermediate risk (10 to 1072 cells),

4. high risk (> 107 cells).

The conclusion of this study was that MRD detection after first cycle of chemo-
therapy under morphologic CR is an important tool for risk stratification in patients
with AML.


http://ajcp.ascpjournals.org/content/131/1/16.long#ref-41
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B uccnenoBanun Al Malawi [15], HecMOTps Ha HEOOJBIIOE YUCIO OONBHBIX,
yAanoch Mmokasarb, uto 3HaueHus: MODB Boiie 0,15% mnociie MHIYKUMOHHON XU-
MHOTEpANui MOTYT OBITh HE3aBUCHUMBIM (haKTOPOM HEOJIAronpUsITHOTO MPOrHO3a.
Hamm mccnenoBanns nmoaTBepkaaroT 3HaueHne onpenenennss MOB kak mporso-
CTHYECKOTO MHANKATOPA B KIMHHYECKOH MPaKTHKE.

Kem et al. [10] amammsupoBamm yposarn MODB B rpymme HeOoTOOpaHHBIX OONBHBIX
OMUI ¢ ITP mocne nHAYKIMOHHOM (58 OOMBHBIX) M KOHCOIMAAIMOHHON (62 GOIBHBIX)
Tepariu. ABTOpbI YCTAHOBHIIU, UTO CTeTleHb CHIkeHUs uncia JIAD', kotopyro onpee-
Jsum o PJI mexxay nocranoBkoi auarnosa u 1P, craructiuecku 3HaUMMoO KOppenpo-
Bajla ¢ OE3pelUIMBHOIN BEDKUBAEMOCTHIO KaK MOCIE MHIYKIIMOHHOM, TaK U TIOCIEe KOH-
COJIMIAIMOHHON Teparmu. 3HadeHne PJI mocie KOHCOMMAAIMOHHOI Tepariu SBIUIOCh
€/IMHCTBEHHBIM TTOKa3aresieM, CBsi3aHHbM ¢ OB.

Rubnitz et al. [17] onpenensiim MOB y 232 nerteit, crpapatonmmx OMIL. Ypo-
BeHb MOB 1% u Gonee mpu mepBoil peMHCcCHM TOCHE WHIYKIMOHHOW Tepanuu
OKa3ajcs €JMHCTBEHHBIM HE3aBHCHMBIM HETaTHBHBIM ()aKTOPOM IIPOTHO3a KaK B
OTHOIICHUH 0eCCOOBITHITHOM (OTHOMICHHE PUCKOB 2,41), Tak 1 001Iei (OTHOIICHHE
puckos 2,11) BEBDKHBa€MOCTH.

B pab6ore Feller et al. [18] mpoBeneno onperneenie 0CTaTOHbIX JISHKO3HBIX KJIETOK B
KM 72 6ompapx OMJI mocie 3 pasHpIX mUKI0B XumuoTepanmu 1 B npomykrax CKIIK.
[porerr MOB B KM mocie iepsoro (n = 51), Broporo (n = 52) u tpersero (n = 30) mux-
7o, a Taxke B npoayktax CKIIK, cunmpao Koppemposat ¢ BPB. Meauana noporosoro
3HaueHus1 cocraBwia 1% kinerok MOB mocne nepsoro mwmkia, 0,14% mocne BToOporo,
0,11% mocne tpernero mukia u 0,13% ms npomykros CKIIK. Takxke aBTOpbl yCTaHOBH-
JIM, YTO BBICOKOH POrHOCTHYECKOM 3HAYMMOCTBIO JUTS OIPEZIETICHHS] KITMHIMYECKOTO HCXO-
Jia o0nagaeT abcommotHoe uncio kietok MOB Ha Mummmitp. [ocne okoH4aHuS JieueHHs!
TIOBBIILIEHHE TIPOLIEHTHOTO conieprkanst MOB MOXkeT SIBISITBCS IIPH3HAKOM Pa3BUTHS pe-
I/IMBA B TOM CiTydae, ecii onpenesnerre MOB npoeneHo B mpenenax 3 Mec. 1 MeHee.
Takmm o6pazom, Feller et al. [22] caemam BeBoz, uto oneHka MOB Ha pasHBIX 3Tamax
3a0071eBaHMsI SBIETCS HAEKHBIM (haKTOPOM IIPOTHO3A PHCKA PEUINBA M BBLKHBAEMO-
CTH JKe MOCJIE OKOHYAHMS XUMHOTEPAITHH, KPOME TOT0, TIOCIIEI0BAaTENBHOE OIpeIese-
Hue nporieHTa MOB MOXXHO MCTIONB30BaTh IS MPOTHO3a BEPOSTHOCTH PELINBA.

Walter et al. [19] npoBenu uccrienosanue y 99 6onpabpix OMII nocie A0CTiKeHHUs
MOP(OJIOTUYECKOH peMUcCHH B pesyibTate muenoadnatnBaod awioTIK. o an-
10TI'K 88 6ospHbIX oTBeuasn mopdosornueckum kpurepusiM [1P u 11 mocturimm 1P ¢
HETIOJHBIM BOCCTaHOBJIEHHEM KJIETOYHOTO ypoBHs KpoBH (I1PH), n3 umcna stux 0omnb-
HBIX y 24 Taxke Obuto 3adukcupoBaHo otcyrctBue MObB no nanaemm MIILL B pe-
3ynbTaTe o0ciesoBaHui B TeyeHue 2 jieT ycraHoBieHo, 4yto OB y MObB  GombHbIX
6bi1a Bbimie, yeM y MOB' (30,2 1 76,6% COOTBETCTBEHHO), OLIEHKH PHCKA B 3THX JBYX
TPYINIIax COCTAaBWIM COOTBETCTBEHHO 04,9 m 17,6%. B 3akmovenne ykasaHo, 9To Ha-
mmurie MOB niepen TT'K accommmpyeTcs ¢ IOBBIIICHHEM PHUCKA PEIIUNBA U CMEPTHIO
6ossHOTO TIoCTe MuenoadmatuBHON TI'K y 6omesabx OMII ¢ mepBuyHOM Mopdooru-
geckoit [1P gake mocre yyera OCTanbHBIX (DAKTOPOB PHCKA.
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The Al-Malawi study, [15] despite the smaller cohort of patients, shows that
MRD values upper of 0.15% could be an independent predictor of poor prognosis
after induction chemotherapy. Our studies support the relevance of MRD detection
as a prognostic indicator in clinical practice.

Kern et al [10] analyzed the MRD levels in unselected patients with AML who
have achieved the complete remission after induction (58 patients) and consolida-
tion (62 patients) therapies. They note that the degree of reduction in LAP-positive
cells, evaluated as log difference (LD) between diagnosis and CR was significantly
correlates with the relapse-free survival, both after induction and consolidation
therapies. The value of LD after consolidation therapy was the single parameter
related to OS.

Rubnitz et al [17] performed a MRD evaluation in 232 children with AML. A
level of 1% or more of MRD after first induction cure was the sole independent
adverse prognostic factor for both event-free (hazard ratio 2.41) and overall sur-
vival (hazard ration 2.11).

Feller et al [18] evaluated the residual leukemic cells in BM of 72 AML pa-
tients after 3 different cycles of chemotherapy and from autologous peripheral
blood stem cell (PBSC) products. The percentage of MRD in BM after the first
cycle (n=51), second cycle (n =52), and third cycle (n =30) and in PBSC prod-
ucts (n = 39) strongly has correlated with RFS. The median cutoff level was set to
1% MRD cells after the first cycle, 0.14% after the second cycle, 0.11% after the
third cycle, and 0.13% for PBSC products. In addition, the authors show that the
absolute number per milliliter of MRD cells was highly predictive of the clinical
outcome. Once the treatment has been completed, an increase of the percentage of
MRD cells could predict impending relapse, if the MRD assessment intervals is
performed of 3 months or less. Thus, Feller et al [22] concluded that MRD assess-
ment at different stages of disease is highly reliable in predicting relapse risk and
survival even after the completion of chemotherapy, and sequential evaluation of
MRD frequencies can be used to predict relapse.

Walter et al [19] studied 99 AML patients who have achieved the morphologic
remission after myeloablative allogeneic hematopoietic cell transplantation (HCT).
Before HCT, 88 patients have met morphologic criteria for CR and 11 had CR with
incomplete blood count recovery (CRi), and among them, 24 have also absence of
MRD in MFC. An evaluation during two-years estimates an OS superior in MRD-
negative patients compared to those MRD-positive (30.2% versus 76.6%), and a
rank of relapse at 64.9% versus 17.6% when compare these two groups. In conclu-
sion, pre-HCT MRD is associated with increased risk of relapse and decease after
myeloablative HCT in AML with initial morphologic CR, even after controlling
for other risk factors.
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Diaz Campelo et al. [20] npoBoxumu onpexnenenre MOB y 41 6omsrOro OMIJI
u muenoaucnnasuei Ha cytku +100 nocne TpancmnanTanuu. [ToporoBoe 3HaueHue
107 103BONMIIO pa3aenuTh GONBHBIX HA [BE IPYIIIBI C PA3HBIMH 3HAUYCHUAMH 6e3-
pemmnuBHOH (74 u 17%) u 00mmeii (73 u 25%) BeDKUBacMOCTH depes 4 rofa.

U, naxonen, Hwang et al. [21] nposemu ananus nponopuuit CD34'CD38™ JICK
y 63 6ompHBIX OMJI. ABTOpH YCTaHOBHUIIH, 4TO OTHOCHTeNnbHOE uncio JICK 6su10
CTaTUCTHYECKH 3HaYMMO HIke B rpymme ¢ [1P, wem B rpymnme 6e3 I1P. Ompenerne-
uue npomopiwn octatoyHbix JICK mo3Bomnser mporao3uposats ucxon npu OMIL.

OTH uccaenoBaHus mokasany, uyto onpeneneane OMII merogom MIIL] o6mana-
€T MPOTHOCTHYECKONW 3HAYMMOCTBIO M MOXKET OKa3bIBaTh CYIIECTBEHHOE BIHSHUE
Ha KIMHHYeckoe BeneHue OoybHBIX OMJI. [TomMuMO Bcero mpouero, OCHOBHOM
3amaueit ans uccnenosareneil MOB aBnsieTcs ynpolieHne METO0B M3bICKAaHUHA U
TIOBBINICHUE WX HAJISKHOCTH, YTO elle 0ojiee YMHOXHT IMOTEHIMAIBHBIE TTPEUMY-
mecTBa MoHHTOpHHTa MOB y Bcex OONBHBIX.

Texnuueckue mpeoosanusn 01a onpeodenenus MOb

1. Mapkep JOKEH MPUCYTCTBOBATH HA BCEX 3JIOKAYECTBEHHBIX KIIETKAX WITH
Ha OOJBIIMHCTBE U3 HHUX; OH JIOJDKEH OTINYATHCA CTAOMIIBHOCTLIO M MHJIU-
BU/1yaJIbHOCTBIO MJIM YHUKAJIBHOCTBIO.

2. Meron nomwkeH oOmamath CHEU(PUIHOCTHIO (CIIOCOOHOCTBIO BBIAETATH
OCTAaTOYHBIC 3J0KAYCCTBEHHBIC KICTKH CPEIX HOPMAIbHOH MOIMYJIAIIUH
KJ'[eTOK), ‘-IyBCTBI/ITeJ'[I)HOCTI)IO, BOCHpOI/ISBOI[I/IMOCTI)IO pe3yanaTOB, SAB-
JIATHCA KOJITMYCCTBCHHBIM U CTaHI[apTI/ISOBaHHI)IM.

Ipeumywecmea MIII]

Merton MOXET MPUMEHAThCS B OOJIBIIMHCTBE ciaydaeB (O6osee 90%), sBisieTcs
OTHOCHTEJIFHO TIPOCTHIM, ITO3BOJIAET JIETKO NPOBOJUTH KOJWYECTBEHHOE OIpesie-
JICHUE, aHAJIN3 €AMHUYHBIX KIJIETOK U OLEHKY XM3HECIIOCOOHOCTH KJICTOK; SBIISET-
csi MHOPMATHBHBIM OTHOCHUTEIBHO HOPMAIBHBIX KIETOK M OoJiee IEHIEBBIM IO
CPaBHEHUIO C MOJICKYIAPHO-OMOIOTMIECKUMH METOJaMU.

Heoocmamku onpedenenus MOB memooom MITI]

Kax denoturisr OMJL, JIAD sBISIOTCS KpaiHe TeTepOreHHBIMH M MOTYT (POPMHUPO-
BaTh JIMIIIL HEOOJBIIME KIOHBL. MEXITy BpeMEHEM MOCTAHOBKOM JUar€o3a M JAe0rToM
PeILMIMBA BO3MOKHBI IMMYHO()CHOTHIINYCCKIE CIIBHUTH, U TIO 3TOM MMPUYMHE METOJ SIB-
nsiercst MeHee crierdianbM, gem ITLP. Tpeen onpenenerns cocramser 107,

Ilomenyuansnuote ozpanuuenus MIIL] 00ycnoBICHBI OONBIIMM Pa3HOOOPa3UEM
peareHTOB W METOAWK TOATOTOBKU OOPAa3LiOB, PETHCTPAIlKA U aHAJI3a JaHHBIX. [lo-
aToMy GonpIIMHCTBO HccieaoBannii MOB npu OMJI mpoBoawiIocs B OJHOM IICHTPE.
B cBa3u ¢ 3TEM KpaifHe BaKHO BBIPA0OTaTh CTAHAAPTHI WHTCPIPETALNH ITAaHHBIX.
Taroke He0OXOIIIMO OTIPEIENTNTh TOTEHITHANBHBIH UCTOYHHIK OIIHOOK, KOTOPHIE MOTYT
BO3HHUKATH B MPEAAHATUTHICCKON U aHAINTHYECKOH (azax oreHkr MOB.
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Diaz Campelo et al [20] studied MRD in 41 AML or myelodysplasia patients in
day 100 postransplant. The cutoff level of 10~ allowed splitting the patients into
two groups with different relapse-free survival (74% versus 17%) and overall sur-
vival (73% versus 25%) at 4 years.

Finally, Hwang et al [21] analyzed the proportions of CD34"CD38™ LSCs in 63
patients with AML and they found that the proportions of LSCs were significantly
lower in the CR group compared with non-CR group. The measurement of the pro-
portion of residual LSCs could predict the prognosis of AML.

These studies showed that the evaluation of MRD by MFC has prognostic
significance and may have an important impact in the clinical management of
patients with AML. Above all, the main challenge for the MRD investigators is to
simplify methods and yet to maintain or better to increase their reliability, thereby
multiplying the potential benefits of MRD monitoring to all patients.

Technical requirements for detection of MRD

1. The marker must be present in all or the majority of malignant cells; it has
to be stable and individual or unique.

2. The technique has to be specific (ability to distinguish residual malignant
cells among a normal population of cells), sensitive, repetitious,
quantitative, standardize.

Advantages of MFC:

The method is applicable in the majority of cases (> 90%), is relatively easy
and the quantification is easy, allows a single cell analysis and evaluation of the
cell viability, it is informative regarding normal cells, and less expensive than
molecular biology.

Disadvantages for MRD detection by MFC

As AML phenotypes, the LAPs are very heterogeneous and could concern only
the small clones. Immunophenotypic shifts can occur between diagnosis and relapse,
for this reason this method is less specific as PCR. Limit of detection is 10,

Potential limitations of MFC derived from the higher diversity of reagents and
methods used for sample preparation, data acquisition and analysis. Thereafter, the
most MRD studies in AML are monocentric. For this reason is imperious
necessary to standardize criteria of data interpretation. And also to manage the
potential source of errors that may occur in preanalytical and analytical phase of
MRD evaluation.
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Cobcmeennuiii onvim

Me1 onpenenv [7] psin KOMOMHAIMI aHTUTECHOB, KOTOPHIE MOIHOCTBIO OTCYTCT-
BYIOT WM HPHUCYTCTBYIOT B OYEHb MAJIbIX KOHIEHTPAIMSIX B HOPMAIBHOM KOCTHOM
MoO3Te, 3aTeM HCCIIENOBAIN MX JKCrpeccrio B acmmparax KM y 6ompapx OMIL. B
JIAHHOM HCCIICJIOBAHWHM TIPOBOMIIM CPAaBHUTENBHBIN aHAIN3 6- M 4-IBETHOH IIPOTOY-
HOM LUTOMETpHH; IOKa3aHO, YTO 6-IBETHAs KOMOWHAIMS MO3BOJISIET OIpPENeNATh
6ompiie abeppaHTHRIX (PEHOTHIIOB, KOTOPBIE MOXKHO MCIIOIB30BaTh i1 oieHkn MOB.
Bo BTOpOI1 YyacTH uccenoBaHus Mbl IPOBEPWIIN BbIsABIEHHbIE JIAD Ha HOBOM IpyIe
6ompaEIX OMUJI Ipu mocTaHOBKE ArarHo3a 1y 0oipHBIX ¢ [IP mocie xumuoreparnmm.

Marepuajbl 1 METOABI

Bce o06pasipl oTOMpaii B renapuH-JIMTHEBBIE TIPOOUPKH, UCCIEI0BaHNE TPO-
BOJIMJIM Ha LIENBHBIX 00pa3nax 1ocje JM3Uca S3PUTPOLMTOB U MPSIMOTO OKpaIlnBa-
HUA KOHBbIOrMpoBaHHBIMU MKAT.

B kadecTBe KOHTpOJIS B MCCIEIOBAaHNHU HCHONb30Bainy 10 00pa3noB HOpMaib-
Horo KM 0T 310pOBBIX JOHOPOB W OOJNBHBIX, MOJYYHMBLIMX JICYEHHE ITO MOBOIY
HXJI unmn JIX, mociae mUTOJIOrnuecKoro HCKITFOUSHHMS BCEX BO3MOXKHBIX MMATOJIOTHH
u 20 o6pa3roB KM O0NbHBIX ITOCTIE XUMHOTEPAITNY MUETIOUIHBIX JIEHKO30B.

B rpymmy 0onbpHBIX BKITFOUANHN B IepBoi cepuu 53 cimywas OMJI pu mocTaHOBKe
JMarHo3a u Bo BTopoii cepun 60 ciiyqaee OMJI npu mocTaHoBKe IuarHosa W Ipu
Mopdoormueckoit [1P. AHaIOrHYHO, C UCIOIB30BAHUEM O-I[BETHBIX KOMOWHAIUI
aHTUreHoB uccienoain 10 oopasios npoaykros CKIIK mepen nepecaakoii.

Jlns ananu3a metogoM MIIL] Bo Beex cimyuasix oroupanu mo 200—500 000 kire-
TOK W3 KaXJOH NMpOOHPKHM MOCHEe MOJaBIeHUS HecIenn(UIECKOTO OKpalIHBaHUs
4eJIoBeuecKoi chiBopoTKoi kpoBu IV (AB) rpymmsr u @TC.

UcnonszoBannsie MKAT u ux KoMOMHAIMK NIpeCTaBICHBI B Ta0. 1. AHTHTE-
Ja OTOMPANTHCh TAaKUM 00pa3oM, YTOOBI MaKCHMH3HPOBATh BO3MOKHOCTH MJICHTH-
(UKanmy aHTUTEHHBIX abeppanuii B mpenenax MOIMyJISIIUNA MUCIOUIHBIX 0JacToB,
Kak ommcaHo B utepatype [10; 22].

Kpome storo, B nocnenHel cepun GONBHBIX MPOBEAEHA MPOBEPKA HEKOTOPHIX
Mapkepo misi omnenku JIA® (CD123 FITC/ CD90 PE/ CD34 PerCP-Cy5.5/
CD117 PE-Cy7/ CD133 APC/ CD38 APC-H7/ HLA-DR PB/ CD45 V500).

VYuer coObiTuil ocymecTBisM npu nomornu npudopa FACS Canto 11 (Becton
Dickinson), naHHbIe aHaNM3UPOBAIM C MCHONb30BaHUEeM nporpamMmbel FACSDiva
(Becton Dickinson).

Cmpamezusn zeiimupoeanus

[efiTupoBanne momyJsiuid OJACTHBIX KJIETOK W MX OT/AENEHHE OT APYTUX I0-
myssinuit KM npoBoanmm Ha ocHOBe 3kcnpeccun CD45 B KoMOnHaum co cBOWCT-
Bamu SSC. IMomymsamuro 031acTOB MIASHTU(QHUIUPOBATH MO HHU3KOW HKCIIPECCHU
CD45 u cBoiictBam SSC.
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Our experience

We have defined [7] several antigen combinations that are totally absent or
present at very low levels in normal bone marrow (BM) and thereafter we have
studied their expression on AML BM aspirates. In this study we have compared 6
and 4-color flow cytometry and we have shown that 6-color combination identified
more aberrant phenotypes which could be utilized for MRD study. In a second time
we have tested these LAPs in a new series of AML patients at diagnosis and at
morphologic CR after chemotherapy.

Material and methods

All specimens were collected into heparin—lithium tubes and the study was
performed on erythrocyte-lysed whole samples after staining with directly
conjugated monoclonal antibodies (moAbs).

The study has included as controls 10 normal BM from healthy donors and
from treated patients with non-Hodgkin's or Hodgkin's lymphoma after cytological
exclusion of all possible pathologies and 20 regenerating BM samples after
myeloid postchemotherapy.

The patients group included in the first series 53 cases of AML at diagnosis and
in second one 60 AML cases at diagnosis and in morphological CR. Likewise, 10
PBSC products were studied with the 6-color antigen combinations before the graft.

For FCM analysis, among 200 000 — 500 000 cells were acquired in all cases
from each tube after the inhibition of unspecific staining with human serum blood
type AB and fetal calf serum (FCS).

The moAb used and their combination are described in Tablel. The antibodies
were chosen to maximize our ability to identify antigenic aberrations within the
myeloid blasts population as the literature data describes[10; 22].

In addition, in the last series of patients we have tested some markers for LSC
evaluation (CD123 FITC/ CD90 PE/ CD34 PerCP-Cy5.5/ CD117 PE-Cy7/ CD133
APC/ CD38 APC-H7/ HLA-DR PB/ CD45 V500).

The events acquisition was performed with a FACS Canto II flow cytometer
(Becton Dickinson) and data analysis using FACSDiva Software (Becton
Dickinson).

Gating strategy

The intensity of CD45 expression in combination with side scatter (SSC)
properties was used to gate the blast cell population and to separate it from the
other BM populations. The blast population was then identified by a low
expression of CD45 and SSC properties [16].
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MHTEeHCUBHOCTD JKCIPECCUN UCCIEAYEMBIX AHTUTEHOB BBIPAXKAIM B BUAE CO-
orHomrenust MFI (MFI antutena/ MFI m3oTunuueckoro KOHTpOIs), B KauecTBe
IIOpora MOJ0XKUTEJIBHOTO pe3ybTaTa yCTaHOBUIM 3HaueHue 20%. 3aTeM peanuso-
BaJIl BCE BO3MOXKHBIC KOMOWHALIMK BBISBICHHBIX T€WTOB: AJIsl O-IIBETHOW MaHENN
3TO COCTaBWJIO I KaXJOH NpoOMpkH 32 BO3MOXKHBIX KOMOHMHAIMU (BCETO
192 xoMOWHANINK TIOBEPXHOCTHBIX AHTUTEHOB), a UIA 4-IBETHOW MaHEIH BCETO
8 xoMmOuHarwmit (obmee gncio 112 koMOuHaIwIA).

B o6pasnax 6ompaeIx OMIJI onipenensiiin OTHOCUTENBHOE COIEpKaHNE KIETOK C
(heHOTHTIOM, BBIABISIEMBIM KaXK10W KOMOHMHAIMEH, M CPaBHUBAIHM UX C aHAJIOTWY-
HBIMHU 3HaUEHUSIMU B HOpMaigbHOM KM.

CpaBHEHHE CPETHUX OTHOCUTENIBHBIX 3HAYCHUH MONOXKUTENBHBIX KIETOK Mpo-
BOAWIIM IIPU OMoOIIM f-KpuTepus CThIOJEHTa.

Pe3yabTaTtsl

Hmmynoghenomun oopaznoe nopmanvhozo kocmnozo MOb

Menuana conepxaHus TOMYJSIHUA 0JacToB Ha TodedHoM Trpaduke CD45/SSC
B oOpasznax HopMmanbHOro KM mpu 6-nBeTHOM OKpammBaHMM cocTaBwia 4,25%
(mmanazon 3,8-5,3%). Mennana OTHOCHUTEIBHOTO COICPKAHUS CB34" xmerok co-
crasmia 0,88% (ot 0,3 mo 1,5%). Paznuumii B 3THX 3HaYCHUAX TPU OKPAITMBAHUU
B 4 1 6 IBETOB HE BBISBIIEHO.

W3 192 xomMOuHaIMH, BO3MOXHBIX IpPHU 6-IIBETHOM HMMYHOOKpAIIMBAaHUH,
47 (heHOTHUIIOB TOHOCTHIO OTCYTCTBOBAIM B OJACTHOM TelTE BO BCEX oOpasIiax
HopManbkHOro KM, npyrue ¢enorunsl [41] mpuCyTCTBOBaJ M C 4acTOTOH MeHee
0,05% obmero uucna kinetok [7]. Ocranbabie 104 KOMOWHALUK ITPUCYTCTBOBAJIH C
yacrotamu oT 0,05 10 3,58% 00111ero uncia KIeToK.

Hmmynogpenomun OMJI npu nocmanoexe ouazno3a 6 nepeoil cepuu

DeHOTHIT OTPENeNsUI KakK JICHKO3-aCCOLMUPOBAHHBIN, €CIH OH JKCIPECCHPO-
Basicsl He MeHee 4eM Ha 1% kieTok oOmeit momynsamuu. [Iateaecst oqun GeHoTwn
n3 88 (58%), KOTOpbIE CUNTAIOT OTCYTCTBYIOIIMMH MIIM BCTPEUAIOLIUMUCS PEIKO B
HopMansHOM KM (menee 0,05% oT obmiero uncna KiIeTok), ONpeAensics XoTs Obl
Ha ogHOM obOpazue OMIJI mpu cpenneit yactore 8,7% OT OOILIErO YMCIa KIETOK.
Bcee ciyqau OMJI npencrasisiin xots 061 ofuH JIAD, oqHAaKO 4acTO B OJHOM U
TOM e 00pasiie MpUCyTCTBOBANIO HeckoIbKo JIAD (naHHBIE HE TOKa3aHbI).

UYame Bcero mpu OMIJI onpenensnuck cnenyomue JIAD:

CD34°CD33°CD13°CD19°CD7";

CD34'CD65'CD56 CD4 CD16 ;

CD34°CD65CD56'CD4 CD16;

CD34+CD38'CD33'CD56'CD19;

CD34 HLA DR CD117°CD33°CD15;

CD34'HLA DR CD117°CD33 CDI15".
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The intensity of the antigens of interest was expressed as MFI ratio (antibody
MFl/isotypic control MFI) and the cut-off of positivity was set at 20%. Next, all
logical combinations of these gates were realized: for six-color moAb panel, there
were 32 combinations possible on each tube (so a total of 192 combinations of
surface antigens) and for four-color panel, only eight combinations (a total of 112
combinations).

The frequencies of cells carrying the phenotype targeted by each combination
were determined in AML samples compared to the normal BM.

The mean percentages of positive cells in each phenotype were compared by
the Student's ¢ test.

Results

Immunophenotype of Normal Bone Marrow Samples

The median percentage of blast population defined on CD45/SSC dot plot
within the normal BM samples analyzed with six-color staining was 4.25% (range
3.8%-5.3%). The median percentage of CD34" cells was 0.88% (range
0.3%-1.5%). No difference was found between these percentages in four-color or
six-color staining.

From the 192 combinations possible with six-color immunostaining, 47
phenotypes were totally absent from blast gate in all normal BM and another 41
phenotypes were present at a frequency < 0.05% of total cells[7]. The rest of 104
combinations were present at a frequency ranging between 0.05% and 3.58% of
total cells.

Immunophenotype of AML at diagnosis in the first series

We considered a phenotype as leukemia associated when it was expressed on at
least 1% of the total population. Fifty-one of eighty-eight (58%) of the phenotypes
described as absent or infrequent in normal BM (< 0.05% of total cells) were found
in at least one AML, at a mean percentage of 8.7% of total cells. All AML cases
displayed at least one LAP, but frequently several LAPs were observed in the same
sample (data not shown).

The most frequent LAPs found in AML are:

CD34+CD33+CD13+CD19-CD7+,

CD34+CD65+CD56—-CD4-CD16-,

CD34+CD65-CD56+CD4-CD16-,

CD34+CD38+CD33+CD56+CD19-,

CD34-HLA-DR-CD117+CD33+CD15-,

CD34+HLA-DR-CD117+CD33-CD15-.
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Hmmynogpenomunuposanue OMJI

npu nocmanoeéxe ouaznosa u mopgonozuueckoit IIP 60 6mopoii cepuu

U3 uncna Bcex KOMOMHAIMI aHTUT€HOB MACHTU(HUIIMPOBAHO 6 (DeHOTHIIOB, NIPHCYT-
cTBOBaBLIMX BO Beex 60 ciydasx OMJI pu mocTaHOBKe AuMar€osa. ITH (hEHOTHIIBI TaK-
e mpucyTcTBoBaH B ciydasx OMJI ¢ mopdonorideckoit [P u nocnemyromim perm-
qvBoM [12]. Ha ati 6 perotnmos Osuti npoanammzuposans! 10 ayrormornanasix CKIIK,
okazasiock, uto B 3 cimydasx CKIIK marumeHToB, y KOTOPBIX 0OJIe3Hb PelMINBHPOBAIIA,
SKCIIPECCHUPOBATHN OoJiee OIHOTO U3 3THX (DEHOTHIIOB.

W, HakoHemn, OBUIM OXapaKTepHU30BaHBI Oojiee NMPUMHUTHUBHBIE CyOMOITYIISIIH
stux OMJI: ycranoBneHo, yto GonbmmHcTeo OMJI 6smn CD34°CD38 CD1337, a
CD34" caydau OMJI MOXHO OBLJIO ONPENETUTh CPEeIy HE3PEINbIX KIETOK C JKC-
npeccueit CD133. TTomynsiims He3penbIxX KIETOK CofieprKaia HECKOIbKO CyOrorry-
nauui B 3aBucuMocTd OoT dkcrpeccun CD90; CD120. CpaBHUTENbHBIA aHAU3
Mexay rpymmnamu 6osbHbIX ¢ [IP 1 6e3 TakoBOi MmoKasai, 4TO YHCIIO MPUMHTHB-
ubIX JICK sBiseTcs 6onee BaXHBIM ITOKa3arteneM, ueM orcytcreue [1P.

Obcy:xnenue

B namem nepBom uccienosanuy KM B HOpMe U MOCIIE XUMUOTEpANUU C UC-
MTOJTE30BaHUEM O-IIBETHOT'O OKpaIlWBaHU ObUTH ompeznenieHbl HoBble JIAD, mpu-
CYTCTBYIOII[ME MPHU MocTaHOBKe nuarHo3a OMJI, koTopele MOXKHO Taike MpHUMe-
HATE 11 BeIsiBiieHnst MOB.

DTO OKpaIMBAHUE TMO3BOIMIO MACHTU(DHUIIMPOBATh OOJIbIIIC KOMOMHAIMI abeppaHT-
HBIX (DeHOTHIIOB, yeM 4-IIBETHOE, NPY HCIIOB30BaHUK TOTO JKE YKCIE TIOBEPXHOCTHBIX
AHTHICHOB ¥ MEHBIIIETO urcia npooupok. Bo Beex cimywasx OMJI onpenensiack XoTst Obl
OfTHa CYOTOIyIISIIMS KIIETOK, NMEIOIIMX aHTHICHHBIN MPOQWIIb, TIOIMHOCTBIO OTCYTCTBYIO-
TIYIA AT BCTPEYAFOIIMICS KpaiiHe peako B HopMarsHoM KM (puc. 1; oM. BRIICHKY).

Bo BTOpOi#i cepun cpeam Bcex 6-IBETHBIX aHTUTCHHBIX KOMOMHAIMI MBI OTIpe-
Jenvian 6 GeHOTUITOB (TTOKa3aHbI BHIIIE), KOTOPBIE PEICTABISIIOT 0COOYI0 BaXKHO-
cte1st MoHHTOpHTa MOB 1pu OMJI 1 MOTyT HCIIONB30BaThCs UIS MPOTHO3A
pHCKa peruIuBa.

KpOMe TOTO, OHU MOTYT NPUMCHATHCA IJIs1 OLICHKN ayTOJIOTMYHBIX NPOAYKTOB
CKIIK (puc. 2).

Hamm pe3ynbraThl coriiacytotrcsi ¢ OOJBbIINM KOJIMYECTBOM JaHHBIX JINTEPATY-
PBI, CBUJIETETLCTBYIOMNX O O0JBIIOM HHTepece K npumeneHuto MIILL mist BbIsB-
nennst MOB. OnHako, Uit TOro YToObI BHEIPUTH 3TOT METO/] B CTAaHJIAPTHYIO KITH-
HUYECKYIO NIPAKTHKY W HCIIOJIB30BaTh €ro JJIsl BRIOOpa METo/1a JICYCHUSI, IPEJICTO-
UT PELINTH PsiJl BOIPOCOB, TAKUX KaK

1. cnenuduIHOCTS;

2. cTaHOapTH3aIHS;

3.  (CHOTHNHUYECKUN C/IBHT;

4.  XapaKTEepHCTHKA JIEHKO3HBIX CTBOJIOBBIX KJICTOK.
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Immunophenotyping of AML

at diagnosis and morphological CR in the second series

We have identified between all antigen combinations, 6 phenotypes which were
present in all 60 AML at diagnosis. These phenotypes were also found in
morphologic CR marrows of AML that relapse (12). Ten autologous PBSC were
analyzed with these 6 phenotypes and found that the 3 PBSC from patients who
relapsed expressed more than one of these phenotypes.

Finally, we have characterized the more primitive compartment in these AML:
we found that the majority of AML were CD34"'CD38°CD133", and that the
CD34™ AML cases could be determined within the immature compartment with
CD133 expression. The immature compartment has several subpopulations
depending on the expression of CD90, CD123. We compared the CR and non-CR
group and found that the number of primitive LSCs were more important in the
non-CR group.

Discussion

Our first study of normal and postchemotherapy BMs using a 6-color staining
allowed us to define new LAPs present at diagnosis of AML and useful for the
detection of MRD.

With the same number of surface antigens studied and a more limited number
of tubes we identified more unusual phenotype combinations utilizing 6-color
rather than four-color combinations. We described in all AML cases at least one
subpopulation of cells carrying an antigen profile absent or extremely infrequent in
normal BM (Fig. 1).

In the second series, we found that among all the 6-color antigen combinations,
6 phenotypes (as listed above) are specially valuable to follow-up MRD in AML
patients and useful to predict relapse.

They are also useful for the evaluation of autologous PBSC products (Fig. 2).

Our studies are in line with a large number of published data demonstrating the
interest of MFC for detection of MRD. However, some issues remain to be solved
before this technique can be used routinely to monitor patients and eventually help
to choose the best treatment:

1. specificity

2. standardization;

3. phenotype shift;

4. leukemic stem cells characterisation.
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Cneyuguunocme. Ilepsrie myOnukanuu mo npodneme MOB cBunerens-
CTBOB&JIM O HHM3KOH dYacToTe abeppaHTHBIX ()EHOTHUIIOB, YTO CHJIBHO 3a-
TpynHsUIO0 Au(pdepeHINaNI0 OCTATOUHBIX JICHKO3HBIX U HOPMAaJIBHBIX He-
3penbIX KIETOK. JTa MpobieMa, Mo-BUANMOMY, BO3HHKIIA B CBA3H C IPH-
MeHeHHeM 3—4-1BeTHhIX maHened MOAT. YBemwueHnue yucia (iaroopo-
XpOMOB MPHUBOJWT K TIIOBBILCHUIO crieruduuHocTd. llpuMeHenue 6-
uBetHO# MIIL] mo3BossieT ¢ OomnpIIell YBEpEeHHOCTHIO HIACHTU(HUIIIPOBATH
abeppanTHbie (eHoTHIBI. B HacTosee Bpems st BoisiBieHus MODB wc-
MOJIB3YIOT MOIXOABI ¢ § 1 OoJee nBetamu. Takum ob6pa3om, O Mepe HACH-
TU(UKAIINA HOBBIX a0EppaHTHBIX (DEHOTHUIIOB MOTPeOyeTCs MOHHTOPUHT
6os1ee MEIKUX CyONOITyJIIAIIA.

Cmanoapmu3zayus. OOIUM HEJOCTATKOM SIBJISETCS OTCYTCTBHE CTaHIap-
THU3UPOBAHHBIX KPUTEPUEB ISl MHTEPIPETAIMU JaHHBIX, YTO CTAHOBUTCS
NPUYMHOMN OOJNBIION BapuabelbHOCTH JaHHBIX IMyOiauKanuii. boipmmucTBO
uccaenoanuit MOBb ipu OMJI npoeneHo B ogHOM 1ieHTpe. s mpeoao-
JIGHUsI 3TOr0 HenocTaTka EBporelickuii KOHCOPIMYM IMPEAIoKII IPHHSTH
METOJHKY, KOTOPasi TO3BOJIsIa ObI CTABUTH AMArHO3 Ha Ooiee 00bEKTHBHBIX
ocHoBaHMAX. B paMkax nmporpammel KoHcopumyma 6bu1 pa3paboTaH mpoTo-
KOJI JIMarHOCTHKM 3JI0KAaYEeCTBEHHBIX 3a00JIeBaHWII KPOBH Ha OCHOBE 8-
I[BETHOTO OKPAIINBAHUS MPH MPOBEICHUN MHOTOIIEHTPOBBIX HCCIIEOBAHMMN.
HoBele KOMIIBIOTEpHBIE MPOTPAMMBI, HaNpuUMep, /nfinicyt, O3BOISIOT MPO-
BOJIUTH CPAaBHEHHE W HHTEPIIPETALMI0 KOHKPETHBIX CIy4aeB Ha OCHOBE
00JIBIIIOro YMCiIa HOpMabHbIX npoduieit KM [23].

Denomunuueckuii cosue. JIA® moryt nperepreBarth (HEHOTHIIUUECKUE
cnury. Ilpu pasButuu 3aboneBanus skcnpeccuss MapkepoB OMIJI B 6oib-
muHCTBe ciydaeB (10 80%) MoxkeT n3MeHsThesa. OCOOEHHO YacTo IPOHCXO-
JIUT CHID)KEHHE SKCIpeccHu MapkepoB [24; 25]. O0ycioBieH 1 3ToT (eHo-
MEH HCTHHHBIM M3MEHEHHEM (h)EHOTHIIOB MIIM POCTOM NpH penuanse Ooiee
MEJIKMX CYOKJIOHOB, YK€ MPHCYTCTBOBABIIMX IIPH NPOCTAHOBKE AWArHo3a,
eIle MPEACTOUT yCTAaHOBHUTh. B CBSA3M C 3THMM OYEHb BAXXHO HCIIOIB30BATh
LIMPOKKE TAHENIN aHTHUTEN MPU ITOCTAHOBKE JUArHo3a C TEM, YTOOBI BBISB-
JATh MakCUManbHOe uncio JIAD.

W, nakoren, JICK mpenctaBmsfoT HEOONBIIYIO CyOTIOMYILIIIIO JICHKO3HBIX
onacmos, KOTOpas MONNEPKUBACT JICHKO3HYIO MOMYILIMIO Oraromapst cBoeit
criocobHocTH TposudepupoBath Oeckoneuro [26]. JICK ompenensiorcs: kak
nHeiHo-HeratueHas, CD34+CD38™ nomysisiiws Ieiko3HbIX 01acToB. B Hariem
HCCTIEIOBAHMI TPOAHATM3MpOBaHa sKkcrpeccuss CD34'CD38 CD133" u CD34~
CD38 CD133". Mapkepsi CD34 u CD133 no3BoMsiOT MAEHTH(HIMPOBATH
NPUMHUTHBHBIM KOMIIOHEHT BO Bcex ciaydyasx OMJL. Mel Taxke onpenensm
akcrpeccrto CD90, CD123 na JICK 1 ycraHOBUH BaprHaOEIBHOCT SKCIIpec-
cum 3TUX MapkepoB. Takum o6pazom, momyssimst JICK xapakrepu3syercs rete-
POTEHHOCTBIO, U HEOOXOMMO OIPEETINTE HECKOJIBKO CYOIOITYIISIIIHIA.
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1. Specificity: the first published studies in MRD showed a lower incidence
of aberrant phenotypes making it difficult to specifically identify residual
leukemic cells from normal immature cells. This issue seems to be due to
the limitations related to the use of three-four color panels of moAbs.
Increasing the number of fluorochromes improves specificity. We have
found a better identification of aberrant phenotypes using 6-color MFC. At
present, 8 or more-color approaches are being using to detect MRD. Thus,
as more aberrant phenotypes are identified, it becomes necessary to follow-
up minor subpopulations.

2. Standardization: a lack of standardized criteria for data interpretation is a
common finding that introduces variability in the published reports. Most
MRD studies in AML are monocentric. In order to overcome this, a
European consortium has set out to implement an approach that allows
diagnostics to be performed in a more objective way. In their program an
8-color protocol for the diagnosis of hematological malignancies in a
multicenter fashion has been developed. New softwares as Infinicyt allow
the comparison and interpretation of specific diagnosis cases against a
background of many normal BM patterns [23].

3. Phenotype shift. LAPs may undergo phenotypic shifts. During the disease,
marker expression in AML may change in up to 80% of the patients.
Especially, diminution of expression of markers is susceptible to be
observed [24-25]. It remains to be demonstrated whether this phenomenon
corresponds to a true phenotypic change or to the emergence at relapse of
minor sub-clones already present at diagnosis. Therefore it is important to
use an extensive panel at diagnosis to identify a large number of LAPs.

4. Finally, LSCs constitute a minor subpopulation of leukemic blasts that
maintain the leukemic population through their ability to propagate indefinitely
[26]. LSC have been defined as the lineage negative, CD34"CD38™ population
of leukemic blasts. In our study, we have analyzed the CD34'CD38™ CD133"
and CD34 CD38 CD133" expression. Both CD34 and CD133 markers allow
identifying the primitive compartment in all AML. Moreover, we measured the
expression of CD90, CD123 on LSCs and we observed that their expression is
variable. Thus, the LSC compartment is heterogeneous and we should detect
several subpopulations.
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VYuuteiBas NpUMEHUMOCTh M 4yBcTBUTENbHOCTh MIIL] MoxHO caenats
BBIBOJI, YTO ATOT METOJ XOPOIIO HOAXOAUT JUIS CHEHU(PHIECKOTO ONpEIeTICHUS
MOB u no3BosisieT caenars 0onee TOYHYIO OLEHKY CTaTyca peMUCCHH Y 00Jb-
HbIXx OMJI. brnaronpusTHbell KAMHHYeCKHi ucxof npu orcyrcrsun MODB mo-
BBINIAET 3HAYUMOCTh onpeneneHust MOb s nneHTudukaniy 60IbHBIX, y KO-
TOPBIX MOKET OBITh CHIKEHA MHTEHCHBHOCTH Tepanuu. M HaobopoTt, 6onbHbIC
¢ nepcuctupytomuM MODB gBmstfoTcst KaHAMAATaMH A7l Ha3Ha4YeHHs Oojee ar-
PECCHBHBIX METOJIOB, B TOM YHCIE TPAHCIUIAHTALIUU CTBOJIOBBIX KIETOK. [lo-
BuguMomy, JICK yCcTOHYHMBEI K XUMHOTEPAITNH U SBJISIOTCS IPHYUHON peIian-
Ba. BrIsBICHNE 3TUX MOMYJIAIMNA TPEACTaBISAETCS BaKHBIM 3TAIloOM JICYEHUS U
(axTopom nporuosa BiusiHus MOB.
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Based on its applicability and sensitivity, it can be concluded that MFC is a
well-suited approach for the specific detection of MRD and, hence, could help
obtain a more precise evaluation of remission status in patients with AML. The
favorable clinical outcome of MRD-negative cases raises the possibility of using
MRD assays to identify patients in whom treatment intensity could be reduced. On
the contrary patients with persisting MRD are candidates for more aggressive
treatments including stem cell transplantation. Finally, detection of AML stem cells
offers advantages in terms of specificity. LSCs seem to survive chemotherapy, and
to be responsible for relapse. Identification of these populations is an important
parameter and contributes to the prognostic impact of MRD.

Ta6nuna / Table
MoADb mnaHenb, HCHOJb3yeMasi Uil MOBEPXHOCTHOTO OKpAIIMBaHWSI aHTUTEHA B
IIeCTh W YeThIpe IBETOBHIX coueraHui / MoAb panel used for surface antigen
staining in six- and four-color combinations

Tube number FITC PE PerCP-Cys.5 | PE-Cy7 | APC | APC-Cy7
Six-color | 1 CD15 CD117 CD45 CD34 | CD33 | HLA-DR
2 CD7 CD13 CD45 CD34 | CD33 CD19
3 CD65 CD56 CD45 CD34 CD4 CD16
4 CD14 CD64 CD45 CD4 | CDI11b | HLA-DR
5 CD38 CD56 CD45 CD34 | CD33 CD19
6 CD61 CD235a CD45 CD33 | CD36 | HLA-DR
Four-color | 1 CD15 CD117 CD45 CD34
2 CDl15 CD33 CD45 CD34
3 CD15 HLA-DR | CD45 CD34
4 | HLA-DR | CD33 CD45 CD34
5 CD7 CD33 CD45 CD19
6 CD13 CD33 CD45 CD34
7 | HLA-DR CD13 CD45 CD34
8 CD56 CD33 CD45 CD34
9 CD65 CD14 CD45 CD34
10| CDI11b CD117 CD45 CD34
11| CD65 CDl11b CD45 CD4
12| CD71 CDl11b CD45 CD34
13| CD38 CD19 CD45 CD34
14| CDl4 CD33 CD45 CD2
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AHAJIN3 KJIMHUYECKH 3HAYNMbBIX CYBIONYJISIIUIA
JUMPOINUTOB KOCTHOI'O MO3T'A Y I[ETEI71

ITPU PABAOMUOCAPKOME 1 OCCIO

THUH JOI' ®I'BY «POHI] um. H.H. Bnoxuna» PAMH Mocksa, Poccus
2HUW KO ®I'BY «POHI] um. H.H. broxuna» PAMH, Mockea, Poccus

Pe3rome

B nocneanue roapt otkpbita BakHas poib TCRyd-mumdonuros, NK-kierok, a
Takke HEKOTOPHIX 0COOBIX cyOmomynsamuii nmumpormuros (CD28", CD57 -k1eTok u
T.A.) B IPOTUBOOIIYXO0JIEBOM UMMYHUTETE.

Ilenvto padomul SBIIOCH W3yYCHHE KIMHUYCCKU 3HAYMMBIX OCOOCHHOCTEH
CyOTIOITyJISIIMOHHOTO COCTaBa 3PEIBIX JIUM(OIIMTOB KOCTHOTO MO3Ta y J1eTei 00ib-
HBIX PabIOMHOCapKOMOH U OITyXOJsIMH cemelicTBa capkomsl Ounra (OCCHO).

Marepuajibl 1 METOABI

B uccnenosanne Brimroueno 49 nereit or 1 roga mo 17 ner. Y 34 nanmeHToB au-
arHo3 pabmomuocapkoma mwim OCCIO nonTBepxaeH MOP(QOIOTHYECKUMH U UMMY-
HOTUCTOXUMHUUYECKUMH MeToaMu. ¥Y 15 neteii B X0jie MPOBEJCHHOTO KOMILIEKCHOTO
o0ciieIoBaHMsl TMAarHO3 3JI0KaYEeCTBEHHOW OIMyXOJIM ObUI OTBEPrHYT (Tpymma cpas-
HeHust). BeceM manmeHTaMm BBITIOMHEHBI IIUTOJIOTHYECKOE ¥ UMMYHOJIOTHYECKOE HC-
CIeA0BaHUs KOCTHOTO MO3Ta.

Pezynomamet. XapakTepHbIM UTs1 CyOIOIYJISIIIMOHHOTO COCTaBa KOCTHOTO MO3ra
npu pabIOMHOCapKOME y J€Tel TpU COIOCTABIICHNH C TPYIIION CPAaBHEHMSI SBILSICTCS
TOBBIIIEHHE YPOBHEH aKTMBHPOBAHHBIX T-1uToTOKCHUecKHX Kietok (CD3'CDS HLA-
DR+) —37,1 % wu 12,2 %, p = 0,001; noBbIIIeHHE TOMYISIMH 3peNbiX YO T-KieTok — 15,8
n 9,2 %, p=0,007, a TaroKe BBIIBICHO CHIDKEHNE B /IBA Pas3a TOMYJIIMH T-XemepHbIX
kietok (CD4"), skcrpeccupyronmx Monekyty aaresur CD62L (Leu 8) — 17,6 u 33,5 %,
p = 0,015. CybnonyssiwoHHSIH coctaB KocTHOro Mo3ra mpu OCCIO y nereit oTmirgancs
OT 3HAYCHMI1 B IPYIIIE CPABHEHHS, TIOBBILICHUEM YPOBHS 3pEIIbIX T-IIMTOTOKCHYECKHX
mMporuToB — 68,5 u 50,5 %, p=0,000 u cHIDKeHHEM CD4" T-xenmnepHbIX KIETOK —
26,9 1 39,3 %, p= 0,01, yro oTpa3mock Ha OOJiee HU3KUX YPOBHIX UMMYHOPETYJISITOP-
Horo uHzekca. B rpynme nereit ¢ OCCIO muToTOKCHUeCKas: CyOnomyIsiys 3pelibIX
T-mumdouuToB oTmyanack NpU3HAKaMHM AKTHBALMM Ha OCHOBAaHUM AKCIPECCHU
HLA-DR (p=0,001), Ho He Ha ocHOBaHHMM dKcripeccurt CD25 B cpaBHEHHH C KOH-
TposibHOHU rpymmoi. CHMXKEHHE ypOBHEH JKCIpeccMH Mojekyinsl aaresun CDO62L
(Leu 8) ma T-nmuM¢onuTax KOCTHOTO Mo3ra OONBHBIX capkomoii KOwHra B cpaBHe-
HHUH ¢ HOPMOH OBIIO O0YCIIOBJICHO B OCHOBHOM JIOCTOBEPHBIMH PA3INYUSIMU B CyO-
nonymsuu CD4 CD62L" T-knetok — 13,7 +2,4 % u 30,5 + 5,2 %; p = 0,005.
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Abstract

TCRyS lymphocytes, NK-cells and some lymphocyte subsets (CD28", CD57"
cells etc.) were recently found to play a significant role in anticancer immunity.

The purpose of this study was to analyze clinically significant specificity of
composition of mature lymphocyte subsets in bone marrow from children with
rhabdomyosarcoma and Ewing’s sarcoma family of tumors (ESFT).

Materials and methods

A total of 49 children aged 1 to 17 years were enrolled in this study. The
diagnosis of rhabdomyosarcoma or ESFT was verified morphologically or
immunohistochemically in 34 cases. Malignancy was excluded basing on complex
assessment in 15 cases (comparator group). All patients underwent cytological and
immunological study of bone marrow.

Results. Children with rhabdomyosarcoma as compared with the comparator group
demonstrated elevated levels of activated T-cytotoxic cells (CD3"CD8 HLA-DR")
(37.1% vs. 12.2%, p=0.001), increased proportion of mature ydT-cells (15.8% vs.
9.2%, p=0.007) and 2-fold decreased population of T-helpers (CD4") expressing ad-
hesion molecule CD62L (Leu8) (17.6 vs. 33.5%, p=0.015) in their bone marrow.
Bone marrow subset composition in patients with ESFT was different from that of the
comparator group by elevated levels of mature T-cytotoxic lymphocytes (68.5% vs.
50.5%, p=0.000) and decreased proportion of CD4* T-helpers (26.9% vs. 39.3%,
p=0.01) as also reflected by lower levels of immunoregulatory index. In children with
ESFT the cytotoxic mature T-lymphocyte subset was characterized by activation signs
basing on HLA-DR expression (p =0.001) rather than on CD25 expression as com-
pared with the control. Significant differences in CD4"CD62L" T-cell subset mainly
accounted for the decreased expression of adhesion molecule CD62L (Leu8) on bone
marrow T-lymphocytes (13.7 £ 2.4% vs. 30.5 £ 5.2%, p = 0.005).
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Conepsxanne T-murotokcuueckux mumdponutos CD3'CD8'CD57" kocTHOro
mo3ra nnpu OCCIO y neteii ObUIO MOBBIIIEHO MTPU COMOCTABIEHUH C PE3yJIbTaTaMU
B rpymnme cpaBHeHus (p = 0,028). Ha ocHOBaHNYM NPOBEAEHHOTO aHAIN3a yCTaHOB-
JICHBI IOCTOBEPHBIC PA3IHYMSA B CyONOIyISIIMOHHOM COCTaBe JUM(OINTOB KOCT-
HOTO Mo3ra mpu pabromuocapkome ot pesynasratoB npu OCCHO y nereit. [lpu
OCCIO BrisBNEHo npeobnananue T-mutoTokcumueckux kierok (CD3* CD8Y) —
68,5 % u 50,5 %, p = 0,001 u 6onee Huzkue ypoHu TCRyd-mumponmros — 10,0 u
15,8 %, p = 0,01. [Ipu conocraBieHnn CyOIOIMyIISIIMOHHOTO COCTaBa JIUMQOIUTOB
KOCTHOTO MO3Ta INpH pabaoMHOcapkoMe ¢ (pakTopaMu IMPOTHO3a YCTAHOBJIEHBI
JOCTOBEpHBIE B3aMMOCBsI3U. [Ipy pacpocTpaHEHHBIX CTaguAX PadIOMHOCAPKOMBI
y AeTel Mo CPaBHEHMIO C JOKAJIM30BAHHBIMU OITyXOJISIMH BBISBICHO IMOBBIIICHHUE
yposust CD62L" 3penbix T-numdormuros — 69,8 u 35,5 %, p = 0,016, cHuxenue
NK-knerox — 18,6 u 6,9 %, p=0,039, u ydT-numpormros — 18,5 u 11,0 %,
p =0,019. ConocTaBUTENbHBINA aHATH3 YPOBHS CYOIOMYISIAN TUM(OIUTOB KOCT-
Horo Mmosra npu OCCIO mnokaszam CHIXGHHE KOJIMYECTBAa AaKTHBHUPOBAHHBIX
(CD3'CD8'CD38") T-uuroTokcuueckux kietok — 41,7 u 63,2 %, p = 0,024 u y5T-
mamborutos 7,6 n 12,9 %, p= 0,016 y manneHToB U3 rpymIIsl BBICOKOTO PUCKA.

Bbi1600: nipoBeicHHOE HAMH HCCIIEIOBaHNE BBUIBHIIO PA3INYUs CyOOIyIISIH-
OHHOTO CcOCTaBa JUM(OHUIHBIX KIETOK y neTed mpu padmpomuocapkome u OCCIHO
OT TIOKa3aTenel B Tpymie aerei, 6e3 Ipu3HaKOB 3JI0KaueCTBEHHOM ommyxonu. Hamu
YCTaHOBIIEHBI OCHOBHBIE 3(P(QEKTOPHBIE KJIETKH KOCTHOTO MO3Ta HpH padaoMuo-
capkome u OCCIO y neteii. [TonydyeHHble TaHHBIE CBUIECTEIHCTBYIOT O BO3ZMOYKHO-
cTi (POPMUPOBAHUS TPYMI MAUEHTOB JJIsi IPUMEHEHHST UMMYHOMOYIHPYIOIINX
IpernapaToB.

KaioueBsie cioBa: cyonomyssiuny TMM(OIUTOB, HOPMAJIbHBIH KOCTHBIA MO3T,
T-nmumdonurer, NK-knerku, TCRyS-mumborurel, padaomuocapkoma, OCCIO.

BBenenue

CapkoMBbl MATKUX TKaHEH M KOCTEH cocTaBisitoT 12 % OT BceX 3710KaueCTBEH-
HBIX OITyXOJIeH NETCKOTO Bo3pacTa. HecMOTps Ha MOCTHMIKEHHUS TOCIEIHEro Jecs-
TWIETHS B 00JACTH JICUEHHS CapKOM Y JIeTeW, MPOTHO3 MPH pPacIpOCTPaHEHHBIX
CTaauAX OITyXOJIEBOTO Ipollecca OcTaeTcss HeOmarompusaTHeIM u S-metHsst OB
60npHEIX He npesbimaet 25-30 % [15; 25].

Jlo cux TOp HE H3YYCHbl HMMYHOJOTHYECKHE (DAKTOphI MPOrHO3a MpH
COMUAHBIX OMyXojsax y mereil. Ocoboe MECTO B 3THUX HCCIICAOBAHHIX 3aHHMAET
M3y4eHHe UMMYHHOM CHCTEMBI KOCTHOTO MO3ra. B mocieanue rojipl 10Ka3aHo, 4To
KOCTHBIM MO3T UrpaeT BaXKHYIO POJIb B KaHIIEPOTE€HE3e U MeTacTa3upoBaHuu. VM-
MYHHbBIE KJIETKM KOCTHOT'O MO3Ta MOTYT BBITOJHSThH 3alIMTHYIO IPOTHUBOOITYXOJIe-
BYIO (DYHKITHIO.
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Children with ESFT presented with elevated levels of bone marrow T-cytotoxic
lymphocytes CD3'CDS8'CD57" as compared to the control (p=0.028). The
analysis discovered significant differences in bone marrow lymphocyte subsets
between children with rhabdomyosarcoma and with ESFT. Cases with ESFT were
characterized by predominance of T-cytotoxic cells CD3*CD8" (68.5% vs. 50.5%,
p=0.001) and lower levels of TCRyd lymphocytes (10.0% vs. 15.8%, p=0.01).
Significant correlation was discovered between bone marrow lymphocyte subset
composition and prognostic factors in rhabdomyosarcoma. Children with advanced
rhabdomyosarcoma as compared with localized disease had elevated levels of
CD62L" mature T-lymphocytes (69.8% vs. 35.5%, p = 0.016), decreased levels of
NK-cells (18.6% vs. 6.9%, p=0.039) and ydT lymphocytes (18.5% vs. 11.0%,
p=0.019). ESFT patients at high risk demonstrated decreased levels of activated
(CD3°CD8'CD38") T-cytotoxic cells (41.7% vs. 63.2%, p=0.024) and 8T
lymphocytes (7.6% vs. 12.9%, p = 0.016).

Conclusion. Our findings showed that lymphoid cell subset composition in
children with rhabdomyosarcoma or ESFT differed from that in children free from
malignancy. Principal bone marrow effector cell subsets were identified in children
with rhabdomyosarcoma and ESFT. Our analysis provides basis for stratification
of patients for immunomodulating therapy.

Key words: lymphocyte subsets, normal bone marrow, T-lymphocytes, NK-
cells, TCRyd lymphocytes, rhabdomyosarcoma, ESFT.

Introduction

Soft tissue and bone sarcomas account for more than 12% of all childhood
malignancies. Notwithstanding the progress in the treatment of childhood sarcoma
over the last decade, prognosis in advanced disease remains poor and 5-year
overall survival is not more than 25 to 30% [15; 25].

Immunological factors of prognosis in children with solid tumors have not been
properly studied yet. Study of bone marrow immunity is of much significance be-
cause bone marrow was recently shown to play an important role in carcinogenesis
and metastasis processes. Bone marrow immunity cells may have a defensive anti-
cancer function.
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[okazano, 4to 3penbie T-mMM(OINTHI KOCTHOTO MO3Ta CHOCOOHBI CIEP)KUBAThH
B TEUEHME AJUTEIBHOTO BPEMEHU Pa3BUTHE KOCTHOMO3TOBBIX METAcTa30B M3 JMC-
CEMUHHPOBAaHHBIX OITyXOJIEBBIX KJIETOK. HampoTuB, HpHCYTCTBHE BBIpaKCHHOU
nponopuuu T-perynsroprbix kietok (CD4"; CD25") acconmupyeTcs ¢ pa3sBUTHEM
MeTacTasoB npH capkome FOwunra [8].

B03MOXXHOCTH HCTOJIB30BAHUSI KJIETOK KOCTHOTO MO3Ta C JICYeOHON IETbI0 MpH
capkoMax OBUIH BIIEPBbIC MPOJECMOHCTPHUPOBAHBI B 3KCIIEPUMEHTAIBHBIX padoTax
I'.W. [leituman u coast. (1982). Beenenne cycneHsnn KIETOK HOPMAIBHOTO KOCT-
HOTO MO3ra XOMSAYKaM C METACTaTUUECKUMH OIMyXOJSIMH MPUBOAMIO K yMEHBIIIC-
HUIO KOJIMYECTBAa M pa3Mepa JIETOUHBIX METAacTa30B MM K MX MOJHOM penyKIuu
[1]. HanpHeiimune uccieqoBaHMs MPOBENCHBI Ha co0akax: BbIABICHA PErpeccHs
JIETOUHBIX METACTa30B MPU BBEACHUM KIETOK KOCTHOIO MO3Ta KUBOTHBIM IIPHU OC-
TEoCapKOMeE U yBEIWYEHHE 00IIeH BBKMBAEMOCTH KUBOTHBIX [3].

H.H. Tpane3nukoB u coast. (1993) npoBenu kiInHUYECKOE HccienoBanue y 24
OOJIBHBIX 0CTEOCApKOMOMN, KOTOPBIM IOCIIE PAANKAIBHON ONeparuy, Oblia BIION-
HeHa TpaHc(y3Hs CyCIIeH3MH KJIETOK aJUIOTeHHOTo KOocTHOro mosra. Ilepwon Ha-
OmoneHus 3a nanueHTamMu cocrasuia 8 ner. bosee yem y 50 % manneHToB HE BBHI-
SBJICHO METACTa30B 4epe3 4 ro/a HaOMoICHHS.

B 3Tux paboTax chenmaHo MpPEANONOXKEHHE, YTO KIETKH €CTECTBEHHOH pe3u-
CTEHTHOCTH HTPAIOT poiib 3(h(HEeKTOPOB MPOTHBOOITYXOJIEBOT0 UMMyHHTETa [13].

B mocnennune ronsr oTkpeiTa BaskHas pois TCRyYS-miMQOIHTOB, €cTeCTBEHHBIX
kuiepHbix kietok (NK-kieTok), a Takke HEKOTOPBIX OCOOBIX CyOMOmyJsiui
nmumdorutos (Hanpumep, CD57" KJ1eToK) B NPOTMBOOIYXOIEBOM HMMYHHUTETE.
AHaJN3 3TUX CYONOMyJISAIUN B KOCTHOM MO3Te ICTeH ¢ cCapKOMaMU MSTKHX TKaHen
U KOCTEH He MPOBOJUIICS.

B nwmreparype BcTpedaroTcs UMb €AMHUYHBIC PaOOTHI MO CPABHUTENBHOM Xa-
PaKTepUCTHKE MMMYHOKOMIIETEHTHBIX KJIETOK KOCTHOTO MO3ra 3J0pOBBIX JA€Ted U
JeTell ¢ COMMIHBIME OITyXOJISIMH. YTITyOJICHHBIN aHaIu3 IMM(OIUTAPHBIX CYOIIOIy-
JSIOMA KOCTHOTO MO3ra MpH CapKOMax y JeTeH, HECOMHEHHO, MPECTABIACT aKTy-
ANbHYIO 3371ady, TaK KaK B IIEPCHEKTHBE MOXKET OBITh HCIIONB30BaH AL pa3padOTKH
1 COBEPIICHCTBOBAHNSI HIMMYHOTEPAIIEBTHUECKUX MTOJX0I0B Y 3TUX OOJIBHBIX.

ILlenvio pabomur sIBIACTCS W3YyYCHUE KIMHUYECKH 3HAYMMBIX OCOOEHHOCTEH
CyONOMy IAIMOHHOTO COCTaBa 3peNbIX JUM(OIHUTOB KOCTHOTO MO3ra y JAeTed
OO0JIBHBIX PabJOMHOCAPKOMOI1 U OIyXOJISIMH ceMeiicTBa capkoMbl HOuHTa.

MartepuaJjibl 1 METOABI

Uzyuenne cyOmomymsiunii JIMMQOIHUTOB KOCTHOIO MO3ra INpoBesneHo y 49 ne-
TeH, MpoxXoAMBIIMX obOcnenoBanue u nedenne B HUU nerckoit oHKonoruu u rema-
tonoruu ®I'BY «POHL] um. H.H. bioxuna» PAMH B mepuon ¢ nexabpst 2005 mo
¢despans 2011 rona. Ilo pe3ynpraTaMm KOMIDIEKCHOTO 0OCIieToBaHMUs OOJBHEBIE pac-
MPEAETUINCH Ha 3 TPy
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Mature T-lymphocytes can delay for a long time development of bone marrow
metastasis from disseminated tumor cells. On the opposite, detection of a marked
subset of T-regulatory cells (CD4'CD25") is associated with metastasis in Ewing’s
sarcoma [8].

G.I. Deutcham et al. (1982) were the first to demonstrate therapeutic potential
of bone marrow cells. Injection of normal bone marrow cell suspension to hamsters
with metastatic lesions reduced the number and size of pulmonary metastases or
led to their complete regression [1]. Further experiments on dog models of
osteosarcoma showed that the treatment with bone marrow cells resulted in
regression of pulmonary metastases and improvement in overall survival of
animals [3]. N.N. Trapeznikov et al. (1993) conducted a clinical trial in 24 patients
with osteosarcoma receiving transfusion of allogeneic bone marrow cell
suspension after radical surgery. Within a follow-up of 8 years more than 50% of
patients were alive free from metastases for 4 years. Basing on these findings the
conclusion was made that natural resistance cells played the role of effectors of
antitumor immunity [13].

TCRyS lymphocytes, NK-cells and some lymphocyte subsets (CD28", CD57"
cells etc.) were recently found to play a significant role in anticancer immunity.
However these bone marrow subsets have not been analyzed in children with soft
tissue sarcoma.

There are few reports comparing immunocompetent bone marrow cells
between normal children and pediatric patients with solid tumors. In-depth analysis
of bone marrow lymphocyte subsets in pediatric sarcoma is of much interest since
it may be further used for development and improvement of immunotherapeutic
approaches in this setting. The purpose of this study was to analyze clinically
significant specificity of mature lymphocyte subsets in bone marrow from children
with rhabdomyosarcoma and ESFT.

Materials and methods

We studied bone marrow lymphocyte subsets in 49 children managed at the
Pediatric Oncology Research Institute, N.N. Blokhin Russian Cancer Research
Center RAMS, during December 2005 through February 2011. Basing on complex
examination the patients were divided into 3 groups:
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=  crpajaronme pabaoMHOCapKOMOH,

= crpagatomue OCCIO,

®  JIeTH, Y KOTOPBIX B X0JI¢ KOMIIIEKCHOTO 00CJI€0BaHUs JUarHo3 3J0Kave-

CTBEHHOH OITyXOJH ObII HCKITIOYEH.

VY 34 OonBHBIX MOATBEP)KAEH AMATHO3 3JI0KAYECTBEHHOH OIMyxomu (pabmoMuo-
capkoma — 18, omyxomm cemeiicTa capkomsl FOunra — 16). Y 15 mereit, mpoxonus-
mux oocnenoBanne B HUM JIOI" ®I'BY «POHII um. H.H. Bioxuna» PAMH no
MIOBOJIY MOJO3PEHNS HA OHKOJIOTHYECKYIO MATOJIOTHIO, B X0O/1¢ KOMIIIEKCHOTO 00cIie-
JIOBaHUS AWArHO3 3J0KaYECTBEHHON OIyXONM OBUT MCKIJIFOYEH. MBI HCIOIb30BAIN
pe3yabTaThl UCCIEAOBaHHS CYONOMYISIMHA JTUM(OIUTOB KOCTHOTO MO3ra Yy 3THX
Jereil (Tpymnma CpaBHEHHs) [UIS COIIOCTABJICHUS C Pe3ysbTaTaMM, MOJTY4YEeHHBIMU Y
OOJIBHBIX 3JIOKAYEeCTBEHHBIMH OIMyXOisiMH. CpeHUI BO3pacT JieTel B IPyIIe CpaB-
HeHus coctaBul 8,4 roma (meauana — 9 jer, 1+17 ner). B ananusupyemoii rpyrme
nipeobiananmy Manpuuku — 11 (73,3%). [Ipyunnamu obparieHns: pogurenel ¢ 1eTh-
vu B nomukinunanky HUW IOT” ®I'BY «POHL mm. H.H. bnoxunay PAMH 6pum
BOCHAINTENbHBIE 3a00J1€BaHus, TOOPOKAaUECTBEHHBIE OIyXOJH, MOPOKH Pa3sBHTHSA
OpraHoB W TKaHeH. BceM IeTsiM NpoBeleHO KOMIUIEKCHOE 00CIIem0BaHME, BKIIIO-
Yarolee BU3yaIn3UpyIOIIUe 1 1a00paTOpHbIE METOABL.

BompHBIM OBIJIO TIPOBEAEHO CTaHAAPTHOE O0IIee KIMHUYECKOe O0CIeIOBaHME,
BKJTIOYAIOIIEE COBPEMEHHBIE METOBI THArHOCTUKH OHKOJIOTMYECKHX 3a00IeBaHMI.
Jluaruo3 Bo BCex Citydasix ObUT BEpHU(PUIIMPOBAH HA OCHOBAHHH MOP(HOIOrUIESCKOrO
WM UMMYHOTHCTOXMMHMYECKOTO HCCIEAOBaHUS MaTepHaia IMEepBUYHON OIyXONH B
OT/eJIe MaTOJIOTMYECKOM aHATOMUH OITyXoJiel yenoBeka. BceM O0IBHBIM ITPOBEICHO
MopdoJIoruueckoe 1 IMMYHOJIOTHUECKOE HCCIIeJOBAaHUE KOCTHOTO MO3Ta.

MaTteMaTHuecKue pacueTsl MPOBEAEHBI ¢ MOMOILIbI0 ImporpaMMel SPSS 15 u
BKJIIOYQJIM KOPPEJILMOHHBIN aHanu3 (kosdduument I[Iupcona), cpaBHeHUE cpen-
Hux (kputepuii CThroneHTa), M TOUHBINA Kpurepuit @umepa ¢ U 95 %. Pazmmuns
CUMTAINCH CTATUCTUYECKH 3HaunMbIMu TIpH p < 0,05 (95 % TouHOCTR).

Hmmynonozuueckue uccnedosanusn cyononyiayui

AUMPOUUMOE KOCIHO20 MO32a

OOBeM KOCTHOTO MO3Ta JUIsi UMMYHOJIOTHYECKOTO HCCIIEeIOBaHHs, BO M30exa-
HUE KOHTaMUHaIuK nepudeprdeckoil KpoBbto, cocrasisut He Oonee 0,5 mu. Coop
KJIETOK OCYIIECTBIISUIM Ha mpoTtodHoM Iuromerpe FACScan (BD), nocnenyrommuit
aHaJIM3 POBOAMIIN C UCTIONBb30BaHUEM rporpammbl WinMDI 2.8.

Slnpocozeprkaliye KIeTKM KOCTHOrO MO3ra BBIIEISUI ITyTEM CTaHAApTHOTO JIM3UCca
sputpormToB (ncnonbs3oBad FACS Lysing solution, BD). Okpacky imuMbonaHbIX nory-
TSI KOCTHOTO MO3Ta TIPOBOJFIIN C HMCTIONB30BaHIEM IMpokoi manem MKA (tpex-
BeTHas (ryopecteriwst), npomBoautenb Becton Dickinson, USA. Ilanems anTHTEN
npezacTaBieHa B Tabi. 1. Onpenernsui MpOTOYHO-IUTOMETPHIECKH POLEHT T-KIIeToK,
B-kretok 1 NK-kietok cpem 3pensix mumormtos (CD45™), puc. 1A; cM. BKIeiiky.
Cy6nomnymsimu T-mumdoruToB onpeensu cpemu 3pebix CD3 " T-kietok, puc. 15.
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= rhabdomyosarcoma,

= ESFT,

= children free from malignancy.

The diagnosis of malignancy (18 rhabdomyosarcomas, 16 ESFT) was
confirmed in 34 patients and excluded in 15 patients undergoing complex
examination at the PORI, N.N. Blokhin Russian Cancer Research Center RAMS.
Results of study of bone marrow lymphocyte subsets in the latter (control group)
were used for comparison with those in patients with malignancy. Mean age of the
control patients was 8.4 years (median 9 years, range 1 to 17 years). Most patients
(11, 73.3%) in the study group were boys. Reasons for referral to the out-patient
clinic of the PORI, N.N.Blokhin Russian Cancer Research Center RAMS,
included inflammatory disease, benign tumor, organ or tissue defect. All children
underwent complex examination including standard up-to-date visualization and
laboratory tests for cancer diagnosis. The diagnosis was verified morphologically
or immunohistochemically at the Human Tumor Pathologic Anatomy Department
in all cases. All the patients underwent morphological and immunological study of
bone marrow.

Mathematical calculations were made using a SPSS 15 program and included
correlation analysis (Pearson’s coefficient), comparison of means (Student’s test)
and Fisher’s exact test with a 95% confidence interval. Differences were
considered statistically significant at p < 0.05 (95% accuracy).

Immunological study

of bone marrow lymphocyte subsets

Volume of bone marrow samples was not more than 0.5 ml to avoid dilution
with peripheral blood. Cells were collected using a FACScan (BD) flow cytometer,
further analysis was made using a WinMDI 2.8 software.

Bone marrow nucleated cells were isolated by standard erythrocyte lysis (using
a FACS Lysing solution, BD). Staining of bone marrow lymphocytes was
performed using a broad monoclonal antibody panel (three-color fluorescence)
supplied by Becton Dickinson, USA. Table 1 demonstrates the antibody panel.

Proportions of T-cells, B-cells and NK-cells among mature lymphocytes
(CD45™") were determined by flow cytometry (fig. 1A). T-lymphocyte subsets
were identified among mature CD3" T-cells (fig. 1B).
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Ta6ununa 1
[Manens MKA st nzydenus cyononyssiiuid tumgonntoB KM nereit
IIpo6upxa FITC PE PE/Cy5 (PerCP) IIpumeuanue
1 IgG2a IgGl IgGl KonTpons
2 1gG2a IgG1 CD45 Kontposp
3 CD3 CD56 CD45 T-xnerku u NK-knetku
4 CD19 CD5 CD45 B-numdonutst
5 I1gG2a IgGl CD3 KonTtpons B npenenax T-k-k
6 CD4 CD62L CD3 T-xennepsl, B T.4. CD62L
7 CD8 CD38 CD3 T-muroTokc. kK-ku, T.4. CD38
8 CD8 HLA-DR CD3 T-uutorokc. mumd., 1.4 HLA-DR+
9 CD57 CD8 CD3 T-uutotokc. mumd., B T.4. CD57
10 CD8 CD28 CD3 T-uutotokc. numd., B T.4. CD28
11 TCR off CD25 CD3 TCR of T-mumd., B T.9. CD25
12 TCR yd CD2 CD3 TCR yd T-nmumd.

Pe3yJ’ILTaTI)I JIeueHus: OOJILHBIX pa6[[0MHOC&pKOMOﬁ

Tabnuma 2

PesynpraTer* [Mammentsr, n(%)
[MomwsIi 3 dekt 8(44,5)
YactuaHbid 3P PeKT 5(27,8)
Crabunusamnus 3(16,7)
OTKa3 OT JIeueHus 1(5,5)
[IporpeccupoBaHme Ha JICUCHUH 1(5,5)
Bcero 18(100)

*PenuuB OCIe OKOHYAHUS JIeUeHUs HacTynm y 1 GonbHOro, W 4 ciayyast.

Tab6numa 3

Pacnpeneneane 6ompHEIX OCCHO B 3aBUCHMOCTH OT HaJM4Us JaKTOPOB pHCKa

DaxTOpHI pUCKa [Manmentsr, n(%)
MertacTassl 4(25)
AKcHaIbHBIE OIyXO0JIN 8(50)
Bospact ctapme 15 ger 4(25)
Huzkuii 0TBET Ha MHIYKTHBHYIO XUMHOTEPAIHIO 4(25)
V om. > 100 e’ / 1 mopax. fu1. TpyGUaToii KocTH > § cM 7(43,8)
Hannune MATKOTKaHHOTO KOMITOHEHTA 8(50)
[osrsimenue yposast JIJII' 3(18,8)
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Table 1
MCA panel for study of bone marrow lymphocyte subsets in children
Tube FITC PE PE/Cy5 (PerCP) Comment
1 IgG2a IgGl IgG1 Control
2 IgG2a IgGl CD45 Control
3 CD3 CD56 CD45 T-cells and NK-cells
4 CD19 CD5 CD45 B-lymphocytes
5 IgG2a 1gG1 CD3 Control within T-cells
6 CDh4 CD62L CD3 T-helpers incl. CD62L"
7 CD8 CD38 CD3 Cytotoxic T-cells incl. CD38"
3 CDS HLA-DR CD3 Cytotoxic T—lymgh. incl.
HLA-DR
Cytotoxic T-lymph. incl.
9 CD57 CD8 CD3 CD57"
Cytotoxic T-lymph. incl.
10 CD8 CD28 CD3 CD28"
11 TCRop CD25 CD3 TCRop T-lymph. incl. CD25"
12 TCRyd CD2 CD3 TCRyd T-lymph.
Table 2
Treatment outcomes in children with rhabdomyosarcoma
Outcomes* Patients n, (%)
Complete response 8(44.5)
Partial response 5(27.8)
Stable disease 3(16.7)
Refusal of treatment 1(5.5)
Progression on therapy 1(5.5)
Total 18(100)
*Relapse after treatment cessation in 1 case, death in 4 cases
Table 3
Distribution of ESFT patients with respect to risk factors
DaxTOpHI pHUCKa Patients n, (%)
Metastasis 4 (25)
Axial tumors 8 (50)
Age above 15 years 4 (25)
Poor response to induction chemotherapy 4 (25)
Tumor vol. more than 100 cnt’ or long bone lesion more than 8 cm 7 (43.8)
Soft tissue component 8 (50)
LDH elevation 3 (18.8)
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B nccnenoBanue BrimodeHsl 18 nereit ¢ padnomuocapkomoit ot 1 roga go 15
neT, cp. 7 net; M — 8 (44,4 %), 1 —10 (55,6 %). [lepBuuHast TOKATU3AIHSI OITYXOJIH:
obsiacTh ronoBel U med — 10 (mapameHMHreanbHas JIoKaau3anus — 8, B T.4. 4 ¢
WHTpPaKpPaHUAIBHBIM POCTOM; OpOHTa — 1, MATKHE TKaHU nuna — 1), Manbii a3 — 4
(mpencrarenbHas keneza — 1), KOHEYHOCTH — 2, TapaBepTeOpabHas JOKAIN3aNs
— 1, He BBIIBIICHA MTEPBUYHAS JIOKATU3ALNS OIyXOIH — 1.

Cranuu 3a0o0neBanust B COOTBeTCTBUH C Kiaccuukanueit TNM: 1 -3 [ 11— 7,
Il — 3 u IV — 5 manmenToB. Hann4me meracTta3oB: B permoHapHbIe TuMdarnde-
ckue y3imel — 7 (38,9 %) GonbHBIX, OTAATICHHBIE (JIETKHE, KOCTHBINH MO3T, MATKHE
TKaHU CIIUHBI) — 5 ManueHToB (26,6 %).

JleueHne MaMeHTOB MPOBEIECHO 10 MEKIYHAPOIHBIM IIPOTOKOJIAM U MPOTOKO-
JaM, YTBEpXKACHHbIM Ha YydeHblx coBetax HUM JOI' ®I'BY «POHL] wum.
H.H. bnoxuna» PAMH. Ilocnennuii nanueHT BKJIIOUEH B HCCIENIOBaHHE
21.02.2011. Ananuz pe3ynbraToB JieueHus mposeneH Ha 24.05.2011. Dddexrus-
HOCTH JICUCHUs OIIEHHBATACH COOTBETCTBEHHO CTaHIAPTHBIM KpUTEPHAM d(p¢ek-
THBHOCTH JieueHus (Tadm. 2).

B uccnenoanne Brmouensl 16 gereit ¢ OCCIO B Bo3pacte oT 2 mo 16 ier,
cpemuamii Bo3pact 10,5 met, m— 11 (68,7 %), 1— 5 (31,2 %).

Huarno3 OCCIO ycraHaBiIMBadl HAa OCHOBAaHHH WMMYHOTHCTONOTHYECKUX H
MOJIEKYJIIPHO-TEHETHUECKHX HcciienoBanuil. [Ipeobnanana kmaccudeckas capkoma
IOunra — 12 manuentoB (75 %), IpUMHUTHBHAS HEHPOIKTOAEPMAIbHAS OIYyXOJb
(ITH20) BesBnena B 3 ciyyasx (18,7 %) u onyxons Ackuna — B 1 (6,2 %) ciryuae
(Tabm. 3).

ITo mpoTokomny Tepanuu GosbHBIX rpynmbl Beicokoro pucka OCCIO neuenue
npoBegeHo 13 mammenram. JledyeHne OONMBHBIX TPYNIBI CTAHIAPTHOTO PHCKA
OCCIO mposeaeno 3 (mpotokon CHO—Crannapt—2000) mamuentam (tadai. 4).

Pe3y.m)TaT1,1 HCCJICA0BaAaHUSA

B muteparype OTCyTCTBYET €IMHCTBO MHEHHH OTHOCHTENHFHO HOPMAIBHOTO CO-
JEepKaHUs Pa3IUYHBIX CyOTIOMyJIAIiA JTMM(OITOB B KOCTHOM Mo3re pebenka. o
9TOM MPUYUHE CYOMOMYJIIIMOHHBIA COCTaB JIMM(OIIMTOB KOCTHOTO Mo3ra y 15 aetei,
y KOTOPBIX B X0JI€ KOMILJIEKCHOTO 00CJI€I0BaHUs JIMArHO3 37I0KaYeCTBEHHOH OIyXO0JH
ObLT CKITIOUEH, MOXKET ObITh PACCMOTPEH KaK «IpyTIIa CPAaBHEHHUS», TO €CTh — MOKa3a-
TEJIM TIPU OTCYTCTBUH OHKOJIOTMYECKOH MaToNIOruH. Pe3yiibraTsl IMMYHOIOTHYECKOTO
MCCIIeJOBaHNS KOCTHOTO MO3T'a ATHUX JISTEH MpeJICTaBIIeHbI B TalI. 5.

B kocTHOM MoO3re jgereil, He UMEIOIIMX 3JI0KAYECTBEHHOH OITyX0JIH, peodia-
naroT 3penbie T-xietku (B cpegaeM 60,8 %; tabn. 5). KommuectBo CD3" u CD5"
muMQOLIMTOB TIpakTHYEckH coBmanaeT. Conepxanue CD7 KIeTOK, H3ydeHHOE Y
Tpex jeteif, He GbUT0 Gosiee BbicOKUM (B cp. 57,1 %), yem konmuectBo CD3" u
CDS5" nuM(OUUTOB, YTO CBUJETENLCTBYET 06 OTCYTCTBUM T-KIIETOUHBIX Mpeiie-
cTBeHHHUKOB B Teifre CD45™" numdonuTos.
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The study was performed in 18 children with rthabdomyosarcoma aged 1 to
15 years (mean 7 years) including 8 (44.4%) boys and 10 (55.6%) girls. Primary
tumor sites were head and neck in 10 (8 parameningeal tumors including 4with
intracranial growth, 1 orbital and 1 facial soft tissue tumors), small pelvis in 4
(1 prostate tumor), limbs in 2, paravertebral region in 1 and unknown in 1 cases.

Distribution of patients by TNM stage was as follows: 3 with stage [, 7 with
stage II, 3 with stage III and 5 with stage IV. Regional lymph node involvement
was found in 7 (38.9%) and distant metastasis (lung, bone marrow, soft tissues of
the back) in 5 (26.6%) patients.

The patients received treatment by protocols approved by international
organizations and scientific councils of the PORI, N.N. Blokhin Russian Cancer
Research Center RAMS. The last patient was enrolled on the 21* of February,
2011. Analysis of treatment outcomes was made on the 24™ of May, 2011,
Response was assessed by standard criteria (table 2).

A total of 16 patients aged 2 to 16 years (mean 10.5 years) with ESFT were
enrolled including 11 (68.7%) boys and 5 (31.2%) girls.

The diagnosis of ESFT was made basing on immunohistological and molecular
genetic studies. Classical Ewing’s sarcoma was predominant 12 (75%), primitive
neuroectodermal tumor (PNET) was found in 3 (18.7%) and Askin tumor in 1
(6.2%) cases. Frequency of detection of risk factors in children with ESFT is
demonstrated in table 3.

Treatment by the protocols for high risk ESFT was given to 13 and for standard
risk ESFT (protocol ES-Standard, 2000) to 3 patients; the outcomes are
summarized in table 4.

Results

Literature data concerning relatively normal composition of lymphocyte
subsets in bone marrow of children are equivocal. Therefore the 15 children in
whom the diagnosis of malignancy was excluded formed a comparator group and
their bone marrow lymphocyte subset composition was considered characteristic of
patients free from malignancy. Table 5 summarizes bone marrow immunological
findings in these children.

Bone marrow from malignancy-free children demonstrated preponderance of
mature T-cells (mean 60.8%) (table 5). Counts of CD3" and CD5" lymphocytes
were similar. Proportions of CD7" cells in 3 children were not higher (mean
57.1%) than those of CD3" and CD5" lymphocytes which was evidence of the ab-
sence of T-cell precursors among CD45"" lymphocytes.
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Tabnuma 4

Pesynbrats! neuenus 6oapHEIX OCCHO

Pesynbrar n manueHToB(%)

[omnuenii addexT 11 (68,8)

Yactuussli 3¢ dexT 3 (18,8)

Crabun3zanusi 3a001eBaHus 1 (6,2)

IIporpeccus Ha JeueHUH 1 (6,2)
Tabnuma 5

Cyomomysius TuMQOIUTOB KOCTHOTO MO3Ta JIeTeH TPYMITBI CPAaBHEHUS

Ne Mapkep %, M+ m, N ManueHTos™
1 CD3 60,8 5,0 15
2 CD3'CD8" 50,5+24 14*
3 CD3'CD4" 39,3+£2,8 14*

CD3'CD4"/ %

4 CD3'CDS’ 0.8+0,09 14
5 CD5 59,2+54 13*
6 CD19 278+45 15
7 CD19'CD5" 14,6 £42 13*
8 CD20" 253+3.8 15
9 CD3-CD56" 94+1,7 12*
10 CD3'CD56" 12,6 £5,5 13*
11 TCRap 86,4+ 1,5 13*
12 TCRyd 92+1,4 11%*
13 CD8'HLA-DR" 89+14 11%*
14 CD3'HLA-DR" 12,2+19 13*
15 CD25'TCRaf" 56+1,1 10%*
16 CD3'CD38" 66,0 +7,3 11%*
17 CD8'CD38" 34,6 +3,7 10%*
18 CD8'CD28" 49,1 +10,3 11%*
19 CD3'CD57" 16,9+ 5,6 11%*
20 CD8'CD57" 11,6 £5,0 10*
21 CD3'Leu8” 479+17,5 11%*
22 CD4'Leu8” 17,6 £3,5 10%*

*norga obciaeaoBano < 15 geTei, T.K.

JUISL N3YYEHHS BCEX MapKEpPOB.

K0/I-BO KJIeTOK KM OBLIIO HEIOCTATOYHBIM
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Table 4
Treatment outcomes in ESFT patients
Outcomes Patients, n(%)
Complete response 11(68.8)
Partial response 3(18.8)
Stable disease 1(6.2)
Progression on therapy 1(6.2)
Table 5

Bone marrow lymphocyte subsets in malignancy-free children (comparator group)

Ne Marker Percentage, mean + SD Patient, n *
1 CD3 60.8+5.0 15
2 CD3'CD8" 50.5+2.4 14*
3 CD3'CD4" 39.3+2.8 14*
4 CD3'CD4"/ CD3"CD8" 0.8+0.09 14*
5 CD5 59.24+5.4 13*
6 CDI19 27.8+4.5 15
7 CD19'CD5" 14.6+4.2 13*
8 CD20" 25.3+3.8 15
9 CD3- CD56" 9.4+1.7 12%
10 CD3'CD56" 12.6+5.5 13*
11 TCRof 86.4+1.5 13*
12 TCRy 92+14 11%
13 CD8HLA-DR" 8.9+1.4 11%
14 CD3 'HLA-DR" 12.2+1.9 13*
15 CD25 TCRaf" 5.6+1.1 10*
16 CD3°CD38" 66.0+7.3 11*
17 CD8" CD38" 34.6+3.7 10*
18 CD8'CD28" 49.1+10.3 11*
19 CD3°CD57" 16.9+5.6 11*

20 CD8'CD57" 11.6+5.0 10*

21 CD3"Leu8” 47.947.5 11*

22 CD4" Leu8” 17.6£3.5 10*

*Less than 15 children were examined in some cases due to insufficient BM cell
number for study of all markers
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TaOnxuma 6
Cyomnonysmun muMmdorroB KM nereit, 6ompabix PMC 1 He mvetonmx 3HO
I'pynna cpagrenis Pabmomuocapkoma,
Ne Mapxkep 9% M+ m n nar,. P
%, M+ m n mar.
1 CD3" 60,8 + 5,0 15 59,9 £4,3 18 0,89
2 CD3'CD8" 50,5+2,4 14 50,5+3,9 16 0,99
3 CD3'CD4" 39,3+2.8 14 33,0+£2,7 15 0,12
4 %%33%?;;1 0,8 + 0,09 14 0,7+ 0,09 15 0,39
5 CD5" 59,2+54 13 62,8 +5,1 15 0,63
6 CD19" 27,8 +4,5 15 21,4+44 18 0,4
7 CD19°CD5" 14,6 £42 13 85+24 14 0,17
8 CD20" 253+3.8 15 22,9+6,2 5 0,52
9 CD3-CD56" 94+1,7 12 142+3)5 14 0,26
10 CD3'CD56" 12,6 £5,5 13 86+3,3 17 0,19
11 TCRaf 86,4+ 1,5 11 83,1+1,9 11 0,19
12 TCRyd 92+14 11 15,8+ 1,6 11 0,007
13 | CD8'HLA-DR" 8,9+1,4 11 28,7+ 6,1 10 0,004
14 | CD3'HLA-DR" 12,2+1,9 13 37,1+£6,3 14 0,001
15 | CD25TCRof’ 56£1,1 10 10,6 £2,7 10 0,77
16 CD3°CD38" 66,0+ 7,3 11 60,0+ 7,9 14 0,6
17 CD8" CD38" 34,6 £3,7 10 46,0 + 4.8 9 0,08
18 CD8'CD28" 49,1 +£10,3 11 17,8 4.9 9 0,32
19 CD3'CD57" 16,9+ 5,6 11 19,6 + 8,3 8 0,78
20 CD8'CD57" 11,6 £5,0 10 12,2+£6,2 7 0,94
21 CD3'Leu8” 479+17,5 11 35,5+7,7 11 0,08
22 CD4" Leu8” 17,6 £3,5 10 13,6 £2,5 10 0,015
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Table 6
Comparison of BM lymphocyte composition in children with rhabdomyosarcoma
and malignancy-free children

Comparator grou Rhabdomyosarcoma
Ne Marker %, meerl)niSD - Pzt., n | %, mean:tS};) Pat., n P
1 CD3 60.8+5.0 15 59.9+4.3 18 0.89
2 CD3"CD8" 50.5+2.4 14 50.5+3.9 16 0.99
3 CD3'CD4" 39.3+2.8 14 33.0+2.7 15 0.12
CD3"CD4"/

4 CD3°CD8" 0.8+0.09 14 0.7+0.09 15 0.39
5 CD5 59.2+5.4 13 62.8+5.1 15 0.63
6 CD19 27.8+4.5 15 21.4+4.4 18 0.4
7 CD19°CD5" 14.6+4.2 13 8.5+2.4 14 0.17
8 CD20" 25.343.8 15 22.9+6.2 5 0.52
9 CD3 CD56" 9.4+1.7 12 14.243.5 14 0.26
10 CD3'CD56" 12.6+5.5 13 8.6+3.3 17 0.19
11 TCRaf 86.4+1.5 11 83.1£1.9 11 0.19
12 TCRyd 9.2+1.4 11 15.8+1.6 11 0.007
13 | CD8'HLA-DR™ 8.9+1.4 11 28.7+6.1 10 0.004
14 | CD3"HLA-DR™ 12.2+1.9 13 37.1+6.3 14 0.001
15| CD25 TCRof" 5.6x1.1 10 10.6+2.7 10 0.77
16 CD3'CD38" 66.0+7.3 11 60.0+7.9 14 0.6
17 CD8" CD38" 34.6+3.7 10 46.0+4.8 9 0.08
18 CD8'CD28" 49.1+£10.3 11 17.844.9 9 0.32
19 CD3*CD57" 16.94+5.6 11 19.6+8.3 8 0.78
20 CD8'CD57" 11.6+5.0 10 12.246.2 7 0.94
21 CD3'Leus8” 47.9+£7.5 11 35.5+7.7 11 0.08
22 CD4" Leu8” 17.6+3.5 10 13.6+2.5 10 0.015
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Tabnuma 7
Cyononysiiun auMdormroB KM nereit, 6ompapix OCCIO n e nmeromux 3HO
I'pynma cpaBHEHMS OCCIO,
N Mapicep %pl}\]/[ + mp n mar. %, M+ m n Hat. P
1 CD3" 60,8 +5,0 15 543 +4,6 16 0,3
2 CD3'CDS8" 50,5+ 2.4 14 68,5+ 3,1 16 0,000
3 CD3'CD4" 393+28 14 26,9+3,5 16 0,01
+ +
4 CCDD;%]I);;/ 0,8 + 0,09 14 0,4 +0,08 16 0,002
5 CD5" 592+54 13 48,7+ 4,7 14 0,16
6 CD19" 278+4,5 15 21,8+3,5 16 0,3
7 CD19'CD5" 14,6 +4,2 13 132+24 14 0,78
8 CD20" 253+3,8 15 11,9 1 -
9 CD3- CD56" 9,4+1,7 12 18,0 +3,7 14 0,049
10 CD3'CD56" 12,6 +5,5 13 7,5+2,0 15 0,38
11 TCRof 86,4+ 1,5 13 85,1 £2.4 12 0,65
12 TCRyS 92+ 14 11 10,0+ 1,2 11 0,69
13 | CDS'HLA-DR" 8,9+14 11 33,8+54 14 0,001
14 | CD3'HLA-DR" | 12,2+1,9 13 37,5+ 63 15 0,001
15 | CD25'TCRaf" 56+1,1 10 11,0£3,7 12 0,8
16 CD3'CD38" 66,0 +7,3 11 750453 15 0,32
17 CD8'CD38" 34,6 +3,7 10 55,5+4,8 14 0,004
18 CDS8'CD28" 49,1 +10,3 11 224455 14 0,27
19 CD3'CD57" 16,9 + 5,6 11 38,4+ 6,4 14 0,022
20 CD8'CD57" 11,6 + 5,0 10 25.8+3,7 14 0,03
21 CD3"Leu8” 479+175 11 36,0 + 7.4 14 0,04
22 CD4" Leu8” 17,6 £3,5 10 13,6 £2,5 14 0,005
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Table 7
Comparison of BM lymphocyte composition in children with Ewing’s sarcoma and
malignancy-free children

Normal

ESFT

Ne Marker %, mean+SD Patient,n | %, mean+SD | Patient, n P

1 CD3 60.8+5.0 15 54.3+4.6 16 0.3

2 CD3"CD8" 50.5+2.4 14 68.5+£3.1 16 0.000
3 CD3"CD4" 39.3+2.8 14 26.9+3.5 16 0.01

CD3'CD4"/

4 CD3'CD8* 0.8+0.09 14 0.4+0.08 16 0.002
5 CD5 59.2+5.4 13 48.7+4.7 14 0.16
6 CD19 27.8+4.5 15 21.8+3.5 16 0.3

7 CD19°CD5" 14.6+4.2 13 13.2+2.4 14 0.78
8 CD20" 25.3+3.8 15 11.9 1 -

9 CD3 CD56" 9.4+1.7 12 18.0+3.7 14 0.049
10 CD3"CD56" 12.6£5.5 13 7.5+£2.0 15 0.38
11 TCRop 86.4+1.5 13 85.1£2.4 12 0.65
12 TCRyb 92+1.4 11 10.0+1.2 11 0.69
13 | CD8'HLA-DR" 8.9+1.4 11 33.845.4 14 0.001
14 | CD3'HLA-DR" 12.2+1.9 13 37.5+6.3 15 0.001
15 CD25+TCR(>£[3+ 5.6x+1.1 10 11.0£3.7 12 0.8

16 CD3"CD38" 66.0+7.3 11 75.0+£5.3 15 0.32
17 CD8" CD38" 34.6+3.7 10 55.5+4.8 14 0.004
18 CD8'CD28" 49.1+10.3 11 22.4+5.5 14 0.27
19 CD3"CD57" 16.9+5.6 11 38.4+6.4 14 0.022
20 CD8'CD57" 11.6+5.0 10 25.8+3.7 14 0.03
21 CD3Leu8” 47.9+7.5 11 36.0+7.4 14 0.04
22 CD4" Leu8” 17.6+3.5 10 13.6+2.5 14 0.005
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CormoctaBnenne cyononyisimii mm§onmros KM

TaOnuma 8

pu pabaomuocapkome 1 OCCHO

Pabpomuocapkoma

OCCIHO,

No Mapxkep % Mim r—_ %, M+ m ITam.,n P
1 CD3" 59,9 +43 18 543 +46 16 0,38
2 CD3°CD8" 50,5+ 3,9 16 68,5+ 3,1 16 0,001
3 CD3'CD4" 33,0+27 15 26,9 £3,5 16 0,18
+ +

4 ch;(é%‘;f 0,7 £0,09 15 0,4 +0,08 16 0,024
5 CD5* 62,8 +5,1 15 48,7+ 4,7 14 0,054
6 CD19" 21,4+44 18 21,8+3,5 16 0,95
7 CD19°CD5" 8,5+24 14 132424 14 0,18
8 CD20" 22,9462 5 11,9 1 -

9 CD3-CD56" 142+35 14 18,0 +3,7 14 0,45
10 CD3°CD56" 8,6+33 17 7,5+2,0 15 0,8
11 TCRof 83,1 +1,9 11 85,1 +24 12 0,54
12 TCRyd 158+ 1,6 11 10,0 £ 1,2 11 0,01
13 | CDS8'HLA-DR" | 28,7+6,1 10 338+54 14 0,55
14 | CD3'HLA-DR" | 37,1463 14 37,5+6,3 15 0,96
15 | CD25'TCRaf” | 10,6 £2.7 10 11,0 +3,7 12 0,9
16 CD3"CD38" 60,0+ 7,9 14 750+53 15 0,12
17 CD8"CD38" 46,0 + 4,8 9 555+4.38 14 0,19
18 CD8'CD28" 17,8+ 4,9 9 224455 14 0,57
19 CD3°CD57" 19,6 £ 8.3 8 38,4+64 14 0,09
20 CDS8'CD57" 12,2462 7 258 +3,7 14 0,06
21 CD3Leus8” 47,5+79 11 36,0 7.4 14 0,28
22 CD4 Leu8” 17,6 3,5 10 13,6 £2,5 14 0,36




In memory of academician N.N. Trapeznikov 51
Table 8
Comparison of BM lymphocyte composition in children with thabdomyosarcoma and ESFT
Rhabdomyosarcoma ESFT
No Marker %, Patient, %, Patient, P
mean+SD n mean+SD n
1 CD3 59.9+44.3 18 54.3+4.6 16 0.38
2 CD3'CD8’ 50.5+3.9 16 68.5+3.1 16 0.001
3 CD3'CD4" 33.0+2.7 15 26.94£3.5 16 0.18
4 %%33%%4;1 0.7+0.09 15 0.4+0.08 16 0.024
5 CD5 62.8+5.1 15 48.7+4.7 14 0.054
6 CD19 21.444.4 18 21.843.5 16 0.95
7 CD19°CD5” 8.5+2.4 14 13.2+2.4 14 0.18
8 CD20" 22.946.2 5 11.9 1 —
9 CD3 CD56" 14.243.5 14 18.0+£3.7 14 0.45
10 CD3'CD56" 8.6+3.3 17 7.54£2.0 15 0.8
11 TCRaf 83.1+1.9 11 85.1+2.4 12 0.54
12 TCRyd 15.8+1.6 11 10.0+1.2 11 0.01
13| CD8HLA-DR' 28.7+6.1 10 33.845.4 14 0.55
14| CD3'HLA-DR’ 37.146.3 14 37.5+6.3 15 0.96
15 CD25 TCRaf" 10.6+£2.7 10 11.0£3.7 12 0.9
16 CD3'CD38" 60.0+7.9 14 75.04£5.3 15 0.12
17 CD8" CD38" 46.0+4.8 9 55.5+44.8 14 0.19
18 CD8'CD28" 17.844.9 9 22.4+45.5 14 0.57
19 CD3'CD57" 19.6+8.3 8 38.4+6.4 14 0.09
20 CD8'CD57" 12.246.2 7 25.843.7 14 0.06
21 CD3Leus” 47.5¢7.9 11 36.0+£7.4 14 0.28
22 CD4" Leu8” 17.6£3.5 10 13.6£2.5 14 0.36
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WHTEepecHO OTMETHTH, YTO HaMMEHBIIee cofepkanue T-KIIeToK (1o MapKepam
CD3 u CD5) oTrmeueHo y pebeHka B Bo3pacTe 1 Tox. DTO XOPOIIO COTiacyercs ¢
JaHHBIMH JUTEpaTypshl [2; 4]. Bropoii mo BenuuuHe cyOnomyssiuuei TuMdonnTon
KOCTHOT'O MO3ra aeTeil IBIstoTcs B-KkieTku (CD19+) — 26,7 %. Takoii ke pOIeHT
B-kneTok ompeneneH y 4eTBepelx oOcienoBaHHBIX Mo Mapkepy CD20 nereit
(25,3 £3,8 %). D10 cBHIETENBCTBYET 00 OTCYTCTBHU B-IMHEHHBIX Mpe/mecTBeH-
nukoB (CD19°CD207) B mpemenax usydaembix 3peisix (CD4547) numdormron
KOCTHOTO Mo3ra jaeTeid. TpeTpio 1Mo BeMUMUYUHE MOIMYJISIIUI0 3pENbIX JUM(OIHUTOB
KOCTHOTO Mo3ra coctapisior NK-knetku (CD56'CD37) — B cpenem 9,4 %. Cym-
Ma cpemgHuX TMporeHToB T-, B- u NK-kineTok B mpemenax 3pelbIX JTUMQOITUTOB
paBHa 96,1 %, 4TO CBHIECTENBCTBYET O METOJMYECKON NMPAaBIIBHOCTH MPOTOYHO-
LUTOMETPUYECKOTO OOHAPYKEHUSI STUX MOIYIIALIUH.

JaneHelmmii ananu3 cyomomyisiiuii T-muM¢ponnToB NMpoBeIeH HaMH B TEHTe
CD3" xnerok. Usyuens T-xennepusie (CD4") u T-kumnepusie (CD8") mumdonu-
T, TCROPB 1 TCRYS T-knerku, akruBupoBanHbie sumdormtsl (CD25, HLA-DR,
CD38), a Taxxe HekoTopble ocoOble cyonomysanuu — CD57, CD28 — kak nokasa-
HO Ha pHuC. 2.

Cybnonynayuu 1umpoyumos KOCHHO20 M032a

npu paéoomuocapkome y oemeil

CormocraBieHne IMMYHOJIOTHYECKHUX JTAaHHBIX Y JIeTed NpH pabroMHOcapKoMe
C MTOKA3aTeNsIMH B TPYIIIIE CPABHEHUS MPEJCTABICHO B Ta0II. 6.

BbIsIBIEHBI TOCTOBEpHBIE PA3NM4Ms B YPOBHAX AaKTUBHPOBAHHBIX T-KIETOK
(CD3"HLA-DR"), aktusuposaunbix T-kumnepubix kietok (CD3'CD8'HLA-DR”),
T-xnetok (CD3), xoakcnpeccupytommx CD4 u Leu8 (CD62L), a Taxke T-kineTox
(CD3), nmeromux yOT-KIeTOUHBIE peleNTOpbl. Pa3muuusi coCTOSITH, B TEPBYIO
o4epe/lb, B 3HAYMMOM YBEIMUYCHUH NPH padAOMHUOCAPKOME CYONOMyIIAMN aKTH-
BUPOBAaHHBIX T-K1€TOK M T-IMTOTOKCHUYECKUX KIIETOK, @ TAK)KE B YBEIMUCHUH IIPO-
MOpINH 3penbix T-KiIeTok, sxcnpeccupytommx Ha MmemOpane TCRyd. Ilpu pabmo-
MHOCapKOME OTMEUYEHO CHIDKEHHE IMOYTH B J[Ba Pa3a IPOLEHTHOIO COJEpIKaHMs
3penbix T-kietok, koakcnpeccupytomux CD4 (T-xenmnepbl/MHAYKTOPbI) U aare3u-
onnyio Mosekyty CD62L (Leu8). TTosbimenue (B Tpu pasa) npouenta HLA-DR®
T-IIMTOTOKCHYECKUX KIIETOK CIIelyeT paccMaTpuBaTh Kak NPOSBICHHE aKTHBAIMN
KJIETOK IMMYHHOW CHCTEMBI KOCTHOTO MO3Ta IpH pabioMHocapKoMe.

Eme onuH mHTEpECHBIH pe3ysbTaT CBA3aH C YCTaHOBJIEHHEM (aKTa yBeJIude-
Hust cyonomynsiiuy TCRyO-03UTHBHBIX KIIETOK Y OOJIBHBIX pad0MHUOCapKOMOH.

[Ipn comocraBneHny CyONMOMyIAIUE TUM(OINTOB KOCTHOTO MO3ra ¢ (akTopa-
MU IIPOTHO32 TNpH PabJOMHOCAPKOME y AeTel 3HauyMMble DPa3IN4Msi OTMEUEHBI
JuIe Uit ogHoi T-kimerouHoit cyonomymswm (Leu8, CD62L). Knetku 3toro TH-
a mpeodaialiv MpY HAIMYUE METAcTa30B B PETHOHAPHBIC TUM(ATHIECKUE Y3IIbI
—09,8 £ 8,0 35,5+ 7,7 % coorBercTBeHHO, p = 0,016.
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Of interest, the lowest T-cell content (by CD3 and CD5 markers) was found in a
1-year old infant. This is consistent with literature data [2; 4]. B-cells (CD19") are the
second most common (26.7%) lymphocyte subset in bone marrow of the children. A
similar B-cell percentage was found in 4 children examined for CD20 marker
(25.5 £ 3.8%). This is evidence of the absence of B-cell precursors (CD19°CD20-)
within the mature (CD45™) lymphocyte pool. NK-cells (CD56 ' CD3-) are the third
most common subset of mature bone marrow lymphocytes (mean 9.4%). Ms of T-,
B- and NK-cells make a total of 96.1% of mature lymphocytes, therefore use of flow
cytometry may be considered methodologically reasonable.

We continued analysis of T-lymphocyte populations in the CD3" cell gate. As
shown in figure 2 T-helper (CD4") and T-killer (CD8") lymphocytes, TCRap and
TCRyd T-cells, activated lymphocytes (CD25, HLA-DR, CD38) and some specific
subsets, such as CD57, CD28.

Bone marrow lymphocyte subsets

in children with rhabdomyosarcoma

Table 6 compares immunological findings in children with rhabdomyosarcoma
and the comparator group.

The comparison discovered statistically significant differences between levels
of activated T-cells (CD3 " HLA-DR"), activated T-killers (CD3'CD8 HLA-DR"),
T-cells (CD3) coexpressing CD4 and Leu8 (CD62L) and T-cells (CD3) bearing y5
T-cell receptors. Children with rhabdomyosarcoma demonstrated a significantly
increased proportions of activated T-cells, T-cytotoxic cells and mature T-cells
expressing TCRyd. This patient group also had almost a 2-fold lower percentage of
mature T-cells coexpressing CD4 (T-helpers/inducers) and adhesion molecule
CD62L (Leu8). The observed increase (3-fold) in percentage of HLA-DR" T-
cytotoxic cells should be considered a manifestation of activation of bone marrow
immunity cells in thabdomyosarcoma.

Another interesting finding is an increase in proportion of TCRyd-positive
subset in rhabdomyosarcoma.

Study of bone marrow lymphocyte subsets with respect to risk factors in rhab-
domyosarcoma discovered significant differences only for a single T-cell subset
(Leu8, CD62L). This cell type subset was greater in patients with regional lymph
node metastases (69.8 £ 8.0% vs. 35.5 £ 7.7% respectively, p = 0.016).
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Ta se TeHIEHIUs coxpaHsiack U B oTHomennn CD4" T-kieTok, sKcrpeccH-
pytomux CD62L: 27,0+£9,2 u 13,6 £2,5 % cootBerctBenHo, p = 0,08. BaxHo
OTMETHUTH, 4T0 T-1IuMdounTs KOCTHOTO MO3ra ¢ MapkepoM Leu8 (B ocobenHocTH,
CD4") 6blIM CyIIECTBEHHO CHIKEHBI TIPU comocTapiienuyu rpynn PMC u cpabHe-
Hust. [IpoBeieHHBIM HAMU aHAIHU3 MOKAa3aJl, YTO 3TO 00YCIIOBIICHO, B TIEPBYIO OYe-
pelnb, IOKa3aTels MU y OOJIBHBIX, HE UMEIOIINX MOPAKEHHUsT PETHOHAPHBIX JTHM(a-
THUYECKHX y3710B. He MeHee MHTepecHbIe TaHHBIC MOIYYEHBl U IPH aHAIN3€e OTHa-
JIEHHOTO MeTacTazupoBaHus (MHAeKC M). B 3TOM ciydae 3HaYMMBIMH OKa3aJIUCh
TPU CyONONMyIAIMH KOCTHOMO3rOBHIX muMponutos: NK-knerku (CD56°CD3"),
TCR ap-mumponnts: 1 TCR yd-mumponuTs.

KomuaectBo NK-KJI€TOK KOCTHOTO MO3Ta IIpU HATMYUU OTAAIECHHBIX METACTAa30B
06110 3HAUMMO OoJiee HI3KUM — 6,9 £ 1,9 u 18,6 £ 4,8 % cootBercTBeHHO, p = 0,039.
DTy [aHHBIE MOTYT MMETh Ba)KHOE IPAKTHUYECKOE 3HAUCHUE, TaK KaK IO3BOJIIIOT
BbIIBUTH NK-KII€TOUHBII IMMYyHOIEHUIUT IpH mporpeccupoBannu PMC.

[NoBbimeHHOE conepxkanne ypoBHS YOT-KIETOK, B KOCTHOM MO3Te OOJIBHBIX HPH
nmuaraoctrke PMC B cpaBHEHHH C aHAJIOTMYHBIMU MOKA3aTeNsIMU y JIeTel, He MMero-
IIMX OHKOJIOTMYECKOH MaToJOTHH, MO-BUANMOMY, OTpaskaeT KOMIICHCATOPHBIN Mexa-
HM3M HUMMYHHTETa Y OONbHBIX. [Ipy pa3BUTHM OTHAJICHHBIX METACTa30B COJEPIKAHUEC
TCRyd-knerok magaer: 18,5+ 1,7 % n=7)u 11,0+ 1,7 % (n=4), p=0,019.

Cybononynayuu 1um@poyumoe KOCMHO20 Mo32a

Y Oemelii ¢ onyxonamu cemeiicmea capkomst FOunza

CormocraBisisi pe3ysbTaThl HCCIENOBAHUS CyOIOMyYIISUIA TUMQPOIIUTOB KOCTHO-
ro mo3ra mipu OCCIO ¢ rpynmoii cpaBHEHH, HE YCTaHOBJIEHO Pa3Ininii B yPOBHSIX
COJIepKaHUs 3peNbIX T-KIeToK, oneHnBaeMbIXx 1o Mapkepam CD3 u CD5, a takxke
B ypoBHsaX B-mumdporuros (CD19%). He 6bU10 pasnuuuii 1 B HEKOTOPBIX 0COOBIX
nonynsuax B-kierok (CD19°CD5") u T-knetok (CD3°CD56"), a Takxke B ypos-
Hix T-xierok, skcmpeccupyronmx ofy u ydT-knerounsie perentopbl. CpaBHH-
TeJIbHAs XapaKTEPUCTHKA CyOMOMyJsinuid JIMM(OIUTOB KOCTHOTO MO3ra y IETeH
mpu OCCIO u B rpymme cpaBHEHU MpeICcTaBIeHa B Ta0I. 7.

Cy6nonynsuuonnsiii coctas 3penbix T-mumdonuros (CD3") kocTHOro Mo3ra
OosibHBIX capkoMOM OWHra CymecTBEHHO OTJIMYAICS OT PE3yJIbTaTOB B TPYIIE
CPaBHEHMs 3HAYUTENbHBIM TOBbIIIEHHEM mnpornopuukd CD8” HuTOTOKCHYECKHMX
mumdoruro (68,5+3,1 u 50,5+2,4%; p=0,000) u cHmwxenumem CD4" T-
XeNnmepHbIX KIeTok (26,9 £3,5 u 39,3 £2,8 %; p=0,01). D10, B CBOIO OYepenp,
OTpPa3uIOCh Ha BJBOE 00Jiee HU3KUX 3HAYCHUSX UMMYHOPETYJISTOPHOTO MHEKCa —
cootHoutenust CD4/CD8 — y GonbHBIX capkomoii FOWHra mnpu conocraBieHHU C
rpynmoii cpasuenus: 0,4 + 0,08 u 0,8 £0,09; p = 0,002.

Hamu neranpHO M3ydeHa CTpyKTypa Imyja T-IUTOTOKCHYECKUX KIETOK KOCTHO-
ro mosra (CD3'CDS8") y GonbHbIx capkomoii FOuHra B cpaBHEHHH C JETHMH, He
HMMEIOLIMMHU OHKOJIOTHYECKOH MaTOJIOTHH, U YCTaHOBJIEH PsIJl BAYKHBIX Pa3nyuii.
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The same trend was seen for CD4-positive T-cells expressing CD62L (27.0 £ 9.2%
vs. 13.6+£2.5% respectively, p=0.08). Important, Leu8" (in particular CD4+)T-
lymphocyte subset was considerably smaller in rhabdomyosarcoma than in the control.
Our analysis demonstrated that node-negative patients mainly accounted for this effect.
Analysis of distant metastasis (M) also resulted in interesting findings. Three bone
marrow lymphocyte subsets appeared significant in this respect, that is NK-cells
(CD56'CD3-), TCRaf and TCRyS T-lymphocytes. Patients with distant metastases
demonstrated a significantly lower content of NK-cells (6.9 +1.9% vs. 18.6 +4.8%
respectively, p=0.039). These findings are of much practical significance since they
are indicative of NK-cell immunodeficiency in children with progressing
rhabdomyosarcoma.

The greater levels of y& TCR-cells in bone marrow from rhabdomyosarcoma
vs. malignancy-free children seem to reflect a compensatory immune mechanism
in the former group. Development of distant metastasis is associated with a fall in
TCRyb-cells (18.5+1.7% [n="7] vs. 11.0 £ 1.7% [n=4], p = 0.019).

Bone marrow lymphocyte subsets

in children with Ewing’s sarcoma family of tumors

Comparison of bone marrow lymphocyte subsets in children with ESFT and
from the comparator group failed to find differences in mature T-cells as detected
by CD3 and CD5 markers and in B-lymphocytes (CD19"). There were no
differences in some specific B- (CD19°CD5") and T- (CD3°CD56") cells or in T-
cells expressing off and yd T-cell receptors. Table 7 compares bone marrow
lymphocyte subsets in children with ESFT and from the comparator group.

Mature T-lymphocyte (CD3") subsets in bone marrow of children with ESFT
differed significantly from those in the comparator group by a marked increase in
proportion of CDS8" cytotoxic lymphocytes (68.5+3.1% vs. 50.5+2.4%,
p=0.000) and a decrease in CD4" T-helpers (26.9+3.5% vs. 39.3+2.8%,
p =0.01). This in turn accounted for lower immunoregulatory indices (CD4/CDS)
in children with ESFT than in the control (0.4 £ 0.08% vs. 0.8 + 0.09%, p = 0.002).

We analyzed in detail composition of T-cytotoxic cells (CD3"'CD8") in bone mar-
row from children with ESFT vs. controls to discover several important differences.
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B mepByto oyepens, oTMEUeHB! Oosiee BHICOKHE YPOBHHM aKTHUBAanWH T-KIeTOK
(CD3") u, B wactHocTH, T-IMTOTOKCHYeckuX KieTok (CD3'CDS8"), pesynbrar mo-
JydeH Ha OCHOBaHMM Bo3pacTaHus Gonmee 4yem B Tpu paza HLA-DR' ¢pakuuu
(p=10,001).

Crenudpraeckoit 0co6eHHOCTHIO T-IIMTOTOKCHYECKUX TUM(OINUTOB KOCTHOTO
Mo3ra O0JBHBIX capkoMoi FOWHTa SBHIIOCH TOCTOBEPHOE BO3PACTAHHE B COTIOC-
TaBIEHUU ¢ TPymmoil cpasHenus mponopuun CD8 CD38" knerok cpeau CD3"
auMmdounutoB — 55,5 £ 4,8 u 34,6 £ 3,7 %; p = 0,004. BaxkHO OTMETHUTBH, UTO TIPO-
meat CD38" kietok cpenr BceX 3PEeNbIX JIMM(OINTOB (CD3+) HE OTJINYAICI OT
TAaKOBOTO B IPYIIIE CPaBHEHHs, TO €CTh OTKJIOHeHMs Kacaauch numb CD8” cy6-
Oy JISIUH.

Oco0oro BHUMaHUs, Ha Halll B3IV, 3aCIy)KHBAET YBEJIMYEHHE KOJIMYECTBA
CD57" T-kneroxk (p = 0,022) u, B yactHocTH, T-nuTokcuueckux (CD3'CDS") kie-
ToK (p = 0,028) B KoCTHOM MO3re OONBHBIX capkoMol IOuHTa B CpaBHEHHH C HOP-
Mo, JlaHHOW CyOmomyJsAlMM MPHUIACTCA BaXHOE 3HAUCHHE Yy OOJIBHBIX
COMMIHBIMU OIYXOJIIMH, M BO3pacTaHHE KOJUYECTBA 3TUX KIETOK, KaK MpPaBUIIO,
ACCOIMHPYETCsI ¢ HEOIArOMPUATHBIM IPOTHO30M [22].

Y OonpHBIX capkomoii FOuwHra ysenmmyeHo mpoleHTHOEe coxaepkanme NK-
knetok (CD3°CD56") cpeu mUMQOUUTOB KOCTHOTO MO3Ta MPH COMOCTABIEHHH €
pe3ynpTatamu B rpymnne cpaBHeHus (18,0 3,7 u 9,4 £ 1,7 %), pasnuuusa craTu-
cTrdecku 3HaunMBl, p = 0,049. Ocoboe 3HaUeHNE UMEIOT JOCTOBEPHBIE Pa3INyMs B
(YHKIMOHATBHO 3HAUMMBIX cyOmomymauusax 3pensix (CD3") T-mumdouutos. Tak,
CHIDKEHHE YypOBHEW osKkcmpeccun Monekynsl aaresun CD62L (Leu8) na T-
TUM(OINTaX KOCTHOTO MO3ra OOJBHBIX capkomoil IOnHra mpm comocTaBieHHH C
YPOBHSIMH B TPYIIIE CPaBHEHHUS OBUIO OOYCIOBIEHO B OCHOBHOM JIOCTOBEPHBIMH
pazmuuuamu B cy6nomyssimn CD4 CD62L" T-knertok — 13,7 £2,4 u 30,5+ 5,2
%; p =0,005. Monekyna L-cenextnna (CD62L) urpaer BaXXHYIO poJIb B XOMHHIE
T-mum¢oruToB, 1 ee cCHmwKeHHE mpHu capkomMe FOWMHra MOXKET NpensITCTBOBAaThH
IIPOHMKHOBEHMIO 3peibIXx T-KIETOK B mepudepudeckue IMMGOUAHBIE OPraHbI, a
TaK)Ke B KOCTHBII MO3T.

[Ipu comocraBieHNH YpOBHEH CyOmOmysinuii TMMQOIIMTOB KOCTHOTO MO3Ta
npu OCCIO ¢ knuHrYecKuMH (haKTOpaMK ITPOTHO3a Mbl BBISIBUIIM, YTO TPH Hapac-
TaHuKM 0OBeMa OImyxoseBoii Macchl (Gonee 100 cM® WIH IPOTSHKEHHOCTH MOpasKe-
HUSI KOCTH Oonee 8 cM) OTMeualloch CHM)KEHHE KOJIMYECTBa aKTMBUPOBAHHBIX T-
uuToToKCHYeckux kinetok (CD3'CD8'CD38") B cpaBHeHuH ¢ GOTBHBIMH, y KOTO-
pBIX OImyxoJjieBas Macca Oblia MeHbIero pasmepa: 41,782 (n=5) u 63,2 £4,3
% (n=9) cootBercTBeHHO (p = 0,024).

CrenoBarenbHO, MOBBIIICHHE YPOBHEH aKTHBHPOBAHHBIX T-IIMTOTOKCHYECKHX
KJIETOK Ipu capkoMme KOmHra MoXXHO, BEpOSTHO, pacCMaTpuBaTh KaK peaknuio Ha
OITyXO0Jb HAa PAaHHUX CTaJHsIX €€ POCTa, a MPH OOJBIIOM pa3sMepe OIyXOJH 3TOT
MIOKa3aTelb CHIDKAETCSL.
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Children with ESFT had higher levels of activation of T-cells (CD3"), in
particular T-cytotoxic cells (CD3'CDS8") as manifested by a more than 3-fold rise
in HLA-DR positive fraction (p = 0.001).

T-cytotoxic lymphocytes from bone marrow of ESFT children demonstrated a
specific significant rise in proportion of CD8'CD38" cells in the CD3" fraction as
compared to malignancy-free children (55.5+4.8% vs. 34.6 = 3.7%, p =0.004).
Importantly,percentages of CD38" cells among all mature lymphocytes (CD3")
were similar in the two groups, which meant that the difference was due to the
CDS8" fraction.

Of importance in our opinion is an increase in CD57" T-cell fraction
(p=0.022) and in particular of T-cytotoxic (CD3'CD8") cells (p = 0.028) in bone
marrow from ESFT children as compared to normal ones. This subset is considered
of much value in patients with solid tumors, and its elevation is as a rule associated
with poor prognosis [22].

Patients with ESFT had elevated levels of NK-cells (CD3-CD56") among bone
marrow lymphocytes as compared with the comparator group (18.0+3.7% vs.
9.4 £ 1.7%), the difference being statistically significant (p = 0.049). Of especial
importance are statistically significant differences in functionally important subsets
of mature (CD3") T-lymphocytes. For instance, the decrease in expression of
adhesion molecule CD62L (Leu8) on T-lymphocytes in bone marrow from ESFT
children was mainly due to significant differences in CD4 CD62L" T-cell fraction
(13.7+2.4% vs. 30.5 £ 5.2%, p=0.005). L-selectin (CD62L) molecule plays an
important role in T-lymphocyte homing, and depletion of this cell subset in
Ewing’s sarcoma may be a reason for mature T-cells failing to penetrate into
peripheral lymphoid organs and bone marrow.

Analysis of bone marrow lymphocyte subset compositions in ESFT with
respect to prognosis factors demonstrated that increase in tumor volume (more than
100 cm’ or length of bone lesion more than 8 cm) was associated with decrease in
activated T-cytotoxic cells (CD3'CD8'CD38") as compared to patients with
smaller tumor burden (41.7+8.2% [n=15] vs. 63.2+4.3% [n=9] respectively,
p =0.024).

Therefore increased levels of activated T-cytotoxic cells in Ewing’s sarcoma
may be considered a response to the tumor at early stages of its growth, while a
greater tumor burden is associated with lower levels of these cells.
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WuTepecHoe HaOJIOCHUE MOIYYCHO B OTHOIICHHWH HU3KHUX ypoBHer TCRyd-
KJIETOK KOCTHOTO Mo3ra y OoyibHBIX capkomoidl lOumHra c mopaskeHHeM 0OcCeBOro
CKeJleTa B CPaBHEHHM C OOJBHBIMH, Y KOTOPBIX OBLIM ITOpaK€HbI KOHEYHOCTH:
7,6£09 n=6)u 12,9+ 1,6 % (n=15) coorBercTBerHo (p = 0,016). B uemrom mo
rpymme capkombsl FOuHra ypoBHu T-KIETOK C yO-pelenTopoM HE OTIMYAIHMCh OT
HOpMEI. VI3BecTHO, 4TO OmyXoiH ceMelcTBa capkombl FOuHra c Jrokanusanuer B
00JIaCTH OCEBOTO CKelleTa MMEIOT MeHee OyaronpusTHhIA nporHo3. Ilpu comocra-
BHUTEIEHOM aHaJM3e ypOBHEH cyomomymsanuii koctaoro mo3ra mpu OCCIO ¢ xim-
HUYECKMMH TNpPU3HAKaMH MBI OTMETWIN nBe cyomnomyssinuu. Cyomomymsmus T-
nuToTOKCHYeckux Kinetok (CD3'CD8'CD38") chuskanach npu yBelMueHHH 00be-
Ma oryxoJieBoit Macchel 6onee 100 cM® mnm HapaCTaHWHU MPOTSHKEHHOCTH TTOpaXe-
HUS IUHON TpyOuaroit xoctu Oomee 8 cM. Ypoerb TCRyd-mumbonmTos ObLT
HIDKE y MAIMEHTOB C MOPaXEHHEM OCEBOTI'0 CKEJIETa 110 CPABHEHHIO C UX YPOBHEM
IIpU IOPAKEHUU KOHEUHOCTEN.

Cpagnumensuulit aHanu3 cyononyIAUNIL TUMPOUUM 08 KOCIMHO20 M032a

Yy Oemeli npu padooMuoCcapKome u Onyxoax cemeiicmea capkomol FOunza

ComocTaBuB ypOBHH CyOTNOIyJISIIMH JTMM(OLIUTOB KOCTHOIO MO3Ta IpH pad-
JIOMHOCApKOME M OIyXOJIsIX ceMelcTBa capkoMbl IOuHra y nereid, Mbl BBISIBHIIH,
uTo coxepkanme T-muroTokcmueckux kiaerok (CD3', CDS') Geuto mocToBepHO
GoJiee BBHICOKHM y OOJBHBIX ¢ capkoMoil KOWHTa 1Mo cpaBHEHMIO C YPOBHEM 3THX
KIETOK y OONBHBIX pabmomuocapkomoii — 68,5+ 3.1 (n=16) u 50,5+39 %
(n=16), p=0,001. Hanmnune Ha knerkax capkomsl KOMHTra BEIpaXXKEHHOH KCHpec-
cuu Mosekyn HLA-I u cBs3bIBaHuE ¢ HUMU CD8" HHTOTOKCHUECKHX KJIETOK MO-
KET OOBSICHATH BEICOKHI YPOBEHB 3THX KJIETOK B KOCTHOM MO3TE.

Yposens TCR yd-nmumponnToB ObLT BhILIE TpH padbpoMuocapkome — 15,8 + 1,6
%; mo cpaBHenuto ¢ 6ompHBIME OCCHO — 10,0+ 1,2 %, p=0,01. OtcyrcTBUC
MIPSMOTO TECHOTO B3aMMOJIEHCTBHS MATKOTKAHOW OMyXoiH (padaoMHocapKOMEI) ¢
KJIETKaMH KOCTHOTO MO3ra O0yCJIaBIMBAaET WHBIE UMMYHOJOTHIECKHUE MEXaHN3MBI
B3aUMOJEHCTBUS OPTaHU3Ma C OITyXOJBIO, YTO, T0-BUAUMOMY, OTPAKAET Pa3IHIHs
B 3¢ peKTopax MPOTUBOOIYX0JIEBOTO HIMMYHHUTETA TIPH 3TUX 3a00I€BaHUIX.

WHTepecHoe HaOMOAEHNE MOBBILIICHNUS YPOBHSI MapKepOB akTUBANUH T-KIETOK
(HLA-DR) kak npu pabpomuocapkome, Tak ¥ rpu capkome KOuHra rno cpaBHeHHUIO
¢ "Hopmoit — 37,1+£6,3 u 37,5+6,3 % mporuB 12,2+ 1,9 % cooTBeTCTBEHHO,
p=0,001. IIpu sTOM 1O HAmMM pe3yibTaTaM, OTMEYCHO CHWXCHHE YPOBHS
CD3'CD4" npu OCCIO no CpaBHEHMIO C JAaHHBIMH B TpYIIE CPaBHEHUS —
26,9 £3,5 1 39,3 £2,8 % coorBerctBeHHO, p = 0,01. Takke oTMedeHO, CHIKECHIE
BIBOE HMMMyHoperyisitopHoro uHinekca CD4/CD8 y naumentoB ¢ OCCHO mo
CpaBHEHHIO C pe3yibTaTaMu B rpymme cpaBHenus — 0,4 = 0,08 u 0,8 £ 0,09 % co-
orBercTtBeHHO, p = 0,002. Pesynbrarel comocraBiieHHs JUMQOIHMTOB KOCTHOI'O
Mosra npu pabpomuocapkome 1 OCCIO npezcrasiieHsl B Ta0I. 8.
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Interestingly, in children with Ewing’s sarcoma lower levels of bone marrow
TCRyd-cells were associated with axial lesion as compared to limb ones
(7.6 £0.9% [n= 6] vs. 12.9 + 1.6% [n = 5], respectively, p=0.016). In the ESFT
group, as a whole, levels of T-cells bearing yd-receptors were similar to those in
normal children. Axial ESFT are known to have a poorer prognosis. Analysis of
bone marrow subsets in ESFT with respect to clinical signs identified two subsets.
T-cytotoxic cell subset (CD3'CD8'CD38") was decreasing with increase in tumor
volume to more than 100 cm’ or length of the long bone lesion to more than 8 cm.
Levels of TCR yd-lymphocytes were lower in patients with axial tumors than in
patients with limb lesions.

Comparison of bone marrow lymphocyte subsets in children

with rhabdomyosarcoma and Ewing’s sarcoma family of tumors

Comparison of bone marrow lymphocyte subsets in children with rhabdomyosar-
coma vs. ESFT demonstrated that T-cytotoxic cells (CD3", CD8") made a significantly
greater fraction in Ewing’s sarcoma as compared with rhabdomyosarcoma
(68.5+3.1% [n=16] vs. 50.5+3.9% [n=16], respectively, p=0.001). As known,
Ewing’s sarcoma cells as a rule express HLA-1 molecule presenting antigen peptides to
CD8" cytotoxic cells [5]. Therefore the elevated level of CD8" cells in bone marrow
from ESFT patients may be of pathogenetic significance.

Levels of TCR yd-lymphocytes were higher in rhabdomyosarcoma
(15.8 £ 1.6%) than in ESFT (10.0+1.2%) (p=0.01). Different immunological
mechanisms of interaction between the body and the tumor which seem to be
manifested in differences in anticancer immunity effectors may be due to the ab-
sence of close interaction between the soft tissue tumor (rhabdomyosarcoma) and
bone marrow cells.

Of interest is increase in T-cell activation markers (HLA-DR) both in rhabdo-
myosarcoma and ESFT as compared with normal levels (37.1+6.3% and
37.5+6.3% vs. 12.2 £ 1.9%, respectively, p=0.001). Levels of CD3'CD4" were
decreased in ESFT as compared to the controls (26.9 £ 3.5% vs. 39.3 +2.8%, re-
spectively, p = 0.01). Patients with ESFT demonstrated 2-fold lower immunoregu-
latory indices (CD4/CDS8) than the control children (0.4 £ 0.08 vs. 0.8 £ 0.09, re-
spectively, p=10.002). Table 8 compares bone marrow lymphocyte subsets in
rhabdomyosarcoma and ESFT.
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O0cyskaeHne NOJy4YeHHBIX pe3yJIbTaTOB

[IpuBeneHHbIE NMMYHOJOTHUECKUE UCCIIEAOBAHMS BEISIBIIIN P XapaKTEPHBIX
0COOEHHOCTEH, OTIMYAIOIINX CyONOMyIAIMOHHBIA COCTaB JIUM(OINTOB KOCTHOTO
Mo3ra JAeTed, OONBHBIX MEJIKOKPYTJIOKJIETOUYHBIMA CapKOMaMH, OT JUM(OINUTOB
KOCTHOTO MO3ra JIeTei, He MMEIOINX OHKOJOTHYECKOH marosioruu. OcTaHOBUMCS
Ha aHAJIN3€ KaXXIOTO U3 BBIIBICHHBIX COBHIOB, PACCMAaTpPHBas MX KakK C MO3HIMH
MIPOTHUBOOITYX0JIEBOTO UIMMYHHUTETA, TAK U KIIMHUYECKOH 3HAYNMOCTH.

KocTHbIif MO3r yk€ JaBHO NPUBJIEKAET BHUMAHUE HCCIEN0BaTeNIel KaK OpraH,
UMMYHHBIE KJIETKH KOTOPOTO CHOCOOHBI 00ECIEUUTh MPOTUBOOIYXOJIEBOE JCHUCT-
Bue. [Ipu aToM GosbIIoe 3HaYeHNE MPUAACTCS BPOKICHHOMY UIMMYHHUTETY. B unc-
JIe KOCTHOMO3T'OBBIX KJIETOK — KaH/AWAATOB Ha poib 3P (EeKTOpoB MPOTHBOOMYXO-
JIEBOr0 MMMYHHTETa OOCY)XIajich, B TepBylo ouepeab, NK-kieTku, MOHOLU-
ThI/Makpodaru u T-IUTOTOKCHYECKUE JTUMQOIHUTHI.

B nayunbix myOmukanmsax oOcyxmaercs poib NK-KIIETOK, Kak BpOXKICHHBIX
3¢ (EeKTOPHBIX areHTOB CIIOCOOHBIX YHHUYTOXATH OMyXoyeBble kietku. Cho D. at
al. (2010) cooOmmmM 0 BRICOKOH YYBCTBUTEIBHOCTH KICTOYHOW JTMHUU CapKOMBI
IOwunra x ammorenusiM NK-kmetkam [12].

B TeueHne mocnemHero AECATHIETHS MPOBOAATCS MOMBITKH MHTETPALH UM-
MYHOTEpAIHU B CXEMBI JICUCHNSI OHKOJIOTHUYECKHX 3aboneBanuid. [Ipeanoceiikamu
JUIA 9TOTO CITy>KaT TMOBPEXIEHHUs OMYXOJEBBIX KJIETOK B Pe3ylbTaTe BO3IEHCTBUSA
XMUMHOTEpANuK Wi OO0Jy4eHHs, 4YTO ObLIO MPOJEMOHCTPUPOBAHO Ha KJIETKaX
MHO>KECTBEHHOW MuenoMbl. K cokalleHHo, «4yBCTBUTEIBHOCTHY KJIETOYHOHN JIH-
HuU capkoMsbl FOuHra He MOBBIMIAETCS B Pe3yIbTaTe BO3AEUCTBUS XMMUOTEPAIEB-
THYECKHUX areHTOB (JIOKCOPYOUIMHA MM BUHKPUCTHHA), HO 00JIy4eHHe KIETOYHON
nuHUK capkoMbl FOuHra ¢ mocnenyromum BBereHueM NK-kJIeTOK, TOCTOBEPHO
yJTydInaeT BEDKHBAaEeMOCTh 00bHBIX [5; 12]. [Tocnenyrone pesynsTtatsl Gasser S.
(2007) BBLIBHIM B3aWMOCBSI3b MEXITy OOIydeHHEM, MOBPEKACHHEM KIETOK XH-
MHOTEpaneBTHIECKUMH areHTaMy (T€HOTOKCHYECKHH CTPEecc), «apecToM» KIIeTOU-
Horo nukia u perymanueit NKG2D nmurannamu.

Jis ycrem oM SIIMMIHALIAN OMYXOJIEBBIX KIETOK HEOOXOOMMO B3aUMOZCHCT-
BHE KJIETOK KaK BPOXKJCHHOM, TaK U aJalTUBHOH MMMYHHOH cucTeMbl. B paboTtax
Fan Z. at al. (2006), Shanker A. et al. (2007) moka3aHo, 4TO B OIyXOJIH MTPOUCXO-
it «nepekpect» mexay NK-knerkamu u CD8+ T-numdormramu. [To mHeHHIO
aBTOPOB, HEIOCTAaTOYHO NpsiMoro neiictBus NK-KIeTok Ha oImyxoib, HO HE00Xo-
numo Bosneuenne CD8” T-knerok [14; 23]. ITpu ommyXomeBoii IIPOrpeccuu mpouc-
xouT Kak ucrouienne NK-kinetok, Tak u Hapymenue CD8+ T-kieTtouHoro oreera
[14]. Hamm naHHBIE TOATBEPXKAAIOT B3auMOCBs3b Mexay NK-kmetkamu u CD8+
T-mumdoruramu. B Hame#t padote mbl BorsiBmm npu OCCHO 3HaunMoe moBsIme-
HHUE TI0 CPaBHEHUIO ¢ HOPMOH CyOmomynsiuu T-IUTOTOKCHYECKHX JHUMQOIUTOB
CD3'CDS8" (68,5+3,1 u 50,5+2,4 %; p=0,000 ) u NK-knerox CD56 CD3"
(18,0+£3,7n19,4 £ 1,7 %; p = 0,049).
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Discussion

Our immunologic study discovered several characteristic features helping to
differentiate bone marrow lymphocyte subset composition of patients with small-
cell -sarcomas from those free from malignancy. Let us consider in a greater detail
each of the discovered differences in terms of both anticancer immunity and clini-
cal significance.

For a long time bone marrow with its immunity cells capable of anticancer ac-
tivities was in the focus of investigators’ attention. Innate immunity plays an im-
portant role here. Potential candidates for anticancer immunity effectors among
bone marrow cells include NK-cells, monocytes/macrophages and T-cytotoxic
lymphocytes.

Scientific publications discuss the role of NK-cells as innate effectors able to
kill tumor cells. Cho et al. (2010) reported of high sensitivity of Ewing’s sarcoma
cell line to allogeneic NK-cells [12].

Over the recent decade investigators attempted to integrate immunotherapy into
therapeutic regimens in cancer patients. Rationale for this approach is based on
tumor cell damage as a result of chemotherapy or radiotherapy as demonstrated on
multiple myeloma cells. Unfortunately chemotherapy (doxorubicin, vincristin) fails
to increase response of Ewing’s sarcoma cell line, while irradiation of Ewing’s
sarcoma cell line supplemented with NK-cell treatment improved significantly
patient survival [5; 12]. S. Gasser (2007) discovered relationship between irradia-
tion and cell damage due to chemotherapy (genotoxic stress), cell cycle arrest and
ligand regulation of NKG2D.

Interaction of both innate and adaptive immune systems is needed for success-
ful elimination of tumor cells. Fan et al. (2006), A. Shanker et al. (2007) demon-
strated that direct effect of NK-cells on the tumor is not sufficient and contribution
of CD8" T-cells is needed [14; 23]. Tumor progression is associated with depletion
of NK-cells and impairment of CD8" T-cell response [14]. We found a significant
increase in CD3'CD8" T-cytotoxic lymphocytes (68.5+3.1% vs. 50.5 +2.4%,
p=0.000) and NK-cells CD56'CD3~ (18.0+3.7% vs. 9.4+ 1.7%, p=0.049)
against normal level.
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B nocnennne roapl kak 3dexTopHble CyOnoIMyIIsuuy IPOTHBOOITYXOJIEBOTO HM-
MyHuTeTa paccmarpuBatorcsi TCRyd-mumbonuTel — 310 3penbie T-KIeTKH, KOTopble
COCTaBISIFOT HeOoubIIyto momyisinuio cpean CD3+-mumdonuroB kpou (2-5#%) n
PAacro3HalOT aHTHI'€HBI (B TOM YHCIIE U OIyXOJIEBBIE) C MTOMOIIBIO HHBIX MEXaHH3MOB,
HEXENHU Te, YTo Ucnoiyb3ytores: T-kinetkamu ¢ of-mmmdormramu. MiMeHHO 1O 3THM
NPUYMHAM ~ HCCIICIOBAHHUIO ITPOTHBOOITYXOJIEBOTO HMMMYHHTETa, OIIOCPEIYEMOTo
TCRyS-mumdonuramMy, 1 crocodam €ro CTUMYJIMPOBAHMS, aKTHBALMK B TIOCIIECIHEE
BpeMsl yzersiercst 0onpinoe BHUMaHHWe. K cokaleHHIo, cleayeT OTMETHTh, YTO 3TO
3BEHO IMMYHHTETA IIPY METKOKJIETOYHBIX CApKOMax JETAITBHO HE U3yJaIoCh.

TCRYS-KIIETKH TaK K€, KaK ¥ KJIECTKH BPOXJICHHOI'O HMMYHHUTETA, OTHOCSATCS K
MIEpBOH JIMHUM 3aIIUTHI, ¥ YCTAHOBJICHHE HAMHU WX POJM TPH MEIKOKJICTOUHBIX
CapKoMax, a TAKXKe B3aHMMOCBS3M C TEMAaTOTEHHBIM METacTa3UPOBAHHEM MPEACTaB-
JISIeT MHTEpEC B MOHMMAHWK OMOJIOTHYECKHX OCHOB JaHHOW mpobiemsl. TCRyd-
KJIETKU SIBIISIFOTCSI ONHON M3 MOMYJISIUHA TyMOP-HHOUIBTPUPYIOMNX JIUM(OINTOB
IIPU KOJIOPEKTAIILHOM pake, pake MOJIOUHOM JKeNe3bl, pake IMPEICTATeIbHOM JKele-
3bI, pake STMYHUKOB W MMOYEYHO-KIECTOYHOM pake [19; 24]. M3 HuX morydeHsl JH-
HHUH U KIJIOHBI, KOTOPBIE PACIIO3HAIOT M YOUBAIOT HE TOJBKO ayTOJIOTHYHBIE OMYXO-
JIM, HO U LIMPOKUHU CIEKTP POACTBEHHBIX OIYXOJE€H, BO3MOXHO, BCIEACTBUE pac-
MO3HAaBaHMA 00IMMX JUranaoB. O4YeHb Ba’KHO TO, 4TO YOT-KJIETKH NpenMyle-
CTBEHHO YHHUTOKAIOT ONYyXoJieBble KJIETKH M NMPAKTHYECKH He MPOSIBIAIOT
PeaKTUBHOCTH B OTHOLIEHHUH HeTPaHC(OPMHPOBAHHBIX KJIETOK — 3Ta HX Yep-
Ta BbI3bIBAaeT 00JILLIOH HMHTEpec ¢ TOYKH 3PEHHs] TepaneBTHYeCKOIr0 MOTeH-
nuana. Bo3MoXHO, B 3TOM U €CTh KIIOY K pasrajike BHICOKOd((EeKTHBHOTO mpo-
TEKTHUBHOTO JEUCTBHS AJUIOTEHHOTO KOCTHOTO MO3ra Ha pa3BUTHE METacTa3oB
MEJIKOKJIETOUHBIX CAPKOM B JICTKHX.

CymectBytoT aBe ocHOBHbIE cyonomymsiuuu TCRyS-muMdoruTos, pasmnyaro-
IIHECs HCIOJIE3YEMBIMU B HUX V-00macTsmu o-tienieid — VOl u V32, O6e 3tr cyomo-
MYJSIAA JTUM(QOIMTOB Paclo3HAIOT aHTUTEHBI AMUTENUAIBHBIX omyXxojei [6]. Vol
T-KneTkn pacno3HarT MOJEKYNBI, poACTBEHHbIe aHTUreHaM | knmacca HLA, Hasbl-
Baembic MICA u MICB, a taxxxe UL-16-cBsa3sBaromue 6enxu 1-3 (ULBP1-3) [17].

B kpoBu OonpmmHCTBa 370poBBIX Jtopel V62 Tyd-knmetkn mmerorcs Vy9-
BapuabenbHyI0 00JIacTh y-1ienei, 1 KieTku ¢ 3TuM oM TCR cocrasisitor 50-90
% ot Bcex YO-T-kneTok. DTH TUMQOIMTH paco3HaoT (HochOaHTUTEHBI U IKTO-
MTUYECKH SKCIPECCUPOBAHHYI0 MUTOXOHApHaNbHYI0o AT®d-a3y. Xopomo u3BecTHO,
yro 3ta nomyssiiusa Vo2 Vy9 nepudepnueckux TCRyd-mumdonuToB cUiIbHO ak-
THBUpPYETCA Pa3HOOOpa3HBIMH OakTepusMu W mapasutamu [18]. OTu aHTHTEHBI
AOCHTU(UIMPOBAHEl KaK HETeNTHIHBIE MeTabonuThl (intermediates) HemeBalo-
HATHOTO MyTH OaKTEepUaIbHOTO M30MPEHOUIHOr0 OuocuHTe3a ((hochoaHTUTEHbI).
Bblnyn cuHTE3MPOBAaHBI COOTBETCTBYIOLIUE aHAIOIM ¢ MOLIHOW M CTUMYJIMPYIOLIEH
vS-T-KIIeTKH crTocOOHOCTHIO, Takue Kak OpomMorunpuH nupodocdar (pochoctim)
[11;21;24].
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Over recent years investigators focused on TCRyd-lymphocytes as an effector
subset of anticancer immunity. TCRyé-lymphocytes are mature T-cells making a
small fraction (2 to 5%) of blood CD3" lymphocytes and recognize antigens
(including tumor antigens) using mechanisms other than those used by T-cells with
af-lymphocytes. That is why there was an increasing research in anticancer
immunity mediated by TCRydé-lymphocytes and ways to increase and activate
these cells. Unfortunately this immunity component has not been studied in detail
in patients with small-cell sarcomas.

TCRyd-cells as well as innate immunity cells make the front defense line, and
our establishing of their role in small-cell sarcomas and association with
hematogenic metastasis is of much interest for better understanding of this
problem. TCRyd-cells are a subset of tumor-infiltrating lymphocytes in colorectal,
breast, prostate, ovary and renal-cell carcinomas [19; 24]. They are used as a
source of cell lines and clones able to recognize and kill not only autologous
tumors but also a broad range of related tumors possibly due to recognition of
common ligands. Importantly, yd T-cells kill mainly tumor cells while
demonstrating practically no reactivity to non-transformed cells and therefore are
of much interest as to their therapeutic potential. This may explain the highly
effective suppression of lung metastasis from small-cell sarcoma by allogeneic
bone marrow.

There are two main subsets of TCRyd-lymphocytes that differ by use of V-
regions of d-chains, that is V51 and V&2. Both of these subsets recognize antigens
of epithelial tumors [6]. Vo1 T-cells recognize molecules related to class I HLA
antigens referred to as MICA and MICB or UL-16-binding proteins 1 to 3
(ULBP1-3) [17].

In blood of most healthy individuals V&2T-cells have a Vy9-variable region of
v-chains, and cells with this TCR type are 50 to 90% of all yd T-cells. These lym-
phocytes recognize phosphoantigens and ectopically expressed mitochondrial AT-
Pase. This subset of V32 Vy9 peripheral TCRyS-lymphocytes is effectively acti-
vated by various bacteria and parasites [20]. These antigens are identified as non-
peptide intermediates of the nonmevalonate pathway of bacterial isoprenoid bio-
synthesis (phosphoantigens). Their analogs with powerful and & T-cell-
stimulating capacity have been synthesized, such as bromohydrin pyrophosphate
(phosphostim) [11; 21; 24].
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B mpoTHBOIOI0KEHHOCTh MHOTHM OaKTEpHUsIM JYKapUOTHYECKHE KIIETKH HC-
MOJIb3YIOT MEBAJIOHATHBIN MyTh OMOCHHTE3a U30NPEeHOMI0B. B pesynbrate o0pazy-
ercst IPP, koTopsIii Takke aktuBupyer V52 Vy9-T-kierku, oHaKoO, UMb B OYEHb
BBICOKHMX HE(HM3HOJIOJOTHYHBIX KOHIEHTpauusx. OJHaKo ONpeeseHHbIE OMyXO-
JIeBBIE KJIETKH CHHTE3UPYIOT BBICOKHME KOHIEeHTpauuu IPP, koTopsle MOryT OBITH
pacrio3nansl TCR V32Vy9 kak omyxosieBble aHTUTeHHI [7; 9; 16].

Oco0eHHOCTHIO0 TMM(OIIMTOB KOCTHOTO MO3Ta JIeTel, OONBHBIX padmoMuocap-
KOMOI{, B CpaBHEHHUH C JE€TbMH, HE CTPAJAIOUINMH 3JI0KAYECTBEHHBIMH 3a001eBa-
HUSIMH, SIBIISICTCS] TIOBBIIIEHUE OCOOON MOMYJSAINH 3pENbIX T-KJIETOK, SKCIPECCH-
pytomux T-knerounele penentopsl yo-thma: 15,8 um 9,2 % cOOTBETCTBEHHO,
p =0,007. OTnuums cyOnomyIsIMMOHHOTO COCTaBa JMM(OILUTOB KOCTHOTO MO3ra
Jereil OOMBHBIX PadIOMHOCApKOMOW OT JUM(OIMTOB KOCTHOTO MoO3ra JAeTed ¢
OIyXOJSIMU CceMeWcTBa capkoMbl FOWHIa TakKe COCTOSUIM B IpeoOuiafiaHuu
TCRyd-mumdonmros 15,8 n 10,0 % coorsercrBenHo, p = 0,01.

BHumarensHOE paccCMOTPEHHE MMMYHOJIOTHUECKHX JAHHBIX C KIMHUYECKUX
MMO3UIMK yKa3bIBaeT Ha TO, 4To MUK mogbeMa TCRyS-mamormroB mpu pabdmo-
MHOCApKOMe HaOIIOAaeTcs y TPYMIbl OOJBHBIX C JIOKAIW30BAHHBIMH CTaIUsIMU
0oJie3HH, a MU Pa3BUTUH OTAAICHHBIX METACTa30B YPOBHH 3THX KIETOK JOCTO-
BEPHO CHIDKAIOTCS. BeposiTHO, mMpH paHHUX CTaausAX OIMYXOJEBOIO Ipollecca 3TH
KJIETKH BBIMOJHSIOT (QYHKINIO CACPKUBAHUS, OHAKO C POCTOM OIyXOJICBOM Mac-
Chl 3al[UTHBIC PE3epPBbl UCTOLIAIOTCS ¥ HEOOXOAMMBI UHBIE MEXaHU3MbI PEarupo-
BaHMA. B yacTHOCTH, B 00XO MOJIEKYJ TNIABHOTO KOMILUIEKCA IMCTOCOBMECTHMO-
cti. D10 BhIpaxkaercsi B cHwkeHHMH TCR-yd y mauueHTOB ¢ HeOIaronpHsTHBIMUA
JIOKaJIN3AIMSIMH OITyXOJIM, KOTOPBIE B [IEJIOM HE OTJIMYAINCH OT HOPMBL. JTH (ak-
TBI HE MOTYT OBITH IOJHOCTHIO OOBSCHEHBI PA3IMYMSIMH B CTPOCHHH KOCTHOTO
MO3ra JUIMHHBIX TPyO4aThIX M Iy04YaThIX KOCTEH.

IMonoOHas mrHAMIKA KIIETOK-3()(EKTOPOB OTIMYACTCS OT TAKOBOU MPU MH(EKITH-
OHHOM TIporiecce. Harnpumep, npu BUPYCHBIX HH(EKIHAX KomudecTo CD8 ™ 1uToToK-
CHYECKHX JIMM(OLUTOB BO3PACTAET B IECSATKU Pa3, 10 Mepe OCBOOOKICHNST OpraHu3Ma
0T MHOUINPOBAHHBIX KiIeTokK ypoBHH L[TJI mpuxomsT k HOpMme, WHOTAA B TEUCHHE
OYeHB UIUTENBHOTO Tiepuoaa (Mecstpl) [9; 10; 20]. B paccmarpuBaeMoM HaMu cirydae
pabaoMuOoCcapKOMBI y JieTel HaboAaeTcsl IPUHIUITHAIIBHO UHOE COOTHOLICHHE 11aTo-
JIOTMYECKHX KJIETOK U YpoBHe# 3(deKrTopHbIX JUM(OIMTOB. 3a0oieBaHie nporpec-
cupyeT (pa3BUBaIOTCS OT/ajIeHHbIE MeTacTasbl), a ypoBHH TCRYS-KIIETOK CHIKAKOTCS.
CrenoBaTesbHO, MEPBUYHAS CTUMYJIIASA raMMa/IejIbTa KIETOK OIMyXOJICBBIMH aHTH-
reHaMH BeJeT K aKTHBallMM ¥ TpojiudQepanyy, OJHAKO, JaHHOTO BapuaHTta 1-
KJIETOYHOTO OTBETA HE JIOCTATOYHO JUIs SJIMMHHALIMHN OITYXOJH.

Jlorn4HO MPEeoNIOKUTh, YTO TTOBBIIICHHE YPOBHS 3THX KJIETOK MOXKET OJaro-
MIPHSATHO CKa3aThCsl HA TEUCHUN 3a00JIEBaHMS, TaK KaK K TPAAUIIMOHHOW XMMHUOTE-
parmu OyneT 1o6aBIeH UMMYHOTEPAIEBTHUECKUN KOMIIOHEHT — IUTOTOKCHYECKOE
nevicrBue TCRyd-nmuMdonnToB Ha OIyX0Jb.
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Unlike many bacteria, eukaryotic cells use mevalonate pathway for biosynthe-
sis of isoprenoids resulting in generation of isopentenyl pyrophosphate (IPP) also
able to activate V32 Vy9-T-cells, but only at very high non-physiological concen-
trations. However certain tumor cells synthesize high concentrations of IPP that
may be recognized by V62 Vy9 TCR as tumor antigens [7; 9; 16].

Bone marrow lymphocytes in children with rhabdomyosarcoma are character-
ized by elevation in a specific subset of mature T-cells expressing yd T-cell recep-
tors as compared to malignancy-free children (15.8% vs. 9.2% respectively,
p = 0.007). Bone marrow lymphocyte subset composition in children with rhabdo-
myosarcoma also differ from that of children with ESFT by higher levels of TCR
v6-lymphocytes (15.8% vs. 10.0%, p =0.01).

Careful analysis of immunological findings from the clinical point of view also
demonstrates that peak elevation in TCR yd-lymphocytes in rhabdomyosarcoma
occurs in patients with localized disease, while development of distant metastases
is associated with a significant decrease in this subset. These cells seem to function
as factors of containment at early stage disease, but lose their protective reserves
with growth of tumor burden other defensive mechanisms become needed. This is
manifested as decrease in TCR yd-cells in patients with poor prognosis tumor site.

Infection is associated with certain changes in effector cells, for example, viral in-
fections are associated with a several ten-fold increase in CD8" cytotoxic lympho-
cytes, and the CTL levels come to normal as the body frees itself from infected cells,
sometimes a very long (several months) [9; 10; 20]. However, we observed other
proportions of pathological cells and effector lymphocytes in children with rhabdo-
myosarcoma. The disease progresses (distant metastasis) while levels of TCR yo-
cells decrease. It may be supposed therefore that primary stimulation of yd-cells by
tumor antigens leads to activation and proliferation of TCR y&-lymphocytes, though
this type of T-cell response is not sufficient for tumor elimination.
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Takue 1mMoxxoapl B HACTOSIIEE BPEMs CYIIECTBYIOT JUISL JIEUEHUS] METACTa30B
MOYEYHOKJIETOUHOTO paka, ocTteocapkomsl [19; 24]. Bo3amMoxkHO, Takxke BIUATH Ha
BHYTpUKJIETOUHBIH ypoBeHb IPP (Mumienu nevictBusi TCRyS) ¢ momomipio Tepa-
MIEBTUYECKUX IpenaparoB. AMHHOOM(OCHOHATHI, UCIIONIB3yeMblEe B KIIMHUKE JUIS
JIEYCHUST OCTEONOPO3a U KOCTHBIX METAcTa3oB, SBISIOTCS MOIIHBIMH WHTHOUTOpa-
mu IPP-nporieccupytomero su3uma ¢apresu nupodochar cHHTETas3bl, HCHOIB30-
BaHME THUX CPEJCTB MPUBOINT K BHYTPHUKIECTOYHOMY HakomeHuto IPP n mommnon
aktuBaru VO2VY9 T-KiIeToK, MepCIeKTHBHBIM SBIISACTCS MPUMEHCHUE CHHTCTH-
gecknx QocdoantureHoB (pocdoctrm) n amruHOON(POCHOHATOB I AKTHBALIUU U
yBenmdeHus KomuaectBa VO2Vy9 T-kieTok.

B ananmsupyemoii HaMu Tpymme OOJIBHBIX pabIOMHOCAPKOMO MOI00HBIH Jie-
4eOHBIH TOAXOM MOT OBl OBITH pEajH30BaH y AWCCEMHHHUPOBAHHBIX OONBHBIX, Y
KoTOopbIX ypoBHHA TCR y8 T-KiI€TOK JOCTOBEPHO CHMKAIOTCS B CPABHEHHH C YPOB-
HAMH y OONBHBIX, HE HMEIOMHUX OTHANeHHBIX MeracTazoB (11,0 m 18,5 %,
p=0,019). Hemb3st MCKITIOUNTH TOIOOHBIE MCCIEIOBAHUS Y OONBHBIX CapKOMOU
IOunra ¢ mopaxeHneM OCEBOTO CKelleTa, TaK Kak MMEHHO Y 9THX OOJBHBIX OTMe-
yanuchk Oonee Hu3kue ypoBHH TCRYyS-nmuMponnToB B cpaBHEHHH C OOIBHBIMH, Y
KOTOPBIX OBUTH MopakeHbl KoHeuHocTH: 7,6 u 12,9 % (p = 0,016).

OOcyxnast pe3ynbTaThl HAIIMX HCCIIEJAOBAHUM, TONYyYEHHBIE TPH H3YyYCHUU
TCRyYS-muMQOIMTOB KOCTHOrO MO3ra y OOJNBHBIX PabIOMHOCAPKOMON, HEJIb3sl HE
OCTAHOBHUTHLCA U HA JTUArHOCTUYCCKOM ACIICKTC. HpI/I Ppa3BUTHU OTAAJICHHBIX METa-
CTa30B ypoBHH YOT-KiIeTOK pe3ko cCHukanuch. ClenoBaTebHO, B CIydasx 3Ha4YH-
TEJILHOTO TaJICHUSI MIPOIOPLUH STHX JIUM(OLUTOB y OOJBHBIX pabaoMHOCaAPKOMO
HEoOX0MMO JieTalbHOE 00cienoBaHre OOJBHOTO Ha TPEIMET MCKIIOUSHHUS OT/ia-
JICHHBIX METAcTa3oB. B KIIMHUKE 3a4acTylo OBIBAIOT M MHBIE CHTYaIlMH, KOTAA TOT
WM WHOHM oYar mopakeHus (B JITKUX, MEYSHU U T.J.) TPYAHO OJHO3HAYHO paclie-
HUTH Kak Meracrarndeckuid. [Iposenenne uccnenoBanus yOT-mumdonnToB MoxKeT
OBITH ITOJIE3HBIM JIJISl OTBETA Ha STOT BOIIPOC.

B cBoeit paboTe MBI BriepBble N3YYHIN YPOBHH KO-CTHMYJISIIMOHHBIX M aKTHUBAIIU-
OHHBIX MOJIEKYJI — KaK B TPyIIe CpaBHEHMS, TaK ¥ IPH capkomax y aereil. Hebombioe
KOJIMYECTBO HAOJIO/IeHHH B Hael paboTe M HeOCTaTOK MH(pOPMAIH 00 aKTHBAIIU-
OHHBIX MapKepax He TIO3BOJISIOT CleNaTh OJJHO3HAYHOE 3aKiroueHue o poau CD25,
CD28", CD38", CD57" u CD62L" npu pa6nomuocapkome u OCCIO y zeteit. Onnako
yTOYHEHHE BPEMEHH MOSBJICHHS 3THUX MapkepoB Ha T-nmumdonurax B Xoae pasBHTHA
OITyXOJIM MOKET OBITh TIOJIE3HBIM, /ISl M3yUEeHHs] KOPPEJSIMK CO CTa el 3a00IeBaHusL.

3akiaouenue
Hamu ycraHOBIEHBI OCOOCHHOCTH KICTOYHOTO UMMYHHTETa — CyOMOITYJISIIHIA

JTMM(OLINTOB KOCTHOrO Mo3ra — y OonbHBIX padmomuocapkomoit 1 OCCHO mpu
COTIOCTABJICHUH C BAXXHBIMHU (paKTOpaMH pHCKa MPH ATUX 3a00JICBaHMUIX.
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It seems logical that elevation in these cells may produce a positive effect on
disease course since conventional chemotherapy is supplemented with an immuno-
therapeutic component that is cytotoxic effect of TCR yd -lymphocytes on the tu-
mor [19; 24]. Intracellular levels of IPP (TCRyd target) also may be controlled
with therapeutic agents. Aminobiphosphonates used in the treatment of osteoporo-
sis and bone metastases are powerful inhibitors of IPP-processing enzyme, farnesyl
pyrophosphate synthase; the treatment with these agents leads to intracellular ac-
cumulation of IPP and strong activation of V62Vy9 T-cells. It seems promising to
use synthetic phosphoantigens (phosphostim) and aminobiphosphonates to activate
and elevate the V62Vy9 T-cell subset.

In the analyzed population of rhabdomyosarcoma patients this therapeutic ap-
proach could be used in cases with disseminating disease who demonstrated sig-
nificantly decreased levels of TCR yd T-cells as compared to patients free from
distant metastases (11.0% vs. 18.5%, p =0.019). Such study may be carried out in
patients with axial Ewing’s sarcoma because it is these patients that presented with
lower levels of TCRyd T-lymphocytes as compared to patients with limb lesions
(7.6% vs. 12.9%, p = 0.016).

When discussing our findings concerning TCR yd T-lymphocytes in bone mar-
row from patients with rhabdomyosarcoma it seems reasonable to focus also on
diagnostic aspects. Development of distant metastases is associated with a dramatic
fall in yd T-cells. Therefore rhabdomyosarcoma patients with a considerable fall in
this lymphocyte subset should be examined carefully for distant metastases. It is
sometimes difficult to identify surely a tumor (in lung, liver etc.) as metastatic.
Measuring of yo T-lymphocytes may help in such situations.

We were the first to study levels of costimulating and activating molecules both
in control individuals and children with sarcoma. No definite conclusion could be
made yet about the role of CD25", CD28", CD38", CD57" and CD62L" in pediatric
rhabdomyosarcoma or ESFT due to too small patient population in our analysis
and lacking information about activation markers. However, accurate detection of
time of appearance of these markers on T-lymphocytes in the course of disease
progression may be useful for study of their correlation with disease stage.

Conclusion
We established specific features of cell-mediated immunity, i.e. bone marrow

lymphocyte subsets in patients with thabdomyosarcoma and ESFT with respect to
important risk factors.
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AHanu3upysi TOJyYeHHBIE pe3yJbTaThl MOXKHO CJeJaTh 3aKJIIOUCHHE, YTO
TCRyS-muMpouuThI, 00ECICUNBAIOIINE dTUMHHAIIUIO 3JI0KAYeCTBCHHBIX KJIETOK
BHE KOHTEKCTa KJIACCHYECKHX MOJIEKYJ IJIaBHOTO KOMILIEKCAa I'MCTOCOBMECTHUMO-
cth 1 m 2 KJaccoB, OCYIIECTBISIIOT HUTOTOKCHYECKOE JEHCTBHE B OTHOIICHHH
OITyXOJIX U, TI0 HAIIUM JAaHHBIM, OTPAXKAIOT HANpPSDKEHNE IMMYHHOH CHCTEMBI ITPpH
JIOKAJIM30BAHHBIX CTAANAX PabJoMHOCapKoMBl y neteid. [Ipn Hanmunm oTaaneHHbIX
METacCTa30B OTMEYaJOCh 3HauMTeNbHOe CHIKeHHe NK-KIeTOK, YTO MO3BOJSET
BBLIBUTHh NK-KII€TOUHBII IMMYHOIE(HUIUT IpH pabIOMHOCApKOME y ACTeHl.

MBI OTMETHIN CHIKCHHE YPOBHS T-IIUTOTOKCHYECKMX KIIECTOK IPU yBEIHYeE-
HUM o0Bvema omyxonu 6onee 100 cM® mnm MPOTSHKEHHOCTH MOPAKEHUS UIMHHON
TpyOuaToit koctu Oosee 8 cM y nanuenToB npu OCCIO. Y manueHToB ¢ nmopaxe-
HHEM OCEBOTO CKeJleTa BBIABICHO CHIKeHHe ypoBHS TCRyd -mumdoruToB mo
CPaBHEHUIO C TPYMIIOH OOJIBHBIX, Y KOTOPBIX MOPaXKEHBI KOHEYHOCTH.

[TonydeHHble NaHHBIE CBHICTEILCTBYIOT O BO3MOXKHOCTH (HDOPMHUPOBAHUS
TPYIII [TAIMEHTOB ISl IPUMEHEHHS UMMYHOMOTyJIUPYIOIINX TIPEnapaToB.

JIutepatypa / Reference

1. Heuwuman I'U., Kawxuna JI.M., Knouapesa T.E. n np. BnusHue kieTok
KOCTHOTO MO3Ta, CEJEe3eHKH M IEePUTOHEATBHOTO IKCCy/aaTa Ha MeTacTa-
3MpPOBAHUE OMYXOJIEBHIX KIETOK B JIETKHE CHOMPCKUX XOMSYKOB / Brojur.
9KcriepuM. ouosiorun u MequuuHel. — 1982, — T. XCIV, Nel0. — C. 102-5.

1. Deichman G.I., Kashkina L.M., Kluchareva T.E. et al. Influence of bone
amrrow, spleen and peritoneal exudate cells on metastasing of tumor cells
into lungs of hamsters /Bulleteny experimentalnoi biologii I meditsini. -
1982. —V.XCIV, Ne10. — P. 102-5.

2. Kosuney I'H., Makxaposa B.A. VlccnenoBanue cUCTEMBbl KPOBH B KJIMHHU-
yeckoi mpaktuke / M.: Tpuaga-X — 1998. — 104 c.

2. Kozinets G.1., Makarova V.A. Study of blood system in clinical practice
/M.: Triada-X. -1998. -104 P.

3. Kosznosckas H.I'. TlpodunakTrka JEroyHbIX METacTa3o0B OCTEOCAPKOMBI Y
co0aK IyTeM MpeoNepaioHHON TPaHC(y3UH KOCTHOTO MO3ra 37I0pPOBBIX

JOHOPOB: ABTOpedepar uc. kauz. onomn. Hayk: 14.00.14. — M., 2002. - 21 c.



In memory of academician N.N. Trapeznikov 69

3.

10.

11.

12.

Kozlovskaya N.G. Prophylactics of osteosarcoma lung metastases in dogs
by pre-operational transfusion of bone marrow from healthy dogs:
autoreferat of PhD thesis. — M. — 2002. — 21 P.

Jlyeosckasn C.A., Moposoea B.T., [loumaps M.E. n np. JlabopaTtopHas re-
matosorus / M.: Kadenpa KJI , 2006. —214 c.

Lugovskaya S.A., Morozova V.T., Pochtary M.E. et al. Laboratory haema-
tology /M.: Kafedra KLD. — 2006. — 214 P.

Ahn Y. Weigel B., Verneris M. Killing the killer: natural killer cell to treat
Ewing’s sarcoma / Clin. Cancer Res. —2010. — Vol. 16 — P. 3819-21.
Allison J. The immunobiology of gamma delta + T cells / Semin Immu-
nol. — 1990. — Vol. 2., Nel — P. 59-65

Bonneville M., Scotet E. Human Vgamma9Vdelta2 T cells: promising
new leads for immunotherapy of infections and tumors / Curr. Opin. Im-
munol. —2006. — Vol.18, Ne5. — P. 539-46.

Brinkrolf P., Landmeier S., Altvater B. et al. A high proportion of bone
marrow T cells with regulatory phenotype (CD4+CD25hiFoxP3+) in Ew-
ing sarcoma patients is associated with metastatic diseasen. / Int. J. Can-
cer. —2009. — Vol. 125, Ne4. — P. 879-86.

Caccamo N., Dieli F. , Meraviglia S. et al. T y6 cell modulation in antican-
cer treatment / Cur. Cancer Drug Targets. — 2010. — V.10. — P. 27-36.
Caccamo N., La Mendola C., Orlando V. et al. Differentiation, phenotype,
and function of interleukin-17-producing human Vy9Vd2 T cells / Blood
—2011. - Vol. 118, Nel. - P. 129-38.

Chiplunkar S., Dha S., Wesch D. et al. Gammadelta T cells in cancer im-
munotherapy: current status and future prospects / Immunotherapy. —
2009. — Vol. 1, Ned. — P. 663-78.

Cho D., Shook D., Shimasak N. et al. Cytotoxicity of activated natural killer cell
against pediatric solid tumors / Clin. Cancer Res. —2010. — Vol.16. — P. 3901-9.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bonneville%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scotet%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16870417
http://www.ncbi.nlm.nih.gov/pubmed/16870417

70

K 85-nemuro akaoemuxa H.H. Tpanesnuxosa. [lamsamu yuenoco.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Esartia HT., Deichman G.I., Kluchareva T.E. at al. Allogeneic bone-
marrow transfusion suppresses development of lung metastases in osteo-
genic sarcoma patients after radical surgery / Int. J. Cancer. — 1993. — Vol.
54.-P.907-10.

Fan Z., Yu P., Wang Y. at al. NK-cell activation by LIGT triggers tumor-
specific CD8 + T-cell immunity to reject established tumors / Bllod. —
2006. — Vol. 107, Ned. — P. 1342-51.

Galindo C., Tiebin L., Krasin M. et al. Analysis of prognostic factors in
Ewing sarcoma family of tumors / Cancer. — 2007. — V. 110, No2 — P.
375-8.

Gober H.J., Kistowska M., Angman L. at al. Human T cell receptor gam-
madelta cells recognize endogenous mevalonate metabolites in tumor
cells / J. Exp. Med. —2003. — Vol. 197, Ne2. — P. 163-8.

Groh V., Rhienehart R., Secrist H. et al. Broad tumor-associated expres-
sion and recognition by tumor-derived y3-T cells of MIC-A and MIC-B /
Proc. Natl. Acad. Sci. USA. —1999. — Vol. 96. — P.6879-84.

Hayday A., Roberts C, Ramsburg E. Gammadelta cells and the regulation
of mucosal immune responses / Am. J. Respir. Crit. Care Med. — 2000. —
Vol.162. - P. 161-3.

LiZ, Xu Q., Peng R. et al. IFN-y enhances HOS and U20S cell lines sus-
ceptibility to y0T cell-mediated killing through the Fas/Fas ligand path-
way / Int. Immunopharmacol. —2011. — Vol.11, Ned4. — P. 496-503.
Meraviglia S., Caccamo N., Salerno A. et al. Partial and ineffective acti-
vation of V gamma 9V delta 2 T cells by Mycobacterium tuberculosis-
infected dendritic cells /J. Immunol. —2010. — Vol. 185, Ne3. — P. 1770-6.
Risher M., Pscherer S., Duwe S. Human gammadelta T cells as mediators
of chimaericreceptor redirected antitumor immunity / Br. J. Hematol. —

2004. — Vol.126, Ne4. — P. 583-92.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gober%20HJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kistowska%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Angman%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/12538656
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hayday%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roberts%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramsburg%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/11029387

In memory of academician N.N. Trapeznikov 71

22. Serrano D., Monteiro J., Allen S. et al. Clonal expansion within the
CD4 + CD57 + and CDS8 + CD57 + T cell subsets in chronic lymphocytic
leukemia / J. Immunol. — 1997. — Vol. 158, Ne3. — P. 1482-9

23. Shanker A., Verdeil G., Buferne M. et al. CD8 T cell help for innat anti-
tumor immunity / J. Immunol. — 2007. — Vol. 179. — P. 6651-6662.

24. Viey E., Fromont G., Escudier B. et al. Phosphostim-activated y0T cells
kill autologous metastastic renal cell carcinoma / J. Immunology. — 2005.
—Vol. 174. — P. 1338-1347.

25. Walterhous D. Optimal management strategies for rhabdomyosarcoma in

children / Pediatric Drags. —2007. — Vol. 9, Ne6. — P. 391-400.

HAYYHBIE ;KYPHAJIBIL
POHII UM. H.H. BJIOXHHA PAMH




72 HMMYHOJIOT'UA TEMOIIO33A4

U.TI. Mapkuna, HH. Tynuysin, JI.B. [{lemuoos
KIMHNYECKOE 3HAUYEHUE

OUPKYJUPYIOHINX OMYXOJIEBBIX KJIETOK (HOK)
IMPU MEJJAHOME KOXH

DI'BY «POHIL] um. H H. Fnoxunay PAMH, Mockea

MertacTazupoBaHue — OCHOBHAsI IPUYMNHA CMEPTHOCTH OOJBHBIX CO 3JI0KAYECT-
BEHHBIMH HOBOOOPA30BAaHHMAMH, MOCKOJBKY COBPEMEHHbBIE METOJbI JICUCHHUS, KaK
MpaBmWIo, obecneunBas M3JICYEHUE OT MEPBUYHON OITYyXOJIH, SBISIOTCS HENOCTa-
TOYHO I(PPEKTUBHBIMHU Il KOHTPOJIS 32 Pa3BUTHEM METacTa3oB. MeTacTa3upoBa-
HHUE MPEICTABIIACT COOON CIIOKHEHIINI M TUHAMUYCCKUN MPOIECC, B PE3yJIbTaTe
KOTOPOTO OITyXOJIEBbIE KJIETKU AMCCEMHHHUPYIOT U3 MEPBUYHON OMyXOJIM K OTAA-
JICHHBIM opraHaM M TkaHsaMm [11]. Meractatudeckuil kackaja IpeAycMaTpUBAET
MIOCTIEIOBATENBHYI0 CMEHY CIIEAYIOIIMX 3TaloB — MHBA3HU OITyXOJEBBIX KIIETOK,
WX MHUTPAIid ¥ WHTPaBa3alUH B COCYIHCTOE PYCIIO, HUPKYJSILIUH B KPOBOTOKE B
COCTaBe KJIETOUHBIX KJIACTEPOB, SKCTPABA3aIlMM B MECTaX BTOPHYHOTO METACTa3H-
pOBaHMsA, CTAOMIM3AMH B CIICIN(HUIECCKOM MHUKPOOKPY>KEHUH U COOCTBEHHO pea-
JU3AIMH UX B MAKPOCKOITMYECKHEe MeTacTassl [17; 24; 46].

[IprHIMIHaTBEHAs BO3MOXKHOCTh METACTa3HMpPOBAHMS MOSBISIETCS yXKE C Hada-
JIOM aHTHOTCHE3a B OIMyXosu. PaHee cuMTanock, YTO aHTMOTCHE3 HAYMHACTCS II0-
CJle TOT0, KaK KOJIHYECTBO OMyXONeBbIX KIETOK npeBbicHT 10°, a auamerp omyxomu
coctaBuT 0,5 MM. B HacTosiliee BpeMst yCTaHOBIIGHO, UTO npoliecc popMUpoBaHHMs
B OIIYXOJIM COCYZIOB MOXKET HAUMHAThCA el paHbIlle — IPU YHCIe KIETOK PaBHOM
100-200, u ¢ 3TOr0 MOMEHTa 3JI0KAaYECTBEHHBIE KJIETKH Y)K€ MOTYT IONajaTh B
KpOBSIHOE PYCIIO.

Cynp0a aTux Kietok pazaunyaa. Oxono 85% u3 HUX MOTHOAIOT B TEUECHUE TIEp-
BBIX 5 MHHYT, [TON1a/1asi B «KaMJUISIPHYIO JIOBYIIIKY», ¥ NIPEBPAIIAIOTCS B AIIOITO-
THYECKHE TENbla B PE3yIbTaTe TEMOJHHAMHYIECKOTO CTPECCA WIIM K€ BCIICACTBHE
B3aMMOJICHCTBHSA C KIIETKAMH UMMYHHOH cructemsl [21; 53]. BepkuBimme B KpoBO-
TOKE KJICTKH B Pe3yJIbTaTe aKTUBH3ALNH aHTHAIONTOTHYECKUX ITPOTPAMM MEHSIOT
CBOHM TeMOJMHAMHUYECKHE M MeTaboindeckue cBOWCTBa [53] M mpencTaBisioT Co-
0011 reTepOreHHYIO MOITYJISINI0, KOTOPYIO OKHIAET TP BapHaAHTa COOBITHIA.

BonpIIMHCTBO OIMyX0JIEBBIX KIETOK JEMOHCTPHPYIOT «(DeHOMEH KOJUIEKTHBHON
MUTpaIMny, GOPMUPYsT KOMIUIEKCHI C TPOMOOIMTAMU M MEXAY cO00H, 1 00pa3ytoT
TE€M CaMbIM IMPKYJUPYIOIIHE OIMyXOJeBble MUKPOAIMOOIBL. OmyXoJeBbleé MHUKPO-
9MO0JbI 00J1aaI0T BEICOKMM ITPOJIU()EPATUBHBIM ITIOTEHIIMAIIOM, HO OHH HE MOTYT
MOKU/aTh IPOCBET COCyJa MyTeM AIKCTpaBa3alluy U MPHUBOAAT K OIYXOJIEBOH M-
00JIMH U K pa3pbIBy CTEHOK KalMJUISIPOB.

EnuHrvHBIE WM UPKYJIMPYIOIIUE OITyXOJIEBBIE KIIETH HE KOHTAKTUPYIOT CO
CTEHKaMH COCYZIOB M JTUM(ATHIECKNX CHHYCOB M HE TIEHETPUPYIOT nX. YacTs 3THX
KJIETOK KOJIOHHU3UPYET OTAAJICHHBIC OPTaHbl M TKAHHU C MOCIEIYIOMINM Pa3BUTHEM
TeMaTOTE€HHBIX METACTa30B.



HAMATOPOIESIS IMMUNOLOGY 73

1.G. Markina, N.N. Tupitsyn, L.V. Demidov

CLINICAL SIGNIFICANCE

OF CIRCULATING TUMOR CELLS

IN CUTANEOUS MELANOMA

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

Metastatic disease is the main cause of cancer death since current treatments
while providing cure of primary tumors as a rule fail to control metastasis. Metastasis
is a very complicated and dynamic process resulting in dissemination of the primary
to distant sites [11]. Metastatic cascade involves the following sequential stages: tu-
mor cell invasion, migration and intravasation into and circulation in blood stream as
cell clusters, extravasation in sites of secondary metastasis, stabilization in specific
microenvironment and formation of micrometastases [17; 24; 46].

Principal potential for metastasis is present already at the beginning of tumor
angiogenesis. It was thought earlier that angiogenesis started when the number of
tumor cells became greater than 10° and tumor diameter is 0.5 mm. However it is
known today that generation of vessels in the tumor may start earlier, i.e. when the
number of cells reaching 100 or 200, and from this moment malignant cells may
penetrate into blood stream.

These cells have different fate. About 85% of them die within the first 5 min-
utes after getting into the so called capillary trap where they turn into apoptotic
bodies as a result of hemodynamic stress or interaction with immunity cells [21;
53]. While surviving cells change their hemodynamic and metabolic properties as a
result of activation of antiapoptotic programs [53] and form a heterogeneous popu-
lation with three types of events to follow.

Most tumor cells demonstrate a «collective migration phenomenon» by forming
complexes with platelets and between themselves resulting in development of cir-
culating tumor microemboli. The tumor microemboli have a high proliferative po-
tential, but cannot leave the vascular lumen by extravasation and cause tumor em-
bolism and disruption of capillary walls.

Solitary or circulating tumor cells (CTC) do not contact with or penetrate from
vascular or lymphatic walls. A part of these cells colonize distant sites and further
develop into hematogenic metastases.
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Jpyrue xietkn, oboramieHHbIe BO BpeMsl HUPKYISIIMM IUTOKUHAMH 1 (pakTopa-
MH POCTa, BO3BPAIAIOTCSI B TIEPBUYHYIO OIyXOJb, T.€. METAaCTa3HpyIOT «B CeOs» 1
TEM CaMbIM CTHMYJHPYIOT POCT IEPBHYHON Omyxonu. VM, HakoHel, HEKOTOpbIC
HOK, nepeiins B a3y « Metactarudeckoro mokos» (Gy_; KIETOYHOTo IUKIIA), MOTYT
LUPKY/IMPOBATh B KPOBOTOKE B TEUCHHUE AJIMTEIBHOTO BPEMEHH, COXPAHHUB TIPH 3TOM
CIIOCOOHOCTB TIPH OTIPEAEIECHHBIX YCIOBHAX 3aITyCKaTh MEXaHU3MBbI, IPUBOASAIINE K
TIOSIBJICHUIO MCTHHHOTO METACTa3UpOBaHMWs. Tak, HalpuMep, COMUTAPHBIC 3JI0Kade-
CTBEHHBIC KJICTKH HEPEAKO OOHApYKMUBAIOTCA B KPOBU OOJBHBIX PAKOM MOJIOYHOU
xenesbl cimycTs 5; 10 u Goree JIeT mociie XUPypPrudecKoro JICUYSHUs], U TIPH STOM Y
20% >KeHIIMH BBIIBIAETCS MPOTPECCHPOBAHKE B CPOKU OT 7 110 25 5eT mocne paau-
kajgbHOU MacTakroMuu [17]. Ilo3mHMe MeTacTaTWdecKHe PELUIUBHI MOCTE «Pajy-
KaJIbHOTO M3JICUCHUs» 33JOKyMEHTHPOBAHBI TIPH PaKe POCTAThl, paKe NIMTOBHIHON
JKeNe3bl, TIOYeUHBIX KapIIMHOMax, a Takke MenaHome [63]. B nureparype ommcan
YHUKaJIBHBIN CITy4all TeMaTOreHHOTO paclpOCTPaHEHUsI METAcTa30B yBEaJIbHOW Me-
JIaHOMBI Yepe3 35 et nocie yaaaeHus NepBUYHON omyXomH [56].

B sKcniepuMeHTaIbHBIX MOJIENSX OBLJIO YCTaHOBJIEHO, YTO €KEIHEBHO U3 TEp-
BUYHOW OIMYXOJHM MOTYT OTAEJSATHCA M MOCTYNATh B KDOBOTOK OT HECKOJIBKHX ThI-
cs14 710 4 MIUITHOHOB KiteTok Ha 1 T Tkanu [10; 20]. U3 Beeit maces! LOK Tonbko 1
kieTka u3 40 MOXKET AOCTHTaTh mpeMeracTatuieckoil Humm, u He 6omee 0,01%
LOUPKYJIHPYIOMINX OMYyXOJIEBBIX KJIETOK HAaf0T Hadanmo meracra3am [69]. Takum 06-
pa3om, HeA(PEKTUBHBINA ¢ TOUKH 3peHHsT OMOJIOTHH MPOIIECC ONpEAeIseT Mporpec-
CHIO OHKOJIOTHYECKUX 3a00JIeBaHU, MPUBO/IIYIO, B KOHEYHOM UTOTE, K CMEPTH
OT METacTaTHYECKOTO Mpoliecca.

Bneperie 1{IOK Obuti 00HapykeHbI B KpOBU OOJBHOTO C MPOIPECCHPYIOMINM
MeTacTaTudeckuM pakoM B 1869 romy Thomas Ashworth, koTopslit peamonoxu,
YTO «...KJIETKH, IIOXO0KHE Ha KIOHBI KJIETOK M3 MEPBUYHON OITyXOJH, OyIy4H BbHI-
SIBICHHBIMH B TIepU(pepUUecKOil KPOBH, MOTYT IPOJIMBATh HEKOTOPBHIH CBET Ha
Croco0 MPONCXOK/IECHUS MHOXKECTBEHHBIX OITyXOJIEH, CYIIECTBYIOIIMX B TOM XK€
caMOM 4elloBeKe». TiiarenpHoe cpaBHEHHE MOP(OIIOTHH IUPKYIHPYIOINX KIETOK
1 KJIETOK M3 Pa3IMuHBIX METACTaTHYECKUX OYaroB, MPHUBEIN aBCTPAIUICKOTO Ia-
TaJIOTOaHAaTOMa K BBIBOLY, YTO «OJHO MOXKHO CKa3aTh HAaBEpPHSIKA, YTO €CIH OHU
(IOK) mpom3omnumn w3 OZHOM CyIIECTBYIOIIEH CTPYKTYpHI paka, OHH, IOJDKHO
OBITH, IPOIILTH Yepe3 OOBIIYIO YaCTh KPOBEHOCHOM CUCTEMBI» [5].

OmnyxoJneBble KIETKH LUPKYJIUPYIOT B KPOBOTOKE B YPE3BBIYAHHO HU3KHX KOH-
HeHTpanusx. B 1 Mi 1enbHOM KpOBH €IMHUYHBIE PAKOBBIE KIETKH OKPYKEHBI
npuMepHo 10 MUIUTMOHAMU JIEMKOLIUTOB U 5 MUJLTHApaaMu sputpouutoB [40; 67],
MIO9TOMY MX BBIJICJICHHUE M BH3yaJIM3allsl NPEJCTABIsIET cOO0H KpalHe CI0XKHYIO
3anauy. Jlo HenaBHero BpemeHu nouck LIOK ocyliecTBasuics TONBKO TPaaullioOH-
HBIMH METOJJaMH CBETOBOH MHKPOCKOITNH, KOTOPbIE B OOJIBIIMHCTBE CIIyYaeB OKa-
3BIBAHCH HEAI()(HEKTHUBHBIMHU.

UccnenoBanus no BeisiiaeHno LIOK npu pa3nnyHbIX 370Kad4eCTBEHHBIX HOBO-
obOpa3oBaHuIX BeAyTcs 4yTh Oomnee 20 mer.
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Other cells enriched with cytokines and growth factors during the circulation
period return into the primary tumor, that is metastasize into themselves and thus
enhance growth of the primary. And finally some CTC enter a phase of metastatic
dormancy (GO-G1 phase of cell cycle) and can circulate in the blood stream for a
long time preserving the ability to trigger mechanisms leading to true metastasis
under certain conditions. For instance, solitary malignant cells are often found in
blood of breast cancer patients at 5, 10 and more years after surgical treatment and
20% of the women develop progressive disease within 7 to 25 years after curative
mastectomy [17]. Late metastatic recurrence after curative treatment is reported in
prostate, thyroid, renal cancer and melanoma [63]. There is a unique case report of
hematogenic metastasis of uveal melanoma at 35 years following removal of the
primary tumor [56].

It was shown in experimental models that from several thousand to 4 million
cells per 1 g tissue may separate daily from the primary tumor and penetrate into
blood stream [10; 20]. Only 1 of 40 CTC may reach a premetastatic niche and not
more than 0.01% of CTC give rise to metastasis [69]. Thus the biologically
ineffective process plays a definitive role in progression of cancer eventually
leading to death from metastatic disease.

The CTC were first found in blood of a patient with progressive cancer in 1869
by Thomas Ashworth who suggested that cells similar to cell clones from the
primary might cast some light on the way of generation of coexisting multiple
tumors in a single person. Careful comparison of morphological features of the
CTC and cells from various metastatic lesions led the Australian pathologist to the
conclusion that one thing might be stated for sure that if the CTC had originated
from a single existing cancer lesion they must have passed a most portion of the
circulation [5].

Tumor cell circulate at an extremely low concentration. Solitary cancer cells
are surrounded by about 10 million leukocytes and 5 billion erythrocytes in 1 ml of
whole blood [40; 67], therefore it is very difficult to detect and visualize them.
Until recently CTC finding was made only by common light microscopy which
was inefficient in most cases.

Study involving CTC detection in various cancer types have been carried out
for a little more than two decades.
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CoBepIICHCTBOBAHNE M BHEIPEHHE B NMPAKTHKY BBHICOKOUYBCTBUTEIILHBIX MOJIC-
KyJISIPHO-OMOJIOTHYECKMX TEXHOJIOTMH JIETEeKIIMH OITyXOJICBBIX KIJIETOK, KOTOpbIE
OOBIYHO SIBIISIOTCS KOMOWHAIMEH mpolenyp oboramieHus W Iporeayp oOHapyke-
HHS, CAETAJI0 BO3MOXHBIM He ToibKo omnpenensats LIOK B nepudepryaeckoii kpoBu u
clienaTh UX MPEeAMETOM KOJIMIECTBEHHBIX N3MEPEHHH, HO U TIPH UX COXPAHEHUH HC-
MOJB30BaTh B JAIbHEHIIEM Ui MOP(OIOrHYECKOro, NMMYHO(EHOTHITHYECKOTO 1
MoJieKyisipHoro aHanm3a [2]. Cerogns yxke He BbI3bIBaeT comHeHui, uro [{OK sB-
JISIFOTCSL KJIFOUOM K TTOHMMAHHIO OMOJIOTHH METacTa30B M OMOJIOTMYECKUM MapKepoM,
MO3BOJISTFOLIIMM HEMHBA3HUBHO U3Y4YaTh 3BOJIOIMIO OITyXOJIN BO BPEMSI €€ POTPECCHH.

HOK ObUIM BBISIBICHBI IIPU CONUAHBIX OMYXOJSIX Pa3IMYHBIX JIOKAJIH3AIHH, B
YaCTHOCTH, TAKUX KakK paK MOJOYHOM xkeine3bl [59], pak mpocratsl [15], kKomopek-
TanbHBINA pak [44] 1 HEMETKOKJIETOUHBIN pak Jierkoro [60]. Menanoma, Kak U MHO-
THe JpyTHe 3JI0Ka4eCTBEHHbIC HOBOOOPA30BaHMs, SBIISICTCS] CHCTEMHBIM 3a00JeBa-
HHUEM, U JaKe NPH KIMHUYECKH PaHHUX CTaJUSX BBICOKA BEPOSITHOCTH CKPHITOM
JMICCEMUHALIH OITyXOJIEBOTO TIpOIiecca.

MenaHoMa KOXH SIBIISIETCSI OJHUM M3 CaMBIX arpeCCHBHBIX, HEIPEIICKa3yeMbIX
n Hamboiee TPYJHO MOATAIOUIMXCS JICUCHHIO 3JI0KAYEeCTBEHHBIX HOBOOOpa30oBa-
Hui. CTaTUCTHYECKHE JaHHBIC TIOCIEIHNUX JIET CBUAETEIBCTBYIOT O HEYKIOHHOM U
MHTCHCUBHOM pOCTe 3a00JIeBaeMOCTH MEJTaHOMOH B Pa3NMYHBIX cTpaHax. B Poc-
cuiickoit @enepannu B 2010 roxy Oputo BeIsABICHO 8416 HOBBIX CIy4aeB MeJaHO-
Mbl KoxH [1], aOCONMIOTHBINA MPHUPOCT 3a00seBaeMOCTH 1o cpaBHeHuto ¢ 2005 ro-
JoM coctaBun 11,7% y mysxuuH u 19,2% y xeHmuH [1], uTo sABAseTCS OOHUM U3
CaMBbIX BBICOKHX CPEM BCEX OHKOJIOTUYECKHMX 3a00JIeBaHHH.

CocraBnsas okono 3% Bcex JUarHOCTUPOBAHHBIX CIIy4aeB 37I0KaY€CTBEHHBIX HOBO-
00pazoBaHUH KOXH, MeNaHoMa, 00J1afasi BHICOKUM METACTaTHYECKUM ITOTCHIIMAIOM
y’Ke Ha paHHUX CTaJHsIX, CTAHOBUTCS NpHYMHON Oonee 80% cMepTenbHBIX HCXOJIOB,
MIPUXOIAIINXCS Ha JaHHYIO TPYTITY OIyXoJei Koxu [37]. B cTpykType cMepTHOCTH 3a
2010 rop OT qEICCEMIHALINH METaHOMEI yMepito okoio 3500 genosek [1].

Ha cerognsmHuii 1eHp NEepBOOYEPETHON MPOTHO3 U JIeUeOHYIO TaKTHKY HpH
MeJaHOME KOXH OIICHHWBAIOT ¢ oMomibio kKiaccudpukammu TNM (AGCC/UICC, 7-
e mzganme, 2009 r.) [12], koTopas Bkmo4yaeT B ceOs Hambosee BaKHBIE MPOTHO-
cTUYecKue (akTopbl — TOJIIUHY OMYXOJIH, YPOBEHb HHBAa3UH, U3bSI3BJICHHE, MUTO-
TUYECKHH WHIIEKC, HAJIMYUE METACTa30B B PErvOHapHbIe TUM(aTHYECKUE Y3JIbl U
UX KOJMYECTBO W/WJIM OTIAJICHHBbIE MeTacTasbl. JlOMONHUTENbHBIE (aKTOPBI MPO-
THO3a, TaKKMe Kak 1oJ, Bo3pacT, ypoBHH JIII' u S100, anaTomMudeckas nokanusa-
LSl TIEPBUYHON OIMYXOJIM M METacTa3oB, HEPAIUKAILHOCTh XUPYPrHIECKOTO Jieye-
HUSL ¥ MOJICKYJISIpHBIE OCOOCHHOCTH NMEPBUYHOHN OIyXOJIH, OKa3bIBAIOT HE3HAUYH-
TeJIbHOE BIUSHUE HA TIJIAHbI JICUeHUS [42—44].

IIpu TA cramum 5-neTHSA BBDKMBAeMOCTh NpuOmmkaercst Kk 95%, a BeposT-
HOCTH nepexuth 10-neTHuit pydex cocraBnser Tonsko 85% [7]. U3 atoro cneny-
€T, YTO JIeYeHHEe MEJTaHOMBI KOXH Jlake Ha caMoil paHHell craauu He maet 100%
nziedeHust, u 6omnee 15% OOIBHBIX MOrHOAIOT OT MPOTPECCUPOBAHMUS OOJIEC3HU.
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Improvement and practical application of high-sensitivity molecular biological
assays to detect tumor cells mainly as combinations of enrichment and detection
procedures allowed not only detection and quantification of CTC in peripheral
blood, but also their preservation with morphological, immunophenotypic and
molecular analysis to follow [2]. It is no doubt today that CTC are a key to
understanding biology of metastasis and a biological marker permitting non-
invasive study of tumor evolution during progression.

CTC were found in cases with solid tumors of various sites, in particular breast
[59], prostate [15], colorectal [44] cancers and non small cell lung cancer [60].
Like other malignant neoplasms melanoma is a systemic disease with a high
probability to disseminate even at clinically early stage.

Cutaneous melanoma is one of the most aggressive, unpredictable and difficult
to treat malignant tumors. Melanoma incidence is increasingly rises worldwide
over recent years. In 2010 in the Russian Federation there were 8416 new cases of
cutaneous melanoma [1]; as compared to 2005 the absolute rise in the incidence
was 11.7% in men and 19.2% in women [1] which was one the highest rates
among all cancer types.

Accounting for about 3% of all diagnosed cutaneous cancers melanoma with its
high metastatic potential already at early stages is a cause of more than 80% of all
deaths due to skin cancer [37]. In 2010 about 3500 patients died from melanoma
dissemination in Russia [1].

Primary prognosis and treatment strategy in cutaneous melanoma are currently
determined according to TNM (AGCC/UICC, 7™ edition, 2009) classification [12]
including most important prognostic factors such as tumor thickness, level of
invasion, ulceration, mitotic index, the presence and number of metastases to
regional lymph nodes and/or distant sites. Additional factors such as gender, age,
LDH and S100 levels, anatomic site of the primary and metastases, non-curative
surgical treatment and molecular features of the primary exert but marginal effect
on the treatment plan [42; 43; 44].

The 5-year survival in stage IA is close to 95%, while only 85% of patients
survive 10 years [7]. It follows then that the treatment for cutaneous melanoma
even at the ecarliest stage fails to ensure a 100% cure and more than 15% of the
patients die from progressive disease.
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MenaHoMa KOXKH TOJIIUHOA MEHEE 2 MM CUUTAETCSl MOTCHIUAIBHO H3JIEYUMbBIM
3a00J1eBaHNEM B pe3yJIbTaTe yAaJIeHUs TIEPBHYHON OIMyXoiH, HO 10 44% W3 3THX Ta-
LHEHTOB YMHPAIOT OT METaCTaTUUECKUX NMOPAXKEHUIN pa3IMUHbIX opraHoB [39; 51].

Hecmotpst Ha coBepIIeHCTBOBAaHHME aJbIOBAHTHOTO JICUCHUS! MEJIAHOMBI, IPH-
omu3uTenbHO Yy 50—75% OONMBHBIX, OTHOCSIIUXCS K TPYIIaM MPOMEKYTOTHOTO
(IIB u IIIA cragun) nnm Beicokoro (IIC, IIIB u IIIC cramum) prcka mporpeccupo-
BaHM, METacTa3bl Pa3BUBAIOTCS B MepBble 2 roaa [7], mpudaem y 40% n3 HuX oOHa-
PY’KHBAETCs MOPaKCHNE BHYTPEHHUX OPTaHOB 0€3 MOPayKCHUSI PETHOHAPHBIX 30H.

B GonbHvHCTBE CyyaeB MPUYMHOIN HEYIOBIETBOPHTEIBHBIX PE3YIbTATOB JIEUE-
HHS, HECMOTPSI Ha PaJMKaJbHO yJAICHHYIO OIyXOJb, YACTUYHO BBICTYIIACT PAHHEE
HOCTYIJIEHHE OITyXOJIEBBIX KIIETOK B reprdepuieckyto KpoBb. Ha3HaueHne KIMHUIN-
CTaMU aJbIOBaHTHOM Tepamuy, CTaBsIIel repes co0oil 1esb MPeI0TBPATUTh pPa3BUTHE
METACTa30B, OCHOBBIBACTCS CETO/IHS HA CTATUCTHYECKOM PHUCKE METacTa3upoBaHus 0e3
YETKOTO 3HaHHs TOT0, IMEJ JII MECTO BBIXOJI OITyXOJIEBBIX KJIETOK B epr(epHIecKyto
KPOBB, M IPOM30IILIA JIU UX KOJOHU3ALMS B OTAAIECHHBIX OpPraHaX U TKaHSX.

[Tpn oOHapyXeHHH METacTa30B LIAHCHI S-JIETHEH BBDKMBAEMOCTH PE3KO CHH-
JKAFOTCS M COCTaBIAIOT He Oonee 5% [6]. JlornuHO# Te4eOHON TaKTHKOH B 3TOM
cilydae sIBJII€TCS KaKk MOJKHO OoJiee paHHEe Hadaio JICYCHHs, TIOCKOJIbKY Ha JIO-
OyI0 37I0Ka4eCTBEHHYIO OITyXOJb JIErde BO3JCHCTBOBATh IPH €€ MHHHUMAIbHOM
pa3mepe. Pemenne mpobiemMpl MOXHO ObUTO ObI HAaWTH B BBISBICHUU OIpEIeNeH-
HBIX MapKepOB OITyXOJIEBOM NPOTPECCHH, BIMSHHE KOTOPHIX HA IPOTHO3 B psjie
ciryyasix ObUTO ObI COIIOCTABMMO CO CTaJHEH, YTO MOXKET cTaTh d((PEKTUBHBIM J10-
MOJHEHUEM K cucteme ctaaupoBanus no TNM. B cBsizu ¢ 3TuM nmeroniuecs B
MHUPOBOH JUTEpaType HEMHOTOYHCIICHHBIE MyOIMKAlUU, CBHIETEIBCTBYIOIINE O
TIOTIBITKAX BBIIBUTH M oxapakrepu3oBaTh LIOK B kpoBH OOJBHBIX MEIaHOMOH KO-
KM, TTPEJCTABIISIOT OOJIBIION KIIMHUYECKUH MHTEpEeC B IUIaHE BO3MOXKHOM CTpaTu-
(UKanuy MarUeHToB 10 TPYTIaM PUCKA M Ha3HAYCHUS TEPaluy B 3aBUCUMOCTH OT
WHIUBHUIYAIFHON CTETIEHH PUCKA B KQKJOM KOHKPETHOM CITyJae.

ITepoe coobmerne o [[OK mpm memaHome OBUIO OIMyOJIMKOBAaHO B Hadaie
1990-x rr. B. Smith ¢ coaBTopamu npu momoru OT-ITLP Beraenmn u3 nepude-
pUYecKkoil KpoBH OONBHBIX MEJTAHOMOW TPAaHCKPUNT T'€HAa THPO3MHA3HI. BbIcokas
9KCTIpeccHsi OENKOBOIO MPOAYKTa JAHHOTO I'eHAa, UTPAIOIIET0 KIOYEBYIO pOJb B
OnocuHTEe3e MEIaHUHA, ONPEAEIAETCS TOJIBKO B MEIAHOLUTAX, 3JI0KAYECTBEHHBIX
KJIETKaX MEJIaHOMBI M IIBAHHOBCKUX KJIeTKaX. IlockosbKy reMonosTudeckue KietT-
KH{ HE DKCIPECCHPYIOT JaHHBIH (pepMEeHT, a MEJaHOLUMUTHI M KJIETKH MEIaHOMBI B
HOpPME He LUPKYJIHUPYIOT B COCYIHCTOM pyciie, OOHapy)KEHHUE TPAHCKPUITA IeHa
TUPO3MHA3bl B MEPUPEPHUUECKON KPOBU MALMEHTOB HCCIIEIOBATEIH IOCUYUTAIIH
KOCBEHHBIM NIPU3HAKOM LIUPKYIUPYIOIUX KIETOK MeTaHoMbI [58].

Heckonbko mo3xe psii APYrUX UCCIEAOBATENbCKUX IPYII MOATBEPANUIN J0Ka-
3arenscTBa Hamuuawust LIOK npy menaHoMme KoXkn, OJHAKO HU B OTHOM M3 3THX Ha-
Omronennii He OBIIIO NMPOAEMOHCTPUPOBAHO BIMSHHUS MOJEKYJSIPHOTO aHTHICHA
THUPO3MHA3bI HA IPOTHO3 MAIEHTOB.
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Cutaneous melanoma less than 2 mm thick is thought to be potentially curable
by removal of the primary, however up to 44% of such patients die from metastatic
lesions of various sites [39; 51].

In spite of improvement in adjuvant treatment for melanoma about 50 to 75%
of patients at intermediate (stage IIB and IIIA) and high (stage IIC, IIIB and IIIC)
risk of progression develop metastases within the first two years [7] with 40%
presenting with internal lesions without regional involvement.

In most cases the poor outcome in spite of curative primary tumor dissection is
in part due to penetration of tumor cells into peripheral blood. Prescription of
adjuvant therapy aimed to prevent metastasis development is currently based on
statistical risk of metastasis without clear knowledge whether tumor cells have
penetrated into peripheral blood and colonized distant sites.

In metastatic disease the 5-year survival decreases dramatically and is not more
than 5% [6]. In this case it seems logical to start treatment as early as possible
since the treatment effect on any cancer is greater if the tumor size is minimal. A
solution of the problem may be detection of certain markers of disease progression
whose prognostic value may be compatible with disease stage in some cases which
might be an effective supplement to the TNM staging. It is therefore of much
clinical interest to analyze the few publications describing attempts to detect and
characterize CTC in blood of patients with cutaneous melanoma that would help
stratify patients by risk groups and prescribe therapy with respect to individual risk
in each individual case.

The first report on CTC in melanoma was published in early 1990s. B. Smith et
al. used RT-PCR to detect tyrosinase gene transcript in peripheral blood from
melanoma patients. High expression of protein product of the gene playing a key
role in melanin biosynthesis is detectable only on melanocytes, malignant
melanoma cells and Schwann’s cells. Since hemopoietic cells do not express this
enzyme and melanocytes and melanoma cells do not circulate in normal
individuals, the investigators believed that the presence of tyrosinase gene
transcript in peripheral blood from melanoma patients was an indirect sign of
circulating melanoma cells [58].

Later some other study groups confirmed the presence of CTC in cases with cu-
taneous melanoma, however none of them could demonstrate relationship of the
tyrosinase molecular antigen and prognosis.
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B cBsi3u ¢ TeM, 4TO MCHONIBb30BaHUE OJJMHOYHOTO MapKepa B psje CIydaeB Mo-
XKeT OBITh HEHAJEXKHBIM HM3-32 TETEPOr€HHOCTH M BapHaOEeIbHOCTH Ha YPOBHE HH-
JMBHIYaJIbHON T€HHOW MapKepHOW dKCIpeccHH, (0COOEHHO Ha MO3IHHUX CTaIMsIX
OITyXOJIEBOM MPOTPECCHH) PA3INIHBIE TPYIIEI YUCHBIX CTaJIM JIOKA3bIBATH ITOTEH-
nuanbHyro npumeHuMocTs OT-TILP ¢ npyruMu reHaMu, 4be BBIPAXKEHUE OTPAHU-
YEeHO MEJIAHOIWTaMH1 W/WJIH KJIETKaMH METaHOMBI. B HacTosmee BpeMs oOHapyxe-
aHue [HOK MenmaHoMbI OCHOBBIBA€TCSI HA AKCIPECCHU TeHOB THPOo3uHA3bl, MART-1,
Melan-A, MAGE-3, gp100, MIA, p97, MUC-18, GalNAc-T u PAX-3.

Crnenyer npusHaTh, uro LJOK sBISAIOTCA reTepOreHHOHN MOMyIsnueil KIIeTOK.
[ToaToMy B 3aBHCHMOCTH OT IPHUMEHSIEMBIX Ul UX IOHCKAa M aHajIh3a MapKepoB
MOTYT HaOItOIaThCSl 3HAUNTENbHbIE Konebanus konudectBa [{OK gaxe mpu omnpe-
JIeTICHNH Ha OJTHHUX M TeX K€ CTaausax 3aboseBanus. [1o JaHHBIM pa3HBIX HCCIEN0-
BaHMH 4YacTOTa BBISBICHHS OIyXOJEBHIX KJIETOK B NepH(EepUYecKOd KpPOBH Y
OonbHEIX | cramumelr MemaHOMBI KOkH coctaBisger oT 8 mo 34%. Ilpu II cramum
OK obnapyxwusatorcs y 13-51% mnarmmenrtos. Ilpun 10KOperHOHApHBIX CTagusIX
LOK 0651 BeisiBNIeHH B 17-75% ciydaeB. [Ipn metacratnyeckoil MesaHOME ITpo-
neHT BeisiBiieHns L{OK konebneTcs ot 45 mo 86% [9; 35; 41; 62; 65].

BaxHOii cTyneHpIO B IOHUMaHUH TIPOIIECCA METACTA3MPOBAHUS CTAIO IIPU3HAHUC
toro ¢akta, uro [{OK B meputeprueckoit kKpoBr OOIBHBIX MENAHOMOM KOXKH SBIISIOT-
CsI TIOKAa3aTelneM IeMaTOreHHOW JMCCEMHHALN OITyXOJIEBOTO MpOIecca, U MHOTUMHU
YUYEHBIMH PaclieHUBAIOTCS Kak (haKkTop, IPUBOAALIMI K (POPMUPOBAHHIO METACTa30B.

S. Gkalpakiotis ¢ coaBt. B 2010 r. omy0JIHKOBaIX JAaHHBIE O TOM, YTO Y IOJAB-
JISTFOIIEr0 OOJIBIIMHCTBA MAIMEHTOB C MEJAHOMOM KOXKH C JIOKJIBHBIMU M JIOKOpE-
THOHApHBIMU cTagusiMu ¢ onpenenseMbiMu [{OK nocne pagukansHOro Xupyprude-
CKOT0 JICYEHHs] Pa3BUBACTCS MPOTPECCUPOBAHUE 3a00JIeBaHMs, IPUYEM, Yallle BCETo,
B TeYEHHE IEPBBIX JIBYX JIET IOCIE ONepalyy. B TaHHOM HcciaeaoBaHUU 0Opasiibl
nepudepryeckoit kposu 65 manuentoB co II-III cramusimu 3a0oneBaHust ObUTA UC-
CJIeIOBaHbI KaXKible 3 Mecsla TeueHne 2 JeT C MOMEHTA OIepalliiid METOJIOM MYJIb-
tunpaiimeproit OT-ITHP k MPHK Melan-A, gp 100, MAGE-3, MIA u THpo3uHa3HI.
3a Bpemst HaOmopenus 5 net y 27(41,5%) oTMeueHo mporpeccupoBaHne 3a00ieBa-
HuA. Y 26 (96,3%) U3 3THX ManyeHToB B 00pasnax KPOBU BBUIBICH KaK MHUHHUMYM
OIIMH TIOJIOXKUTENBHBIA Mapkep. [Iporpeccus Ha mepBoM rony HabmoneHWs Oblia
3a¢ukcupoBana B 40,7% ciydaeB, Ha BTOpOM roxy — B 25,9%, Ha TpeTbeM — B
18,6%, Ha 4eTBepTOM U IIITOM — U B 7,4% CiTydaeB COOTBETCTBEHHO [26].

[Toxoxxee uccienoBaHue ObUIO NMPOBEACHO Ha 0a3ze HECKOJIBKUX 3apyOeimHBIX
menunmHckux neHTpoB. C.R. Scoggins ¢ coasr. [12] comoctaBmnu Hamnune [JOK
1 OTAAJCHHBIC Pe3yNbTaThl JedeHust 60mpHbIX MeaanoMmoil [IA-IIC craawmii. beum
MpOaHATU3UPOBAHBI 00pa3ipl Hepudepudeckoit kpoBu 820 MpoONepUpPOBAHHBIX
OOJIBHBIX METaHOMOM KOXkH Bo3pacte oT 18 10 71 roma ¢ TONIIMHON Omyxou 00-
see 1 MM 0e3 THCTOJIOTHYECKHU JI0Ka3aHHBIX perHoHapHBIX MeractazoB. [JOK on-
penemsuck ¢ nomoulbto MynbTunpaimepHoi OT-IIINP x MPHK Tuposunassl,
MART-1, MAGE-3 u gp 100.



HAMATOPOIESIS IMMUNOLOGY 81

Since the use of a single marker is sometimes not reliable due to heterogeneity
and variability of individual gene marker expression (especially at late stages of tu-
mor progression), various study groups tried to prove potential feasibility of RT-PCR
with other genes expressed only by melanocytes and/or melanoma cells. Currently
CTC detection in melanoma is based on expression of tyrosinase gene, MART-1,
Melan-A, MAGE-3, gp100, MIA, p97, MUC-18, GalNAc-T and PAX-3.

It should be noted that CTC are a heterogeneous cell population. Therefore a
significant variability in CTC counts may be seen even at the same disease stage
depending on markers used to find and analyze them. According to different inves-
tigators tumor cells are detected in peripheral blood from 8 to 34% of patients with
stage I cutaneous melanoma. In stage II disease CTC are found in 13 to 51% of
patients. Frequency of CTC detection in locoregional disease reaches 17 to 75%. In
metastatic melanoma CTC are found in 45 to 86% of cases [9; 35; 41; 62; 65].

An important contribution to understanding of metastasis was the finding that
CTC in peripheral blood from cutaneous melanoma patients were a marker of he-
matogenic tumor cell dissemination that was thought by many investigators a fac-
tor leading to metastasis.

In 2010 S. Gkalpakiotis et al. reported that an overwhelming majority of pa-
tients with local or locoregional cutaneous melanoma presenting with CTC after
curative treatment developed progressive disease mainly within 2 years following
surgery. In this report peripheral blood samples from 65 patients with stage I1-II1
disease were analyzed every 3 months during 2 years from the time of surgery by
multiprimer RT-PCR to Melan-A, gp 100, MAGE-3, MIA and tyrosinase mRNA.
For a 5-year follow-up 27 (41.5%) patients developed progressive disease. Twenty
six (96.3%) of these cases had at least one positive marker in their blood. Disease
progression was reported in 40.7% within 1 year, in 25.9% within the 2", in 18.6%
within the 3" and in 7.4% each within the 4™ and 5" years respectively [26].

Several health centers conducted similar studies. C.R. Scoggins et al. [12] com-
pared the presence of CTC and follow-up outcomes in patients with stage ITA-IIC
melanoma. The authors analyzed samples of peripheral blood from 820 melanoma
patients aged 18 to 71 years with tumors more than 1 mm thick and free from his-
tologically verified regional metastases undergoing surgical treatment. CTC detec-
tion was made using multiprimer RT-PCR to tyrosinase, MART-1, MAGE-3 and
gp 100 mRNA.
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VY 115 (14%) u3 820 marnueHToB B neprdepnieckoil KpoBU ObIIIM 00HAPYKEHBI
HOK, mpruuem y 99 n3 3THX NanMeHTOB OBUT BBISBIEH TOJIBKO OJMH U3 aHAIIU3U-
pyembix TpanckpuntoB MPHK, a y 16 — xomOunanus u3 2 u 6onee Mapkepos. He
OyIydH TPOrHOCTHYECKUM (hakToM obmier BepkuBaemoctn, Hanuane LIOK Obito
CBs3aHO c Ooyiee HU3KOW O€3pElMINBHON BBDKMBAEMOCTHIO. BeposTHOCTH mepe-
JKUTB 6-JIeTHEH pyOex 0e3 MPH3HAKOB MPOTPECCHPOBaHMs OOJIE3HH OKa3alach paB-
Ho#t 85% npu orcyrerBun LIOK, 75% — npu sxcnpeccun oxHoro mapkepa LIOK n
TONBKO 56% 1ipu skcnpeccun 6oinee 2 mapkepos MPHK (p = 0,0062).

B pa6ore P. Arenberger ¢ coasr. [4] y 65 maruentos ¢ I[IB-III cramueit mena-
HOMBI KOXH TOCIIE PaJUKaIbHOTO XUPYPIUUECKOTO JICUSHHsI 00pa3lbl KIETOK Iie-
pudepruaeckoil KpOBH MCCIENOBAINCH KaXIble 3 MEC C HCIIOIb30BAHHEM MYJIb-
tunpaiimeproit OT-ITLP k MPHK Melan-A, gp100, MAGE-3, MIA u Tupo3uHassi
C LIEJBIO BBISBIICHHSA U MOCIEIYIOICH OIIEHKH 9THX MapKepoB B TMHAMHKE. 3a Bpe-
ms1 HabmoeHust 18 mec. y 18 (27%) OonbHBIX OBLIO BBIABICHO MPOIPECCHPOBAHHE
3aboneBanus. B nepuox ot 0 1o 9 mec. 10 MOSBICHUS KIMHUYECKUX MPU3HAKOB
BO3BpaTa OOJIE3HN Yy BCEX 3THX MAIMEHTOB ObUIO 3a(MKCHPOBAHO OOHApY)KEHHE
Mapkepa/MapkepoB B obOpa3smnax mnepudepudeckoir kposu, nmpudem MAGE-3 oka-
3aJcs CaMbIM YyBCTBUTENBHBIM MapKEepOM IPOTPECCHH. Y TAIEHTOB C MPOrpec-
CHPOBAaHHMEM aBTOPHI HAOIIOAAIN OJHOMOMEHTHOE OOHApyXEHUE TPEX TPAHCKPHII-
T0B B 39%, nByx — B 28% 1 oxHoro — B 33% ciydaeB cooTBeTCTBEHHO. Onmpasich
Ha TIOJTyYCHHBIE JaHHbIE, aBTOPbI UCCIIEAOBAHUS CUUTAIOT, YTO ANHAMHUKA U3MEHE-
HUSI MOJIEKYJIIPHBIX MapKEpOB MEJIAHOMBI B MEPUPEPHUECKON KPOBU MOXKET CUH-
TaThCSI TPOTHOCTHYECKUM (PaKTOPOM W OBITH TOJE3HBIM JJISI PAaHHETO OOHapyxKe-
HUS METaCTaTHYECKOM MPOrpECCHH.

P. Rutkowski ¢ coaBT. [54] mpoBesnu uccie0BaHke, HAMPABJICHHOE HAa OOHApYXe-
Hue LIOK B muMdaTryeckux cocynax 1 nepudepruaeckoi KpoBr OOJIBHBIX METaHOMOW
koxku ¢ ucnonp3oBanueM OT-TTIP k MPHK tuposunassr, MART1 u MAGE. O6pas-
bl TuMGBI 1 KpoBH ObuTH B34THl Y 107 matmentos c 11l craaueii 3aboneBanust gepes
24 gaca nocne muMdaaeHdkToMun. Hamure XoTst Obl OZIHOTO MOJIOKUTENIBHOTO Map-
Kepa 13 Tpex pacteHnBaiock kak ooHapysxkenue LIOK. V 40 6onpubix (37,4%) Obumm
BeiiBieHb! LIOK B numdaTnaeckoit sxxuaxocty, y 28 narmenTos (26,2%) — B nepude-
puaeckoit kpoBu. [Ipn Mennane HaOmoxeHust 24 Mec. aBTOPHI HE HAIIN KaKUX OBI TO
HH OBUIO CYIIECTBEHHBIX PA3NIM4Mil BO BPEMEHH IO IPOTPECCUPOBAHMS U OOLIEH BBI-
JKIBAaeMOCTH y OOJIBHBIX ¢ oTcyTcTBHeM U HanmmuneM L{OK B nepudepudeckoi KpoBH.
Onnako, oOHapyxenue kak MuHumyM ogaoro MPHK mapkepa LIOK B mumdaruye-
CKOM KUJIKOCTH KOppenupoBaio ¢ Oonee kopotkoii bBPB 6onbHbIX (9,9 mpotus 15,3
Mec., p = 0,04). BeposTHOCTD mepexuTh 1Ba roga 0e3 MpU3HAKOB OOJIC3HH COCTaBHIIA
18,9% nys nmarpentoB ¢ HammareM LTOK u 42,1% npy uX OTCYTCTBUM.

enp uccnemoBanust A. Fusi ¢ coaBT. [22] cocTosia B OIIGHKE MPOTHOCTHYEC-
ckoii 3HaunMoctH auHamMukd LIOK B rpynme OonbpHbIX MenaHomo# koxu III cra-
JIUH B TIpoliecce aabioBaHTHON nmmyHotepanuud PEG-MH® u B rpymme Habmroae-
HUS, 3aperucTpupoBaHHbIX B uccnegosanud EORTC 18991.
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CTC were found in peripheral blood from 115 (14%) of 820 patients, of whom
99 had only one of the mRNA transcripts analyzed and 16 had a combination of
two or more markers. The presence of CTC was not related to overall survival but
was predictive of a shorter disease-free survival. The chance to survive 6 years
progression-free was 85% in cases without CTC vs. 75% with expression of one
marker and 56% in the presence of more than 2 markers (p = 0.0062).

P. Arenberger et al. [4] analyzed peripheral blood samples from 65 patients
with stage [IB-III cutaneous melanoma after curative surgery using multiprimer
RT-PCR to Melan-A, gp 100, MAGE-3, MIA and tyrosinase mRNA every
3 months to detect and assess changes in the markers. Eighteen (27%) patients de-
veloped progressive disease within 18 months of follow-up. All these patients pre-
sented with expression of a marker/markers in peripheral blood within 0 to
9 months prior to appearance of clinical signs of disease recurrence, with MAGE-3
being the most sensitive marker of progression. Among the patients with progres-
sive disease simultaneous expression of three transcripts was found in 39%, of two
markers in 28% and of one marker in 33% of cases. Basing on these findings the
authors concluded that changes in molecular markers of melanoma in peripheral
blood might be a prognostic factor for early detection of metastatic progression.

P. Rutkowski et al. [54] detected CTC in lymphatics and peripheral blood from
patients with cutaneous melanoma using RT-PCR to tyrosinase, MART1 and
MAGE mRNA. Samples of lymph and blood were collected from 107 patients
with stage III disease after 24 h following lymphadenectomy. Cases with at least
one marker were considered CTC positive. Forty (37.4%) patients had CTC in
lymphatic fluid and 28 patients (26.2%) had CTC in peripheral blood. At a median
follow-up of 24 months the authors failed to find any significant differences in
time to progression or overall survival between patients with vs. without CTC in
their peripheral blood. However, expression of at least one CTC marker in lym-
phatic fluid correlated with a shorter disease-free survival (9.9 vs. 15.3 months,
p =0.04). The chance to survive 2 years disease-free was 18.9% for CTC positive
vs. 42.1% for CTC-negative cases.

A. Fusi et al. [22] assessed prognostic significance of changes in CTC content
in patients with stage III cutaneous melanoma during adjuvant immunotherapy
with PEG-interferon and in an observation group of EORTC 18991 study.
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O06pa3ubl nepudeprdeckoii KpoBU OBIIIM HCCIIEIOBaHBI HAa T'€HHBIE MapKephl
Tupozunaszy u Mart-1/Melan-A xaxzapie 6 mec. B Teuenue 5 ner. Y 109 (36,5%) u3
299 nauneHToB ObUIA BBISBICHA IKCIIPECCHA MO KpalfHel Mepe 0JTHOTO TPaHCKPUII-
Ta WIKA BO BpeMsl paHpomuzaimu (n = 17) win B quHamuke (n = 92). Perpeccuon-
HbIi aHanmm3 CoX yKas3all Ha JI0CTOBEpHO 0oJiee BHICOKHI PHCK Pa3BUTHS MeTacTa-
3UpOBaHUs 1L OOJNBHBIX ¢ HAJTMYMEM TPAHCKPUITOB B 00pa3uax nepudepuaeckon
kpou (p < 0,001). Tem He MeHee, aBTOpHI monaratoT, uto OT-ITLP moxeT ObITH
WCIIOJIb30BaHA ISl OLIEHKU MPOMHIAKTHIECKOTO JICYEHHS, TOCKOJIBKY MOTyUYeHHBIC
Ppe3yIIbTaThl OBUTH COMTOCTABUMBI B 00EMX KOHTPOJIBHBIX IPYIIIAX.

Hamnpotus, R.A. Wascher ¢ coaBt. [66] cuutarot, uto ompenenenne L{JOK B
MIPOIIECCEe aABIOBAHTHON TEpamuM MOXET ObITh MOJE3HBIM AN MACHTH(UKAIMN
MAIIMEHTOB C MOTEHIMAJIbHO arpeCCUBHBIM TEUCHUEM 3a00JIEBAaHUS C LIENBIO KOp-
PEeKIMU JTaNbHEHIero JiedeHus. [ pynmna yueHbIX MocieoBaTeIbHO n3yvaia 00-
pasiiel iepudepuueckoir kpoBu 30 0onbHBIX MenaHoMol koxwu III craguu, korto-
PBIM MPOBOJMIIACH BAKIMHOTEPAIus ajuloreHHpIMU Kitetkamu (M 10, M24 u M101)
B 103¢ 24 x 10° knetok (8 x 10° KIeToK Ka10if KICTOUHOM JTMHUI) MOCHe PaH-
KaJBbHOI'O XUPYPTUYECKOTO BMeEIIaTeNIbcTBa. 3a0op KpoBu s BbLBieHnst [{OK
MIPOU3BOAMIICA HEMOCPEACTBEHHO NEpe]] HaualoM BaKIIMHOTEPANUu U fajiee Ha 8 u
16 nenenax neuenus. s BoiaBneHus LIOK ucnons3oBanack MyasTUNIpaiMepHas
OT-IILP x MPHK tuposunassr, MART-1 u MAGE-A.

Cpenu >1x 30 manueHToOB, BKIIOYCHHBIX B JaHHOE HccienoBanue, y 19 (63%)
ObLTO BBEIABICHO TNporpeccupoBanue 3abonesanust. Y 10 (53%) u3 19 manuenToB
osun BeIsBIECHBI LIOK ¢ skcmpeccueit oguoro n 6onee Tpanckpunta MPHK kax
MHHAMYM B OJHOM M3 Tpe€X IOCIEIOBATENbHO B3ATHIX 00pasnoB kposu. Bee 10
(100%) marmeHTOB MMENH MONOKUTENbHBIN MapKkep/Mapkepsl Ha 8 u/unn 16 Hene-
Jie JIeYeHHs] U TOJBbKO 2 OOJBHBIX Mepell HauyaloM BaKIMHAIMU. JIMIIb TONBKO Y
onHoro m3 11 mamueHToB B rpymie 0e3 mporpeccMpoBaHus B mepudepuueckon
KpoBU Obuta oOHapyxeHa Menanomuas MPHK (MART-1) nepen Hauanmom jeue-
HUsI, KOTOpasi He ObLIa BBIABIICHA MPH TIOCIENYIONIeM aHanu3e Ha 8 u 16 Hexemsax
nedennsi. OnHOGMAKTOPHBIN aHAINM3 TOKa3al JOCTOBEPHYIO KOPPEILLHIO MEXITY
nanmmaueM 1IOK B mepudepryeckoil KpoBu M Oe3penUIUBHON BBDKHBAEMOCTHIO.
Me/nana BpeMeHH 10 HPOTrpeccHpoBaHys okasanoch pasHoit 11 mec. g LIOK' u
74 mec. i LHOK™ (p =0,01). B MHOro)akTOpHOM pErpecCHOHHOM aHaJM3€e C UC-
nop30BaHreM MoJien Cox HaJIMdHue 1Mo KpalHeH Mepe OHOTO MapKepa OmyXoJie-
Boit MPHK B mro6om o6pasiie mepudepraeckoil KpoBH OBUIO CBSI3aHO C YBEIIMYE-
HHUEM pHCKa IIporpeccupoBaHms Oojee 4eM B 3 pasa (p = 0,02).

B nByx moxoxkux paborax S. Hoshimoto ¢ coast. [29; 30] LIOK Opun nccire-
nmoBasbl y 331 6onpHOTO Memanomoit 111 cramueit mocne mumdanenskromn u 214
60bpHBIX MenaHoMoit [V cTamueit, paauKaabHO ONEPUPOBAHHBIX IO MOBOAY OTHA-
JICHHBIX METacTa30B, C Hcmonb3oBaHueM MyibTuIuiekcHo OT-IIIP k MPHK
MART-1, MAGE-A3 u GalNAc-T.
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Peripheral blood samples were analyzed for gene markers tyrosinase and Mart-
1/Melan-A every 6 months for 5 years. Expression of at least one marker at ran-
domization (n=17) and on study (n=92) was found in 109 (36.5%) of
299 patients. Cox regression analysis demonstrated a significantly higher risk of
metastasis for patients with transcript-positive peripheral blood (p < 0.001). How-
ever, the authors believed that RT-PCR could be used to assess prophylactic ther-
apy because compatible results were obtained in both control groups.

R.A. Wascher et al. [66] consider CTC detection during adjuvant therapy useful
for identification of patients at risk of aggressive disease course to correct further
treatment. The investigators studied samples of peripheral blood from 30 patients
with stage III cutaneous melanoma receiving vaccine therapy with allogenic cells
(M10, M24 and M101) at 24 x 10° cells (8 x 10° cells per line) after curative sur-
gery. Blood was harvested for CTC detection immediately before vaccine therapy
and further at weeks 8 and 16 of treatment. Multiprimer RT-PCR to tyrosinase,
MART-1 and MAGE-A mRNA was used for CTC detection.

Nineteen (63%) of the 30 patients had progressive disease. Ten (53%) of the
19 patients demonstrated expression of one or more transcripts at least in one of
three sequential samples. Positive marker(s) were found in all the 10 (100%) pa-
tients at week 8 and/or 16 of treatment and only in 2 patients before vaccination
start. Only 1 of 11 patients free from disease progression had melanoma mRNA
(Mart-1) before treatment which was not detected at further tests at week 8 or 16 of
treatment. Univariate analysis demonstrated a significant correlation between the
presence of CTC in peripheral blood and disease-free survival. Median time to
progression was 11 months for CTC-positive vs. 74 months for CTC negative
cases (p = 0.01). Cox regression analysis showed that the presence of at least one
marker of tumor mRNA in any blood sample was associated with a more than 3-
fold increase in the risk of progression (p = 0.02). S. Hoshimoto et al. conducted
two similar studies [29; 30] to assess CTC in 331 patients with stage III melanoma
after lymphadenectomy and 214 patients with stage IV melanoma after curative
surgery for distant metastases using multiplex RT-PCR to MART-1, MAGE-A3
and GalNAc-T mRNA.
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[Nocne xupyprudeckoro neueHust B pamkax Il ¢asbl KMMHUYECKNX MCIBITaHUH T1a-
LIMEHTHI MOJTyYald JUOO0 MPOTHBOMEIAHOMHYIO BakiMHy Ganvaxin B KOMOMHAIMH C
BIDK, mu6o BIK. Ha MmomenT Hauana neuenus ouomapkep(sr) LIOK (> 1) 6buta 00-
Hapy>KeHbI nieprdeprdeckoi kposu B 17,5% ciyqaes npu 111 cragum n 'y 54% nauu-
eHTOB, nMmetonmx 1V cragmio 3aboneBanns. [lo pesynbraTaMm MHOTO(AaKTOPHOTO aHa-
nm3a U1l GONBHBIX JIOKOPETMOHAPHBIMY CTA/IMSIMH BBISIBIICHHE 2 U OoJiee TPaHCKPHII-
TOB OBLIO CBS3aHO C COKpAIICHHEM BpeMeHH Ji0 mporpeccupoBanus (p = 0,046). s
nareHToB ¢ IV cramueit 3a0oneBanns BousiBicHrne 1{OK (BHE 3aBHCHMOCTH OT KOJIH-
YeCTBa MapKepOB) OKa3pIBAJIO HETaTHBOE BIIMSHHWE HA IOKA3aTeNH Oe3peryInBHON
(p =0,002) u obmieit (p =0,0012). 3a 22 mec. Habmoxnerus y 71% OompabIX IV cTagn-
el ObUIO BBIIBIICHO JallbHEHINIEE MPOTrpeccHpoBaHue 3a001eBaHus, a 44% nanueHToB
YMEpIHM OT METACTATUYECKOH 0O0Je3HH. ABTOPBI CUMTAIOT, YTO BBIACICHUE TPYIIIBI
6ompHEIX ¢ [IOK HEoOXoauMo I TIOCTIEAYIONIETO MCIOMB30BAHUS Y HUX Oojee ar-
PECCHUBHOM JIOTIONHUTENHHON TEPAIMK, a TAKKEe BAXKHO JUIsl CTpaTU(UKAIMU MalueH-
TOB B KJIMHMYECKHUX UCIIBITAHUAX HOBBIX IIPOTUBOOITYXOJIEBBIX IIPEMapaToB.

VYriaybneHHOe HcceoBaHue, HallpaBIeHHOE Ha M3ydeHHE NPOTHO3a B 3aBHCH-
Moctu oT LIOK y 60mbHBIX, paJuKaibHO TPOOIIEPUPOBAHHBIX 110 ITOBOJY NTEPBHYHON
OITyXOJIM W/WJIM MeTacTa3oB, Obuio mposeneHo D.S. Hoon c coart. [28]. O6pa3ib
nepudepuyeckoii kposu 7 (15,2%) manmentos co II cramueit, 29 (63%) —c Il u 10
(21,8%) — ¢ IV crapueit 3a0oneBanust OBLTH 00CIEIOBAHEI C UCTIONF30BAHIEM MYIIb-
tumekcHod OT-IIHP. OuenuBanace skcnpeccuss MPHK k tuposunaze, MAGE-3,
MUC-18 u p97, kotopas O6bl1a 0OHapy>keHa B epudepndeckoil kposu y 24; 10; 41
u 19 GompHBIX cooTBeTcTBeHHO. Brisinenne B LIOK skcmpeccun omHOTO M ABYX
MapKepoB Habmroganack B 28% ciydaes, Tpex — B 37% , a ueTbipex — B 2% Habto-
nennid. Tonbko y 3 GonbHBIX (6%) He OblI0 oOHapyskeHo LIOK. ABTops! HE OTMe-
Yar0T HUKAKUX CYIIECTBEHHBIX Pa3IMuUil MEXIy IT0JIOM, BO3PAaCTOM, JIOKaJH3alUeH,
TOJIIIMHOM MepBUYHON omyxoiu 1o Breslow, ypoBHem unBa3uu no Kiapky u skc-
npeccueil oTaeNnbHbIX TpaHckpunToB. Opanako, kommyectBo LIOK, comeprkamux
MPHK Tuposunaszst 1 MAGE-3 nporpeccuBHO yBETHUUBAIOCH NApaIeabHO CO CTa-
mueit 3abonesanus (p=0,018 u p=0,033, coorBercTBeHHO). Dkcnpeccus B [JOK
6onee 2 paznmmunbsix MPHK nocroBepHO KOppenupoBaiio ¢ 6ojee BHICOKOH 4acTOTOH
MeTacTa3upoBaHus B otaasieHHble oprasl (p = 0,02). [IporpeccupoBanue ObUIO BbI-
siBIICHO Y 7 (25%) m3 28 G6onpHBIX ¢ dkcnpeccueit ot 0 o 2 mapkepoB u'y 10 (56%)
n3 18 GoNbHBIX Py BhIsIBIEHNH 3—4 TpaHckpunToB (p = 0,024).

B nmaHHOM HMCCie0BaHUM aBTOPHI TAKXKE MPEIPHHSUIN HOIBITKY CO3aHUsI MO-
JIeTI MHAWBUIYaIbHOTO PHUCKA IPOTPECCUPOBAHUS Ul MAMEHTOB, MPOOIEPHUPO-
BaHHBIX 10 TTOBOAY MeEJAHOMBI. Bce mamueHTsl ObUIM CTPAaTH(HIMPOBAHBI HA 3
rpymmsl — Hu3koro (II cramus ¢ axcnpeccueit He Oonee mByx MapkepHbx MPHK),
mpomexxyrounoro (Il cragms ¢ skcmpeccueii 6onee 2 mapkepoB wim xe ¢ [II-1V
CTamusIMH C 3Kcrpeccueil He Oonee 2 mMapkepoB) u Bbicokoro (III-IV cragmm u
JKCTpeccueit Ooree 2 MapKepoB) pHCKa.



HAMATOPOIESIS IMMUNOLOGY 87

The patients received antimelanoma vaccine Ganvaxin in combination with BCG
or BCG alone after surgical treatment in a phase II clinical study. At treatment start
CTC biomarker(s) (> 1) were found in peripheral blood from 17.5% of patients with
stage Il and in 54% of patients with stage IV disease. Multivariate analysis demon-
strated that the presence of 2 or more transcripts in patients with locoregional stage
was associated with a shorter time to progression (p=0.046). For patients with
stage IV disease detection of CTC (irrespective of the number of the markers) was a
poor prognosis factor as to disease-free (p = 0.002) and overall (p = 0.0012) survival.
Within a follow-up of 22 months 71% of stage IV patients developed progressive
disease and 44% died from metastatic disease. The authors concluded that CTC de-
tection was necessary to identify candidates for a more aggressive therapy as well as
to stratify patients in clinical trials of new anticancer agents.

D.S. Hoon et al. [28] conducted in-depth study of correlation between prognosis
and the presence of CTC in patients undergoing curative surgery for the primary
and/or metastatic lesions. Samples of peripheral blood from 7 (15.2%) stage II, 29
(63%) stage III and 10 (21.8%) stage IV patients were analyzed by multiplex RT-
PCR. Expression of mRNA to tyrosinase, MAGE-3, MUC-18 and p97 was found in
24, 10, 41 and 19 patients respectively. Expression of one or two markers was de-
tected in 28%, three markers in 37%, four markers in 2% of cases. Only 3 (6%) pa-
tients were free from CTC. There were no significant differences with respect to
gender, age, disease site, Breslow’s depth, Clark’s level of invasion and expression
of individual markers. However, content of CTC expressing tyrosinase and MAGE-3
mRNA was increasing progressively in parallel with disease stage (p=0.018 and
p = 0.033 respectively). Expression of more than 2 different mRNAs correlated sig-
nificantly with a higher frequency of distant metastasis (p = 0.02). Progression was
reported in 7 (25%) of 28 patients with expression of 0 to 2 markers and in 10 (56%)
of 18 patients with expression of 3 or 4 transcripts (p = 0.024).

The authors also attempted to develop an individual progression risk model for
patients undergoing surgery for melanoma. All patients were stratified into three
groups of low (stage II with expression of not more than 2 marker mRNA), inter-
mediate (stage II with expression of more than 2 markers or stage I1I-IV with ex-
pression of not more than 2 markers) and high (stage III-IV with expression of
more than 2 markers) risk.
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3a nepuox HabmoaeHust 60 Mec. IPU3HAKOB MPOTPECCHPOBAHUS HE OBUIO BEI-
SIBJICHO HM y OJIHOTO MAalWeHTa W3 TPYHIbl HU3KOro pHcka. B rpymnme mpomexy-
TOYHOTO PHCKa IporpeccupoBanne Obu1o 00Hapy)keHO Y 8 (32%) u3 25 OoNbHBIX, a
B TpYIIE BBICOKOTO pucka —y 9 (66,2%) u3 16 nauuentos (p = 0,037). [Toxyuen-
HBIE DPE3yJbTaThl CBHJCTEIBCTBYIOT, YTO TPAHCKPHUIIMOHHBIA CTATyC SIBIISETCS
CYIIECTBEHHBIM (DaKTOPOM HEOIATONPHUATHOTO MPOTHO3a, KOTOPBIH MOT ObI BIUSTH
Ha PEKOMEHIAINHN a/IbIOBAHTHON TEPAITHH.

BbIABIEHHE METAcTa30B MENAHOMBI B PETHOHAIBHBIC JIMM(ATHUECKUE Y3IIbI SIB-
nsteTcst (hakTOpOM HEOIAaroNnpUATHOTO POTrHO3a. DTH IAIMEHTHI SBIIIOTCS KaHIUAa-
TaMH Ha BCIIOMOTATEIbHYIO TEPAIHNIO U3-32 BBICOKOTO PHCKa PEUIMBa OONE3HU I10-
Clle PaJIMKaIbHOTO XHUPYPTUUECKOro BMemIaTeascTBa. OJHAKO 10 HACTOSIIETO Bpe-
MEHHU HHKaKOe HCCIIEA0BaHNE HE MOXKET TOYHO MPe/ICKa3aTh BEDKUBAHKE MALCHTOB,
MOJTYYaloIX HEO0aJbBAHTHYIO TEPAIUIO NMPH MENaHOME KOXH JIOKOPETHOHAPHBIX
craauii. Llenms MHOroueHTpoBOro mpocnekThBHOro uccienoBanust K. Koyanagi c
coaBT. [36] cocTosia B TOM, 4TOOBI H3y4uTh quHAMHKY u3MmeHenus LIOK B mepude-
prdecKol KpoBH O0JbHBIX MenaHoMmol koxku Il cragmm B mporiecce mpoBeneHUs
KOMOWHHMpPOBAaHHOTO JeueHus. JledeOHast mporpaMma BKIFOYaIa 2 Kypca HEOaIblo-
BaHTHOM Omoxmmuorepanuy 1o cxeme CVD B cTaHAapTHBIX 703aX ¢ J0OaBICHUEM
WNJI-2 B nose 9 max ME/M” B/ B 1—4 a1 pexomOuHanTHEI MH®-0 B 03¢ 5 MITH
ME/M’ /k B 1-5 1HM NedeHus, paauKaibHyr0 THM(aIeHIKTOMHUIO, OCIe KOTOPOil
MIPOBOJMIIOCH elie 2 Kypca aabIOBAHTHOM OHOXMMHOTEPANMH B TOM XK€ PEXHME,
KOTOpasi HAUMHAJIACh B T€UEHHE 6 HEJl. TTOCIIe XUPYPTUUeCKOro BMEIIaTeIbCTBA.

63 manueHTaM ObUIM TPOAHAIM3UPOBAHbI 00pa3iibl epudepruueckoil KpoBU ¢
ncnoas3oBanneM Mynptunpaiimepaoit OT-IIHP s BesiBnenns MPHK MART-1,
GalNAc-T, PAX-3 u MAGE-A3 o mayana XHMHOTEpanuy, nepea M Mmocie Xu-
PYPrHUYECcKOro BMELIATENILCTBA U IOCIE OKOHYAaHUS XUMHOTEpAINMK C NPHOIN3U-
TENILHBIM MHTEPBAIOM MEX1y 3a0opamu 6 Hel. B MOMEHT JMarHOCTHKH He ObLIO
OTMe4eHO Koppensinuii yactotsl BesiBieHus L{IOK ¢ monomM, Bo3pacTom, Jtokanu3sa-
e, TommuHon omyxosn Breslow, usbsissinenuem, pT u pN cragusaMu, cTagusiMu
o TNM (IITA, IIIB u IIIC) u npesiayum cratycom sedeHus. Y 19 (30%) u3 63
MAIICHTOB OBUIH BBISIBIICHBI METACTA3bl B OTAaJICHHBIC opraHbl. 44 (70%) G0IpHBIX
OCTaBAKCH O€3 MPU3HAKOB MPOTPECCHPOBAHUSA B CPOKH OT 4,6 mo 52,4 mecsries.
[pu meamane HabmroneHust 30,5 mec. BeisiBieHne LIOK mociie okoH9aHUs JIeUeHUS
JOCTOBEPHO KOPPENINPOBAJIO MOYTH C 4-KPATHBIM MOBBIIIEHUEM PUCKA IPOTPECCH-
POBaHMS ¥ CMEPTH OT MeTacTaTiHueckoii 6onesnu (61% nporus 15%, p = 0,001).

B rpymnme nanpeHToB 6€3 MpU3HAKOB MPOTPECCUPOBAHMS OTMEYAIOCh CYIIIECTBEH-
HOE CHIDKCHHE YPOBHS MapKepOB Ha PA3NIMYHBIX 3Talax IPOTHBOOITYXOJIEBOTO JIede-
HUSL, BIUIOTH JI0 MTOJTHOTO MX MCYE3HOBEHHUS K ero okoxuanuio (p < 0,0001). B rpymme
OOJBHBIX, Y KOTOPBIX OBLIO OTMEYEHO IPOTPECCHPOBAHKE, B IPOLECCE MPOBEACHUS
JICYEHHUs! IMHAMUKY W3MEHEHHUS YPOBHSI TPAHCKPHIITOB OTMEUeHO He ObuIo. 18 (95%)
u3 19 manmeHToB UMeINH Mo KpaiHel Mepe OJJMH MapKep BO BpeMs JICUCHHS.
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Within a follow-up of 60 months none of patients from low risk group devel-
oped progressive disease. Progression was reported in 8 (32%) of 25 patients from
intermediate and in 9 (66.2%) of 16 patients from high risk groups (p =0.037).
These findings demonstrate that transcription status is a significant factor of poor
prognosis that may be useful for choice of adjuvant therapy regimen.

Regional lymph node metastases from melanoma are a poor prognosis factor.
Patients with the regional involvement are candidates for adjuvant therapy due to a
high risk of recurrence after curative surgical treatment. However there are no tests
to predict survival of patients receiving adjuvant therapy for locoregional cutane-
ous melanoma. K. Koyanagi et al. [36] studied changes in CTC in peripheral blood
from patients with stage III cutaneous melanoma on multimodality treatment. The
treatment program consisted of 2 cycles of neoadjuvant biochemotherapy by CVD
schedule at standard dosage with addition of interleukin-2 at 9 000 000 TU/m? i.v.,
days 1-4 and recombinant interferon-alpha at 5000 000 TU/m? s.c., days 1-5,
curative lymphadenectomy with 2 cycles of the same regimen of adjuvant bio-
chemotherapy to follow starting at 6 weeks after surgery.

Peripheral blood from 63 patients was analyzed for MART-1, GalNAc-T,
PAX-3 and MAGE-A3 mRNA by multiprimer RT-PCR before chemotherapy, be-
fore and after surgery and after chemotherapy at an interval of approximately
6 weeks between samplings. At diagnosis there was no correlation between fre-
quency of CTC detection and gender, age, site, Breslow’s depth, ulceration, pT or
pN stages, TNM stages (IIIA, IIIB, IIIC) and previous treatment. Distant metasta-
ses were detected in 19 (30%) of 63 patients. Forty four (70%) remained progres-
sion-free for 4.6 to 52.4 months. At a median follow-up of 30.5 months CTC detec-
tion after treatment end correlated significantly with almost a 4-fold increase in the
risk of progression and death from metastatic disease (61% vs. 15%, p =0.001).

The progression-free patients demonstrated a significant decrease in the marker
levels at various stages of anticancer treatment to complete disappearance by the
treatment end (p < 0.0001). The patients developing progressive disease showed no
changes in the marker levels during treatment. At least one marker was found dur-
ing treatment in 18 (95%) of the 19 patients.



90 HMMYHOJIOT'UA TEMOIIO33A4

YV nmanueHToB, KOTOpbIe SKCIPECCUPOBANHU 1O KpaiiHel Mepe aBa Mapkepa LIOK,
IIPOrPECCUPOBAHUE PA3BUIOCH B T€UEHHE 7 MEC. C MOMEHTA Havaja JICYEHMUS.

[Nokazatemn oOmell BHDKMBAEMOCTH CTATUCTUYECKH YMEHBINAINCH, €CIH IOCTe
nedeHns B obpasnax nepugeprnaeckoil kposn Obuti BeiiBiaeHb! LIOK ¢ skenpeccueit
MART-1, GalNAc-T wnm MAGE-A3 (p =0,007, p < 0,0001 u p = 0,009 coorBeTcT-
BeHHO). [Ipenmonaraemast oOmast 2-yeTHss BEDKMBaeMOCTh cocTaBiia 94,5% + 3,8%
i manuenToB ¢ otcyrerBueM LIOK mocne okonuanus nedenus, 80,0% +12,7% —
JUISl TIALIMEHTOB C OIHUM MOJIOXKUTENbHBIM MapkepoM U 40,0% £ 21,9% — nnst natmen-
TOB ¢ 2 1 Oonee nonoxurenbHbIMU Tpanckpuntamu B LIOK (p < 0,0001). Pesynbrartsl,
TIOJTyYEHHBIE B XOZI€ 3TOH paboThl, HAIJISITHO AEMOHCTPUPYIOT, uto [TOK Moxer ObITh
HCTIONB30BaH KaK IIEHHBIN MapKep Ul OIEHKU 3(QEKTUBHOCTH TEPANMU U PAHHETO
TIPEeICKa3aHMsT IPOTPECCHPOBAHUISL.

W3noxeHHbIE TaHHBIE CBHUAETENBCTBYIOT O TOM, YTO CMEPTh OT METacTaTH4e-
CKOH OOJIE3HU MOXKET OBbITh 3apETHCTPUPOBAaHA y MAIMEHTOB C AMArHOCTHPOBAH-
HOH paHHEN METaHOMOM WM € CIYCTs FOJbl MOCNE YOAJIECHUS IEPBUYHOM OITyXO-
mu. W 3aragka OImyXoJeBO IPOTrpeccHM dYalle BCEro CBs3aHAa C METaHOMHBIMH
KJIETKaMH, IUPKYJIUPYIOIUMH B CHCTEME KPOBOOOpAIIeHUs OOJBHBIX, CUHTAIO-
LIMXCS PAIMKAIBHO M3JICYCHHBIMHU I10CJIe XUPYpPrudeckoro jedenus. Pannee oOHa-
pyxenue L{IOK B mepudeprueckoil KpoBU MO0 Obl IPENCTABIATh MOIIHBIN WH-
CTPYMEHT JUIsl HICHTU(QUKAIHS OOJIBHBIX METaHOMOHN C BEPOSITHBIM Pa3BHTHE OITY-
XOJIEBOH Mporpeccrell ¥ MOTEHIIMATBHO TNIOXHM HCX0/I0M OO0JIE3HH.

Hecmotps Ha To, uro OT-IILIP oTnHMyaeTcst BHICOKOW YyBCTBUTEIBHOCTBIO H,
KaK MOKa3aJln MCCIIOBAHMS, 00JIaIaeT MPOTHOCTHYECKON IEHHOCTBIO, STOT METO.
XapakTepu3yercst OOIbIION CI0XXKHOCTBIO M TPYJOEMKOCTBIO, UTO 3aTPYJHSET €ro
IIMPOKOE BHEAPEHNE B KIIMHUUECKYIO IPAKTHKY.

Bonee toro, Bo Bpems uzpneuenus PHK npoucxoauT HapylieHue HenoCcTHOCTU
KJIETKH, 9TO HE TO3BOJLSIET MOACYUTHIBaTH obmiee kommdectBo LIOK, ormemsaTs
HOK oT omyxoyeBbIX MHKPO3MOOJIOB U BBITOTHATh HX MOP(OIOTHIECKAN M HM-
MYHO()EHOTHITMYECKUI aHAIH3.

OTHUMU YHUKAJIBHBIMH CBOWCTBaMH oOjamaer cuctema CellSearch kommanuu
Veridex. Jlannast Texnonorus nponuia onoopenne FDA (USA) mnst BbIsBiIeHHS
ypoHeii [IOK y manueHToB ¢ MeTacTazaMu paka MOJOYHOM skenessl [53], Konopek-
TanbHOro paka [14] u paka npeacrarensHo skenessl [16]. Cucrema sBisieTcs momy-
aBTOMAaTHUYECKOW, B €€ OCHOBE JISKAaT METOAbl MMMYHO(IIyOPECIEHINH, HMMYHO-
MarHuTHOTO pa3zieieHust U npoToyHoil muromerpun [31]. Ilpenen uyBcTBUTENBHO-
CTH TaHHOTO MeToja cocTaBisier 5 u 6onee LIOK Ha 7,5 mit kposu [3; 44; 64].

BeicokouyBcTBUTEbHBIN KOoMIUTeKke Juisi BoisiieHus LIOK B nepudepudeckoit
KpOBH OOJIFHBIX MEJIAaHOMOM BKITIo9aeT B ce0s anturen CD146 (Melcam) u HMW-
MAA. Ilopor KoiM4ecTBa OIMyXOJIEBBIX KJIETOK B KPOBOTOKE, KOTOPBIHA TTO3BOJIIET
OLICHUBATh TEUEHHE OIyXOJIEBOTO IpoIiecca M ONPEAEATh CTENEeHb Pa3BUTH Me-
TacTta3oB, coctanisiet 2 [IOK B 7,5 mu kposu [49].
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Patients expressing at least two CTC markers developed progression within
7 months after treatment start.

Opverall survival was decreasing in a statistically significant manner in cases with
CTC expressing MART-1, GalNAc-T and/or MAGE-A3 during treatment
(p=0.007, p <0.0001 and p = 0.009 respectively). The prognosticated 2-year overall
survival was 94.5% +3.8% for patients free from CTC after treatment end,
80.0% =+ 12.7% for patients with one positive marker and 40.0% + 21.9% for patients
with 2 or more positive markers of CTC (p < 0.0001). These results demonstrate that
CTC may be a useful marker of response and early prediction of progression.

All these findings show that death from metastatic disease may occur in pa-
tients with diagnosed early melanoma or after several years after removal of the
primary. The tumor progression is often associated with melanoma cells circulating
in blood of patients considered cured by surgical treatment. Early detection of CTC
in circulation may be a powerful tool to identify melanoma cases with a high risk
of disease progression and potentially poor outcome.

Although RT-PCR is a high-sensitivity assay of high prognostic value, this tech-
nique is too sophisticated and labor-consuming which makes difficult its clinical use.

Besides, RNA extraction is associated with cell damage which prevents accu-
rate total CTC count, differentiation of CTC from microemboli and CTC morpho-
logical or immunophenotypic analyses.

CellSearch supplied by Veridex is a system with unique properties. It was ap-
proved by the US Food and Drug Administration (FDA) as a tool for CTC measur-
ing in patients with metastases from cancer of the breast [53], prostate [16] and
colorectal cancer [14]. The system is semiautomatic and based on immunofluores-
cence, immunomagnetic separation and flow cytometry [31]. The system limit of
sensitivity is 5 or more CTC per 7.5 ml blood [3; 44; 64].

A high-sensitivity complex for CTC measuring in peripheral blood from mela-
noma patients includes antigen CD146 (Melcam) and HMW-MAA (high molecu-
lar weight melanoma-associated antigen). The threshold for circulating tumor cells
allowing monitoring disease course and assessment of metastasis status is 2 CTC
per 7.5 ml blood [49].
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B uccnenosannu C. Rao ¢ coart. [49], BKiIrOUMBIIEM MaHHBIC O 44 OONBHBIX
JMCCEMUHUPOBAaHHOW MEJTaHOMOW M 55 3710pOBBIX JIOHOPOB, OLIEHHUIN KOJIMYECTBO
IIOK ¢ ucronb3oBanneM cuctemsl CellSearch.

OOHapyxeHHe B HepupepUIecKoil KpOBH KIETOK € WMMYHO(ESHOTHIIOM
CD146 HMW-MAA'CD45 CD34 Ki67 /. cuuTanoch 0Ka3aTelbCcTBOM HAMYHS
HOK. Ha MmomenT Havana uccienoBanus y 39 (86%) n3 44 GonpHBIX ObLIa BBIABICHA
Meracratudeckas 6onesnsb, 5 (14%) narmuentoB umenu 11 HeonepabenbHyto cTaguio
3abomneBanus. [Ipu ananmse obpas3noB nepudepmdeckoii kpou kommaectso [{OK B
KOHTpoJIbHOM Kpyne coctaBuio 0—1 B 7,5 mi kpoBu. [Ipu MenaHome 3TOT MokKasa-
tenp Konebancs or 0 mo 8043, mpuuem 2 u 6omee I{OK Opumm BeIsiBAEHBI y 12
(27,3%) u3 44 nanmenTtoB. CTaTHCTHYECKUI aHANM3 MOKa3al, 4YTO HaIM4ue 2 u 00-
nee LIOK accorumpoBanoch ¢ JOCTOBEPHBIM YXY/IIIEHHEM BEDKHBACMOCTH OOJBHBIX
(memmana 2,0 mec. mpotus 12,1 mec., p = 0,001). YeTsIpe namuenTa, KOTOpeIe yMep-
mu B Teuenue 1 mecsima, umenu 2; 8; 10 u 8043 LIOK B 7,5 Mut kpoBH.

L. Khoja ¢ coasr. [33] uccnenoBaiu o0pasisl nepudepudeckoit kposu 101 ma-
IMeHTa ¢ MeTacTaTudeckod Memanomoit (Mla — 4%, M1b — 17,8% u Mlc —
78,2%), MOMYyYMBIINX pa3IMYHbIE BUABI IPOTUBOOITYX0JeBOH Teparnmu (/lakapOa-
3uH, Bemypadenun6, naruduropsr MEK nnmm Ununumymal) B kadecTBe NepBOi
nnum Bropoit smauu Tepanuu. [JOK onpenessutichk ¢ NCIOIb30BaHUEM TUIATPOPMBI
CellSearch n cuutanuch MoOI0KUTENHHBIMU TP KO-KCTIPECCHX MapkepoB Melcam
and HMW-MAA u orcyrctBun anturesos CD45 u CD34. Komnuectso 1IOK ko-
nebanoce Mexxay 0 u 36 Ha 7,5 mut kposu. Ilepen nauanom neuenust y 75 (74,3%)
6onpHBIX ObLIO BBIsABIEHO He Oonee oxnoi LIOK, y 26 (25,7%) naunentos 3aperu-
ctpupoBato 6onee 2 I[OK, 4To mO3BONMIO MCCIEAOBATENSIM BBIACTUTH TPYIILY
OMaronpusATHOTO W HeOIaronpuATHOTO NMporHo3a. M3 ximHn4ecknx (akTopoB Ha-
muane [HOK xoppemupoBano ¢ Beicokum yposaeM JIAT (p =0,001) u crarycom
ECOG > 2 (p=0,002).

Onenka nuHamukn LJOK npoBoaniocs 1o Havana jiedeHns u ganee Ha 6; 9; 12
u 18 HeJemnsIX MPOTUBOOITYXOJIEBOW TepaIuy, a TaKKe PH BBISIBICHUU TIPOTPECCH-
poBanusi. B ogHoakTopHOM aHanu3e y OonbHBIX ¢ ypoBHeM [JOK Oosee 2 BbisiB-
JICHO CTaTHCTHYECKH 3HaYMMOE CHIDKeHHe rokaszareneii OB (menmana 2,6 mec.
mpotuB 7,2 mec., p < 0,011). B muorodakroprom ananuze uuciio IIOK Taxxe Obi-
JI0O HE3aBUCHMBIM HEOJIarONpHUSATHBIM INPOTHOCTHYECKUM OHOMapKepoM, BIIUSIO-
MM Ha BeDKMBaHue 00ibHBIX (p = 0,005). 34 (45%) U3 75 MauMeHTOB U3 TPYIIIbI
GnaronpusATHOTO MPOrHO3a OBUTH JKUBHI Yepe3 10 Mec. mocie Havyana Je4eHus, B TO
BpeMsl KaK TOT BPEMEHHOW IOpOT IEPEXMIN TOIbKO 6 (23%) u3 26 OONbHBEIX,
OTHECEHHBIX B TPYMIy HEOIArompuATHOTO MporHosa. Y 13 mamueHToB, BO BpeMs
JIe4eHns1 KOTOPBIX yepe3 6—9 Hezenb ObUT 3a()MKCUPOBAH YaCTUYHBIN MM TTOJTHBIH
oTrBeT Ha Tepammio ([akapbasun mimnm Bemapadenn0), oTMedanoch ITOCTOBEpHOE
camxkenue yposHs LIOK. Hanportus, pa3BuTHio mporpeccupoBaHus 3a0ojeBaHHe
npeaniecTBoBaso yBenndenue konmdecrsa LIOK (p = 0,005).
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C. Rao et al. [49] used the CellSearch system to assess CTC in 44 patients with
disseminated melanoma and 55 healthy donors. CTC positivity was reported by
detection of cells with a CD146 ' HMW-MAA'CD45 CD34 Ki67+ immunopheno-
type in peripheral blood. At study start 39 (86%) of 44 patients had metastatic dis-
ease, 5 (14%) patients had stage III inoperable disease. Analysis of peripheral
blood samples from controls detected 0 or 1 CTC per 7.5 ml blood. In melanoma
cases this count varied from 0 to 8043 with 2 or more CTC found in 12 (27.3%) of
44 cases. Statistical analysis demonstrated that the presence of 2 or more CTC was
associated with a significant shorter survival (median 2.0 vs. 12.1 months,
p =0.001). The 4 patients dying within 1 month had 2, 8, 10 and 8043 CTC per
7.5 ml blood.

L. Khoia et al [33] studied samples of peripheral blood from 101 patients with
metastatic melanoma (M1la 4%, M1b 17.8%, Mlc 78.2%) receiving various regi-
mens of anticancer treatment (dacarbasin, vemurafenib, MEK inhibitors or
ipilimumab) in first or second lines. CTC detection was made using the CellSearch
platform, a test was considered positive in case of Melcam and HMW-MAA coex-
pression and the absence of CD45 and CD34. The CTC counts varied from 0 to 36
per 7.5 ml blood. Before treatment 75 (74.3%) patients had not more than 1 CTC,
26 (25.7%) had more than 2 CTC, and basing on these results the patients were
divided into a good or poor prognosis group by the investigators. The presence of
CTC correlated with high levels of LGH (p=0.001) and ECOG performance
status > 2 (p = 0.002).

CTC assessment was made before treatment, at weeks 6, 9, 12 and 18 of ther-
apy and at progression. Univariate analysis discovered that patients with more than
2 CTC had a statistically significantly shorter OS (median 2.6 vs. 7.2 months,
p <0.011). As demonstrated by multivariate analysis CTC number was also an
independent poor prognosis marker influencing survival (p = 0.005). Thirty four
(45%) of 75 patients from the good prognosis group survived 10 months after
treatment start vs. 6 (23%) of 26 patients from the poor prognosis group. The
13 patients achieving complete or partial response after 6 to 9 weeks of treatment
(dacarbasin or vemarafenib) demonstrated a significant decrease in CTC count. On
the contrary, increase in CTC number was indicative of disease progression
(p=0.005.
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JlaHHbIe, TOTyYeHHBIE B X0O/1€ 3TON pabOThI, HArJISITHO AEMOHCTPHUPYIOT, YTO JIU-
namuka [{OK mosker ObITh MCTIONB30BaHa Kak Ha/ISKHBIM CyppOraTHBIH MapKep Juis
OLICHKU 3(PEKTUBHOCTH TEPAITMH U PAHHETO MPEICKa3aHMsl TPOTPECCHPOBAHUSL.

[OK sBIAIOTCS T€TEPOr€HHOM KIETOYHON MOIyIISIUEH, TOITOMY B MOCIETHHE
HECKOJIBKO JIET B 3apyOeXHBIX HCCIIEOBAaHMAX OTMEUCH IOBBIIICHHBI HHTEPEC K
W3Y4YCHUIO MOJIEKYJISIPHO-OMOIOTHYECKIX XapaKTepUCTHK OITyXOJIEBOTO KJIOHA.
YCTaHOBIEHO, YTO TOJBKO HEOOJIbINAS] HMOMYJISAIHS OMYXOJIEBBIX KIIETOK, Ha3BaH-
Hasl CTBOJIOBBIMH PAaKOBBIMU KJIETKaMH, 00JIaaeT ABYMs BaXKHBIMH OCOOCHHOCTSI-
MH — CIIOCOOHOCTBIO K CAMOOOHOBJICHHUIO U pepPaKTEPHOCTHIO K XUMHAOTEPAITUN U
nyuyeBod Tepamuu [27; 42; 55; 68]. O6nagas 0oyee BHICOKMM METACTaTHYCCKUM
MOTCHIUAJIOM II0 CPaBHCHUIO C APYTHUMH OINYXOJIEBBIMU KJIICTKAMH, CTBOJIOBBLIC
KJIETKU paka II0cjie JOCTHKEHHSI UMM MPEMETAacTaTHYECKPOH HUIIN MHUIUUPYIOT
MeTacTaTHuecKuil mpoiecc [46], oTBeuas, TEM CaMbIM, 32 Pa3BUTHUE PELUIUBOB
0oJIe3HN JTake MocIIe, Ka3aJloch Obl, ycremHoro jedenus. CymecTByoT cnenudu-
YECKHUE MOJICKYJISIPHBIC MapKephl CTBOJOBBIX KJIETOK. JIJIs1 MEIaHOMBI OJHUMH U3
TaKUX MpeIoIaraeMeIX MapkepoB sBistrorcs anturensl CD133 u Nestin (NES).

CD133 — 6enok, nprHaIeKaIHi K ceMeHCcTBY NPOMUHNHA- 1, (DYHKIIHS KOTOPOTO
JI0 CHX TIOp ocTaeTcst HemsBecTHOH. Mosekyia CD133 siBiseTcst KITFo4eBbIM MapKepoM
B BBIZICJICHIH CTBOJIOBBIX KJIETOK IIPH Psiie HOBOOOPa30BaHMH (B TOM 4KCIIE — M TIPH Me-
JIAHOME), a TAKOKe MapKEepPOM HpPE/IIECTBEHHUKOB 3HOTENMONITOB, KOTOPBIE CIIOCOOHBI
yBenmuuBathes 6oree uem 100 pa3 u cozaaBaTh mpemeracTaTiaecKyro Hury [43].

Nestin (NES) 6bu1 onucaH B KOHTEKCTE CO CTBOJIOBOH MOMyJALUCH B Mela-
HOMHBIX KJIETOUHBIX JUHUAX [27]. Ero skcrpeccus accouuupyercsi Co CHHKEHUEM
middepeHINpPOBKH U ObUIa CBsi3aHa OoJiee arpecCHBHBIM IMOBEIEHUEM OITYXOIIH.
IomooHo Mapkepy CD133, skcnpeccus NES Bo3pacTaer npu MalUTHU3AIUH HE-
Byca B MenaHomy [34].

JlokazaTenbeTBa HAJIMYMSI CYONOITYJIALMU CTBOJIOBBIX KJIETOK B MEpU(EpHIECKOH
KPOBH TIpH MeJlaHOMe ObLH TipogeMoHcTprpoBaHb! A. Fusi ¢ coasr. [23]. B 2011 roxy
9TH y4YeHBIE OIyOIMKOBATH PE3yJIbTaThl MMMYHO(DEHOTHIINYECKON XapaKTEePHCTUKH
HOK 32 GopHBIX METaCTaTHYECKON METAHOMOM, KOTOPBIE OBLTH WACHTU(PUIIMPOBAHBI
METOJIOM TPOTOYHOM IUTOMETPHH C UCIIONB30BAaHUEM aHTUTEN K Mapkepam MLANA
(Melan-A) 1 HMB-45 B CD45-HeratuBHOW (pakiyy KIETOK. JKCIIPECCHs] aHTHIeHa
CD133 nabmonanace Ha memOpanax 0-23,4% IIOK, u B GomnbIIMHCTBE CilydacB He
npesbiana 1% K He KoppeupoBajia ¢ KIMHUYECKMM TeueHueM OosesHu. Yacrora
skcnpeccun Mapkepa Nestin Ha [JOK Bappupoana B mmpokux npenenax (0-81,5%),
coctaBisist B cpeqHeM 18%. CraTucTuueckuil aHamu3 MoKasall JOCTOBEPHBIE acCoLUa-
iu Meskry ypoBreM NES' LIOK > 35% u He61aronpusTHBIMA KIMHHYECKMMHU (hak-
TOpamu Tiporao3a — noseieHneM JIJII (p = 0,02), Goxpmmm 06BEMOM OIMyX0JIeBOH
Maccsl (p = 0,001), Koar4ecTBOM MeTacTaTHIECKHX JIOKaM3almi omyxoinu (p = 0,02),
a TakkKe KOPPEJIIHI0 ¢ 0oJice KOPOTKOM 00IIeH BELKUBAEMOCThIO OOJBHBIX (MEIHaHa
4 mec. mpotuB § mec., p = 0,000).
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This study demonstrated that changes in CTC number might be used as a
reliable surrogate marker to assess response and predict early progression.

CTC is a heterogeneous cell population, therefore foreign investigators focused
recently on study of molecular biological characteristics of the tumor clone. It was
found that only a small subset of tumor cells referred to as cancer stem cells
possessed two important features, i.e. ability of self renewing and resistance to
chemo- and radiotherapy [27; 42; 55; 68]. Possessing a much higher metastatic
potential as compared to other tumor cells the cancer stem cells initiate metastasis
on reaching premetastatic niche [46] thus accounting for disease recurrence even
after seemingly successful treatment. There are specific molecular markers of
cancer stem cells. Antigens CD133 and Nestin (NES) are possible markers for
melanoma.

CD133 is a protein from prominin-1 family with yet unknown function. CD133
molecule is a key marker for detection of stem cells in some neoplasms (including
melanoma) as well as a marker of endothelial progenitor cells able to multiply by
more than 100-fold and form a premetastatic niche [43].

Nestin (NES) was described in the context of stem cell population in melanoma
cells lines [27]. Its expression is associated with lower degree of differentiation and
more aggressive tumor behavior. Like Cd133, expression of NES increases during
nevus malignization in melanoma [34].

A.Fosi et al. [23] confirmed the presence of stem cell subset in peripheral
blood from melanoma patients. In 2011 the investigators reported results of CTC
immunophenotyping in 32 patients with metastatic melanoma as identified by flow
cytometry with antibodies to MLANA (Melan-A) and HMB-45 in CD45-negative
cell fraction. CD133 expression was seen on 0 to 23.4% of CTC, was not more
than 1% in most cases and failed to correlate with disease course. Frequency of
Nestin (NES) expression on CTC varied greatly (0 to 81.5%, mean 18%). Statisti-
cal analysis demonstrated significant associations between the level of NES-
positive CTC > 35% and poor prognosis factors such as LDH elevation (p = 0.02),
large tumor burden (p = 0.001), number of metastatic sites (p = 0.02) and shorter
overall survival (median 4 vs. 8 months, p = 0.006).
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JpyruM MapkepoM, CBA3aHHBIM C arpeCCUBHBIM TEUEHUEM MEIAHOMBI SBJISIETCS
Ki67. Uccnenosanue C. Rao ¢ coasr. [49] nokasaio, uro skcrpeccust Ki67 obHapy-
xuBaetcs Ha LIOK OosbHBIX MenaHoMol B cpeareM B 84% ciydaes (30—100%), uto
MOXET OTpaXkaTh MPOIU(EPaTUBHYIO aKTUBHOCTH OIyX0nH [25; 48] 1 ObITH KOCBEH-
HBIM JI0Ka3aTeIbCTBOM BBICOKOH 3JI0KaYE€CTBEHHOCTH M PE3NCTEHTHOCTH K TEpPaIiH.

Ho, HecMoTpst Ha psimi HOBAaTOPCKMX HCCIENOBAaHMHN, HAa TEKYyIIMH MOMEHT IIO-
HUMaHue MHOTHX Omonormueckux cBoicTB LIOK kpaiine orpanmueno. [TokazaHo,
YTO KJIETOYHbIEC JINHUN MEIaHOMBI M CTBOJIOBBIE KJIETKH IEPBHYHOM OITyXOJIH MO-
TyT 3KcmpeccupoBaTh Mapkepsl MDR-1 [32], CD20 [42, 57], CD44/CDHS/VE-
Cadherin [57], CD271 [8], ABCBS [32, 57], ABCC2 [32], ABCG2 [42], JARID1B
[52]. YpoBens skcmpeccun 3tux MapkepoB Ha [[OK menaHomsbl, a Takxke Te mo-
CJIEJICTBUA, KOTOPBIE BIEUET 3a OO0 X OOHapyXKeHHe, elle MPEICTOUT J0Ka3aTh.

CyMMupys BBIIIEH3IIOKEHHOE, €I Pa3 XO04eTcs MOAYEPKHYTh, YTO aHAJIN3
HOK sBrnsieTcst mepcneKTUBHBIM MOAXO0JIOM K JalbHEHIIEH XapaKTEpUCTUKE Mela-
HOMBI U MeTacTtatuueckoro npouecca. Ha ocnoBanuu storo, IIOK B HacTosmee
BpeMsI MOXHO pacCMaTpHuBaTh B KaueCTBE HOBOI'O MHOTOOOCIIAIOIIETO THArHOCTH-
YeCKOro MapKepa, MOJYUHBIIEro Ha3BaHHE <OKMIKOCTHOW OHMOIICHMH B pEalbHOM
BpemeHu» [45].
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K. Jlambep

HNUCCIEIJOBAHUE BBIPA’KEHHOW 'ETEPOT'EHHOCTH T-KJIETOK
METOAOM MPOTOYHOM IUTOMETPHUUA

Jlabopamopus ummyHonozuu, Yuusepcumemckas boavHuya, Bulicwas nayuonans-
Has eopHas wikoaa, Cenm-Omuen, Ppanyus

Pe3rome

[IpoTouHass OUTOMETPHUS SIBISIETCS MOLIHBIM WHCTPYMEHTOM, HPEACTABIISIO-
MM PEAKYI0 BO3MOXKHOCTh aHAJIM3UPOBATh OUEHb OOJIBIIOE YUCIO KIETOK IO OT-
JEIPHOCTH, WCHOIB3ys HEecKoibko mapamerpoB. Kimacc T-KiIeTok TpaIuIiMoOHHO
pa3aensioT Ha HECKOJbKO MOATUIIOB B 3aBHCUMOCTH OT 3KCIIPECCUU B3aUMHO HUC-
xkmovaromux Mosekyll CD4 u CDS8. OgHako aHanu3 OAHOBPEMEHHO HECKONBKHX
IapaMeTpOB MO3BOJISIET BBISBISATH HEKOTOPHIE HEKJIACCU(HUIIMPOBAHHBIE KOMOMHA-
LIMM MapKepoB, (YHKIMOHAIbHAs 3HAYMMOCTh KOTOPHIX HE ycTaHoBIeHa. Kpome
TOTO, BBICOKast TOYHOCTh W BOCIIPOM3BOAMMOCTH PE3yJIbTaTOB 3TOTO METOAA JAI0T
BO3MOXKHOCTH AN HEpeHIINPOBAT KIETKH 10 YPOBHIO SKCIIPECCHH MapKepoB. Pe-
3yJIBTATBl MCCIENOBAHUS TOKA3alM CIIEAyonlee: IOMUMO Kinaccuuecknx CD4™ u
CD8" T-KkieToK, y GOJBIIMHCTBA JIOHOPOB ONPEJENSIOTCSA U Y HEKOTOPHIX TAIlUeH-
TOB NPHUCYTCTBYIOT B 3HAYUTEIBHBIX KOJMUYECTBAX APYTHe, HEKIacCHIeckne (eHo-
tinel (CD4'CD8dim, CD4dimCD8*, CD8dim T-KkneTku), SKCIPECCHPYIONIUE
€IMHCTBEHHBIN KJIOHOTUN V[ M NEepCUCTHPYIOIIUE B TeYEHHE HECKOJIBKUX JieT. B
HEKOTOPBIX ITyONMKAIMAX yKa3bIBA€TCS Ha BO3MOJKHOE y4acTHE XPOHHUYECKHUX BH-
pycHBIX nHOeKwiA, ocoderHo [IMB. Otu ocobpie (eHOTHIBI OBUTH OMUCAHBI TIPU
T-xnerouno#t mumdpome. st mx 0003HAYCHHUS MBI MPEITIOKUIN TEPMHUH «OJIHIO-
KJIOHaJIbHAS KJIOHOTIATHUs HEOIpeeIeHHOro 3HaueHus». [llnpoko pacrnpocrpaHeHna
skcpeccust CD3, koTopas AeMOHCTpUPYET OO0JIBIIOE pa3HOOOpa3ue PU3MUCCKUX U
(YHKIMOHAJIBHBIX XapaKTEPUCTHK MOMYJISUUM T-KJIETOK, NMpPU 3TOM HHTEpeC B
(HYHKIIMOHATHLHOM IUTaHE BI3bIBACT T-KJICTOUHBIA OTBET, KOHTPOJIUPYIONIUI Kade-
CTBO U CTEIEHb aMsITH.

Takum o0Opazom, MyJIbTHIApAMETPUYECKHH aHaM3 KPYMHOH mnomymnsuuu T-
KJIETOK YKa3bIBaeT Ha 00JbIIoe pazHooOpasue T-KIIeTOK, KaXk/iasi U3 KOTOPBIX JeH-
CTBYET OTJIMYHO OT JAPYTHX B 3aBHCHMOCTH OT CBOMX COOCTBEHHBIX XapaKTCpH-
CTHK. T-KJIETKH HEOOXOIMMO paccMaTpHBaTh C MO3UIMH COIMOJIOTHH C IENBI0
pa3paboTKN HOBOM MapaguTrMbl «IIUTOCOINOIOTHI.

KaroueBsie caoBa: T-kinetkn, CD3, yposens CD Ha memOpaHe, HEKIaccu-
YecKue CyONOMyJALNU, «OJMTOKJIOHANbHAs KIOHOMATUS HEOIpPeleIeHHOTO
3HAYECHU.
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EXPLORING THE T CELL HIGH DIVERSITY USING
FLOWCYTOMETRY
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Abstract

Flowcytometry is a powerful tool allowing the rare opportunity to analyse a
very large number of cells individually, using multiple parameters. Focusing on T
cells, the cell type is classically divided in few subtypes by expressing mutually
exclusive CD4 or CD8 molecules. However, analyzing multiple parameters simul-
taneously has revealed some unclassical associations of markers which functional
significances were either unknown or even through to be non compatible. Further-
more the high precision and reproducibility of the technique give the possibility to
distinguish cells according to the level of marker expression.

Results showed that: Beside classical CD4"and CD8" T cell, other non classical
phenotypes (CD4"'CD8dim, CD4dimCD8", CD8dim T cells) can be detected in
most of the donors and can strongly increase in some patients, expressing a single
VB clonotype and persisting over years. Some reports show a possible involvement
of chronic virus infections and especially CMV. Furthermore, theses particular
phenotypes have been described in T cell lymphoma. We have proposed to name
them Oligoclonal Clonopathy of Undetermined Significance. The expression of
CD3 is widely distributed showing a large diversity on physical and functional
characteristics of the T cell population with functional interest on the dynamics of
T cell response that govern the quality and extend of memory.

Thus multiparametric analysis of a large population of T cells highlights its
high diversity of T cell, each of them acting differently according to its own char-
acteristics. The T cell should be considered with sociology approach leading to a
new paradigm of «cyto-sociology».

Keywords: T cells, CD3, membrane density, non classical subsets, Oligoclonal
clonopathy of undetermined significance.
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BBenenue

IIpoTounast nuTOMETpHUs MO3BOJSLET 0XAPAKTEPU3OBATH MHOKECTBO OTIEIbHBIX
KJIETOK B KPYIHOH momysinni. MHOXXECTBEHHOE MEUYCHHE J[aeT BO3MOKHOCTB
aHAIM3UPOBATh OJHOBPEMEHHO OOJbIIEe YMCIO MapKepoB IPU MEHBIIEM YHCIIEe
MIPOTOKOJIOB. DTO HE TOJIBKO ITTO3BOJISIET COKPATUTH YHCIO HEOOXOAWMBIX aHAIH-
30B, HO W JIa€T SKOHOMHIO BpEMEHH M jAeHeT. KpoMme Toro, MHOXKECTBEHHOE Meue-
HHUE TaKKe JaeT BO3MOXHOCTh MOJNYYUTh 00J€€ TOUHYIO MH(OPMALUIO O KaXIOH
KIIETKe. DTO — YHUKAIbHBINA METOJ JUIsl UCCIEN0BaHMs pa3HooOpa3us kineTok. I1po-
TOYHAsl IMTOMETPHUS OTKPBIBAET HOBYIO 00JIaCTh OMOJIOTHH, IIUTOCOIIHOJIOTHIO.

LluroMeTpust UMeeT HECKOJIbKO obacteil mpumeneHus. C ee MOMOIIbI0 MOYKHO
aHAJIM3MPOBATh KJIETKH JIFOOOr0 THIA, OJHAKO B JaHHOM pabOTe MBI PacCMOTPHM
nepudepryeckie MOHOHYKJIeapHbIe KIETKH (0COOEHHO — JIMMQOIUTHI), KOTOpPhIE
MOYKHO JIETKO OIPEAENATh 0 (GU3MYECKUM HapaMeTpaM. TpajanuimoHHO TUM(OLH-
THI TTOJIPA3IENAIOTCS Ha 3 ocHOBHBIC JMHUM: T-, B- 1 NK-knetku, HagexxHo aud-
(epeHIMpPOBaTh KOTOPHIE MOXHO TOJBKO METOJIOM HMMYyHOOKpammBaHus [1].
O6praa0 NK-ximetkn upeHTHQUIUPYIOT 1m0 3kcrpeccuu CD56, B-knetkum — mo
skcnpeccur CD19 u T-xnetkn — no skcnpeccun CD3e. Monekyna CD3 coctout
13 HECKONIBKUX ILieTel, n Komiieke (usndecku cesaspiBaercs ¢ TKP uzorumnos o—f
mwm y-0 [2]. T-xknerkn Taxke sxcnpeccupyior CD4 u CDS, xotopsie sSBISIOTCA
B3aMMHO HCKIIOYAIOMMMK MOJeKyJlaMH. Kakaplii M3 yKa3aHHBIX KJIACCHYECKHX
noATUNOB T-KJIETOK BBHIMOJHSET ONpeesieHHbIE, TaBHO M3BECTHBIC (DYyHKIUH, Ha-
npumep, T-xennepsl Wik TUTOTOKCUYEeCKUe T-KIeTKu.

Vcropuyecku 5TH TpU TUNA JUM(OLMTOB ONHCBHIBAIOTCA NP MOMOIIM 2-3-
LBETHOHM MPOTOYHOM IIMTOMETPUH € UCTOIb30BaHUEM MapkepoB CD3, CD56, CD3
u CD4 i CD3-CD19. Hcnonk30BaHne BCEX 3TUX MapKEPOB OJJHOBPEMEHHO TO-
Ka3bIBAaeT, YTO TPAJAWIMOHHAS KiIacCH(UKAIUs He SBISETCS JOCTaTOYHO TOYHOM.
HccnenoBanue y OONBHBIX C HApyIICHHEM MMMYHHUTETa MO3BOJIMIO BBIIBUTH He-
oObIYHBIE cyOnomysiun T-KIIETOK, KOTOPbIE IPUCYTCTBYIOT U Y 3/I0POBBIX JOHO-
POB, HO TOJNBKO B OYEHb HEOOJBIIOM KOJHYeCTBE. KpoMe TOro, MCIONb30BaHHE
XOPOIIO KOHTPOJIMPYEMOTO OKPAIINBAHUS M aHAIN3 WHTEHCHBHOCTH OKPAITHBAHHS
MIOKa3bIBAET Pa3HOOOpa3me pacrpeelieHus KIETOK, 001aaommero (pyHKuuoHamb-
HOH 3HAYMMOCTHIO [3].

QDyHKIMK U MaMsITh T-KJIETOK ONpPEAENAIOTCS PaHHUMH 3TallaMH Mpolecca pac-
no3HaBaHusi aHtureHa. TKP cBs3piBaeTcst co crienmuduueckuM JIMranaoM (TIenTu-
JIOM), CBsI3aHHBIM ¢ coOcTBeHHbIMU Mosekyitamu ['KI'C, MHC B cooTBeTcTBHHM C
OnoxumHu4eckoil aBumHOCThIO [4]. HeOosplme u3MeHeHHs1 aBUAHOCTH MOTYT HpH-
BECTH K IOJIHOMY OTBETY, aronTo3y Jmbo TonepanTHocTH T-kieTok. Kunernka mpo-
recca Takxke 3aBUCHT OT ypoBHs umeronxcst CD3—TKP. CpoacTBo ¢ nenTuaHeIM
KOMIUICKCOM OYCHb HHU3KOE, TM0JTOMY TpeOyeTcsl MOAJEpKKa KO-CTHMYIUPYIOMINX
Monekyi, B yactHocTH, CD4, xotopas cBszeiBaetcs ¢ monekynoit MHCII [5], wm
CD8, xoropasi cBsi3biBaercs ¢ Moiexyiaoi MHC I [6].
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Introduction

Flowcytometry allows characterization of a lot of individual cells in a large
population. Multiple labeling gives the possibility to analyse simultaneously more
markers in less protocols. This does not only reduce the number of tests to be done,
saving time and money. Most of all, the multiple labeling also brings more precise
information on each cell. This is a unique method for exploring cell diversity.
Flowcytometry open a new field in biology that is «cyto-sociology».

While cytometry has many applications and can focus on any cell type, we
shall focus the present study on peripheral mononuclear cells and especially lym-
phocytes that can easily be selected on physical parameters. Classically, the lym-
phocytes can be separated in 3 main lineages T, B and NK cells that can only be
reliably selected using immunolabelling [1]. Typically, the NK cells are identified
on their expression of CD56, B cells expressing CD19 while T cells specifically
express CD3e. The CD3 is composed of multiple chains and the complex is physi-
cally associated with the TCR of either the alpha beta or gamma delta chain iso-
types [2]. T cells also express CD4 or CDS that are classically mutually exclusive.
Each of these classical T cell subsets corresponds to distinct functions known for a
long time such as helper or cytotoxic T cells.

Historically, the three lymphocytes were described using 2 or 3 color flow cy-
tometry with CD3, CD56, CD3 and CD4 or CD3-CD19. Using all these markers
simultaneously shows that this classification is not precise enough. Looking at im-
mune-compromised patients has revealed non conventional T cell subsets that are
in fact present in healthy donors but only as small minorities. Furthermore, using
well controlled labeling and considering the labeling intensity also shows out an
heterogeneous distributions of cells with functional significance [3].

T cell functions and memory depend on the early steps of recognition of the an-
tigen. The T cell receptor (TCR) bind to the specific ligand (peptide) linked to a
self molecules MHC according to the biochemical avidity [4]. Small changes in
avidity can lead either to either full T cell response or apoptosis or tolerance. The
kinetics also depends on the level of CD3-TCR available. The affinity to the pep-
tide complex is very low and need support from co-stimulatory molecules and es-
pecially CD4 that bind to the MHC II molecule [5] or CDS that bind to the MHCI
molecule [6].
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Bxmouenne CD3-TKP unaynupyer uHTepHanu3auuio [7] U, Kak CIEACTBUE,
cHIXeHne MeMOpaHHOro ypoBHs [8]. Jlig monHo# aktuBamuu T-KIeTOK HE0O0Xo-
JUMO MUHHMMAJBHOE YUCIIO MHTEPHAIM3UPOBAHHBIX MOJIEKyH [9]. Dkcnpeccus Ha
MemOpane mapkepoB CD3, CD4, CD8 sBisieTcst TOYHBIM HHCTPYMEHTOM HE TOJIb-
KO 1151 (heHOTHIHPOBaHUS T-KJIETOK, HO TaKKe M JUIS OTPEENICHNS NX OCHOBHBIX
¢ynkmii. Heo6xoauMo o1leHHBaTh yPOBEHD AKCIIPECCHH 3THX MapKEpOB.

Ienvto dannoii pabomut SBISCTCS MCCIECIOBAHUE OOJIBIIIOTO Pa3HOOOpa3Hs MOIy-
Jsiun T-KJIETOK Y MOTEHIMATBHOM (PU3HUONIOTHYECKO/ MaToIOrHYeCKOi 3HAUUMOCTH
CyOMoMmyIIsIIunii JUIst UCTIONIb30BaHMS! CTaHAAPTHBIX MPOTOKOJIOB IMMYHOMOHHUTOPUHTA.

ITanueHTHI 1 METOABI

AHanu3 TUMQOIMTOB TPOBOIMIM Ha 00pa3uax, MOJYYEeHHBIX Y 3J0POBBIX
B3pOCIIBIX JOHOPOB M OOJILHBIX, TIEPEHECIINX TPAHCIUIAHTAIMIO MTOYKH (BpeMs I10-
clie TpaHcIDanTanum ot 1 1o 15 mer).

HNmmyHOMedyeHne TMM(OIUTOB POBOIMIIN CTAaHJAPTHBIM CIIOCOOOM C MCIIONb-
3oBanueM komOmHammii CD3-¢dmroopecuenn m3ortmormonar (FITC, IgGl, xmon
sk7), CD16-¢uxospurpun (PE, IgG1, xmon B73.1), CD56-PE (IgG1, knon NCAM
16.2), CD45-niepunun xnopodwmmn nporens (PerCP, IgG1, xmon 2D1), CD4-PE-
munaanH/ (PE-Cy7, IgG1, xmon SK3), CD19-amnmoduxormaans (APC, 1gG1, kmon
SJ25C1) u CD8-APC-umanun 7 (APC-Cy7, IgG1, xiron SK1). s ananmsa y0T-
kietok ucnonb3oBaiu CD3-APC-mmanun 7 (ko sk7), Bce peareHThl IPOU3BO/I-
ctBa BD Biosciences, Can-Xoce; CA u CD8o-APC (xnon SFCI21thyD3), CD4-
PE-Cy7 (xmon SFCI12T4D11), CD8B PE-Cy5 (xnon 2ST8.5H7) u TCRy/6 FITC
(xmor Immu 510) wmu TCRy9 (Immu 360) (Bce Beckman-Coulter; Fullerton).

Knonoruner TKP V[ nneHTHGUIMPOBATN TP TMOMOIIH AP KOHBIOTHPOBAHHBIX
MKA x VI (xmon BL37.2) PE u VB2 (x1or MPB2DS5) FITC, VB3 (xinor CH92)
FITC n VB4 (xmor WJF24) PE, VB5.1 (xmon IMMU157) FITC u VB5.3 (xnon 3D11)
PE, VB5.2 (xmon 36213) FITC u VB8 (8.1 u 8.2; xon 56CS) PE, VB7 (xnon ZOE)
FITC n VB9 (xnon FIN9) PE, VB11 (xiou C21) PE u VP12 (xon VER2.32.1) FITC,
VB13.1 (xmon IMMU222) PE u VB13.6 (xnon JU-74) FITC, VB14 (xnon CAS1.1.3)
PE u VB16 (xnmon TAMAYA 1.2) FITC, VB17 (xnon E17.5F3) FITC u VB18 (xon
BA62) PE, VP20 (xnon ELL 1.4) FITC u VP22 (xnon IMMU 546) PE, VB21.3 (xioH
1G125) FITC u VB23 (x1nou AF23) PE (Bce Beckman-Coulter). Bee ¢ metkamu CD3-
APC-Cy7, CD8a-APC, CD4-PE-Cy7, CDSp PE-Cys5.

AKTHBAaIlMOHHBIA TECT MPOBOAWIM Ha CBEKUX W3O0JHPOBAHHBIX B TpajJHEHTE
IUIOTHOCTH MOHOHYKJIEAPHBIX KJI€TKaX, MHKyOnpoBaHHBIX B TeueHne 30 u ¢ MKA
k CD3. Ilocne mHKyOauy KJIETKH W3 OJHOM JIyHKH ITPOMBIBAJIM M OKPALIHBAIN
3 KOMOWHAIIMSIMA penpe3eHTaTUBHBIX KioHotumnoB: V1 PE/VB20 FITC; V2
FITC/VB8 PE u VB3 FITC/VB9 PE ¢ CD3-APC-Cy 7, CD8a-APC, CD4-PE-Cy7,
CD25 PE-Cy5 (xmor MA251; BD Biosciences).
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The CD3-TCR engagement induce internalization [7] and thus membrane
down-regulation [8]. A minimal number of internalized molecules is needed for
full T cell activation [9]. The membrane expression of CD3, CD4, CD8 are pre-
cious tools not only for T cell phenotyping but also for their primary function.
Their level of expression must be considered.

The aim of this paper was to examine some extend of large diversity of T cell
population and their potential physiological/ pathological significance from basic
protocols usually used in immuno-monitoring.

Patients and methods

Lymphocyte analysis was performed on samples from healthy adult blood do-
nors and renal transplant patients, (time from graft 1-15 years).

Lymphocytes were immune-labeled in routine practice using a combination of :
CD3-Fluorescein IsoThiocyanate (FITC, IgGl, clone sk7), CD16- Phycoerythrin
(PE, IgG1, Clone B73.1), CD56-PE (IgG1l, Clone NCAM 16.2), CD45- Peridin
Chlorophyl Protein (PerCP, IgG1, clone 2D1), CD4-PE -Cyanin7 (PE-Cy7, 1gGl1,
clone SK3), CD19-Allophycocyanin (APC, IgGl, clone SJ25C1), and CD8-APC-
Cyanin7 (APC-Cy7, IgGl, clone SK1). An alternative labeling was used for yoT
cell analysis using : CD3-APC-Cyanine 7 (clone sk7), all from BD Biosciences,
San Jose, CA and CDS8a-APC (clone SFCI21thyD3), CD4-PE-Cy7 (clone
SFCI12T4D11), CD8B PE-Cy5 (clone 2ST8.5H7) and eitherTCRy/6 FITC (clone
Immu 510) or TCRy9 (Immu 360) all from Beckman-Coulter; Fullerton, CA

The clonotypes of TCR V beta chain were identified using pairs of conjugated
monoclonal antibodies to: VB1 (clone BL37.2) PE and VB2 (clone MPB2DS) FITC,
VB3 (clone CH92) FITC and VP4 (clone WJF24) PE, VB5.1 (clone IMMU157)
FITC and V5.3 (clone 3D11) PE, VB5.2 (clone 36213) FITC and VB8 (8.1 and 8.2;
clone 56C5) PE, VB7 (clone ZOE) FITC and V(9 (clone FIN9) PE, V(11 (clone
C21) PE and VB12 (clone VER2.32.1) FITC, VB13.1 (clone IMMU222) PE and
VB13.6 (clone JU-74) FITC, VP14 (clone CASI1.1.3) PE and VP16 (clone
TAMAYA 1.2) FITC, VB17 (clone E17.5F3) FITC and VB18 (clone BA62) PE,
VP20 (clone ELL 1.4) FITC and VP22 (clone IMMU 546) PE, V321.3 (clone
1G125) FITC and VP23 (clone AF23) PE (all purchased from Beckman-Coulter). All
associated with CD3-APC-Cy7, CD8a-APC, CD4-PE-Cy7, CD8[3 PE-CyS5.

The activation test was performed on fresh, density gradient isolated mononu-
clear cells (PBMC) incubated for 30 hours with anti-CD3 monoclonal antibody.
After incubation, cells from the same well were washed and labeled with 3 combi-
nations of representative clonotypes: V1 PE/VB20 FITC; VB2 FITC/VB8 PE and
VB3 FITC/VB9 PE, associated with CD3-APC-Cy 7, CD8a-APC, CD4-PE-Cy7,
CD25 PE-Cys5 (Clone MA251; BD Biosciences).
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BonpmmHCTBO MIpOIElyp MMMYHOMEUEHHS! NMPOBOAMIN Ha o0paslax CBexel
nepudepryeckoit kpoBu oobemom 100 mxi1, obpadotannoit EDTA u mHkyOupo-
BaHHOM C aHTUTEJIAMH, IIOCJIE ATOTO0 MaTepuall OCTOPOKHO NEepEeMEIINBAIN U WH-
KyOupoBanu 20 MUH IPH KOMHATHOH TeMIlepaType B 3allMIICHHOM OT CBETa Mec-
te. Jlmsuc m ukcanmio ocymecTBisM myTeM jgoGasieHus 500 MK pacTBOpa
FACSLysing (BD Biosciences). s MedeHust V3 NpoOBOIMIM SJIEKTPOJIHU3KC C
rcnoibp3oBaHueM pactBopa Versalyse (Beckman-Coulter), oOpa3imr mepen anamm-
30M mpombiBain 4 mit pocdaraoro Oydepa.

Hacrpoiixy nprdopa npoBomim Ha 9 mpobupkax (HemedeHas, 6 ¢ OTHOH METKOH, 6
— M3OTUIIIYECKUI KOHTPOJb U CMEIIaHHBIe aHTUTENA) C UCIIOJIB30BAaHMEM IIPOTPaMMBI
FACS Diva (BD Biosciences), kak omrcano panee [1]. Hactpoiiky npubopa nposepsiiu
©KE/THEBHO IPH ITOMOIIY CTaHIapTU3UPOBAHHBIX 7-IIBETHBIX TPaHyIT Setup.

Pe3ynbraThl aHanm3a KpPOBU TPOBEPSUIM €XKEAHEBHO MPU MOMOIIM CPEACTB
BHemHero koHTposst (Multi-check control; BD Biosciences).

AHanu3 TOuYeuHbIX IpadUKOB MPOBOAMIM C HMCHOJIB30BAHUEM IPOTrPAMMHOTO
o6ecrnieuenust FACS Diva (BD Biosciences): CD3 u SSC. Kierku CD4* u CD8*
anamusuposanu Ha CD3'. Knomorunel VB ananmsupoBamu mo 30 000 T-
KJIETOUHBEIX coObITri cpenu CD3'CD4"CD8™ unmu CD3"CD4'CD8" numdormTos.
v T-xnerku onpenensiu mo CD3: yB TKP.

CraTucTU4ecKuii aHaJlu3 MPOBOJAWIN C UCIIOJIB30BaHHEM MapHOTO (-KPUTEPHUS
CrbrozieHTa U CPaBHEHUSI JIBYX KJICTOUHBIX CyONOIyJsinuii U3 oOpasna, JTHHEH-
HBIX perpeccuii ¥ Bbipaxanu kak Mtm. Koaddunuent Bapuanuu (CV) onpenens-
1 Kak m/M.

PesyabTaTsl

T-knemounvie ghenomunsvt CD3 CD4 u CD8

B 00b619HO# TpaKTHKE MOMYISIINI0 JTUM(OIIITOB B KPOBH OMPEACISIIOT 10 (hH3H-
yeckuM napamerpam (FSC unun CD45/SSC; puc. 1a; cm. Brieiiky). B atoit momyns-
1un T-TUMQOLHTEL JIETKO ONPEAEIIIOTCS Ipy oMoy antuten k CD3*. Toyeunsiii
rpaduK 1o AByM MapameTpaM JAejaeT OmpeaeneHue 0onee TOYHBIM, XOPOIINM Hava-
noMm siBisiercst komOuHatwsa CD3/SSC. T-KiIeTKr MOXKHO TaKKe BBIICIUTD U3 IPYTHX
muMbonuToB, ucronb3ys CD3 u mapkep NK-knerok (CD56) nim B-kierok (CD19;
puc. 1b). Dxcnpeccus CD4 u CDS deTko BhIIEISIECT 2 KIACCHYECKUX monTwma T-
KJIETOK, KaK IpaBWIIO, IIPUCYTCTBYIONMX B mponopiwu 2/3 u 1/3, npuyeM 3T 1Ba
MIOJITHTIA COCTABJIIOT B cymMMe Ooiee 95% obmero uncna T-kiaeTok B epudepude-
ckoit kpoBu (puc. lc). Kaxmprit moarun T-KJIeTOK 3KCIpeccHpyeT pa3HOOOpa3HBIE
TKP, uro moka3siBacT MeUCHUE 22 W30THUIIOB LieMH V3, U1 KOTOPBIX UMCIOTCS MO-
HOKJIOHAJIPHBIC AHTHTENA. OTH KIOHOTUIBI OOBIMHO MIMPOKO TIPEICTABICHB Ha
CD4'T-kneTkax, IpUyYeM 4acToTa OOJBIIMHCTBA M3 HUX Oblia Huke 5% (puc. 2). Ux
pacnpenenenune cpenr CD8" T-kiieTok 65UI0 MEHEE BHIPaKEHHEIM.
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Most of the immunolabeling procedures were performed on 100uL of Ethyl-
eneDiamineTetraAcetic Acid (EDTA) anti-coagulated fresh peripheral blood, in-
cubated with antibodies, gently mixed and incubated for 20 minutes at room tem-
perature in the dark. The lysis and fixation were obtained by adding 500 pL of
FACSLysing solution™ (BD Biosciences). Samples were analyzed within 2 hours
on a FACScanto II (BD Biosciences). For V3 labeling, erythrolysis was performed
using Versalyse® solution (Beckman-Coulter) and samples were washed with 4ml
Phosphate buffer before analysis.

Instrument setting were performed on 9 tubes (unlabeled, 6 single labelled, 6
isotype controls and the mixed antibodies) using FACS Diva™ calculation facili-
ties (BD Biosciences) as previously described [1]. Instrument settings were daily
checked using standardized (7 color Setup™ beads). Blood analysing was daily
validated using external Quality control (Multi-check control; BD Biosciences).

Dot plots were analyzed using FACS Diva™ (BD Biosciences): CD3 vs Side
scatter identification. CD4* and CD8" were analyzed on CD3*. VB clonotypes were
analysed on 30 000 T cell events, on either CD3*CD4"CD8” or CD3*CD4 CDS8*
lymphocytes. The y3T cells were defined on CD3:y6TCR.

Statistical analysis was performed using, paired Student’s T test for comparison
of two cell sub-populations from the sample, linear regressions and expressed as
median £+ 1SD. Coefficient of variation (CV) were calculated as 1SD/mean.

Results

CD3 CD4 and CD8 T cell phenotypes

In routine blood the lymphocyte population was identified on physical parame-
ters (FCS or CD45/SSC; fig. 1a; see insert). Out of this population, T cells can be
easily identified out using anti-CD3" labeling. Two parameter dot plot makes it
more precise and CD3/SSC is a good possible start. T cells can also be distin-
guished from other lymphocytes using CD3 versus a marker of NK (CD56) or B
cells (CD19; fig 1b). CD4 and CDS expression clearly define the 2 classical T cell
subtypes, in a usual ratio of approximately 2/3 vs 1/3 and the two populations count
for more than 95% or total T cells for the peripheral blood (fig. 1c). Each T cell sub-
type expresses a wild distribution of TCR as approached labeling the 22 V[ chain
isotypes for which monoclonal antibodies were available. The clonotypes were gen-
erally widely distributed on CD4" T cell, at frequency below 5% each for most of
them (e.g.: fig 2). The distribution was less widely distributed on CD8" T cell.
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T-knemounsie Ixcmpa-gpenomunst CD3 CD4 u CD8

OnHako B €XEJHEBHOH NMpPaKTUKE aHalIM3a KPOBU OOJIEHBIX MOYKHO HaOJIIO-
JlaTh HEOOBIYHbIE (DEHOTHIIBI.

Tak, Hanipumep, HeOombInas ¢pakuus T-kiaeTok sxcnpeccupyeT kak CD4, Tak
n CD8. Dta nBoifHas sKcmpeccus Ha Tpaduke BBHITISANT HE Tak, KaK JBOWCTBEH-
Has MO3UTHBHOCTB, HAOMIOAaeMasl Ha He3pelblX TUMoIuTax. Ha camom mene mMbl
HabII01aeM ABa pa3HbIX (PEHOTHIIA, SKCIIPECCUPYIOIINX BBICOKHH YPOBEHb OJHO-
ro mapkepa (6o CD4, nu6o CDS8) u HU3KUH YPOBEHb BTOPOTO, T. €. T-KIETKH
CD4'CD8dim umu CD4dimCD8" (puc. 1d, e). D1u xierku umerot o TKP, 3pe-
nb1il peHoTHI/(PEeHOTHI MaMATH M MOTYT aKTUBHPOBAaThes. bonee mpucTanbHbIH
aHayu3 00pa3loB, MOIYUYEHHBIX Y 3JJ0POBBIX JJOHOPOB, TIOKa3bIBAET, YTO 3TH 1B
(eHOTHIa TaKKe IPUCYTCTBYIOT M B MX KPOBH, XOTS M B OYCHb MAJIOM KOJIMYe-
ctBe (MeHee 1% T-xietok). C apyroi CTOpOHBI, IPUMEPHO Y 5% OOJBHBIX OT-
HOCHTEJIbHOE KOJMYECTBO HEKJIACCHYECKHX JBOMHBIX-IIOJOKUTEIBHBIX KIIETOK
MOJKET TIpeBbImarh 5 u gaxe 10% o6uiero uncna CD3" T-KIETOK U 0CTaBATHCS
Ha BBICOKOM YpPOBHE B T€UEHHE HECKOJBKHX JIET (JIMYHBIC NaHHbBIC). AHAIU3
penepryapa uenu VP TKP y 3THX KJI€TOK MMOKa3bIBAa€T, YTO HEOOBIUYHBIEC KJle-
TOYHBIE CYONMOMYJISIIUHM IKCIPECCHPYIOT NPEUMYIIECTBEHHO OJUH €JUHCTBEH-
HBIH KioHOTHN (pHc. 2a—b). KimHMYeckoe 3HaueHUE ITHX MEPCHCTUPYIOLINX
OJIUTOKJIOHAJIbHBIX KJIOHOB MOKA HE YCTAHOBIICHO, M JJII X 0003HAYECHUS MBI
IpeIaraeM MCIOIb30BaTh TEPMHUH «OJUTOKIOHAIHHBINH KIOHOTHII HEOIpese-
nenHoro 3HaueHUs» (Oligoclonal Clonotype of Undetermined Significance —
OCUS) mo nonoburo TePMHHY «MOHOKJIOHAIBbHAS TaMMaraTHs HEOIpeeNcH-
Horo 3HaueHwms» (Multiclonal Clonotype of Undetermined Significance —
MGUS) nns B-kietok.

CyIIecTBYIOT U Ipyrue HeOObIYHbIE MOATHITEI T-KJIETOK, B OCHOBHOM — Cpelln
CD8" T-knetok. T-KJIETKH OOBIYHO SKCIPECCUPYIOT BHICOKUE YPOBHH MOJIEKYJIBI
CDS8, mpencrasisiomniel rerepoguMep u3 ogHoi a- u oxHoi B-menei (CDS8 afd),
TOTr/a Kak HeboublIas (pakius dTUX KIETOK IKCIPECCHpPYeT OoJiee HU3KHE YPOB-
Hu CD8 u He skcnpeccupyer CD4 (puc. 1d—e). Ot CD8dim T-knerku skcnpec-
CUPYIOT 0-0. quMepHyto uzopopmy CD8 (CD8oa). Y HEeKOTOPHIX OOJBHBIX OHH
MOTYT COCTABJISITh CYLIECTBEHHYIO 4acTh nonyisuun T-kietok (puc. 1f). Bonb-
mrHCETBO U3 3THX CD8dim T-knerok, Hanpumep, CD4 CD8™ T-kneTku Ha caMmoM
nene sBisitorest TKPyd T-knetkamu. J[eHCTBUTENBHO, €CIIN LUPKYIUPYIOIIUE YO
T-xnetkn HuKorja He sKcnpeccupyor CD4, HeKoTOpas HEMOCTOsIHHASL YacTh U3
Hux skcnpeccupyor CD8oa B HeOosbmoM KonnuectBe. OnHaKo, HeOOJbIIAs
gacth ofT-kmerok Ttarke skcnpeccupyer CD8ao B pa3HBIX KOJHYECTBAX,
OOBIYHO B HEOOJBLINX, KOTOPBIE MOTYT CYIIECTBEHHO MOBBIIIATHCS Y HEKOTOPHIX
6ompHbIX. CyOmomynsnus kiaeTok CD8dim MoxxeT OBITh OJMTOKIOHATBHOM
(puc. 2¢), U ee KIMHWYECKOE 3HAYCHHE TAK)KE HE YCTAHOBJIEHO. Takue KIETKH
MOXKHO paccMaTpuBaTh kak komnoHeHT OCUS.
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CD3 CD4 and CD8 T cell extra phenotypes

However, in daily analysis of patients, we can observe non conventional phe-
notypes.

Indeed, a small fraction of T cell expresses both CD4 and CDS. This double
expression appears graphically different from the double positive that can be ob-
served on immature thymocytes. Indeed, we can observe two distinct phenotypes,
expressing a high level of one marker (either CD4 or CDS) and a low level of the
other one, defining CD4"CD8dim or CD4dimCD8" T cells (fig 1d, ¢). These cells
have afTCR, mature /memory phenotypes and can be activated. Looking closer to
healthy donor samples show these two phenotypes are present even if at very low
levels (< 1%of T cells). Alternatively, in almost 5% of the patients, the non classi-
cal double positive cells can exceed 5 or even 10% of all CD3" T cells and remain
at high levels for several years (personal data). Analysing their TCR VJ3 chain rep-
ertoire shows that this non conventional cell subsets express predominantly one
single clonotype (fig 2a, 2b). The clinical significance of these persisting oligo-
clonal clones is not known yet and we have proposed to name them Oligoclonal
Clonotype of Undetermined Significance (OCUS) in reference to Monoclonal
Gammopathy of Undetermined Significance (MGUS) equivalent for B cells.

There are other non conventional T cell subtypes, mainly among CD8" T Cells.
While T cells usually express high levels of CD8 composed of one alpha and one
beta chain heterodimer (CD8af}), a small part of them express reduced levels of
CD8 and no CD4 (fig 1d, 1e). These CD8dim T cells express the alpha-alpha het-
erodimeric isoform of CD8 (CD8aa). In some patients, they can represent a con-
sequent part of T cells (fig 1f). Most of these CD8dim T cells, like the CD4 " CD8"
T cells are in fact TCRyS T cells. Indeed, if circulating yd T cells never express
CD4, a variable part of them do express CD8aa, at low level. However, one small
part of the affT cells also express CD8aa at variable level of expression, usually
low but can be strongly enhanced in some patients. The high CD8dim cell subset
can be oligoclonal (fig 2¢) and its clinical significance is not known either. They
can be considered as part of OCUS.



112 HMMYHOJIOI'HA T'EMOIIO334

Buicokaa cmenens zemepozennocmu 3xcnpeccuu CD3

6 noomuodcecmege T-knemok

[Momumo deHoTHIMUECKOTO pa3HOOOpa3us T-KIETKH AEMOHCTPHUPYIOT IIMpPO-
kil nuanasoH skcnpeccuu CD3 (CV =32,7 £2,7% nns MHTEHCHBHOCTH (III00-
pecteHnuy, paccuuTanubii mo CD8Y T-kineTkaM B IOCIENOBATENBHBIX 00pa3ax
56 1OHOPOB; pHC. 3a). DTOT MOKa3aTeNb OTPAXKAET Pa3INUHbIC YPOBHU DKCIIPECCHU
CD3 (puc. 3b). Yporuu 3kcnpeccun Ha CD4 T-xierkax (MDFI:1401 £ 248) BbI-
me, yem Ha CD8" T-kmerkax (1100 + 178; p < 0,0001), ognako Bce *e 3TH JBe
CyOTIOIyJISIIMY XapaKTEepPHU3YIOTCsl IIMPOKUM Pa3OpOCOM YMciia MOJIEKYJ Ha CBOEH
MTOBEPXHOCTH. ECiM MpomomKNTh paszereHue 3TUX MOy Ha Oosiee MeKue,
MOXHO 3aMETHTh, 4TO T-KJIETKH IEMOHCTPHPYIOT COBEPIIEHHO pa3HbIE YPOBHU
skcnipeccun CD3 B 3aBUCHMOCTH OT KJIOHOTHUIIA (pHC. 4).

Dyukyuonanvroe 3nauenue zemepozennocmu CD3

AxTtuBanust T-KIETOK HAa4WHAETCS C PACMO3HABAaHHUS peuentopom T-KieTok
komriekca «mentua-monekyna I'KI'Cy. Kommekcet TKP-CD3 aktuBupytotcs u
UHTEPHAIU3UPYIOTCA, TPUYEeM KHHETHKa mpolecca 3aBUCUT OT cpoacTtBa TKP u
MENTUJHOTO KOMIUIeKca. JIMHaMHUKa aKTUBAIlMK TakKe CYIIECTBEHHO 3aBHCHUT OT
ucxoanoro yposHs TKP-CD3, u MoHO 0XHMJaTh, UTO KUHETUKA T-KJIETOK C HU3-
Koit riotHoCThIO CD3 Oyner ommyaThes OT KWHETUKH T-KJIETOK C BHICOKOH IIOT-
HOCTBIO aHTHTreHa. Vcronp3ysl B KadecTBE aKTUBATOpa TPaHYJbl C HAHECEHHBIMU
Ha Hux aHtuTenamu k CD3 — CD28, MBI ompeneiwiN CTEIeHb aKTUBAIMH T-
KIETOK N0 WHAYKOWUU dSKcmpeccun penentopa MJI-2 (CD25) uepes 30 wacoB y
13 3p0poBEIX JOHOPOB. OKa3anoch, YTO aKTUBAIHS KJIOHOTHUIIOB C BBICOKHM YPOB-
Hem skcnpeccun CD3 (VB8 u VB9) Obina cTaTHCTHUECKH 3HAUNMO BBIIIE IO CPaB-
Heruto ¢ kiaoHotHnamu CD3low (VB2 u VB3; ot p = 0,040 o p = 0,0003; puc. 5).

Obcy:xneHue

[Tpn momMomy MyJbTHIAPAMETPUYECKOTO MMMYHOMEUEHHS! HaMH MOKa3aHO
6osbI10e pa3HoOOpazre (PEHOTUIIOB, IPUIEM HEKOTOPHIC ITOJTHUIIBI OKAa3aIUCh CTa-
TUCTUYECKH 3HAYUMO CBSI3aHBI C OIpeze’eHHbIME (QyHKUMsIMHU [1]; aHamorn4yHeie
pe3ysbTaThl IOKa3aHbl ¥ APYTMMH aBTopamu. Vcronbs3oBaHue Bce OOJBIIEro 4uc-
Jla METOK OJJHOBPEMEHHO ITO3BOJIUT 3HAYUTENBHO MOBBICHTH TOYHOCTh XapaKTepH-
CTHMK Pa3IMYHBIX CyOMoOmyJsinuid KieToK. Tak, Hanpumep, U3BECTHO, 4TO /ISl pac-
MMO3HABAHUS MENTHIOB, CBA3aHHBIX ¢ Monekynamu HLA II, HeoOxomumo mpucyT-
crBue Monekyasl CD4, momnep)kuBaromieil KOONepanuio aHTUTeH-TIPEACTaBIISIO-
mux Kietok ¢ T-xennepamu, Torna kak CD8 cBsaspiBaercsa ¢ monekyinamu HLA 1,
KOTOpBIE PAacIO3HAIOT HECOOCTBEHHBIE MENTH/IBI HA JIIO00H KIIETKE, MMOAEPKIBAs
3anmuTHYI0 (Qyakmuio CD8+ T-KiIeTok B OTHOIIEHHH JIFOOBIX MOTEHIIMATBHBIX MH-
meHei [5; 6; 10].
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Wide heterogeneity of CD3 expression inside T cell subsets

Beside the phenotype diversity, the T cells appear to have a wide distribution of
CD3 expression (CV = 32.7+2.7% in fluorescence intensity calculated on CD8" T
cells in 56 consecutive donors; fig 3.a). This corresponds to multiple levels of CD3
(fig 3b). The CD4 T cells (MdFI : 1 401 £ 248) have higher levels compared to
CDS8" T cells (1100 + 178; p < 0.0001) but still the two sub populations have wide
distribution of the number of molecules at their surface. Considering furthermore
segmentation of the populations, we observed that T cells showed very different
levels of CD3 expression in association with their clonotypes (fig 4).

Functional consequences of CD3 heterogeneity: T cell activation is triggered by
the TCR recognition of the peptide-MHC complex. The engaged TCR-CD3 com-
plexes are activated and internalized in a kinetic that depend on the TCR affinity
for the peptide complex. The dynamic of activation is also highly dependent on the
initial level of TCR-CD3 complex and one can expect different kinetics of T cells
that express low or high density of CD3. Using anti-CD3-CD28 coated beads as
activator, we have measured the T cell activation by measuring the induction of I1-
2 receptor expression (CD25) at 30 hours in 13 healthy donors. We observed sig-
nificant higher activation on CD3 high (VB8 and VB9) compared to CD3low
clonotypes (VB2 and VB3; p =0.040 to p = 0.0003; fig 5).

Discussion

With the help of the multiparameter immunolabeling, our results together with
other reports in the literature highlight a rich phenotype diversity, some subtypes
being significantly associated with different functions [1]. Using more and more
simultaneous labeling will certainly increase their previous characterization. As an
example CD4 is known to be required for the recognition of peptides bound to
HLA II molecules supporting Antigen Presenting Cells cooperation with T helper
cells while CDS8 bind to HLA I that recognize non self peptide on any cell support-
ing CD8" T cell function against any potential target [5; 6; 10].
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Kaxnas Monekyna CBSI3bIBa€TCS C OMPEIEICHHBIM JIMTAHAOM U BBINOIHSET
CaMOCTOSITENIbHYIO0 (YHKIHUIO, MPHYEM 3TH (YHKIHH HOCST KOMILIEMEHTapHBINH
xapaktep. O0pryHO CD4 m CDS8 skcnpeccupyloTcst HCKIIOYHMTENBHO Ha T-
kieTkax. OmHAKO MBI M psi APYTHX aBTOPOB MOKAa3alH, YTO HEKOTOpBIE MOI-
MHOeCTBa T-KJIIETOK acCHMMETPHYHO SKCIPECCHPYIOT 3TH JBa KO-pelenTopa
[11; 12]. 3nauenne nBoiiHoM 3kcnpeccnun CD4 u CD§ He ycraHOBIEeHO, 0cOOeH-
HO Ha TaKUX Pa3HBIX YPOBHAX. DTH ABE MOJEKYJbI SKCIPECCHPYIOTCS B TCUCHHE
KOPOTKOT'O BPEMEHHU B TEX K€ KOJUYECTBaX Ha OYEHb PAHHUX ATalax pPa3BUTHA
HE3pembIX KIETOK B TUMYycCe. B mpomuecce co3peBaHusi OmpenemnsieTcsi ux CIeru-
¢udeckas pojb, 1 HEHYXHBIH OEJIOK MCYE3aeT, OCTABIISAS CIUHCTBEHHBIN MapKep
CD4 unu CD8. Iloka HEM3BECTHO, YTO SBJSIETCS MPUUMHON BBISBICHHUS BTOPOTO
Oenka B HEKOTOPBIX PEAKHX KJIOHAaX: €ro BO3BpAIIEHUE WJIM MEPCUCTEHLUS IPU
onpeneneHHbIX ycaoBusax [13]. MoHO NpeanosiokKUThb, YTO HEKOTOPbIE XeNmep-
upie T-knetku (CD4™) MoryT mpuoGpeTaTh Ty WIKM HHYIO CTENEHEL 3D (PEKTOPHOM
AKTUBHOCTH 3a CUET NPUCYTCTBHA Ha noBepxHoctu CD8 u HaoboporT.

Nmerorest onmcannst CD8aow T-Ki1eToK BO BHYTPHUANUTENUATIBHBIX JIMM(POIUTAX
kumieynrka [14]. Ckopee Bcero, OHM MPEACTABISIOT IMMYHUTET CIU3UCTBIX 000JI0-
4yek 1omo0Ho YOT-KieTkaM, KOTOpBIE YacTO BCTPEYAIOTCS CPEOH BHYTPHUAIUTEIIH-
TbHBIX JTUM(OLUTOB M TaKKe MOTYT SKcrpeccupoBath romoaumvep CD8ao [15;
16]. CD8ao. T-ki1eTKM NMPOUCXOMAT W3 TUMYCa, HO Pa3BHBAIOTCS B JIMMQOHIHOU
TKaHH, aCCOLUMPYIOIIEICcA ¢ KUIIEUHUKOM, U UX penepTyap OTIMYaeTcs OT pemep-
Tyapa o0braHbIXx CD8 T-knerok [15]. Ux nurana, BKITIOYAs TMENTHI, TPEACTABISIOT
Heknaccuaeckre Moiekyisl I’ KI'C, koTopble Toka TOUHO HE yCTaHOBIICHBI.

Takke MHTPHUTYIONIE BHITJISANT OJIMTOKJIOHAIBHOCTD 3THX HEOOBIUHBIX T-Kie-
ToK [17; 18]. T-xiIeTKH O0OBIYHO UMEIOT HEOOMBIIYIO OKUAAEMYIO TTPOIOIKUTEIh-
HOCTb KM3HH, OCOOCHHO B nepupepryeckoil KpoBH. JJOMHHUpPOBaHUE U IIEPCH-
CTEHIIMS OJTHOTO KJIIOHOTHUIIA MPETOaracT CHIbHYIO HEIIPEPhIBHYIO CTUMYJISIIMIO.
[IpucyrcrBue cyonomynsamuii T-KIETOK CBSA3BIBAIOT C XPOHWYECKON HHQEKImen
LIMB [19-21]. Taxxe mokaszano, uro CD4"CD8dim T-KJIETKH 9acTO IIPOSBISIOT
cnenuuaHOCTh B oTHOMIeHNUU nentuaa LIMB MQLIPDDYSNTHSTRYVTVK [22].
OtoT crnenrUUecKuid KIOH MOXET OBITh MPEACTaBICH B OOJBLIOM KOJMYECTBE
pu ocTpodd mi ObicTpo mporpeccupyronieid nadekuun LIMB [19; 22] u urparts
poJIb B mpoleccax crapeHus [23].

Kak noxazano qnga MGUS nnurtenbHas NepCUCTEHLUS OTAENBHBIX KIOHOB MO-
XKET IpejpacrioyaraTh OpraHu3M K 3JI0KaYeCTBEHHBIM HapylIEHUsIM (MUeoma, B-
knerounas amuM¢poma). OCUS moka He cBs3bIBalOT ¢ T-KIeTOYHOH JIMMQOMOIL.
Kpome Toro, T-xierounsie mumdonponardepaTuBHbIE 3a00JI€BaHNS BCTPEUAIOTCS
PEIKO 1O CPaBHEHHMIO ¢ BBICOKOW "acToToi ciaydaeB OCUS (mamp., T-xierounas
mumdoma). OJHAKO B TOCIEAHUX COOOIMICHUSIX YKA3bIBACTCS HA IPSMYIO CBS3b
MEXIY MOCTOSHHBIM CTHMYJIMPOBAaHHUEM U Pa3BUTHEM T-KIETOYHBIX JTMM(QOIIPO-
nmudepaTHBHBIX 3a001eBaHuil, cBa3aHHBIX ¢ [IMB [24; 25].



HAEMATOPOIESIS IMMUNOLOGY 115

Each molecule bind to different ligand and correspond to separate but comple-
mentary functions. They are usually exclusively expressed on T cells. However, we
and other have shown some T cell subsets that co-express asymmetrically the two
co-receptors [11; 12]. The meaning of a double expression of CD4 and CDS is not
clear, especially with at such different levels. The two molecules are expressed
transiently at similar levels very early in immature cells in thymus. During the
maturation process, their specific role is decided and the useless protein disappears
leaving either CD4 or CD8 single labeling. Whether the second protein come back
under certain conditions or stay in some rare clones is not known [13]. This could
suggest that some helper (CD4") T cells can acquire some level of effector activity
by bearing CD8 and vice and versa.

CDS8aa T cells have been described in intra-epithelial lymphocytes of the gut
[14]. They are more probably devoted to immunity of mucosae like ydT cells that
are frequent among Intra-epithelial lymphocytes and can also express C8ao
homodimer [15; 16]. The CD8aa T cells originate from Thymus but develop in the
Gut Associated Lymphoid Tissue and have different repertoire compared to con-
ventional CD8 T cells [15]. Their ligand including peptide most probably presented
by non classical MHC molecules that are not completely identified yet.

The oligoclonality of these non conventional T cells is also intriguing [17; 18].
T cells usually have limited life expectancy, especially in peripheral blood. The
predominance and persistence of one clonotype suggests a strong, continuous
stimulation. The presence of T cell subsets has been linked to chronic CMV infec-
tion [19-21]. Furthermore, It has been shown that CD4"CD8dim T cells displayed
frequently a specificity for the CMV peptide «MQOLIPDDYSNTHSTRYVTVK» [22].
This specific clone can be over-represented following the acute or rapidly progres-
sive CMV infection [19; 22] and can play a role in senescence [23].

As shown for MGUS, the long term persistence of single clones may expose to
malignant disorders (Myeloma, B cell lymphoma). OCUS have not been related yet
to T Lymphoma. Furthermore, T cell lymphoproliferative disorders are rare com-
pared to the high frequency of patients with OCUS (ref T cell lymphoma). How-
ever recent reports have evidenced a direct link between sustained stimulus and the
occurrence of T cell lymphoproliferative disorder for CMV [24; 25].
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CymectByeT Oosibliee 9ncino (EHOTUIIOB, U Hallla padoTa He SBJISETCS HCUep-
neiBaromeil. Tak, MyJIbTHIIapaMETPUYECKOE OKpAIIMBAHUE TO3BOJISIET UACHTH(U-
LUPOBaTh OYEHb TOYHO PA3IMYHBIC STalbl CO3PEBAaHMS M Pa3BUTHS MamsaTd T-
KJIETOK OT CTaJHH «HEOOYUIEHHBIX» JIUM(OIHUTOB 10 3((HEKTOPOB MM CTAAUH JIOT-
TOBpEMEHHOH maMsATH. Vcrmosb30BaHHE Bce OONBIIEro 4mciia IMapaMeTpoB, BO3-
MOYKHO, TIO3BOJHMT WAECHTH(HUIMPOBaTh Oonbire (EeHOTHIIOB — (YHKIMOHAIBHBIX
i HeoObryHbIX. Hanpumep, antures CD56, KOTOPBIA OOBIYHO SKCIIPECCHPYETCS
Ha NK-kmeTkax ¥ y4acTByeT B MEXaHH3MAaX IIMTOTOKCHYHOCTH, MOXKET MHOTAA
BCTpedaThess Ha HekoTophix CD8" T-kieTkax, Takux kak yOT-kmetkm [26]. Dkc-
npeccuss CD56 ma CD8" T-KJIeTKax MOKET OBITh 3HAYMTENLHO IIOBBIIIEHA Y HEKO-
TOpbIX OONBHBIX. [I0Ka KIMHUUYECKOE 3HAUCHNE 3TOr0 ()eHOMEHA HE YCTAaHOBJICHO.
Okcnpeccus CD56 Taxxe Habmogaercs Ha peakux CD4" T-kieTkax ¢ HEyCTaHOB-
JICHHBIM KJIMHAYECKUM 3HaueHueM [27]. DTO OTKPHIBACT IMHUPOKUE MEPCIEKTHBBI
WMMYHOMOHHTOPHHTA.

B ofmem ciyuae, ecTh TEHAEHLHUS paccMaTpUBaTh MOMYJIIUI0 T-KIETOK Kak
TOMOTEHHYI0. XOpOILIO M3BECTHO, YTO T-KJIETKM 3KCHPECCHPYIOT OOJBIIOE YHCIIO
pazHooOpa3ueix TKP, 4ToObI CBsI3aTh Kak MOXKHO OOJIbIIIE aHTHT'€HOB JUTs oOecrieye-
HUs Oe3omacHOCTH opraHu3Ma. HamparmBaeTcst npe/nonokeHne, 9To yeM OoJIblie
pa3HOOOpa3ue perenTopoB, TEM BbIILE CTENIEHh IMMYHHOH 3allUThl OpraHu3Ma. Bee
pa3HOOOpa3Hble KJIOHOTUIIBI MOAJECPKUBAIOTCS B aKTUBHOM COCTOSIHUM Oraromapst
TIOCTOSIHHBIM KOHTAKTaM C aHTHT€HAMH OKpY»Karommen cpensl. OTciona clieyer, 4ro
yMeHblIeHre pazHooodpasust TKP MokeT 03HayaTh yTpaTy HEKOTOPOi cnenuduaHo-
CTH ¥ BO3MOKHOE Hanudue Ie(eKToB B 3aMTHON cucteme opraHmsMa. C apyroi
CTOPOHBI, COKPAIIEHHE Pa3HOOOpa3usl O3HAYAET THIMEP-TIPEACTaBUTENBCTBO APYTHUX
KJIOHOTHIIOB, BO3MOXKHO CIIMIIKOM CHJIBHO PEaripyroIINX Ha HEKOTOPBIC AaHTHIE€HBI.
OnHako BBIpa)XEHHAs TUIIEP-dKCIpeccusi onHOro KnoHotumna Beime 20-30% Berpe-
YaeTcsl Pe/IKO, U TOTJa BO3HUKAET BONPOC O MPUYMHE IOSBICHUS 3TOrO KIOHOTHIIA.
Ilo onHOM U3 rUNOTE3 IPUYMHOM SBIIETCS XPOHUUECKOE, OJTOBPEMEHHOE BO3CH-
CTBHE aHTUTEHOB. HekoToprle BHpYCHI, OCOOCHHO M3 ceMelicTBa Tepliec-BHpyca
(Ommreiina—bapp WM UTOMETATOBUPYC) HHIYLMPYIOT XPOHUUYECKYIO HHPEKINIO 1
BO3MOXXHO WX JUIMTENIbHAS MEPCUCTEHIMS TPHBOIMUT K OCIAOJICHUI0 WMMYHHOTO
otBera [19; 20; 28; 29]. Taxke MOXXHO HPEATNOJIOKUTh BIUSIHUE U APYTUX MEPCHU-
CTUPYIOIINX HH(EKIHH.

Jpyroii ypoBeHb pa3innunii MPOSIBIISIETCS IPH PaCCMOTPEHUN UCXOAHOW MHTECH-
cuBHocTH dKcnpeccrn CD3-TPK [3; 30]. Dto siBneHMe, Kak MPaBHIIO, OOBICHIIOT
0OBIYHON OMOIOTHYECKOH BapraOeTbHOCTHIO M MPUIHCHIBAIOT HETOYHOCTH H3MeE-
penmii. OQHAKO SKCIPEcCHs APYTUX MOJEKYNI Oojiee OXHOPOIHA, W OOBIYHAS Ba-
puadenbHOCTh UTOMETpUH Hike 10%. Ha ocHOBaHMM MONYyYEHHBIX PE3yJIbTATOB
MBI CUMTAEM, YTO 3Ta BapHaOEIbHOCTh UMEET (PyHKIIMOHAIBHOE 3HAYCHUE, YUUTHI-
Basi CYILIECTBEHHOE Pa3IM4He IOJIyYCHHBIX BEIIMUUH. YPOBHH HKCIIPECCHH 3HAUU-
TEJIFHO Pa3INyaInCh B 3aBUCUMOCTH OT KJIOHOTHIIA.
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More phenotypes can be observed and our report is not exhaustive. As an ex-
ample, multiparameter labeling gives the possibility to identify very precisely, dif-
ferent steps in T cell maturity and memory development from naive toward effec-
tor or long term memory stages. But more phenotypes, functional or unconven-
tional are probably still to be identified using more and more parameters. As an
example, CD56 that usually is expressed on NK cells and involved in cell cytotox-
icity, can occasionally be expressed on some CD8+ T cells like y8T cells [26].
CD56 expression on CD8+T cells can be strongly enhanced is some patients. Its
clinical signification is not elucidated yet. However, it is also possible to observe
CD56 expression on rare CD4+ T cells with unknown significance [27]. This open
large perspectives in immune-monitoring.

Overall, even in one single subset, we tend to consider T cell as an homogenous
population. It is well known that T cells express a very large diversity of TCR in
order to cover as many antigens as possible for the safety of the body. We can eas-
ily suppose that wider the diversity is, higher the patient immunity will be. All dif-
ferent clonotypes are maintained active through regular exposure to environmental
antigens related to strong sustained antigen exposure. Consequently, a reduced
TCR diversity could mean the loss of some specificities and possible defects in
protection of the body. On the other hand, a restriction of diversity means an over-
representation of the other clonotypes, possibly with excessive response to some
antigens. However, a strong over-expression of a single clonotype above 20-30%
is rare and raise question on its cause. One hypothesis is a chronic, sustained expo-
sure. Some viruses especially from the herpes family (Epstein-Barr or Cytomega-
lovirus) have been reported to induce chronic infection and possibly long persisting
restricted immune response [19; 20; 28; 29]. More persisting infections or expo-
sures can be suspected.

Another level of diversity appears when considering the level of initial level of
CD3-TCR expression [3; 30]. This is usually considered as a usual biological vari-
ability and neglected, attributed to the incertitude of measure. But other expres-
sions are much more homogeneous with and the usual variability in cytometry is
below 10% of the value. Based on our results, we consider that this variability is
has functional significance because of its large discrepancy.
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MonenupoBanue in silico TO3BONSET NMPOTHO3UPOBATH Pa3IUUUsl JTHHAMHUKA
PaHHUX 3TaroB CTUMYJIALUH, 00YCIOBINBAIONIEH UIMMYHHBIH OTBET, M 3TH Teope-
TUYECKUE JTaHHBIE MOXKHO MOATBEPIUTH dKcriepuMeHTanbHo [3; 31]. Bee atu man-
HBIC B COBOKYITHOCTH MOKA3BIBAIOT, YTO CYIIECTBYIOT HEKOTOPHIE Pa3INUMs B IIPO-
mecce pa3BUTHA T-KIETKH, KOTOPEIE CBS3aHBI C HEKOTOPHIMHU KIIOHOTHIIAMH W OTI-
PENEISIOT UX CHeU()UIHOCTD.

Nmerotest coobuiennst o 6omee crmnbHOM dkcnpeccnn CD3 yOT-knerkamu [32].
OyHKIIMOHAIBHOE 3HAYeHNE CHIIBHOM dKkcnpeccrn CD3 moka He yCTaHOBIIEGHO.

B 3aximrouenue ciemyer OTMETHTb, YTO aHAIHM3 T-KIETOK MO MYJIbTHIIapaMeT-
PUYECKAM KPHUTEPUSAM TO3BOJAET HIACHTH(OUIIMPOBATH OONBIIOE YHCIIO MOATUIIOB.
370, B HEKOTOPOM CMBICJIE, SBISIETCS CIMIIKOM YIPOIIEHHOW KiIacCHU(HKalUeH.
Kaxnast ornenbHas T-kiieTka UMEET CBOM COOCTBEHHBIE XapaKTEPUCTHKU U CY[b-
0y, KOTOpBIC MBI MBITAEMCSI OMPEACIHUTD 110 aHANKU3y 00pasioB. AHanu3 T-KiIeTok
MIPEACTABISIET ONpE/ICIEHHbIE TPYAHOCTH, KaK W JIpyrue oO0JIaCTH COLMOJIOTHH,
OJTHAKO TAaKOH MOJIXO0J C MPUMEHEHUEM MapagurMbl K AIMMYHOCOLIMOJIOTHI» MOXKET
JIaTh MOJIOXKHUTEIbHBIE PE3yIbTaThl
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POJIb CTPOMAJIBHOI'O MUKPOOKPY X KEHUS

B MATO®HU3NOJIOTI'M MUEJOJUCIIVIACTHYECKOI'O CHHAPOMA
! la6opamopus: 2emamonoauu, Borvnuya Ynusepcumema Cenm-Imven , @panyus
ZHHcmumym onkonozuu, borvnuya Ynueepcumema Cenm-Omuen,, Opanyus

I lTabopamopus monexynsapuoii 6uonoeuu knemiu, Ynusepcumem Knooa Bepuapa,
Cenm-Omven, @panyus

Pe3rome

VYrpasieHue roMeocTa3oM MUKPOOKPYKEHHS KOCTHOTO MO3Ta, TJe MPOHCXO-
JUT TEeMaTOIo0’3, OCYILECTBISIETCSI B pe3ysibTaTe B3auMMOACUCTBHUI JBYX AEHCT-
Bytomux Jiui: ['CK 1 Mme3eHxuManbHO# CTBOJIOBOW KJIeTKH. MOAENBI0 HApYyILIEHUS
KJIETOYHOTO TOMEOCTa3a MOXKET CIY>KUTh MUKPOOKpYyxkeHue npu MJC, nns koTo-
pOro XapakTepHbl aKTHUBHBIA CUHTE3 LIUTOKMHOB, HApYLIEHUE alloNTO3a U UMMYH-
HOTO OTBETa, aHOMAJILHBIN aHTHOTCHE3 U JePEKTHI KIeTOUHOU qudPepeHINPOBKH.
B mocnennue nBa roma oOCyKIaeTcss BOMPOC O TOM, YTO 3TO MHKPOOKPYKCHHE
SIBIIICTCSI HE Oe3pa3InYHBIM 3PHUTEIEM, a CKOpee TIIaBHBIM JACHCTBYIOUIHM JHIIOM.
Ha ocHOBaHWU 3TO¥ KOHIETIINU IPOBEACH aHANIN3 MOP(HOMETPHUECKIX, (PEHOTH-
MUYECKUX ¥ (QYHKIIMOHAIBHBIX CBOWCTB KIIFOUEBOTO 3JIEMEHTa MUKPOOKPYKECHHUS —
MCK, koTopas sBIsETCS PEIINIECTBEHHUKOM BCEX CTPOMATIbHBIX KIIETOK.

KuarwueBble cjioBa: Me3eHXUMAaJIbHAS CTpoMajibHasA KJIETKa, MUCJIOANUCILIACTU-
YEeCKHUH CUHAPOM, MOJICKYJIbI aAT€31H, KHa3a q)OKaHLHOﬁ aarce3uu.

BBenenne

ITpu MZIC muxpookpyxeane KM BbmonHseT (QYHKLIHIO MPEKPAIIeHNs] HHTpaMe-
JyJUISIPHOTO Pa3BUTHS FeMATOIOITHUECKHX IPE/IIIECTBEHHUKOB 10 MEXaHM3MY aIloll-
TO3a, ¥ 3Ta aHOMAJIbHas (DYHKIHS, TTO-BUIUMOMY, 3aBHCHT HE OT BBIJCJICHHUS PACTBO-
PUMBIX (paKTOpPOB, a OT MPSAMOTO KJIETOYHOTO KoHTakTa [1]. OmHUM U3 OOBSICHEHUA
MOJKET CITy>KHTb TO, 4T Oenku DA 3a cuer HEenocpe/CTBEHHOTO KOHTAKTa C IIUTOCKE-
JICTOM U CUTHAJIbHBIMH ITYTAMH YYAaCTBYIOT B TPAHCAYKIIMH CUTHAJIa BbDKUBAHUSA, U UX
TUCGhYHKIMS HaOII0IaeTCs TPH IIEJIOM Psific OmyXoJieii denoBeka [2]. MUKpOOKpyKe-
Hre KM Tarke oTBedaeT 3a OTOOp HEOIUIACTUYECKHX IeMaTONOITHYECKUX KIIOHOB,
YCTOMYMBBIX K aIlOITO3y U CIIOCOOHBIX AKCIPECCHPOBATH (haKTOPHI, CIIOCOOCTBYIONIHE
nX coOCTBEHHOMY pOCTY, nposudepanuy U Murpatuy [3]. KimoueBbiMu KOMITOHEHTa-
MH T€MAaTOMO3THYECKOT0 MHUKPOOKpYy»keHHs sBistiorcst MCK kocTHOro Mosra, u Kak
TIOKa3aJl P MCCIENOBaHUH, NX MOP(OIOrHUECKIE U3MEHEHHS B TIEPBUYHON KYyJIBTY-
pe, momy4eHHoi u3 o0pasnoB KM y 6ompabIX ¢ MJIC, conpoBoKAaromumecs: TeHOM-
HBIMH aHOMAJFIMH [4; 5; 6; 7] 1 HApYIIEHMSIME POCTa IO CPABHEHHIO C HOPMAIEHBIMU
KJIETKaMH [4], 9aCTUYHO KOPPEMPOBAIIH C aKTUBAIMeH Kacmassl-3 [8].
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Abstract

The relationships between two actors: the HSC and the mesenchymal stem cell
control the homeostasis of bone marrow microenvironment where hematopoiesis
occurs. The model of cellular homeostasis infringement is the microenvironment
from MDS, characterized by a high synthesis of cytokines, disorders of apoptosis
and immune response, abnormal angiogenesis and defects of cellular differentia-
tion. The last two years argued that the microenvironment is not an indifferent
spectator; it is actually the main protagonist.

Following this concept we have analyzed morphometric, phenotypic and func-
tional the key element of the microenvironment, the MSCs which are the precur-
sors of all stromal cells.

Key words: mesenchymal stromal cells, myelodysplastic syndromes, adhesion
molecules, focal adhesion kinase

Introduction

In MDS, the BM microenvironment is responsible for the intramedullary abor-
tion of haematopoietic precursors by apoptosis and this abnormal function appears
to be dependent on direct cellular contact, rather than on the release of soluble fac-
tors [1]. A possible explanation is that FA proteins through their direct connection
with the cytoskeleton and signalling pathways are involved in survival signal
transduction, and their dysfunctions have reported in a wide variety of human tu-
mours [2]. The BM microenvironment is also responsible for the selection of neo-
plastic haematopoietic clone(s), resistant to apoptosis and able to express factors
promoting its (their) own growth, proliferation, and migration [3]. Bone marrow
MSCs are key components of the haematopoietic microenvironment, and several
studies indicate their morphological changes in primary cultures derived from
MDS BMs compared to the normal counterparts [4] accompanied by genomic ab-
normalities [4; 5; 6; 7] and growth dysfunction partially correlated with caspase-3
activation [8].
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B cBs3u ¢ 3THM, Henb MaHHOTO HcclIemoBaHus cocrosia B aHamm3e MCK —
MYJIBTHIIOTCHTHBIX KICTOK, KOTOpPBIE MOTYT AuddepeHInpoBaThCsS BO BCE KOMIIO-
HEHTBI CTPOMBI.

Jln3aiiH ¥ MeTOabI

Crpomanbhble knetkn KM m3ommpoBany METOIOM aire3nu K IUIACTHUKY U3 00-
pa3loB, TONYYEHHBIX OT & 3MOPOBHIX JOHOPOB (MemmaHa Bo3pacta 63 roxma),
10 6onpHBIX pedpakTeproii rurorneHueit (PL]) n 10 GonpHBIX pedpakTepHON aHEMU-
et ¢ m30bITkoM OnactHbix KineTok (RAEB; 7 RAEB-1 n 3 RAEB-2). Meauana Bo3-
pacta GonpHBIX coctaBwia 73 roga. Jlo Hauanma wcclnenoBaHUS Y BCeX OOJBHBIX U
3[JOPOBBIX JIOHOPOB OBLIO TMOJy4eHO MH(OpMHpOBaHHOE coriacue. CHavana ObUIH
otobpansl MCK B cOOTBETCTBHM C MUHUMAJIBbHBIMH TPEOOBaHUSIMH, MTPEITI0KEHHBI-
Mu KoMuTeToMm o M3y4eHHI0 ME3eHXMMAaJbHBIX U TKaHEBBIX CTBOJIOBBIX KJIETOK
MexayHapogHOTO 00IIecTBa KIeTouHOH Teparmu [9]. A onpeneneHus cyOIorry-
JSAUHA ME3CHXMMAIBHBIX KJIETOK, aMIUTH(UIMPOBAHHBIX B HEPBUYHOIN KYJIBTYpE,
HCTIONB30BaH ABe Mosekynsl CD73 (3kTo-5 *-5 *HyKIeoTHIa3a, CBA3aHHAS C IDIa3-
MaTtrdeckoir MemOpanoit) 1 STRO-1 (aHTHTeH CTPOMAaNBHBIX KJICTOK-TIPEIICCTBCH-
HUKOB-1). 3aTeM U1 XapakTepUCTHKU (HEHOTHIIA OICHUBAIN MPOGIIH (HEeHOTUIIH-
YECKOH 3KCTIpeccuy (TeMaTOMO3THIECKHE U SHIOTEINATbHBIE MapKEPhI) U MApKEPOB
anrezun (VLAS wmm o-5 Bl unrerpun (CD49e, CD29), ICAM-1 (Monekyia Mex-
kietouHoi aaresun-1) wiu CD54 u Oennok BHekIeTouHoi matpuilbl CD44). Anao-
TMYHO, METOJJOM UMMYHOMAarHHUTHOTO KJIETOYHOTO COPTHMHra OTOMpaiH KJIOHOTEH-
HBIE ME3CHXUMaJIbHbIE TIPEIIECTBEHHUKH U XapaKTEepH30BaIN X (yHKIHOHAIBHEIE
cBoiicTBa. [IJIs1 OIIEHKH HKCIIPECCHH JABYX KOHCTHTYTHBHBIX O€IIKOB KOMIUIEKcoB DA
FAK u makcwinuHa 1 ux peryiasrtopusix 6emxoB pl130Cas u HSP90 B MCK, Bbize-
neHHbIX y 6ospHBIX MJIC, 10 cCpaBHEHHIO ¢ HOPMOH HCTIOIB30BaIIM METOBI KOJIHYe-
CTBEHHOH MMMYHO(ITyOpECIIEHTHOH MHUKPOCKOITMH M KOJIOKAJIM3AMX TPH TTOMOIIH
makera porpamm IMAGE] 1.421 (http://rsb.info.nih.gov/ij/). YcranaBmmuBamm craTu-
CTUYECKHE KOPPEIAINH IKCIIPECCHHU 3THX OSITKOB U Mposm(epaTuBHON CIOCOOHOCTH
MCK ¢ nOTeHIaIOM FeéMaTOII03THYECKOTO POCTa.

Pe3yabTaThl U 00CyxKAeHUE

B pesysnprare monoxutensHoro orbopa EasySep® ObuiM M30JIMpOBaHbI /1BE
¢pakyn kietok STRO-1 + CD73 — u STRO-1 — CD73 +, koTopble paznnyainch
110 (PeHOTUTIIMYECKOM IKCIIPECCHN U KHHETHKE POCTa.

B kymsrype HopMasbabix MCK nonyssiinst STRO-1 + CD73 — 6puta MeHee MHOTO-
YHCIICHHOH, KJIETKU MMEJIN OKPYTITyIO WIIM BepeTeHO00pasHyto GopMy, pasMep KIETOK B
STOM TIOMYJIIIMH KoJiebalicst B Tuana3oHe oT 5 1o 26 M. [lomyrsimmst nvena GpeHOTHIT
CD45 + ¥, skcnpeccnpoBaa HeGOIBIIOE KOTHUECTBO MOJICKYIT AATe3HH M SHIOTC/IH-
anmpHBIX MapkepoB CD31 (PECAM-1) u CD106 (VCAM-1; puc. 1; cM. BKIEHKY).
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Thus, the purpose of the present study was to evaluate the MSCs, multipotent
cells that can differentiate into all stromal components.

Design and methods

BM-derived stromal cells were isolated by plastic adherence from 8 healthy
donors (median age, 63 years), 10 RC patients, and 10 patients with refractory
anemia with excess blasts (RAEB; 7 RAEB-1 & 3 RAEB-2). The median patient
age was 73 years. Informed consent was obtained from patients and healthy donors
prior to the study. The first attempt was to select the MSC in order to meet the
minimal requirements proposed by Mesenchymal and Tissue Stem Cell Committee
of the International Society for Cellular Therapy [9]. To this end, two molecules
CD73 (plasma membrane-bound ecto-5’-5’nucleotidase) and STRO-1 (stromal
precursor antigen-1) has employed to defined the mesenchymal cells subpopula-
tions amplified in primary cultures. Thereafter, the phenotypic expression (hema-
topoietic- and endothelium-related markers) and adhesion markers profiles (VLAS
or a-5 B1 integrin (CD49¢, CD29), ICAM-1 (intercellular adhesion molecule 1) or
CD54 and the extracellular matrix protein CD44) have evaluated in order to char-
acterized them. Likewise, we selected the clonogenic mesenchymal precursors by
immunomagnetic cell sorting, and we performed their functional characterization.
The quantitative immunofluorescence microscopy and colocalization study had
performed using IMAGEJ 1.421 software (http:/rsb.info.nih.gov/ij/) in order to
assess the expression of two constitutive proteins of FA complexes, FAK, paxillin,
and of their regulatory proteins, p130Cas and HSP90, in MSCs selected from
myelodysplasia comparatively with normal counterpart. Statistical correlations
have carried between the expression of these proteins and the MSC proliferation
capacity and with hematopoietic growth abilities.

Results and discussion

During EasySep® positive selection, two fractions of cells have isolated:
STRO-1+CD73— and STRO-1-CD73+ different as phenotypic expression and
growth kinetics.

In normal MSC cultures, the STRO-1+ CD73—population is less abundant and
displays a rounded or spindle shape, and, in terms of size, the cells in this popula-
tion range from 5 to 26 pm. Phenotypically, they are CD45+"", express low levels
of adhesion molecules, and the endothelial-related markers CD31(PECAM-1) and
CD106 (VCAM-I; fig. 1; see insert).
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Puc. 3. Dkcnpeccus mosekyn anresun Ha MCK KM, Bbie/ieHHBIX Y OONBHBIX C
MJC no cpaBHEHHIO C TAKOBBIMHU, MOJTYYSHHBIMH Y 3/IOPOBBIX JJOHOPOB.
CTonOuKH TOKa3BIBAIOT CPpeAHUH KO3()(UIIMEHT HHTEHCHUBHOCTH (ITyOpECICHITNH
Ui 3kcnpeccun MapkepoB aaresud Ha STRO-1+ CD73 + u STRO-1- CD73 +
KJIETKaX MO OleHKe Ha 20-if IeHb KyJIbTYPHUPOBAHHS B IATH HE3aBHCHMBIX IKCIIC-
pHMEHTaX.

Fig. 3. Adhesion molecules expression on BM-MSC isolated from MDS patients
compared with that of healthy volunteers
The columns represent mean + SD of mean fluorescence intensity ratio (MFIR) of
adhesion marker expression on STRO-1+ CD73" and STRO-1- CD73" cells from
the five independent experiments, evaluated in 20" days of cultures.
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Puc. 4. 3nadyenue skcrpeccun MoJekyn aiaresuu st pocra MCK y OonbHBIX ¢
MJC.

Poct MCK mpencrasmsier coboii mporecc, 3aBHCUMBII OT aare3ud, B KOTOPOM ydacT-
BytoT Monekyisl CD44 u CD49e. Dkcenpeccuss CD49¢ B naronornyeckux MCK u ee Biusi-
Hue Ha nponudeparusnblii norernuan STRO-1+ u CD73 + kietok (A-D). Knonorennas
ciocobHocts MCK neMOHCTpHpYeT MONOKUTENBHYI0 Koppessiiuio ¢ dkcnpeccueit CD44
(E, F). DddextuBHocts KOE CD73 + kieTok paccyuthiBamu aast 1 x 10® mocesirneix MCK.
PucyHoK mpuBOANTCS ¢ M3MeHeHusIMHU 110 Aanei et al., 2012 [10].

Fig. 4. The significance of adhesion molecules expression for MSC growth in

MDS settings.
MSC expansion is an adhesion-dependent process, and the CD44 and CD49e
molecules are involved in this process. CD49e expression in pathological MSCs
and its impact on the proliferative potential of STRO-1+ and CD73+ cells (A-D).
The MSCs clonogenic capacity directly correlates with CD44 expression (E, F).
The CFU efficiency of CD73+ cells was calculated for 1 x 10° seeded MSCs.
Figure reprinted from Aanei et al, 2012 [10].
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B oTHOmNIEHNN CITIOCOOHOCTH POCTa ATU KJIETKH UMENH O0Jiee BEICOKHI MHICKC
nposMdepaniy U KIOHOTeHHBII noTeHuai B 1,5 pasa Boime, yeM kinetku STRO-
1-CD73 + (puc. 2). B o xe Bpems ¢ppaxuust STRO-1-CD73 + Bkirouana 6oiee
kpymHEIe (B cpenaeM 50—110 Mxm) u Oolee rpaHyIsApHBIC KIETKH, HE DKCIIPECCH-
pyIOIINe SHAOTEHATbHbIE WIIN TeMaTOI03THIeCKHe MapKeps! (puc. 1). Oxnako
9TH KIIETKHU SKCIPECCUPOBAIIY BEICOKHE YPOBHHU MapkepoB aaresun CD44, CD54,
CD29 u CD49¢ 1 nmenu 60iee HU3KYIO0 CKOPOCTh TPOTH(epaIiu
(77,99 + 19,85/10° nocesrnbix CD73 + kitetok npotus 200,0 + 32,45/10° noce-
aaapiXx STRO-1 + xierok; puc. 2).

[Tpu MJIC nabmonanock yBenuueHrne STRO-1 + KiI€TOK, KOIKCIPECCUPYIOLTIX
CD106 u CD31, B nepuop ¢ 20-ro no 30-it nuu KyasTypupoBanus (45,1% +2,3% B
rpymnne PII, 41,5% + 11,6% B rpynne RAEB mno cpaBrenuto ¢ 26% + 7,5% B Kyib-
Typax HopManbHeIX MCK). D10 yBenmmuenne kommdectBa STRO-1 + kieTok B rpymn-
nie PL] coxpansutocs 1o 60 aueit. Taxxxe nmpu MJIC kietku CD73 + STRO-1 — otium-
Yauch 10 pa3Mepy OT HopMaibHBIX Kiertok (109,1 + 50,1 Mxm/56,5 £27,9 Mxm B
rpyrmme RAEB, 39,2 + 38,7 mxm/20,4 + 10,7 Mmkm B rpymme PL] mo cpaBHeHHio c
83,8 £27,5 mxm/38,4 + 18,0 mkm B rpymiie HopmanbHEIX MCK).

Kpome toro, mopdomerpuueckue MOTUPHUKAINN aCCOLUUPOBAINCH C Aeuu-
TOM pocTta KIeTok y 6ompHeIx MJIC. Ob0pamaeT BHIMaHHE BBIPAKEHHOE CHIDKE-
Hue ckopoctu npommpepannu MCK xak npu PLI, Tak u nmpu RAEB, rmaBHbIM 00-
pasom oO0yciioBiIeHHOe CHMKeHueM npoiudepanmn ¢pakuun STRO-1 + kierok
(puc. 2 A, D). Uto xacaercs CD73 + ¢dpakiuii, HaONMIOJAINUCH PA3THUUST MEKIY
JIByMs Tpymnnamu 3aboneBanuii. B rpynmne PL] oTMeuanock BbIpaK€HHOE CHIDKE-
Hue, a B rpynne RAEB — nBa pasnuunsix Tuna pocra: B rpynne RAEB-1 cxonusrit
c TakoBbIM B rpymme PII, a B rpynme RAEB-2 Bricokast ckopocTs nposudeparuy.
KnoHorennast cnoco6HOCTh (pakiyii, BelaeneHHbIX y 00iapHBIX MJIC, Obl1a CHTh-
HO CHW)KEHA, IPUYEM pa3Nnuusi ObUTH BhIpakeHbI cuibHee BO (pakunu STRO-
1 + CD73 — (puc. 2). MbI Takxke HaOIIOAAMN CHIDKEHHE SKCIPECCHH MOJECKYT al-
re3un CD29, CD54 u CD49¢ na moeepxnoctd MCK mpu MJIC (puc. 3), a Taxxke
CTaTUCTUYECKH 3HAYMMYIO KOPPEILSIIUIO MEKAY CHIDKEHHEM IKCIIPECCHU ITUX MO-
nexyn, ocoberno CD44 u CD49e, u cTaOUIBHBEIM CHIDKEHHEM Ipoiudepanuu u
KJIOHOTEHHOH crmocoOHoCTH (pHc. 4).

NmmyHOQIIyopecleHTHBIN aHai3, MPOBEACHHBINH Ul OLEHKH DKCIPECCHU
6enxoB DA U UX PeryJsTopoB, O3BOJIMI BHISIBUTH KOJHMUECTBEHHBIC U KAYECTBEH-
HBIE pa3nInuusg Mexay HopMmanbHbIMU U natojoruueckumu MCK. B MCK RAEB
oTMeuanoch mnoBbimeHue dkcrpeccun HSP9Ow/P, pFAK [Y**'] u maxcumiuua,
mprdeM kak Ha Menkux (S-MSC), Tak u Ha KpyIHBIX, Oosee 3penbix kierkax (L-
MSC) (puc. 5). Takxe ycTaHOBICHO, 9TO eciu B HopMme Moiekyna HSP90o/f 06-
pasyeT KOMIUIEKCHI C MaKCHJIJIMHOM, TO 3Ta KOJIOKAJIHM3ALUsl OTMEYAETCsl Ha YacTH
(20-30%) nopmansabix MCK. B To xe Bpems npu RAEB stoT mponecc xapakre-
per i 6onpumHCTBA (80-90%) KIETOK, M B KOMIUIEKC BKIIFOUAETCs! BEICOKO(OC-
dopumuposansas popma [pY>"’] Genxa FAK (puc. 6).
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In terms of growth abilities, these cells show a higher proliferation index, and
they have clonogenic potential 1.5 times greater than their STRO-1- CD73+ coun-
terparts (Fig. 2). By contrast, the STRO-1-CD73+ fraction includes larger (50 to
110 pm, on average) and more granular cells that are negative for endothelial- and
hematopoietic-related markers (Fig. 1), but they express increased levels of the
adhesion markers CD44, CD54, CD29, and CD49e¢, and have a lower rate of pro-
liferation (77.99 + 19.85/10° CD73+ seeded cells vs. 200.0 + 32.45/10° STRO-1+
seeded cells) (Fig. 2).

Under the MDS condition, we noticed a higher number of STRO-1+ cells that
coexpressed CD106 and CD31 between 20 and 30 days of culture (45.1%%2.3% in
RC group, respectively 41.5% +11.6% in RAEB compared to 26% = 7.5% of
normal MSC cultures). This increase of STRO-1+ cells persists until 60 days in the
cultures generated from RC group. Moreover, in MDS conditions, we have noticed
variations of CD73+ STRO-1- cells size compared to normal cells (109.1 + 50.1
um / 56.5+27.9 um in RAEB group, and 39.2 £ 38.7 um/ 20.4 + 10.7 um in RC
group compared to 83.8 £ 27.5 um / 38.4 £ 18.0 um in normal MSC group).

In addition, the morphometric modifications are associated to growth deficien-
cies of MDS selected cells. Of noted is the remarkable decline of the MSCs prolif-
eration rates, both in RC, as well as in RAEB, due mainly to the mitigate of prolif-
eration of STRO-1+ fractions (fig. 2 A, D). Instead for the CD73+ fractions there
are differences between the two groups of diseases. In RC group is an obvious de-
crease, while in RAEB group are distinguishes two broad patterns of growth: the
RAEB-1 group having a behavior close to RC group, while the RAEB-2 group
showing a high proliferative rate. In addition, the clonogenic ability of the fractions
selected from MDS settings was strongly diminished, and the differences were
more noticeable for the STRO-1+ CD73™ cells (Fig. 2).

Thereafter, we observed a decline of the adhesion molecules CD29, CD54,
CD44 and CD49e expression on MSC surface in MDS settings (fig. 3) and a sig-
nificant correlation between the diminution of expression of these molecules, espe-
cially for CD44 and CD49¢, with their steady decline of proliferation and clono-
genicity (fig. 4).

Likewise, the immunofluorescence experiments conducted to evaluate the ex-
pression of FA proteins and their regulators allowed the identification of qualita-
tive and quantitative differences between normal and pathological MSCs. In-
creased levels of expression of HSP90a/B, pFAK [Y**"], and paxillin are observed
in RAEB-MSCs, both in smaller cells (S-MSCs), and in those large, more mature
cells (L-MSCs; fig. 5). Moreover, even that in normal conditions HSP90a/B form
complexes with paxillin, this colocalisation concerns a part (20—30%) of normal
MSC. By contrast, in RAEB settings this process concerns the most of the MSC
cells (80-90% of cells) and engages into this complex the highly phosphorylated
form [p”*°"] of the FAK protein (fig. 6).
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IIpucytcrBue pFAK [Y*"] B sToM KOMILITEKCE CIOCOOCTBYET YICPKUBAHUIO
MaKCHJUTMHA B SIZIpE M NMPEKPALICHUIO PEIMKIMHTA 3TUX OETKOB, OIOCPEJOBAHHOTO
nporeacomaMmu. Hakonnenne nakcuinHa B Ape aCCOLUUPOBATIOCH C MOBBIIICHH-
em npomudeparmn MCK npu RAEB, uro cormacyercss ¢ namaeiMu Dong et al.
(puc. 7).

Pe3ynbpraTsl TPOBEAEHHOTO HWCCIIENOBAHUS IIO3BOJIAIOT CHENATh €€ OJHO
npexanoioxenne o Bo3MoxHoi pormu pFAK [Y397] Bo B3ammoneiictBusax MCK-
I'TIK n momymsauuu kioHoreHHo# crmocobHoctr ['TIK. IloBeimenune sxcmpeccun
pFAK [Y*"] 8 MCK koppenmpoBajo co CHIXEHHEM NpOoIudepaTHBHON Crocod-
HOCTH remarono3tudeckux mnpenmectBeHHUKOB (I'TIK u3 rpynmel GOnbHBIX C
RAEB o6pa3oBsiBanu B 4 pasa, a B rpymnne PL] B 1,5 paza menbiie BOE-3 u KOE-
I'M, gem kouTponsHbIe ['TIK) (puc. 8).

BrIiBOBI

[Nomy4eHHbIe pe3ysbTaThl HOATBEPKIAOT KOHLETIHNIO «IUIOXUX 3€pEeH B IUIO-
XOI1 IoYBeY, JIeXKAIIyI0 B OCHOBE HeorulacTuieckoi Tpancdopmannu npu MC.

Msr noxazanu, uro MCK, Beigenennsie y 6oipHbIX ¢ MJIC, 1eMOHCTPUPYIOT
MaTOJIOTHYECKOE TTOBEICHUE B OMBITAX in Vitro W MPUHUMAIOT aKTUBHOE Y4acTHE B
HEKOTOPBIX CHUTHAJBHBIX MyTSIX HEOIUIa3WU C MPUBJICYEHHEM IPOLECCOB, CBSA3aH-
HBIX C aJre3uei, TakMx Kak KJIeToYHas ponudepanys 1 KJIOHOTeHHBIH pOCT.

CTpyKTypHBIH ¥ (DYHKIIHOHAIBHBIA aHAIH3 TO3BOJIMI BBIIBUTH MOP(O- U UM-
MYHO(EHOTHITBI, KOTOpPBIE MOTYT yuacTBoBaTh B KoH(umkTe mexay ['TIK n «azre-
3MBHBIM» MHKPOOKPYKEHHEM, a TaKXKe IT0Ka3ajl, 4To JaHHYI0 MOJIEIb HUCCIIe0Ba-
HUH in Vitro MOXXHO HCIIONIb30BATh JUISl M3YYEHHS B3aWMOCBS3€H MEXTY 3THMHU
JIBYMSI ITapTHEPAMH.

YcTaHOBIEHNE TTaTOIOTHYECKIX MEXaHU3MOB, CBSI3aHHBIX CO CTPOMOMH, MOXET
CTaTh OCHOBOM ISl pa3paOOTKM aJbTEPHATUBHBIX TEPANEBTUYECKHX ITOJIXOJOB,
HalpuMep, CHTHAIbHAsE aKTHBHOCTH ITOCPECTBOM OenkoB DA MOXKET y4acTBOBATh
Bo B3ammozaeicTeus I'TIK u MCK, a ecnu mpunsats, uro FAK sBnsercs oqanM u3
6enxoB-knuerToB HSP90aB, To moxHO mcmons3oBath mHrHOHTOpEl HSP90OS B
a/IbIOBAHTHOM Tepanuy MUEIOAUCILIA3UH.
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The presence of pFAK [Y*"] in this complex contributes to the arrests of the
paxillin into nucleus along with the cessation of proteasome-mediated recycling of
these proteins. The nuclear accumulation of paxillin has associated with a prolif-
erative advantage of MSCs from RAEB, in line with previously observations of
Dong et al. (Fig. 7).

Another assumption that arises from this study involves the putative role of
pFAK [Y*""] in MSC-HPC interactions and modulation of HPC clonogenicity.
Increased levels of expression of pFAK [Y*"] in MSCs correlated with decreased
proliferation capacity of haematopoietic progenitors (i.e., HPCs from the RAEB
group formed 4-fold, and those from RC group 1.5-fold fewer BFU-E and CFU-
GM than control HPCs) (Fig. 8).

Conclusions

These results reinforce the concept «bad seeds in bad soil» that underlies the
neoplastic evolution in MDS settings.

Herein we bring arguments that MSCs isolated from MDS have a pathological
behaviour in in vitro cultures and that they actively contribute in some neoplastic
signalling pathways involving the adhesion-related processes, such as cell prolif-
eration and clonogenic growth.

Structural and functional analysis allowed us the recognition of morpho- and
immunophenotypes that could be involved in the conflict between HSC — «adhe-
sive» microenvironment, proposing also an in vitro study model of the relationship
between these two partners.

The perception of the stroma-related disease mechanisms may underlie the de-
velopment of alternative therapeutic approaches, e.g. signalling via FA proteins
could be implicated in HPC-to-MSC interactions, and, considering that FAK is one
of HSP90ap-client proteins, enhance the utility of HSP90a inhibitors as adjuvant
in myelodysplasia therapy.

4. Yiiksel MK, Top¢uoglu P, Kurdal M, Ilhan O, The clonogenic potential of
hematopoietic stem cells and mesenchymal stromal cells in various hema-
tologic diseases: a pilot study, Cytotherapy 12 (2010) 38—44.

5. Flores-Figueroa E, Arana-Trejo RM, Gutiérrez-Espindola G, Mesenchy-
mal stem cells in myelodysplastic syndromes: phenotypic and cytogenetic
characterization, Leukemia Research 29 (2005) 215-224.

6. Blau O, Baldus CD, Hofmann W-K, Thiel G, Nolte F, Burmeister T, Tiirk-
men S, Benlasfer O, Schumann E, Sindram A, Molkentin M, Mundlos S,
Keilholz U, Thiel E, Blau IW, Mesenchymal stromal cells of myelodysplastic
syndrome and acute myeloid leukemia patients have distinct genetic abnor-
malities compared with leukemic blasts. Blood. 2011; 118:5583-5592.

135



136

HMMYHOJIOT'UA TEMOIIO33A4

10.

11.

12.

136

Santamaria C, Muntion S, Roson B, Blanco B, Lopez-Villar O, Carrancio S,
Sanchez-Guijo F, Diez-Campelo M, Alvarez-Fernandez S, Sarasquete ME,
J de las Rivas, Gonzalez M, San Miguel JF, MC del Canizo, Impaired ex-
pression of DICER, DROSHA, SBDS and some microRNAs in mesenchy-
mal stromal cells from myelodysplastic syndromes patients. Haematologica.
2012; 97(8):1218-24.

Boudard D, Viallet A, Piselli S, Guyotat D, Campos L, In vitro study of
stromal cell defects in myelodysplastic syndromes, Haematologica 88
(2003) 827-829.

Dominici M, K Le Blanc, Mueller I, Slaper-Cortenbach I, Marini F,
Krause D, Deans R, Keating A, Prockop DJ and Horwitz E. (2006). Mini-
mal criteria for defining multipotent mesenchymal stromal cells. The Inter-
national Society for Cellular Therapy position statement. Cytotherapy
8:315-317.

Aanei CM, Flandrin P, Carasevici E, Guyotat D, Wattel E, Campos L, In-
trinsic growth deficiencies of mesenchymal stromal cells (MSCs) in
myelodysplastic syndromes (MDS), Stem Cells and Development (2012);
21(10):1604-15.

Aanei CM, Zugun Eloae F, Flandrin P, Tavernier E, Carasevici E, Guyo-
tat D, Campos L, Focal adhesion protein abnormalities in myelodysplastic
mesenchymal stromal cells, Experimental Cell Research 317 (2011); 2616—
2629.

Dong JM, Lau LS, Ng YW, Lim L, Manser E, Paxillin nuclear-cytoplasmic
localization is regulated by phosphorylation of the LD4 motif: evidence
that nuclear paxillin promotes cell proliferation, Biochemical Journal 418
(2009) 173-184.

HAYYHBIE JKYPHAJBI
POHII UM. H.H. BJIOXHHA PAMH




HAEMATOPOIESIS IMMUNOLOGY 137

Arjan A. van de Loosdrecht, MD, PhD and Theresia M. Westers, PhD

THE EMERGING IMPACT OF FLOW CYTOMETRY

IN MYELODYSPLASTIC SYNDROMES

Department of Hematology, Cancer Center Amsterdam, VU University Medical
Center, Amsterdam, The Netherlands

All correspondence to:

Arjan A. van de Loosdrecht, MD, PhD,; Department of Hematology, Cancer Center
Amsterdam, VU University Medical Center;, De Boelelaan 1117, 1081 HV, Am-
sterdam; The Netherlands. Tel: +31-20-4442604,; Fax: +31-20-4442601.

E-mail: a.vandeloosdrecht@vumc.nl

Abstract

FC is recognized as one of the important tools in the diagnosis of MDS espe-
cially when cytomorphology and cytogenetics are inconclusive. Minimal require-
ments to analyze dysplasia by FC have been proposed by the International Work-
shops from the European LeukemiaNet on Standardization of FC in MDS. FC
should be considered part of an integrated diagnosis, rather than a separate tech-
nique. Here, we highlight issues to implement FC in the diagnostic work-up of
MDS. Next to that, current advances of FC in diagnosis and prognosis of MDS are
introduced.

Introduction

Although cytomorphology is the mainstay in the diagnosis of MDS it may be
ambiguous, especially in cases with low blast counts and mild dysplastic features.
In particular, in cytopenic patients with normal or inconclusive morphology and
normal cytogenetics, additional diagnostic markers are necessary. FC can play a
key role. Flow cytometry has been introduced as an important co-criterion in the
diagnosis of MDS. Moreover, it has been recommended recently as a tool in the
diagnostic work-up of MDS if performed according to the guidelines as defined by
the European LeukemiaNet (ELNet) Working Party on «Standardization of FC in
MDS».[1-4] ELNet reports describe recommendations on implementation of FC
(i.e. technical issues as sample preparation, instrument set-up and quality assess-
ment, acquisition of data and gating strategy); the ELNet working group also pro-
poses minimal criteria for the diagnosis and prognostic evaluation of MDS and
other cytopenias [2;3].

Analysis of bone marrow cells by FC can identify specific aberrations in both
immature and maturing compartments among different hematopoietic lineages.
Since, MDS comprises a heterogeneous group of myeloid neoplasms, it is unlikely
that a single specific marker can discriminate MDS from other cytopenias.
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Hence, the presence of multiple aberrancies has a higher predictive value for MDS
than single aberrancies.[5—8]In line with this, current WHO2008 recommendations
recognize the presence of three or more FC aberrancies as indicative of MDS.[9]

As demonstrated in a multicenter study on behalf of the ELNet, application of only
four parameters enables to distinguish low-risk MDS without other specific markers
(i.e. cytogenetics or ring sideroblasts) from non-clonal cytopenias.[10] The key pa-
rameters within this score are: i) an increase in CD34+ progenitor cells within bone
marrow nucleated cells (= 2%); ii) a decreased percentage of progenitor B cells within
the CD34+ compartment (< 5%); iii) a decrease or increase of CD45 expression level
on myeloid progenitor cells as compared to lymphocytes as a reference (<4 or >7.5)
and iv) a decrease in SSC of neutrophils as compared to lymphocytes (< 6). The pres-
ence of two or more of these specific aberrancies identified 70% of low-risk MDS
cases with a specificity of 93%.[10] Assessment of FC aberrancies of myeloid progeni-
tor cells and the maturing myelomonocytic compartment can add valuable informa-
tion.[5; 11] Furthermore, FC analysis of erythroid dysplasia might provide supplemen-
tary information, particularly within low-risk MDS.[12—-14] Few applications are avail-
able for FC analysis of the megakaryocytic lineage but no standardized approach is yet
available [15]. The next paragraphs summarize current recommendations for FC analy-
sis in MDS. Of note, evaluation of dysplasia by FC necessitates knowledge of expres-
sion levels in appropriate normal and pathological bone marrow controls.

Evaluation of dysplasia in the immature myeloid progenitor compartment

The immature cell compartment is very heterogeneous. Therefore, beyond the
classic ~ CD45%™/SSC™™™  profile, antibody combinations such as
CD45/CD34/CD117/HLA-DR and CD45/CD34/CD123/HLA-DR are instrumental
to identify myeloid progenitor cells (CD45%™ and SSC'™) among other popula-
tions that show overlapping CD45 and SSC features (e.g. B cell precursors, plasma
cells, monoblasts, basophils, erythroblasts and plasmacytoid dendritic cell precur-
sors).[2] Observed aberrancies in the immature myeloid compartment in MDS are
an abnormal intensity or lack of expression of CD45, CD34, CD117, HLA-DR,
CD13, CD33, asynchronous presence of CD11b, and/or the expression of lincage
infidelity markers such as CD5, CD7 or CD56 [5; 7; 11; 12; 16—19].

Evaluation of dysplasia in the neutrophil compartment

Maturing neutrophils are identified by their CD45™SSC™ ™" profile. Other
markers such as CD33, CD64, HLA-DR and CD11b are useful in distinguishing
monocytes and hypogranular neutrophils. Neutrophils display diminished CD33
and CD64 expression, heterogeneous to bright CD11b and mostly lack HLA-DR as
compared to CD33"" HLA-DR+ and CD11b+ monocytes. One of the most fre-
quently reported FC aberrancies in the maturing neutrophil compartment is an ab-
normally decreased SSC reflecting hypogranularity (example in Fig. see insert) [2].
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Next to decreased SSC, dysplastic neutrophils can display aberrant expression
levels of certain antigens or an aberrant relationship among two or more antigens,
e.g. aberrant relationships between CD13 and CD11b and/or CD13 and CD16 and
between CD15 and CD10 (Fig.).[2; 3]

Evaluation of dysplasia in the monocytic compartment

Morphological assessment of dysmonopoiesis in MDS is difficult unless there
is marked monocytosis. By FC, monocytes can be defined based on their CD45
expression (intermediate-bright), SSC (intermediate) and additional markers such
as HLA-DR, CD11b, CD64, CD36, CD33 and CD14. The use of CD14 alone may
underestimate the percentage of monocytic cells particularly when immature forms
are present. Aberrancies of interest in the monocytic lineage are an abnormal dis-
tribution of maturation stages, abnormal relationships of HLA-DR and CDI11b,
abnormal intensity of CD13 and overexpression of CD56. CD56 (and CD2) may
even contribute to discriminate chronic myelomonocytic leukemia (CMML) from
MDS/myeloproliferative neoplasms. [20; 21]

Evaluation of dysplasia in the erythroid compartment

The erythroid population can be defined by its very dim to negative of CD45
expression and low FSC and SSC properties. Commonly applied markers are
CD45, CD71, CD235a, CD36, CD117, and less frequently CD105. One of the
most frequently observed aberrancies (80% of low-risk MDS) is an increased
number of erythroid progenitors associated with a larger proportion of immature
erythroid cells (CD117+ or CD105+). Furthermore, in approximately 70% of the
patients, abnormal relationship of CD71 vs. CD235a and/or decreased expression
of CD36 is observed. [7; 12—14; 22]

Flow cytometry and prognosis of MDS

Thus far, the only validated prognostic FC score is the FC scoring system by
Wells et al. [5; 8; 19; 23]This flow score weighs the percentage of myeloid pro-
genitor cells and their aberrancies and the amount of aberrancies in the maturing
myelomonocytic compartment. In clinical practice, WHO classification, Interna-
tional Prognostic Scoring System (IPSS and IPSS-revised) and WHO-based Prog-
nostic Scoring System (WPSS) are all well validated and applied routinely. [9;
24-26] Interestingly, within the subgroups or risk groups of the WHO, IPSS(-
revised) and WPSS flow scores are rather heterogeneous. This implies that FC can
identify patients with worse prognosis within validated risk categories.

Application of flow cytometry in predicting and monitoring treatment response
Subgroups of in low and int-1 risk MDS with distinct clinical behaviour regard-
ing transfusion dependency and progression can be identified by FC analysis of
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bone marrow cells. [19]Moreover, in a clinical decision model the absence of aber-
rant myeloid progenitors as assessed by FC in combination with low endogenous
erythropoietin levels is predictive for response to growth factor treatment. [27] In
addition, aberrant marker expression on myeloid progenitors cells identifies pa-
tients who may not benefit from treatment with hypomethylating agents such as
azacitidine in intermediate-2 and high risk MDS. [28] There are few data indicat-
ing that patients in complete remission for AML after high dose chemotherapy but
with FC dysplasia might have worse clinical outcome suggesting persistence of
(previously) undefined MDS. Finally, specific flow signatures are being recog-
nized within specific cytogenetic subgroups such as in MDS with isolated del(5q).
These flow signatures might have impact in monitoring MDS during treatment
with lenalidomide.

Concluding remarks

Flow cytometric analysis is recognized and even recommended as tool for di-
agnosis of MDS when performed according to the ELNet guidelines. [2; 3] Note-
worthy, FC in MDS should only be applied as part of an integrated diagnostic ap-
proach. Results from FC analysis can add to better prognostification. Current in-
vestigations focus on the role of FC in monitoring the course of the disease in un-
treated (low risk) MDS patients and in the selection of patients who might benefit
from emerging new drugs in low and high risk MDS.
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MINIMAL RESIDUAL DISEASE AS AN END-POINT

IN CLINICAL TRIALS: AN UPDATE FROM THE U.S. FOOD

AND DRUG ADMINISTRATION PUBLIC WORKSHOP

HMDS, St. James'’s Institute of Oncology, Leeds Teaching Hospitals NHS Trust

Introduction

There are a number of new agents that are potentially effective in treating CLL.
Current therapeutic approaches achieve a good clinical response in a high propor-
tion of people. However the high response rates with standard therapy mean that
progression-free and overall survival are the only suitable end-points for clinical
trials of new treatments and a randomised phase III trial of a novel agent is likely
to take 5—10 years to complete. In order to make new effective treatments available
as soon as possible, the US Food and Drug Administration has an accelerated ap-
proval pathway using a surrogate end-point that has a high likelihood of predicting
clinical benefit. Any biomarker that is suitable as a surrogate end-point needs to
meet stringent qualification criteria and clinical benefit will be subsequently con-
firmed as a secondary end-point. Minimal disease levels detectable by molecular or
immunophenotypic approaches in the absence of morphologically evident disease
are frequently reported to be better predictors of clinical outcome than conven-
tional response assessment. This article discusses the framework for qualification
of a biomarker and the evidence for the use of MRD as an end-point in CLL as
presented in a public workshop at the FDA on February 27", 2013. The meeting
was opened by representatives from the FDA who provided background on the
criteria that should be met by a biomarker suitable for use as a surrogate endpoint
in clinical trials. This was followed by presentation of the evidence that depletion
of MRD below a standard threshold is an independent predictor of clinical benefit.
Finally the technical aspects of performing high sensitivity detection of residual
disease were reviewed.

Regulatory Background and Considerations

Dr Albert Deisseroth from the division of Hematology Products outlined evi-
dence of clinical benefit required for new drug approvals by the FDA. The FDA
has a responsibility to approve new drugs on the basis of demonstration of efficacy
with acceptable safety in adequate, well-controlled studies and ability to generate
product labeling that defines an appropriate patient population for treatment with
the drug and provides adequate information to enable safe and effective use and
prescribing of the drug. Within this responsibility the FDA has the flexibility to
exercise its scientific judgement to determine the kind and quantity of data and
information an applicant is required to provide for a particular drug to meet the
statutory standards.
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The level of scientific data required to demonstrate suitability of an MRD
measure was demonstrated using the examples of viral load measurement in HIV
and ber-abl mRNA quantification in CML.

In the case of HIV, before 1996 the clinical endpoints available were: decreased
CD4 T cell level, new opportunistic infections, or death. With the advent of reli-
able assays for HIV mRNA there was pressure to start using «molecular» end-
points so that treatment could be introduced before the occurrence of opportunistic
infections. The FDA undertook analysis of data from more than 5000 patients in
multiple trials which showed that short-term decrease in viral load correlated with
durable response and improved progression-free and overall survival. By 1996
real-time viral load monitoring of HIV RNA level became standard and the FDA
advisory committee qualified viral load measurement at 24 weeks as an end-point
for accelerated approval, with levels at 48 weeks for regular approval.

In CML, PCR measurement of peripheral blood bcr-abl mRNA early after ther-
apy had been demonstrated to predict long-term outcome and the methods were
harmonised in 2003-2005. Molecular responses at 3—18 months from initiation of
Imatinib therapy were correlated with clinical outcome 7-8 years later in multiple
clinical trials and the major molecular response rate (i.e. greater than 3 log reduc-
tion in peripheral blood ber-abl copies) was qualified as the primary end-point in
the approval trial of Nilotinib .

Following from these two situations, the framework for development of MRD as
a regulatory endpoint in clinical trials begins with the identification of the MRD
measure in clinical trials, followed by development and standardisation of (a) suit-
able assay(s) to measure MRD. Efficacy of the standardised assay(s) should be dem-
onstrated prospectively in clinical trials and if confirmed as a predictor of clinical
benefit would then be suitable as a surrogate endpoint for accelerated approval trials.

Dr Robert Becker, from the department of Medical Device Regulation, considered the
need for approval of an in vitro diagnostic assay or device for measuring MRD. A quali-
fied biomarker requires a package of evidence to demonstrate an «interpretable meaningy
to the assay result that would be broadly applicable in other trials. A qualified biomarker
should be identifiable prior to standard end-points of progression-free and overall survival
and there should be strong evidence of a close correlation to these clinical end-points.
Because the biomarker is qualified and not a particular assay, there would be no specific
requirement for the assay used to be approved by the regulatory body although it would
be expected that there is strong evidence of analytical performance of the assay used in
any given trial. In particular, there would be a need for standardization, validation and
documentation, either with an approved in vitro diagnostic assay or with an agreed testing
paradigm, including all validations and controls needed to establish acceptable perform-
ance. A specific validated assay might be appropriate in a single disease-treatment setting
while a suitable biomarker would reflect a disease characteristic that may be measured by
different assays but there would need to be a «gold-standard» to validate the assays and
the biomarker must be applicable in different treatment settings.
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The validation of a surrogate endpoint was further considered by Dr
Mark Rothman, The surrogate endpoint must be correlated at a patient-level with
the clinical outcome, independent of treatment, and must fully capture the net ef-
fect of treatment on the clinical outcome. The example of CD4 count and viral load
in HIV was considered. The CD4 count is a biomarker that predicts opportunistic
infection but it is not on the causal pathway of disease process, rather it is a secon-
dary measure of disease activity. HIV viral load is a direct measure of disease ac-
tivity and predicts subsequent decreases in CD4 count. Maternal HIV viral load
predicts the risk of mother-to-child transmission of HIV whereas maternal CD4
count is not predictive. Therefore HIV viral load is on the causal pathway of the
disease process and correlates with clinical outcome in settings where CD4 count
does not, therefore reduction in HIV viral load is a more suitable biomarker for
testing probable clinical benefits from treatment than changes in the CD4 count. A
biomarker that is suitable for use a surrogate endpoint in clinical trials should re-
flect an understanding of the disease process so that changes in the biomarker
would predict meaningful clinical benefit with close correlation between effects on
the biomarker and effects on clinical benefit demonstrated in multiple randomised
clinical trials.

Current status of MRD assessment in CLL:

demonstration of a close link between MRD-negative status

and improved clinical outcome

Dr Paolo Ghia began the session concerning the clinical evidence for the use of
MRD as an endpoint in approval trials. It was noted that the depth of response has
been recognised for many years as the best marker for predicting outcome, and that
now it would be expected that more than 80% of previously untreated patients
would be likely to respond to currently available treatment approaches such as
FCMR. Dr Ghia summarised the clinical studies assessing MRD in CLL and high-
lighted the fact that MRD was defined as having a clinical remission in the absence
of MRD when the blood or bone marrow shows less than one cell per 10 000 leu-
cocytes, or 10, Quantitative flow cytometry and PCR assays are available and the
benefits and disadvantages of each were considered. Real-time quantitative IGH
PCR is patient specific and has a detection limit of 0.001%, is applicable in > 90%
of patients but requires pre-treatment material; fresh samples are preferable but
results may be obtained in samples > 48 hours old. MRD flow cytometry is dis-
ease-specific so does not necessarily require pre-treatment material, and is applica-
ble in > 95% of patients (all of the patients with a typical phenotype) but requires
material < 48 hours old.

High-throughput sequencing is a promising approach as it combines the bene-
fits of RQ-PCR without requiring the development of patient-specific primers but
the technology has not yet been validated. Finally, Dr Ghia confirmed the efficacy
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of MRD as a surrogate marker of outcome by demonstrating the improvement in
clinical outcome with depletion of disease below 0.01%.

Dr Seb Béttcher reported on the evaluation of MRD in the German CLL study
trial CLL8 comparing fludarabine-cyclophosphamide (FC) with FC-rituximab
treatment. The results of this trial confirm that MRD is an independent prognostic
factor for progression-free and overall survival in multivariate analysis. Of particu-
lar importance is the fact that treatment type, which is highly predictive of outcome
in univariate analysis, loses significance when adjusted for MRD status because
individuals who achieve MRD-negative status with FC have an identical outcome
to those who achieve an MRD-negative status with FCR. Dr Bill Wierda from the
MD Anderson reported on the US experience of MRD in chemo-immunotherapy
and requested that the results were not shared as they were part of an ongoing
clinical trial but the available results were highly supportive of MRD as a surrogate
endpoint. Dr Emili Montserrat reported the Barcelona single centre experience of
255 patients treated with a variety of different regimes including Chlorambucil,
CHOP, PA, FC(M) and FC(M)-R. The results exemplified the improving clinical
responses over the past two decades and again demonstrated that MRD was an
independent prognostic factor for treatment-free and overall survival. Professor
Peter Hillmen reported the UK experience demonstrating that MRD was a power-
ful predictor of outcome in multiple clinical trials and also confirming the bio-
marker as an independent predictor of outcome in patients treated with a variety of
different regimes.

Dr John Byrd from Ohio State University offered a separate viewpoint on the
value of MRD assessment in the context of new agents that inhibit the B-cell re-
ceptor Signalling (BCR) pathway such as GS-1101 and Ibrutinib. These new
agents are effective in disease control and very good progression-free survival even
in patients with high-risk disease identified by unmutated IGHV, deletion 17p or
deletion 11q. However, the kinetics of response with these novel inhibitors are very
different to conventional chemotherapy with an initial re-distribution of CLL cells
from lymph node to peripheral blood. As a result there is often a very substantial
increase in peripheral lymphocyte count in the first few months, followed by a
gradual decline over the following months and years. Relatively few patients
achieve a conventional remission with the majority showing persistent lymphocy-
tosis. Dr Byrd made the point that MRD is of value in therapeutic strategies that
require disease depletion but not necessarily in those offering disease control, and
suggested that MRD should be an optional but not obligatory end-point. Finally Dr
Neil Kay considered clinical protocols currently in development and noted that
MRD would be a central part of the analysis in future trials.

MRD detection by flow cytometry: technical considerations
The qualification of a biomarker requires, in addition to demonstration of clinical
benefit, that there is one or more reliable approach to measurement of the biomarker.
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The technical aspects of providing a reliable flow cytometric enumeration of
MRD were discussed by Andy Rawstron, Maryalice Stetler-Stevenson and
Gerard Lozonski.

The European Research Initiative in CLL (ERIC) consortium has worked to
develop reproducible assays for detection of MRD in CLL over more than a decade
and a summary of this data confirms that multi-parameter flow readily applicable
to the quantitative detection of CLL to 0.01% (10™). A number of different assays
from 4 to 6 to 8 CLR have been validated, using the same core antibodies, most of
which have been in diagnostic use for decades. An evaluation of the acceptable
errors was made by comparing the predictive value of MRD assessments after add-
ing random enumeration errors to a varying degree. Substantial improvements in
survival (e.g. > 1 year) require > 1 log depletion of CLL, and so enumeration errors
up to 0.5 log (e.g. 0.01% = 0.005 — 0.05%) do not impair prediction of outcome.
Further analysis using dilutional study data analysed in multiple different laborato-
ries demonstrates that inter-laboratory analytic errors are within acceptable range.
Finally there was initial data suggesting that proficiency testing (EQA) material
would be available in the near future.

Regarding more specific details on the use of MRD assays in clinical trials, it
was noted that there should be a quantitative CLL-specific assay, not qualitative
clonality- based approach. The pre-treatment work-up would ideally include suit-
ability for MRD monitoring. In order to obtain a reproducible limit of detection of
0.01%, detection by flow cytometry of 20-50 events with a CLL-like phenotype
was likely to represent a population of CLL but the results were less reproducible
than 50 event population minimum. Ideally there would be a contamination control
(CD3) included for results in the 0.005-0.05% level. Finally there should be inde-
pendent validation of results, either using the partial spillover control in 4/6-CLR
multi-tube assays, or by independent preparation of component tubes or by valida-
tion with an independent assay such as RQ-ASO IGH-PCR. Finally if a treatment
decision is based on MRD result, then multiple positive time-points with rising
MRD level would be required prior to introduction of treatment. Future studies
may need to identify alternative B-cell gating markers in the era of treatments tar-
geting CD19.

Minimal residual disease as a surrogate endpoint in CLL

There is a substantial body of evidence to demonstrate the depletion of CLL
cells below 0.01% (1 CLL cell in 10 000 or 10 is an independent predictor of
improved progression-free and overall survival. MRD is not necessarily suitable in
all clinical settings as B-cell receptor signalling pathway inhibitors may provide
clinical benefit without disease eradication. However, for approaches aimed at dis-
ease eradication the level of residual disease detected by high sensitivity quantita-
tive assays such as flow cytometry or RQ-ASO IGH-PCR could represent a valid
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trial endpoint. Such assays are likely to be offered by specialist laboratories but
will be available in most countries and this should allow multi-centre international
trials to use MRD as an end-point provided sufficient steps are put in place to en-
sure consistency between centres which would be facilitated by the availability of
stabilised samples for proficiency testing in the near future. The optimal timing and
site of MRD sampling was discussed and although there is some data to suggest
that 6 months from end of treatment in the peripheral blood may be the best time
point, the majority of available data has been based on bone marrow aspirate sam-
ples taken for conventional response assessment. The evidence presented pro-
vided strong support for the use of MRD as a surrogate end-point in clinical
trials for the approval of new treatments in CLL.
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BONE MARROW LYMPHOCYTE SUBSETS

IN PATIENTS WITH ACUTE LEUKEMIA AT DIAGNOSIS

Haematopoiesis Immunology Laboratory, Central Clinicolaboratory Department,
N.N. Blokhin RCRC RAMS

Abstract

Complex morphocytochemical and immunological (three-color flow cytome-
try) analysis in 124 patients has demonstrated that acute leukemia in adults is char-
acterized by changes in bone marrow lymphocyte subset composition specific of
individual clinical entity at diagnosis. Statistically significant differences in T-
effector subset composition were detected both within individual types of acute
leukemia (AML and ALL) and within morphocytochemical types of AML and
immunophenotypic types of ALL, as well as in subtypes depending on coexpres-
sion of various antigens on blasts.

Key words: acute leukemia, bone marrow, lymphocytes, flow cytometry.
Introduction

Bone marrow is a hemopoietic organ. However, bone marrow lymphocyte pool
also contains mature immune effector cells able to produce humoral and cell-
mediated immune response or tumor immune surveillance in terms of oncology.
Bone marrow precursor cells are targets for acute leukemia (AL). The disease
originates in bone marrow, therefore it is of much interest to study bone marrow
immune system at diagnosis of AL to assess potential immunodeficiency states
providing conditions for proliferation of leukemic clone.

There are few publications showing that AL patients have increased counts of
natural killers (NK-cells) in bone marrow at diagnosis of AL and in peripheral blood
at complete remission as compared to healthy donors, as well as functional anergy of
bone marrow cytotoxic T-lymphocytes (CTL) and T-helpers at acute period. The
literature lacks systemic data about changes in percentages and absolute contents of
T-, B-lymphocyte, NK and CD56 + T-cell subsets in AL patients as compared to
normal individuals, about expression of activation molecules on these cells and rela-
tionship between lymphocyte counts and AL type or blast phenotypic features.

Recently it became possible to identify accurately blast population and differ-
entiate it from lymphocyte populations by immunofluorimetry. For this purpose
one has to assess expression of pan-leukocyte antigen CD45 together with light
scattering characteristics of blasts. Blasts are characterized by low CD45 expres-
sion, while mature lymphocytes (T, B, NK, CD56 + T-cells) demonstrate marked
CD45 expression.
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This study allows analysis of bone marrow lymphocyte subsets and assessment
of interrelation and differences between immunophenotypic characteristics of blast
and lymphocyte subsets in bone marrow, and as a result, a more accurate assess-
ment of bone marrow lymphocytic subsets in AL patients. Finding of meaningful
differences between lymphocyte subsets in acute myeloid leukemia (AML) and
acute lymphoblastic leukemia (ALL) helps to identify specific features of effector
lymphocyte subsets in these groups of patients. As a result this provides a better
understanding of mechanisms of antitumor immunity in AL and helps develop
immunotherapy and immunocorrection protocols for the treatment of the disease.

Materials and Methods

The study group included 124 patients with AL undergoing morphocytochemical
and immunophenotypic diagnostic investigations at the Hemopoiesis Immunology
Laboratory, N.N. Blokhin RCRC RAMS during 2004 through 2010. Fifty seven pa-
tients had the diagnosis of AML and 67 had ALL. All patients had their first diagnosis
of AL, were chemoradiotherapy-naive and free from myelodysplastic syndrome.

The AML group included 26 (45.6%) women and 31 (54.4%) men, mean age
was 46.7 years. The ALL group also demonstrated prevalence of men (42,62.7%)
over women (25,37.3%), mean age was 33.3 years.

Morphocytochemical and immunophenotypic analyses of blasts were made on
bone marrow samples. Bone marrow at not more than 0.5 ml was collected using
Vacutainer tubes with dry EDTA. Smears for morphological and cytochemical
analyses were prepared from the samples, and then myelokaryocyte count and im-
munophenotyping were performed on these smears. Pappenheim staining was used
for morphological specimens.

Myelogram count was made by two morphologists (250 cells each) by immer-
sion microscopy of bone marrow specimens.

Cytochemical study assessed activity of the following enzymes in blasts: mye-
loperoxidase (MPO), lipids in reaction with Sudan black B, a-naphthyl acetate es-
terase (NE) independently and in reaction with sodium fluoride (NaF) inhibition,
PAS-positive substance in diffuse/diffuse-granular or granular forms.

The diagnosis of AML was made according to FAB and more recent WHO (2001
and 2008) classifications in all patients, blasts were more than 20% in all cases (table
1). Immunophenotyping was made by direct immunofluorescence with triple fluores-
cent labeling. The monoclonal antibody (MAB) panel included antibodies to pan-
leukocyte antigen CD45, stem-cell antigen CD34, non-lineage restricted antigens CD38
and HLA-DR, antigens of myeloid (CD13 and CD33), monocyte (CD14 and CD64),
erythroid (glycoforin A [GlyA]), megakaryocyte (CD61) differentiation lineages,
common acute lymphoblastic leukemia antigen CD10 (CALLA), B-lineage antigens
(CD19, CD20, CD22, CD23), T-lineage antigens (CD3, CD5, CD7, CD4, CD8, CD1a)
and NK-cell antigen CD56.
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Table 1
Distribution of AML patients by FAB-subtypes
Patients

Subtype number percent
M’ (myeloblastic with minimal differentiation) 5 8.8
M' (myeloblastic without maturation) 21 36.8
M? (myeloblastic with maturation) 7 12.3
M’ (promyelocytic) 7 12.3
M* (myelomonoblastic) 8 14.0
M* . (myelomonoblastic with eosinophilia) 4 7.0
M™ (monoblastic without maturation) 2 3.5
M® (monoblastic with maturation) 0 0
M?® (erythroblastic) 2 3.5
M’ (megakaryoblastic) 1 1.8
Total 57 100

A marker status was considered positive if present on more than 20% of blasts. Cyto-
plasmatic and nuclear markers CD22, CD3, Tdt, MPO were used to verify the diagnosis.

Analysis of immunophenotyping findings was made by flow cytofluorimetry using a
FACScan (Becton Dickinson, USA) device. Twenty to 50 thousand events were collected.

Blast gate identification was made basing on light scatter characteristics and
level of expression of pan-leukocyte antigen CD45. Blasts were characterized by a
weaker expression of CD45 as compared to mature lymphocytes or maturat-
ing/mature myelopoietic cells. Patient distribution with respect to ALL subtypes is
summarized in table 2.

Table 2
Distribution of ALL patients by immunosubtypes.
Subtype Patients
number percent

Pro-B 6 9

Pre-pre-B 28 42
Pre-B 1 1.5
Pre-T 32 47.5
Total 67 100

We used two techniques to count percentages of bone marrow lymphocytes in
AML patients, i.e. morphological (by myelogram) assay and flow cytometry. Fig.
(see insert) shows an example of lymphocyte cytometry.

Both methods correlated well, there were no statistically significant differences
between lymphocyte percentages as assessed morphologically or cytometrically.
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Since cytometry allows a more accurate count of lymphocyte percentage in
cases with low lymphocyte content (high degree blastosis) in view of counting sev-
eral tens of thousands of cells, further in this text lymphocyte percentages are given
as counted by cytometry.

Notably, blast and lymphocyte populations were clearly differentiated by CD45
expression in all AML cases, while in ALL some blasts demonstrated high CD45
expression. The division efficiency was proved by the absence of mature T- or B-
cells in the blast gate and vice versa the absence of cells with precursor markers in
the lymphocyte gate.

All cytometry findings were analyzed using personal computers with Win-
MDI2.8. Statistical analysis of data was made using an SPSS 15 package and in-
cluded correlation analysis and comparison of means. Statistical significance of
parametric variables was determined by Student’s test. Comparison of nonparamet-
ric variables was made by chi squared test.

Results

We studied morphological, cytochemical and immunophenotypic characteristics
of bone marrow cells in 124 AL patients at diagnosis. CD45/SSC gating of bone
marrow cells was used. Differentiation between lymphocyte and blast populations by
expression of pan-leukocyte antigen CD45 was shown effective. This allowed us to
study residual lymphocyte subset composition and to detect changes in the subset
proportions characteristic of AL. It was also found that CD45/SSC gating was not
possible in some ALL cases because half of patients with T-cell ALL (59.4%) and
14.3% of patients with B-cell ALL demonstrated marked expression of pan-
leukocyte antigen CD45 on blasts that made impossible differentiation between lym-
phocyte and blast populations. These cases were excluded from further analysis.

Mature T-cells were predominant among other lymphocyte subsets in bone
marrow of AL (AML and ALL) cases, B-, NK and CD3 + CD56 + T-cells were
also present.

As a result of our study we found statistically significant differences in lym-
phocyte subset quantitative composition with respect to AL type. This finding was
characteristic of both the two (AML and ALL) principal AL types and morphocy-
tochemical subtypes of AML and immunophenotypical subtypes of ALL. We also
found statistically significant differences in composition of lymphocyte population
with respect to immunophenotypic features of blasts.

Acute myeloid leukemia

Average myelokaryocyte content in AML (n = 57) patients was 116.0 £ 17.1 x 109/,
with a broad range from 7.0 to 625.0 x 10%/1. Most cases (49.2%) had normal bone mar-
row cell composition (range 44.5 — 196 thou/mcl), one third (19,33.3%) had hypocellular
and only 10 (17.5%) patients had hypercellular bone marrow.
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Blasts in bone marrow samples from AML patients were 72.9% + 2.7% of all
myelokaryocytes (range from 20 to 97.4%). Percentages of bone marrow lympho-
cytes detected morphologically vs. cytometrically were similar: 6.1 +0.8% and
5.5£0.7% (p>0.05). Absolute lymphocyte counts by the two techniques were
also similar: 4.1 +£0.7 and 3.7 + 0.4 thou/mcl (p > 0.05). Most (47.4%) samples
had normal lymphocyte content, 38.6% of cases demonstrated decreased and only
14% had increased lymphocyte contents.

Total T-lymphocyte content in bone marrow of AML patients was 68.5 = 2.1% as
determined by CD7 expression, 75.3 +2.0% by CD3 expression and 72.8 +2.0% by
CDS5 expression. Our results are consistent with CD7 + and CD3 + T-cell counts in
the study of bone marrow lymphocyte subsets in patients with AL by Ratei R et al.
(2005) [1]. T-helpers were 27.0 = 1.2% and CTL were 43.2 + 1.5% of bone marrow
lymphocytes from AML patients. CD56 + CD3 — NK - cells were 13.4+ 1.3%,
CD56 + CD3 + T-cells were 8.4 + 1.2% and B-lymphocytes were 11.6 £+ 1.1%.

Our findings demonstrated a difference in contents of effector cells with respect
to AML morphocytochemical subtype: relative T-helper content and immunoregu-
latory index were significantly higher in monocytoid than in granulocytic AML
subtypes (table 3).

Table 3
Comparison of percentages and absolute numbers of CD4 + T-cells between granu-
locytic and monocytoid AML.

AML subtypes P
Subset CD4 + T-cells granulocytic monocytoid
M+tm(n=40) | M+m(n=14)
CD4 + percent 258+1.4 304+2.2 0.005
number (thou/mcl) 1.0+0.2 1.2+0.3 0.408
CD4/CDS8 0.6 £0.04 09+0.1 0.017

As a whole immunoregulatory index of bone marrow from patients with AML was
0.7 + 0.04 which was evidence of CTL subset prevalence over T-helper one. In mono-
cytoid AML CD4/CDS ratio was 0.9+ 0.1, i. e. counts of CTL and T-helpers were
similar. While in granulocytoid AML percentage of CTL was about two-fold greater
than that of T-helpers with a CD4/CD8 ratio 0.6  0.04. This phenomenon may be ex-
plained by either a more marked CTL response to development of leukemic clone
and/or lower toxic effect of blasts on T-helpers in cases with monocytoid AML.

A new finding in our study was an increase in lymphocytes with coexpression
of non-linearly restricted markers (CD38 + HLA-DR +) in patients with acute
monocytoid as compared to granulocytoid leukemia (p = 0.035; table 4).

It is commonly adopted today that expression of various non-linearly restricted
antigens (CD34, CD38, CD56) is prognostically significant in AML, that is why
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we assessed lymphocyte subsets with respect to blast immunophenotypic charac-
teristics. Our findings confirmed the supposition that blast immunophenotypic
characteristics might influence lymphocyte subset composition. Study of lympho-
cyte subsets in bone marrow from AML patients with respect to blast immunophe-
notypic characteristics established several regularities. For instance, coexpression
of T-lymphocyte antigen CD7 was associated with significantly increased percent-
age of CDS5 + and CD8 + T-cells, as well as of activated CD38 + lymphocytes as
compared to CD7 — AML (table 5).

Table 4
Comparison of contents of lymphocytes coexpressing activation markers CD38
and HLA-DR between granulocytic and monocytoid AML.

AML subtype P
Subset Content granulocytic monocytoid
M+m M+m
(n=34) (n=13)
CD38 + HLA- percent 47+0.8 8.4+1.8 0.035
DR + (tﬁgﬁjtr’f;) 0.2 +0.04 03+0.1 | 0.102
Table 5

Comparison of bone marrow lymphocyte subsets from patients with AML (M"**
subtypes) with respect to CD7 expression on blasts

AML immunophenotype P
Lymphocyte subsets CD7>=20% CD7 <20%
(n=10) (n=44)

CD38 (%) 312+ 6.6 17.8+£2.0 0.010
CD 38 (number, thou/mcl) 1.3+0.5 0.7+0.2 0.110
CDS8 (%) 49.4+4.6 41.1+£1.5 0.032
CD8 (number, thou/mcl) 2.0+0.5 14+0.2 0.228
CD5 (%) 81.0+4.3 70.1+£2.2 0.038
CDS5 (number, thou/mcl) 32+0.8 2604 0.469

Comparison of lymphocyte subsets in bone marrow from AML patients with re-
spect to HLA-DR expression on blasts demonstrated that the antigen expression was
associated with a statistically significant increase in relative levels of lymphocytes ex-
pressing activation marker HLA-DR (p = 0.028). While absolute numbers of HLA-DR-
positive lymphocytes were not statistically different (p =0.348). Increased expression
of HLA-DR was associated with a significant increase in both percentages (p = 0.004)
and numbers (p = 0.026) of lymphocytes with activation marker CD23 (table 6).
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Table 6
Comparison of bone marrow lymphocyte subsets from patients with AML (M"**
subtypes) with respect to HLA-DR expression on blasts.

AML immunophenotype P
Lymphocyte subsets HLA-DR >=20% | HLA-DR < 20%
HLA-DR (%) 2(5r;6j3§')5 I&Oj 2')8 0.028
HLA-DR (number, thow/mel) %193307')2 (zfj 107')2 0.348
6.6+ 1.7 215463
0,
CD23 (%) i o 0.004
CD23 (number, thou/mel) %133303')1 l(r?j 1%5 0.026
Table 7

Comparison of bone marrow CD3 + T-lymphocyte subsets in patients with B-ALL
(pre-pre-B and pre-B immunosubtypes).

Patients with B-ALL (M £ m) P
pre-pre-B .
+ -
CD3 + lymphocytes immunosubtype pre-B 1?:lriu?§;ubtype
(n=24)
Percent 752+£25 62.1t£54 0.016
Number (thou/mcl) 2.6+0.4 26+0.5 0.928

Acute lymphoblastic leukemia

Mean content of myelokaryocytes in the ALL study population (n=67) was
176.6 £ 22.5 thou/mcl with a broad range of 5.0 to 720 thou/mcl. Most (47.6%)
cases had normal bone marrow cellularity (44.5 to 196 thou/mcl), 27.2% had in-
creased and 20.4% had decreased numbers of myelokaryocytes. Blasts in bone
marrow samples from ALL patients were 86.5 + 1.8% of the myelokaryocyte total
(range 28.2% to 99.2%). We measured by cytometry lymphocyte contents in bone
marrow from ALL patients with low expression of CD45 marker on blasts simi-
larly to that in AML. There were no statistically significant differences between
percentages of lymphocytes in bone marrow from ALL patients as measured by
morphology or cytometry (4.0 £0.6% vs. 4.8 £ 0.8%, p =0.242). Absolute num-
bers of lymphocytes as measured by the two techniques were also similar: 4.0 £ 0.7
thou/mcl by morphology vs. 4.4 + 0.6 thou/mcl by cytometry (p =0.641). Most
(61%) samples contained decreased lymphocyte percentages, while 36.4% had
normal and only 2.6% demonstrated increased lymphocyte levels.

Among cell subsets of bone marrow from patients with ALL we found
71.1£2.5% of CD7+ T-lymphocytes, 71.5+£2.3% of CD3+ T-cells and
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74.1+2.1% of CDS5+ T-cells which was also similar to the composition in
Ratei R.et al. (2005) [1]. Levels of T-helpers and CTL were 33.0 + 1.9% and
36.3 £2.3% respectively. Mean percentages of NK-cells and CD56 + CD3 + T-
cells were 15.2 + 1.9% and 10.9 + 5.4% respectively, and B-cells were 10.2 + 1.2%
which were similar to CD19 + cell content in Ratei R.et al. [1].

Study of lymphocyte subsets in bone marrow from patients with B-lineage ALL
discovered new data demonstrating significant differences in T-lymphocyte com-
position with respect to leukemia degree of differentiation. For instance, percent-
age of T-lymphocytes was higher in cases with pre-pre-B-immunosubtype as com-
pared to pre-B-subtype (p = 0.016) (table 7).

Lymphocyte subset composition in bone marrow from ALL patients was found re-
lated with lineage commitment of blasts, i. e. percentage of mature CD3 + T-cells was
significantly higher in pre-B leukemias as compared to pre-T-subtype (p = 0.006) (table
8). It may be supposed that blasts in leukemias from B-cell precursors are characterized
by either greater immunogenic activity or a higher level of activation-induced apoptosis
of T-lymphocytes as compared to pre-T-immunosubtype.

Association between lymphocyte subset composition and blast immunophenotypic
characteristics was also seen in ALL. Basing on nonparametric tests we found that stem-
cell ALL demonstrated a higher percentage of CD3 + T-cells in B-lineage than in T-
lineage leukemias (76.4+2.2% vs. 59.3 +11.4%, p=0.022). However comparison of
absolute contents of CD3 + T-cells failed to demonstrate significant differences.

Among CD38-positive ALL percentage of CD3 + T-cells was significantly
higher in B-cell subtypes than in pre-T ALL (73.3+2.5% vs. 62.1 £5.4%,
p = 0.042). Absolute numbers of CD3 + lymphocytes were similar (p = 0.710).

This finding is of much importance and needs further elucidation. The fact is that in
the patient population as a whole CD38 expression was not associated with increased
percentage of T-cells, while in the subgroup of CD38 + ALL percentages of CD3 + cells
in bone marrow from patients with B-cell ALL were significantly higher than in cases
with T-cell ALL which was a reflection of a common regularity of CD3 + prevalence in
bone marrow from B-cell as compared with T-cell ALL at diagnosis. Important, that there
was no direct association between CD38 expression and B-lineage. On the opposite, fre-
quency of CD38 expression in leukemias from B-lineage precursors was 69.3% vs. 100%
for T-lineage cases. Comparison of CD56 — B- and pre-T-ALL discovered significant
differences in T-cell subsets. Percentage of CD3 + T-lymphocytes were significantly
higher in B-ALL (75.0+2.5% vs. 58.3+5.7%, p=0.004) as well as of CD5+T-
lymphocytes (77.4 £2.4% vs. 65.0£4.9%, p=0.015). There were no significant differ-
ences between absolute numbers of CD3 + and CD5 + T-cells (p > 0.050).

Comparison of bone marrow subsets in AML and ALL

We were the first to find that patients with AL might have a considerable unbalance
in contents of effector cells manifested as preponderance of T-helpers or CTL depend-
ing on AL subtype.
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Comparison of T-lymphocyte subsets in bone marrow from AML and ALL cases
discovered that percentage of CTL was significantly higher in AML (p =0.011) while
percentage of T-helpers was significantly higher in ALL (p = 0.006).

Significant differences in CD4/CD8 immunoregulatory indices between these
two groups (p = 0.003) confirmed our finding (table 9). The higher immunoregula-
tory index found by analysis of T-cell subsets in bone marrow from ALL patients
(1.3 £0.2) was suggestive of a somewhat higher number of T-helpers than of CTL.

T-cell totals as assessed by expression of CD3, CD5 and CD7 antigens in patients
with AML and ALL were similar, the same as percentages of CD56 + CD3 — NK-
cells, CD56 + T- and B-lymphocytes (p > 0.05). It may be supposed that quantitative
differences in lymphocyte subsets in bone marrow in AL refer mainly to effector
cells (T-helpers and CTL).

Table 8
Comparison of bone marrow CD3 + subsets in patients with B-lineage and T-lineage ALL
CD3 + lymphocytes Patients with ALL (M £ m) P
B-lineage subtypes pre-T subtype
(n=27) (n=12)
Percent 75.6% 2.1 62.1£54 0.006
Number (thou/mcl) 2.7+04 2.6+0.5 0.844
Table 9

Comparison of percentages and absolute numbers of CD4 + and CDS8 + T-cells in
patients with AML and ALL

Subsets Lymphocytes Patients with AML | Patients with ALL | P
(n=57) (n=134)

CD4 + percent 27.0£1.2 33.0£1.9 0.006
number 1.0£0.1 1.3£0.2 0.160
(thou/mcl)

CD8 + percent 432+1.5 363+£23 0.011
number 1.5£0.2 1.3£0.2 0.371
(thou/mcl)

CD4/CDS8 0.7 £0.04 1.3+£0.2 0.003

We discovered differences in B-lymphocyte populations with respect to AL

type. For instance, percentage of CD22 + B-lymphocytes was significantly higher
in AML (12.0 + 1.5% vs. 6.5 £0.9%, p = 0.004) than in ALL, while absolute con-
tents of these lymphocytes were not significantly different (p = 0.084). On the op-
posite, contents of CDI19 + CDS5 + B-lymphocytes in ALL were significantly
higher in terms of both percentage (4.8 £ 1.1% vs.1.8 £ 0.3%, p = 0.002) and abso-
lute numbers (0.2 + 0.06 thou/mcl vs 0.1 £ 0.02 thou/mcl, p = 0.010).
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It may therefore be supposed that leukemic clone also affects humoral compo-
nent of bone marrow immunity whose mechanisms differ depending on blast biol-
ogy and AL type.

Comparison of bone marrow lymphocytes coexpressing CD38 + and HLA-
DR + markers from AML and ALL patients demonstrated higher percentage
(11.8£2.7% vs. 5.6 + 0.8%, p = 0.004) and absolute numbers (0.6 + 0.2 thou/mcl
vs. 0.2 £ 0.04 thou/mcl, p = 0.013) of cells of this population.

We also showed that lymphocyte subset composition is different irrespective of
AL type, if expression of non-linearly restricted antigens on blasts is present:
HLA-DR — AML demonstrated higher contents of T-lymphocytes (CD45 + CD3 +
cells) as compared to HLA-DR — ALL (75.6 +£3.9% vs. 55.2+ 7.7%, p=10.016),
while comparison of effector cells in AML and ALL irrespective of HLA-DR ex-
pression failed to discover significant differences in CD3 + T-cell contents
(p>0.05).

Discussion

Most patients with AL achieve complete response after adequate chemother-
apy, though maintenance of long-term disease-free remission is a serious problem
for many patients with AML or ALL and poor prognosis. AL recurrence and death
are mainly due to persistent minimal residual disease. Multiple immunotherapies
aimed at development of specific antileukemia immunity are currently under proc-
ess in attempts to prevent disease recurrence and improve overall survival. Unfor-
tunately current chemotherapy protocols fail to improve treatment outcomes as
assessed by response rate or long-term survival in AL. In fact, chemotherapy has
exhausted all its antileukemia potential, and all effort in leukemia study is therefore
aimed to find and introduce novel ways to affect leukemic cells that may not nec-
essarily be associated with cytostatic effects [2].

Allogeneic bone marrow transplantation is a good example of removing residual
leukemic cells by means of donor bone marrow effector cells (graft versus leukemia
reaction) [3]. However use of this technique is limited by the need to find HLA-
identical bone marrow, toxicity of transplantation programs and risk of severe com-
plications (graft versus host reaction). Therefore active research is currently in pro-
gress to find other ways for eradication of residual leukemic cells by selective influ-
ence on these cells only [4;5]. These include development and clinical use of drugs
on the basis of humanized monoclonal antibodies against tumor cell antigens with high
specificity, greater feasibility and minimal toxicity [6]. Researchers also try and find
ways to enhance cell-mediated immunity basing on the knowledge of mechanisms of
interaction between effector cells and leukemic cells [7-9]. Results of this research are
suggestive of feasibility of immunotherapeutic strategies and show prospects for im-
provement of treatment outcomes in AL patients in terms of removing minimal residual
disease, reducing the risk of recurrence and improving overall survival.
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We attempted to analyze quantitative composition of bone marrow lympho-
cytes, degree of their maturity and the presence of activation molecules on their
surface in AL patients. The purpose of this study was to assess bone marrow im-
munity status, degree of quantitative deficiency in principal cell components, to
detect nosological differences in lymphocyte subset composition and to find out
how blast phenotypic characteristics influence them in AL patients.

Basing on our findings we assessed relative contents of main lymphocyte sub-
sets, discovered increased percentage of effector-cells (T-lymphocytes and NK-
cells), decreased levels of B-lymphocytes. We also found that all T-lymphocytes in
bone marrow of patients with AML and ALL were mature, but not all T-cells ex-
pressed activation markers. Our study confirmed the supposition that T-
lymphocyte subset composition depended on AL type, AML and ALL subtypes
and characteristics of their immunophenotype.

Quantitative analysis of T-lymphocytes in bone marrow from AML patients
discovered a significant increase in CD4 + and CD8 + T-cell subsets as compared
to normal levels as described by Rego E.M. et al. [10]. However, we think that ab-
solute CTL number in bone marrow from AML patients was decreased due to sup-
pression of lymphocytes. The conclusion may therefore be made that there is a
marked immune deficiency of T-helpers and CTL in AML due to reduction in their
populations caused by activation-induced apoptosis. It may be also supposed that
CD4 + T-lymphocytes in bone marrow of AML patients are anergic, and content of
CTL not affected by apoptosis is insufficient for effective antileukemia response.

We discovered differences in lymphocyte subset composition in bone marrow
from AML patients with respect to disease subtype: percentage of T-helpers was
significantly higher in monocytic than granulocytic AML (p =0.005) which was
also reflected by significant difference in immunoregulatory indices of these sub-
types (p = 0.017). This may be due to a greater degree of compensatory increase in
T-helper percentage in monocytoid AML.

Our results demonstrated that degree of activation of lymphocytes in bone mar-
row was related to lineage commitment of blasts in AML: percentage of lympho-
cytes coexpressing CD38 and HLA-DR was significantly higher in monocytoid
than in granulocytoid AML (p = 0.035) which might be explained by a greater im-
munogenicity of monoblasts. We also found that percentage of T-lymphocytes
with CD8 +, CD5 + and CD38 + markers was significantly higher in CD7-positive
AML, while the presence of non-linearly restricted antigen HLA-DR on myeloid
blasts was associated with a significantly increased percentages of lymphocyte
subsets with activation markers CD23 and HLA-DR. There are multiple reports on
interaction of bone marrow lymphocyte and blast subsets in patients with AL dem-
onstrating direct toxic effects of myeloblasts on lymphocytes [11] and impairment
of the mechanisms of double recognition of antigens on lymphoblasts by T-
lymphocytes [12]. However, unfortunately we failed to find publications compar-
ing T-cell responses in granulocytic and monoblastic AML subtypes or comparing
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immunogenic characteristics of blasts. We suppose that aberrancy of blast im-
munophenotypes (expression of stem-cell antigen, non-linearly restricted antigens
and other lineage antigens) might be reflected in the presence of immunogenic epi-
topes on blast surface and antigen-presenting characteristics that as a whole formed
a specific T-cell antileukemia response in each individual case.

Percentage of CD4 + T-cells in bone marrow from patients with ALL was
three-fold higher than the normal content (Rego E.M. et al. [10]). This finding may
be evidence of a marked T-helper defensive response of bone marrow to prolifera-
tion of leukemic clone. This suggests that patients with ALL were free from quan-
titative T-helper deficiency though did have qualitative deficiency of the T-helper
component. This may be seen as anergy of CD4 + T-cells or decreased and/or im-
paired production of Th-cytokines by these cells resulting in dysregulation of T-
cell response as a whole. The increase in relative content of CTL (CDS8 + T-cells)
in bone marrow of our ALL population was not so marked as that of T-helpers:
percentage of CTL was only 1.5-fold as high as the normal level (according to
Rego EM. et al. [10]). Therefore absolute number of CTL might fail to reach the
normal level with total decrease in lymphocyte population content. This finding
may suggest that antileukemic defensive response of CTL in bone marrow from
ALL patients is less marked or that a considerable portion of CTL in bone marrow
from ALL patients is replaced by leukemic clone or undergoes apoptosis.

Analysis of effector lymphocyte subsets in bone marrow from ALL patients
with respect to disease immunosubtype (B-cell or T-cell) demonstrated that per-
centage of lymphocytes with pan-T-cell marker CD3 + was significantly higher in
B-ALL (p = 0.008), though there were no significant differences between percent-
ages of CTL and T-helpers. This suggests a more marked proliferation of T-cell
clones in response to recognition of tumor antigens in B-cell ALL. However, like
in case with AML morphocytochemical subtypes, there is no literature on immu-
nogenic activity of lymphoblasts or degree of proliferative response of bone mar-
row T-cell subsets to leukemia in ALL patients.

We also found statistically significant differences in T-cell content with respect to
B-ALL immunosubtype. As known pro-B, pre-pre-B and pre-B immunosubtypes of
B-ALL differ not only in expression of B-lineage markers on blasts but also in clini-
cal course, prognosis and treatment outcomes. It may be supposed that the significant
differences in contents of CD3 + T-lymphocytes between different B-ALL immuno-
subtypes reflect their biological characteristics as well. For instance, percentage of
CD3 + T-cells was significantly higher in patients with pre-pre-B-ALL as compared
to pre-B ALL (p = 0.016) which might be a reflection of a greater T-lymphocyte ac-
tivity. All these differences suggest that each B-ALL immunosubtype had its specific
changes in T-cell immunity supposedly due to the effect on lymphocytes of blasts
with different degrees of differentiation and immunogenicity and different degrees of
expression of costimulating molecules involved in recognition of leukemic antigens.
All these factors lead to different results of T-cell activation and as a consequence to
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different quantitative characteristics of bone marrow lymphocytes in the patient cate-
gories in question. Unfortunately the literature lacks data on relationship between
ALL subtypes and contents of T-cell subsets in bone marrow.

Comparison of relative contents of T-lymphocyte subsets in bone marrow sam-
ples from patients with AML and ALL demonstrated that percentage of CDS8 + T-
cells was significantly higher in AML than in ALL (p=0.011). This may be evi-
dence of a more intensive defensive reaction of bone marrow as manifested by CTL
proliferation. On the opposite, patients with ALL presented with a greater percentage
of CD4 + T-cells as compared to AML (p = 0.006). This difference may be due to
different biologies of lymphoblasts and myeloblasts, and their different effects on T-
lymphocytes which might lead to a more marked proliferative response of T-helper
component in patients with ALL. Significant differences in immunoregulatory indi-
ces CD4/CD8 between AML and ALL patients (p = 0.003) confirm the conclusion
about unique character of T-cell unbalance in each disease type.

Two hypotheses may be proposed to explain these results. Cytotoxic effect of
myeloid blasts on T-lymphocytes is more marked in AML: secretion by myeloid
blasts of soluble factors preventing T-cell enter into cell cycle and T-helper synthe-
sis of type 1 cytokines (Thl) according to Buggins A.G.S. et al. [11] and Orleans-
Lindsay J.K. et al. [13], as well as FasL expression on 54% of myeloid blasts ac-
cording to Buzyn A. et al. [14] enabling them to develop tumor counterattack and to
escape from T-lymphocyte cytotoxic effects. It may be supposed that T-helpers in
AML patients are more sensitive than CTL to this myeloblastic effect. However,
the above-mentioned publications did not cite data about changes in and ratios of
different T-cell subsets.

We found no information about such a marked lymphoblast cytotoxicity in the
literature, and we may suppose that T-helper subset is preserved better in ALL. As
demonstrated by Yotnda P. et al. [12], CD4 + and CD8 + T-lymphocyte subsets
were equally sensitive to activation-induced apoptosis due to lymphoblast effects
in patients with ALL. Moreover, as also shown by Yotnda P. et al. [12], lym-
phoblasts did not express B7.1 which enhanced generation of Th2-cells and syn-
thesis of IL-4. According to Estaquier J. et al. [15] and Becker J.C. [16] this leads
to T-helper anergy and apoptosis, and as a consequence, reduction of principal ef-
fects of CD4-dependant CD8-cells as demonstrated in Sad S. et al. [17] and Car-
doso A.A. et al. [18].

Count of bone marrow B-lymphocytes in AML and ALL patients discovered a
decrease in their percentages as compared to normal levels according to Rego E.M.
et al. [10]. There were no statistically significant differences in B-cell totals be-
tween AML and ALL. These findings are evidence of considerable suppression of
bone marrow humoral immunity, with degree of the suppression being independent
of AL subtype. We failed to find publications on mechanisms of influence of blasts
(both myeloid and lymphoid) on bone marrow humoral immunity. We analyzed T-
lymphocyte contents with respect to blast phenotypic characteristics and coexpres-
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sion of various markers on blasts. As known, stem-cell (CD34-positive) leukemias
are characterized by a number of specific morphological, cytochemical and im-
munophenotypic features [19]. We discovered interrelationship between bone mar-
row lymphocyte subset composition and blast immunophenotypic characteristics
when comparing subpopulations of AML and ALL patients with respect to non-
linearly restricted antigens on blasts, as well as within morphocytochemical AML
subtypes and ALL immunosubtypes. For instance, percentage of T-helpers was
statistically higher in HLA-DR-negative AML than in HLA-DR-negative ALL
(p=0.016), percentages of CDS5 + T-cells, CTL and CD38 + lymphocytes were
higher in the presence than in the absence of CD7 on myeloblasts. Absolute con-
tents of CD5 +, CD4 + and CD8 + T-lymphocytes were higher, if CD13 was ab-
sent on myeloblasts than in CD13 + ALL. However, there is no literature on quan-
titative analysis of T- and NK-cells in AL with respect to phenotypic characteris-
tics of blasts. We may suppose that expression on blasts of non-linearly restricted
markers as well as markers characteristic of another AL type contributes to bio-
logic features of leukemic cells, in particular their ability to produce cytotoxic ef-
fect on T-lymphocytes and to induce T-cell anergy or apoptosis. However, one
may suppose that there are other, yet unknown mechanisms of interrelation be-
tween lymphocyte and blast populations depending on phenotypic characteristics
of blasts and expression on them of non-linearly restricted molecules and antigens
characteristic of another AL subtypes. We therefore believe that study of bone
marrow lymphocyte population in AL without taking into consideration of charac-
teristics of blast population is not sufficient.

Literature: see HEmatopoiesis Immunology 2012, Ne2.

HAYYHBIE JKYPHAJIBI
POHII M. H.H. BIOXHHA PAMH
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TE3UCBI JOKJIAJIOB
H.B. Bymesa', H.M. Yepmenesa’
3HAYEHUE UMMYHOJIOTTYECKHUX IOKA3ATEJEN
B PAHHEM JIMATHOCTHUKE CEIICUCA Y TAIIMEHTOB
JUMOOIMPOJINPEPATUBHBIMUA 3ABOJTEBAHUSIMHA
! Xanmui-Mancuiickas 20cy0apcmeeniasn MeouyuHcKas akademus
’Xanmui-Mancutickas okpyscHas KiuHuueckas 6onpHuya

HMMyHomaTonornueckye mporecchl Ipyu OHKOJIOTMYECKHMX 3a00JIeBaHUSIX KPOBU MHTEH-
CHBHO M3Yy4alOTCs B HACTOSIIIIEE BPEMs], KaK OTEUECTBEHHBIMH, TaK 1 3apyOeKHBIMH HCCIIe-
JIoBaTeIsIMA. VI3BECTHO, YTO OHKOJIOTMYECKHE OOJIBHBIE SIBJIFOTCS TPYIIION pUCKA B OT-
HOIICHUH Pa3BUTH MH(QEKIMOHHBIX 3a0oreBanHuil. Pa3BuTre MHA)EKIMOHHBIX OCIIOMKHE-
Hui ip JMgonpornrdepaTiBHBIX 3a00r1eBanmsix (JI[13) o0ycoBineHo UMMYHHOHN Juc-
(hyHKIMEH, 1 OLIeHKA ITapaMeTPOB MIMMYHHTETA MOYKET TIO3BOJIUTH B PsIZIE CIIydaeB paspa-
60TaTh MPOTHOCTUIECKHE KPUTEPHH Y OONBHBIX C TAHHOM MaTOIOTHEH.

Ieab uccaeq0BaHNUA: YCTAHOBUTH JUArHOCTHUYECKYIO IIEHHOCTD MTOKA3aTeNeH M-
MYHHOTO CcTaryca OOJIbHBIX JUM(OTIpoaudepaTHBHEIMHA 3a00JIEBaHUAM U OIIIOP-
TYHUCTUYECKUMU HHPEKIHUAMH.

Marepuajbl Hccae10BaAHUS.

B uccnenopanue Brmoueno 260 mauuentos JII13, momy4yaBmmx cranyoHapHOE Jieue-
HUE B OT/eNeHnr XxuMmuotepanuu u onkorematosnorur OKb r. Xantei-MaHcHiCK.
[IpoBommics aHATU3 UMMYHOJOTHYSCKHX TOKaszarened OonbHbIX JIII3 u MuKCT-
MH]EKIHne, a TaKKe FeHepaIn30BaHHBIMHA HH(EKIIMOHHBIMHU OCIJIOKHEHHSIMH.
Pesyabratei: berio yeranoBieHo, uto y 6onmbHbIx JII3 Ha dore mvMyHOmhHIITA OITIOpTY-
HHCTHYECKas! MH(EKIWS YacTo He ObIBAeT OHOPOIHON M IPEZICTARIIEHA CMEIIAHHON (HIIOpOT.
Hamrave MuKeT-MH(EKIMN CIIeyeT paccMaTpHBaTh, Kak MPOSBIEHIE TSDKENION0 MMMYyHOZIE-
(hrrmTa ¥ cunTaTh (PAKTOPOM PHICKA CEITTHHUECKHX OCTIOYKHEHHH. Y UMTHIBast MHOYKECTBEHHOCTD
V3MEHEHNH MMMYHOJIOTFHYECKHX TOKa3aTeNell TPy TeHEepaTM30BAHHBIX MH(EKIFOHHBIX OC-
noxHeHIX 'y OompHpIX JIII3, ycTaHOBNIEHA MMarHOCTHYECKas! [IEHHOCTh apaMeTpoB TyMo-
PATBHOTO U KJIETOYHOTO MMMYHHUTETA TIPH CENTTHHYECKUX COCTOSIHISAX. C 9TOH LIENBIO 10 Kak-
JIOMy TOKa3aTeTi0 MIMMYHOTpaMMBI, KOTOPBIi H3y4asIcsl B HAITIEM MCCIIEIOBAHUH JTs OOBHBIX
C cercucoM, ObITa MOCTPOEHA KA AMArHOCTUYECKOI [IEHHOCTH, C YIETOM YyBCTBUTEIIHHO-
ctv (% IO3UTHBHBIX PE3YJIETATOB TECTA B IPYIITIE TAIMEHTOB C CEITHYECKUMI OCIIOKHEHHSIMH)
u criermdrraHocTH (% HEraTMBHBIX PE3yJIBTATOB TeCTa B IPYIIIE MAMEHTOB 0e3 CeNTUYEeCKHX
OCJIOXKHCHHIA), @ TAIOKE PACYSTOM JIOCTOBEPHOCTH MO KPUTEPHIO Y M OTHOIICHWS IIIAHCOB
(Odds Ratio —OR), Ta0m. 1. 3a Touky orcueTa Opasicst HypkHUI win Bepxawii (st LUK, ®HO-
o1 CPII) kBapTiuib y GONBHBIX O€3 CEITTUYECKIX OCIIOXKHEHHH, TTOTyYeHHBIH TpY HerlapameT-
pudeckoM axamie (PHO-o — 71,2 o, M-y — 1,63 E[lm, WI-13 — 3,69 rmivr, N4 —
4,51 mm/ivon, JT-6 — 3,40 mmiviom, IgA — 30,6 Mo/, IgG — 3,70 1/, IgM —58,5 M/, CPIT— 16,2 Mr/m,
C3-xomrmiement — 048 /i, CA-xomrmiement 0,15 v/, LUK — 87 EJl/mn, @A weitrpodmioB —
33,1%, @A MoHorToB — 28,3%, CD4/CD8 — 1,43, ypoBeHb HeirtpodmioB — 1,66 x 109).
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ABSTRACTS
N.B. Bulieva', N.M. Cheremneva’
THE VALUE OF IMMUNOLOGICAL PARAMETERS
IN THE EARLY DIAGNOSIS OF SEPSIS
IN PATIENTS WITH LYMPHOPROLIFERATIVE DISEASES
! Khanty-Mansiisk Stae Medical Academy
? Khanty-Mansiisk Regional Clinical Hospital

Immunopathological processes in cancer blood intensively studied at the present
time, both domestic and foreign researchers.

It is known that cancer patients are at risk for the development of infectious diseases.
The development of infectious complications in lymphoproliferative diseases (LPZ) is
caused immune dysfunction, and estimation of parameters of immunity may allow in
some cases to develop prognostic criteria in patients with this disease.
The purpose of the study, to establish the diagnostic value of the immune status of
patients with lymphoproliferative diseases and opportunistic infections.

Materials research.

The study included 260 patients LPZ receiving hospital treatment in the depart-
ment of oncology and chemotherapy EDO Khanty-Mansiysk.

Analyzed immunological patients LPZ and mixed infection and generalized infec-
tious complications.

Results: It was found that the patients are immunocompromised LPZ opportunistic
infection is often not uniform and presented a mixed flora. The presence of mixed
infections should be seen as a manifestation of severe immunodeficiency and con-
sidered a risk factor for septic complications. Given the multiplicity of immu-
nological changes in generalized infectious complications in patients with LPZ, a
diagnostic value of the parameters of humoral and cellular immunity in septic con-
ditions. To this end, for each indicator immunograms that was tested in this study
for patients with sepsis was built scale diagnostic value, taking into account the
sensitivity (% of positive test results in patients with septic complications) and
specificity (% of negative test results in patients without septic complications) and
the calculation accuracy by %2 and odds ratio (Odds Ratio — OR), Table. 1. For a
reference point was taken low or high (for the CEC, TNF-a, and PSA) quartile of
patients without septic complications, resulting in a non-parametric analysis (TNF-
o — 71,2 pg/ml, IFN-y — 1,63 U/ml , IL-1B — 3,69 pg/ml IL-4 — 4.51 pg/ml IL-6 —
3.40 pg/ml, IgA — 30,6 g/l, IgG — 3,70 g/l, IgM 58,5 g/l, PSA — 16.2 mg/l, C3-
complement — 0.48 g/l, C4-complement of 0.15 g/I, the CEC — 87 U/ml, the FA
neutrophil — 33.1%, monocytes FA — 28,3%, CD4/CDS8 — 1,43, neutrophil count —
1.66 x 109).
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Tabnuna
JuarHocTidyeckas IICHHOCTh UMMYHOJIOTHUYECKUX MOKaszatenei OompHbIX JIII3 n
CETNICUCOM
ITokazaremn mmmyHnTera | YyBcTBHTENbHOCTE | CriermduyarocTs | Odds Ratio [OR]
DakTOp HEKPO3a OITy- o N 67,3
XOJIH, TIT/MIT 84,6% 99,2% [8,6—526,7]
1,51
- 0, 0 s
Wnrepdepon-y, EJl/mn 61,5% 48,6% [0.48-4.75]
Wnrepnetikun- 15, o o 6,71
r/mi 69,2% 74.9% [1,99-22,6]
Wnrepneiikuu-4, mr/min 92,3% 93,9% 185.6
’ ’ ’ [22,6—1531,5]
38,2
" - o 0 >
WutepneiikuH-6, mr/mi 92,3% 76,1% [4.87-301.3]
3,0
0, 0 >
Ig A, mr/n 76,9% 47,4% (0.81-11.2]
Ig G, r/n 84,6% 75,7% 17,1
go, 070 2170 [3,69-79,7]
0,69
0, 0 )
Ig M, mr/n 53,9% 37,3% 0.23-2.12]
C-peakTUBHBIN TIPOTE- o N 820,0
yH, M/ 76,9% 99,6% [78.4-8646.4]
39,1
- 0 0 s
C3-KOMILIEMEHT, /1 92,3% 76,5% [4.98-308.3]
C4-KOMILIEMEHT, I/1 76,9% 69,2% 7,5 [2,0-28,1]
upkynupyromue um- 270.0
MYHHBIE KOMITIEKCBI, 76,9% 98.,8% (48 4_1;15 9]
EJl/mn ’ ’
@darouurapHas aKTUB- 374
o o, 0, >
HOCTh HeI/(I;)‘pO(l)I/IJIOB, 92,3% 75,7% [4,77-2947]
@aronurapHas aKTHB- N 0 40,9
HOCTh MOHOIIUTOB, %0 92,3% 77,3% [5,21-322,8]
Tx/Tc 76,9% 99,6% 8200
e e [78,4-8646.4]
2
Heiirpoduisr, abex 10° 92,3% 74,6% 35,

[4,49-277,4]
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Table
Diagnostic value of immunological and sepsis patients LPZ
immune indices responsiveness specificity Odds Ratio [OR]
TNF-a, pg/ml 84,6% 99,2% 67,3 [8,6-526,7]
IFN-y, Ell/mn 61,5% 48,6% 1,51 [0,48-4,75]
IL-1B, pg/ml 69,2% 74,9% 6,71 [1,99-22,6]
IL-4, pg/ml 92,3% 93,9% 185,6
[22,6—-1531,5]
IL-6, pg/ml 92,3% 76,1% 38,2 [4,87-301,3]
IgA, g/l 76,9% 47,4% 3,0[0,81-11,2]
IgG, g/l 84,6% 75,7% 17,1 [3,69-79,7]
IgM, g/l 53,9% 37,3% 0,69 [0,23-2,12]
PSA, g/l 76,9% 99,6% 820,0
[78,4-8646,4]
C3-complement, | 92,3% 76,5% 39,1 [4,98-308,3]
g/l
C4-complement, | 76,9% 69,2% 7,5 [2,0-28,1]
g/l
CEC, U/ml 76,9% 98,8% 270,0
[48,4-1515,9]
FA neutrophil, % | 92,3% 75,7% 37,4 [4,77-294,7]
monocytes FA, | 92,3% 77,3% 40,9 [5,21-322,8]
%
CD4/CDS8 76,9% 99,6% 820,0
[78,4-8646,4]
neutrophil, 92,3% 74,6% 35,2 [4,49-277,4]
abs x 10’
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W3 npencraBieHHON BbIIe TaOIHUIBI BUAHO, YTO YyBCTBUTEIBHOCTH IPH MOBBIIIC-
Huu ypoBHell ®HO-a u CPII npu nHanuuuu cencuca cocrasuia 84,6% u 76,9%,
cneuuduynocts 99,2% u 99,6% (OR — 67,3[8,6—526,7] u 820,0[78,4-8646,4]).
Jist Ud-y nuarHocTuyeckasi IIEHHOCTh Oblila HEIOCTOBEPHON: YyBCTBHTEIHLHOCTD
- 61,5%, cnenmduanocts — 48,6%, OR — 1,51[0,48—4,75]. Cpenu uHTEPICHKUHOB
HauOobIIas TUarHOCTUYECKast [EHHOCTh Obuia nokasana it 1JI-4 (ayBcrBu-
TenbHOCTE — 92,3%, cnenudpuanocts — 93,9%, OR — 185,6 [22,6—1531,5]), MeHb-
me — st UJI-1B (qyBcrBHTEnbHOCTE — 69,2%, cnennduaHocts — 74,9%, OR —
6,71[1,99-22,6]), NJI-6 (uyBcTBUTEIBHOCTE — 92,3%, cnemuduanocts — 76,1%,
OR - 38,2[4,87-301,3]). I3 nMMyHOT7100yTMHOB CTOUT BBLAEINTH 1gG (4yBCTBH-
TenbHOCTh — 84,6%, cnermuduunocts — 75,7%, OR — 17,1[3,69-79,7]), Tak kak
JMarHOCTHYeCKask HeHHOCTh IgA n M Obia He3HaunTenbHOH (IgA — 4yBCTBHTENB-
HOCTh — 76,9%, cnenuduanocts — 47,4%, OR — 3,0[0,81-11,2], I[gM — uyBCcTBH-
TeNBHOCTh — 53,9%, cnenuduunocts — 37,3%, OR — 0,69[0,23-2,12]). Ansa C3- u
C4-KOMITOHEHTOB KOMIUIEMEHTa JMAarHOCTHYECKash LIEHHOCTh OTiMYajach Oojee
BBICOKOM 4yBCTBHTENBHOCTBIO (92,3 m 76,9%), uem cneumduunocteio (76,5 n
69,2%). Yposens LIMIK npu cencuce Obi1 BeicokocnenuduanaeM (98,8%), u moc-
TATOYHO YYBCTBUTEIHHBIM KOMIIOHEHTOM (76,9%), OR — 270,0[48,4-1515,9].
Cpenu mokasaTteneld KIETOYHOTO MMMYHHTETa ITIPH CETcHce Hauboiee JyBCTBH-
TEJBHBIMH TOKa3aTelsiMU okaszanuchk A HeitrpoduioB u MmoHonwmToB (10 92,3%
COOTBETCTBEHHO), a TaKKe KOJIMYECTBO HelTpoduios (Takxe 92,3%), a Hanbonee
cnermduaabM — cootHotenne CD4/CDS (99,6%).

BuiBoabl: Hanbonee LeHHBIMU JHArHOCTUUECKHMHU «MapKepaMu» CEeNTHYECKOTO
mporecca y 6ompHBIX JII13 MoxHO cunTath nossimenne ®HO-o, cHUKEHHE YPOB-
Ha WJI-4, 1gG, yBenndenue conepxanusa LIUK. Cpenu mokaszareneil KJICTOYHOTO
UMMYHHUTETA NPU CeTicuce HanOoJiee UyBCTBUTEIBHBIMH MOKA3aTEISIMUA OKa3aJIiCh
DA HeHTPO(DHUIOB U MOHOLIUTOB, KOJHMUYECTBO HEHTPO(IIOB B KPOBH, a HanboJee
cnenuuyHbIM — cootHomenne CD4/CDS.
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From the table above it is clear that the sensitivity with increased levels of TNF-a
and the PSA in the presence of sepsis was 84.6% and 76.9%, specificity 99.2% and
99,6% (OR — 67,3 [8,6 —526.7] and 820.0 [78,4—-8646,4]). IFN-y for the diagnostic
value was incorrect: sensitivity — 61.5%, specificity — 48,6%, OR — 1,51
[0,48—4,75]. Among interleukins greatest diagnostic value has been proven to IL-4
(sensitivity — 92.3%, specificity — 93,9%, OR — 185,6 [22,6—1531,5]), less — for IL-
1B (sensitivity — 69.2%, specificity — 74,9%, OR — 6,71 [1,99-22,6]), IL-6 (sensi-
tivity — 92.3%, specificity — 76,1%, OR — 38,2 [4,87-301,3]). Of antibodies is to
provide IgG (sensitivity — 84.6%, specificity — 75,7%, OR — 17,1 [3,69-79,7]),
since the diagnostic value of IgA and M was not significant (IgA — sensitivity —
76.9%, specificity — 47,4%, OR — 3,0 [0,81-11,2], [gM — sensitivity — 53.9%,
specificity — 37,3%, OR — 0,69 [0 ,23-2,12]). For C3 and C4 complement compo-
nents, the diagnostic value of different higher sensitivity (92.3 and 76.9%) than
specificity (76.5 and 69.2%). CEC levels in sepsis was highly specific (98.8%),
and sensitive component (76,9%), OR — 270,0 [48,4—1515,9]. Among the indica-
tors of cellular immunity in sepsis were the most sensitive indicators FA neutro-
phils and monocytes (by 92.3%, respectively), as well as the number of neutrophils
(also 92.3%), and the most specific — the ratio of CD4/CD8 (99,6%).
Conclusions: The most valuable diagnostic «markers» sepsis patients may be con-
sidered LPZ increase of TNF-a, reduced levels of IL-4, IgG, increase in CEC.
Among the indicators of cellular immunity in sepsis were the most sensitive indica-
tors FA neutrophils and monocytes, and neutrophils in the blood, and the most spe-
cific — the ratio of CD4/CDS8.
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E.B. A6axywuna’, I C. Henpuna', A.A. Janunenxo’, B.B. ITasnos’,

T.I" Llxasposa’, E.H. Kosanenxo’

HOBBII ®AKTOP ITIPOTHO3A

TEYEHHMSI XPOHUYECKOI'O JIMM®OJIEMKO3A

I ®edepanvroe 2ocyoapcmeennoe Grodxcemnoe yupecoenue Meduyunckuil pa-
ouonozuyeckull HayyHwlii yenmp Munzopasa Poccuu, Obnunck, Poccus

> Unemumym 6uoopeanuueckoii xumuu um. axademuxos M.M. Illemsxuna u

B nmocnenune ronsl 6bUTH pa3pabOTaHbl MOJEKYJISIPHBIE MAPKEPHI, MTO3BOJISIOLINE
MPOTHO3UPOBATh TeUeHHE XpoHnUeckoro numdoneiikosa (XJIJI). K Hum otHOCsATCS
CD38, ZAP-70, cratyc MyTaluyd T'€HOB BapuaOEIbHOI0 PErHOHa MMMYHOIJIO0Y-
nuHOB, dell7p, delllq, Tpucomus 12 xpomocoms! u dell3q B uHTEpha3HBIX AApaAX.
HenasHo ObuTH 00HApYXEHBI CTpecc-uHAYIUpOoBaHHbIE MoJeKyibl MICA/B, koto-
pBI€ MOSBIISIOTCS. HAa TOBEPXHOCTH OITyXOJIEBBIX JIMMQo1nToB 601bpHBIX XJIJI. AG-
6epanTtHble B-muMdonnTs! criocoGHBI cOpachBaTh 3TH MOJEKYNBI CO CBOEH IIO-
BEPXHOCTH, BCIIEACTBHE YETO OHM MOTYT OBITh OOHApyKEHBI B CHBIBOPOTKE KPOBH
OOJIBHBIX.

3agaun. ccnenoBanue B3aUMOCBSI3M MEXIy KOHIEHTparuei moekysn MICA/B B
CBIBOPOTKE KPOBH OOIBHBIX, MoNleKyaMi CD38 1 XpoMOCOMHBIMU HAPYIIICHUSMHU.
Mertoasl. B nccnenosanue BriroueH 21 6omproM XJIJI 1 56 310pOBBIX TOHOPOB B
Ka4yeCcTBE KOHTPOJBHOW IpYNIbL. Y BCEX MAlMEHTOB OBbLIM ONPEJEeNICHbI CHIBOPO-
TouHblii ypoBeHb Mosiekyn1 MICA/B (ELISA), cogepxanne CD38+ B-kierok. ¥V 8
6onbHBIX (38%) MPOBENCHO IUTOrCHETHUYECKOE HccienoBanue Hamuuus dell7p,
dell1q, Tpucomunu 12 xpomocomsr u dell3q meronom FISH.

PesyabTatsl. Cpennunit ypoenr SMICA/B y Bcex OombHbIx XJIJI cocraBumi
335 nr/mi, 94TO MPEBBICHIIO KOHTPOJIbHBIE 3HaYeHUs B 6,4 pa3 (cpemHee 52 mr/mi).
[NoBbimennsiit yposenb Monekyn sMICA/B (6onee 150 nir/mi) Obi1 BhIsiBIICH Y 16
nanneHToB (76,2%). B rpynme G0NbHBIX ¢ BHICOKUM YPOBHEM CBIBOPOTOYHBIX MO-
nexkyn MICA/B menenmst xpomocom 13q (8/8),17p (3/8) u 11q (2/8) obHapyxmBa-
muck vamie. B aTo# ke rpynme mammeHtoB y 8 wenosek (38,1%) comepxanue
CD38+ mumQonuToB NPEBBHICHIO HOPMATIBHOE 3HAYCHHE.

BruiBoabl. IloBeimennsiii yposeHs Monekyn MICA/B B CHIBOPOTKE KpOBH 00JIb-
HbIX XJIJI MOXeT yKa3bIBaTh Ha HaIW4KEe HEOIArONPHUATHOTO TEUYEHHS OITyX0JIEBO-
TO IpolLecca U CIIyXKUTh B KAYeCTBE OJJHOTO M3 IPOTHOCTHYECKUX (PaKTOPOB.
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A. Sergeeva, H. He, K.E. Ruisaard, K. Clise-Dwyer, L. St. John, Q. Ma,

G. Alatrash, J.J. Molldrem

8F4, AN ANTI-PR1/HLA-A2 T CELL RECEPTOR-LIKE ANTIBODY,
TARGETS ESTABLISHED ACUTE MYELOID LEUKEMIA

AND ELIMINATES LEUKEMIA STEM CELLS

I Transplantation Immunology Section, Stem Cell Transplantation and Cellular
Therapy Department, The University of Texas M.D. Anderson Cancer Center,

PRI (VLQELNVTYV) is an HLA-A2-restricted leukemia-associated peptide from pro-
teinase 3 and neutrophil elastase that is recognized by PR1-specific cytotoxic T lym-
phocytes that contribute to cytogenetic remission of myeloid leukemia. We developed a
high affinity T cell receptor (TCR)-like mouse monoclonal antibody (8F4) that binds to
a conformational epitope of the PR1/HLA-A2 complex. Flow cytometry and confocal
microscopy of 8F4-labeled cells showed significantly higher PR1/HLA-A2 expression
on AML blasts compared with normal leukocytes. Moreover, 8F4 mediated comple-
ment dependent cytolysis of AML blasts and Lin—CD34+CD38- leukemia stem cells
(LSC), but not normal leukocytes. To investigate in vivo biological effects 8F4 on es-
tablished leukemia, we established xenografts of primary human HLA-A2-positive
AML in sublethally irradiated NOD.Cg-Prkdc*“112rg™"""/SzJ (NSG) mice. Leukemia
engraftment was monitored in peripheral blood by flow cytometry. In a screening as-
say, co-incubation of AML with 8F4 ex vivo prevented AML engraftment in immuno-
deficient mice. In a treatment model, mice with established PR1/HLA-A2-expressing
leukemia were treated with twice-weekly intravenous injections of 200 pg 8F4 or iso-
type control antibody. Flow cytometry and histology analysis of tissues was used to
assess leukemia burden and level of engraftment. After 5 weeks of treatment AML was
reduced 300-fold in bone marrow of 8F4-treated mice compared to isotype-treated con-
trol animals (0.07 + 0.06% hCD45+cells versus 20.4 £ 4.1%, n=15 mice per group).
Moreover, leukemia stem cells were no longer detected in bone marrow of 8F4-treated
mice, compared to 0.88 £ 0.24% in isotype-treated mice. Similar results were obtained
with AML from two additional patients, one with secondary AML (CMML) and one
with AML-M7. To confirm 8F4-mediated elimination of LSC, we performed secon-
dary transfer experiment with 1x10° bone marrow cells from 8F4- and isotype-treated
mice, transplanted into recipient NSG mice, irradiated with 250 ¢Gy. AML was unde-
tectable in mice that received bone marrow from 8F4-treated animals versus 4.1 £2.4%
(n=4) in bone marrow of mice that received cells from isotype- treated mice, deter-
mined at 16 weeks after secondary transfer, suggesting that 8F4 may eliminate a subset
of AML with self-renewing potential. Finally, 8F4 treatment extended survival (n = 14,
p <0.001) and decreased disease burden of mice with highly aggressive AML xeno-
graft, compared to isotype-treated mice. Thus, our in vivo data show that 8F4, antibody
with TCR-like specificity to leukemia associated antigen, is highly active against che-
motherapy-resistant AML, including leukemia stem cells.
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C.B. Cazonoé', C.M. [lemudos’

HUMMYHOI'NCTOXUMHNYECKOE BbISIBJEHUE MUKPOMETACTA30B
B PE'MOHAJIBHBIX JIUM®OY3JIAX

IPU PAKE MOJIOYHOM KEJIE3bI

'TBY3CO Hucmumym meduyunckux xiemounvix mexnonozuti, Examepunbype,
Poccus

’I'BOY BIIO Vpanvckas eocydapcmeennas meduyunckas axademus, Examepun-
6ype, Poccus

Hannuue meracra3oB (B TOM 4YuClie MUKPOMETAcTa30B) B PErHMOHANBHBIX JHMQa-
THYECKUX y3JIaX y MallMeHTOB pakoM Mojo4Hoil xene3sl (PMIK) Bcerna pacienu-
BaeTcsl KaK HeOJIaronpusATHBIA MPOTHOCTUYECKHH NpHU3HaK. PeanbHoe mpezcrasiie-
HUE O CTENEHU PACIPOCTPAHEHHOCTH MpOIEcca 4acTo JArT TOJIBKO PE3yNbTaThl
nmmyHorucroxumuaeckoro (MI'X) uccnenoBanust ¢ MpUMEHEHHEM MOHOKJIOHAJIb-
HeIx anTuTen (MKA) K aHTHTE€HAaM, SKCIIpEeCCUpPyEeMBbIMH KIIETKaMH SUTEITHATbHON
OITyXOJIM ¥ HE SBISIONMXCS criennuIHbIMA Juts TuMdonaaoi Tkanu. Ha omyxo-
neBbIx kierkax npu PMIK moutu B 96% ciydaeB BIABISAETCS SKCHpeccus: OEIKOB
MIPOMEXYTOUHBIX (hHIaMEHTOB LuTOCKenera - Keratin. HecmoTpst Ha Hamuuue B
HEKOTOPBIX OMYXOJAX 3MHUTENINATbHO-ME3CHXUMAIBHOTO MEPEX0oAa MpU Pa3BUTHU
MeTacTaTiuaeckoro mnporecca nmpu PMK, game Bcero B mociemyromeM HabI0aa-
eTcsi oOpaTHasi peskcrpeccust Keratin B MeracTatiueckux kierkax. T.0. HMEHHO
ucnonb3oBanue MKA B cmecu k pasnuuHbiM kepatuHam - PanCytokeratin (0Obe-
JIUHSET HUTOKepaTuHsel 2, 6, 8, 10, 11, 18, 19) H0KHO CIYXUTh CTaHIAPTHBIM
HCCIIe/I0BaHUEM U OOHapy)KEHHs HEBBIBICHHBIX METacTa30B M MHKpOMETacTa-
30B PMX B pernonanbHble TUMQAaTHUECKUE Y35

Lenpro HacTosIIel pabOTHI: M3yYUTh YAacTOTY BBISBICHHS METacTa3oB B PErHO-
HaJIBHBIX JUM(aTHYecKuX y3nax y nmanueHtok PMOK mpu ncrnosnbzoBanum oObrd-
HOTO THCTOJIOTHYECKOTO MCCIIe0Banus 1 pu nposeneranu UI'X ¢ ncnons3oBanu-
em aatutena k PanCytokeratin. Martepuanom s uccienoBanus mocayxuan 206
KapLIHOM MOJIOYHOH JKeJIe3bl, IIEPBUYHAs TUATHOCTHKA KOTOPBIX ObLIa OCYIIECTB-
JIeHa He TO03/Hee 4eM 5 neT Hazaa. PacripocTpaHEHHOCTh IpoLecca OLECHHBAIU B
COOTBETCTBHHU ¢ MeXIyHapoJHOM KiaccuduKaiyen 310KaueCTBEHHBIX OIyXO0JIeil 1o
cucteme TNM. BonbmmncTeo narueHTox otHecensl K I u I cragusm, Hanboee
YacThIM T'MCTOJIOTMYECKAM BapHUaHTOM ObLI MH(QWILTPATUBHBIA MPOTOKOBBIH pak, B
OOJIBIIIMHCTBE CIy4aeB ycTaHOBIIeHa I cTerneHp 310kauecTBEHHOCTH OITYXOJIH.
VIMMyHOTMCTOXMMHUYECKUE HMCCIICIOBAHMS JUIS BBISIBICHUS B JTUM(pATHYECKUX y3-
JaX KIJIETOK, JKCIPECCHPYIOIUX KEepaTWH OCYILECTBISUIM B aBTOCTEHHEpe
«DAKO»(/lanus) ¢ UCHOIL30BAaHUEM MOHOKJIOHAIBHBIX MBIMIMHBIX Anti-Human
aaturen (PanCytokeratin, Clone AE1/AE3, Dako). [IpenBapuTensHO THCTONOTH-
Yyeckue cpe3bl oOpadateBamuch B Oapokamepe «Paskal DAKO Cytomation» ([a-
Husl) npu naBieHun 22P u temmeparype 127°C. OneHKy peakuuu OCyIIeCTBIISUIN
Ha CBETOBOM MHKpockome «Zeiss Imager M» (I'epmanus). OreHka ypoBHEH 3Kc-
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MIPECCUU B OIyXOJIEBBIX KJIETKAaX MPOU3BOAUIACH OIyKOINUYECTBEHHBIM METOOM.
[TonokuTenpbHON CUUTANN PEAKLMIO MPU BBIBICHUM JakKe OJHOM MeTacTaTude-
CKOM KIIETKH.

OOHapyXeHo, 4TO MOYTH y TpeTH nanueHTok co PMXX npu ncrions3oBannn o0bI4-
HBIX METOJOB MHUKPOMETAcTa3bl B JIMM(ATHUECKUX Y37aX HE OINPEAEISIOTCS. JTO
KacaeTcsi B EPBYIO O4epeb CTOPOKEBBIX JUMpaTHdeckux y3moB. Tak, eciu mpu
OOBIYHOM T'HCTOJIOTHYECKOM HCCIIEAOBAHUN METAcTa3bl y MAlMEHTOK, Y KOTOPBIX
yCTaHOBIICHA cTajus ommyxosieBoro nponecca T1-2NO, 6sumn oOHapyxeHs! B 32%
cilydaeB, TO npu ucnonb3oBanuu MI'X merona ux umcno seipocno 10 48%, npu-
YeM B OCHOBHOM 3a CUET BBISIBIICHUS MUKPOMETACTa30B.

VYcTaHoBIEHA B3aMMOCBSI3b MEXIY IPUCYTCTBHEM METAacTa30B U PELENTOPHBIM
cTatycoM omyxofu. [Ipu oTpunarenbHoil 3KCIPecCHU B OITyXOJIH PEIeNTOPOB K
Estrogen meractassl B tuMmdaTrueckue y3ibsl HaOmomanuch B 2,5 pasa, pu 3Kc-
npeccun HER2 neu — B 3,2 pasa, B olyXosiX ¢ TPOMHBIM HETaTHBHBIM CTaTyCOM
(«triple negative» status) — B3,4 pasa yamie, YeM B OITyXOJISIX C ITO3UTHUBHBIM pe-
LENTOPHBIM CTaTyCOM.

[IpencraBneHHbIe HAMH JITaHHBIE TTOKA3BIBAIOT HEOOXOAMMOCTh BHEPEHHS B Pabo-
Ty TaTOJIOTOAHATOMUYECKOH J1ab0paTOpUi MMMYHOTHCTOXMMHUYECKOTO HCCIIENO-
BaHWS PETHOHAIBHBIX JuMdaTnueckux y3moB ¢ PanCytokeratin anst yrouneHus
CTENEHU PacIpOCTPAHEHHOCTHU OITyXO0JeBOro npouecca npu PMXK.

T.3. Yepusasckasn

HUCITIOJb30BAHUE CTUMYJUPOBAHHOI'O KOCTHOI'O MO3T'A
AJISA TPAHCIINIAHTALIUN

@I'BY «POHIL] um. H H. Broxuna» PAMH

B Hacrosiiiee BpeMsi B OHKOJIOTMM IIPU NPOBEIECHUU BBICOKOJO3HOM XUMHUOTEpanuu
(BXT) w/mm TpaHCIUIAHTAIMM WCHOJB3YIOTCS TaKWe WCTOYHHMKH T'€MOIO3THYECKHX
ctBonoBbIX KIeToK (I'CK), kak kocTHBIH Mo3r (KM), CTBOJIOBBIC KIETKH Iieprdepude-
ckoit kpoBu (CKIIK), ux coderanne u KJICTKH ITyNOBHHHOMN/TUIACHTapHOH KpoBH. OT
HCTOYHMKA T€MOIO3THYIECKOr0 Marepuaia 3aBHCST TEMIbl U CTaOMIBHOCTH BOCCTa-
HOBJICHHSI T€MOII033a, B TOM YHCJIE MOHOIMTOB, T- 1 B-mimM¢ormroB, NK-kieTok,
neHapuTHHIX Ki1eTok. Mcrounnk I'CK oka3pIBaeT CymecTBEHHOE BIIMSIHUE Ha Pa3BUTHE
U CTENEHb TAKUX PEaKIMi, KaK «TpaHCIUIaHTaT npoTuB xo3sauHay (PTIIX), «tpanc-
wiaHTat npotus omyxoim» (PTIIO), Ha moMHOTY JOHOPCKOro Xxumepusma U 3ddek-
THBHOCTb OOpBOBI ¢ MH(pekuued. [Ipy BBHINOIHEHNH ATOTEHHBIX TpPaHCIUIAHTALIUHA
(a0 TKM) omgauM u3 ocHOBHEIX rcTouHHKOB I'CK ocraercst KM, cocrapmsis mopsiika
20% ot Bcex auoTKM. Ilpu npoBenennu aytonormyasix TKM (ayroTKM) KM
00BbIYHO mCTONB3yeTcs B ciydae Heynaun 3arotoBku CKIIK, a Tarke mpu ocTpbIx
neiikozax (OJI). OtHocuTensHO HOBBIM McTouHHKOM ['CK sBrsieTcs: eTumMyImpoBaH-
Hblii KM (ctKM), obmagarormmii psiqioM MperMyIecTB U IMOMYYMBIIHN pacpocTpa-
HEHHE B psiie 3apy0eKHbBIX U POCCUIICKHX IIEHTPOB.
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Hame nccnenoBanue Obl10 IpoBeAeHO 1St M3y4eHust poian cTKM B kadecTBe ajib-
tepHatuBHoro ucrounuka ['CK npu ayronmornunsix (ayroTctKM) u aymuoreHHBIX
(amnmoTctKM) Tpancruanranusax. Beero 3a nocnennue 5 aer u3z 120 sxcdyszuit KM
c¢tKM 6511 3arorosiieH B 106 ciydasx, B ToM guciie y 17 3mopoBsix 1oHOpoB KM.
IIpu 3aroroBke cTKM wmcmonp3oBancs pexxknm MoOmmmzamun [-KC® B moze 10
MKT/KT/CyT B TeueHne 3X aaeil. B rpymme n3 106 denoBek Obuto 59 myxumH u 47
JKSHIIIMH B Bo3pacte oT 16 no 69 ner (menuana 29): ¢ mumdpomoit XomrkuHa (JIX)
— 61, HexomkkuHcKuMH JIuMpomamu (HXJT) — 4, OJI — 23, conmuaHbIMA OMyXOJIs-
Mu — 1, B 17 cioydaeB 3Kkcdy3usi MpoOBOIMIACE y 3M0POBEIX AoHOpPoB KM. Bceero
o6bu10 poananuzupoBano 53 TctKM (36 ayroTctKM u 17 anmnoTerKM).

U3 36 aytoTctKM (18 myx. u 18 xeH. B Bo3pacte oT 16 no 57 jner, meauana 29),
6ospIIMHCTBO OBUTO BEIMoNHEHO npu JIX (25 u3 36). Takxke ayroTcTtKM mpoBo-
qunucsk npu HXJI (n=2) u OJI (n =9). PexumMbl KOHIUIIMOHUPOBAHUSA B 9 ciayda-
sx OJI Obutn MuenoadiaTuBHBIE, B OCTAIBHBIX 27 ciaydasx auMpom — BEAM nu
ananornunsle Kypcbl BXT. B o0meit rpymme u3 36 yen. Cpoku BOCCTaHOBIICHHUS
remorod3a rnocie ayroTctKM Obutn Oombliie, 4eM rocie TpaHCIUIAaHTAIN ayTOJIOo-
riuyabix CKIIK (n = 139) B rpynme nanuenTtos ¢ auMpomamu (JIX-39, HXJI-23) n
MHOXeCTBeHHOH Mmuenomoit (MM) (n=77), u cocraBwiu: st HelTpoduiaos 20
nHel (paszopoc ot 12 mo 46), s tpomborutos — 24 nus (ot 15 mo 80). HeobOxo-
VMO OTMETHUTH, 4TO nocyie 9 aytoTcTKM, BBITOMHEHHBIX U KOHCOJNUAAINN pe-
muccun OJI y manueHToB 6€3 JOCTYIHOTO aIOT€HHOTO JOHOpa, BOCCTAHOBIICHHE
kak HerTpodunos (13—46 mueit, menuana 33), Tak U TpoMOouuTOB (25—-80 nHEH,
MeanaHa 37) MPOWCXOMWIO 3HAYUTEIHFHO MeJIeHHee, yeM Tpu ayToTctKM y
OonbHBIX TUM{oMaMu 1 MM, 4TO KOppeJIMpYeT C IUTepaTypHBIMU JaHHBIMU. [Ipu
cpaBHeHMH XapakTtepucTtuk mnepenuroro ctKM mpu OJI m apyrux HO30JOTHAX
(tumdombr, MM) He Ob1T0 BBIIBIIeHO oTimanid 1o konudectBy SICK n CFU-GM,
HECKOJIBKO pa3inyalioch cojepkanue B TpaHciuiantare CD34+-knetok u T-
auMbouuToB. MHTEpecHBIMH MpeAcTaBistoTcst pe3ynbTathl 27 aytoTctKM B co-
yetanuu ¢ MansiMu go3amu CKIIK (conepxanue B Tpancmuiantate CD34+-knerox
B 25 u3 27 ciny4aeB O0but0 MeHee 1,0 x 106/1<r, 0.07-2.5, menuana 0.9). AdcoroT-
HOe OONBUIMHCTBO MaiieHToB nMmenu auarto3 JIX (n=21), ocramsasie — HXJI
(n=4) wmu OJI (n = 2). BoccraHoBneHHE reMonod3a B 3TOH rpymmne 00JbHBIX MPo-
u3onwio B cpoku, oxauHakoBeie co CKIIK: nedtpodmisl — Ha neHbp 13 (pasdpoc
8-32), TpombonmTel — Ha JcHb 14 (9—60). Takum o0Opa3om, mobasieHue k cTKM
naxke HeOonpimx komudecTB CKIIK crmocoOcTBOBano 6osee OBICTpOMY BOCCTa-
HOBJICHHIO F€MOI033a, KOTOPOE BO BCEX CIIydasiX 0Ka3anoCh CTOMKHM.
BonpmmuerBo ammoTctKM (14 u3 17) 660 BeimonHeHo y 6onbHBIX ¢ OJl, oHM
TaK)Xe MPOBOJIMIIUCH MPU XPOHUUECKOM Muenoelikoze (n=2) u MM (n = 1). Pe-
YKMMBI KOHIUIIMOHUPOBaHUs B 16 ciydasx u3 17 Obuin Muenoabnarususie. [Tocie
amtoTctKM BoccTaHOBIEHHE Kak HEHUTPOQHIIOB, Tak U TPOMOOUIMTOB Habirona-
J0ch Ha JieHb 18-if (pa3dpoc 13—-35 u 12—66, COOTBETCTBEHHO).
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CymiecTBeHHBIME (DaKTOpaMH, TOBJIMSBIIMMI Ha TEMIIBI BOCCTAHOBJICHHS TE€MOIIO-
93a MAlMEeHTOB Hamlel rpymmnsl, kpome ucrounuka I'CK, Opumn: Hanmune TspKenon
octpoit PTIIX (4 gen.), passurue [IMB—-undekumu ¢ Tepanueit raHIUKIOBAPOM (2
4el.), a Takxke nposenenue amioTKM B ¢aze nporpeccuposanus OJI (3 gen.). Tem
HE MEHee, OTMEUEHO OBICTpPOE JOCTIDKEHHE IOJHOTO JOHOPCKOTO XMMEpU3Ma BO
BCEX CIIydasx M OTCYTCTBHE MH(EKIIMOHHBIX CMEpPTEH B PaHHEM IOCTTPAHCIUIAH-
TaIoHHOM nepuoze. Takum oOpa3oM, B ciaydae ucrnonb3oBanust ctKM mpu mpo-
BegeHnn a0 TKM MOKHO TOBOPHUTB O TEMIIaX BOCCTAHOBIEHHS TEMOI033a, CO-
nmoctaBuMbIX ckopee co CKIIK, wem ¢ KM, a takxe Gojnee peaxoM pa3BUTHH CTe-
poun—pedpakreproii octpoit PTIIX mo cpaBuenuto co CKIIK.

T.T. Banues, A.B. Ilona, I'.JI. Menmxeguu

TAPTEHTHASI TEPAIIUS MO3JTHUX CTAIUN
B-KJETOYHBIX JINM®OM Y JETEMN.

HUU JIOul” ®I'FY «POHL] um. H.H. Broxunay PAMH, Mockea

HUU nerckoit onkonoruu u remaronorun ®I'bY «POHIl mm. H.H. broxuna»
PAMH, Mocksa

BricokOoMHTEHCHBHAs ~ XMMMOTEpanus 1O  HOpoTokodam  rpynnsl  BFM
(1990/1995/2004) mo3BOIISAET MOIYYUTH [UIUTEIEHYIO 00MTYyI0 BEDKHBaeMocTh (OB)
y 98-100% pmereit ¢ HavampHbIMH (I-II) cTagmaMu HEXOMKKHHCKUX JHUM(OM
(HXJI) u3 3pensix B-xierok. HepemeHHBIM BOIIPOCOM B IETCKOW OHKOI€MaTOJIO-
rum octaercs ygeuenue no3gaux (III-1V) craguit B-HXJI, rae nokazaremu OB co-
ctaBisroT 70-75%.

OnmHUM M3 OCHOBHBIX MapKepoOB, 3KCIIPECCHPYEMBIX Ha OIyXOJEBBIX B-kierkax,
spiseTcst CD20, KOTOpBIN cTal MUIIEHBIO A JEHCTBUSA IETIOr0 psja TapreTHBIX
IpenaparoB: pUTyKcUMa0, okpenn3ymad, BentTy3ymal, odarymymad. [lepBoim 3a-
peructpupoBaHHbIM aHTH-CD20 MOHOKJIOHAJIBHBIM aHTHTENIOM, IPUMEHSIEMBIM B
neuennu B-HXJI B3pocinbix, cTan putykcumal, BKIIOYEHHE KOTOPOTO B PEKHMBI
nomuxumuoTepanuu (ITXT) mo3Bonmito 10CTOBEpPHO MOBBICUTH PE3yJIbTaThl 00IeH
BepkuBaeMocTH 00mbHBIX B-HXJI. TIporpammer [TXT ¢ BkIfoueHHEeM pUTyKCHMaba
y JeTel TOJIbKO HAUNHAIOT OTPaOaThIBATHCS.

Lenpio nccaenoBanms craino nzydeHne 3GpQeKTHBHOCTH BKIIOYEHHUS] PUTYKCHMa0a
B npotokosl B-NHL-BFM95 g neuenus -1V craguit B-HXJI nerckoro Bo3-
pacra.

C smBaps 2000r mo nmexabpp 2012r B uccienoBanne ObUT BKIFOUEH 71 MalMeHT c
BIiepBBIe ycTaHOBICHHBIM nuarHo3oM B-HXJI III-IV craguu. Cpemu OOJBHBIX B 3
pa3a mpeobianany MalbdnuKH, MEIaHa BO3pacTa cocTaBuiaa 9 net. B coorBercTBUM
¢ knaccudukarmeit BO3 2008r nuarno3 mumdomer bepkurra 66101 ycTaHoBIeH y 54
(76%) nereit, nuddy3noit B-kpynHokieTouHoi tumbomsr — y 12 (17%), nepBrUuHOI
MeIMaCTHHAIILHOW (THMHYecKo) B-kpynHokieTounoit tumdomsr — 5 (7%).
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Bo Bcex ciyuasx kietku B-HXJT skenpeccuposamu CD20. 111 cragus Obiia nuar-
HocTHpoBaHa y 49 (69%) 6onbHbIX, [V —y 22 (31%). Bee GonbHble ObUTH pasjie-
JICHBI Ha 2 TPYMIIbl, B 3aBUCMOCTH OT BKJIIOUEHHUS B IIPOTOKOJ JICUCHUS] PUTYKCH-
Maba. B ocHOBHYyIO rpyIny Bonuio 46 ManueHToB, B IPOrpaMMy JICYSHUST KOTOPBIX
661 106aBeH puTykcuMab (R+). Purykcnma® BBomics B 103 375 Mr/m” B/B 3a
244 o Hagana xaxgoro 61oka ITXT. KonTponsHyt0 TpyITy cOocTaBUIu 25 60b-
HBIX, JIEYEHHUE KOTOPBIM IpoBOoAMIIOCh MO crangaptHomy B-NHL-BFM95 npoto-
koiry (R—). Aranusupyemsle TpyHIbl OOJBHBIX OBUIM COMOCTABUMBI IO TIOJTY, BO3-
pacty, MOp(pOMMMYHOJIOTHYECKIM BapuaHTaM U craausim B-HXJI. OB B rpymme
R- cocraBmia 75,2+/-8,1% (menuana Habmoaenus 120,9+/-12,6 mec.), Toraa kax
B rpynne R+ mawHbIi nmokaszarens okazancs 93,0+/-4,0% (Memuana HaOMIOACHUS
97,0+/-3,7 mec.). [loryueHHbIC TaHHBIC OKA3AIUCh CTATUCTHYCCKH JIOCTOBEPHBIMU
(p < 0,02).

Takum obpazom, [IXT mo mpotokomry B-NHL-BFMO95 ¢ BriroueHHEM TapreTHOTO
npenapara puTykKcuMada JOCTOBEPHO IOBBINIAET MOKas3aresnu 7-netHeil OB y ma-
IIUEHTOB C MO3AHUMHU cTagusmu B-HXJIL.

O.A4. boeomonosa

JANATHOCTHKA

JAANCCEMHWHHUPOBAHHBIX OITYXOJIEBBIX KJIETOK PAKA
MOJIOYHOM KEJIE3bI B KOCTHOM MO3T'E

C MOMOIbBIO METOJA MPOTOYHOM IUTOMETPUA
I'V3 Obracmmuoil knunuyeckull OHKOIO2UYECKUL QUCNAHCED

JlmarHocTrKa TeMaTOTeHHOTO PACHpPOCTPAHEHHS SIUTEIHANBHBIX OIyXOJeH Ha
paHHUX CTaAMSAX — OJHA W3 IIABHBIX IPOOJIEM COBPEMEHHOW OHKOJIOrMH. B xim-
HUYECKOH NMPAaKTHKE [OKAa HE HAWIECHO PYTHHHBIX METOAOB OOHApPYKEHHUSI MUKpO-
MeTacTa3oB. Mopdonoruieckn eTMHNYHBIE Pa3pO3HEHHBIE OIyXOJIEBbIE KIETKH HE
OTIPEICTISIIOTCST — TpeOyeTcs MPUMEHEHHE BBICOKOUYBCTBUTEIBHBIX MMMYHOJIOTH-
YecKHX MeToA0B. HakamnmBaroTcs JaHHbBIE O TOM, YTO KOJIMYECTBEHHOE OIpeiene-
HHE U XapaKTEePHCTUKA JUCCEMHHUPOBAHHBIX OITyXOJEBBIX KJIETOK MO3BOJISIET MO-
JIYYUTh BaXHYIO IMPOTHOCTUYECKYI0 MH(OpPMALMIO U NPOBOJNTH MOHHUTOPHHT 3(-
¢dexTuBHOCTH Tepanuu. st TOro 4roObl KOHTPOJIMPOBATH 3(PPEKTUBHOCTH BO3-
JEUCTBUS JIEKAPCTBEHHBIX CPEJICTB Ha MHKPOMETACTa3bl HYXKHO, B MEPBYIO OdYe-
penb, CTaHIapTU3UPOBATh METOAB!I KOJUYECTBEHHOW OLIGHKH €AMHUYHBIX AUCCE-
MHHHPOBAHHBIX OITyXOJIEBBIX KIIETOK.

eanio HacTosmell pabOTH SBUIOCH YCTAaHOBJIEHHE CTEIICHW T'€MaTOTeHHOW AuC-
ceMHHanuy y OOJBHBIX pakoM MosodHoH xerne3bl (PMIK) Ha ocHOBanum oOHapy-
KEHUsI TUCCEMUHUPOBAHHBIX OIYXOJEBBIX KIETOK B KOCTHOM MO3T€ METOAOM IIPO-
TOYHOHM IIMTOMETPHUU C NMPUMEHEHHEM MOHOKIOHAIBHBIX AHTUTEN K SIUTEINAIb-
HBIM aHTHI'€HaM.
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Marepuanbl U MeToabl HcciaeaoBaHusi. B pabore uCronb30BaHBI MaTepUalibl
KIIMHUYECKOT0, MOP(OJIOrHIECKOT0, MMMYHOIIUTOIOTHYECKOTO 00cieioBanus 38
6onbHBIXx PMOK, Haxomsmuxcs Ha aeyeHud B ['Y3 O0nacTHOM KIMHUYECKHUHA OH-
KOJIOTHICCKHN AUCTaHcep T. YIbSHOBCKA ¢ HOstOps 201 1r. mo HacTosmiee Bpems. B
HCCIIEAyEMYIO TPyl BOLUIM XEHINUHBI B Bo3pacTe oT 33 mo 74 ner. Cpennuit
Bo3pacT coctaBui 56 + 10,0 ner. Ha MOMEHT MOCTaHOBKHM MEPBUYHOTO JUArHo3a
MAIMEHTKN PacTpeleiniInch 10 CTaIusIM ClexyrommM obpasom: [ craams Obura
muarHoctuposana y 3 (7,9%) 6ompabIx, IIA —y 11 (29,0%), IB —y 3 (7,9%), IIA
-y 7(18,4%), lIIB —y 3 (7,9%), IIIC —y 6 (15,8%) u IV —y 5 (13,1%) nanuen-
Tok. Hanbonee 4acThIM THCTOJIOTMYECKHMM BapHaHTOM ObIT MHOHUIBTPATUBHBINA
cMenraHHbii pak (42,9%). OTMeueHa JDOCTaTOYHO BBICOKAsl 4acTOTa MHQHIbTpa-
THUBHOT'O ITPOTOKOBOTO paka (28,6%). Pexxe BcTpeyanich HHOUIBTPATUBHBIN 10JTb-
KoBbIi pak (21,4%) u apyrue Gpopmsbl paka (MenyUISIPHBIN, NANWILUISPHBIA, TYOY-
nsipHbI) — 7,1%. BonbHBIM OBUTO MTPOBEJICHO CTaHJAPTHOE KIMHUYECKOe 00cieno-
BaHue. lccrnenoBaHue KOCTHOTO MO3ra JO Hauana JIEYEHHs BBINOJIHSJIOCH Kak
CTaHJAPTHBIMU LIUTOJIOTHYECKUM U THCTOJIOTUYECKUM METOAAMH, TaK U METOAOM
MIPOTOYHOH ITUTOMETPUH C IPUMEHEHNEM MOHOKJIOHAIBHBIX aHTUTEN K IIUTOKepa-
tuHaM EpCAM (CD326). Martepuan Ui IUTOIOTHYECKOTO MCCICIOBAHUS H TIPO-
TOYHOH IIMTOMETPHH MOTYYAIN C TOMOIIBIO CTepHATIBHON MyHKIMH. OOBEM KOCT-
HOMO3TOBOTO IMyHKTaTa He npeBsimain 0,5 My, T.K. mpu 00nbIreM o6beMe BO3MOXK-
HO pa3basneHne obpasiia nepudepuueckoid KpoBbio. [IpoTounas muTomMeTpus mpo-
BOIMJIACh Ha Oa3e Jiaboparopuu uMMyHoJoruu remomnodsa OI'BY «Poccuiickuii
oHKoJornyeckuit Hayunslif neHtp um. H. H. broxunay PAMH (pykxoBoautens —
aM.H., npod. H.H. Tymuiein). HccnemoBaHue NPOBOMMIOCH B KOOPAMHATAX
CD45/CD326. IlpenBaputensHO OBUIO MPOBEICHO MMMYHOMarHMTHOE oborarie-
HHUE KIIETOK, cBs3biBatomux aHturena CD326 (EpCAM). Drto mo3Bonmio OreHu-
BaTh 70 50 MIIH. MHEJIOKapHOLUTOB y oxHOoro OonbHoro. IToxcyer kierouHOCTH
KOCTHOTO MO3Ta W aHaJM3 MHEJIOrpaMM MPOM3BOAMICS B KIMHHYECKOH J1abopaTo-
pun. [ THCTOIOTUYECKOTO HCCIIeIOBAHMS BBIONHANACH TPEITAHONOIICHS 3a/IHe-
BEPXHEH OCTH MOJB3IOIIHOM KOCTH C ABYX CTOPOH.

PesyabTaThl uccienoBanus. [Ipy cTaHIapTHOM IMTOJNIOTHMYECKOM HCCIIENIOBAHUM Me-
TacTa3bl B KOCTHBIM MO3I ObUIM BBISIBIIEHB! y 1 (2,6%) 13 38 GONMbHBIX. DTO MALMEHTKa, Y
kotopoii IV kmmHnueckast cranus ObUia YCTaHOBIIGHA A0 OOHAPYKEHHs MeTacTaThde-
CKUX KJIeTOK B kKocTHOM Mo3re (T4N3cM1, meTactasbl B nieueHs, mwieBpy). [Ipu rucroso-
TUYECKOM HCCIIEZIOBAHHN TPETIaHOOMONTATOB TIOJIB3/IOIIHON KOCTH y JIaHHOW OOJIbHOM
OBUIO BBISIBIICHO JIByXCTOPOHHEE MOpaXKEHUE KOCTHOTO Mo3ra. B npyrom cirydae mcxon-
Hast cTamus 3aboseBanus Obuta pacnenena kak [1IC (T4N3aMo), nocne rucrosornye-
CKOTr0 OOHapy>KeHHSI METacTa3oB B KOCTHBIM MO3T OBIIO MPOBEICHO PECTaMpOBaHHE —
crajusi Obuta M3MeHeHa Ha V. TIpu ronoiaHuTENBHOM ocTeocHTHTpaduy y 3TOH ma-
IIMEHTKH ObUTM BBISIBJICHBI MHOYKECTBEHHBIE OCTEOIIIACTUYECKHE METACTA3bl B KOCTH, HE
TIOITBEP KIICHHbIE PEHTTEHOIOTMYECKH. Y 00eHX MMalMeHTOK METACcTa3bl B KOCTHBIN MO3T
TIOATBEPKICHBI C TIOMOIIBIO METO/Ia IPOTOYHOM IIUTOMETPHH.
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Kpome Toro, y 8 u3 38 OonbHBIX B TpemaHoOHonTaTax ObUTH OOHapy>KeHbI el-
HUYHBIE TJIa3MaTHYECKHE KIETKH WM MUKPOOYaroBOE UX CKOIUICHHE, YTO SIBIISET-
Csl KOCBEHHBIM IPHU3HAKOM ITOPa)KEHMSI KOCTHOTO Mosra. [Ipu mpoTo4Ho# 1muro-
METPHH Y 2 U3 3THX § MaINeHTOK ObUTH 0OHapyKEeHBI MHKPOMETACTA3bI.
Ennangnble snutennansHple (OMyXoJeBble) KJIETKH B 00pas3lax KOCTHOTO MO3Ta
ObuTH BBISBIICHB Y 35 (92,1%) u3 38 mammeHTOK ¢ MOMOINBI0 MPOTOYHON IUTO-
METpPUH C IPUMEHEHHEM MOHOKIIOHANBHBIX aHTHTeN EpCAM (CD326). BaxHo TO,
YTO KOJMYECTBO OITyXOJNEBBIX KIETOK, OMPEAEIAEMBIX HMMYHOIIMTOIOTHYECKH,
ObUTO O4YeHb HM3KMM U B 77,1% ciyuaeB coctaBmiio MeHee | KieTku Ha 1 MIH.
MuenokapuonutoB. Jlumb y 8 (22,9%) u3 35 60apHBIX OBLIO BhIsSIBICHO OT 1 70 10
(B omHOM ciyuae — 44) SIUTETUANTBHBIX KJIETOK Ha | MITH. MUEJIOKapHOLIUTOB. VY 1
n3 8 manyeHTok ObUIa AUarHocTHpoBaHa | cramust 3a00eBaHus, Y TpeX MaleHTOK
— IIA cramus. YV ocTalbHBIX YeThIpEeX MANMCHTOK ObLIa ycTaHoBieHa [V cramus
PMX (T4N3cM1), npu 3ToM y IBYX W3 HUX OBIIO BBIABICHO METacTaTHYECKOe
MIOpa)KeHNEe KOCTHOTO MO3Tra B TPEIIaHOOHONTaTax.

Ecnu cunTath MOMOXKHUTENBHON PEaKIMIO PY HANMYNHU | METaCTaTHIECKOH KIETKH
cpean 1 Mumrona MoHOHYyKJIeapHbIX kieTok (MHK) koctHOro Mo3ra (cymma Ko-
JU4YecTBa TUM(ONNUTOB, MOHOLIUTOB M TUIA3MAaTHYECKUX KIJIETOK), TO YHCIO TAKHUX
nareHTok coctaBmio 31 (88,6%) u3 35. Ilpu stom tomeko y 4 (11,4%) u3 35
OOJIBHBIX YHCIIO KIETOK OBII0 > 10. V Tpex O0MbHBIX OBLIO BHISBICHO HAHMOOJBIIICE
gucio kietok Ha 1 mmH. MHK — 32, 35 u 330, cooTBeTcTBeHHO. YeTkuil KitacTep
OIyXOJIEBBIX KJIETOK — MHUKPOMETACTa3 — MPU NPOBEACHUH MPOTOYHON IIUTOMET-
puu 6611 quarHoctupoBad y 4 (10,5%) u3 38 marmenrox. Ilpu stoMm B 3 u3 4 ciy-
YaeB YMCIIO KJIETOK B 00pa3liax KOCTHOTO MO3ra ObUIO OY€Hb HU3KUM U COCTaBHIIO
MeHee | kiieTku Ha | MITH. MHEIOKapHOIUTOB.

Takum 00pa3zoM, METOA MPOTOYHON LIUTOMETPUHU B COYETAHWH C UMMYHOMArHHUT-
HBIM 00OTaIllEHHEM TIOIYJISIIMN OMYXOJIEBBIX KJIETOK MO3BOJIMII AMArHOCTHPOBATH
MukpomeTacTazbl y 11 (28,9%) u3 38 60mbHBIX.

[Nonaras, yto oOHapyXeHHE OIHOW M30JMPOBAHHON OITyXOJEBOM KIETKH MOXET
OBITh AMATHOCTHYECKH HE3HAUMMBIM, PSIJ MCCIIEAOBATEINICH MOIBITANICS KOINYIECT-
BEHHO ONpPEJEIUTh «KPUTHUECKYIO» OITyXOJIEBYIO HArpy3Ky, NPEBBILIICHHE KOTO-
poii 1ocTOBEpHO OBUTO OBI CBA3aHO C POCTOM YAaCTOTHI PEIHMINBA 3a00JIEBaHUS.
Bb110 MOKa3aHO, YTO KOJMYECTBO PELHIMBOB paKa MOJOYHOMN JKEJIE3bl PE3KO BO3-
pacTaet mpu OOHAPYKEHUU B KOCTHOM Mo3re 10 wiau 15 W30JMpOBAHHBIX OITyXO-
JIEBBIX KJIETOK. B HameM mccienoBaHnu He OblIa MpociexeHa obmas u 6e3peru-
JIMBHAsI BBDKMBAEMOCTh B CBSI3U C HEOOJIBIIUM CPOKOM OT Hayaja UCCIEOBaHMUS.
Onnako, oxgna 6oseHast ¢ IV cramueit PMIK, y xoTopoii ObUTH MOJITBEP>KAEHBI
MHKpPOMETacTa3bl B KOCTHBIH MO3T, MOrH0Ia OT MPOTrpecCUpOBaHMs 3a00JIeBaHUs
BO BpeMsl IIPOBEICHUS €I BTOPOT0 Kypca XMMHOTEpaIuy. BhIsBIeHHbIE N3MEHEHHUS
B MHEJIOTPaMMax I0Ka He TIOKa3alli aCCOIMAINN 3TUX NPU3HAKOB C MPUCYTCTBUEM
OTAETBHBIX OITyXOJEBHIX KJIETOK B KOCTHOM Mo3re. PaboTa B TaHHOM HaIlpaBICHUN
OyzaeTr mpoIoiHKeHa.
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BoiBoapl. BO3MOXKHOCTD BBISIBIICHHSI €JMHUYHBIX OITYXOJIEBBIX KJIETOK B KOCTHOM
MO3re BCJIEJCTBUE OOJIBIIEH YyBCTBUTEIBHOCTH SBIISIETCS TMIABHBIM IPEHMYIIECT-
BOM METOJ[a NPOTOYHOH LUTOMETPUH B AMATHOCTHKE JTUCCEMHHUPOBAHHBIX OITY-
XOJIEBBIX KJICTOK paKka MOJIOYHOM JKeJe3bl B KOCTHOM MO3Te TI0 CPaBHEHHIO ¢ MOp-
¢onornueckuMu Metogamu uccienoBanus: B 11 (28,9%) u 2 (5,2%) caydasx u3
38, cooTBeTCTBEHHO. B TOXE Bpems OOHapyKeHHE MaJloro KOJHMYEeCTBa OIyXOJle-
BBIX KJICTOK CJIO’)KHO TPaKTOBAaTb B TeX CIIy4asX, Ille OHH He (POPMHUPYIOT YETKOTO
kiactepa. [Ipy HamM4YMU Takoro KiacTepa MUKPOMETacTa3bl MOTYT OBITh KOHCTa-
THUPOBaHBI AK€ NPH HAIUYNKM MeHee | OIyXOJeBOM KJIETKHM Ha 1 MIIH MueJoKa-
puonMTOB. HeT 4eTKuX NaHHBIX O TOM, KaKOBa «KPHTHYECKAas» OIyXOJeBas Ha-
rpy3Ka KOCTHOTO MO3Ta, IIPEBBIIIEHNE KOTOPOH ObLIO OBI CBA3aHO C POCTOM 4acTo-
TBI penuanBa 3aboneBanus. [lomydyeHre OTBETOB Ha 3TH BONPOCH! CTAHET BAXKHBIM
1aroM Ha IyTH K WHIUBHyJIN3alMH aHTUMETACTaTHUECKOM Teparu.

E.O. Henamoaea, M.A. ®ponosa, A.B. Ilempoeckuii, E.B. Manvuuesa,
KU 3ybyosa, [I.A. 3yoyos., E.B. Jlecuenxo, A.B. Jlagpos, C.A. Tionanoum.
AHAJIU3 IIUPKYJIUPYIOIIUX OITYXOJIEBBIX KJIETOK

I[P NPOBEJIEHUU MPEJONEPAIIMOHHOM XUMHUOTEPAIIUN
BOJIbHBIM TPOMHBIM HETATUBHBIM

PAKOM MOJIOYHOM JKEJIE3bI

B mocnemgHue roasl OCHOBHBIE YCIIEXU B OHKOJIOTHH M, B YaCTHOCTH, IIPU paKe Mo-
soyHoH sxene3bl (PMIK) cBsi3aHbI ¢ MHIMBUAyaTU3aIMeld MOAXOIOB K JIEYCHHUIO.
Ocoboe MecTo 3aHUMAIOT OIYXOJIM C TPOMHBIM HEraTHBHBIM (DEHOTHIIOM, TO €CTh
OTCYTCTBUEM DKCIIPECCHU PELENTOPOB CTEPOMIHBIX rOpMOHOB U Her2/neu, u, xak
CIIeJICTBHE, MULIEHEHN Ul IpenapaToB TapreTHOro JeUCTBUS. DTOT TUM OIyXOosel
XapaKkTepu3yeTcst HeOIaronpHUATHBIM MPOTHO30M.

B nocnennee Bpemst BO3pOC MHTEPEC K MCIIOJIB30BAHUIO IIUPKYIUPYIOMINX OMyXO-
neBbix Ki1etok (LIOK) B xauecTBe MapkepoB Ul ONpEEICHUs MPOTHO3a 3a00iie-
BaHMs, TOBOPSIINX O HEOOXOANMOCTH Ha3HAUEHHs OOJiee WM MEHEE arpecCUBHOTO
JICYCHNS, M IPEANKTUBHBIX (DAKTOPOB, MO3BONIAIOMINX CYJUTh O UyBCTBUTEIBHOCTH
OITyXOJIU K TIPOBOAUMOM Teparuy.

[easb padoTbl — HCIHOIB3YsI SKCIPECCHOHHBIC MAapKEphI, ONPENEIUTh HATHYUE
IHOK B kpoBu 001BHBIX TpOMHBIM HeratuBHbIM PMJK 10 u mocne mpoBeneHus
MIPeONEePALUOHHON XUMUOTEPAIINY.

Matepuajbl 4 MeTOABI

B uccnenoBanue Bomuio 44 manueHTku: B rpynmy panHero PMOK — 18, B rpynmy
MecTHO-pactipocTpaHeHHoro PMIK — 26. Ouenka creneHr naToMophoIornaecKon
perpeccun (pCR) ocymecTisiiack ¢ ucnonb3oBanueM Meronuku Chevallier. Ana-
3 LJOK npoBoamiicst ¢ moMomnisio HaOGOpoB VISl BBIICJICHNS KJICTOK W OTpesielie-
HUS BBIIEIEHHBIX KJIETOK IO AKCIPECCHMH MapKepHBIX reHoB — Breast Select u
Breast Detect (Adnagen, 'epmanust), COOTBETCTBEHHO.
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Pe3yabTaTsl

HOK B rpynne pannero PMX B kpoBu Ha MOMEHT IIOCTAHOBKH JIMAarHO3a BhISBIIC-
HBI B § ciydasx u3 18 (44,4%), B rpynmne MecTHO-pacnpoctpaneHHoro PMXK — B 8
u3 26 (30,8%). He BBIABICHO CTaTHCTHYECKH 3HAYMMBIX pa3IMnuuil B 4acToTe 00-
HapyxeHus [IOK B aByx rpymnmax.

B rpynne pannero PMXK npoonepupoBanbsl 16 manueHToK, 2 OpoA0IDKAIOT Jeue-
Hue. B rpynne mectHo-pacnpoctpaneHHoro PMOK xupypruyeckoe BMeEIIaTENbCT-
BO BBIIOJHEHO 15 manmentkam, 10 HaxomsaTcs B mpormecce JieueHus, | manueHTKa
BBIOBLIA M3 HCCIIEIOBAHHSA B CBA3H C IIPOTPECCHPOBAHUEM 3a00/ICBAHUSI.

Yacrora pCR B rpynme panHero PMXX cocrasuna 68,7% (11/16), B rpynmne mecrt-
HO-pacnpocTpaneHHoro PMXK — 66,6% (10/15).

Hamnune 1IOK Ha MOMEHT MOCTaHOBKHM JuarHo3a He Biusio Ha yactoty pCR B
JIBYX TpyIIax.

HOK mnocne HeoaxbIOBaHTHOM Tepanuu B rpynmne panHero PMJK He Obutk BBISB-
JICHBI, B TpyNIEe MecTHO-pacnpocTpanenHoro PMOK oOnapyxeHb! y 4 TarieHToK
(26,7%), u3 xoropeix y 3-x LHOK omnpenensiick 1 HA MOMEHT Hadasia JedeHUs. Y
1-0it m3 3-x GompHBIX gocturHyTa pCR, y 2-X — ocraBanack pe3uayaiabHAs OIy-
XOJb.

VY 4-it manmentku LJOK cramm ompenensaTses mocie JIYeHus], B TO BpeMs Kak Ha
MOMEHT MOCTaHOBKH JIMarHO3a OHM HEe OOHApYyXMBAINCh. Y 3TOH MALMEHTKH 3ape-
THCTPUPOBAHO TNPOrPECCUPOBaHKME 3a00JIEBaHUS B IPOILIECCE HEOabIOBAHTHOU
xumuoTepanuu. Marepecno, uro LIOK 0butn nmonoxuTenbHel 1o sxcnpeccuu HER-
2, HECMOTpsI Ha TO, YTO MEpPBUYHAs OIyXoyb Oblua orpunarenvHas no ER, PR,
Her2/neu no nanuasim UI'X.

HOK MoryT sIBISTBCS NMOTEHIUAIBHBIM MapkepoM 3¢(deKTHBHOCTH Tepamuu U
nporHo3a TeueHus 3adoneBanus. ®enorun [{OK moxer oTmudathest ot peHoTHIIA
TIEPBUYHON OITYXOJIH.

U.B. Camoiinenxo, I' FO. Xapkesuu., U.I". Mapxuna., JI.B. [{emuoos
AYTOUMMYHHBIE AHTUTEJIA ¥ BOJIbHbIX MEJIJAHOMOM KOXHN
B ITPOLIECCE AJIbIOBAHTHOMW UMMYHOTEPAIIUU

BBICOKHUMU JO3AMU UHTEP®EPOHA AJIb®A

Omoenenue buomepanuu onyxoneii, ®I'BY « POHI] um. H H. bnoxuna» PAMH
Anpec mist nepenucku: i.samoylenko@ronc.ru

Beenenne. AnbploBaHTHAas MMMYHOTEpAmusl MEJIAaHOMBI KOXKU IpenapaTaMy HH-
Tep¢epona anbda 2b B HacTosIIee BpeMs SBISIETCS €ANHCTBEHHBIM METOJIOM Jie-
YEeHUsI, KOTOpasi JOCTOBEPHO CHIDKAET PHCK MPOTPECCHPOBAHMS OCHOBHOTO 3a00-
JIEBaHUS U CMEPTH OT HETO.

B Hacrosmiee Bpemst He HalIeHO KaKMX-THOO OMOMapKepoB, KOTOpPBIE OBl MO3BO-
JIWIIM BBIIENUTH TPYINIY MAlUCHTOB, MONYYAOIINX MAaKCHMAaJbHYIO IIOJIB3y OT
MIPOBOANMOTO JICYEHHUSL.
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Martepuanbl 1 MeToabl. MBI IPOAHATIM3UPOBAIIM BO3MOYKHOE BIIUSIHUE TIPUCYTCT-
Bus ayroanturen IgG k tupeornoOynuny (TI') , Tupeonepokcunaze (TI10), muk-
pocomansHoMy aHTHreHy (MAT), K perenrtopam TupeotponHoro ropmona (pTTD),
antusiiepHbix aHTUTeN(ANA) 1 k pochomumuaam (IgG + IgM) B chIBOpOTKE Kpo-
BH IAIIMEHTOB TE€pe]] HaJaloM Tepalyy U UX MOSIBJICHUS B IIPOIECCE JICUCHNS NH-
Tep(epOHOM Ha BBDKHBAEMOCTh 0€3 MPOTPECCHPOBAHMS y OOIBHBIX, IMOTYJAOIINX
a/IbIOBAaHTHYI0 HMMYHOTEpaIiio uHTepheporoM anbda 2b. Ilampentam npoBoau-
JI0Ch JeueHne 1o cxeme uaTepdepoH anbda 2b 20 maa Ex/m2 nens 1-5, 4 Henenm,
nanee 5 muH. Ex 3p/Hen, cymmapHo 52 Henen.

PesyabsTatsl. B nepuon ¢ mapra 2009 mo nexabps 2012 B mccinenoBanue OBIIO
BKIIFOUCHO 29 OONBHBIX MenmaHoMod koxku. CpemHuil Bospact 45 mer £ 6,5 ner,
Myk9auHBI — 54%, ctagus 1IC — 5 6ompHBIX (17%), IIIC — 24 60mpHBIX (83%). Me-
muaHa BpeMeHu 0e3 mporpeccupoBanus (BBII) cocraBuma 16,0 mec. y G0ibpHBIX
IIC cranueit u 16,9 mec. y 6ompubix 1IC cTamueii (log rank p > 0.5) ; y marmenTon
C U3bsBICHHEM NepBUYHOH omyxomu — 10,6 mec., 6e3 m3bs3sineHus: 5,8 mec (log
rank p > 0.5). ¥ 5 u3 29 6omeHBIX (17%) Ha CKpUHUHTE OBLIO BBIIBICHO THATHO-
CTUYECKH 3HAYMMOE TIOBBIIICHHE OJJHOTO WJIM HECKOJBKHX M3 ONpPENeISIeMBIX I10-
Kazaresiel ayroaHTuTel. Hu y KOro M3 HanueHTOB HE ObUIO BBIABICHO KIMHUYE-
CKHUX MPU3HAKOB ayTOMMMYHHBIX 3200JIeBaHUH. Y BCEX MAIMEHTOB C HCXOJHO I0-
BBIIICHHBIM yPOBHEM AaHTHTENI OHHM IIEPCUCTUPOBAIM HA TPOTSDKCHUH JICUEHHUS.
Taxoke B Teuenue 1 roga mocjie Havaia JiedeHHs: y 3 OOJIBHBIX OBUIO OTMEUCHO I10-
BhimieHne ypoBHs aHtuten K TIIO, p TTI, 4To compoBOXIanoch MOHMKEHUEM
ypoBHs TTT', HO He pa3BUTHEM KIMHWYECKMX CHMOTOMOB. IIpu mpoBeneHnu per-
peccuonHoro ananmsa Cox He ObIIO BBIABIEHO cBsA3M Mexay BBII m mcxomupM
MIPUCYTCTBUEM ayTOAHTHTENl WIIM MX IMOSBIEHHEM B mpoiecce Teparnuu (p > 0.5).
Pemyknust mo3bl mpenapaToB (BO BpeMsi MHAYKIIMOHHOW (a3bl) moTpedoBanach
38% OonpHBIX. YacToTa JOCPOYHOTO MPEKpAIEHHs TEPaluu WIK PEIyKIUHU 103
TaKK€ HE pa3Inyanach B MOATPYNIAX MAlMCHTOB C HAJIMYUEM WJIN OTCYTCTBUEM
ayroanrturen (p > 0.5).

3akimouenne: lcxonHoe NMpUCYTCTBHE ayTOAHTUTEN HE SIBISICTCS MPEIUKTOPOM
ycrexa aJbIOBaHTHOW HMMMYHOTEPAIIMM BBICOKMMH /103aMU HHTepdepoHa anbda
2B u He sBnsgeTcs (pakTOpoM NPOTrHO3a B OTHOLICHUH Pa3BUTHUS HEXeEJIaTeNbHBIX
sBeHuiH. HeoOX0AMMBI TOMOMTHUTENBHBIC UCCIIENOBAHUS [yl OOHAPY)KEHHsT OHO-
MapKepoB aKTHBHOCTH HHTEp(dEepoHa ab(da B abIOBAHTHOM PEKHME.
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®I'bY «POHII um. H.H. baoxuna» PAMH

Poccuiickuii (poHa
(GyHIaMEeHTAJBbHBIX UCCJIEI0BAHUMA

10-aa Mestcoynapoonasn Kongpepenyus
«HUmmynonozus zemonosza»

Tema ko epeHuuu:
«B03MOXKHOCTH IpaTUKAUA
MHUHUMAJbHOM OCTATOYHOM 00J1€3HHU
NpH paKe v reMo0J1acTO3axX»

6-7 uroag 2013 r.

[Iporpamma / Program
Moderator- PROFESSOR G. JANOSSY (UCL, LONDON, UK)

X" International Conference
«Haematopoiesis Immunology»

«The possibilities of minimal residual disease
eradication in cancer and haemoblastoses»

6-7 June, 2013
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6 uroHs. Perucrpanus — Bech 1enn/ Registration 9.30-17.00

9.30-11.00 OTKPBITHE/ Opening Ceremony

Hpencenarens: npodeccop U.B. [1o0dybras - Unen-koppecnongaenr PAMH, mpo-
PEKTOp MO HAy4HOIl paboTe W MEXIyHapOIHOMY COTpyIHHYecTBY Poccuiickoit
MEIUIHCKOM aKkaJeMUH MOCIESIUIUIOMHOr0 00pa3oBaHus, 3aB. Kadenpol OHKOJIO-
run PMATIO, npencenarens obmecTBa oHKoremaronoros Poccun

Chairwoman: Professor Irina V.Poddubnaya — Corresponding member of the Rus-
sian Academy of Medical Sciences, deputy Rector of Russian Academy of
Postraduate Education, Head of Department of Oncology, Chairwoman of Russian
Society of Oncohematologists

IIpuBeTcTBEHHOE CJIOBO OPraHU3aTOPOB KOH(epeHIUuH

e  Unen-koppecnongaentr PAMH, mpodeccop U.B. Iomnyonas / Corre-
sponding member of Russian Academy of Medical Sciences, professor
[.V.Poddubnaya

e IlIpencenarens oprkomurera koHpepenumu npodeccop H.H. Tymunpa /
Chairman of the Organizing Committee Professor Nikolay Tupitsyn

e 3aB. Kimauko-naboparopasmv otnenom ®I'BY «POHIL um. H.H. Brioxuna»
PAMH, mpodeccop 3.I'. Kamarmmze/ Head of Clinical Laboratory Depart-
ment of FSBI «N.N. Blokhin RCRC» RAMN, Professor Zaira G. Kadagidze

e Tlpodeccop x. Txaroccu (Jlornon, BemkoOpuranms), «MOHOKIOHATH-
HbIe aHTHTENA: OT UMMYHOJJMArHOCTUKH K MMMYyHOTeparii. HoBble MuiieHn
u nepcrnektuBb / Professor G.Janossy (London, UK) «Monoclonal antibod-
ies: from immune diagnosis to immune therapy. New targets and prospects»

o IIpodeccop C. [dunuep, Mpe3UICHT ACCOIMALMU TeMaToloroB Typimu
«Typenikoe 3aKOHOJATEIHCTBO B 00JIACTH AJUIOT€HHBIX TpPaHCIUIAHTAIMN
B OHKOoremaTonoruu. Jlocturaytele pesynbratel» / Professor S.Dincer,
President of Turkish Haematology Association, “The Turkish legislation
in the field of allogenic transplantations in Oncology and Hematology.
The achieved results”.

e Jloxrop memumHCKIX Hayk JL.H. JIroOuenko, 3aB. Jlaboparopurei ximHmIe-
ckoii onkoreneTkd ®I'BY «POHII umenn H.H. biaoxuna» PAMH, Poccus,
«MonekyispHO-TeHeTHYeCKasl JMarHOCTUKAa MeJIAaHOMbI KaK OCHOBA 3pajiu-
karm» / Doctor of medical sciences L.N. Lubchenko, Head of Laboratory of
medical oncogenetics FSBI «N.N. Blokhin RCRC» RAMN, «Molecular ge-
netic diagnosis of melanoma as a basis for the eradication»

e TIIpodeccop E.M.Tpemanuna , 3aB. 1abopaTopreii KOMOMHUPOBAHHOH Te-
panuu onyxoner HUWM 5uTO ®I'bBY «POHIl umenn H.H.bnoxuna»
PAMH «Teopetuueckue M 3KCHEpUMEHTAIbHbBIE NMEPCIEKTUBbI dpajnKa-
i MmenaHoMbl» /Professor E.M Treshalina, Head of the laboratory of
combined therapy of tumors, FSBI «N.N. Blokhin RCRC» RAMN,
«Theoretical and experimental perspectives of melanoma eradicationy
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11.00 — CTBOJIOBBIE 1 IUPKYJIUPYIOIIUE OITYXOJIEBBIE KJIETKA
TUMOR STEM CELLS AND CIRCULATING TUMOR CELLS
Hpencenateau: IIpogeccop K. IMantens (JIupexTop otaena ouosorum omy-
xojeli YHuBepcurerckoro MeanuuHckoro uentpa I'amOypr-dnnengopd,
I'epmanus), npodeccop A.A.Ituae (3aBenyrommii nadoparopueii rudenn
onyxojeBbix KkiaeTok, HHNUN kanueporeneza @®I'BY «POHIL umenn
H.H.Bnoxuna» PAMH, Poccus), npogeccop B.A. Xaiisenko (3aBexyrommii
kadenpoii OHKOJIOrHU PocCCHIICKOr0 HAIMOHAJIIBLHOIO HCCIEI0BATEIbCKOIO
MeanuuHcKoro ynusepcurera uM. H.W.ITuporosa, Poccus)

Chairpersons: Professor K. Pantel (Director of the Department of Tumor Bi-
ology University Medical Center Hamburg-Eppendorf, Germany), Professor
A.A. Shtil (Head, Laboratory of tumor cell death, Research Institute of Car-
cinogenesis FSBI “N.N.Blokhin RCRC” RAMN, Russia), Professor V.A.
Khaylenko (Head of department of Oncology Pirogov Russian National Re-
search Medical University, Russia)

11.00 — 11.20 Kamepun Anuxc-Ilanadbuep, Ph.D. (louenrt, YHuBepcureTckuit
MEIULIUHCKUI 1eHTp, YHuBepcuteT Monnense, bonpnauna Crt. Onya, MHCcTUTYT
uccienoBaHuil B Ouorepanud, Jlaboparopus peAKnMX LHUPKYJIUPYIOLIMX KIETOK
yenoBeka, Monmense, Opanmms) «MeToasl onpeaeracHns U ONOTOTHIECKUE CBOM-
CTBa IIUPKYJIHPYIOMINX OIMyXoJIeBHIX KieTok» / Catherine Alix-Panabieres, Ph.D.
(Maitre de Conférences des Universités — Praticien Hospitalier Laboratoire Cel-
lules Circulantes Rares Humaines— LCCRH Institut de Recherche
en Biothérapie — IRB, Université Montpellier 1, Hopital Saint-Eloi — CHRU Mont-
pellier, France) «CTC detection and biology»

11.20 — 11.40. ITpodeccop K. ITanTtens «Knuanueckoe 3HaUCHUE OMPEICICHUS U
XapaKTEPUCTHKH MUPKYITHPYIOMINX U JUCCEMUHHPOBAHHBIX OIYXOJIEBBIX KJICTOK)
/ Professor K.Pantel, M.D., Ph.D. (Germany), «Clinical implications of CTC/DTC
detection and characterization»

11.40 — 12.10. E. B. Mopo3oBa — kKaHAHIAT MEIUIWHCKUX HAYK, JOUEHT Kadeape
reMaToJIorTHH, Tpancgysuonoruy, tpaHcimiantonorun CII6IMY um. akan. W.II.
ITaBnoBa, (Poccus) «Jleliko3Hble CTBOJIOBBIE KiIeTKH Ipu XMJI: Bo3MOXkHa 1 3pa-
mukaima?» / E.V. Morozova Md, PhD (Assistant Professor of the chair of Hema-
tology, Transfusiology and Transplantology St. Petersburg state medical University
named after Acad. I.LP. Pavlov) «Human leukaemic stem cells in CML: is the
eradication possible?”

12.10 — 12.25. Bpeit Augpeac, PhD (I'epmanus) «AKyCTHYECKHH IUTOMETP ATb-
1on»/ Brey Andreas, PhD, Technical Sales Specialist Attune Flow Cytometer & Flow
Solutions (Life Technologies, Germany) «The Attune acoustic cytometer»
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12.25 — 12.45. C.Aanei, PhD, Accucrent npodeccopa (Jlaboparopus rematosoruy,
CHU Cant Otben, Opaniys) «MecTo cTpOMAIEHOIO MUKPOOKPYXKEHHS B MaTo(hu-
3MOJIOTHH MHENOJUCIIacTHYeckuX cuHApoMoB» / C. Aanei (Assistant Professor
Laboratory of Hematology, CHU St. Etienne France), «The place of stromal micro-
environment in myelodysplastic syndromes (MDS) pathophysiology»

12.45 — 13.05. IIpodeccop B.Guvench (Cekperaps acconmarim reMaronaoros Typiium)
«mmynoabcopbums ¢ mmasmadepesom» /Professor B.Guvench (Secretary of Turkish
Hematology Association, Turkey) « Immunoadsorption with plasmapheresis»

13.05S — 13.15. Acrmupantr E.O.Urnarosa, (Poccus) ®I'BY «POHIl wumenu
H.H.bnoxuna» PAMH «AHnanu3 nupKyJIUpyOIUX OMyXOJEBBIX KJIETOK IpHU Mpo-
BEJCHUH TIPEJONEPAMOHHON XUMHOTEpaniy OOJIBHBIM TPOMHBIM HEraTHBHBIM
paxoMm MoJlo4HOM xene3b» / Postgraduate student E. O. Ignatova, FSBI «N.N.
Blokhin RCRC» RAMN (Russia) «Analysis of circulating tumor cells in conduct-
ing of pre-operative chemotherapy patients with triple negative breast cancer»

13.15 — 13.25. Acmmpant O.A. boromonosa, ['Y3 OGmacTHOM KITMHIIECKHUI OHKOJIO-
TMYECKUI AMUCIAHCEpP, I. YIbSHOBCK, «JlMarHoCTHKa NUCCEMUHUPOBAHHBIX KJIETOK
paka MOJIOUHOM KeJie3bl B KOCTHOM MO3Te C MOMOIIBI0 METO/Ia IPOTOYHOM IIMTOMET-
pum» / O.A. Bogomolova Regional clinical Oncology center, Ulyanovsk, «Diagnosis of
disseminated tumor of brest cancer cells in the bone marrow using Flow cytometry»

13.25 - 14.25 O6en/Lunch

14.25-16.10 ®YHJIAMEHTAJIBHBIE BOITPOCbI UMMYHOJIOTI'MHU PAKA
FUNDAMENTAL CANCER IMMUNOLOGY

Ilpencenareau: mnpodeccop 3.I'. Kamarumze (Poccust), mnpodeccop

Jk. xkanoceu (Anriaus), npogeccop b.B. IMunernn (3aBeayroumuii oTaeaom

HMMYHOAUATHOCTHKH U nMMYHOKoppekunu «['HII MHCTUTYT HMMYHOJIOTHI

®MBA Poccun), K. Jlamoep (Ppanuust)

Chairpersons: Professor Z. G. Kadagidze (Russia), Professor G.Janossy (Lon-

don, UK), Professor B.V. Pinegin (Head of department of Immune diagnos-

tics and immune correction “State Scientific Center Institute of Immunology”

Federal Medical Biological Agency, Russia), C. Lambert (France)

14.25 — 14.45 TIpodeccop Bb.B. IIunerus, B.H.c. M.B. ITamenkoB (Otnen nMmyHomar-
HocTUKK ¥ MMMyHOKoppekimn OI'bY «'HI MucTuTyT nvmyHonorum» ®MBA Poc-
cun) «BpoXKaeHHBIH POTHBOOIYXOJEBbIH MMMYHHUTET. BO3MOXKHOCTH CTUMYJISILIID /
Professor B. V. Pinegin, leading researcher M. V. Paschencov ( the Department of immu-
nodiagnostics and immuncorrection «SSC Institute of immunology», Federal Medical-
Biological Agency of Russia) «Innate anti-tumour immunity. Possibilities of stimulationy
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14.45 — 15.05. K. Jlambep, Ph.D., [Ipe3unent EBponeiickoro oomecTBa

o KiInHIYeckomy kierouHomy ananmsy (ESCCA); koncynbrant, Jlaboparopus
HMMMYHOJIOTHH, Y HUBEPCUTETCKast O0NbHUIA, BhICIIas HarmoHaNbHas TopHast
mkona, Cant-OtheH, Ppannust) «HeoObranble henoTums! T-KIeToK, onpenense-
MbIe IpoTouHOi nuTomerpueit» / Claude Lambert, PhD. President of European
Society for Clinical Cell Analysis (ESCCA; Consultant, Immunology Lab CHU/
Univ Hospital & Ecole Nationale Supérieure des Mines, Saint-Etienne, France),
«T-cells unconventional phenotypes on Flow cytometry».

15.05 — 15.25 TlIpodeccop Kamarumze 3.T'., 3aB. Kiinuuko-1abopatopHbiM OT/Ie-
nom ®I'BY «POHI] wm. H.H. bnoxuna»y PAMH, «OcHoBHbIe nomynsnuud T-
KIICTOK MPH OmyXoyieBoM pocte» / Professor Zaira G. Kadagidze, Head of Clinical
Laboratory Department of FSBI «N.N. Blokhin RCRC» RAMN (Russia) «T-cell
subpopulations in tumor growthy

15.25 — 15.40. IIpodeccop Tymuup H.H. 3aB. JlabopaTopueit IMMYyHOIOTHH Te-
momos3za PI'BY «POHII mm. H.H. bnoxuna» PAMH, «Poib kocTHOro mosra
B IpoTHBOOITyX0sieBoM nmmyHHTeTe» / Professor Nikolai N. Tupitsyn, Head of the
Laboratory of Haematopoiesis Immunology, FSBI =~ «N.N. Blokhin RCRC»
RAMN (Russia), «Role of bone marrow in tumor immunity»

15.40 — 15.50. ®.A. lamunos, ®I'bY «POHIL] nmenn H.H.bnoxuna» PAMH,
(Poccust) «IlonrokcuaoHM B HEOAIBIOBAHTHON MMMYHOTEPANMK paka MOJOYHON
xene3b / F.A. Shamilov, FSBI «N.N. Blokhin RCRC» RAMN (Russia), «Poly-
oxidonium in neo-adjuvant immunotherapy of breast cancer»

15.50 — 16.00. Kangunat meaumuackux Hayk C.B. Jlenkos, JloneHnT kadeapsr roc-
mutanbHON Tepanmmu Ne2 PHUY wmm. H.M.IMTuporosa «HCV-accommmpoBaHHBIE
aumbome» / S.V. Lepkov, MD., Ph.D., Assistant Professor, Chair of Hospital
Therapy, Pirogov RNRMU, Russia «HCV-associated lymphomay

16.00 — 16.10. xanaunat meauiuHckux Hayk W.B.Camoiinenko, otnenenne ouo-
tepanuu omyxoneil HUM Knunuueckoit onkonorun ®I'bY «POHL umenu H.H.
Brmoxuna» PAMH, «AyToMMMyHHBIC aHTHTeNa y OOJBHBIX MEITaHOMOH KOXH B
Iporecce aJbIOBAaHTHOW MMMYHOTEpPAINU BBHICOKMMH JI03aMH HHTEp(EepoHa aib-
¢a» /1.V. Samoylenko, MD, PhD FSBI «N.N. Blokhin RCRC» RAMN, «Auto-
immune antibodies in patients with melanoma of the skin in the process of adju-
vant immunotherapy with high doses of interferon Alfay
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7 uionst 2013 r

9.30 — 12.25. HOPMAJIbHASA TU®®EPEHIINPOBKA

N MUHUMAJIBHASI OCTATOYHASI BOJIE3Hb

IIPU OIYXOJISIX KPOBU

NORMAL DIFFERENTIATION,

AND MINIMAL RESIDUAL DISEASE

IN TUMORS OF THE BLOOD

Mpencenarean: Prof.dr. A.A. van de Loosdrecht (Hunepaanasi), nouent E.B.
Mopo3zoBa (Poccusi), A.Rawstron, Ph.D (Aurausi)), npogeccop C.dunuep
(Typuns), npodeccop dennc I'morar (3aB. OTAC/ICHMEM IeMATOJOTHUA MHCTH-
TyTa KaHuepoJoruy, r. Cant dtuen, @paHuus), J0KTOpP MeTULIHMHCKHUX HAYK
N.C.Joarono/ioB (Bexyumuii HAyYHbIii COTPYAHUK, OTAeJeHHE TPAHCIIAHTA-
unu HUU 10T ®T'BY «POHII umenu H.H.Baoxuna» PAMH

Chairpersons: Professor A.A. van de Loosdrecht (Netherlands), Assistant Pro-
fessor E.V. Morozova (Russia), A.Rawstron, Ph.D (UK), Professor S.Dincer
(Turkey), professor Denis Guyotat (Head of Hematology department, Institute
Cancerologie, Saint Etienne, France), 1.S.Dolgopolov, doctor of Medical Sci-
ences, Leading Researcher, Department of Transplantation, Institute of Chil-
dren Oncology and Hematology FSBI “N.N.Blokhin RCRC” RAMN

9.30 — 9.50. ITpodeccop remaromorun A.A. Ban ne Jloocapext (Otaen remMaToso-
TUM, LEHTP U3Y4YECHUs paKa, Y HUBEPCUTETCKUI MEIULMHCKUI LIEHTP, AMCTEpaaM,
Hupnepnanapl) «MMmyHonoruueckue npouin HOPMaIbHOTO M JAUCILIACTHYECKO-
T'O KPOBETBOPEHUS: POJIb PU MUEIOANCIUIACTHYECKIX cuHApoMaxy/ Prof.dr. A.A.
van de Loosdrecht (Professor of Hematology Department of Hematology, Cancer
Center Amsterdam VU University Medical Center, Amsterdam, Netherlands)
«Immunological profiles of normal and dysplastic hematopoiesis: the Impact
in Myelodysplastic Syndromes»

9.50 — 10.10 Kanmunar menunuHckux Hayk K.H. MenkoBa, 3aB. oTneneHuem
TpaHcmianTanuu koctHoro mo3ra, ®I'bY «POHIl um. H.H. bnoxuna»y PAMH
«Becermamm mokazaHa  3pajMKaIis MHHHAMAaJIbHOM OCTaTOYHOH Oo0Jie3HH
B onkorematonorun?y» / Ph.D. K.N. Melkova, Head of Department bone marrow
transplantation, FSBI «N.N. Blokhin RCRC» RAMN (Russia) «Is it always nec-
essary to eradicate minimal residual disease in oncohematology?»

10.10 — 10.20 Kanmunar meauumHckux Hayk H0.B.UepBoHo0ab «KauectBo xwms3-
HU OHKOoTeMaToorndeckux 6ompHBIX» / Ph.D. Y.V. Chervonobab «The quality of
life of oncohematological patients»
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10.20 — 10.30. E.M. I'penioB (OOO «buonaita», Poccust) «MeToamaeckie moaxo-
bl K m3ydeHnto MPB mpu remo6nacrozax» / E.M. Gretsov (“Bioline”, Russia)
“Methodological principals of MRD determination in Haemoblastoses”

10.30 — 10.50. A.Payctpon., Ph.D. KoHCynbTaHT, KIMHIYECKUH HCCIIEIOBATENb,
HMDS, otneneHne reMaToNoruu MHCTUTyTa oHKonoruu St. James's (JIugc, AHT-
nmst) «Martepuaiel coBemanust FDA (8 mapra 2013 1.): pors MP/] B KITHHHYECKIX
mpotokonax mpu XJIJI» / Professor Rawstron A., Ph.D., Consultant Clinical Sci-
entist HMDS Department of Haematology St. James's Institute of Oncology
(Leeds, UK), «Anupdate ofthe FDA meeting (8th March, 2013) designed
to determine whether residual disease in CLL is an appropriate end-point for clini-
cal trials»

10.50 — 10.55. Kangunat MmeaunuHckux Hayk A.C. [lonskoB, HauansHuk remaro-
JIOTMYECKOTO OTAENEHHs KIMHUKHU (akynpTeTckoit Tepamun BMA nm. C.M. Kupo-
Ba, T. Cankt-IleTepOypr, Poccus, «Knuanmueckuii cimyqait. XJIJI y 60npHOM TOXKH-
moro Bo3pacra. Ompeneneane MPBy» / A.S. Polyakov, Ph.D., Head of Haemato-
logical Department, Faculty Therapy clinic S.M. Kirov MMA, St.-Petersburg
(Russia), «Case report. CLL in elderly patient. MRD determination»

10.55 — 11.15. TIpodeccop A.B. ®unaros, 3aB. naboparopueii UMMYyHOXHUMHUHU
OI'BY «I'HII UuctuTyT nmmyHomorum» @DOMBA Poccun, «®Pusnonoruyeckas
ocHoBa abeppantHoro ¢enoruna B-XJIJI» / Professor A.V. Filatov, Head of the
laboratory of immunochemistry «SSC Institute of immunology» FMBA, Russia
«The physiological basis of the aberrant phenotype In CLL»

11.15 — 11.35. IIpodeccop Jnmus Kammoc (®panums), PykoBoaurensb ciayx0b1
1a00paTOPHOM TEMATOJNIOTHH, 3aM. KOOPAWHATOpPA IPOrpaMMBlI OHOJIOTHH ¥ MATO-
JIOTUH, Tpyma GHONOTHH U OHOTEepaIiy, WIeH aAMHHUCTPATUBHOIO COBETa acco-
nuarmu nuToMeTpun @pannuu, Cant O1bheH) « MUHHMANbHAS pe3uIyaidbHas 00-
ne3us npu OMJDy / Professor Lydia Campos, Chef de service Laboratoire d'Héma-
tologie Coordonnatrice adjointe du Plateau Biologie Pathologie LBMC-UMRS5239
/ Groupe Oncologie et Biothérapies Membre CA - Association Francaise Cy-
tométrie CHU (France), «Minimal Residual disease in AML»

11.35 — 11.55. Kanaunat meaununckux Hayk [llamanckuit C.B., 3aB. otnenenuem
MHTEHCUBHOW xumuoTtepanuu u wMuenorpancmiantauuu [HI[ I'BKT um. akazne-
muka H.H.Bypnenko, Poccust «IlocTTpaHcmiaHTaMOHHAs TEpanusl OpU MHOXKECT-
BEHHOW MHeENIOMe: KOHTPOJIh MHHHUMAIBFHOW OcTaTo4HO# Oone3Hm» / S.V. Sha-
manskiy, MD, Ph.D. , Head of the Department of intensive chemotherapy and
myelotransplantation, N. N. Burdenko Central Military Hospital «Posttransplanta-
tion therapy for multiple myeloma: monitoring of minimal residual disease»
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11.55 — 12.15 [oxrop meauuuHckux Hayk A.B. Iloma, 3aB. oTaenenueM XUMHO-
tepanuu remoOmactozoB HUU JI0ul” ®I'BY «POHIL] umenn H.H.Bnoxuuay
PAMH «Ponp spagukanuu MPB B ynyumenun pesynsTatoB jedeHus OJLI
y neteit» / Doctor of medical Sciences A.V. Popa, Head of the Department of
chemotherapy of hemoblastoses Institute of Children oncology and hematology
FSBI “N.N.Blokhin RCRC” PAMN, «The role of MRD eradication in improve-
ment of treatment results in children ALL»

12.15 - 12.25. Kanaunatr meaunuHckux Hayk T.T. Bamues, HUU AOul’ ®I'BY
«POHL] umenn H.H. bnoxuna» PAMH, MockBa «TaprerHas Tepamusi MO3JHUX
craguii B-knerounsix umdom y nereit” / Valiev T.T. , Ph.D. Institute of Children
Oncology FSBI «N.N. Blokhin RCRC» RAMN, (Russia), «Targeted therapy of
advanced stages B-cell lymphomas in children»

12.25 — 12.35. T.3. UepHsBcKas OTAeNCHWE TPAHCIUIAHTAI[MH KOCTHOTO MO3Ta
OI'bY «POHL] nm. H.H.broxunay PAMH «/cnonp30BaHne CTUMYINPOBAHHOTO
KOCTHOTO Mo3ra ais TpaHcmantamm» / T.Z. Chernyavskaya, Gepartment of bone
marrow transplantation FSBI «N.N. Blokhin RCRC» RAMN, «Stimulated bone
marrow in transplantation»

12.35 — 12.50 epepsiB, kode. Coffee-break

12.50-13.40 HOBOE B CEJIEKTUBHOM UMMYHOTEPAIIMU PAKA —
ECTECTBEHHBIE IEHTAMEPHBIE IgM-AHTUTEJIA

NEWS IN IMMUNE THERAPY

OF CANCER - NATURAL PENTAMERIC IgM-ANTIBODIES
IIpencenarenu: npogeccop H.B. boBun (3aBeayromuii saGoparopueii yrJe-
BoaoB, UBX um. akagemukos M.M.lllemskuna u 10.A.Opunnaukosa PAH
Poccus), npodeccop JI.B. lemunos (3aBeaywommuii oTaeleHueM OuoTepanun
onyxojeil ®PI'BY «POHL umenn H.H.biaoxuna» PAMH,Poccus), npogeccop
N.K.BopoTHUKOB 3aBelyIOIIUi XHPYPru4ecKUM OTAeJeHHEeM OIyXoJieil Mo-
Jo4HbIX xeje3 PI'BY «POHL umenn H.H.biroxuna» PAMH

Chairmen: Professor N.V. Bovin (Head of Laboratory of carbohydrates,
M.M.Shemyakin and Yu.A.Ovchinnikov Institute of Bio-organic chemistry,
Academy of Sciences, Russia), Professor L.V. Demidov (Head of Dept. of bio-
therapy FSBI “N.N. Blokhin RCRC” RAMN, Russia), Professor I.K. Vorot-
nikov — Head of Surgery Department of Breast Cancer, FSBI “N.N. Blokhin
RCRC” RAMN
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1250 - 13.20. ®. Xencen, Ph.D., (I'epmanms) Bume mnpesunent Research
& Development, Patrys Ltd, ABctpamust «Patrys Ltd — xomnanwus, HateneHHast Ha pas-
BUTHE €CTECTBEHHBIX uesioBedeckux IgM aHTuTen mis nedeHus pakay, «[Ipeaximiau-
YeCKOe Pa3BUTHE W PaHHSS KIMHUYECKas OIeHKA d(PEKTUBHOCTH YEIOBEYECKHX MO-
HokoHAMBHBIX aHTHTeNn IgM PAT-SC, cnemmduunbix mst paka sxemynka» / Frank
Hensel, Ph.D. (Germany) Vice President Research & Development, Patrys Ltd., Aus-
tralia «Patrys Ltd — A Company focused on the development of natural human IgM
antibodies for the treatment of cancer». «Preclinical development and early clinical
evaluation of the gastric cancer specific human monoclonal antibodies IgM PAT-SC»

13.20-13.40 IEPCHEKTUBHBIE PASPABOTKH

POCCHUMCKHUX YUEHBIX B OBJIACTH JIJEUEHHUS PAKA
PROMISING DEVELOPMENTS

OF RUSSIAN SCIENTISTS IN CANCER TREATMENT

Ipencenarenn: npodeccop O.A.PykaBulbIH — HAYAJBHUK reMaToJIOTHYe-
cxoro nentpa I'BKT" um. akagemuka H.H.Bypnenko

Chairman: Professor O.A. Rukavitsyn — Head of Haematological Cen-

ter, N.N.Burdenko State Clinical Hospital

13.20 — 13.40. Kangunat xumnueckux Hayk [.I.YUmmos, (Poccus) I'enepanbHblii
nupekrop "National Pharmaceutical Technologies", «PF-114 — HOBbI# nekapcT-
BEHHBIW KaHAWAAT ISl TEPallMi PE3UCTEHTHBIX (POPM XPOHHUYECKOTO MHUENOIEHKO-
3a, 00ycioBiaeHHbIX MyTanusamMu B Ber-Ably / G.G. Chilov (Director general "Na-
tional Pharmaceutical Technologies"), «A new drug candidate for treatment of re-
sistant forms of chronic myeloid leukemia related to Ber-Abl mutations»

13.40 — 14.20. OBEJl / LUNCH

14.20-16.00. MEPCIIEKTUBbI PAJINKALIMU PAKA

U TEMOBJIACTO30B

FUTURE DEVELOPMENT OF CANCER

AND HEMOBLASTOSES ERADICATION

Ipencenarenn: npodeccop K.W. ’Kopnanna (Poccus), 10KTOp MEAMIUHCKHUX Ha-
yk E.B. ApramonoBa (Poccus), noxrop Mmeruuuackux Hayk A.B. ITona (Poccnst)
Chairpersons: Professor K. 1. Zhordania (Russia), Doctor of medical Sciences
E.V. Artamonova (Russia), Doctor of medical Sciences A. Popa (Russia)

14.20 -14.40. IIpodeccop Hdemumor JI.B., 3aB. oTHeneHneM OHOTEpanuu OIyXO-
et ®I'BY «POHL nmenn H.H.bnoxuna» «Menanoma. IlepcrekTuBsl 3paauka-
muu. Poms mmMmyHOTepamuu » / Professor L.V. Demidov, Head of the Department
of biotherapy of tumors , FSBI «N.N. Blokhin RCRC» RAMN, «Melanoma. Per-
spectives of eradication. The role of immunotherapy»
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14.40 — 15.00. Joxtop MeauuuHCKNX Hayk ApramoHoBa E.B., Benymuii Hay4HbIH
COTPYJHHK OT/ENEHHS M3Y4YEHHs HOBBIX IPOTHBOOMYXOJIEBBIX JiekapcTB «POHL]
uM. H.H. bnoxuna» PAMH «JluccemruHupoBaHHbIE COTUAHBIE OMMYXOIH: BO3MOX-
Ha JIA 3paguKanys pe3umyalbHbIX MUKpomeracTa3zoB?» / Doctor of medical Sci-
ences E.V. Artamonova , Leading researcher, Department for the study of new
anticancer drugs , FSBI «N.N. Blokhin RCRC» RAMN, «Disseminated solid tu-
mors: whether the eradication of residual metastases is possible?»

15.00 — 15.20. ITpodeccop Kopnanua K.M., Benymmii HaydHbIi COTPYIHUK OT/Ie-
nenust Tunekosorun ®I'bY «POHII nmenu H.H.bnoxuna» PAMH , «KakoBa uc-
THUHHAs YacToTa paHHUX (opM paka ssuuHuKoB?» / Professor K. 1. Zhordani, Lead-
ing researcher Department of gynecology, FSBI «N.N. Blokhin RCRC» RAMN,
«What is the frequency of early forms of ovarian cancer?»

15.20 — 15.40. Kanguaar meauuuHckux Hayk A.A. TpsKuH, BeOyUIUMil Hay4YHBIH
COTPYJIHHK OTAENEHHS KIMHUYECKOH (apmakonornn u xumuorepannn PI'BY
«POHL] umenn H.H.bnoxuna» PAMH «Cemunoma. Haunydimue npyu COMUIHBIX
OITyXOJIAX PE3yNbTaThl XUMHOTEPaNuy. 3aJeHCTBOBaHA JIN HIMMYyHHas cuctema?» /
Ph.D. A.A. Tryakin, Leading researcher Department of clinical pharmacology and
chemotherapy, FSBI «N.N. Blokhin RCRC» RAMN, «Seminoma. The best che-
motherapy results in solid tumors. Is immune system involved?»

15.40 — 16.00. JoxTop 6uonormueckux Hayk A.D. Kapamsbimesa , Begymmii Hayd-
HBII COTPYJHUK Ja0OpaTOpPHUU TeHETUKH omyxouieBbiX kietok HUU Kanneporene-
3a ®I'BY «POHI] umenu H.H.brnoxuna» «buonornueckoe u KIIMHUYECKOE 3HAYE-
nue skcrpeccuu VEGF u VEGFR kitetkamu MHOXKECTBEHHOM Mueomel» / Doctor
of biological Sciences A.F. Karamysheva , Leading researcher, laboratory of genet-
ics of tumor cells research Institute of Carcinogenesis, «Biological and clinical
significance of the expression of VEGF and VEGFR cells in multiple myelomay

KOHKYPC PABOT MOJIOJAbIX YYEHBIX

THE CONTEST OF YOUNG SCIENTISTS

ACopu: Ipencenarens coBera MoJioabiX yueHblx PI'BY «POHL um. H.H. Baoxu-
Ha» PAMH kanmunat memuuacknx Hayk U.B. Camoiitenxo (Poccust), I-p Annu
Payctpon (Anrius), mpogeccop B. Guvench (Typist), 10KTOp OHOJIOTHYECKHX HAYK
A.®. Kapambiiea ( Poccust), [Ipogeccop JIunus Kammnoc (Ppanuus)

Jury: the Chairman of the Council of young scientists of theFSBI “N.N. Blokhin
RCRC” of RAMN Candidate of medical Sciences I.V. Samoilenko (Russia), Dr.
Andy Rawstron (England), Professor B. Guvench (Turkey), doctor of biological
Sciences A.F. Karamysheva (Russia), Professor Lydia Campos (France)

16.00. 3BABEPIIEHUE KOH®EPEHIINHN / CLOSING CONFERENCE
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Pucynox k cmamoe JI. Kamnoc

OHNPEJEJTEHUE MUHUMAJIBHOI'O OCTATOYHOI'O 3ABOJIEBAHUSA
METO/JOM NPOTOYHOM IATOMETPHUU

P OCTPOM MMEJIOUTHOM JIEUKO3E

Picture by L. Campos
DETECTION OF MINIMAL RESIDUAL DISEASE
IN ACUTE MYELOID LEUKEMIA BY FLOW CYTOMETRY
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Puc. 1. IIpumep BosBiaenus JIA® y GompHoro OMII (6-uBeTHas mpoTodHAs

OUTOMETPHS).
Ilpu mocranoBke muarHo3a ompenensuiuch 2 JIA® wa Omactax OMIJI (eBblit rpaduk):
TepBbIi abeppaHTHBI aHTHreHHsid npoduas CD34°CD38'CD33°'CDS56 CD19™ (romy6oit
IIBET) BCTpeyaeTcst KpaiiHe pesko (ypoBeHs BbisBIeHus Hike 0,5% CD45" keTok B HOpMe),
a BTopas abeppamms CD34'CD38°CD33'CD56'CD19™ (posossiit mBeT) B HOpMamsHOM KM
TIOJTHOCTBIO OTCYTCTBYeT. OlHa M3 yKa3aHHBIX MOIMYJISIH (TOIy0oi IBET, IPaBblii TpaduK)
TIEPCUCTHPOBAIA TIOCIIE XUMUOTEPAINH U, CIIEJI0BaTeIbHO, 00YCIOBIIA PELU/INB.
lefitupoBanne mpoBeneHo Ha ocHoBe dkcmpeccun CD45 B xombuuammu ¢ SSC, 4ro
II03BOJISIET YETKO OTAENUTH KiietTkn CD45'° (kenTslil 1BeT) u aGeppaHTHEE (PEHOTHIIBI
(romyOoit U po30BBIi IBeTa) OT JIMM(OLUTOB (3eeHbli 1BeT), 6a30(uI0B (OUPIO30BEIN
LIBET), MOHOIIUTOB (CHHHH IIBET) U TPAHYJIOLHUTOB (CUPEHEBBIN IIBET).




Fig. 1. Representative example for detection of LAPs in an AML patient (6 color
flow cytometric assay).
Two LAPs on AML blasts have detected at diagnosis (left dot-plot): first aberrant
antigen profile CD34"CD38"CD33"CD56 CD19™ (light blue) is extremely infrequent
(detection level is below 0.5% of CD45" cells in normal settings), and the second
aberration CD34"CD38'CD33"CD56'CD19™ (pink population) is totally absent in
normal BM.
Post-chemotherapy one of these populations (light-blue; right dot-plot) persisted and
thereafter has been responsible for relapse.
Gating is based on the exlpression of CD45 in combination with the SSC, which allows a
clear separation of CD45°" cells (yellow) and aberrant phenotypes (light-blue and pink)
from lymphocytes (green), basophils (turquoise), monocytes (dark-blue), and granulo-
cytes (lavender).
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Puc. 2. ITpumep BoisBienns JIAD B npoaykre ayromornyabix CKIIK.
JIA® (CD34 HLA'DRCD33'CD117 CD15") onpezensncs Bo Beex ciyyasx OMJI mpu
MOCTaHOBKE AWarxo3a (MepBbI psf; YpOBEHb AETEKTHPOBaHHA 3,6% IO CPaBHEHHIO C
noporoBeiM yposHeM 0,5% B HopmansHoM KM), HO He BBIBIEH B mpoaykre adepesa
(BTOpOIA psam).

B



Fig. 2. Example of LAP detection in autologous PBSC product.
LAP (CD34~ HLA-DR™ CD33* CD117" CD15") detected in an AML patient at
diagnosis (first line; level of detection of 3.6% compared to cut-off value of 0.5% in
normal BM) has been uncovered in apheresis product (second line).

Pucynoxu x cmamve T.B. I'opbynoeoii

AHAJIN3 KJIMHUYECKHA 3HAYAMBIX CYBIIONYJISIIANA
JIMM®OIIUTOB KOCTHOI'O MO3T'A Y JIETEM

P PABAOMMUOCAPKOME U OCCHO

Picture by T.V. Gorbunova

ANALYSIS OF CLINICALLY SIGNIFICANT SUBSETS
OF BONE MARROW LYMPHOCYTES IN CHILDREN
WITH RHABDOMYOSARCOMA AND ESFT

S56-Heigh
S5C-Heigh

Puc. 1. Cybnonymsiuuu numdonntoB KM y nereit o0cinenyeMoro KOHTHHTEHTA.
A: reiit 3pensix (CD45™") mumpormros. Onpenenenne % T— (CD3Y), B— (CD19"),
NK-knerok (CD3°CD56") 1 CD5" B-1uMdOIHTOB B TeiiTe 3pebIX THM(OIHTOB
(CD45™).
B: cy6nonynsamuu T-numpouutos B reiite CD3".

Fig. 1. Lymphocyte subsets of bone marrow in children EAH.
A: gate of mature (CD45"") lymphocytes for measuring proportions of T— (CD3"),
B- (CD19"), NK-cells (CD3-CD56") and CD5" B-lymphocytes in the gate of
mature (CD45 ™) lymphocytes.
B: gate of CD3" cells for measuring T-lymphocyte subset proportions.
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Puc. 2. T'ereporennocts CD8" nuMdonuTOB KOCTHOrO MO3ra jeTell Mo JKcrpec-
cuM auturenos CD57.

A HU3Kas SKCIIpeccusl.

B: BBICOKast sKCTIpeccusl.

B: CD28. [IpencraBiieHbl KIETKHU B reiTe CD3" JTUM(OIIUTOB.

Fig. 2. Heterogeneity of CD8" lymphocytes in bone marrow of children by
expression of CD57.

A: low expression.

B: high expression.

C: CD28. Cells in the gate of CD3" lymphocytes.



Pucynox k cmamve K. Jlambep
HCCJIEJOBAHME BBIPA)KEHHOM TETEPOT'EHHOCTH T-KJIETOK
METO/JOM NPOTOYHOM IATOMETPHUU

Picture by C. Lambert
EXPLORING THE T CELL HIGH DIVERSITY USING
FLOWCYTOMETRY
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Puc. 1. Cy6nonynsitun T-ki1eTok, naeHTH(GHINPOBAHHBIE METOJOM MPOTOYHOU
LIUTOMETPUHU C HCIOJIb30BaHHEM OJHOBpeMeHHO 6 mapkepo (CD4, a) u CD3,
CD4, CD8, CD56, CD19 (b). Knaccuueckue cyonomynsimn T-knetox (CD4™ u
CD8*, ¢) ompenemstorest cpemu CD3" T-kierox. HeoOwbramele (eHOTUNB B
otHoieHnn CD4 n CD8 HaOmrofaroTcsi Kak HE3HAUYUTENbHBIE HCKIIOYEHHS Y
HeOOoBIIOro umucna 6onbHbIX. Todeunsle rpaduku ¢ u d mokaseator CD3" T-
kinetkn: CD4dimCD8" (d), CD4*CD8dim (e) u CD8dim (f).

Fig. 1. I T cell subsets identified by Flowcytometry using 6 simultaneous markers
(CD45panel a) and on CD3, CD4, CD8, CD56, CD19 (panel b). Conventional T cell
subsets (CD4" or CD8" panel c) are defined amont CD3" T cells. More, non
conventional phenotypes regarding to CD4 and CD8 markers are observed as
minority except is few patients. Dot plots ¢ to d are focused on CD3" T cells:
CD4dimCDS8" (panel d) CD4 CD8dim (panel e) and CD8dim (panel f).
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Puc. 2. TKP VB knonoruner B CD4* u CD8* unmn HeoObunbIx cyOnomynsuusx T-
KIETOK y 3 penpe3eHTaTHBHBIX OONbHBIX. OOpa3lbl KpPOBH ATHX MALMECHTOB
Metunu CD3, CD4, CD8a, CD8p u 2 u3 22 antuTtenamu K kioHotunam V3. Otu
KJIOHOTHUITBI IIMPOKO MpEJCTaBieHbl Ha o0buHbix CD4* T-kneTkax, MeHee
BoIpakensl Ha CD8" T-kiieTkax U MOTYT OBITh YETKO OJMIOKJIOHAIBLHBIMU Ha HE
CD4'CD8dim (a), CD4dimCDS8" (b) u CD8dim T-knerkax (c).

Fig.2. VB clonotypes on T cell receptor in CD4 or CD8" or Non conventional T
cell subsets in 3 representative patients. The patient samples were labelled with
CD3, CD4, CD8a, CDSp and 2 of the 22 anti VB clonotypes. Clonotypes are
widely distributed on conventional CD4+ T cells, less on CD8 Tcells and could be
clearly oligoclonal on non CD4'CD8dim (panel a), CD4dimCDS8" (panel b) and
CD8dim T cells (panel c).
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Puc. 3. Dxcnpeccust CD3 Ha T-kieTkax xapakrepusyercsi 0ObIION BapruabeIbHO-
CThIO, 00yCIOBIeHHOHN pasnuuHbiMu ypoBHsiMU CD3-TKP, pacnosnaronymu men-
TUIHBINA KoMmIuieke p-MHC.

Fig. 3. CD3 expression is highly variable on T cells corresponding to different
levels of CD3-TCR available for recognition of the p-MHC peptide complex.
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Puc. 4. Dxcnpeccus CD3 Ha T-kieTkax xapakTepusyercs O0NbIION BapHaOenbHO-
CTBIO B 3aBHCUMOCTH OT KioHoTHIA V[3 (manpumep, CD8* T-kiaetku, 13 310poBBIX
JIOHOPOB).

Fig. 4. CD3 expression is highly variable on T cells in association with the V 3
clonotype (e.g. CD8" T cells, 13 healthy donors).
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Puc. 5. AxtuBammsa T-KII€TOK POUCXOAUT OBICTpee MPHU HAJMYUU BBEICOKHUX yPOB-
Helt kmonotuna V3 (VB8 u VB9), uem nmpu Hm3kux yposHsax (VP2, VB3), B coot-
BETCTBHH C UCXOJHBIM ypoBHeM dkcripeccun CD3 (manpumep, CD8" T-knetkwu, 13
3JI0POBBIX JOHOPOB).

Fig. 5. T cell activation is quicker on V 3 clonotype High (VBS8, VB9) compared to
(VB2, VB3) in correlation with the initial level of expression of CD3 (e.g. CD8" T
cells, 13 healthy donors).
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Puc. 6. Ananu3s ko-nokanuzanuu 0eaxkoB DA.
PenpeseHTaTHBHBIE M300paKeHUsT (DIIYOPECIICHIIMKM MPH JBOMHOM OKPAIIMBAHUM HA
nakcmumH-HSP90op, maxcmumu-pFAK [Y¥’] u HSP90-pFAK [Y*""], kaprer ko-
JIOKAJTM3aL{H U ABYXMEPHBIE (PIII0OpOrpaMMBbl KO-JIOKATH3ALMH B HOPMAJIGHBIX KJIETKax
u KiIeTkax 0ombHBIX RAEB.

Fig. 6. Colocalisation analysis of FA proteins.
Representative immunofluorescence images for paxillin-HSP90a, paxillin-pFAK
[Y*"], and HSP90oB-pFAK [Y*] double staining, the co-localization maps and 2-
D co-localization fluorograms in normal cells and RAEB counterparts.
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Puc. 7. Cratuctiueckass KOppesaius MeXa1y WHTEHCUBHOCTBIO IKCIIPECCHU IaK-
crutmHa Ha MCK 1 ux nponudepatuBHas cniocoOHOCTS.
WuTencusHas spepHas skcnpeccus nakcwuinHa B MJIC-MCK nnaynupyet B HHX
0oJiee BBIPAXCHHYIO MPONU(EpaTHBHYIO CIIOCOOHOCT MO CPABHEHHIO C HOPMAllb-
veiMH MCK. PrucyHOK npuBoanTcs ¢ m3MeHeHussMu 1o Aanei et al., 2012 [10].

Fig. 7. Statistical correlation between the intensity of expression of paxillin on
MSCs and their proliferative capacity.
Intense nuclear expression of paxillin in MDS-MSCs induces them a proliferative
advantage compared to normal MSCs. Figure adapted from Aanei et al, 2011 [11].
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Puc. 8. ['unepakcnpeccust pFAK B natonornyeckix CTpoMaibHbIX KIETKAaX U €€ BIMSHUE

Ha KJIOHOTEHHBIN OTEHIUAI TeMATONO3THIECKUX KIIETOK-TIPEe/IILIECTBEHHUKOB.
Ha neBom rpaduke mokazaHo cpeanee uucino BOE-D (spurpouanas Oypcr-
obpasyromas eqununa) 1 KOE-I'M (rpanyionuTtapHo-MakpodaraibHas KOJOHHe-
oOpasyromas eIuHINa) I KaXI0i KaTeropuu JoHopoB. Ha mpaBoM rpaduke mo-
KazaHO mporeHTHoe coaepkanne pFAK-monoxwurensHpix MCK (cronbuku — 3Ha-
YeHHs 10 JIEBOW IIKalle) M OTHOCHTEIbHas MHTEHCHBHOCTH Skcmpeccnn pFAK B
kpynaeix MCK (cunwmit) 1 menkux MCK (po30BEIif) B Tpex HcClleLyeMbIX TpyIax;
JIMHUM ¥ poMOBI — 3HAa4YEeHUs Ha MpaBoil mkaie). PHCyHOK mpuBOIUTCS ¢ M3MEHe-
HusiMu 110 Aanei et al., 2012 [10].

Fig. 8. pFAK overexpression in pathological stromal cells and its impact on

clonogenic potential of hematopoietic precursors.
Left chart shows the mean number of BFU-E (burst-forming unit-erythroid) and
CFU-GM (colony-forming unit-granulocyte. macrophage) from each set of cases.
The right chart shows the percentage of pFAK positive MSCs cells (columns,
values should be compared with left scale), and the relative intensity of expression
for pFAK in L-MSCs cells (blue) and S-MSCs (pink) in the three studied groups
(lines and diamond symbols, values should be compared with right scale). Figure
adapted from Aanei et al, 2011 [11].
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THE EMERGING IMPACT OF FLOW CYTOMETRY
IN MYELODYSPLASTIC SYNDROMES
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Fig. 1. Immunophenotypic patterns in the myelomonocytic compartment of an

MDS bone marrow sample as compared to a normal control.
Multicolor density plots of a normal bone marrow sample and a case of MDS are
illustrated in the upper row and lower row, respectively. Panel A and B depict CD45
(X-axis) vs. sideward light scatter (SSC; Y-axis) plots. Cell populations displayed are
myeloid progenitor cells (CD45%™/SgClow ‘o intermediate ~ gark blue), monocytes
(CD45™/SSC™, orange) and neutrophils (CD45%™/SSC™ ** Me" i multiple colors).
Granularity (presented as sideward light scatter: SSC) of MDS neutrophils in panel B
is aberrantly decreased as compared to that of the neutrophils in a normal control
(panel A), indicating hypogranularity; the latter also holds true for the eosinophils (in
brown). In panel C and D maturation patterns of the myelomonocytic subpopulations
are shown in HLA-DR (X-axis) vs. CD11b (Y-axis) plots. HLA-DR+CD11b-
myeloid progenitor cells (dark blue) differentiate clockwise towards HLA-
DR-CD11b+ neutrophils; differentiation towards HLA-DR+CD1 1b+ monocytes (in
orange) occurs counterclockwise. The MDS case in panel D shows over expression of
CD11b on more mature neutrophils (in red en pale green). In panel E and F
maturation patterns of the selected neutrophil subpopulations are shown in CD16 (X-
axis) vs. CD13 (Y-axis) plots. In panel E, the normal maturation from CD13+CD16—
immature neutrophils (in blue), via a CDI13%™ interphase (in green) towards
CD13+CD16+ mature neutrophils (in red) is displayed; eosinophils are depicted in
brown. The MDS case in panel F shows abnormal concave instead of convex
maturation profile (panel E).
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Picture by O.P. Kolbatskaya

D 45 PER CP (5) vs SSC-Height (2)

255

10*

Fig. 1. An example of lymphocyte percentage assessment by cytometry in bone
marrow from a patient with AML (Me subtype).
R1, leukocyte gate;
R2, lymphocyte gate;
R3, nuclear erythroid cells, erythrocytes, platelets, debris.
By cytometry, 3.2% of lymphocytes among leukocytes. Percentage of lymphocytes
among myelokaryocytes as detected by cytometry is 3.13% (adjusted for nuclear
erythroid cells by myelogram).
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Mokasanua. HexodxKurckas numpoma PeyuanBupyowwas uni xumuoycroituusas B-knetounas, (D20-nonoxutenbHas HeXoMKKMHCKAA NMMGOMA HU3KOi CTENEHN 3M10KaYeCTBEHHOCTH unn hoanukynapkas. Qonaukynaphas numdoma Il1-1V crapum B KombuHauum ¢
XUMUOTEpanueil y paHee HeneyeHHbIX nauuenToB. DonnUKynApHaA TUMGOMa B KauecTBe NoAAePXKUBAIOLLIEH Tepanui nocie 0TBETA Ha UHAYKLUOHHYI Tepanuto. CD20-nonoxuTenbHas Audhy3Han B-kpymHoKNeTouHaa HEXOMKKMHCKAA TUMPOMA B KOMOMHALMM
¢ xumvotepanueit no cxeme CHOP. Xporuyeckuti numgoneiiko3 B KOMOUHALMM C XMMUOTepanyeii y NALMEHTOB, paHee He NONYYaBLUNX CTAHAAPTHYI0 Tepanyio. PeLyAMBUPYIOLLNIT UK XMMIOYCTORYMBDI XPOHUYECKUI NMMONEIIK03 B KOMOMHALMY C XMUOTepanieil.
PesmamoudHeiii apmpum (akTuBHaA Gopma) y B3poCbIX B KOMOUHALIMM C METOTPEKCATOM NPy HEMepeHoCMMOCTH M HeajlekBaTHOM OTBeTe Ha TeKyLLue peXuMbl Tepaniu, BKNIoYalolive ofuH v Gonee nkru6utopos Gaktopa Hekposa onyxoneii (PHO-a). besonac-
HOCTb M 3QGEKTUBHOCTb Npenapata y AeTeil He ycTaHoBNeHbl. lpoTuBoNoKasaHua. [UnepuyBCTBUTENBHOCTD K PUTYKCUMAOY, NoGOMY KOMNOHEHTY npenapata unut K 6enkam Mbillin, 0CTpble UHQEKLMOHHbIE 3a6011eBaHIIA, BbIPAXEHHbIH NEPBUYHDII UM BTOPUYHDIil
ummyHogeduuut. lpaBuna npuroToBneHNA n XpaHeHua pacTeopa. HeobXxoZuMoe KoNMYeCTBO Npenapara HabupakoT B acenTuyeckix YCnoBuAX U Pa3BoAAT A0 PACYETHOI KoHLeHTpawuu (1-4 mr/mn) B MHy3MoHHOM dnakoHe (nakere) ¢ 0.9% pacTBOpPOM HaTpua
XNOPUAA ANA MHY3Mit unu 5% pacTBOPOM AEKCTPO3bl (PAaCTBOPbI AOMKHbI ObITb CTEPUNBHBIMYU U anuporeHHbIMK). PUroToBNEHHbIA HGY3UOHHBIA pacTBop MabTepbl (u3nueckn 1 XUMUYECKM CTabunen B TeueHme 12 4 Npu KOMHATHOI TemnepaType UK B Teyexne
He Gonee 24 y npu Temnepatype o1 2 Ao 8 °C. MabTepy BBOAAT BHYTPUBEHHO, MHPY3UOHHO (MeANeHHO), Yepe3 oTAenbHbIl kateTep. Henb3A BBOAUTD B/B 60NIOCHO Mnu B BILAC B/B UHbEKLMI. [lononHuTenbHaa MHGOPMALNA B MHCTPYKLUM N0 NPUMEHEHWIO.
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OduumanbHbIl AUCTPUGLIOTOP
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Poccus, 107031 MockBa
Tpy6Has nnowaab, Aom 2

Pnr ykKkcumma 6 EFI:I);HeC-L[eHTp «HernuHHas Mnasa»

B WLWEHTPE YCNEXA Ten.: + 7 (495) 229-29-99
®dakc: + 7 (495) 229-79-99
www.roche.ru




10 net naboparopur UMMYHOJIOTHH remMornon3a. CieBa HarpaBo:
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