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OT PEJAKTOPA

B cBoe Bpems 51 BhICKa3al WACKO U3JaHUS XKypHAJIA Ha ABYX A3BIKAX — PYCCKOM H
AHTTIMHCKOM — TI0 TIPUYMHE TOTO, 9TO B JTaOOPaTOPUH MIMMYHOJIOTHH reMorion3a OI'BY
«POHL] mm. H.H. brioxuaa» PAMH Bemonssrorcst xopomme paboTsl, HO 10 IMyOm-
KaIlu{ Ha aHTJIMHCKOM «PYKU HE JOXOAAT» — MPOCTO OUYEHb MHOTO TEKYIIel Auarto-
CTHUYECKOH M KOHCYJIbTaTUBHON paboThl. [lepBbie HOMepa XKypHalia BBIXOIMIN HIMEHHO
B TakoM (hopmare — 3aBeplieHHbIe PabOThI Ja00pPaTOPUU M3/IABAITUCH HA PYCCKOM U
aHIIMICKOM si3bIkax. OJIHAKoO ¢ TeueHHeM BpeMeHH KoHgepeHuus «VMmynomorus
TeMOII033a» CTajla MpruoodpeTaTh Bee Oosee 1 6osee MeXTyHapOaHbIH XapakTep. 1 nis
Hac CTaJIo OOJIBIIION YECTHIO U HEOXKUJIAaHHOCTBIO, YTO MHOCTPAHHbIE YYEHBIE ITEpBOH
BEJIMYMHBI OXOTHO TIPEIOCTaBIISIIM CBOM CTAaThU UL IMyOimKaruu B «IMMyHOIOrHMH
remornon3a/Haematopoiesis Immunology». Bo3ankia yHuKaneHas CHTyarys, Korma He
TOJIBKO POCCHIICKHE YUEHbIE «IIPOPYOHITH OKHO B EBpOITY» K aHITIOS3BIMHOMY UHMTATEITIO,
HO U, HAlIPOTHUB, MHOCTPAHHbIE YIEHBIC BIICPBBIC YBUAECIN CBOX TEKCTHI HA KUPHILIHIIE, &
poccrsiHE CMOIVIM YMTaTh MX CTaTbU Ha PyccKOM. Jlpamor OKasajicsi MpOXyKTUBHBIM,
MHEHUS He BCer/ia COBIAJAIIM, U KypHAJ OTPaKa IpagyC HaKasa, yOIuKys AUCKYCCHHL
[Mpumepom siBUIIaCh IOAOTBOPHAst aucKyccust Mexay A.M. ITonoebiv (ExarepunOypr)
u Japuo Kammana (CIA). M x0T K €AMHCTBY MHEHMIT IPHIATH HE YAAJIOCh, TUCKYCCHS
ObUTa 4Ype3BbIMAHO TIOJIE3HA I YMTATENel, B IEPBYIO OYepe/lb TeX, KTO 3aHMMAeTCs
MIPOTOYHO-IIMTOMETPHYECKOH TMarHOCTHKOI reMoOJIacTO30B.

B 3TOM rogy MBI HECKOJIBKO M3MEHHWIHM (OpMaT KOH(GEPEHIUH M HPUBICKIN
OoJpIliee YMCIIO KIMHUIMCTOB OHKOTEMATOJOTOB M OHKOJIOTOB C T€M, YTOOBI CO-
BPEMEHHBIE aCMEeKThl MMMYHOIMArHOCTUKHU OITyXoJiel Oblm Oosiee BOcTpeOOBaHBI
KIMHUKONH. Hapsity ¢ TpaAWIIMOHHBIMH OHKOI'€MAaTOJIOTHYECKHMH BOIPOCAMH, B
IIPOTrpaMMy BKJIIO-U€HA CEKIUS IO IUPKYIUPYIOIIMM OITyXOJIEBBIM KJIETKaM, Ha
KOTOpPOH C JIOKJIaAaMH BBICTYIST BELYILIUE CIICIMAINCTHI B TaHHOW 00JIacTH IIpo-
¢eccop Klaus Pantel (I'epmanmst) u Catherine Alix-Panabieres (®panmmst). da u
(bopMaT OHKOTreMaTOJIOTHUECKOI CEKLIMK KOH(pEPEHIIUH U3MEHHJICS — MBI C HETEp-
MEeHUEeM K1eM Jokiaa npodeccopa Jean-Francois Rossi o ponmu UJI-6 B omyxose-
BOIl mporpeccu U mpuMeHeHun aHTH-WJI-6 B jeueHNMM MHOXKECTBEHHOI MHeNo-
Mbl. KimHHMYeckoe 3HaueHHE OIEHKHM PE3UAyaJbHBIX OIyXOJICBBIX KJIETOK IpH
MHO’KECTBEHHOI MHEJIOME OCBETHUT B CBOeM jaokiane Bruno Paiva (Mcmanws) —
YWIeH HanOoJjee aBTOPUTETHOM B TAHHOM BOIIPOCE MCCIIEOBATEIbCKON N KIIMHIYE-
CKoi1 TpymiTel, pykoBoauMoii podeccopom J. San Miguel. Pasymeercs, Bce mepe-
YHCIIEHHbIC MOKIAIYNKH MPEJCTABUIN CTaTbU, KOTOPBIE MBI C YJOBOJIBCTBHEM
mybmukyem B «MmmyHonornn remomnossa/Haematopoiesis Immunology» Nel 3a
2012 ron. IIporpamma xoupeperwu 8 utoHs 2012 r — B KOHIIE JAHHOTO HOMEpA.

Inasuviii pedaxmop sicypuana « Ammynonozuu 2emonos3ay
3acnyocennvii Oesmenv Hayku Poccuu, npogeccop
H.H. Tynuywin
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FROM THE EDITOR

Once I put forward the idea of a journal in two — Russian and English lan-
guages, because the Haematopoiesis Immunology Laboratory of the N.N. Blokhin
Cancer Research Center made good work but we had never time to publish our
reports in English due to a large amount of routine diagnostic and consultation ac-
tivities. The first issues of the journal were just in that format: the laboratory com-
pleted works were published in Russian and in English. However the Haemopoi-
esis Immunology conference was acquiring more and more international nature
with time. And it was a great honor and surprise for us that top foreign scientists
gave their articles readily to be published in the Haematopoiesis Immunology jour-
nal. We found ourselves in a unique situation when it was not only Russian scien-
tists who “made their way to Europe” and to English-speaking readers, but also
foreign researchers saw their texts in Cyrillic letters for the first time while the
Russians could read them in Russian. The dialogue was very fruitful, opinions of-
ten differed, and the journal managed to show the heat of the discussion by pub-
lishing the opponents’ arguments. Take for example the useful discussion between
AM. Popov (Ekaterinburg) and Dario Campana (USA). Notwithstanding the fact
that the opponents failed to come to a common opinion the discussion appeared
very inter-esting for our readers, first of all those involved in flow cytometry diag-
nosis of hematology malignancies.

This year we have changed the conference format somehow and invited more
clinical oncohematologists and oncologists in order clinicians could have the op-
portunity to find more about latest achievements in tumor immunodiagnosis and to
implement them into clinical practice. Together with traditional oncohematology
issues the program includes a circulating tumor cell section with presentations of
leading researchers in this field such as Professor Klaus Pantel (Germany) and
Catherine Alix-Panabieres (France).

The format of oncohematology section has changed too, and we are looking
forward to Professor Jean-Francois Rossi’s presentation on the role of IL-6 in tu-
mor progression and use of anti-IL-6 in the treatment for multiple myeloma. Bruno
Paiva (Spain), a member of the most authoritative clinical study group headed by
Professor J. San Miguel, will speak on clinical significance of residual tumor cell
measurement in patients with multiple myeloma.

All the above-mentioned authors kindly gave us their reports that we are
pleased to publish in the first issue of Haematopoiesis Immunology in 2012. You
may find the program of the conference to be held on the 8th of June, 2012, at the
end of this issue.

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

AT — aHTHrCH,

AyTto-, aito-TKM — ayTonorudHas Wi ajioreHHask TPAHCIUIAHTANS KIIETOK
KOCTHOT'O MO3Ta MJIM MOOMJIM30BaHHBIX CTBOJIOBBIX KJIETOK ITepU(epHIecKoil KpoBH,
BCB — 6eccobbITHiiHas BBDKUBAEMOCTb

B-XJIJT — B-knero4nblit XpoHUYecKuii TuMQpoIeikos,
UI' — ummyHOTII00YMHH,

NDA — nMmmyHoepMEeHTHBII aHaH3,

NDT — umMmyHODEHOTUTTHPOBAHHE,

JIAT — nakraTaeruaporeHasa,

M/IC — MHueTOANCIUIACTHYECKUE CHHAPOMBI

MK — MOHOKJIOHAJTbHBIF KOMITOHEHT,

MKA — MOHOKJIOHAJIbHBIE aHTHUTEIA,

MM — MHO>KECTBEHHAsl MUEJIOMa,

MHK — MOHOHYKJI€apHBIE KIIETKH,

MOB — MUHMMaITbHAsT 0CTaTOYHasK OOJIC3Hb,

MPbB — MuHnManbsHas pe3uayaibHas O0Ne3Hb,

HXJI — HeXOmKKIHCKAs M oMa

PA — pedpaxtepHas anemus

PB — pesnnyanbnas 6omne3Hsp,

PMK — pak MOJIOUHBI JK€TI€3bI

KM — xocTHBII MO3r

PU® — peakiust tMMyHO(ITyOpeCIICHIINY,

OJIJI — ocTpslit muM¢oOIaCTHBIH J1elK03,

TIK — mma3maThdeckue KIETKH,

[1P — nonnas pemuccust

Il — npoTo4Hast LUTOMETPUS,

TTIP — nonumepasHas LierHas peaxius,

COD — cKOpOCTh OCeIaHUs SPUTPOLIUTOB,

CPb — C-peakTuBHBIH O€IOK.

TILT — tymop-nieHeTpupyomye TUMOOIUTHI

YP — yacTuuHas peMUcCUst
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ABBREVIATIONS

Ag, antigen.

ALL, acute lymphoblastic leukemia.

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

B-CLL, B-cell lymphocytic leukemia.

BSA, bovine serum albumin.

BC, breast cancer

CD (claster of differentiation) — kimactep JiefikoTapHbIX TUPHEPESHIIIPOBOUHBIX AHTHUTCHOB.
CRP, C-reactive protein.

EIA, enzyme immunoassay.

ESR, erythrocyte sedimentation rate.

FC, flow cytometry.

FISH, fluorescent hybridization in situ (haroopectieHTHAS TUOPUAUZALUS in SituL).
IG, immunoglobulin.

IFR, immunofluorescence reaction.

IPT, immunophenotyping.

LDH, lactate dehydrogenase.

MDS, myelodysplastic syndromes

MC, monoclonal component.

Mab, monoclonal antibodies.

major histocompatibility complex (MHC)

MNC, mononuclear cells.

MRD, minimal residual disease.

NHL, Non-Hodgkin’s lymphomas

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

RD, residual disease.

PBS, phosphate buffered saline.

PC, plasma cells.

PCR, polymerase chain reaction.
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Jean-Frangois Rossi

INTERLEUKIN-6 AS A THERAPEUTIC TARGET

FOR DYSIMMUNE DISEASE AND CANCER

INSERM U1040, Institute for Research in Biotherapy.

80 avenue Gaston Fliche- 34295 Montpellier Cédex France Université Montpellier
I and Department of Haematology UNIVERSITY HOSPITAL — CHU de Montpel-
lier and CHU de Nimes

Key words: Interleukin-6, treatment, cancer, dysimmune diseases
Running Title: Anti-interleukin 6 in cancers and dysimmune diseases

ABSTRACT

Human interleukin-6 (IL-6) is a pleiotropic cytokine, with a four-helix bundle
structure, having 212 amino acids with a signal peptide of 27 amino acids, whose
gene is located on chromosome 7 (7p15). Several cells are producing IL-6, includ-
ing both normal and cancer cells. C-Reactive Protein and serum Amyloid-A pro-
tein secretion are under IL-6 control, making these molecules as major surrogate
markers to follow patients receiving anti-IL-6 therapy. IL-6 binds to IL-6 soluble
receptor or to the membrane form of the gp80 (IL-6R or a-subunit receptor, also
named CD126), followed by gp130 (B subunit of the IL-6R, also named CD130)
dimerization, that leads to activation of receptor-associated kinases (JAKI1, JAK2,
and Tyk2). The gp130 receptor chain represents the complex which transmits the
signal for the IL-6 family and IL-27, a common member to the IL-12 family. IL-6
is a major cytokine implicated in different biological mechanisms, particularly in-
flammation, haematopoiesis, lipid and glucid metabolism, bone resorption, neural
cell differentiation and other biological activities.

Blocking IL-6 pathway represents a major therapeutic advance in several dis-
eases, particularly in dysimmune diseases with anti-IL6R monoclonal antibodies
such as tocilizumab particularly in rheumatoid arthritis or Castleman’s disease, and
siltuximab that has been used in clinical trials for patients having multiple mye-
loma, metastatic renal cell carcinoma and prostate cancer. Other molecules such as
humanized monoclonal antibodies against IL-6 and IL6R are now developed.

INTRODUCTION

Interleukin-6 (IL-6) is an inflammatory cytokine that is implicated in different
biological processes, including dysimmune diseases and cancers. IL-6 is mainly
produced by monocytes, keratinocytes, and other cells in response to different
stimuli. The receptor of this cytokine includes two chains, o chain that is specific
to the molecule, and B chain. The activated receptor is an heterodimer associating
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IL-6R-IL-6 and 2 gp 130 molecules that transduced the signal. Anti-IL-6 therapies
have been developed including monoclonal antibodies (MoAb) against IL-6 (sil-
tuximab) and the soluble IL-6 receptor (tozilicimab) in dysimmune diseases and in
cancers. In this review, our aim is to update data on these MoAbs and to underline
the advantages for these two drugs and the potential development for such thera-
peutic strategies.

INTERLEUKIN-6 IS A PLEIOTROPIC CYTOKINE (fig. 1)

Human interleukin-6 (IL-6) is a pleiotropic cytokine, with a four-helix bundle
structure, having 212 amino acids with a signal peptide of 27 amino acids. Its mo-
lecular weight ranges between 21 and 28 kDa, depending on the amount of post-
translational modifications, such as glycosylation and phosphorylation [1]. The
human gene of IL-6 is located on chromosome 7 (7p15) [2]. Epigenetic control has
been observed and particularly studied in different cancers. So, IL-6 has been dem-
onstrated to act on suppressor of cytokine signaling (SOCS) proteins, particularly
SOCS-3 in multiple myeloma (MM) [3], or from microRNA-370 in human malig-
nant cholangiocytes [4]. IL-6 supports several functions, including immune and
pro-inflammatory activity and acts on several cells, including lymphocytes, fibro-
blasts, hepatocytes and haematopoietic stem cells [5;6]. IL-6 is produced by differ-
ent types of cell, mainly fibroblasts, keratinocytes, monocytes, and macrophages,
particularly in early phase of infectious inflammation after stimualtion of Toll-like
receptors [7;8]. In addition, other cells have been proved to produce IL-6, includ-
ing several cancer cells [5—7]. In physiological conditions, IL-6 modulates the
transcription of several hepatic genes, particularly C-Reactive Protein (CRP) and
other acute-phase proteins like serum amyloid A (SAA), antichymoptrypsin, fi-
brinogren, haptoglobin, and hepcidin that is implicated in inflammatory anemia
through the blockade of ferropontin 1, an iron transporter [9-12].

On the opposite, IL-6 reduces the level of albumin, transferrin, fibronectin and
cytochrome P450, and more recently it was demonstrated that CYP3A4 mRNA
expression was most reduced by IL-6 followed by CYP2C9 and CYP2C19 [13;14].
Serum CRP and SAA levels have been correlated with circulating IL-6, thus they
represent major surrogate biomarkers to follow patients having anti-IL6 therapy
[15-17].

INTEREUKIN-6 BELONGS

TO THE GLYCOPROTEIN (gp) 130 RECEPTOR FAMILY

AND INTERACTS WITH THE INTERLEUKIN-12 FAMILY (fig. 2)
Cytokines are acting through cell membrane receptors that activate some intra-

cellular pathways. Type-I cytokines include the IL-6 and IL-12 families. Both of

them are structurally related of four-helix bundle proteins. Members of the IL-6

family are secreted as single-subunit monomers.
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On the opposite, IL-12 family members form heterodimeric complexes. The IL-
12 family o subunits (p19, p28, p35) are structurally homologous to IL-6 family cy-
tokines, which include IL-6, IL-11, leukemia inhibitory factor (LIF), ciliary neuro-
trophic factor (CNTF), neuropoetin (NP), cardiotrophin-1 (CT-1), cardiotrophin-like
cytokine (CLC), and oncostatin M (OSM). These a-subunits can pair with 2 possible
[ subunits (p40 and Ebi3), structurally similar to the membrane-bound receptors for
IL-6 cytokines (IL-6Ra, IL-11Ra, and CNTFRa). IL-12 family B-subunits lack a
transmembrane do-main and are secreted as soluble a/b heterodimers. So, the IL-12
family associates four cytokines with unique a/b subunit pairings: IL-12 (p35/p40),
IL-23 (p19/p40), IL-27 (p28/Ebi3), and IL-35 (p35/Ebi3).

The gp130 receptor chain (also named CD130) represents the B subunit of the
IL-6R complex which transmits the signal for the IL-6 family and IL-27 a common
member to the IL-12 family [21]. Gp130 is expressed in almost all organs, and it
plays a fundamental role in embryonic development, as well as development of
hematopoiesis, cell survival and growth.

This receptor system explains the unique characteristics of the IL-6 family,
pleiotropy derived from the expression profiles of their receptor a-subunits and
redundancy shared their common B-subunit, gp-130, ubiquitously expressed. For
example, LIF receptor (LIF-R) is expressed, but not IL-6R, on cardiomyocytes. IL-
6R and IL-11R are present in different organs explaining the control megacary-
opoiesis, liver regeneration. CNTF, LIF, and CLC act as neurotrophic factors im-
portant for the survival and development of motor neurons.

SIGNALING OF INTERLEUKIN-6 RECEPTOR

IL-6 first binds to IL-6 soluble receptor or at the cell membrane, the a-subunit
receptor (IL-6R, also named CD126) which, after dimerization with gp130, leads
to activation of receptor-associated kinases (JAK1, JAK2, and Tyk2). These ac-
tions lead to phosphorylation of proximal tyrosine residues within the intracellular
portion of gp130, and the subsequent control of STAT1 and STAT3 activity, and
the Src homology region 2 domain-containing phosphatase 2 cascade. In addition
to STATSs, there are 2 other signaling pathways dowstream of gp130, ERKs and
PI3 kinase/Akt (for review 18-25). There is an alternative IL-6 pathway that is
trans-signaling [26]. In this situation, IL-6 binds to a naturally occurring soluble
IL-6R (sIL-6R) and this IL-6/sIL-6R complex activates gp130. Therefore, cells
lacking the membrane bound IL-6R can respond to IL-6. If many cytokines recep-
tors exist in a soluble form, the majority of them such as sSTNFR, act as antago-
nists, competiting with the membrane bound receptors for their ligands. On the
opposite, sIL-6R acts as an agonist that amplify IL-6 effects, by 1/enlarging the
spectrum of IL-6 target cells due to the fact that cells that do not express IL6-R can
be stimulated by the complex IL-6/sIL-6R, and 2/ amplifying the activity of IL-6
on cells which present IL-6R, such as hepatocytes.
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The generation of the human sIL-6R is supported by two mechanisms. The first
mechanism is called shedding and corresponds to limited proteolysis from the
membrane bound receptor. This reaction is carried out by transmembrane metallo-
proteinases, like the ADAM-proteases [27], particularly ADAM-17 which could be
induced by different stimili including the acute phase protein C-reactive protein
[28], bacterial toxins, apoptosis, cholesterol depletion, P2X7-receptor-, and G pro-
tein-coupled receptor-activation (for review 29). The second mechanism by which
soluble receptors can be generated is translation from alternatively spliced mRNA
that lack the coding region of the transmembrane domain [30].

In normal healthy individuals, the sIL-6R protein is found in peripheral blood at
concentrations of about 50-80 ng/ml [31]. The sIL-6R serum levels is increased
about 2-fold in some inflammatory diseases, which corresponds to IL-6 levels ele-
vated up to several hundred fold [32; 33]. In addition, sIL6-R levels were increased
by 51% in patients with monoclonal gammopathy of undertermined significance
(MGUS) (mean value: 135 ng/ml), by 44% in patients with early MM (mean value:
128 ng/ml) and by 116% in patients with overt MM (mean value: 193 ng/ml) and
was not modified under therapy for patients having MM [34].

Recently, it has been shown that the Asp358Ala variant in the IL6R gene was
associated with a clear anti-inflammatory effect as attested by reduced concentra-
tions of C-reactive protein (per-allele reduction 7,5% and 8,4%, respectively) and
fibrinogen (per allele reduction 1,0% and 0,9%, respectively). So, the Asp358Ala
IL6R affects proteolytic cleavage of the membrane-bound receptor, leading to re-
duced concentrations of the membrane-bound form with concomitant higher circu-
lating concentrations of the soluble form of the receptor, and resulting to a reduc-
tion of the IL6 signalling on hepatocytes, monocytes, or macrophages. Further-
more, this anti-inflammatory effect observed in population having this genetic
change was accompanied by a reduced risk of coronary heart disease (per-allele
reduction 3,4% and 5,0%, respectively) [35; 36].

BIOLOGICAL ACTIVITY OF INTERLEUKIN-6

Immune system

In lymphocyte functions, IL-6 acts on both T and B lymphocyte lineages. So, IL-6
is implicated in B-cell differentiation, particularly into immunoglobulin-producing
cells. It has been implicated in the proliferation of normal plasmablastic cells [37]. On
T-cell lineage, IL-6 possesses different functions, in combination to Transforming
Growth Factor (TGF)-3, Thl7 differentiation from naive CD4 cells, a subpopulation
that is implicated in auto-immune process [38]. In addition, IL-6 inhibits the production
of regulatory T-lymphocytes induced by TGF-f [39]. However, IL 27, a member of the
IL12/IL6 cytokine family posseses activities on CD4 T cell subsets, including T regula-
tory type 1 (Tr-1) cells, T follicular helper cells, and T regulatory cells. Furthermore,
the IL-27p28 subunit acts as a cytokine receptor antagonist [20].
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Haematopoiesis and bone resorption

In haematopoiesis, IL-6 is implicated in different processes, from early haema-
topoiesis to different cell lineage maturation, particularly for megacaryocyte line-
age, in conjunction with IL-11 [40].

In bone resorption, IL-6 interacts with different pathways, including cyclooxy-
genase (Cox)-2, Wnt, TGF-B, and NF«kB. IL-6 stimulates the expression of Cox-2
in osteoblasts and osteoclasts, and the production of prostaglandin E2 (PGE2).
PGE2 acts as a mediator of osteoclast activation by increasing the expression of
RANKL in osteoblasts and the expression of RANK in osteoclasts [41]. In addi-
tion, IL-6 induces the expression of PGE2 receptors, EP2, and EP4 in osteoblasts,
resulting in production of PGE2 via Cox-2 and enhancing PGE2 response by in-
creasing the number of PGE2 receptors at the cell surface [42]. IL-6 also interacts
with the Wnt signaling pathway. Wnt controls osteogenesis and the synthesis of
collagen. Wnt is controlled by several inhibitors, in particular Dickkopf-1 (DKK-
1), a soluble protein that, when bound to Wnt, prevents its interaction with Frizzled
and the lipoprotein co-receptor protein LRP5/6, and thus inhibits Wnt signaling
[43;44]. In addition, LIF, a member of the IL6/gp130 family has been shown to
possess a central role in bone metabolism, particularly acting in signaling cascades
for different cells such as stromal cells, chondrocytes, osteoblasts, osteocytes, adi-
pocytes, and synovial fibroblasts [45].

Angiogenesis, cardiovascular and muscle effects

The gp130 cytokine family is known to act on cardiomyocytes, promoting cell
survival and angiogenesis through the JAK/STAT pathway. Activation of gp130 in
cardiac stem cells induces their endothelial transdifferentiation, leading to neovas-
cularization. IL-6 has no direct effect and sIL-6R confers the ability for an activity
of IL-6 on cardiac progenitor differentiation [46].

IL-6 is secreted during muscular exercise and its amplitude depends on the ex-
ercise type and IL-6 is implicated in the glucose liberation by hepatocytes [47].
Combined to lipolysis, this IL-6 effect contributes to mobilise energy for muscle.

Endocrinology and Metabolism

IL-6 has been demonstrated as implicated in different metabolism pathways, in-
cluding nidation, glucose controls and adipocytes. An estimated one-third of the total
basal IL-6 concentration in healthy individuals is estimated to originate from adipose
tissue, where macrophages are infiltrating, particularly in overweight status [48;49].
Chronic low-grade inflammation, often linked to oxidative stress, is a common fea-
ture of obesity, insulin resistance and type 2 diabetes. So, elevated plasma IL-6 is
associated with obesity-related insulin resistance, but not necessarily with Type-2
diabetic state [50]. The role of IL-6 in insulin resistance is sustained by SOCS-3 ex-
pression, and subsequent impairment of insulin signaling, is controlled by mTOR
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regulation of the phosphorylation of the transcription factor STAT3. Furthermore,
IL-6 directly interfere lipid metabolism and activates path-ways that increase energy
turnover, particularly lipolysis by lowering adipose tissue liprotein lipase activity
[51]. This explains the fact that in patients having anti-IL6 therapy, lipid and choles-
terol serum levels are increased. In addition, other gp130 cytokines have been dem-
onstrated to interfere with lipid metabolism and adipose tissues, including some of
them having an anti-obesity clinical efficacy [52]. However, IL-6 polymorphism may
be associated to obesity risk and fatty-acid intake may influence obesity and IL-6
production (for review 53). Based on follow-up of the Whitehall II study including
2496 men and 1026 women, the mean increases in CRP and IL-6 were 0,08 mg/liter
and 0,04 pg/ml per 1-kg increase in body weight during follow-up, confirming the
linkage between obesity and in-flammatory process [54]. In addition, the gp130 cy-
tokine family has been de-scribed as important cytokines implicated in nidation and
pregnancy, particularly LIF [55-57].

Neural stem cell differentiation and psychiatric linkage

Cytokines that belongs to gpl130 family and Bone Morphogenetic Proteins
(BMP) act in synergy on neuroepithelial cells to induce astrocyte differentiation.
Cooperation of these two types of molécules is explained by the the production of a
complex between their respective downstream transcription factors (STAT-3 and
Smadl), bridged by a transcriptional coactivator (p300) [58]. Among the gp130
family, CNTF has been described as one of the major factor implicated in neural
differentiation. CNTF is expressed in glial cells within the central and peripheral
nervous systems. It stimulates gene expression, cell survival or differentiation in a
variety of neuronal cell types such as sensory, sympathetic, ciliary and motor neu-
rons. In addition, LIF has been shown to exert an opposing effect on IL-6-induced
signal transducer and activator of STAT3 phosphorylation required for Th17 cell
differentiation by triggering a signaling cascade that activated extracellular signal-
regulated MAP kinase (ERK) and upregulated suppressor of SOCS3 expression
[59]. IL-6 and CRP have been observed as biomarkers associated with depression
[60—62]. In addition, a recent meta-analysis concludes that normalization of over-
active inflammatory processes is observed after antidepressant treatment [63].

IL-6 and biological cross-talking

Cytokines are regulatory proteins, produced by different cell types. They act in
response to many stimuli. The interaction between the endocrine and immune sys-
tem is based on the observation of several common mechanisms: 1/ cells of both
systems have receptors to cytokines, neuropeptides and neurotransmitters, 2/ im-
muneneuroendocrine products are found in both systems, 3/ endocrine mediators
modulate the immune system, and 4/ immune structures mediators may affect the
endocrine system.
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Steroid hormones affect the immune response by acting on gene expression in cells
having receptors for hormones. In addition, immune cells via receptors, bind to ster-
oids, growth hormone, estradiol and testosterone. The hypothalamicpituitarythyroid
axis can be inhibited by different inflammatory cytokines including IL-6 and the hypo-
thalamicpituitaryadrenal axis may influence immune function with glucocorticoids
suppressing the maturation, differentiation and proliferation of immune cells. The hy-
pothalamicppituitary axis can also modulate the immune function. Gonadotropin-
releasing hormone (GnRH) is also involved in the process of developing and modulat-
ing the immune system.

In addition, IL-6 is implicated in aging [64]. IL-6 and the gp130 family has
been described as associated with senescence, including osteoporosis, cardiovascu-
lar risk and other risks. Low levels of inflammatory markers are associated with
better survival in older adults, independent of age and other clinical and functional
variables.

The different anti-1L-6 drugs : is there any arguments for choice ?

The lessons from anti-1L-6 murine monoclonal antibodies (MoAbs)

In early 1990, clinical trials with B-E4 and B-E8 murine MoAbs were con-
ducted in the context of MM. The first patients treated included plasma cell leu-
kaemias, thus confirming that IL-6 was an in vivo proliferation factor, with a re-
duction of circulating myeloma cells, and particularly proliferative myeloma cells
[65;66]. In addition, we observed no major toxicity, except a transient and mild
(25%) decrease of platelet count which is expected with such a drug active on
platelet differentiation and maturation. Objective response with a decrease of the
monoclonal component was observed, including for refractory patients [67].

Another clinical study was performed in metastatic renal cell carcinoma and a
total of 54 patients having these 2 diseases were treated in our center [7; 15; 16]. In
addition, daily production of IL-6 could be calculated by knowing the different
pharmacological parameters, including the dissociation constants, from 10°M be-
tween sIL-6R and IL-6, 10°M between IL-6 and IL-6R, and '*''M between the
murine MoAb and the cytokine [68]. Furthermore, it has been observed an accu-
mulation of IL-6 in the form of stable monomeric immune complexes throughout
treatment with the murine MoAb [69]. We also could calculate that, during Es-
cherichia coli sepsis, the IL-6 production may reach 8 mg, representing a huge
quantity of the cytokine [70]. In adition, CRP serum levels was demonstrated to be
the surrogate marker to be abolished, thus representing the range of the biological
efficacy. So, daily production less than 18ug was associated with CRP abrogation
and correlated to clinical response [16]. We also described the kinetic of inflamma-
tory protein reduction, from a total and rapid control of CRP and SAA, to a de-
layed and partial increase of albumin serum level, observed at least after 18 to 21
days of anti-IL-6 blockade. Platelet count decreased by 25 to 50% under anti-IL-6,
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and it has been observed a rise of the hemoglobin level to 1 to 1.5 g/dL due to in-
flammation control. No major change was seen in different circulating T-, NK, B-
lymphocytes and complement molecules.

The anti-1L-6 drugs

There are several anti-IL-6 MoAbs that have been developed, including
CNTO328 or siltuximab in clinical development (randomized Phase II) in MM and
Castleman’s disease in addition to Phase I study in metastatic renal cell carcinoma
and prostate cancer [17;71]. Human anti-IL6 MoAb (sirukumab) has been devel-
oped, with PK/PD and safety analyzed in healthy subjects in a first-in-human
study. This drug has a terminal median half-life ranging from 18.5 to 29.6 days
with no serious adverse events [72]. Additional targets have been actively investi-
gated within IL-6 signaling pathway, and the IL-6 membrane receptor subunit gp80
is an attractive candidate. So, Sant7 is a potent antagonist of the IL-6 receptor, en-
gineered through targeted amino acid substitutions in key residues of the human
IL-6 molecule. It shows higher affinity than IL-6 for the gp80 receptor subunit, but
completely lacks binding capacity to the gp130 receptor signaling subunit, thus
efficiently blocking IL-6 biological activity [73;74]. Anti-sIL-6 R MoAb has been
developed, particularly tozilizumab, in dysimmune diseases [75]. Recently, it has
been developed targetted “masked” antibodies, activated by disease associated pro-
teases, developed by CytomX Therapeutics Inc. [76].

Basis for phamacological effects of antagonists

The affinity constants are well known as previously described, around 10°M
between sIL-6R and IL-6, similarly between IL-6 and IL-6R [69]. In a clinical
study using the murine anti—IL-6 MoAb BE-§ for patients with MM, total inhibi-
tion of CRP production was only achieved in patients producing <18 pg/day of IL-
6 [17], which equates to a mean concentration of ~6 ng/mL per day, assuming a
blood volume of ~3 000 mL. During the previous study of siltuximab in patients
with MM, IL-6 levels reached 50 pg/mL, with median IL-6 production rates of 60
mg/day [17]. The 5-pg/mL siltuximab trough concentration initially proposed as a
target for the starting dose of this study was based on maintaining at least a 300-
fold molar excess of antibody to total serum concentration and IL-6 production.
This excess quantity was considered necessary to block IL-6 activity to below the
level required to support tumor growth [69] based on the dissociation constant of
the anti—IL-6 antibody/IL-6 complex. In the Phase I study on metastatic RCC, ad-
ministration of siltuximab at 6 mg/kg every 2 weeks seemed to effectively suppress
serum CRP in all patients, all of whom had a baseline CRP of <30 mg/L [77]. In
addition, a two-compartment PK model adequately described the serum siltuximab
concentration-time data. CRP serum level was chosen as the main surrogate
marker, defining the biological efficient dose when it was inferior to 4mg/L.
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The mean indirect response PK/PD model generated a PD Kin value of 20
ng/L/d and a Kout parameter value of 0.64 1/d. The Kout parameter estimate cor-
responded to a half-life of ~1 day. Simulations were conducted using the mean PK
and PD parameter estimates to evaluate various doses and clinically relevant
schedules of siltuximab with a dosage of 6 mg/kg every 2 weeks or 9 mg/kg every
3 weeks [77].

By combining two anti-IL-6 MoAbs, the cytokine was stabilized. Simultaneous
treatment with three anti-IL-6 antibodies, binding to three distinct epitopes, in-
duced the rapid uptake of the trimeric immune complexes by the liver and the
elimination of IL-6 from the central compartment [68]. The use of anti-IL-6 and
anti-IL-6R allows to completely block IL-6 activation mechanisms and particularly
trans-activation mechanisms. Other more recent approaches have been developed
by using probodies against gp80 or gp130.

Clinical results

Dysimmune diseases

Tozilizumab, the anti-sIL-6R MoAb developed initialy by Kishimoto’s group
has demonstrated its efficacy either as monotherapy or in combination with dis-
ease-modifying antirheumatic drugs for adult patients with moderate to severe RA
[78-83]. A Cochrane database systematic review concluded that anti-IL-6R
MoAb-treated patients were four times more likely to achieve American College of
Rheumatology (ACR) 50% improvement (38.8% versus 9.6%) and 11 times more
likely to achieve Disease Activity Score remission (30.5% versus 2.7%) [84].
Thus, anti-IL-6R MoAb is now been approved for the treatment of RA in more
than 90 countries worldwide. The outstanding results obtained with biologics such
as anti-IL-6RADb in the treatment of RA led to a change in the treatment objective
from protection against joint destruction to prolongation of life expectancy with
normal activities of daily living. Safety has been reported from 6 studies performed
in Japan. The incidence of adverse events (AEs), including abnormal laboratory
test results, was calculated as 465.1 per 100 patient-years, with infections as the
most common with 6.22 per 100 patient-years. In addition, as expected, increases
in lipid and liver function parameters, were observed, but most were mild. In addi-
tion, tozilizumab is a promising drug for systemic lupus erythematosus, systemic
sclerosis, polymyositis, Takayasu and giant cell arteritis, Crohn’s disease, relapsing
polychondritis, multiple scerosis, Still’s disease, Behget’s disease [18].

Castleman’s disease

Castleman’s disease is a lymphoproliferative disease characterized by benign
hyperplastic lymph nodes, follicular hyperplasia, and capillary proliferation ac-
companied by vascular hyperplasia and expression of IL-6 mainly due to viral IL-6
produced by Kaposi sarcoma (KS)-associated herpes virus (KSHV or human her-
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pes virus 8) which directly binds and stimulates gp130 in the absence of gp80. All
HIV-positive and half of the HIV-negative patients with multicentric Castleman’s
disease were infected with KSHV [85]. B-E8 was first used by Beck et al. from
Little Rock, for a patient having Castleman’s disease [86]. Tozilizumab was regis-
tered in Japan as an orphan drug in 2005, for this disease. Recently, siltuximab was
also shown as an active drug in such a disease, in a Phase I study followed by a
randomized Phase II study in multicentric non HIV-Castleman’s disases in order to
get a registration of the drug as well as tozilizumab.

Multiple Myeloma

IL-6 was first described as an autocrine factor for myeloma cells by Kishi-
moto’s group. Klein et al. demonstrated that IL-6 is more a paracrine survival fac-
tor for MM cells, mainly produced by the micro-environment [87-90]. IL-6 and
IGF1 represent the main proliferation/survival factors for myeloma cells. Other
factors have been described, including BAFF/APRIL, mainly produced by osteo-
clasts, Hb-EGF, HGF, VEGF and others. Syndecan-1 (CD138) has been described
as a major molecule produced by the tumoral cells, with a shedding leading to a
soluble form that is regulated by heparanase, mainly produced by osteoclasts [91].
BE-4 and BE-8, murine MoAbs were first used in Montpellier for patients having
MM [66;67], and we demonstrated that IL-6 was a survival/proliferation factor in
vivo. In addition, CRP was demonstrated as the surrogate marker defining the op-
timal biological dose when CRP was controled, a situation that corresponds to a
daily production less than 18ug. Furthermore, BE-8 combined to melphan
140mg/m” plus autologous transplantation was suggested to be an active associa-
tion for lowering tumor mass as effective than melphalan 200mg/m? in an historic
comparison (personal data). The MoAb was administered at least for 21 days till
haematological recovery, covering the period of aplasia associated with the IL-6
production. Furthermore, Moreau et al. showed that the combination of melphalan
220mg/m” and BE-8 was effective in relapse/refractory patients having MM [92].
A randomized study, from the Intergroupe Francophone du Myélome (IFM)
(IFM99—-04) demonstrated that the association between BE-8 and melphalan high
dose plus autologous peripheral blood stem cell transplantation was not associated
with a survival or progression-free survival [93].

Nevertheless, this study exhibits several biais that render the results unaccept-
able : 1/only agressive patients were included in the study ; 2/BE-8 was given only
for 3 days after melphalan high dose, despite the fact that we observed a peak of in
vivo IL-6 production between day 7-11 post-transplantation, leading to a huge ac-
cumulation of free IL-6, the survival factor for tumoral cells; 3/no information on
the biological effect of BE-8 was col-lected, particularly CRP serum levels. So,
this protocol was a major example of a non usefull program with the worse condi-
tions for targetting IL-6 in vivo.
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All of these reasons support the fact that anti-IL-6 could have a positive impact
on MM and siltuximab was tested in different clinical trials, first starting in a Phase I
study showing that tolerance was acceptable with clinical responses [94]. This Phase
I study was followed by a Phasel/Il study and randomized studies in ad-vanced dis-
eases and in front-line therapy with bortezomib (95 and ongoing studies). Siltuximab
was proven to have a synergistic effect in vitro when associated to different drugs
such as melphalan, bortezomib, dexamethasone and other targetted drugs [96-98].
From all of these ongoing studies, the combination of anti-IL-6 and bortezomib
represents an active combination, supporting the fact that this drug may have a major
place in the treatment for MM, at different times, during induction therapy, rein-
forcement post-transplantation or maintenance therapy, better named as control of
residual disease. In addition, CRP has been shown to enhance myeloma cell prolif-
eration under stressed conditions and protected tumoral cells from chemotherapy
drug-induced apoptosis in vitro and in vivo. In addition, CRP was proven to bind
activating Fcy receptors, activates PI3K/Akt, ERK, and NF-kB pathways, and inhib-
its caspase cascade activation induced by chemotherapy drugs. Furthermore, CRP
increases IL-6 production and synergized with IL-6 to protect myeloma cells from
chemotherapy drug-induced apoptosis [99]. Recently, it has been demonstrated a
clonal competition with alternating dominance in MM, a situation that needs to to-
tally review the therapy for patients having MM [100; 101]. This means that criteria
for therapeutic choice are now available opening a new therapeutic era for all the
drugs, including specific targets such as anti-IL-6.

Other haematological malignancies

IL-6/CRP was shown to be a prognostic factor in several B-cell malignancies, par-
ticularly malignant lymphoma [102;103]. IL-6 has been found as a biologic marker in
different other lymphoid malignancies, including Hodgkin’s disease, cutaneous CD30-
positive lymphomas and KSHV-associated malignancies [104—107]. Polymorphism of
different cytokines, and particularly 1L-6 (IL-6-174GG genotypes) had a significantly
lower probability of freedom from treatment failure in Hodgkin’s disease [108]. In ad-
dition, the majority of B cell tumours ex-pressed one or both of the IL-6 receptors, ex-
cept neoplasia of immature B cells, mantle cell lymphoma being found to express the
highest density of receptors [109]. BE-8 has been used in 11 patients having HIV-
associated lymphoma, show-ing a clinical benefit observed, particularly on B symp-
toms [110], and in one pa-tient with acute monoblastic leukaemia [111]. Thus, gp130
signalling might play an important role in the pathogenesis of certain B cell neoplasia,
and new clinical programs could be developed in such diseases.

Metastatic renal cell carcinoma
IL-6 was shown to be an autocrine proliferation factor in several cell lines ob-
tained from patients having metastatic renal cell carcinoma (mRCC) [112;113].
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The mutation of p53 contributes to the overexpression of IL-6 in such a disease
[114]. We and others have demonstrated that CRP/IL-6 are prognostic factors in
mRCC [15;115;116]. Furthermore, we demonstrated a significant association be-
tween the presence of the IL-6R in tumours and tumour stage, nuclear grade, pro-
liferation index, and serum IL-6 [117].

Treatment of RCC cells with cisplatinum (CDDP) in combination with anti-IL-
6 MoAD or anti-IL-6R MoAb can overcome their CDDP-resistance by down-
regulation of glutathione S-transferase m expression [118]. Furthermore, in a Phase
I study, the use of IL-6 and GM-CSF for pa-tients having RCC was associated with
inverse clinical effects [119]. We treated 18 patients suffering mRCC with BE-8,
demonstrating a clinical benefit, including abrogation of fever, hypercalcemia, in-
flammatory syndrome, reduction of anemia and morphin intake, increase of
weight, with objective response observed (2/18 patients with partial response, one
minor response and one stable disease) [7;15;120].

Siltuximab was used in a Phase I/II study, showing that this drug stabilised dis-
ease in >50% of progressive mRCC patients, with one partial response and a fa-
vourable safety profile, a situation that could authorize further evaluation of dose-
escalation strategies and/or combination therapy [17]. Nevertheless, to our knowl-
edge, no further studies was performed.

Prostate cancer

IL-6 produced in adipose tissue plays a role in lipid metabolism, and also inter-
acts with sex steroids. IL-6 acts as a paracrine and autocrine growth factor for both
benign and cancer prostate cells.

The levels of IL-6 and IL-6R are increased during prostate carcinogenesis and
tumor progression. In addition, it has been reported a correlation between increased
serum and plasma IL-6 and soluble IL-6R levels with aggressiveness of the dis-
ease. During the treatment of prostate cancer, a castration-resistance appears gen-
erally leading to the death of the patient. So, it is important to understand the
mechanisms of such a situation. The signaling pathway mediated by IL-6 repre-
sents an alternative pathway in the cancer-resistance phenotype acquisition and
cancer progression [121;122].

During androgen deprivation therapy a regulation loop may emerge between
sex steroids and IL-6, with a strong positive correlation with total-testosterone,
androstenedione, and estradiol levels [123]. Other gp130 cytokines, such as OSM
have been implicated in tumor progression, by promoting Vascular Endothelial
Growth Factor (VEGF) and urokinase plasminogen activator (u-PA) [124].

A meta-analysis was recently performed for evaluating IL-6 genetic polymor-
phism -174G/C with susceptibility to prostate cancer, with an increased risk ob-
served in two cohort studies from one article, needing additional well-designed
studies to validate these findings [125].
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All of these data shows the importance of the IL-6/IL-6R pathway in regulation
of prostate cancer cells. So, a Phase I study including 20 patients scheduled to un-
dergo radical prostatectomy, was designed with patients received either no drug or
siltuximab (6 mg/kg, 5 patients/group with administration once, two times, and
three times prior to surgery). It was observed a decrease in phosphorylation of
Stat3 and p44/p42 mitogen-activated protein kinases, with down-regulation of
genes immediately downstream of the IL-6 signaling pathway and key enzymes of
the androgen signaling pathway [126].

A Phase II study was designed by SWOG in chemotherapy-pretreated patients
with castration-resistant prostae cancer, showing stable disease in 7 patients (23%)
but with an increase of IL-6 after therapy which may translate an accumulation of
the cytokine resulting in a lack of a clinical benefit [127].

Combination of mitoxantrone/prednisone plus siltuximab was not associ-ated
with a clinical improvement in a randomized Phase II study, as compared to che-
motherapy alone [71]. Other molecules have been shown to support an activity on
tumorigenesis in prostate cancer, such as some polyphenols, by mediating a de-
crease IL-6 signaling [128]. Due to a rise in IL-6 both in vitro and in vivo in the
presence of tyrosine kinase resistant cell line, IL-6 may represent a biomarker for
tyrosine kinase resistance [129].

Possible other indications

IL-6 inhibition may represent a good therapeutic indication in other cancers, in-
cluding ovarian cancer. Recently, it was demonstrated a correlation between
thrombocytosis and IL-6 and thrombopoietin secretion in 619 patients [130]. In
addition, neutralizing IL-6 significantly enhanced the therapeutic efficacy of pacli-
taxel in mouse models of epithelial ovarian cancer, reducing tumor growth and
angiogenesis [130;131]. Squamous cell carcinoma, melanoma, hepatocellular car-
cinoma and neuroblastoma have been also studied supporting the interest for de-
veloping anti-IL-6 therapy in such solid tumors [7;132—-135].

In addition, tocilizumab has been tried in different other dysimmune diseases
such as autoimmune hemolytic anemia associated with Castleman’s disease and in
steroid refractory graft-versus-host disease [136;137].

In conclusion, blocking IL-6 represents a new therapeutic way for different dis-
eases from cancers, including haematological malignancies such as B-lymphoid
neoplasms, and some solid tumors such as ovarian cancer and others, to dysim-
mune diseases.

There are several molecules that trigger this cytokine system, including anti-1L-
6 MoAbs (siltuximab, and other humanized anti-IL-6 MoAbs), anti-IL-6R (tocili-
zumab, and other humanized anti-IL-6R) or JAK/STAT pathway inhibitors. By
using such molecules, clinical benefits has to be analyzed when efficient biological
dose is reached. A novel era for such therapeutic tools is now open.
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AOcTpakT

[prveHerne MMMYHO(DEHOTHITITIECKHX U MOJIEKYJIIPHBIX MCCIIEIOBAHNH TS OLICH-
K 3(exTa Tepanuy CTano CTaHIAPTHON MPAKTUKOHW MPH MHOTHX THIIAX TeMo0IacTo-
30B. OHAKO, /10 TTOCTEIHETO BpeMeHH! 3 (eKT JiedeHuss O0BHBIX MHOJKECTBEHHOH MUe-
somori (MM) OIeHHMBaIM TOJNBKO IO OOBIMHBIM KIMHUYECKHM, MOP(OIOTHYECKIM H
CEepOJIOTMYECKUM TapaMeTpaM. [IpomomKaroTesl MCCIeOBaHMsl C LEIbI0 TTOBBIIICHUS
sdexrrBHOCTH Teparmy ipr MM, KOTOPYIO ONPENENsIOT O YUCILy OCTATOYHBIX OITy-
XOJIEBBIX KJIETOK 11OCIE JICUEHUSL.

BricokouyscTBuTensHbM (107 1 107) crioco6om onpenenenus sbdekra neyeHus
y OOJBHBIX MHETIOMOH SBJIAECTCS ONpeeNeHHe MHUHUMAIBHOTO OCTaTOYHOro 3adoie-
Banust (MO3) MonekysipHbIME MeToiaMi. OnHako Metoauky Ha ocHoBe [P 3anu-
MalOT MHOTO BPEMEHH, OTHOCUTEIIHHO JIOPOTH M MX TIPUMEHUMOCTD OrpaHnyeHa (TIpu-
MepHO 75% 060mbHBIX). B TO jke Bpemst IoKa3aHo, 4TO0 MIMMYHO(EHOTUITMPOBAHHUE Me-
TOJOM 4-IIBETHOW MHOTOTapaMeTprdecKoil mpoTounoit muromerpun (MIIL]) xapakTe-
pu3yetcst OonbIuei creneHpio mpuMeHNMOCTH (90-95% OOJBHBIX), OTHOCHTENBHO BbI-
COKO# uyBCTBUTEIBHOCTEIO (107") M 3aHIMaeT MeHbIIe BpeMeHH. BaKHO OTMETHTB, UTO
POJB TOCTWIKEHHSI UIMMYHO(EHOTHUITMYECKOH M MOJIEKYJIAPHOM PEMHCCHH B pe3yJIbTare
TEpanuy Kak OCHOBHOTO MPOTHOCTHYECKOTO (paKTOpa MOCTOSHHO MOATBEPXKIANACH Pe-
3yJIbTaTaMH MCCIICIOBAHKI B IPYIax OOJIbHBIX, KOTOPHIM TIOKA3aHa TPAHCIUIAHTALHS, 1
B CJIy4asX HEBO3MOXKHOCTH IPOBEIEHUSI 3TOTO BUJIA JIGYEHMS, KakK /0, TaK M MOocie Ha-
CTYIIJIEHUs 9pbI HOBATOPCKHX MPETIapaToB.

Osxmaercs, 4To nocie BHeApeHus! B MpakTuky -1iseTHoit MIILI B coueTanuu ¢ Ho-
BBIM KOMITHIOTEPHBIM 00ECIIEUeHHEM W HOBBIMU aHAJIMTHYECKUMH TIOIXO/IaMH YyBCT-
BUTEJIFHOCTh MIMMYHO(EHOTHUITUPOBAaHHST MOXKeT JocTiub ypoBHst AC-ITLIP, uto npu-
BEJIET K TOBBIIIECHNIO 3P ()EKTHBHOCTH MOHUTOPHHTA 3 ()EKTUBHOCTH HOBBIX TEPAIIEB-
THYECKHX MPETapaToB U IPOTOKOJIOB. B COBOKYITHOCTH pE3yJbTaThl IPOBEICHHBIX
HCCIEA0BAaHUI TOKa3bIBAIOT KIMHUYECKYIO 3HAUUMOCTh onpeaeneHuss MO3 npu MM.
Henaro PaGouast rpymma mo muenome IepecMoTpena KpHTepHH OLEHKH d¢dekra:
OTpeIeNeHbl KaK NMMYHO(DEHOTHITHYECKas], TaK ¥ MOJIEKYJIsIpHas pemucchs mpu MM.
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Abstract

The use of immunophenotypic and molecular techniques to evaluate response
to therapy has become standard practice in many hematological malignancies. By
contrast, up until now response to treatment in multiple myeloma (MM) has only
been evaluated by conventional clinical, morphological and serological parameters.
In MM continuous efforts are being made to improve the efficacy of therapy,
which translates into a decreased number of residual tumour cells after therapy.
Minimal residual disease (MRD) detection in myeloma patients by molecular tech-
niques is highly sensitive (10 and 107). However, PCR-based approaches are
time-consuming, relatively expensive and they have a limited applicability (=75%
of all patients). In contrast, 4-color multiparameter flow cytometry (MFC) im-
munophenotyping has proven to be broadly applicable (90%95% of all cases), less
time-consuming, and relatively sensitive (10*). Most importantly, the achievement
of immunophenotypic and molecular response after therapy has been consistently
demonstrated as a major prognostic factor for both transplant eligible and non-
eligible patients, before and in the era of novel drugs. With the incorporation of §-
color MFC together with new software and analytical approaches, it is expected
that the sensitivity of immunophenotyping may reach a level similar to that of
ASO-PCR, increasing its utility in monitoring the effects of new therapeutic agents
and protocols. Altogether, the available results support the clinical relevance of
MRD investigation in MM. Accordingly, the International Myeloma Working
Group has recently updated the response criteria to define both immunophenotypic
and molecular response in MM.
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Hacmynnenue pemuccuu npu MHOMCECHGEEHHOU Mueiome

3a nocneanue 20 ner mapagurma yiedeHus MM mpereprnena 3HauUUTEIbHBIE U3-
MeHeHus [1]. B TedeHne 10iroro BpeMeHHU LIENBIO JICUEHHS SBISUIOCH JOCTIDKECHHE
YaCTHYHON PEeMHCCHH WM CTa0wim3aiuu 3adoneBanus [2; 3]. OmgHako, Omaromaps
BHEJIPCHUIO B KJIMHUYECKYIO INPAKTHKY BBICOKOJIO3HOHM Tepamuy ¢ MOCIeayIomen
ayToTpaHciulanTamue crBoyoBbIX kietok (BAT/ATCK) mosBHIace BO3MOXHOCTB
JOCTIDKEHUS TIOJTHOW peMHUcCHU IpUMepHO y 35% GombHBIX Muenomoit [4—-8]. Kpo-
M€ TOTO, B CITy4asiX, KOI/la MHTCHCHBHBIC PEKHMBI IIPOTUBOIIOKA3aHbI, IPUMEHEHHE
TaKUX HOBBIX IIPEMapaToB Kak TAIUAOMHUI, OOPTE30MHUO U JICHATHIOMHI B MEPBOH
JIMHUHM JIEYEHHS TTO03BOJIMIIO MOBBICUTH dacToTy IIP ¢ menee 8% na done mendana-
Ha/mpeaauzona [9; 10] no 30% Ha done 6opre3omuba u Tamaomuaa [11; 12]. Cre-
JIyeT, OJIHAKO, OTMETWUTb: HU CTaHIapTHbIC, HM HOBBIC MpeEnapaTtbl HE CIIOCOOHEI
00€eCIeunTh MOJHOE YHHUYTOXKEHHE BCEX KIIETOK MHUENIOMBI, B pE3yJIbTaTe PELMINB
pasBuBaetcs BeneacTeue MO3 y GonbIIMHCTBA (€cin HE y BCeX) OOJIBHBIX.

TouHo omnpeneeHHOE M OBICTPOE HACTYIUICHHE PEMUCCHH SIBIISIETCS OaronpHsITHBIM
(hakTOpOM IPOrHO32 NP OONBIIMHCTBE FEMOOIACTO30B, U JIOCTIDKEHHE KaduecTBeHHOH 1P
xoppermpyet [13; 14] ¢ yBenmmueHrEM TPOIOIDKUTETFHOCTH KI3HH (XPOHMYECKUIA MIie-
JIOWTHBIH JISHKO3 U OCTPBII POMUCIIOITAPHBIH JIeiko3). [ pa3paboTki 3 peKTHBHBIX
CTpaTEeTHi MOJVIEP)KKHA PEMICCHH HEOOXOMMBI 1yBCTBUTENHHBIC METO/IBI OLICHKH (P deK-
Ta TEPAIH C IENBI0 OMPEIEICHNs] ONTUMATIbHOM TPOAOIDKUTENBHOCTH JISUCHUS U TIOA-
JIEPKKHU OONTBHOTO B COCTOSIHUH PEMICCHH B TEUEHHE KaK MOYKHO 601€€ IPOAOIDKUTEIBHO-
0 BpeMeHH. B remaronorny cunTaercst pakTHIecKH OOILEIPUHSITHIM, YTO IOCTYDKEHHE 1
TIOJIepKaHNe BHICOKOKAYECTBEHHOM PEMHCCHH SIBJISIETCS TIEPBOCTENEHHBIM TPeOOBaHUEM
TOJIOXKHUTEITBHOTO pe3yJibTara jiedeHus. Y 0obHbIX MueroMoit [1P onpesensercs kak ot-
cyrcrBue M-0Oenka 1o maHHBIM nMMyHo(ukcarmn (MPke) u npucyrctBie Menee 5%
miazmorwtoB (IT1) B koctHOM Mo3re [15]. BoNBIIMHCTBO HMCCIEOBAHMH MOKA3aIH, YTO
noctiwkenue [P nocne neuenus accoupmpyercst [16—18] ¢ yBenmieHneM mpoaoDKUTe b
HOCTH >kM3HH Oe3 nporpeccupoBanust 3aboseanust (IDKBIT), oxgHaxo B psine paboT yKasbl-
BaeTCs, YTO BHICOKHE TIoKazareny [1P He Bcerma KoppeimpyroT ¢ yBEMUYCHHEM POIOIDKH-
TeMBHOCTH XU3HH [19-24]. 3T0 HECOOTBETCTBHE MOKHO OOBSICHUTH, TI0 KpaifHel mepe
oTyacTH [25], HUBKOH YYBCTBUTETHHOCTHIO MeToaa aHami3a (107) i BHICOKO CTENEHBIO
BapHAOEITFHOCTH KaK MEXITy OOJIBHBIMH, TaK B KOKIOM KOHKPETHOM ciy4ae [26]. Taroke
BBICKA3aHO TPEJIIONIOXKEHNE, YTO MPOTHOCTUYECKOE 3HaueHWe aocTikeHus 1P moxer
3aBHCETH OT THIIA JICYCHHS, BO3pAcTa M NCXOIHOTO COCTOSIHMSI OombHOTO [27]. B cBsizu ©
3THM, MOYKHO CUHTATh, YTO JJAHHBIN KPHTEPHA HE 00TaaeT JOCTATOYHON TOYHOCTBIO JUIS
BBISIBIICHHS] OOJIbHBIX, KOTOPBIM MOXKET NPHHECTH KIMHUYECKYTO TOJIb3Y JOTOITHUTEIbHASL
Teparwisl B paHHHe cpoku Tocre siederns [18; 19]. CoBcem HemaBHO MexmyHapomHast pa-
604ast Tpymma 1o n3ydeHnro muenoMsl (IMWG) npemToxuiia MCIonk30BaTh HOBYIO KaTe-
roputo 3¢dekra — «crporast [1Py» (cIIP), mist KoTopoii TpedyeTcsi HopMaM3alys OTHOLLIE-
HUst CBOOOJTHBIX JIeTKHX 1ierneii B chiBopotke (SFLC) u orcyrerBue kioHanbHbIX [11] 1o
JIaHHBIM IMMYHOTHCTOXHMHYECKOTO 1 (DIIyOpECIIeHTHOTO UCCIIeJOBaHHIH.
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The onset of response in multiple myeloma

The paradigm of multiple myeloma (MM) treatment has impressively changed
in the last two decades.[1] For many years the goal was to achieve partial response
(PR) or disease stabilization [2; 3]. However, the introduction of high dose therapy
followed by autologous stem cell transplantation (HDT/ASCT) made possible the
achievement of complete response (CR), in approximately 35% of myeloma pa-
tients [4—8]. Also for patients ineligible to intensive regimens, the incorporation of
the novel agents thalidomide, bortezomib and lenalidomide into front-line therapy
has significantly improved the CR rates, that evolved from less than 8% with mel-
phalan/prednisone [9; 10] to approximately 30% with bortezomib or thalidomide
[11; 12]. However, both standard and novel therapies fail to eradicate all myeloma
cells, and most (if not all) patients will eventually relapse as a consequence of per-
sistent minimal residual disease (MRD).

An accurate and fast onset of response is a good predictor for prognosis in most
hematological malignancies, where the achievement of high-quality CR correlates
with prolonged survival (ie, chronic myeloid leukemia and acute promyelocitic
leukemia) [13; 14]. Moreover, to develop effective maintenance strategies sensitive
methods to measure response are mandatory to help deciding duration of therapy
and maintain long-term remissions. Thus, a widely accepted concept in hematology
is that achieving and maintaining high-quality remissions is seen as a primary re-
quirement for the cure of patients. In the myeloma setting, CR is defined by the
absence of M-protein by immunofixation (IFx) and less than 5% plasma cells (PC)
in bone marrow (BM) [15]. Although the majority of studies show that patients
achieving CR after treatment have a prolonged progression-free survival (PFS)
[16—18], others have shown that higher CR rates do not always translate into ex-
tended survival [19-24]. This inconsistency could be explained, at least to a certain
extent, to the low sensitivity of the assay (107) [25] and the high inter- and intra-
patient variability [26]. Moreover, it has been suggested that the prognostic impact
of achieving a CR may depend on the type of treatment, patients’ age, and baseline
picture.[27] Therefore, this criteria probably lacks the accuracy to identify patients
who might benefit from additional therapy in the early stages after therapy [28; 29]
Most recently, the International Myeloma Working Group (IMWG) proposed the
addition of a new response category, the stringent CR (sCR) that requires normali-
zation of the serum free light chain (sFLC) ratio and absence of clonal PC by im-
munohistochemistry or fluorescence.



38 HMMYHOJIOT'UA TEMOIIO33A4

XoTs 3TOT Kputepuid Oonee dyBcTBUTENCH [30], YeM KpUTEpHUi Ui ompesese-
uus [P (107 u 107), umeromeiics HEQOPMALH O TIPOrHOCTHYECKOM 3HAUCHHH C
I1P noka HenoctaTouHo [31], M 3HaUEHUE KOPPEIALMH ONUTOKJIOHANBHBIX MOJOC €
3¢ QeKToM JIeueHus sl OLEHKH MPUMEHMMOCTH 3TOTO BHJA aHAIW3a elle Mpen-
crout onpenenuts [32; 33]. BaxkHO OTMETHTH, YTO HU3MEpEHUE ypOoBHI M-0enka u
ompenenenne SFLC oTpakaeT TONBKO KOIMYECTBO MPOAYKTa CEKPETHUPYIOLIETO
KJIOHa, HO HE 00ECHEeYNBaET MPSMOE KOJMYECTBEHHOE OMNPEAEICHHE OCTATOYHON
OITyX0JIEBOM MaccChl. B cBA3M C 3THM, JUINTEIBHOE BPEMsI MOIYKU3HH HEKOTOPBIX
MMMYHOTJIOOYJIMHOB, B YaCTHOCTH — napanpotenHoB IgG [36], MmoxxeT 00ycioBin-
BaTh MOSBJICHUE JIOKHOTIOIOXKHUTENLHOTO pe3yabTara [34; 35]. B HenaBHo omy6mu-
koBanHoU pabote Chee et al. [37] noarBepkaeHa Ba)KHOCTh MOP(HOJIOTUUECKOTO
uccnenoanuss KM naxe y OONBHBIX € OTpUIATENbHBIM craTycoM M®Dkc mocie
tepanuy. OHAKO, B OTJIMYUE OT OCTPBHIX JIEHKO30B, CTaHIapTHOE MOpQOIIOrHye-
ckoe uccnenoBanre KM mpu MM B o0mieM ciydae He ITO3BOJISIET pa3inyarh HOp-
MaJlbHBIe U 310KadecTBeHHBIE 1111, 9TO CHM)XKaeT dyBCTBUTEIBHOCTH IUTOJIOTHYE-
CKOTO aHaNM3a B Iepuo] HabmoaeHus [38].

Jln1s1 TOBBIIIEHNST TyBCTBUTEIBHOCTH aHaIu3a 1pu onpeneneaun MO3 mMoneky-
JISIPHBIMH METOJaMHU HEO0O0X0IMMO TpoBecTH cekBeHupoBanue obmactu CDR3 mms
MOTy4EHHs TPpaiMepoB, CHENUPHUIHBIX U JAHHOTO OOJNBHOTO, C IIETBI0 IOCIe-
JIYIOIIET0 WHIMBHIYAJIFHOTO MOHUTOpHHTA. OIpeneneHne OCTaTOYHBIX 3JI0Kaue-
crBeHHbIX [11] MeTomoM aenb-criennpryueckoil oIuMepa3Hoi LEeHON peakun
(AC-TILIP) OTaHYaeTcst BHICOKOH CIENU(DUIHOCTBIO, UyBCTBHTENbHOCTHIO (10—
10) [39], 1 KaKk MOKa3a1M MCCIEIOBAHUs B HEGOJIBIINX TPYIIAX GOMBHEIX, 00/Ia-
JIaeT MPOTHOCTUYECKOM IEeHHOCThIO [40-42], 0cOOCHHO B KOHTEKCTE aJUIOTPAHC-
ITAHTAlMK CTBOJIOBBIX KJIETOK [43]. OmHako 3TOT METOJ 3aHUMAaeT MHOTO BpeMe-
HU U XapaKTepU3yeTcsl BBICOKUMH TpPyn03aTpaTaMH, BBICOKOW CTOMMOCTBIO U OT-
PaHWYEHHOM NPHUMEHUMOCTHIO (0KOIO 75%), YTO 3aTPyAHSET €ro BHEIpEHHE B
KIMHUYECKYI0 NpakTHKy [44—47]. Kpome TOoro, cpaBHHTENBHOE HCCIEIOBAHUE
ompeneneanss MO3 MOJEKYJISPHBIMH W HUMMYHO(QEHOTHIINYECKUMUA METOJaMHU
MOKAa3aJI0, YTO, HECMOTPSI HA BBICOKYIO UYBCTBHTEIBHOCTH IEPBBIX, UX HMPUMEHE-
HHE HE KOPPENHPYET C MOBHIIICHHEM TOYHOCTH mporHo3a [48—50]. DT0, ckopee
BCETO0, OOBSICHACTCS TEM, YTO 00a METOAA MO3BOJIIOT JOCTHYD KIMHHYECKH pelie-
BAHTHOTO TOPOrOBOr0 ypoBHs ompexenenns MO3 — 10, MuTepecHo oT™MeTHTD,
YTO NMPUMEHEHHE METOJIOB BU3yalH3allMy NP MOHUTOpUHre MM mo3BOIAET BbI-
SIBJISITh YacTO NMPHUCYTCTBYIOLIME NEPCUCTHPYIOIINE ovuard Jaxe y OonbHbIx ¢ [1P
[51], 1 HIEHHOCTH TAKOTO POJa UCCIIETOBAaHUM MpU HAOIIOACHUH 32 OOTBLHBIMH ObI-
Jla HEJJaBHO MOATBEpxkAcHA MTanpsaHCKON rpynnoi nsydeHus muenomsl. Ilokasa-
HO, uTo oreHka 3¢ ¢dekra meromamu 18DI-IIDT/KT sBisercss He3aBUCHMBIM
(hakTOpOM TPOTHO3a Kak JUIsl OOIIEH IMPOJODKUTEIBHOCTH XHM3HHW, TaKk M JUIS
IDKBII. MmMMmyHO(MEHOTHIIMPOBAaHHE METOAOM MHOTONApaMeTPHIECKON POTOYHON
muromerpun (MIIL]) mo3Bomsier mcclaenoBaTh SKCHPECCHI0 M MHTEHCHBHOCTH
(ryopecueHIny 0OJIBIIOTO YHCIIa MAPKEPOB HA OOJIBIIOM YHCIIE KIETOK.
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Although this criteria is more sensitive than the one defined for CR (107 vs. 10?)
[30], there is still limited information regarding the prognostic significance of the
sCR [31], and the role that response-based oligoclonal bands may play on the ap-
plicability of this assay is yet to be fully determined [32; 33]. Most importantly,
both the measurement of the M-protein and sFLC only reflect the product of the
secreting clone and are not a direct measurement of the remaining tumor burden.
Thus, the long half-life of some immunoglobulins may imply some false positive
results [34; 35], in particular IgG paraproteins [36]. Accordingly, Chee et al. [37]
most recently confirmed the importance of morphological BM evaluation, even in
IFx negative patients after therapy. However and in contrast to acute leukemias,
conventional morphological (CM) BM evaluation in MM is generally not capable
to distinguish normal from malignant PC, thus reducing the sensitivity of cytologi-
cal follow-up analysis [38].

In order to be highly sensitive, MRD investigations based on molecular tech-
niques require sequencing of the CDR3 region to design patient-specific primers
for individual monitoring. Thus, allele specific oligonucleotid-polymerase chain
reaction (ASO-PCR) measurement of residual malignant PC is highly specific,
sensitive (10-10°) [39], and studies conducted in small series of patients have
demonstrated its prognostic value [40—42], particularly in the context of allogenic
stem cell support [43]. However, this technique is time- and labor-consuming, ex-
pensive and has limited applicability (~75%), hampering its use in routine clinical
practice [44—47]. Moreover, comparative studies of MRD detection between mo-
lecular vs. immunophenotypic approaches have shown that despite the higher sen-
sitivity of the first, it does not correlate with better prognostication [48—50]. This
finding is most probably explained by the fact that both techniques are able to
achieve the current clinical relevant threshold level for MRD detection, which
stands in the 10™. Interestingly, the recent incorporation of imaging tools in moni-
toring of MM has shown frequently present persistent focal lesions even in CR
patients [51], and its utility on follow-up analysis has now been confirmed by the
Italian myeloma group, who showed that response assessment using 18-FDG
PET/CT is an independent prognostic factor for both PFS and OS. Multiparameter
flow cytometry (MFC) immunophenotyping makes possible the individual analysis
in a high number of cells the expression of multiple markers and their fluorescence
intensity. This allows the discrimination of abnormal PC from normal or reactive
PC, despite their low representation in the BM [52-56].
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Meton Takxe MO3BOJSET Pa3INuaTh aHOMAJIbHbBIE, HOPMAJIBHBIE U PEAKTUBHBIC
III1 HecMOTpsi HAa HU3KHI YPOBEHb ATHX KJIeTOK B KM [52—-56]. DT0 yHHKaNIbHOE
Ka4eCTBO IPHCYIIE TOJIBKO JAHHOMY METO/IY, IOCKOJIbKY HU CTaHJapTHbIE Mopdo-
JIOTHYECKHe, HU MOJIEKYJISIPHBIE MTOJXO/BI 110 OTJEIBLHOCTH WIH BMECTe, He 00Ja-
JIAIOT CIIOCOOHOCTBIO pa3InyaTh KJIOHAIbHbIE 1 HOpManbHble [11]. OTo oueHs Bax-
HO, T.K. B JIOTIOJJTHEHHE K MOHHUTOPUHTY MuenoMaTo3Hbix I mMmyHObeHOTHITH-
pOBaHME TAKXKE MO3BOJIUT CIEANTH 3a BOCCTaHOBICHHWEM HopManbHBIX I1L1, uTo B
CBOIO OUYepeab TaKXKe SBIIETCS BaXKHOM MPOrHOCTHYECKON nHpopmanueil. B coot-
BETCTBUH C BBIIIECKAa3aHHBIM, UMMyHO(GeHOTUIIHpOBaHKe MeTonoM MIILL sBnser-
cs1 00s3aTeNbHBIM IIPH JHArHOCTHUYECKON XapaKTEpUCTUKE OIyXOJEBBIX KIIETOK, a
TaKke MOHUTOpUHTre 3(ddekTa JieueHHs MpU HMIMPOKOM CHEKTpPE reMo0IacTo30B
[57-62]. B xonTtekcre MM u npyrux anomanuii I11] mokasana KiMHUYecKas 3Ha-
ynmocTh MIIL] s anddepeHnnanbHOro AuarHo3a MOHOKJIOHAJIBHOW rammana-
TUH HeompeaeneHHoi 3Haunmoct (MI'H3) u MM [63], BbIsBIEHUS I'PYMIl MTOBBI-
menHoro pucka MI'H3, napemmromieit MM (zMM) u MM [64; 65], onpenencHus
AQHTUTEHHOTO MPOQUIIS U1l NpOrHo3a 3a0oseBaHus [68] U Morcka HOBBIX TEpareB-
THYECKUX MUIIeHeH [53].

B nannoM 0030pe ocHOBHOE BHMMaHue yaemnsiercs: npuMeHenuto MITLL gist on-
penenernss MO3 npu MM: cHavana paccMaTpHBalOTCS HEKOTOPBIC TEXHUYECKHUE
ACTIEKTHI, 3aTEM — X MPUMECHEHHE B KIMHNYECKON IPaKTHKE.

Hmmynogenomunuueckuit ananus niazmouyumos

JoctmkeHus B pa3paboTKe ammapatypbl M MPOrPaMMHOTO OOECIeUYeHUs! IS
HpOTO‘IHOﬁ MUTOMETPHHU 3a MOCJICAHUE TOAbI MPUBJICKIN BHUMAaHUC K HCIOJIB30-
BaHHUIO PE3yJbTATOB HUMMYHO(DECHOTHITHYECKUX HCCICIAOBAHUN B JICUCHHH TE€MO-
6sracto3oB [67—70]. MIIL] mo3BoseT:

1.  OaHOBpEMEHHO aHAM3UPOBATh HECKOJIBKO MapaMeTpOB Ha OCHOBE OJHOMN
KJICTKH.

2. HW3yyaTh 0ONBIIOE YUCIO KJIETOK B MpeiesiaX OTHOCHUTEIBHO KOPOTKOTO
MIPOMEXKYTKA BPEMEHH, UTO TTO3BOJIAET XPAHUTH HH(DOPMAIIHIO M TTOCITe-
IYFOIINX aHAJI30B.

3. TIpoBoaHTH KOMMYECTBCHHBINH aHAN3 IKCIIPECCUU AaHTUTCHOB.

4. OObenuHATH BBIABICHHWE MOBEPXHOCTHBIX M BHYTPHUKICTOYHBIX AHTHTE-
HOB [71; 72].

B kontekcre auckpasuu IIL] 3Tu cBolcTBa MMO3BOJISIIOT OJHO3HAYHO UIECHTH-
¢dunpoBaTh, ONMPECIAThH KOJMYSCTBO M Jayee xapakrepuzoBaTh 11 maxke mpu
HEOOJIBIIIOM KOJIMYECTBE KIICTOK, Oarojapsi UCIOJIb30BAHUIO Pa3IMYHBIX MapKe-
POB U IBYXdTaITHOM MPOLEAYPE MOTYUESHHUSI.

VYcranosneno, uro anturedsl CD38 u CD138 nmyuimie Bcero moaxomsT Ajst
cnenupudeckoit unentudukanun [11] B rematonornyeckux odpasnax u UX ompe-
JIeNIeHusI Ha OHE IPYTUX MOMYJISAIUH JTSHKOIUTOB [73].
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This is an unique particularity, only available with this technique since either
CM and/or molecular approaches fail to distinguish clonal from normal PC. In fact,
this is a very important finding because in addition to monitoring myelomatous PC,
immunophenotyping can also evaluate how normal PC recover, which may offer
additional prognostic information. Accordingly, MFC immunophenotyping is con-
sidered mandatory for the diagnostic characterization of neoplastic cells, as well as
treatment monitoring in a vast number of hematological malignancies [57—62]. In
the context of MM and other PC disorders, MFC has demonstrated to be clinically
relevant for the differential diagnosis between monoclonal gammopathy of unde-
termined significance (MGUS) and MM [63], identification of high-risk MGUS,
smoldering MM (SMM) and MM patients [64; 65], definition of prognostic anti-
genic profiles [66] and, identification of new therapeutic targets [53].

In the present review we will focus on the use of MFC for MRD investigations
in MM patients, addressing first some technical aspects and then its utility in the
clinical setting.

Immunophenotypic analysis of plasma cells
Advances in flow cytometry instruments and software over recent years have
made attractive the use of immunophenotypic studies in the management of hema-
tological malignancies [67—70]. Thus, MFC makes possible to:

1. simultaneously analyze several parameters on a single-cell basis;

2. study high numbers of cells within a relatively short period of time, allow-
ing the storage of information for latter analysis;

3. quantitatively evaluate antigen expression;

4. combine the detection of surface and intracellular antigens [71; 72].

In the context of PC dyscrasias, these characteristics allow the unequivocal
identification, quantification, and further characterization of PC even in low num-
bers, through the use of multiple markers and a double-step acquisition procedure.
It is well established that CD38 and CD138 are the two best markers for the spe-
cific identification of PC in hematological samples and its discrimination form
other leukocyte populations [73].
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Hecmotpst Ha To, yro CD38 skcrpeccupyercst Ha OONBIIOM YHCIIE TeMaTolo-
9THYECKNX KJIETOK [74], 3TOT aHTUIeH CUHUTAIOT «CHEUU(HYECKHM» MapKepoM,
Onarozapst BRICOKOH MHTEHCUBHOCTH OKparnBanus Ha 1L, koropast BblIensieT 3t
KJIETKH W3 Apyrux nomynsauuid [75-77]. B cBoto ouepenp oxpammBanue CDI138
TaKXke CcYuTalT cnenuuaHeM [78], X0oTsa uyacTo BcTpedatorcs 11 ¢ Hu3KEM
yposHeM skcnpeccur CD138 [53; 79]. B cBsi3u ¢ a1uM amst 3¢ eKTUBHON HIICHTH-
¢ukanuu I11] npennaraercst ucrons3oBath 00a Mapkepa [80—-82]. Ha nmepBom 3ta-
TI€ MOJYYEHHUs], KOTJ1a BBIIAEISIOT 2x10*-1x10° COOBITHI, COOTBETCTBYIOIIHX TIOJ-
HOMY KieTogHoMy coctaBy KM, tounas maentudukamms I11] mo3somsier onpene-
JIUTh YMCIIO 3THX KJIETOK MOCIIe UCKITIOYeHUsT TpoMOonnToB U iedprc. Ha Bricoko-
qyBCTBUTEIHHOM BTOPOM 3Tare coxpastor nHpopmammio o [1L] B mmpokom ana-
Ma30HE KHUBBIX KIETOK, U3 KoTopoit oromparoT codsrtuss CD38hi w/mmu CD138 npu
MuHIMansHOM KonmdectBe 3000 1L ma mpobupky [58; 83—85]. OTa npouenypa B
COYETAaHNU C MHOTOKPAaTHBIM OKpAIIMBAHHUEM IPEACTABISIET OCHOBY UISI TOYHOTO
nmmyHopenTunuposanust I111, 4To B cBOO ouepenp MO3BOISIET pa3inuaTh 3710Ka-
4YecTBeHHbIE M HOopMaibHble/peakTiBHble [111. Tarxke ycTraHOBIEHO, YTO ()EHOTH-
MUYECKHe XapaKTEePUCTUKH o1myXoJeBbIX L] oTauyaroTcst 0T XapaKTepUCTUK HOP-
MAaJbHBIX KJIETOK IO SKCIPECCUH aHTUI€HOB!

1. monmxenHo# skcrpeccun CD19, CD27, CD38, CD45 u CD81;

2. runepakcnpeccuu CD28, CD33 u CDA45;

3. acuHxponHoH 3kcnpeccun CD20, CD117;

4.  TOBEpXHOCTHBIX HIMMYHOTJI00YJIMHOB [53; 86—106].

Takum 00pa3oM, HEOOXOANMO MMETh MMMYHO(EHOTUIINIECKHE TTAHENH, COAEp-
xammue 4 u 6onee MapKepoB B MHOTOLIBETHBIX KomOuHamsx [107], a Taxke maHenn
AHTHUTENl B COOTBETCTBUM C NEPEUHCICHHBIMA MapKEPaMH; 3TO TO3BOJIUT BBISBILTH
Hanmnuue (peHoTunmaeckux aHoManuii 6onee yeM y 90% OGompuabix MM [108]. Kak
OKHMIAeTCs, BHEAPEHHE B KIMHHYECKYIO NPAKTHKY S-IIBETHBIX MaHENEH MO3BOJIHUT
BBIIBIIATE KiOHanmbHBIE IIL] y Bcex OONBHBIX Onarofaps OJHOBPEMEHHOI OLIEHKE
PECTPHKLIMHK JIETKUX Iiened u abeppauuii anTureHoB. OJJHAKO CETOIHS OJHOW Mpo-
oupku B couetanuu ¢ CD19, CD38, CD45 u CD56, HanpaB/icHHO# B J1aDOpaTOpUIO
¢ 4-usetnoit MIILI, nocrarouHo Ans onpeneneHus 310kadecTBeHHbIX 11 mpumepHo
y 90% O6ombpHBIX MM TmipH IOCTaHOBKE TUAarHO3a W aHAJU3E B MEPUO]] HAOTFOICHUS
[109-113], naxke B ciy4asix, korzaa (eHoTur 3nokadectBeHHbIX [11] He u3BecTeH.

YyecmeumenbHOCHb UMMYHODEHOMURUPosanus

ons oyenxku MO3 npu MHOIICECMEEHHOI MUEIOME

YyBCTBUTEIBHOCTh UMMYHO(EHOTUIIUPOBAHUS HAMPSIMYIO 3aBHCUT OT MHHH-
MaJIHOTO YHUClia COOBITHI, HEOOXOUMBIX JJIsI ONPEACICHHS HUHTEPECYIOIel uc-
CIJIe/IOBATENIS TIOMYJISIIIMY, a OHO, B CBOIO OYepe/ib, ONPEENeTCs] TUIIOM (PEeHOTH-
nraeckux abeppanuit, koMOmHAH MAT, KOTOpBIE UCTIONB3YIOTCS ISl IETEKIIHH,
1 uccaexyemoro obpasma [114].
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Though CD38 is widely expressed on hematopoietic cells [74], the bright inten-
sity observed for PC, clearly superior to other populations [75-77], is considered a
“specific” marker. In turn, CD138 staining is specific [78], although PC expressing
low levels of CD138 can be frequently found [53; 79]. Therefore, it has been pro-
posed the use of both markers for an efficient identification of PC [80-82]. In the
first step of acquisition, where 2 x 10* to 1 x 10° events corresponding to the whole
BM cellularity are stored, a precise identification of PC allows their accurate enu-
meration, after concrete exclusion of platelets and debris. In a highly sensitive sec-
ond step, information about PCs contained in a broad ‘live-gate’ drawn to select
CD38hi and/or CD138 events is stored, containing a minimum of 3 000 PC/tube.
[53; 83—85] This procedure, together with multiple staining provides the basis for
the accurate immunophenotypic PC characterization which, subsequently, makes
possible the discrimination between malignant and normal/reactive PC. Accord-
ingly, it is currently well known that the phenotypic characteristics of neoplastic
PC differ from their normal counterpart in terms of antigenic:

1. infra-expression of CD19, CD27, CD38, CD45 and CDS81;

2. over-expression of CD28, CD33 and CD45 and;

3. asynchronous expression of CD20, CD117;

4. surface immunoglobulin [53; 86—-106].

Thus, immunophenotypic panels containing 4 or more markers in multicolor
combinations are required [107] and antibody panels based on the markers listed
above, allow the identification of the presence of phenotypic abnormalities in more
than 90% of MM patients [108],

Of note, it is expected that the incorporation into routine clinical practice of §-
color panels will make the detection of clonal PC applicable for all patients, on basis
of the simultaneous assessment of light chain restriction and antigen aberrancies. In
the mean-while, and directed to 4-color MFC laboratories, a single tube combined
with CD19, CD38, CD45 and CD56 is capable of identifying malignant PC in ap-
proximately 90% of MM patients at diagnosis and follow-up analysis [109-113],
even in cases without previous knowledge of the malignant PC phenotype.

Sensitivity of immunophenotyping

for MRD investigation in multiple myeloma

The sensitivity of immunophenotyping depends directly in the minimum num-
ber of events necessary to define the population of interest, and this depends on the
type of phenotypic aberration, the combination of MoAbs used for detection and
the sample under study [114].
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W3BecTHO, YTO U1 PABHJIBHOTO OIpesiesieHns nomysiuu Tpedyercs Bcero 20
coObrTHii [115; 116]. OnHako B MOCIEITHUX OMYOJIMKOBaHHBIX PEKOMEHAAIMAX EBpo-
nielickoii cetn o mMuenome [117], conepkurcst ykazaHue Ha HEOOXOMMOCTb HaJINYUS
He Meree 100 Heornractuueckux [11] amst TouHOTO aHamm3a. Takum oOpa3zoM, s TOc-
TIDKEHHs HEOOXOIMMOTrO MOpora 4yBCTBHTENbHOCTH 107 HEOOXOMMMO yUecTh MHHH-
MyM 10000 oOmmx COOBITHIA, AT YETO BAXKHO FICMONB30BATh ABYXITAITHYIO TPOIICAY-
py nomyuenus [1L], omicannyto Beime. COOTBETCTBEHHO, B SKCIIEPUMEHTAX C pa3Besie-
HHEM HaMH II0Ka3aHO, YTO MMMYyHO(eHOTUIInIecKas muddepeHiams HopMaIbHbIX
u 3nokavecTBeHHbIX [1L] Ha ocHoBe MIIL] nmena yyBCTBUTENBHOCTD > 107, IIPUYEM B
4 w3 14 (29%) cnyuaeB ona gocturana 10” [118]. BaXHO OTMETHTb, UTO CTENEHb UyB-
CTBUTENILHOCTH HE 3aBUCeNa OT Tuma abepparmu 31okadectBeHHbIX 111 [119]. Cnemy-
€T ellle pa3 MOTYEePKHYTh, UTo ¢ BHeApeHueM S-1isetHoit MIIL] 1 HoBoro mporpaMMHo-
ro o0ecreueHus, KOTOphIE TO3BOJIST IIPUMEHSITh HOBATOPCKHE aHATUTHYECKHE TTOJIXO0-
nbl [120—122], uyBCTBUTENBHOCTh HMMMYHO(EHOTHITHPOBAHUSI MOXKET JIOCTUTraTh
ypoBHs AC-IILIP u na>xe mpeBOCXOAUTS €ro.

Ilomenyuanwvnole 0zpanuienus UMMYHOPEHOMURUPOCAHUA

6 onpedenenuu MO3
[o omeity mpumenenus MIIL mis onpeaenerans MO3 npu Apyrux BHAAX TeMO-
671aCTO30B, TOCTOSIHHO YKa3bIBAIOTCS /IBA OCHOBHBIX HEJJOCTATKA!

1. OTCYTCTBHE OIyXoJecenn(puIecKux MapKepoB;

2. TOsBJIECHHE B IpOIecce pa3BUTHUS 3a00meBaHUA (HEHOTUITHYECKIX H3-
MEHEHHH, KOTOPbIe MOTYT NPHBOAUTH K JIOKHOOTPUIATEIHHBIM pe-
3ynbraTam [123; 124].

Onnako B koHTekcTe MM 3510KadectBenHble 111 10cTaTouHO Jierko uaeHTH(UIHI-
pOBaTh Ha OCHOBE MHOXKECTBEHHBIX M CHHXPOHHO OIpE/ENsieMbIX (DEHOTHINYECKUX
abepparyii, KOTOpbIe MO3BOJSIOT YETKO OTIPAHUYMTH 3JI0KAUYECTBEHHBIE KIICTKH OT
HopManbHBIX [125]. Takum oOpaszoMm, HarOosee BayKHOE 3HAYEHHE NPHOOPETAeT Ipa-
BUJILHOE COCTaBJIEHHE pa3HOOOpasHbIXx kKoMOuHammii MAT, Tarke 00s3aTesbHBIM
TpeOOBaHMEM SBIISIETCS OAHOBPEMEHHAsI OIIEHKa JKcrpeccuy anTureHoB CD19, CDA45
n CD56. OTM MOXXHO OOBSICHUTB, TTIOYEMY B JBYX HccienoBaHusax [126—128] deHo-
TUITIYECKHE N3MEHEHHS PETUCTPHPOBATICH B TEUEHHUE BCETO MEPHO/IA JICUCHHS, TOT/1a
kak B Hawed rpymne [129-131] u apyrux rpymmax [132—-135] peructpupoBanu cra-
OWIIBHYIO SKCIIPECCHIO aHTUTCHOB Ha 3710KauecTBeHHbIX 111,

Tem He MeHee, 3TO He HCKITIOYaeT HOSBICHUS (PeHOTUINYECKIX N3MEHEHNH rocie
Tepanmu. Ha camom fene, Takue M3MEHEHHs ISHCTBUTENBHO UMEIOT MECTO, HO CKOpee
BCEr0, OHU CBSA3aHBI C APYTMMH THIIAMH MapKEepOB, a HE C TEMHU, KOTOpPBIE ObLTH Hepe-
yucneHs! Bbie. COOTBETCTBEHHO, (PEHOTUNMYECKHE abeppaly BBISBICHHBIC NPH
MIOCTaHOBKE JIMarHo3a, MOTYT MCIIOJIB30BaThCsl KaK (aHTUTCHHbIE) 30HIbI, crienuduy-
HBIE U1 KOHKPETHOro 0oJbHOrO0, IpH ompenenenu MO3 B nepuos MOCIe Iy omero
HaOmronenws [136; 137].
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It has been stated that as much as 20 events are necessary to correctly define a
population [115; 116]. However, accordingly to the recently re-ported European
Myeloma Network recommendations [117], no fewer than 100 neoplastic PC
should be acquired for an accurate analysis. Therefore, a minimum of 10 000 of
total events should be acquired to reach the sensitivity threshold of 10, thus sup-
porting a PC acquisition based in a double-step procedure, as previously described.
Accordingly, we have already showed in dilution experiments that MFC immuno-
phenotypic discrimination of normal vs. malignant PC has a sensitivity level of >
10, reaching up to 107 in 4 out of 14 cases (29%) [118]. Most importantly, the
level of sensitivity was independent of the type of aberrancy displayed by malig-
nant PC [119]. Once more, it should be emphasized that with the incorporation of
8-color MFC and new software tools allowing novel analytical approaches
[120-122] it is expected that the sensitivity of immunophenotyping may reach a
level similar to, if not greater than the achieved by ASO-PCR.

Potential limitations

of immunophenotypic MRD investigations

Throughout the use of MFC in MRD investigations in other hematological ma-

lignancies, two major pitfalls have been constantly pointed:
1. the absence of tumor-specific markers;
2. the existence of phenotypic changes during the course of the disease,
which could induce false negative results [123; 124].

However, in the context of MM the identification of malignant PC can be
easily performed on basis of multiple and simultaneously determined phe-
notypic aberrancies, that clearly discriminate them from their normal
counterpart [125] Thus, the correct design of multiple combinations of
MoAbs is of most importance, and the simultaneous assessment of CD19,
CD45 and CD56 is mandatory. This can explain why phenotypic changes
throughout the course of treatment were described in two studies
[126—-128] whereas our group [129-131] and others [132—135] reported
stable antigen expression on malignant PC. Nevertheless this does not
preclude the existence of phenotypic changes after therapy. In fact, these
most probably occur but should probably be related to other genre of
markers and not to the ones stated above. Accordingly, phenotypic aber-
rancies detected at diagnosis can be used as patient (antigenic) specific
probes for follow-up MRD investigations [136;137].
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JpyruM HemocTaTKOM SIBISETCS TOT (hakT, YTO MMMYHO(PECHOTHUITMYECKUE HC-
ciieioBanust Juist onpezeneHnss MO3 HCKITIOYHUTENLHO CPOKYCHPOBAHBI HA MOMYJIs-
o [TKKM (rura3MaTHYecKuX KJIETOK KOCTHOTO MO3Ta), T.K. Pl HCCIeqoBaTenei
COO0O0IIAIOT O BBIIBICHUH KIOHAJIBHO POJACTBEHHBIX B-KieTok y 60smpHBIX MM mo-
cire tepanmu [138]. OgHAKO pOSh 3TUX KIOHOTHITMYECKHX B-miMdonnToB B maro-
TeHe3e NaHHOTO 3a0ojeBaHus He ycraHoBieHa [139-140]. Ha camom nere nueHTH-
¢ukarmst 3tux xiretok merogom AC-ITLP MoxeT 0OBACHUTE HE TOJIBKO OoJiee BHI-
cokyto 4actory MO3-onoXKUTENbHBIX cIy4aeB MM, BBIIBISIEMYIO STHM METO-
JIOM, HO TaKXK€ M ITOYEMY 3TOT Pe3yJbTaT HE acCOLMUPYETCs ¢ Hanbomee HeOnaro-
mpuaATHEIM ucxonoM [141]. Takum obpa3oM, NeHCTBUTENHHO Ba)KHBIM OTpaHHYE-
aueM MIIL] npu onpenenennn MO3 sBiseTcss XapakTepHas o4aroBasi CTPyKTypa
mueiaoMHoi uHGuiIbTpauuu KM [142-144] n/unu BO3MOXXHOCTB 3KCTpaMenyii-
JIIPHOTO PELUANBA, NPU KOTOPOM METOMBl BU3yaJH3allMd MOTYT UTpaTh OYEHb
6ouIbIIyIO POJIb B IIporecce MoHuTopuHra MO3 [145].

MHOT'OOBETHAA MPOTOYHAA HUTOMETPUA
JJIsA ONPEJAEJIEHUSA MO3
IPU MHOXKECTBEHHOM MUEJIOME - 3HAYEHUE JIJISI KTUHUKA

Cpasnenue 3ppexmugnocmu pasnuyuHslX CIMPAmMeuil 1e4yeHus

Kaxk ykaspiBanock panee, 3a nocienaue 10 neT B «reH3axey JIeUCHHS MHUEIIOMBI
TIOSIBUIIOCH HECKOJILKO HOBBIX MpemnaparoB [146; 147]. Kpome Toro, B HacTosiiee Bpe-
Ms1 TipoxouT uctbitanue 1o nporpamme I/11 u naxxe 111 a3 psig HOBBIX Mpenaparos,
KOTOpBIE MOMOJHAT apceHas cpencTs JiedeHuss MM [148; 149]. Takum oOpa3om, Mbl
MepeXUBaeM NOPY MPOBEICHUS] MHOTOYUCIIEHHBIX KIMHUYECKUX HCCIIEIOBaHUI, KO-
TOpBIE MPU3BAaHBI ONTUMH3MUPOBATh HAWIIYYIINE M3 BO3MOXKHBIX (hapMaKOJIOTHIECKUE
koMOuHanmu. Bee 310 Tpebyer nosBieHust HOBBIX MHCTPYMEHTOB JUIsl CpaBHEHUS 3¢-
(heKTHBHOCTH Pa3JIMYHBIX JIEUeOHBIX TPyNI. B HacTosmee BpeMs MOSBUIIOCH OIIIyIIIe-
HHE, uTo yactora [1P B pe3ynprare mprMEHEHHs TOTO MM HHOTO PEXXUMA JICUCHHS KaK
mapaMeTp cpaBHEHHUS d(pQeKTa B pa3HbIX TPyIIIaX HE SBISCTCS ONTUMAIBHBM [150], B
JaCTHOCTH, PaHIOMH3HPOBAHHbIE HCCIIENOBAHUA HOBBIX MPENApaToB IOKA3aH, YTO
gactoTa [TP MoXkeT 3aBHCETh OT MCXOAHBIX CIIEHU(PHUUECKIX XaPAKTEPUCTUK OONBHBIX
MM [151]. OnHo#t U3 BO3MOXKHBIX albTepHATHB sBisiercs: npuMeneHne MIIL], kak
mokasano B uccienoBannu San Miguel et al. [152] o cpaBHuTENBHOI OIeHKE P deK-
tuBHOCTH ATCK 1 cranmaptHoil xumuoreparmu (CX) Ha OCHOBE JAHHBIX aHAJIM3a TI0-
myseimi [IKKM. Pesynmbrarsl Mokasaid, 9To MporeHT OoMbHBIX 0e3 MO3 Obul cTaTh-
CTUYECKH 3HAUMMO BBIIIIE TOCie TpaHcmuiaHnTamu (36%), yem nocie CX (15%). Taxxe
BoccTaHOBNcHuE mporieHTa HopManbHbIX [ (H-IIL[) B cocraBe IIIIKM (% H-
[IIIIKM) 660 6onee 3¢ddekTHBHEIM B Tpymmie TpaHciuiantammn (86% u 35%;
P=0,01), u ota HoBas nepemennas (%o H-TILYTILIKM) oka3piBana 3HaYMMOE BIHMSHUE Ha
IDKBIT (Memuana 60 u 34 mec. st 6onbHbx ¢ H-ITI/TIIKM > 30 mo cpaBHEHHIO ¢ <
30, COOTBETCTBCHHO).
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Other possible disadvantage could be the fact that MRD immunophenotypic in-
vestigations are focused exclusively on the BMPC compartment, since some inves-
tigators have detected clonally related B-cells in MM patients after therapy [138]
However, the role that this clonotypic B-lymphocytes play on the pathogenesis of
this disease is still unknown [139; 140]. In fact, their identification by ASO-PCR
may explain not only the higher frequencies of MRD-positive MM patients that
this technique detect, but also why this finding does not translate into worst out-
come [141]. Thus, the real main limitation of MFC MRD studies could be either
the characteristic patchy pattern of the myeloma BM infiltration [142—-144] and/or
the possibility of extramedullary relapses, in which imaging-based techniques can
play a very important role in MRD monitorization [145].

MULTICOLOR FLOW CYTOMETRY MRD DETECTION
IN MULTIPLE MYELOMA - IMPLICATIONS OF MANAGEMENT

Comparison of the efficacy of different treatment strategies

As mentioned before, the last decade saw the incorporation of several new
drugs into the landscape of myeloma [146; 147]. Eventually, new and promising
drugs that are now in phase I/Il and even phase III studies will increment further-
more the actual MM treatment armentarium [148; 149]. Thus, we are now in the
era of multiple clinical trials that will optimize the best possible pharmacological
combinations. This will turn mandatory the use of capable tools in order to com-
pare the efficacy of different treatment arms. There is now the feeling that the fre-
quency of CR rates achieved as a method for compare different arm response is
suboptimal [150], in particular on randomized trials including novel agents, as CR
rates seem to depend on the baseline signature of MM patients [151]. One possible
alternative could be the use of MFC as demonstrated in 2002 when San Miguel et
al. [152] compared the efficacy of ASCT vs. conventional chemotherapy (CC), by
analyzing the BMPC compartment. The results showed that the percentage of
MRD-negative patients was significantly higher after transplantation (36%) than
after CC (15%). In addition, recovery of the percentage of normal PC (N-PC)
within the BMPC (% of N-PC/BMPC) was also greater in the transplantation group
(86% vs. 35%; P = 0,01) and this new variable (% of N-PC/BMPC) had a signifi-
cant impact on PFS (median of 60 vs. 34 months for patients with >30% vs. < 30%
N-PC/BMPC, respectively).
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TakuMm 00pa3omM, 3TO MCCIEJOBAaHHE BIEPBBIE MOKa3ajlo, YTO UMMYHO(EHOTH-
nueckas xapakrepuctuka romyisund [11 y 6ompHbpIx MM mocie JedeHust MOKeT
JIaTh IIEHHYIO IPOTHOCTUYECKYI0 HH()OPMALIHIO.

Crenyer mom4epKHyTh, YTO HEOOXOOMMO B caMoe OJvpkaiiiiee BpeMs IIpoBe-
PHUTBH, MOXET JIM JaHHBIN MOAX0A 00ECIIeYNTh TaKHe XKe WM Jake OoJiee BHICOKHUE
pe3ysIbTaThl NMPH WCIIOIL30BAHWM B PAaHIOMH3HUPOBAHHBIX HCCIEIOBAHUAX B 3Py
pa3paboTKH HOBBIX IPEMAPATOB.

Bnuanue onpedenenus MO3 memooom MIII] na ucxoo 6onesnu

Y RAyUEeHmoe ¢ MHONHCECHGEHHOI MUEIOMOTL

ITosaHee Rawston et al. [153] moka3anu, 4yto B 00mIeH HOMysIuK 45 OONBHBIX
MM, nonyuaBmx BJIT/ATCK, ITXKBII Opina 3Ha4MMO KOpOUYE Yy JIMI] C ITOJIOXKH-
tenbHBIM cratycoM MO3 uepe3 3 mecsina nocine ATCK (19/45; 42%), uem y nauu-
€HTOB C HeJIeTeKTUpYyeMbIM 3a00ieBanneM (Mequana 20 u 35 Mec. COOTBETCTBEHHO).
HecMmoTpst Ha TO, 9TO COOTBETCTBYIOLINE MOKA3ATENH S-JIETHEH BBIKHBACMOCTH CO-
craBwin 64 1 76%, aBTOPBI HE BBIIBIJIM CTATHCTUYECKN 3HAYMMBIX pasnununid B OB.
[IpoBeneHHBIH B TIOCTETHEE BpEeMs pETPOCTICKTUBHEIN aHANN3 HccienoBannii MO3-
MIIL] y 42 GONBHBIX MHETOMOW MOKAa3all, YTO BBIABICHHE CYIIECTBEHHOW MOITYJIs-
1w KinoHamBHEIX [11 (> 1,8% B obmem xiretounoMm coctaBe KM) mepen ATCK 3Ha-
grmMo Koppemupoaio ¢ MeHbIreit [IDKBII [154]. Tak, B rpymme 6ombHBIX ¢ > 1,8%
muenoMHsIx 111 nporpeccupoBanue 3aboeBanust Habmonanoch y 13 u3 21 (62%)
1o cpaBHEHHIO ¢ 6 u3 21 (29%) B rpymme ¢ < 1,8% Takux xinerok. CHOBa IMoKazaHa
TeHICHINS K cHIkeHno OB st cirygaes > 1,8% xmonamsbeix 11 mepen ATCK (p
= 0,08). B HenaBHEM HcciIeIOBaHUHM MBI TOKA3aHO, YTO IIEPCHCTEHINS OCTATOYHBIX
knoHaneHbIX I111 gepes 100 cyrok nocne BJAT/ATCK BrisiBisiercst Oomnee eM y 1o-
noBuHB! OompHBEIX MM (170/295, 58%) [155]. BaxHo mom4epKHYTH, YTO IPOCTO
Hanmuuue win orcyrctBue MO3 (6e3 HEeoOXOOMMOCTH YCTaHABIMBATH ITOPOTOBOE
3HAYEHHE) ITOCTE TPAHCIUIAHTAIIIH MOXKET CIY)KUTh (PaKTOPOM paszesieHus: O0IBHBIX
Ha TPYMIBI ¢ YETKO Pa3IMYHBIM MCXOJOM M cymecTBeHHO BiusTh Ha IDKBII (me-
muana 37 u 71 mec., coorBerctBeHHO; p <0,0001) m OIDK (menmana 89 mec. u He
JIOCTUTHYTa, COO0TBeTcTBeHHO; P = 0,002). TakuM 00pa3oM, Ha OCHOBAaHUHU JaHHBIX,
MOJIyYEHHBIX B CaMbIX MacIITaOHBIX HccienoBaHusx (n = 295) MO3 y 0oJibHBIX
MM, Hamu TIOATBEPXKIEHBI PE3YJIbTAThI, MOJyYeHHbIE B MEHEE MHOTOYHCIICHHBIX
TIOMYJIALUAX [156158], a uMenHO TO, uto MIIL] SIBISIETCA TOYHBIM HMHCTPYMEHTOM
kak juist onenk MO3, Tak u Ui nporHo3a Tedenuss MM. Urto kacaercsi onTuManb-
HOM €JWHCTBEHHOM BPEMEHHOH TOYKM ISl aHaiW3a, MOJIyYCHHBIE TaHHBIC YETKO
YKa3bIBAIOT KJIMHUYECKYIO PEJIeBAaHTHOCTh IpoBesieHMs aHanmm3a MO3 meronom
MIIL] y 6ompHbIX, momy4daronmx BJIT/ATCK, gepes 3 mecsma mocne ATCK. Liu et
al [159] nokazanu HekOTOpyIO MpOrHocTuueckyro 3xHaunmocts MITLL mepen mepe-
CaJKOH CTBOJIOBBIX KJIETOK, OJJHAKO LIEHHOCTh TAKOTO aHAJM3a HIDKE, YEM IIPU €TO
nposenennn mocie ATCK [160; 161].
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Thus, this was the first study suggesting that the immunophenotypic evaluation
of the PC compartment in MM patients after treatment could offer valuable prog-
nostic information. Of note, it will be important in the immediate future to investi-
gate if this approach can reproduce similar or even better results when applied in
randomized trials in the era of the novel agents.

Impact of MRD detection by MFC

on multiple myeloma patients’ outcome

Later on the same year, Rawstron and colleagues [153] showed that among 45
MM patients submitted to HDT/ASCT, those who were MRD-positive (19/45,
42%) 3 months after ASCT had a significantly shorter PFS than cases with unde-
tectable disease (median of 20 vs. 35 months, respectively). Although the respec-
tive S-year survival rates were of 64% vs. 76%, the authors did not found statistical
significant difference regarding OS. Recently, a retrospective analysis of MFC-
MRD investigations in 42 myeloma patients showed that the detection of a signifi-
cant population of clonal PC (>1.8% within the whole BM cellularity) prior to
ASCT significantly correlated with poorer PFS [154]. Thus, in the group of pa-
tients with >1.8% myelomatous PC, 13/21 (62%) had progressed whereas only
6/21 (29%) did on the < 1.8% group. Once more a trend to a decrease in OS was
found for “>1.8% clonal PC pre-ASCT” cases (P = 0,08). Most recently, we dem-
onstrated that the persistence of residual clonal PC at day+100 after HDT/ASCT
could be detected in more than half of MM patients (170/295, 58%) [155]. Most
importantly, the simple presence or absence of MRD (without the need of estab-
lishing thresholds) after transplantation could separate two groups with clearly dif-
ferent outcome, with a strikingly impact on both PFS (median of 37 vs. 71 months,
respectively; P < 0,0001) and OS (median 89 months vs. not reached, respectively;
P = 0,002). Thus, we confirmed on the largest series (n=295) of MRD investiga-
tions performed on MM patients preliminary data obtained on smaller series
[156—158] establishing MFC as a valid tool for both the assessment of MRD and
prognostication of MM. Concerning an optimal single check-point to perform this
analysis, these data clearly indicate that in HDT/ASCT based-regimens MFC-
MRD investigations 3 months after ASCT are clinically relevant. Although Liu et
al showed MFC studies performed previously to stem cell rescue afford prognosti-
cation [159], its impact is lower when compared to post-ASCT investigations
[160; 161].
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Taxoke B HAIINX UCCICAOBAHUSX Y 157 OONBHBIX, TS KOTOPBIX HMENACh IMMYHO(e-
HOTHITYECKast MHOpMaIs 1ocie MHIYKIHOHHOH Teparmu, Ho niepen ATCK, nokasa-
HO, 4to 60spHBIE 6e3 MO3 (n = 16, 10%) umenu 66nburyro IDKBIT (Mennana He noc-
TurHyTa 1 43 mec., P = 0,006; puc. 1A) u OITK (Menuana He nocturayTa u 98 mec., P =
0,07; puc. 1B) o cpasrennto ¢ MO3+ ciydasvmu (HeoIyOJIMKOBaHHBIE 1aHHbIE). OnHa-
KO M3-3a TOTO, 4TO Tiepent TpanciuianTaiped MO3 He BBIBISETCS JIMIIL Y HEOOIBIIIOTO
yrcna G0JbHBIX, HHPOPMAIMS HOCHT OrpaHMYEHHbINH xapakTtep. Kpome Toro, atu nas-
HbBIE yKa3bIBAlOT HA OYEHb BAXKHBINA ACIEKT TPAHCIUIAHTALMK CTBOJIOBBIX KIIETOK, T.C.
BO3MOXXHOCTbH TIOBBIIIEHHS] YaCTOTHI W/HIN Ka4ecTBa PEMUCCHH TOCNE MHIYKIIMOHHOH
Teparmu. Taroke aHanu3 JaHHBIX 0 44 OonbHBIX ¢ 1P mocne MHIYKIMM, HO MOJNOXH-
TenbHbIM cTarycoM MO3, nokazai, uto B rpymnmne MO3-oTpuiaTebHbIX OONBHBIX (N =
25, 57%) nocne ATCK TDKBII 6bu1a jocToBepHO GOIbIIE, YEM Y TAIMEHTOB C MEPCH-
cTupyrommM 3aboneBanueM (MeyaHa He JOoCTHrHyTa u 36 mec., P = 0,04, coorBerct-
BEHHO; puc. 2). OTH aHHbIe ToKa3bBatoT, 4To ATCK Kak (hakrop noBbIIeHns KauecTBa
pemuccHy BIHSIET Ha Mcxon y 6ompHBIX MM. Uto KacaeTcst ayuioTpaHCIIaHTAlNH, TO
TIPH OIEHKE MOTECHIMAIFHOTO BIMSHUS TPAHCIUIAHTaTa HA MHEJIOMY JUISl ONPE/ICITICHHUS
MO3 B03MOXHO MOTPeOyeTCst OOIBIIIE BpEMEHH HOCIE TPAHCIUIAHTALH, YTOObI JaHHBIE
9TOTO ONPEENCHIS OBUTH peJleBaHTHBIMU [ 162].
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Accordingly, we have seen in our series of 157 patients with immunophenotypic
information after induction therapy but before ASCT that MRD-negative patients
(n=16, 10%) had an increased PFS (median not reached vs. 43 months, P = 0,0006;
Figure 1A) and OS (median not reached vs. 98 months, P = 0,07; fig. B) when com-
pared to MRD-positive cases, respectively (unpublished data). However, due to the
small number of patients with phenotypically undetectable disease prior to transplan-
tation this type of information is somehow limited. Moreover, this data stresses an
important aspect concerning stem cell transplantation, which is its ability to increase
the frequency and/or the quality of the post-induction response. Accordingly, a per-
sonal sub analysis of 44 patients who were in CR after induction therapy but still
MRD-positive showed that; patients who were MRD-negative (N =25, 57%) after
ASCT had a significantly increased PFS over patients with persistent disease (me-
dian not reached vs. 36 months, P = 0,04; respectively — fig. 2). This data indicates
that the influence of ASCT in improving the quality of response impacts on MM
patients’ outcome. Regarding allogenic-based therapies, it will probably be necessary
more time after transplantation for MRD investigations to be relevant, in order to
fully evaluate the potential graft vs. myeloma effect [162].

Puc. 1. BepkuBaemocts 6e3 mporpeccupoBanus 3abonesanms (BBIT) n oOmas BeDKH-
BaemocTh (OB) B 3aBHCHMOCTH OT HAJIIUHS FJIM OTCYTCTBUS 370KauecTBeHHBIX 111 1o
TAHHBIM aHaJmM3a Tocie nHayKuonHo# Teparmmn (1o ATCK). Ha puc. A u B mokaza-
Hbl 3HaueHust BBIT 1 OB 1151 60JIbHBIX, BKIIFOUCHHBIX B HACTOSIIMHN aHamu3 (n = 157).

Fig. 1. Progression-free survival (PFS) and overall survival (OS) according to the
presence or absence of malignant PCs assessed post-induction therapy (before
ASCT). Panels A and B show PFS and OS for patients included in the present analy-

sis (N = 157).
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Cpaguenue kamezopuii pemuccuu — ummynoghenomunuuecxkasn IIP

B 1998 . EBMT npemioxuia HOBBIN KpuTepHii orieHkH d¢dekra mpu MM nocrne
BAT/ATCK [163]; Takxke B MyONMUKaIy yYKa3aHO, YTO IO Mepe MOSBJICHAS HOBBIX Me-
TOZIOB HEOOXOIMMO IIPOBOIUTH ITOBTOPHYIO OIIEHKY M COOTBETCTBYIOIIYIO MOIH(HKa-
IMIO TIPEIOKEHHBIX KpuTepreB. Takke MOXKHO HCIOJIb30BATh HOBBIE METOIBI, €CIIH
MpeIIOYTeH e Oy/IET CleIaHo B TOJIb3Y MMMYHO(MHKCALINN KaK METOIMKH, 00JIaqatoIei
OoJiee BBICOKOH YyBCTBUTEIIBHOCTBIO 110 CPABHEHHUIO C AMIEKTPO(GOPE30M U B TIEPCIIEKTH-
Be OoJee MMPOKOH MPUMEHUMOCTBIO 10 BceMy Mupy. B ces3u ¢ atum IMWG npeno-
xwuna omnpeneneHre otHoureHnst SFLC kak HOBBIM MeTof| (M COOTBETCTBEHHO HOBYIO
KaTeropuio) OleHKH 3(QeKTa, OJHAKO TOT METOJ| HEJOCTATOYHO YYBCTBHTENCH ISl
onpeneneanst MO3 [164]. ocTmwkeHne MOJEKYIPHOH PEMICCHE KOPPEHPYIOT ¢ 00-
Jiee OMaronpHuATHRIM UCXONoM [165-167]. OHaKo, ISt OBBIIICHHS TyBCTBUTCIEHOCTH
TpeOyercst cekBeHUpoBanue U uaeHTrpukarms CDR3 mis momydeHus crierumdeckux
TIpaiiMepoB, ¥ C TOUKH 3PEHUS OOBIMHON KJIMHUYECKON MPAKTUKK 3TOT MOIXOJ SIBISIETCS
6oJ1ee TOpOrOCTOSIIINM, 3aHUMAET MHOTO BPEMEHH M OTINYaeTCsl OONBIINME TPYI03a-
TpaTamH, O3TOMY BPSIZ JTM MOKHO OKHMZIATh, YTO MHOTHE JIAOOPATOPUH CTaHYT IIpUMe-
HSITh €r0 B CKOpoM BpemeHH [168]. B To sxe Bpemst pe3ysibTaThl UMMYHO(GESHOTHITNPOBA-
HUS MOXKHO TTOJTyYHTh TIPHOJIM3UTENFHO Uepe3 | gac, i 4-1iBeTHas MpOTOYHAS IIMTOMET-
p¥sL CUMTAeTCsl BIIOJNHE MPHUMEHMMBIM METOJOM HccrenoBaHms. Sarasquete et al [169]
IOKa3aJId, YTO B OTHOIICHNUH MPOrHOCTHYECKON 3HaYMMOocTH otieHKkn MO3 MoseKysip-
HBIE METOJIbI IO CPABHEHHIO ¢ UMMYHO(EHOTUITMPOBAHUEM SIBIISIFOTCS. YACTUYHO Tepe-
CEKaIOIMMHUCS, U 3TO MHEHHE pasleisercs W IpyruMu uccienosatensiMu [170]. Uro
kacaetcs cpapHeHuss MIIL u Udkc, B uccnenoBanuy rpymms! 13 JInzaca nokasaHo, uTo y
33 OompHBIX ¢ oTprratenbHbM crarycom Mdke nocne ATCK 3mokadectBennsie T11]
BeIIBIBUICH MetoioM MIILL B 27% (9 u3 33) ciydaeB, U B 9THX CIy4asx MeIuaHa
IDKPII Obuta craTMCTHYECKH 3HAYMMO MeHbIne, yeM B M @Dkc-orpriiatensHoi/MO3-
orprmiarenbHoi rpyme (IDKBIL: 20 u 35 mec., cootBerctBerHHO; P = 0,04) [171].
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Puc. 2. BepkuBaemocts 0e3 nporpeccupoBanus 3adboneBanust (BBIT) B 3aBucumo-
CTH OT HAIM4Ms WM OTCYTCTBUS 310KadecTBeHHBIX I11] B kocTHOM Mo3re Ha 100-i
nenb nociae ATCK B noarpymnme 6osnbHBIX, qocturmux [1P mocie nHAyKIMOHHON
tepanun. Bmsiane ATCK Ha moctmkerne MMMYHO(EHOTHITHICCKON PEMICCHH.

Fig. 2. Progression-free survival (PFS) according to the presence or absence of
neoplastic PCs in the bone marrow at day 100 post-ASCT in a subgroup of patients
achieving CR after induction therapy. The influence of ASCT in the achievement
of an immunophenotypic remission.

Comparison of response categories — the immunophenotypic CR

In 1998 when the European Group for Blood and Marrow Transplant (EBMT)
proposed a new criteria for evaluating the disease response in MM patients treated
by HDT/ASCT [163], they also stated that re-assessment and subsequent modifica-
tion of the proposed criteria would be necessary as new techniques would became
available. Back then, if the immunofixation was chosen for its higher sensitivity
over electrophoresis and worldwide potential applicability, at present new tech-
niques could be implemented. Accordingly, the IMWG recently incorporated the
SFLC ratio evaluation as a new method (and subsequently a new category) to asses
response, but this is still rather insensitive to detect MRD [164]. The achievement
of a molecular remission correlates with improved outcome [165—-167]. However,
to be highly sensitive CDR3 sequencing and identification is required to design
specific primers and from a clinical routine point of view, this strategy is still ex-
pensive, time/labor consuming and results would not be immediately available in
most laboratories [168]. In contrast, immunophenotypic results can be obtained in
approximately one hour and 4-color flow cytometry is still considered affordable.
Moreover, Sarasquete et al. [169] showed that the prognostic value of MRD detec-
tion of molecular vs. immunophenotypic techniques is overlapping, a finding re-
cently suggested by others [170]. Concerning the comparison between MFC and
IFx, the Leeds group showed that in 33 patients who were IFx-negative after
ASCT, malignant PC were detected by MFC in 27% (9 of 33) and these cases had
a median PFS significantly poorer compared to the IFx-negative/MRD-negative
group (PFS: 20 vs 35 months, respectively; P = 0,04) [171].
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ITo pesynbraTam MHOTO(aKTOpHOTO aHamM3a cratyc Mdkc nocie TpaHcIulaHTaum
HE SIBJISIETCS] HE3aBUCHMBIM IIPOTHOCTHYECKUM (DaKTOPOM B OTiIMUKe OT craryca MO3,
ompenenerHoro Merogom MIIL (P = 0,014) [172]. B myOonukamusx Ipyrux TPYII
TaKKe COOOIIAETCS O BBIABICHHH NEPCHCTUPYIONMX (DEHOTHIIMYECKH KIOHATBHBIX
I y 6ompHEX ¢ [TP nocne neuenus [173;174], Hamu ToKa3aHo, 9TO B TpyIIie OOIb-
sBIX ¢ [IP mocte ATCK (N = 147) nepcuctupyromiee MO3 onpeneisiiock MeToIoM
MIILI 6onee uem y tperu (53/147, 36%) OONBHBIX C aHATIOTHYHBIM PACTIPEICIICHUEM
T10 TIPOTHOCTHYECKUM TIOATPYIIIaM IIPH CPAaBHEHHH ¢ OOIIMM YHCIOM OONBHEIX [175].
B nanHo# cyOnomysinmu 60ibHBIX (n = 147) S-neTHsist BBDKMBAEMOCTh Oe3 mporpec-
cupoBaHus 3a0osieBanust coctaBmwia 62% y MO3-oTpunarenbHbIX MO CPaBHEHHIO C
30% y MO3-nonoxutenbHbx 00bHEIX (n = 53; P < 0,0001), cOOTBETCTBYIOIIHUE TT0-
kazarean OB cocraBmm 87 n 59% (P = 0,009). AHanu3 nocie pazaeneHust OONbHBIX
0 TOATPYIIaM B 3aBucuMocTH oT craryca MITI u Mdkc mokaszan, uro IDKBII Obuta
3HaunMo Oonbire B noarpymmax MITL/Mdke nu MIIL/U®Dke 1o cpaBHEHHUIO C MOJI-
rpymmavu MITI/U®xe n MITL/N®ke [176]. BaxkHo mogdepkHyTh, 9TO OONBHEIEC C
MIII/U®kc (n = 31) mMenn OYEeHb XOPOIIMHA WCXOJ, aHAJOTHYHO OONBHBIM C
MIIL/M®xkc, KOTOphIii OBUT CTATHCTUYECKH 3HAYUMO O0Jiee OJIarONnpHUsTHBIM 10 CPaB-
HEHHUIO ¢ TakoBBIM B oArpyrme MIIL/M®kc. 1o gaeT OCHOBaHUS CUUTATh, UTO pas-
JIMYUsT pe3ybTaToB MMMYHO(HMKCAIMM M MMMYHO(EHOTHUIIMPOBAHHUSA MOTIH ObITh
00YyCIIOBIIEHBI JJIUTENBHBIM BPEMEHEM MOJY)KU3HU HEKOTOPBIX MMMYHOIJIOOYJIHHOB.
Mbl HM3y4miId pe3yJIbTaThl IMOCIEAYIONIEro aHajk3a Ha IapalpoTedH B TPYIIIe
MIIL/H ke, okazanoch, 4To 00JIee YeM y TIOJIOBHHBI OOJBHBIX M-0€/I0K HE BBIBIISIICS
(M dDxc) uepes 6 u 6onee mecsities nociie ATKC (imrunble nannbIe). [lo3mHee Mbl necneno-
B BIMsIHAE MMMYyHO(eHoTHueckoi 1P B cpaBrenmu ¢ o6wranoi 1P u ITP ¢ Hop-
MaJTbHBIM COOTHOIIICHAEM CBOOOHBIX JIETKHX Iieriell B chiBopoTke (SFLC), T.e. «ctporoit
[1P») y noxmisix 6ombHEIX MM, TONy4aBIINX JIedeHre HOBBIMH Tperapatamu (Paiva et
al,, J. Clin. Oncol., 2011), B rpymme u3 102 GONMBHBIX, TOCTHTIIINX TT0 KpalHeH Mepe Jac-
THYHON PEMUCCHHU CO CHIDKeHHeM M-komroHeHTa Ha 70% u Oornee mocrie miecTy 3arma-
HMPOBAHHBIX [IMKJIOB MHIYKIMOHHOH Teparmu. [IP 3apeructpuposana y 43%, ctporas I1P
—y 30% u P —y 30%. B rpynme ctporoii IIP He BBISIBIEHO 3HAUNTEIBHOTO MOBBIICHHS
BBDKMBAaEMOCTH 110 cpaBHEHUIO ¢ Tpymmoi 1P, Torna xak B rpymmne P otmeueHo cratu-
crudecky 3HaurMoe yeenmaenue [ DKBIT u BJIII no cpaBHeHuto ¢ rpymmoii crporoii [P u
1P, mpudeM 3T pe3ysbTaThl OBUTM TOATBEPIKICHBI JIAaHHBIMH MHOTOMEPHOTO aHAJIM3a
(HR =4,1; P= 0,01 mmst IDKBIT). Pazmiums Mexmy TpeMst METoIaMEl OBLTH OOIIMM SIBJIC-
HHeM. VIHTepecHO OTMETHTB, YTO BCe CeMb OOMBHBIX ¢ VP, HO TIONOXKHUTENEHBIM CTaTycoM
TI0 IAHHBIM NMMYHO(HKcaI M-KOMITOHEHT He BBISBIUICS TIPU TIOCTIE/TYIOIIEM aHaJIH3e,
Toraa kak B rpymme MIILI+ GOIBHBIX ¢ OTPHIATENBHBIM CTAaTYCOM MO NMMYHO(HKCAIIHI
(n = 20) HaOMFOANIACH TSHICHITMS K paHHEMY HCUC3HOBEHHIO M-KOMIIOHEHTa (MeraHa 3
Mec.). AHAJIOTUYHO Y IISITH W3 OJJMHHA/LATH MAIMEHToB co cTporoit 1P, Ho monoxuTesns-
HbIM pe3ynbraroM MIIL], KIMHUYECKH BBIPRKEHHOE HPOTPECCHPOBAHHE 3a00JICBAHMS
PETHCTPUPOBATIOCH Yepe3 MEPHO BPEMEHH € MeIMaHO! 13 MecsIIeB nocne HHIyKIIHH.
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In addition, the multivariate analysis did not retained the IFX status after trans-
plantation as an independent prognostic factor, in contrast to the MRD status by
MEC (P =0,014) [172]. The detection of persistent phenotypically clonal PC in CR
patients after treatment have also been reported by others [173; 174], and we have re-
cently demonstrated that in a group of patients achieving CR after ASCT (N =147)
MFC was able to detect persistent MRD in more than 1/3 (53/147, 36%), with a simi-
lar prognostic differentiation when compared to the overall series of patients [175].
In this subset of patients (N = 147) the 5-year PFS rate was 62% in MRD-negative
versus 30% in MRD-positive cases (N =53; P <0,0001), and the respective 5-year
OS rates were 87% versus 59% (P =0,009). Furthermore, when discriminating pa-
tients according to both MFC and IFx status, PFS was significantly longer in
MFC—/IFx— and MFX/IFx vs MFC/IFx and MFC/IFx+ [176]. It is important to em-
phasize that MFC/IFx patients (n =31) had a very good out-come, similar to
MFC/IFxpatients and significantly better than MFC/IFxpatients. This suggests that
the discrepant results between immunofixation and immunophenotyping could be
due to the long half-life of some immunoglobulins. In fact, we have investigated sub-
sequent paraprotein analysis of the MFX/IFx group and more than half of patients
had negative M-protein (IFx) six months or more after ASCT (personal data). Most
recently, we investigated the impact of immunophenotypic CR versus conventional
CR and CR plus normal serum free light chain (sFLC) ratio (“stringent CR”) in eld-
erly multiple myeloma (MM) patients treated with novel agents (Paiva et al., J. Clin.
Oncol., 2011) in a series of 102 patients achieving at least a partial response with >
70% reduction in M-component after the six planned induction cycles. 43% of pa-
tients achieved CR, 30% “stringent CR” and 30% IR. Patients in “stringent CR”
showed no significant survival advantage compared with those in CR, while patients
in IR showed significantly increased PFS and TTP than those in “stringent CR” or
CR; this was confirmed by multivariate analysis (HR =4.1; P = 0,01 for PFS). Dis-
crepancies between the three techniques were relatively common. Notably, in all
seven patients achieving IR but remaining immunofixation positive the M-
component disappeared in follow-up analysis. In contrast, MFC positive patients who
were immunofixation negative (n =20) showed a tendency towards early reappear-
ance of the M-component (median: 3 months). Similarly, in five of eleven “stringent
CR” but MFC positive patients, symptomatic disease progression was recorded at a
median of 13 months after induction.
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3TOT aHaNM3 TI0Ka3all, YTo JIOCTKeHne nMMyHo(eHoTrnmyeckoit [1IP koppemmpyer
¢ OoJiee BHICOKOH BEDKMBAEMOCTHIO €3 IpOorpeccpoBaHs 1 0oJiee MPOJIOJKUTETBHBIM
BPEMEHEM JI0 MPOTpeccUpoBaHst 3a00seBaHMs IO cpaBHEHHUIO ¢ 00braHo 1P 1 crporoit
[1P. Taroke HaMu OBLIO TIOKA3aHO, YTO 3TH TPH METO/IA TAIOT JOTIOJHSIONTYIO JPYT Apyra
HHDOPMAITHIO, TTOATOMY HEOOXOAMMO pa3paboTaTh Oojee TOYHBIC KPUTEPHH OICHKA
a¢dexra mpu MM. B coBOKYITHOCTH BCE 3TH Pe3ysIbTaThl YKa3bIBAIOT, YTO JOCTHIKEHUE
MMMYHO(EHOTHITNYECKON PeMHCCUM 00J1aaeT OOoJbIel KIMHUYECKOW 3HAYUMOCTHIO,
YeM JIOCTI)KEHHE TIOJTHOM PEMUCCHH, OCKOJIBKY TTO3BOJISIET BBIICTIUTE IPYIIIBI OOJBHBIX
¢ pa3mraHBIM rcxoaoM [177]. Kak momdepkuBaiock BBIIE, OJHIM U3 HEIOCTATKOB OIl-
penenenust [1P siBisiercst 3aBUCMMOCTB 3TOr0 Ad(deKTa OT UCXOMHBIX KIMHUYECKUX H
OMOJIOTMYECKUX XapaKTePUCTHK OOJNBHBIX, Toraa kak craryc MO3 mo ganuabiv MITL]
TIO3BOJISIET CTAaTHCTMYECKH 3HAYMMO BBUIEINTH HanmeHToB ¢ Oonee (MO3-) m meHee
(MO3+) GnaronpusiTHBIM MPOTHO30M HE3aBHUCHMO OT CKOPOCTH Tposvdeparmy 310Ka-
yectBeHHBIX [11] (S-¢haza), ypoBHel MukporioOymHOB 32 u craryca 3a0oneBanus (ISS)
[178]. ITornmast, KaKyro BaXKHYIO pOJIb HTPAET LIMTOTeHETHKA TIPY JAHHOM 3a00JIeBaHHH,
MBI TaKKe ONpEeNe/sUIM HporHocThueckoe 3HaueHue craryca MO3 B pasmeix FISH-
IMTOT€HETHYECKUX MOArpyMIax pucka (puc. 3). B moxarpymme crangapTHOro prcka (oT-
cyrcrBue t(4;14), ((14;16) u del(17p); n = 81) TDKBII 6bu1a 6osbiie y MO3— 6onbHBIX
mo cpaBaenuio ¢ MO3+ (memmana IDKBIL: wve nocturayra u 37 mec., P = 0,001; puc.
3A) [179]. UHTEpecHO, 9TO HECMOTPS Ha HEOOMBIIIOE YHCIIo OOIBHEIX (n = 16) B rpymme
BBICOKOTO pricka [t(4;14), t(14;16), del(17p)], IDKBII 6biia Tarxe Gosbiie mpu MO3—
cratyce 1o cpaBHenuto ¢ MO3+ (memmana IDKBIL: 30 u 19 mec., P = 0,07; puc. 3B),
CIIEAI0BATENbHO, JocTkeHne pemuccud 1o MIIL] sBnsieTcst BaKHOM LGB0 JIEUEHHS
JIaXKe B TPYIMax BBICOKOro pucka [180]. Ot (akThl B COBOKYITHOCTH YKa3bIBAIOT Ha
HE0OXOMMOCTh YTOYHEHHSI KpUTepus oueHKH d¢dekra nmpu MM, KOTOpbIH JOMDKEH
BKJIFOYATh C HACTOSIIIErO BPEMEHH H Jiajiee HOBBI — IMMYHO(EHOTUITMYECKHUIA — CTaTyc.
MBEI U3y4HIIE BOTIPOC O TOM, KAKOW IPOTHOCTUYECKUH (haKTOp CIIOCOOEH HMPOCTICKTHBHO
NJIEHTH(HUIMPOBATH OONBHBIX ¢ HeycToHunBol [P, T.K. 3T0 00CTOATENHCTBO YETKO ac-
COLIMMPYETCSI C HETaTHBHBIM HUCXO/IOM (MEAMaHa o0MIei TPOJOIKUTEIIEHOCTH KU3HH 39
Mec.). Okazanock, 9TO HaIMYUE [UTOTCHETHYECKHUX IOKa3aTelneld BBICOKOIO PUCKA II0
FISH (HR = 17,3; P = 0,002) u nepcuctentmst MO3 mo garuasmv MIIL] Ha 100-511 neHb
nocie BJIT/ATCK (HR = 8,0; P = 0,005) sBIsrOTCS ¢IMHCTBEHHBIMUA HE3aBHCHMBIMU
(akTopamu mpenckazanusi HeycroiumBod [IP. CrnenoBatenbHo, 3T JBa MoKasaresis
TIO3BOJISIFOT MIICHTH(HIMPOBATh OONBHBEIX B [1P ¢ BHICOKMM PHCKOM paHHEro mporpec-
cuposanust iocnie BAT/ATCK, B neueHr: KOTOPBIX MOKHO TIOIPOOOBATH NCHIOIB30BATh
HoBble npenaparsl (Paiva et al., Blood, 2012).

Iocneoyrowguit monumopumz

MUHUMATIBHO20 OCIAMOYHO20 3a001€6AHUA NPU MUEIOME

B Hay4HOM co001IIeCTBe MCCIIeIOBATENeH MHUEIOMBI KPEITHET YOeXKICHHE B TOM, YTO
OCHOBHO¥H IIEJIBIO JICUCHS Ha ONrpkaiiee Oymyriee sBISIeTCS TTEPeBO] 3TOTO HEM3IICUH-
MOTO0 3200JIEBaHISI B XPOHIYIECKOE COCTOSTHIE (OCOOSHHO Y JIFIIT M3 TPYIIIHI HU3KOTO PHCKA).
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This analysis showed that achieving an immunophenotypic CR translates into supe-
rior PFS and TTP compared with conventional CR or “stringent CR”. Moreover, we
have found that these techniques provide complementary information and thus, an ef-
fort should be made to refine response criteria in MM. Altogether, these results clearly
indicate that achieving an immunophenotypic remission is clinically more meaningful
that achieving a complete remission, as it can better discriminate MM patients with a
significantly different outcome [177]. As stressed above, one of the pitfalls pointed to
the value of CR is that it seems to be dependent of the base-line clinical and biological
picture of patients. In contrast, the MRD status by MFC significantly differentiates
patients with a more favorable (MRD-negative) or adverse (MRD-positive) prognosis
irrespectively of the malignant PC rate of proliferation (S-phase), f2-microglobulin
levels and disease status (ISS) [178]. Moreover, and knowing the major role that cyto-
genetics play in this disease, we have also evaluated the prognostic value of the MRD
status in different FISH-cytogenetic risk subgroups (fig. 3). Among standard-risk pa-
tients (absence of t(4;14), t(14;16), and del (17p); n =81), those who were MRD-
negative had longer PFS compared with MRD-positive patients (median PFS: not
reached vs 37 months, P =0,001; fig. 3A) [179]. Although the number of high-risk
patients [t(4;14), t(14;16), or del(17p)] was small (N = 16), interestingly those who
achieved MRD-negative status also had longer PFS compared with MRD-positive pa-
tients (median PFS: 30 vs 19 months, P = 0,07; fig. 3B), indicating that the achieve-
ment of MFC remission is an important goal even among patients with high-risk cyto-
genetics [180]. Altogether, these findings support the need of a refinement of the MM
criterion of response, that should include from now on this new — immunophenotypic
remission — status. In fact, we have recently investigated which prognostic markers can
prospectivelly identify patients with unsustained CR since these are clearly associated
with a dismal outcome (median overall survival: 39 months). We have found that the
presence of baseline high-risk cytogenetics by FISH (HR = 17.3;P = 0,002), and persis-
tent minimal residual disease by multiparameter flow cytometry at day+100 after
HDT/ASCT (HR = 8.0; P = 0,005) were the only independent factors predicting unsus-
tained CR. In consequence, these two parameters may help to identify patients in CR at
risk of early progression after HDT/ASCT in whom novel treatments should be inves-
tigated (Paiva et al., Blood, 2012).

Minimal residual disease sequential monitoring in myeloma

It is the general feeling in the myeloma scientific community that turning this
incurable disease into a chronic one (especially in low-risk patients) is a line in the
near horizon.
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Xopo1o U3BECTHO, YTO 3TO BO3MOXKHO TOJIBKO B CITydae JOCTHKEHHS BBICOKO-
KayeCTBEHHON ycToWuMBOM pemuccuu. COOTBETCTBEHHO, B IOCIEAHEM HCCIEN0-
BaHUU TPYIIBI U3 ApKaH3aca MOKa3aHO, YTO JJISl JOCTHIKESHUSI ATUTENLHON peMuc-
cuu BaxkHee mojjepxkuBath [IP, a He qocTnub ee kak MOoxkHO panblue [181]. Tlo-
3TOMY HEOOXOJMMO OMPEICITUTh PEKUMBI MEPCOHATH3UPOBAHHON MOIICPKUBAIO-
el Tepanuyd HAa OCHOBAaHHWW WHIVBHIYaJbHBIX YPOBHEH OCTATOYHOTO 3a00JeBa-
HUS, a JUISI TOTO HEOOXOAUMBI METO/BI, KOTOpBIe OBUTH OBl OJHOBPEMEHHO BBICO-
KOYYBCTBUTEIBHBIMH U JIETKO OCYIIIECTBUMBIMHU. B 3TOI CBSI3M HEKOTOpHIE HCCIIe-
JOBAaHUS TOCIIENOBATEIBHOTO onpeaencans MO3 MONEKyIIpHBIMA METOAMH T10-
Ka3alii, 9TO ATOT BUJ aHaJTu3a 00JamaeT 3HAYNTENIFHOW MPOTHOCTHYECKON IIEHHO-
cteio [182;183]. OmHako, 3TH UCCIIEAOBAaHMS IPOBOAMICH B HEOOIBIINX TPYIIIAxX
OOJBHBIX, YTO OTPaKaeT HE3HAUYUTENBHYIO CTENCHh MX MPUMEHHMOCTH U JIeNaeT
MIIL] npuBneKaTenbHBIM HHCTPYMEHTOM OIIGHKH 3(deKTa JeYeHUs B TeueHHE
JUTUTENIHOTO MEPHOJa BPeMEHH. MBI MOKa3aiH, YTO MMMYHO(DEHOTUITHPOBAHUC
SBIISICTCS YPPEKTUBHBIM METOAOM ompeneiacaus MO3 mpu MUeIoMe Ha Pa3sHbBIX
JTanax JICYeHUs] ¥ YTO MOJyYEHHBIE 3TUM METOJOM Pe3yIbTaThl CBSI3aHbl C BHIKU-
BaemMocCThIO [184].
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Puc. 3. BenkuBaemocts 6e3 nporpeccrpoBanus 3adonesanus (BBIT) B 3aBucumoctn
OT HaJIM4Ms WIK OTCYTCTBUS 3710KkadecTBeHHbIX I1L] B kocTHOM Mo3re Ha 100-i neHb
mociie ATCK. Ha puc. A u B nokazana BBII B rpymme cranmaptHoro (N = 81) u
BeIcokoro (N = 16) pucka cooTBeTCTBEHHO 0 MaHHBIM FISH-mmToreHeTndeckoro
nccnenoBanus. L{uroreHeTrnyeckie NoKa3aTean TPYMIBI BRICOKOTO PUCKA — JIIOObIE
t(4;14), t(14;16) u del(17p); Tpynma craHZapTHOTO PUCKA — BCE TIPOYHE CIyJau.

Fig. 3. Progression-free survival (PFS) according to the presence or absence of
clonal PCs in the bone marrow at day 100 post-ASCT. Panel A and B show PFS
for standard-risk (N = 81) and high-risk (N = 16) patients according to FISH-
cytogenetics, respectively. High-risk cytogenetics included any t(4;14), t(14;16),
and del(17p); standard-risk cytogenetics included all other cases.

It is also well known that this will only be possible if high quality and sustained
remissions are achieved. Accordingly, a recent study from the Arkansas group ele-
gantly showed that for prolonged survival in myeloma, most important than fastly
achieve a CR is to sustain it [181]. Thus, patient-specific maintenance therapies
should be determined based on individual levels of residual disease, and this will
require techniques that can be simultaneously high-sensitive and easily applicable.
In this regard some molecular-based sequential MRD studies have demonstrated
that this type of analysis affords valuable prognostication [182;183]. However,
these studies were performed in small series reflecting the low applicability of this
technique, highlighting MFC as an attractive tool in long-term evaluation of pa-
tients response. Accordingly, we have recently demonstrated that immunopheno-
typing is an effective approach to detect MRD in myeloma patients at different
stages of treatment, and how it reflects on survival [184].
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Pesynerarsl MoHMTOpHHTa B 2 BpeMeHHBIX Toukax (rieper ATCK u uepe3 100 e ro-
cie ATCK) mokazamy, 4to GOoJIBHBIE, Y KOTOPBIX onpezessuics 3deKT JIedeHrs Ha paHHHIX
CpOKaxX, M KOTOpPBIE MOTYT JOCTUYb NMMYHO(EHOTUITMYECKOH PEMHCCHN B PaHHUE CPOKH
TIOCIIe MH/IYKIIMH, UMEIOT Ooree OaromnpHsTHBIA POTHO3 TI0 CPABHEHHIO C JIMIIAMH, JI0C-
THTILIAMH 3TOTO cTaryca Toisko rocie ATCK, n oueBrHO Gosiee OnaronpusTHBINA IPOrHO3
TI0 CpaBHEHHIO C JIMIIAMY, JiedeHHBIMH 0e3 a¢dekTa [185]. Takue OombHBIE, YCTOHYIMBBIE K
XT, MOmKHBI BKITFOUATECS B TPYIITY MOBBILIEHHOTO PUCKA M CTAHOBUTHCS KaHAMAATAMH Ha
SKCIIEPUMEHTATILHYIO Tepanuio. VIHTepecHO OTMETUTB, YTO 3TH PE3YJbTaThl HE TOJIBKO YKa-
3BIBAIOT HA Iiesiecoo0pasHocTh npruveHermst MIIL] npu ocnemyroreM MoHuTOprETe MM,
HO TAKJKe MOIUEPKHUBAOT, UTO KAYECTBO PEMHCCUH B PE3YJIbTaTe UH/IyKLIOHHOH Tepariu 1o
JIAHHBIM IMMYHO(EHOTHITPOBAHIS BIMSACT HAa KOHEUHBIH UCXO]T 3a00/IeBaHILAL.

Monumopunz mamepuana cmeon06vlx KiemokK

CKIIK sBrsrores npeanodturensHsM MatepuaioM mst ATCK, T.k. MX IpuMeHeHue ac-
commmpyetcst ¢ 0oree OBICTPBIM BOCCTAHOBJICHHEM TeMOII033a [186] 1 UX JIeTKo TOTydrTh
[187; 188]. Hamm [189] n mpyrevm riccnemoBarersivi [190; 191] 6pumo mokazaso, uro MK
Menee konTamuHupoBana [11], wem KM. 3tr paboTh! pOBEIeHbI H3-3a ONTACEHNS, YTO MaTe-
puan CKIIK moxxeT ObITh KOHTAMUHHMPOBAH 3710KavecTBeHHbIMH [ 1], mpricyTeTBYyrOMIIMU B
KpoBoTOKe. He BBI3BIBaeT yIMBIICHMS TAakoke TOT (hakT, 9T ITH wccnenoBanms [192-198]
TIOKa3aIi MpUCyTcTBUE HeorvlacThieckux 11 B 3HaYMTENIbHOM KOJMHYECTBE MaTepuaia
CKIIK (16-52%). [Tprdem, Kak MOJIEKY/IIPHOE, TaK X IMMYHO(GECHOTUITICCKOE BBISIBIICHHES
ocrarounsix I11] B adepesHpx 00pasiax, Mo-BHAMMOMY, KOPPEIHMPYIOT ¢ UcxomoM [197-
199]. Takem 0Opa3oM, HECMOTPSI Ha TO, UTo, 10 0dIeMy MHeHHIO, Mateprai CKIIK o0brHO
KOHTAMHMHHPOBAH, B JIEYCHNH OOJBHBIX MHOXeCTBeHHOH MM OOJBIIIYIO MOMOIIb MOXKET
OKa3aTh KOJIMUECTBEHHOE ONPE/IENIEHNE [IUPKYITHPYIOIIHX OITyXOJIEBbIX KIIETOK.

3akauenue

B mocnenrue ronpl mapamirMa jiedeHuss MM mperepriernia 3HA9HTENBHbIC M3MEHEHHS.
[prmereHre HOBBIX TPEMapaToB M OTEHIMAIFHOE UCTIONB30BAHME eI1ie OoJiee HOBBIX Clie-
JIaeT peaibHOM MH/IMBHIYJTH3AIIHIO JISYSHHsI HA OCHOBE TOYHOIO orperernenus ddekra. B
0030pe OOMBIIIOe BHUMAHKE Y/CICHO PENICBAaHTHOCTH ompezescHiss MO3 mpu Muenome;
nokazaHo Taroke, yto MIIL] MoXHO cumTaTh METOIOM BBIOOPA VISl TAKOTO ONpPEIEIICHHSL.
NmvmynodeHoTrueckre Metozs! onpenesniernss MO3 T03BOISIOT MPOBOMTE CPaBHEHHE
3(bEeKTUBHOCTH PazIMYHBIX JIEYeOHBIX TOIXO/I0B, MOIOUPaTh WHIMBUTYATIbHBIE PEXKUMBI
TIOJICPKHBAFOIICH Tepalii M OLCHUBATh MX 3(P(CKTUBHOCTh B PEXXUME HEIPEPHIBHOTO
MoHHTOpHHTa. [loKa3aHO, YTO JOCTHKEHHE MMMYyHO(MEHOTHITHUYECKOH PEMHICCHH 00MaiacT
niporHocTIdecKkoi rieHHocTRI0 st [DKBIT u obmeit ITK, a Tatoke smisiercst Hanboee pere-
BaHTHBIM TIPOTHOCTHYECKAM (DaKTOPOM y OOJBHBIX, KOTOPBIC SBISFOTCS KAHIMIATAMI HA
ATCK. B sroii cesasu IMWG HenaBHO nepecMoTpena kareroputo clIP, nyst koTopoil Tenepb
Tpedyercs orcyretBre MO3 1o maHHRM > 4-1BeTHOH MIILL, 11 MBI C HeTepIIeHHEM OXKUIaeM
PE3yIIBTaTOB MHOTOYHMCIICHHBIX 1 XOPOIIIO CTUIAHAPOBAHHBIX KITMHUYECKUX HCCIIEIOBAHMH.
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Based on two specific monitoring-points (prior to- or at day 100 after- ASCT) our re-
sults showed that early responders, able to promptly achieve an immunophenotypic re-
mission after induction had an improved outcome when compared to patients that were
only able to achieve that status after ASCT, and obviously a better outcome when com-
pared to cases that did not respond at all.[185]. Such chemoresistant patients should be
considered a high-risk subgroup and candidates for experimental therapies. Interestingly,
these results not only support the use of MFC in the sequential monitoring in MM but
also stress the fact that the quality of response to induction therapy — when immunophe-
notypically assessed — influences the final outcome in this disease.

Monitoring of stem cell harvests

Peripheral blood (PB) stem cells (SC) are the preferred source for ASCT since
their use is associated with more rapid hematopoietic reconstitution [186] and are
easy to collect [187; 188]. Moreover, we [189] and others [190; 191] reported that
PB is less contaminated with PC than BM harvests. Obviously, these studies have
taken place due to the major concern that reinfunded PBSC harvest could be con-
taminated with malignant circulating PC. Unsurprisingly, these studies also showed
that a consistent number of PBSC harvests (16—52%) are contaminated with neoplas-
tic PC [192-196]. Moreover, both molecular and immunophenotypic detection of
residual PC in aphaeresis samples seems to correlate with outcome [197—199]. Thus,
although the general feeling is that PBSC harvests will usually be contaminated, the
quantification of the circulating tumor burden may be of help in the management of
multiple myeloma patients.

Concluding remarks

The paradigm of the myeloma treatment has impressively changed in recent years.
The introduction of novel agents and the potential future incorporation of other drugs
will turn tailored therapies based on patients’ on-set depth of response a reality. This
review has highlighted the clinical relevance of MRD investigations in myeloma and
showed how MFC should be considered the method of choice to perform them. Im-
munophenotypic MRD-studies can help to compare the efficacy of different treatment
strategies, design patient-specific maintenance approaches and evaluate them in a se-
quential monitoring fashion. Moreover, the achievement of an immunophenotypic re-
mission has prognostic value for both PFS and OS, and is one of the most relevant
prognostic factors in patients eligible to autotransplantation. Accordingly, the IMWG
most recently updated their sCR response category that now also requires absence of
MRD detected by > 4 color MFC, and it will be exciting to see its use in this era of
innumerous and well designed clinical trials.
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AlcTpakT

KommaecTBeHHOE OmpeneneHne 1 XapaKTepHCTHKA UPKYIUPYIOIINX OIMyX0JIEBBIX
xierok (HOK) B mepudepuaeckoil KpOBH U TUCCEMUHHUPOBAHHBIX OITyXOJIEBBIX KIIE-
ToK (JIOK) B KOCTHOM MO3r€ IO3BOJISET MONYYHTh BAXHYIO MPOTHOCTHYECKYIO HH-
(hopManuio ¥ MPOBOIUTE MOHUTOPHHT 3(dexTrBHOCTH Teparmmu. COBpeMEHHbBIE Me-
TOABI aHalinda HE TMO3BOJIAIOT pasjindarb arolTOTUYCCKUE U )I(I/ISHCCHOCO6H]:I€
HOK/JIOK, omnako Teneph MOSBHIACH BO3MOXKHOCTH MPUMEHHUTH HOBBIA METOI MM-
myHodepmenTroro ananiza EPISPOT, kotopslit criocobeH onpenensiTs Oenku, cekpe-
THPYEMBIE/aKTHBHO BBIICISIEMBIE M3 OJMHOYHBIX SIUTEIHMAIBHBIX PAKOBBIX KIICTOK.
KiteTkn KynbTHBHpYIOT B TedeHHE HEOOJIBIIOro BpeMEHH Ha MeMOpaHe C ITOKPHITHEM
W3 aHTHUTEJI, KOTOPBIE 3aXBaTHIBAIOT 3TU CEKPETHPOBAaHHbBIE/BbIIEJIEHHBIE OEJIKH, U 3TH
OeNIKM 3aTeM IETEKTUPYIOTCS BTOPHMYHBIMH aHTHUTENAMH, MEYECHHBIMH (DIIOOPOXPO-
MoM. [Ipu pake MOIOYHOM >KeNe3bI ONPeeIUIN BhIIeIeHNe uTokepatruHa-19 (CK19)
u mymmHa-1 (MUCT); moka3aHo, 9To BO MHOTHX ciydasx sku3HecriocoOnsre JJOK om-
penensIoTcs Jaxe IPHU BU3YaIbHO JIOKAJIM30BAHHBIX OMyXoisiX (ctamust My 54%).
[IpenBapurensHple JaHHBIE CBUIETENBCTBYIOT, uro Hammuwme JOK, Beimemsrommx
CK19, accouumpyercs ¢ HEOIaronpuaTHEIM Mporao3oM. Takxke usydensl [IOK mmu
CK19-cexperupyromue krerku (CK19-CK) B nepudeprdeckoid KpoBu y GOJBHBIX
pakoM MOJIOUHOH keJe3bl cTaguu M,; mokazaHo, yro Hamuuue CK19-CK sBusiercs
(akTOopoM HeOnaronpuaTHOro nportosa. Ilpy pake mpocTaTbl B KayecTBEe MapKepa
ucrnonp3oBamm cekpennio [ICA; wccnejoBaHie IOKa3ano, YTO 3HAYUTENbHAs YacTbh
LOK cexperupyer daxrop pocra ¢prdpodnactos-2 (FGF2) — u3BecTHblIi (akrop pocra
cTBONOBBIX KJIeTOK. Takke EPISPOT naeT BO3MOXKHOCTb BBIABIISITH U XapaKTEpH30BaTh
xu3necriocobnsle [JOK/JOK y oHKOIOrnaecknx O0IbHBIX, MOXKET HCIIONBb30BATHCS TIPH
MHOTOITapaMETPUYECKOM aHATIN3€ VIS OMpPEIEeHHsT OSIIKOBOTO «OTIEYaTKa IaIbIICB)
HOK/JIOK. JletekTnpoBaHre M XapaKTEPHCTHKA 3THX KIIETOK IMO3BOJUT CENATh CIle
OJIVH IIar Ha MyTH K MHIUBUAYAIN3aUH aHTIMETACTaTUIECKON TEePaTINH.
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Abstract

The enumeration and characterization of circulating tumor cells (CTC) in the
peripheral blood and disseminated tumor cells (DTC) in bone marrow may provide
important prognostic information and might help to monitor the efficacy of ther-
apy. Since current assays cannot distinguish between apoptotic and viable
CTC/DTC, it is now possible to apply a novel ELISPOT assay (designated
‘EPISPOT”) that detects proteins secreted/released/shed from single epithelial can-
cer cells. Cells are cultured for a short time on a membrane coated with antibodies
that capture the secreted/released/shed proteins which are subsequently detected by
secondary antibodies labeled with fluorochromes. In breast cancer, we measured
the release of cytokeratin-19 (CK19) and mucin-1 (MUC1) and demonstrated that
many patients harbored viable DTC, even in patients with apparently localized
tumors (stage My: 54%). Preliminary clinical data showed that patients with DTC-
releasing CK19 have an unfavorable outcome. We also studied CTC or CK19-
secreting cells in the peripheral blood of M, breast cancer patients and showed that
patients with CK19-SC had a worse clinical outcome. In prostate cancer, we used
prostate-specific antigen (PSA) secretion as marker and found that a significant
fraction of CTC secreted fibroblast growth factor-2 (FGF2), a known stem cell
growth factor. In conclusion, the EPISPOT assay offers a new opportunity to detect
and characterize viable CTC/DTC in cancer patients and it can be extended to a
multi-parameter analysis revealing a CTC/DTC protein fingerprint. Detection and
characterization of these cells will contribute to more “tailored” and personalized
anti-metastatic therapies.
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BBenenue

Jo Hacrosimiero BpeMeHn ocHOBHbIME Metomamu BeiBieHus [[OK/IOK Obumn
AMMYHOLIUTOJIOTHYCCKUE (MMMYHOITUTOXUMHYCCKHAH, TPOTOYHAS LUTOMETPHUS U
EPISPOT) u monexynspao-ornonormdeckue (RT-PCR) meronst [1-2]. O6umm Hemoc-
TaTKOM OOOHX TIOXOJIOB SIBISICTCS HEBO3MOXKHOCTB Pa3iIICHUS )KU3HECTIOCOOHBIX U
aroONITOTHYECKUX KIICTOK. B TocnemHee BpeMsl TOSBWICS HOBBIM METOJ aHaIW3a
HOK/JIOK, mo3Bossroniid TpOBOAXUTE 3TO BakHOE paziuaue [3-7]. DTOT Meron Ha-
3piBaercst EPISPOT (EPithelial ImmunoSPOT). Ota TexHonorust mpeacrasisieT co0oi
YacTh PACIIMPEHHOTO CHEKTpa AUATHOCTHYECKHX METO/IOB, KOTOPBIE MO3BOJIIOT Xa-
PaKTEepU30BaTh €IMHUYHBIE KIIETKH C OCOOBIMU CBOMCTBaMH OJiarosiaps UX peakiyy C
MKA Ttun u OHOJOTMYECKHE XapaKTEPUCTHKU KJIETOK-MHUILIEHEH, 3TH aHTUTeNa KC-
MOJB3YIOT B KOMOMHaIMK. Yaire BCero /uis BBISIBICHHS! U COPTUPOBKH PEKHX IOITY-
TSN KIIETOK UCIOJB3YIOT MPOTOYHYIO IUTOMETPHIO. OJTHAKO 3TOT METO/ OOBIYHO HE
00JazaeT OCTaTOUYHON YyBCTBUTENBLHOCTBIO i netektupoBanus LIOK, koHeHTpa-
1Ms KOTOPBIX B KPOBH cocTaisieT 10107, eci He HCmomnb3yroTest HOBBIE CrieLMaHU-
3upoBaHHbIe cucTeMbl. [Tomrmo 31oro [IOK MOXKHO BBISBIISTE IO CEKPEIMH OEIKOB-
MapkepoB. CekpeTupyeMble IMTOKIMHBI MOKHO HACHTU(UIIMPOBATH BOKPYT HHTEpE-
CYIOIIMX KJIETOK KPaTKOBPEMEHHOTO KyJIbTUBUPOBAHMUS iN Vitro — 3TO TO3BOJSET ClIe-
nate Metoq ummyHo(pepmernTHoro cnot-aHanmm3a (ELISPOT). EPISPOT npexncrassier
co6oii Mmommdukarmio TexHonorard ELISPOT; 3ToT MeTox mo3BoiseT naeHTHGUIpo-
BaTh €IMHUYHBIC KU3HECTIOCOOHBIE SIUTEMAIBHbIE OITyXOJIEBbIe KIETKU IO UX CEK-
pelMHy WK BBIICICHUIO crieluprIecKnx MapkepoB (dnurenuaibHbiii Mapkep CK19;
tranecrenuduunbiii Mapkep [ICA; daxrop pocra crBonoBbix kietok FGF-2; omyxo-
nessle Mapkeppl MUC1 wmn CA15-3 u HER2). ITlpum wucnonb3oBanum Mertoza
EPISPOT tpebyetcst 3Tam 00OrameHust 3a c4eT MCTOIICHUS HOPMAJIBHBIX OKPYKAro-
nmmx CD45 reMaTonmo3THIeCKHX KIETOK, YTO TO3BOJIICT M30€kKAaTh CHCTEMATHYSCKON
OIIMOKH B 0TOOPE OIMYXOJEBBIX KIETOK.

B pabote npencrasnens! npuHImel odoramenns [[OK u npumeneHus: 1Boi-
HBIX MeToq0B GiryopoCK19/MUCI- u CK19/HER2-EPISPOT ans BEIABICHUS U
xapakrepuctuku LIOK mpu pake MOIOYHON jKele3bl, a TakKe ABOHHOTO MeTona
¢yopoPSA/FGF2-EPISPOT npu pake mpocTaTsl.

Oobozawenue LJOK

B cBsi3u ¢ tem, yto [IJOK mpucyTCTBYIOT B KPOBU B OYE€Hb MaJbIX KOHIIEHTpa-
LUSAX — OJTHA OMyXOJieBasl KJIETKa Ha HECKOJbKO MUJUIMOHOB IeMaTOMOATHYECKUX
KJIETOK, OOBIYHO Ha MEPBOM 3Tarie TpeOdyeTcs mporeaypa odoramienus. Kak meron
nerextupoBanusi, EPISPOT moxeT B nmpuHIMIIE KOMOMHUPOBATHCS C OO0 Ipo-
nenypoit oboramenus [[OK. OmHako KIETKH JOJDKHBI OCTABATHCS JKUBBIMHU, U
¢uKcanys KIETOK He AOmycKaeTcs. TeXHHWKa oOOTaIleHHs BKIFOYAeT OOJBIIYIO
MaHeNb TEXHOJIOTUil, B OCHOBE KOTOPBIX Jiexkar paznuuHble cBoiictBa LIOK, oTiu-
YarOIINE UX OT OKPY KAIOINX HOPMAaJIbHBIX TEMAaTOMOATHYECKIX KIETOK:
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Introduction

Up to now, immunocytological (immunocytochemistry, flow cytometry and the
EPISPOT Assay) and molecular biology (reverse-transcription-polymerase chain
reaction,RT-PCR) methods are the main approaches used to detect CTC/DTC [1-
2]. A drawback of both approaches is that they are usually unable to distinguish
between viable and apoptotic cells. Recently, a new technique that allows this im-
portant discrimination was introduced for CTC/DTC analyses [3-7]. This technique
was designated EPISPOT (i.e, EPithelial ImmunoSPOT). This technology is part
of the extended range of diagnostic methods by which single cells with particular
features are characterized by the virtue of their reactivity with monoclonal antibod-
ies. Frequently, these antibodies are used in combination to recognize the type and
biologic characteristics of the target cell. The most frequently used approach to
detect and sort rare cell populations is flow cytometry. However, this approach is
usually not sensitive enough to detect CTC occurring at frequencies of 10 to 10
in blood unless new specialized systems are employed. Alternatively, CTC can be
detected by the secretion of marker proteins. The secreted cytokines can be identi-
fied after a short term culture in vitro around the cells of interest as enzyme-linked
immunospot (ELISpot test). The EPISPOT assay is an adaptation of the ELISPOT
technology when single viable epithelial tumor cells are identified by their secre-
tion, release or shedding of specific markers (i.e., epithelial marker: CK19; tissue-
specific marker: PSA; stem cell growth factor: FGF-2; tumor markers: MUCI1 or
CAI15-3 and HER2). The enrichment step used with the EPISPOT assay is a deple-
tion of the normal surrounding CD45 hematopoietic cells which avoids bias of tu-
mor cell selection.

Here we describe the principles of CTC enrichment and the application of dual
fluoroCK19/MUCI1- CK19/HER2-EPISPOT assays for the detection and charac-
terization of CTC in breast cancer, and dual fluoroPSA/FGF2-EPISPOT assay in
prostate cancer.

CTC enrichment

As CTC occur at very low concentrations of one tumor cell in the background
of millions of hematopoietic cells, a first step of enrichment is usually required.
Being a detection method, the EPISPOT assay can be combined, in principle, to
any kind of CTC enrichment step. However, cells must remain viable and cell fixa-
tion must be avoided. It includes a large panel of technologies based on the differ-
ent properties of CTC that distinguish them from the surrounding normal hemato-
poietic cells:
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*  (Qusnueckue (pa3mep, IWIOTHOCTb, IEKTPHIECKHI 3apsil, 1e(hOPMHUPYEMOCTb);
*  Ouosnorudeckue (IKcnpeccus OEIKOB Ha IOBEPXHOCTH KIIETKH, KU3HECTIO-
COOHOCTh M MHBa3UBHAS CIIOCOOHOCTH [8]).

BonbImmHCTBO COBpEMEHHBIX TEXHOJIOTHIH OCHOBAHO Ha 3KCIIPECCHU MOJIEKYJIBI
aare3ny >nuTenHaTbHBIX KIeTok (EpCAM); ogHako yduThIBas, 4TO SIHTEIHAIb-
HO-ME3EHXUMAaJIbHBIN Mepexo]] MOXKET IMPOUCXOUTh B YACTHOCTH B IIpOLiecce ANC-
CEeMMHAIUH KJIETOK, HOBBIE TEXHOJOTHH IO3BOJSIIOT JETEKTHPOBATh Takke U Ep-
CAM-1IOK.

Jo nvactosmero Bpemenn Metog EPISPOT xoMOuHMpOBany riiaBHEIM 00pa3zoM
¢ ucromenueM CD45" k1eTok ¢ ucmonb3oBaHueM cucTeMsl RosetteSep (StemCell
Technology, BaukyBep, Kanana), nossossironieli nzderatb mpsiMoro KOHTaKTa c
kneTkamu-munieHsMu 1 n3ydarb EpCAM- LIOK (puc. 1a; cMm. BKIEHKY).

B camowm nene, ucromieHre HOpMalbHBIX T€MaTOMOATHIECKUX KIETOK, KOTOpPhIE
apnsiorcs CD45" kneTkamu, MO3BONMT M30€KaTh CHCTEMATHUYECKOH OMMOKH Ha
ocHoBanuy dkcnpeccun EpCAM, Ha mepom atare BeisiBineHus LJOK. 3a cuer 3T0-
ro ToBbIMaercs ckopocTs BocctaHosieHus LIOK maxe mpu ToM, 4TtOo uymcrora
6onpme He sBisieTcs Beicokoit. Omaako EpCAM-— IIOK Bce ermmie sSBISIOTCSA CO-
CTaBHOW 4YaCThIO MOCIEAYIOUIMX 3TaloOB IECTCKTUPOBAHUS MPU HCIIOIb30BAHUU
texaonoruu EPISPOT. Ilokaszano, uro ILIOK moryTt mpoxoxuts OMII u yTpaun-
BaTh JIUTeNHaNbHBIE cBoiicTBa. Kpome Toro, takme LJOK moryt mpmobperats
CBOMCTBa CTBOJIOBBIX KJIETOK, B TOM YHCJIE CIIOCOOHOCTh METAaCTa3upoOBaTh B OTJa-
JICHHBIE OpraHbl. B CBsI3M ¢ 3TUM, Ba)KHO HE OIPAaHUYMBATHCS HA JTare odoraiie-
HUS TOJIBKO OIHHUM OEJIKOM C MOTEHI[HAIBHO CHIKCHHOM SKCIpPECCHEH U ompese-
JATh Bero cyonomysimto LIOK.

Onpeodenenue I[OK

B texnonornm EPISPOT nutponemrono3nsie MeMOpans! mianmeToB EPISPOT
TTOKPBITHI aHTUTENAMH K crienuduaeckoMy OermkoBoMmy Mapkepy (puc. 16). B kaxk-
QY10 JIYHKY IUIaHIIETa 3aCeBalOT KIETKU U KyJIbTUBUPYIOT B TeueHue 24-48 u. Ha
9TOM HHKYOAI[IOHHOM 3Tare CeKpeTHpyeMble crielududeckie OelKd HermOoCpencT-
BEHHO OCENAl0T Ha MEMOpaHE C MOKPHITHEM M3 aHTUTEIN. 3aTeéM KIETKH CMBIBAIOT,
OTIPE/IEIISIIOT crelu(UUECKUil OEIKOBBIA MapKep P NOMOIIM BTOPUYHBIX aHTHTEI,
KOHBIOTUPOBAHHBIX C (IIFOOPOXPOMOM.

[Tony4yeHHbIe IMMYHO(QEPMEHTHBIE TIATHA TIEPECUUTHIBAIIM NP MTOMOIIN CHEMKH
Ha Buzaeokamepy W kommbioTepHoro aHaimsa (KS ELISPOT, Carl Zeiss Vision):
OJTHO TIATHO COOTBETCTBYET «OTIEYATKY IMAJIbIIEB» OJHOW KHM3HECTIOCOOHO KIIETKH,
CEeKpeTUpyoIIel OeloK.

3TOT MeTO aHaMM3a SBISIETCS KOJIMYECTBEHHBIM (TTOJICUMTHIBAIOT YHCIIO IISITEH)
1 KaUeCTBEHHBIM — M3yYeHHbIE OEJIKH XOpOLIO OIpeeIeHbl B KOHTEKCTE COJMIHBIX
OITyXOJIeH, 4TO 103BOJIsIeT oxapakrepu3oBath (erorur LJOK/IOK.

Pazpaboran aBoitnoii ¢uroopecuentHblit Metox EPISPOT, koTopblii mo3Bossier
onpenenats LIOK mo cekpenu IByX pa3mudHBIX OEIKOB.
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= physical (size, density, electric charges, deformability);
=  biological properties (surface protein expression, viability and invasion ca-
pacity) [8].

Most of the current technologies are still based on epithelial cell adhesion
molecule (EpCAM) expression; however, due to the assumption that an Epithelial-
to-Mesenchymal Transition may occur in particular during tumor cell dissemina-
tion, new emerging technologies try to capture also EpCAM-negative CTC.

Up to now, the EPISPOT assay was mostly combined with a depletion of
CD45-positive cells using the RosetteSep system (StemCell Technology, Vancou-
ver, Canada), avoiding direct contact with the target cells and allowing the study of
EpCAM-negative CTC (fig. 1a; see inset).

Indeed, using a depletion of the normal hematopoietic cells that are all CD45
cells will avoid a bias based on the expression of EpCAM at the first step of the
CTC-detection. This allows a high recovery rate of the CTC, even though the pu-
rity is not high anymore. However, EpCAM-negative CTC will be still part of the
subsequent detection step of the EPISPOT assay. Indeed, it had been shown that
CTC might undergo an epithelial-to-mesenchymal transition (EMT) and down-
regulate its epithelial features. In addition, these CTC have a gain of stem-cell
properties with the ability to develop metastases in distant sites. Thus, it is impor-
tant not to base the enrichment step on only one potentially down-regulated protein
and to detect all sub-set of CTC.

CTC detection

CTC can be detected by different ways: molecular biology (real time RT-PCR)
and immunocytological methods (immunocytochemistry, flow cytometry and the
EPISPOT assay). This chapter will focus only on the EPISPOT technology.

Concerning the EPISPOT procedure, the nitrocellulose membranes of the
ELISPOT plates are coated with an antibody against a specific protein marker
(Figure 1b). Then, cells are seeded in each well and cultured for 24 to 48 hours.
During this incubation step, the specific secreted proteins are directly captured on
the antibody-coated membrane.

Next, cells are washed off and the specific protein marker is detected by a sec-
ond antibody conjugated with a fluorochrome. Immunospots are counted by video
camera imaging and computer assisted analysis (KS ELISPOT, Carl Zeiss Vision):
one immunospot corresponds to the fingerprint of one viable marker protein-
secreting cell.

This assay is quantitative — the immunospots are counted — and qualitative — the
proteins studied are well defined in the context of solid tumors, allowing the phe-
notypic characterization of the CTC/DTC.

Dual fluorescent EPISPOT assay were quickly developed to target CTC
through the secretion of two different proteins.
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Onpedenenue syncusnecnocoonvix u neanonmomuueckux IJOK//IOK

Kak mokazaHo pasee, 1isi TOro, 4ToObl cOPMUPOBATH NMMYHO(pEPMEHTHBIC
IISITHA JKM3HECIIOCOOHBIE KIIETKU JIOJDKHBI HAKOMHUTH 3HAYUTEIILHOE KOJIMYECTBO
BBIJICTICHHBIX OEIIKOB-MapKepOB B Ipoliecce KyIbTUBHPOBAHMS KIETOK in Vitro mpu
nposeaeHnu a"anu3a EPISPOT, mostomy ymuparomue KIETKU IpU aHAIHU3€ HE
BEIABIAIOTCA [3; 9]. BaXkKHO OTMETHUTB: AT TOTO, YTOOBI CO3/IATh HAMIYYIIINE YCIIO-
BUS, KJIETOYHAs KyJIbTypasJbHas cpelna oOoramaercs pasddHbIMH (aKTopamu
pocrTa, KaK ONrcaHo paHee I onpeaeieHus kierounsix auani JJOK [10].

Hamu mpoBeneHb! JOMONMHUTENbHBIE ONBITEI C MIPUMEHEHHUEM JIEKAPCTBEHHBIX
CPEICTB, OHU TOKa3ajiu, 4T0 ToJbKO (yHKImonupyromue [JOK/JOK cnocoOHb
(dhopmupoBath UMMyHO(DEpMeHTHBIC MaTHA. Tak, mobarnenue bpedenauna A wiu
LUKJIOTEKCUMHJIMHA B TEUCHHE KOPOTKOT'O IEepHoJia KyIbTUBUPOBAHHUS KIETOK IPH
anannze EPISPOT npuBoamino k nmopasieHuIo 00pa3oBaHuss HIMMYHO(EPMEHTHBIX
IATCH, TOATBEPXKIas, YTO OIPEACISIOTCS TONBKO sku3HecnocoOHble [JOK/IOK
(maHHBIC He TOKa3aHsbl). Emme oqHNM BaskHBIM HaOIIOEHHEM OBIIO TO, YTO pa3Mep
NMMYHO(EPMEHTHBIX IIITEH OKa3aJiCsl 3HAYWTENFHO KpYyIHEEe pa3Mepa OJHOU
knetku (puc. 2). Takum 00pa3oM, HEBO3MOKHO BBIACIUTH OCTATOYHYIO HEXH3HE-
CIOCOOHYIO OIYXOJIEBYIO KJIETKY Ha MeMOpaHe u3 MMMyHO(epMeHTHOTo IsTHA de
novo, 00pa3oBaHHOTO 3a CYET HEMPEPHIBHOTO BBIACICHHUS OeKa KU3HECITOCOOHBI-
MH OITyXOJIEBBIMHU KJIETKaMH, KyJIbTHBUPOBAHHBIMU B TeueHHe 48 4. B nononaeHne
CJIe/IyeT OTMETUTb, YTO MOIU(UKAIHS CTAHAAPTHON KYJbTYypaJIbHOM Cpelbl MyTeM
nob6asieHust crielin(uueckux (pakTopoB POCTa MOXKET U3MEHUTH MOBEACHHE OITy-
XOJIEBBIX KIIETOK. DTO MPOSBIISIETCS B Pa3IMYHOM pa3Mepe M Yucie UMMyHodep-
MEHTHBIX IIITEH, Kak M0OKa3aHo Ha puc. 3.

Knunuueckue u mpancnayuonnvie Koppenayuu

Pax monounoui srcenesoi. Ilpu pake MOJIOUHOH *KeJe3bl B KaUeCTBE OEITKOB-MapKepOB
rcnons3ytor mytH-1 (MUC1) 1 mrrokepatus-19 (CK19)[11]. MUCI sBnsiercst Mmem-
OpaHO-CBSI3aHHBEIM MYIIMHOM C THITEpIKCIIpeccrel Ha kietkax PMOK m abeppaHTHBEIM
ITIMKO3WINpOBaHUEM B 3THX KieTkax. MUCI MOXeT pacIieruiiTeesi, BBIICISTECS U3
KJIETOK ¥ OTIPEIEIITECS B CHIBOPOTKE OHKOJIOIMUYECKNX OOJBHBIX (OIyXOJEBBIH MapKep
CA15-3); [12-14]. CK19 — omuH 13 Tpex ocHOBHBIX kepaTiHOB Hapsimy ¢ CK8 u CK18,
MIPUCYTCTBYET B MPOCTOM U MHOTOCJIOMHOM SIHUTENNH, a TAKKE B 3/TOKAYECTBEHHBIX
OIyXOJISIX; TIOKA3aHa €ro TMIEPIKCIIPECCHs Ha KIIETKAaX TAKKX MEPBHYHBIX SMUTENAb-
HeIx omyxoned kak PMOK, PTK, pak nerxoro u I'LIP [15-16], HO He Ha HOpMaJBHBIX
Me3eHXUMAaTBHBIX TemMaTonodThniaeckux kietkax. MUC-cexperupytomue kinetku (CK)
OIIPEZIEIISIIOTCS. B KPOBH TIPH BCEX 3alTyIIeHHBIX MeTacTarideckux PMOK, omHako y 3710-
POBBIX JJOHOPOB M3 KOHTPOJIGHOM TPYTIIBI 3TH KJICTKH He onpenessumich [3]. Kpome To-
roo, MUC] cpabo 9kcnpeccHMpoBaICs HOPMAIBHBIMM — aKTHBHPOBaHHBIMM — B-
ymmmdormramu. Ho, sxcnpeccrst 3Toro Mapkepa Ha HOPMAJIBHBIX M OITyXOJIEBBIX KIIETKaxX
CYIIECTBEHHO pazinyanack. MOXXHO ObUIO YETKO ONpENeTUTh TPaHWYHBIA pasMep
MUCI -umMyHO(DEPMEHTHBIX IISITEH, C(hOPMHUPOBAHHBIX OITyXOJIEBBIMH KIIETKaMH [3].
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Detection of viable and not apoptotic CTC/DTC

As previously shown, viable cells need to accumulate a sufficient amount of the
released marker proteins during the in vitro cell culture of the EPISPOT assay to
form immunospots and dying cells are therefore not detected using this assay [3;
9]. To be in the best conditions, it is important to notice that the cell culture me-
dium is enriched with different growth factors, as it has been already described for
the establishment of DTC cell lines [10]. Moreover, we performed additional drug
experiments to show that only functional CTC/DTC are able to give rise to immu-
nospots. Indeed, the addition of Brefeldin A or cycloheximide during the short-
time cell culture step of the EPISPOT assay showed a clear inhibition of the im-
munospot formation, confirming that only viable CTC/DTC are detected (data not
shown). Another important observation is the size of the immunospots, signifi-
cantly bigger than that of a single cell (fig. 2). Thus, there is no doubt to distin-
guish a residual non-viable tumor cell on the membrane from a de novo immuno-
spot established by continuous protein secretion of viable tumor cells cultured over
48 hours. In addition, the modification of the standard culture medium with the
addition of specific growth factors could modify the behavior of tumor cells, ob-
served by differences in the size and the number of spots as shown by the fig. 3.

Clinical and translational leads

Breast cancer. In breast cancer, mucin-1 (MUCI) and cytokeratin-19 (CK19)
were used as marker proteins [11]. MUCI1 is a membrane-bound mucin overex-
pressed and aberrantly glycosylated in breast carcinoma cells. MUCI is cleaved,
shed, and can be detected in the serum of cancer patients (tumor marker CA15-3)
[12-14]. CK19, one of the three main keratins besides CK8 and CK18, is found in
simple or stratified epithelium and in carcinomas, and it has been demonstrated to
be abundantly expressed in primary epithelial tumors such as breast, colon, lung
and hepatocellular cancer cells [15-16], but not in normal mesenchymal hemato-
poietic cells.

MUC]-releasing cells (RC) were detected in blood of all advanced metastatic
breast cancer patients analyzed, whereas such cells were not observed in healthy
controls [3]. In fact, MUCI1 was also weakly released by normal activated B lym-
phocytes, however, there was a significant difference between the release of
MUCI by tumor and normal cells and we could define a clear cut-off for the size
of the MUC1-immunospots obtained from tumor cells [3].
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Takum ob6paszom, noacuer MUCI- u CK19-CK mo3Boimi onpenenuTs Xu3He-
cniocoonsie JJOK B koctHOM Mo3re y 90 n 54% GoneHbix PMIK ¢ onpenensembiMu
OTJaJICHHBIMH METacTa3aMU M 0e3 TaKOBBIX COOTBETCTBEHHO [11]. DTH 3HaueHUs
COTJIACYIOTCSl C Pe3yJbTaTaMH, ITOJNyYEHHBIMH TIPH HCIIOJIB30BAHNH YYBCTBHUTEIb-
Hoit RT-PCR [17]. UaTepecHo otMeTnTh, uTo yncio JOK y i co cramueii 3a00-
neBaHust M1 OBIJIO CTaTUCTHYECKH 3HAYMMO BBIIIE, YeM IpH cTaguu M, (obmee
gucno JJOK 3604 u 689; mennana 103 u 1; cpeanee uucno 180 u 19; muamazon 08-
13 1 02-62 ms M, mo cpaBHeHuto ¢ My), ogaako 6onpmmacTBO JJOK, onpenenen-
HBIX y OONMBHBIX ¢ My, mMenu (enorun CK19" MUC1 u Moriu uMeTsh CBOiCTBa
cTBOJIOBBIX KJeTok [11;18]. OueHb BakHO OTMETHTH, uTO OosibHBIE PMOK ¢ CK19-
CK umMenu HeONaronmpusITHbIA KIMHUYECKUH MCXOJ, OOYCIIOBJICHHBIN pa3BUTHEM
(6ompHBIC ¢ My) miu porpeccupoBanueM (00JbHBIE ¢ M) METacTa30B, TOr/Ia Kak
kiHngeckux koppemsinuii ¢ MUCI-CK ne o6napysxeno [19]. Oxnako s non-
TBEPKJCHUSI ITHX IpPEJBApUTENBHBIX JaHHBIX HEOOXOANMO MPOBECTH KpPYITHOE
HCCIIeIOBaHME.

B kauectBe Oenmka-mapkepa Taxke ucrmons3yioT HER2. HER2 mpuramiexur
ceMeicTBy pelentopoB smuaepmanbHoro ¢akropa pocta (EGFR). Ammumdunka-
LUsI TeHa WM THIEPAKCIIPECCHs 3TOTro OelKa MUrparoT BaXKHYIO POJIb B MATOTCHE3E
U MPOIPECCHPOBAHUU ONPENEIICHHBIX arpeccuBHbIX TUnoB PMOK, mostomy sTOT
0eJIOK SIBIISCTCS BAXXHBIM OMOMAapKepOM M MHIIEHBIO TApreTHOM Tepamuu Ipu
PMXK. Pa3zpaboran Tect HER2-EPISPOT, B koTopoMm mucnonb3yrores kietkun PMIK
muaun BT474 (puc. 4). Hamu noacuutano uucino [HOK, Beienstomux HER2, B
kpoBu 194 GombHbIx PMK craaum M1, muis yero nmpuMeHsUICS NBOHHON UMMY-
Ho(roopecuentHsiii Tect EPISPOT-CK19/HER2. TTokasano, uro:

1. CK19-CK, ompenenennsie kak [{OK, npucyrctBoBanu y 115/194 (59,3%)

00nbHBIX, ogHAKO Beero 4 u3 115 (3,5%) umenu LOK, Beyiensrorue HER?2;

2. KIIMHAYECKUH HCXOA OBUT HEONarompusaTHBIM Uit 00nbHBIX PMIK crammm

M1 ¢ CK19-CK B kpoBu 1o cpaBHeHHIO ¢ 00ipHEIMHE, ¥ KOoTOphIX [IOK He om-

penemsmucy (p = 0,0164). B 3axmroueHre OTMETHM, YTO >KH3HECTIOCOOHBIC

HOK mpu meracratngeckom PMIK moryT cexpernpoBate HER2, ognako sta

cyonomymsmus LOK BcTpedaeTcst oueHb peiko.

[Ipu stom CK19-CK MoOryT cOCTaBISATh O4Y€Hb Ba)XKHYIO U OMOJIOTHYECKH aKTHB-
Hyto cyononyssiuio [IOK. MaenTudukaiys TeparneBTHUSCKH 3HAYUMBIX MHUIIICHCH,
takux kak HER2, moxker cnocoOGcTBoBaTh Oosiee MpaBHIBHOMY OTOOpPY OOJBHBIX
Juisl HasHaueHus TapretHoi Tepammu. [Ipu PMOK HER2 sBnsercs HanbGonee mep-
CIEKTHBHON MUILIEHBIO /I OMOJIOTMYECKOH TepaIiy ¢ UCHOJIb30BaHUEM I'YMaHH3H-
poBanHbix MKA k HER2. B HacTosiiiee Bpemsi Bce OOJIbHBIE TTPOXOAST CTpaTUdu-
KaI|Io ISl TIOJy9eHHUs TPACTy3yMada TONBKO IO TAaHHBIM aHAIN3a IEPBUYHON OITy-
xomu. OpmHaKko, Kak MOKasanu mocieanue myomukarym, HER2-monoxurensHbie
JOK/TOK moryT onpenensateess Tarke Uy OombHbIX ¢ HER2-oTpumatensHbEIMU
MePBUYHBIME OITyX0osiMH [20-23], ¥ 3HAYUT — BO3MOXKHOCTSIMH TEPAIlH, HAIpaB-
nerHo mpotrB HER2, MOTyT BOCIIOTBE30BaThCS U IpyTHE OOJIBHEIE.
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Thus, the enumeration of both MUCI1- and CK19-RC allowed the detection of
viable DTC in bone marrow of 90% and 54% of breast cancer patients with and
without overt distant metastasis, respectively [11]. These incidences are in the
range of those obtained with sensitive RT-PCR-based techniques [17]. Interest-
ingly, M1-patients had significantly higher DTC counts than My-patients (Total
nDTC: 3604 vs 689; Median: 103 vs 1; Mean: 180 vs 19; Range: 0-813 vs 0-262,
for M; vs My), but most of the DTC detected in M, patients showed the
CK19"MUCI- phenotype and may have stem-like properties [11; 18]. Most impot-
tantly, breast cancer patients with CK19-RC had an unfavorable clinical outcome
due to the occurrence (My-patients) or progression (M;-patients) of metastasis,
whereas no clinical relevance was found with MUCI1-RC [19]. However, these
preliminary data need to be confirmed in a larger study.

In addition, HER2 has been used as a protein marker. HER2 is a member of the
epidermal growth factor receptor (EGFR) family. Amplification or over-expression
of this gene has been shown to play an important role in the pathogenesis and pro-
gression of certain aggressive types of breast cancer and it has evolved to become
an important biomarker and target of therapy for the disease. A HER2-EPISPOT
assay has been developed using the BT474 breast cancer cell line (fig. 4). We enu-
merated CTC releasing HER2 in the blood of 194 MI-breast cancer patients by
performmg a dual fluoroEPISPOT-CK19/HER?2 assay. We showed that:

. 115/194 (59.3%) patients had CK19-RC defined as CTC with only 4/115
(3.5%) patients who had HER2-releasing CTC;

2.  M;-breast cancer patients with CK19-RC in their blood had an unfavorable
clinical outcome compared to patients with no CTC (p = 0.0164). In con-
clusion, viable CTC in metastatic breast cancer can release HER2, how-
ever, this subpopulation of CTC is very rare. Moreover, CK19-RC might
be an important and biological active subset of CTC.

The identification of therapeutically relevant targets such as HER2 may con-
tribute to a better selection of cancer patients for targeted therapies. In breast can-
cer, HER2 has become the most prominent target for biological therapy with a hu-
manized anti-HER2 monoclonal antibody. Currently, all patients are stratified to
trastuzumab therapy by primary tumor analysis only. However, recent reports have
shown that HER2-positive DTC/CTC can be detected also in patients with HER2-
negative primary tumors [20-23], suggesting that additional patients could benefit
from HER2-directed therapies.
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Hamane HER2+ IOK u LIOK koppenupoBalio ¢ HeOIaronpusTHEIM ITPOTHO30M
npu PMX u pake numesona [20; 24-25], ycTaHOBJICHO TakXke, YTO aMIUTA(DHUKALHS
HER2 moxeT mosiBIAThCS B HPOLIECCE MPOrPECCUPOBAHUS OHKOJIOTHYECKOTO 3a00-
neanus [26]. Takum oOpaszom, orerka craryca HER2 JIOK u IIOK mozBomnser mo-
JYYUTh [EHHYI0 MH(OPMAIHMIO JUIS JICYeHHUsT OHKOJIOrndeckux OonpHBIX. ITpomon-
MKAIOIIMECs] B HACTOSIIEE BPEMs KIMHUIECKHE HCCIIEA0BAHMS MTO3BOJIAT YCTAaHOBUTH
BO3MO)KHOCTh TPOTHO3a 3()()EeKTHBHOCTH TpacTy3ymada WM IPYTHX IPEnaparos,
HanpasneHHbIX potuB HER2, Ha ocHoBanum cratyca HER2 ITOK.

Pax npocmamuwi. Tlpu pake mpocrtaTel B KauecTBe Mapkepa ucmoib3yioT [ICA
[27]. Hamu rccnenoBanbl 00pasibl KPOBH, MOTYUeHHBIE Y OOJIBHBIX PAKOM IPOCTATHI
C MAaKpOCKOIMYEeCKH ompenenseMbiMu Meractazamu (M;). IICA-cexkperupyromye
knetku (IICA-CK) onpenenstinch y OONBIIMHCTBA OONBHBIX PAKOM IPOCTAaTHl M
(83,3%), HO HE BBIABIISUIICH y 3/I0POBBIX JOHOPOB M Y OOJILHBIX ¢ JOOpOKaYecTBEH-
Ho¥i runepriazueii mpocrtatsl [11]. EPISPOT mo3Boisut onpeaensTs KHU3HeCI0Co0-
uele [{OK B mepudeprnyeckoii kpoBu y 65% OOIBHBIX PAaKOM IPOCTAThl AAXKE MPH
OTCYTCTBHUH BHIVMBIX MeTacTa3oB (cramus My), omHako uncio [ICA-CK mpu pake
mpoctatel M, (MeauaHa 9, muama3oH oT 2 10 197) OBDIO CTaTHCTHYECKHA 3HAYAMO
Hwke (p = 0,01) gem mpu pake npocratsl M, (Menuana 29, nuamaszon ot 1 1o 684);
TaKUM 00pa30M TOJTBEPKIACTCS KOPPEISIIUS C Pa3IMIHbIMU CTAWSIMU paka U 00-
et Maccoit omyxoneit. g onrimumzarmn xapakrepuctuku LIOK mpu pake npocta-
TBI MBI MCNIOJIB30BaIH (pakTop pocta Guopodnacros-2 (FGF2) — u3BecTHbIi dakTop
pOoCTa CTBOJIOBBIX KIJIETOK, KOTOPBIM Take UMEET 3HaUEHUE ISl POCTa in Vitro MHK-
pomeractatnueckux kietok PMK [10]. Mbr pazpabotanu 1BOHHO# MeToaa (iroo-
pecuentHoro ananmza PSA/FGF2-EPISPOT st xapakrepuctuku [ICA-CK no cra-
tycy cekpeuun FGF2, ucxons u3 npeanonoxenus, uro 3HauuTenbHas yactb JJOK
MOXET CEKPETHPOBATh (haKTop, MOTCHIHAIBFHO yJacTBYIOIMH B 11X pocte [11].

3abonesanua moncmoui kuwiku. V1 HaKOHell, KaK TIOKA3aJIi BKHbIE ITOCIIETHIE pe-
3yJIbTaThl, B KPOBH y HEKOTOPBIX OOJBHBIX C JOOPOKAUECTBEHHBIMHI BOCTIAJINTEIEHBIMA
3a00JIEBAHMSIME TOJICTOM KUIIKW TPHCYTCTBYIOT >KM3HECIIOCOOHBIC IMPKYJIHPYIOLIUC
KJICTKH 3IUTENHS, KOTOPBIE MOXHO BBISIBISITH COBPEMEHHBIMH allpOOMPOBAHHBIMHU Me-
togamu anammza LIOK [28]. BepiBrneHwe 3THX HUTOKEpPaTHH-TIONOKHUTEIEHBIX/CD45-
OTPHUIIATEIBHBIX KJIETOK HE aCCOLMMUPOBAIIOCH C PAa3BUTHEM 3JIOKAYECTBEHHOTO 3a0oJie-
BaHMS B Mepuojl HaOIIFOIeHsI B JJaHHOM HccieioBaHuH. OObSCHEHHEM HAIIero OTKPBI-
THSI MOYKET OBITh TOT (haKT, YTO SMUTENUAIBHBIC KIETKU U3 HE3JI0KAYeCTBEHHOTO AITUTE-
JIVSL TOJICTOM KUILIKY TIONaJaloT B KPOBOTOK IIPU OINpPEIETIECHHBIX YCIOBUSIX, HAIIPUMED,
BOCTAJIEHUH, 1 3TO COIIACYETCS C TEM, YTO BOCHAIUTENIBHBIE [IUTOKUHBI MOTYT CTUMY-
JIMPOBATh MUTPALIMIO JTUTEIHAIBHBIX KIETOK. DTOT OTEHIMAIBHBIN (OH He3moKavecT-
BCHHBIX SMUTETHAIBHBIX KJIETOK B KPOBH, OCOOCHHO Y JIMII ¢ BOCIIAJIMTEIHHOM I1aTOJIO-
THeH, MOXET ObITh BaYKHBIM MEIIAIONM (PAKTOPOM y OHKOJIOTHYECKHX MAIMEHTOB C
o4erHp HIBKNM grciioM [{OK, 4To MoXKeT MpHBECTH K JIOKHO-TIONOXKUTEIEHOMY PEe3yJIb-
tary LIOK-auarnoctuku, ecimi He OyIyT MPAMEHSITBCS CTPOrie MOpP(OoIOTHIecKne Kpu-
TEPUM WM MOJIEKYIISIPHAS. XapAKTEPUCTHKA STHX KIIETOK.
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The detection of HER2-positive DTC and CTC was correlated to an unfavour-
able clinical outcome in breast and oesophageal cancer [20; 24-25] and HER2 gene
amplification can be acquired during tumor progression of the cancer [26]. Thus,
the assessment of the HER2 status on DTC and CTC might add important informa-
tion for the clinical management of cancer patients. Ongoing clinical studies will
reveal whether the HER2 status of CTC may predict response to trastuzumab or
other HER2-directed therapies.

Prostate cancer. In prostate cancer, prostate specific antigen (PSA) was used as
a marker protein [27]. We studied blood samples from prostate cancer patients with
gross metastases (M1). PSA- secreting cells (SC) were detected in the majority of
M,-prostate cancer patients (83,3%), whereas such SC were not observed in
healthy controls or in patients with benign prostatic hyperplasia [11]. The
EPISPOT assay revealed also viable CTC in the peripheral blood of 65% of pros-
tate cancer patients, even in the absence of overt metastases (stage M), but the
number of PSA-SC in My-prostate cancer patients (median, 9; range, 2-197) was
significantly lower (P =0.01) than in Ml-prostate cancer patients (median, 29;
range, 1-684), a finding that is in accordance with the different disease stages and
total tumor burdens.

To better characterize CTC in prostate cancer, we focused on fibroblast growth
factor 2 (FGF2), a known stem cell growth factor also relevant for the in vitro
growth of a breast micrometastatic cells [10]. We developed a dual fluorescent
PSA/FGF2-EPISPOT assay to characterize PSA-SC for the secretion of FGF2 and
applied it to blood samples from 19 patients with localized prostate cancer. PSA-
SC were detected in 15 patients, and a subset of these SC also secreted FGF2, sug-
gesting that a significant fraction of DTC may secrete a factor potentially relevant
to their outgrowth [11].

Colon diseases. Finally, important recent results indicate that certain patients
with benign inflammatory colon diseases can harbor viable circulating epithelial
cells detected by current established and validated CTC assays [28]. The detection
of these cytokeratin-positive/CD45-negative cells was not associated with the oc-
currence of malignant disease during the follow up period of our study. Our finding
can be explained on the basis that epithelial cells from nonmalignant colonic epi-
thelium may enter the bloodstream under certain conditions, such as inflammation
and is consistent with the fact that inflammatory cytokines can stimulate the migra-
tion of epithelial cells. This potential background of nonmalignant epithelial cells
in the blood especially in inflammatory bowel disease patients may be an important
confounding factor in cancer patients with very low CTC counts, which may lead
to false-positive findings in CTC diagnostics unless strict morphological criteria or
molecular characterization of these cells can be also applied.
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3TO — Ba)XXHOE CIIEACTBHE IMOJYYEHHBIX HAMH PE3YJbTaToB, KOTOPOE HE00XO-
JMIMO TIPOBEPUTH ApyrumMu Metoaukamu ananu3a L{OK u Ha OomnbieM uucie xiu-
HU4Yeckux oOpasuoB. KpaiiHe HeoOxoanma MosekysipHas xapaktepuctuka LIOK,
a TakKe KOJMYECTBEHHBI aHaN3 9THX KIIETOK.

Ilpoonemul u nanpasnenus 6yOyuwux uccieo08anuil

Huddepennmarms sxn3HecrtocoOHpIX U armontoTrdeckux L{OK m1s BEIsIBICHUS T
ompezneneHus npodwns Handonee BaxHex L{OK, mHUIMUpYyrOmMX MeTacTa3upoBa-
HHUe, IMeeT Ooupioe 3HadeHue [7]. PazpaboTran HOBBII MeTOT IMMYHO(EPMEHTHOTO
anamu3za EPISPOT, nososstromuii BELSIBIATH sku3Hecocoonbie [IOK/JIOK y onko-
JJOTHYECKUX 6OJ'ILHI)IX. CereTI/IpyeMLIe WJIN BBIACIIACMBIC 3TUMU KIICTKAMHU 6en1<1/1
OCaKIAIOTCSl Ha MeMOpaHe JI0 TOTro, KaKk OHM MOTYT PacTBOPHUTHLCS B HAJ0CaI0YHON
xuakoct. Takum oOpasom, EPISPOT oOnamaeT 4yBCTBHTENBHOCTHIO B 4 pasa
BBIIIIE 10 CPAaBHEHHUIO C KOJIMYECTBEHHBIMU METOJIaMH ONPE/IeJICHHs] ATUX OEIKOB B
OCCKICTOYHOM KYyJIbTypaldbHOM cymnepHaTaHTe [3-4]. Tem He MeHee, A aHaM3a
TpeOyeTcst KyIbTypa KIETOK, U OEIIOK, KOTOPBIH UCTIONB3YIOT IS HACHTH(HUKAIINN
HOK/OOK, momkeH aKTHBHO CEKPETHPOBATHCS WIIHM BBINEIATHCS M3 3THUX KIETOK.
Taxokxe BaKHO yMeTh aHAMU3UpOBaTh 3axBaueHHbIe [IOK Ha MONeKynsIpHOM ypOB-
HE ¥ CPAaBHUBATh WX XapaKTEPUCTUKHU C XapaKTEPUCTUKAMH IIEPBUYHON OMYyXOJIH U
METacTa3oB.

B Hacrosiiiee BpeMsi 00JblIIOe BHUMaHHUE YIEJsieTcsl pa3paboTke MUKpoaria-
paToB misi paboThl ¢ 00pa3iiaMu, KOTOphIe MO KpaiiHeid mepe B 10 pa3 MeHbIie
o0bemMa 00pa3loB, UCIOIb3YEMbIX B COBPEMEHHBIX METOJax aHallu3a; 3TO I03BO-
JsieT MUHMMH3UPOBATh BpEMsI aHAIM3a W PacXoj JIOPOTMX peakTuBoB. OmHAKO
xonrenTpanus [JOK oyeHp mMana, ¥ mo3TOMY aHaIU3 OOJBINIUX MO 00BEMY 00pa3-
1oB kpoBH (20 M1 u Gosiee) sSBISAETCS MPEIIIOYTHTEIBHBIM, OCOOCHHO IIPH PaHHUX
cTamusax paka ¢ HeOompmuM koimdecTBoM LIOK. B cBsi3u ¢ 5THM TEXHOIIOTHH, B
KOTOPBIX TpeOyeTCs aHAIIN3 KPYITHBIX 00pa3IloB, TAKXKE 3aCTYKIUBAIOT BHUMAHUS.

Hamm kmmanyeckue nanneie mokaszanu, uto LIOK/IOK y 6omeasx PMXK 1 pa-
KOM TIPOCTATHI SIBIISTIOTCS JKU3HECTIOCOOHBIMH W OTIMYAIOTCS pa3sHOOOpa3meM 1o
XapakTepy CEKpeluy 3HAYUMBIX OENKOB. B CBS3M ¢ TeM, YTO MHOTHE CEKpETHpYe-
Mble OCJIKM BIIUSIOT HA METACTaTHUECKOE MPOTPECCUPOBaHKE (HaprMep, GakTopbl
pocTa u mpoTeassl), U B paclopsDKEHUU UcCieioBaTenell UMeeTcs: OOJIbIIoe YUCIIO0
(II00POXPOMOB, BIOJIHE BO3MOXKHO PACIIMPHUTH 3TH METOIbl aHAIHM3a JI0 MHOI'O-
rapaMeTPUIECcKHX, YTO MMO3BOJIUT YIIIyOUTh Halle IIOHNMaHue OMOJIOTHH MeTacTa-
THYeCKOTo Kackana. bnaronaps HoBomy merony EPISPOT MbI MokeM onpenensrthb
YHUKAJIBHBIE «OTIIEYATKH TAJBIEB» OTIEIBHBIX >KU3HECIIOCOOHBIX OITyXOJIEBBIX
KIJIETOK U TIPOBOJAUTH TTOCIIECAYIOMINN MOJICKYIISIPHBIN aHaTH3 STHX KIETOK.

ITocnenoBatenpHBIN aHANN3 TTepU(EepHIECKON KPOBH, OCOOCHHO B IIEJISIX MOHH-
TOPUHTa MUHAMAIBHOTO OCTaTOYHOTO 3a00JI€BaHUS Y OHKOJOTHUYCSCKUX OONBHEIX B
pearpHOM peXMMe BpPEeMEHH MpeICTaBisieTcss 0ojiee YIOOHBIM, YeM IOBTOpPHBIC
acTMpanyuy KOCTHOTO MO3Ta.
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This is an important implication of this finding that has to be further verified by
other CTC methodologies as well, and in a larger amount of clinical samples. Mo-
lecular characterization of CTC is urgently required, enumeration is not enough.

Challenges and future directions

Distinguishing viable from apoptotic CTC to detect and profile the most rele-
vant metastasis-initiating CTC is of utmost importance [7]. The EPISPOT assay is
a new technique to detect viable CTC/DTC in cancer patients. Secreted, shed or
released proteins are immunocaptured immediately on the membrane before being
diluted in the supernatant. Thus, the EPISPOT assay has a sensitivity of up to four
orders of magnitude higher compared with the quantification of these proteins in
the cell-free culture supernatants [3-4]. However, a cell culture facility is required
and the protein used to identify a CTC/DTC must be actively secreted, shed or re-
leased outside these cells. Moreover, it is crucial to be able to analyse the captured
CTC at the molecular level and to compare their characteristics to those of the pri-
mary tumor and overt metastases.

Nowadays, there is a strong interest developing micro-devices that can handle at
least 10 times smaller sample volume than so far applied tests, thereby minimizing
assay time and the use of expensive staining reagents. However, CTC are extremely
rare events and the analysis of large blood volume (> 20 mL) might be preferable in
particular in early stage cancer patients with a small burden of CTC. Thus, technolo-
gies that can handle larger blood volumes still deserve special attention.

Our clinical data show that CTC/DTC in patients with cancer of the prostate or
breast are viable and heterogeneous with regard to the secretion of relevant pro-
teins. As many secreted proteins influence metastatic progression (e.g., growth
factors and proteases) and as a large range of fluorochromes is available, it should
permit the extension of this technique to a multi-parameter analysis and opens
therefore also a new avenue in the understanding of the biology of metastatic cas-
cade. The new EPISPOT technology may therefore reveal a unique fingerprint of
single viable tumor cells and the subsequent molecular analysis of these tumor
cells is in development.
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Ecnu nmpornoctuueckoe 3Hauenue I[OK gocTatouHo HageXHO YCTaHOBIEHO
npu metactatnueckoM PMIK, konopekTanbHOM pake U pake MpOCTaThbl, TO UCCIe-
nosanue BiausiHUA [IOK mpu mepBUUYHBIX 3710KaUECTBEHHBIX OIyXOJIX €Ile Mpo-
nomkaercst. UneHTudukaryst 00IbHBIX, BXOIIIINX B TPYIITHI HOBBIIIEHHOTO PHCKa
pennAnBa Mocie XMMHOTEPAITNH, SBISIETCSI O4eHb BXKHON 00JIAaCThIO IPUMEHEHHS
9TOIl METOIMKHM B KIMHWKE. HemaBHO moirydeHBl 0OHAIEKHMBAIOIINE PE3yJIbTATHI
moruToputra [{OK B meprox mepBHYHONW CHCTEMHOW M abIOBAHTHOW XUMHOTE-
pammu pu PMOK [8].

Wrak, IJOK MoryT craTh Ba)XHBIM OMOMapKepoM IJIsi MOHUTOPHHTA B peallb-
HOM PEXHUME BPEMCHH (PPEKTUBHOCTH CHCTEMHON aJbIOBAHTHON XUMHOTEpAIHU
Y OTACJIBHBIX 0onbHBIX. DeHOTUIIMYECKAS U MOJICKYJIApHas XapaKTEPUCTUKA OTUX
KJIETOK CTaHET BaXKHBIM LIaroM Ha IMyTH K MHAMBHUIyalM3allUd aHTUMeETacTaTude-
CKOI1 Tepanuu.
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HUMMYHOJOI'MYECKAS JTUATHOCTUKA
MUEJOJUCIIVIACTUYECKOI'O CUHAPOMA
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Pe3rome

JlMarHocTiKa MUEJIOUCIUIACTUYECKOTO CHHPOMA SIBIIETCA CI0KHOMN 3amadei
Ha CThIKE KJIMHUYECKUX U JTUAarHOCTUYECKUX crenuanbHocTed. OIeHka KIeTOuHO-
ro cocTaBa nepudepraeckoil KpoBU ¢ MPUMEHEHHEM POTOYHON IUTOMETPUH CTa-
HOBHUTCS BOCTPEOOBaHA UMEHHO B TIOCJIETHHE I'O/IbI, C MOSBICHUEM HaIpPaBJICHHON
tepanmn  MJIC. Ilaronmorndeckue XapaKTEpHCTHKH MHEIOWIHBIX KJIETOK IIPH
M/IC, BBIsSIBIIsIEMbIE TTPH MPOTOYHOM UTOMETPUH, HEPA3PHIBHO CBSA3aHBI IMEHHO C
JWCIUIa3uel W HapymeHneM co3peBanus. [IpeacraBnena pa3paboTaHHAs TEXHOJO-
TS OLIEHKH KJIETOYHOTO COCTaBa Mepu(pepuIecKoil KPOBH C ONPECICHUEM HHIICK-
ca TPaHyJSIPHOCTH HEUTpO(MIOB Kak IOCTymHas mporpamma ckpuauara MJIC B
Pa3INYHBIX BO3PACTHBIX TPyMIax.

KiroueBble c10Ba: MUEIOAUCIUIACTHUECKUI CUHAPOM, CKPUHMHT, IPOTOYHAS
UTOMETPHS, HHEKC TPaHYJSIPHOCTH HEHTPODIIIOB.

HmMyHoornyeckast TMarHoCTHKa, Kak U BCE MCCIIEAOBAHUS B 00JIaCTH KIIMHH-
YeCKOH J1abopaTOpHOIl AMArHOCTHKHM, BBINOJHSAETCS 110 HECKOJILKMM BHJAaM Ha-
npaBneHui (Tadu. 1).

Ta6numa 1
HanpasneHust KIMHNYECKOW IMMYHOHArHOCTHKH
Hamnpasnenus o
IIpumepst Buonoruueckuil marepuai
JMarHOCTHKH
1. Bemmonuenue KonngectBenHnas onexka
Ha3HAYCHUH I'CK. Bri6op oueBuieH
Bpaua AJuteproauarHocTHKa
2. JlmarHocTuka
o OcTpslit s1eitko3? KocrHslit Mo3r/nepudepuyeckas
HaIpaBJICHUIO OcraTtouHast 001e3Hb? KPOBB: HET EAMHOTO AJTOPUTMa
Bpaya OLICHKH Pa3BEACHHSI KOCTHOTO
3. CipHuHT MuenoauciuiacTiueckuit | Mo3ra nepudepudeckoil KpoBblo
CHHIPOM
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OnHol 13 poOJIeM KIIMHIYECKOH NMMYHOJHarHOCTUKH OHOKOTE€MAaTOJIOTHYECKUX
3a00J1eBaHMI SABISIETCS] OTCYTCTBHE TPABHJI TOYHON OLICHKH CTETICHH Pa3BEICHUS KO-
CTHOTO MO3ra Nepu(epruuecKoil KpoBbIO M, KaK CJIE/ICTBHE, TPYIHOCTb ONPEACICHUS
OTHOCHUTETIFHOTO COZICp)KaHMs OJIacTOB TPH  MHUEJOJVCIUIACTHYECKOM CHHIPOME
(MJIC). VImeHHO 3THM OOBSICHSETCSI HHTEpEC K IMPOTOYHOM IIMTOMETPUH JUTSI OLIEHKH
KJIIETOYHOTO COCTaBa Pa3IMYHBIX BUJIOB OHorormdeckoro marepuana. C npyroit cro-
POHEIL, T TETEPOT€HHON TPyIIBI 3a00JeBannii, 00bequHeHHBIX B Tpymry MJIC, 30-
JIOTBIM CTaHAAPTOM IMArHOCTHKM sBIsieTcss Mopdonorus. IIporounas muromerpust
cTana npuBJeKaTh BHUMaHue 1 quarHoctuke MJIC coBceM HemaBHO (Tabd. 2).

Tabnuma 2
MJIC - rpynmna KIOHaIBHBIX 3a00JIeBaHUI KOCTHOTO MO3ra
Juaroctuueckue Hanpasnenus JlononHUTENbHBIE
KpUTEpUHN JINarHOCTUKHU KpUTEpUHN
HeaddexTuBHbIit BrisiBneHune HapylieHuil cozpepa-
TeMOmo093 HUS 1 i epeHIIPOBKH
nddepenmporka MIC
Anddepenu b A MHoronBeTHas
[Muronenus OT IIMTOTNICHNH HEKJIOHAIBHOTO
MIPOTOYHAS
TIPOHUCXOKACHUS
= LUTOMETPHUS
OnHonuHeWHas 1 BrusiBeHne MOpQoIOrHIecKux
MYyJIBTHINHEHHAS ocobennocreit MJIC kak Kito-
JVCIUIA3HUS HaJIbHOTO 3200JICBaHUs

Huarnoctuka MJIC Gasupyetcs, mpexe BCero, Ha JaOOpaTOPHBIX JaHHBIX,
KOTOpBIE BKJIFOYAIOT:
®  [OJHBIM KIMHUYECKUH aHAIU3 KPOBH;
®  [UTOJIOTMYECKOE U THCTOJOTMYECKOE UCCIEeIOBAHUS KOCTHOTO MO3Ta;
"  [MTOTEHETHYECKUH aHamu3 nepudepryeckoll KPOBU HIM KOCTHOTO MO3ra
JUTSL BBISIBIICHHSI XPOMOCOMHBIX U3MEHEHHH.

B o0s13arenbHbII epeueHb AMarHOCTHYECKUX MEPONPHUSITHIT BXOSAT:

*  MOp(}OJIOrHIECKOe UCCIECIOBAHNE acIIMpaTa KOCTHOTO MO3Tra M T'MCTOJIOTH-
YyecKoe MCCIIeJOBaHNE TPEeraHOOHoNTaTa;

"  [IMTOTEHETWYECKHH aHAIN3 JUIS TOATBEP)KACHHUS HMPUCYTCTBHS ITaTOIOTH-
YECKOro KJIOHa.

Tem He MeHee, yuHuThIBas, 9To OoJbIIas 9acTs 60apHBIX MJIC SABISIOTCS JIOABMH
CTapIeil BO3pacTHOM TPyYIIIBI, TOIyYeHHE KOCTHOTO MO3ra MOKET OBITh 3aTPYIHEHO.
[osToMy OlleHKa KJIETOYHOTO cOCcTaBa MepudepryecKkoil KpoBU ¢ IIPUMEHEHHEM MPO-
TOYHOH IIMTOMETPUM CTAHOBUTCSI BOCTpeOOBaHA MMEHHO B IOCIIEAHHE TOJIbI, C TIOSIB-
neHueM HarpapieHHo# Teparn M/IC. JluteparypHblii HOMCK MH(pOpPMAIMK B CUCTE-
Me PubMed no kimoueBbM crioBam «Flow cytometry» u «myelodysplastic syndrome»
Ha 1 urons 2011 roga maer Bcero 50 ccbUIOK, a K cepeanHe BecHbl 2012 ~55 (owmck 1o
coueranuio «Flow cytometry» maer 6onee 120 000 ccbuoK).
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K monmoXuTenbHBIM CTOpPOHAM TPOTOYHOW IIUTOMETPUM [UISl JAWATHOCTHKH
MJC caenyer oTHeCTH:

1.

2.

TOYHOE KOJIMYCCTBEHHOE OIPE/ICIICHIE MUACIOOIACTOB 10 UX aHTUTCHHOMY
po¢huITIo;

BEISIBIICHHUE TMATOJOTHYECKIX MHETIO0IACTOB JaXe B TEX CIydasx, Koraa
KOJIMIeCcTBO OJ1acToB MeHee 5%;

BBISIBIICHIE MMMYHO(EHOTHITUIECKAX TPH3HAKOB IHCIDIA3HH CO3PEBaiO-
X MUEJIONUAHBIX TMPEANIECTBEHHIKOB N MOHOITUTOB;

KOJIMYECTBEHHAs] WM OauTbHAsI OIEHKA MATOJOTHYECKHX XapaKTEPHCTUK
JUTS TIPOrHO3a B KiMHUYecKuX uccnenosanusx (Valent P, et al. Leuk Res
2007;31:727-36).

VMMYyHOGDECHOTHITHYECKHA MPOQUIb KIETOK MHEIOHIHOTO psiia BO MHOTOM
ompeernsieTcs JMHEHHBIM MPOUCX0KCHHEM, YPOBHEM CO3peBanus U quddepeHiu-
poBkH (puc. 1).

Antigen Density

MuenoGnact Mwenouwmt (  He#ATtpadmun ]

I " . Metamuenouut/ v
I MpomuenounT - Manouku : y
® == & T c

Neutrophil Maturation

Puc. 1. Dxcnpeccust pa3THIHBIX MUCIOAHTUICHOB IIPU CO3PEBAHUU HEHTPO(HIOB.
utupyercs mo Leukemia Research 32 (2008) 5-17 ¢ u3MeHEHUSIMH.

Muenomucmactudeckuid curapom (MJIC) — 3to rpyrmma 3a0o0ieBaHU KOCTHO-
IO MO3ra, HOCSIUMX KJIOHAJIbHBIA XapakTep M BO3HUKAIOIIUX B PE3yJbTaTe MyTa-
MU CTBOJIOBOWM KJIETKH KpoBW. IIporiecc muddepeHIUpoBKH MOTOMKOB TaKoW
TpaHC(HOPMUPOBAHHI CTBOJIOBOM KJIETKH HOCHT HE3((EKTHBHBIH XapakTep, T.c.
MIPUBOJIMT K JUCIUIA3MU W HAPYIICHUIO CO3PEBAaHMUS KIIETOK (Tabu. 3).
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Tabnuma 3
deHoTunnIecKue
[IposiBnenus JlaHHBIE HTUTOMETPUU
HapyUICHHs
N3menenue sxcnpeccun
1. CHmxenue ypoBHsI OOKOBOTO
AHTHUTEeHa Ha CO3PEBAIOIINX
CBETOpacCesTHUS
WITH 3pENBIX KIETKAX 0
Hucnuiaszus COABHEHIIO ¢ HODMAIEHEIM 2. VI3meHeHHas! IIIOTHOCTh 9KC-
Hf’m N i) o npeccun CD10, CD13, CD16,
PeTCHEPHPYIOIL CD33, CD45 1 CD6
KOCTHBIM MO3TOM
1. AbeppanTHas ’kcripec- | 1. HeomHoBpemMeHHOE TOSIBIIE-
cust 3pesbix anturenoB Ha | Hue CD11b u CD16
MHeo0IacTax Win Ha 2. (1) CoxpaHeHHe IKCIPECCUH
HE3peJIbIX KIeTKax CD34 u HLADR na npomue-
Hapyenus JIPYTUX TUIIOB JIOLUTaX U OoJee 3peliblX rpa-
CO3peBaHUs 2. CoxpaHeHHe KCcIpec- HyJo1MTax H (i1) roMOreHHast
CUM paHHUX aHTUTeHOB Ha | 3kcmpeccus CD33, CD38 u
3penbIX KIETKAX. CD117
3. Moser ObITh Iepekpect- | 3. AGeppaHTHas TOMOTCHHAs
Hasi 9KCIIPECCH aHTUTEHOB skcpeccust CD14 u CD56

Juarnoctiueckne kpurepun M/IC mo gaHHBIM IPOTOYHONW IUTOMETPHU C OA-
HOW CTOPOHBI MHOTOYHCIICHHBI, a C IPYTOi CTOPOHBI — HEOTIPeIeNeHHHI (Tal. 4).

W3BecTHO, 9TO TpH OOJIBIIMHCTBE OHKOT€MAaTOJIOTHYECKHX 3a00JeBaHuil Oia-
CTBI 00J1/IaI0T CHIKCHHBIM II0 CPAaBHEHUIO C TUM(OLNTAMHU YPOBHEM IKCIIPECCHU
nanseikonurapHoro Mmapkepa CD45. Tem He MeHee, OlleHKa TOJIBKO TaKUX KJIETOK
(CD45dim) He MO3BOJIAET MONYYaTh JOCTOBEPHYIO MHGOPMAIUIO 10 UMMYyHO(De-
HOTHUITYy MHEJIOWIHBIX TPEIIIECTBEHHUKOB. AHAJOIMYHBIM YPOBHEM JKCIIPECCHU
CD45 o0i1afaror TaKxe:

*  Gasodunsl (CD13", CD33", CD11b", CD10, CD117 u HLADR);

*  yacTh HATypanbHBIX KWwiepoB u T-kumnepos (CD2', CD7" u CD56Y);

*  mpemulecTBeHHHKH B-Kietok — remaroronst (CD19°, CD10" u cy6momy-

JISIIIAS CD34+);

"  YacTh HE3PEIBIX MOHOIMTOB M IUIA3MaTHYECKUX KIICTOK.

OcHOBHBIE NMMYHO(DEHOTHIIMYECKHE XapAKTEPUCTUKH MHUEIIOUIHBIX KIETOK CyM-
MupoBaHBl B Ta0n. 5. TakmM oOpaszom, mepen n1abopaTOpHOI OUATHOCTHUKOM CTOHT
cepbe3Has 3aj1aua TOMCKa BO3MOKHOCTH TIPOBENICHHSI CKPUHUHTA ISl BBISBJICHUSI T1a-
HeHTOB ¢ BBICOKMM puckoM M/IC. IIpeanodrurensHBIM OHOJIOTHUECKUM MaTepHa-
JIOM ]IS CKPHHMHTA, €CTECTBEHHO, SIBISIETCs nepudeprieckas KpoBb, a HE KOCTHBIH
MO3I, TaK Kak ee MOJydeHHe ropas o MeHee TpaBMaTH4HO Ui TarmeHta. Jpyrum
TpeOOBaHNEM CKPHUHHIOBBIX IPOTPaMM SIBJISETCS PUMEHEHHE MPOCTOH BOCIIPOU3BO-
JIMMOM TEXHOJIOTHH, OCTYITHOH B OOJIBIIMHCTBE JICYeOHO-IPOPUIIAKTHYECKNX YIPEK-
JICHHH, TOMOTAIOIINX OOJIEHBIM OHKOT€MATOJIOTHIECKOTO IPO(IIIS.
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B ecTecTBEHHOI UCTOPUE OMYXOJH JOMUHHUPYET MpeAKInHIYecKas dasa. -
TEJILHOCTh €CTECTBEHHOW MCTOPHU OIYXOJIM OIPEENseTCs] CKOPOCThIO €€ POcTa
(puc. 2) (Wells DA et all. Blood 2003;102:394-403; Béne MC, Clinical and Ap-
plied Immunology Reviews 5 (2005) 133-148).

Ta6ununa 4

Juarnoctuueckue kpurepud MJIC no JaHHBIM IPOTOYHOW IUTOMETPUU

PesynbTar Bbuactet MuenoMOHOLUMTapHBIE KIETKH
N 0-2 OTKJIOHEHUS HKCHPECCHH 3PEIbIX
OTpuLaTeNbHBbIH Her naTonoruu
MHEJIOMOHOIIMTAPHBIX aHTUTCHOB
CD117, CDA45 maromno- | 0-2 OTKIOHEHHs SKCIIPECCHU 3PEITbIX
TUYECKUH YPOBEHb WM | MHEIOMOHOIMTAPHBIX AaHTHI'€HOB
YeTKasl TIOMyJISLHS
o I'mnorpanyssipHOoCTh 1 0-2
IIpomexyTOUHBIN panyJIip
Her natonorun OTKJIOHEHUSI IKCIIPECCUH 3PETIBIX
MHEJIOMOHOIIMUTAPHBIX aHTUTECHOB
3-4 OTKIIOHEHUS SKCIPECCHH 3PEbIX
Her matonorun
MHEJIOMOHOLUTAPHBIX aHTUTCHOB
> 3% mueno0acToB
Wi Jro0ast abeppaHT-
Hert HeoOxoanMOCTH OlIEHUBATh
Hasi SKCIPECcCHs JINM-
(OHIHBIX aHTHT'CHOB
> 3 OTKJIOHEHUH 3KCIIPECCUU 3PETBIX
CD117,CDA45 natono- | MHEJIOMOHOIIUTAPHBIX aHTUT€HOB MU
., | TMYecKW ypoBEHb WM | TUIIOTPaHYJSIPHOCTE C (Wiu Oe3) rma-
ITonoxurenpHpIi P PauyJIAp ( )
YeTKast TIOMYJISIIHS TOJIOTHH JIPYTHX MHEIIOMOHOLIUTAP-

HBIX aHTHUI'CHOB

Her naromorun

> 5 OTKJIOHEHU 3KCIIPECCUU 3PETIBIX
MHEJIOMOHOIIMTAPHBIX aHTUTCHOB

Her natonorun

I'mnporpaHyJIsipHOCTH U >3 OTKIIOHE-
HHUH 3KCIIPECCHU 3PENIBIX MUEIIOMOHO-
IIUTAPHBIX aHTUTEHOB

TaOnuma 5

OCHOBHEBIE I/IMMyHO(I)GHOTI/IHI/I‘IeCKI/Ie XAPAKTCPUCTUKH MUCTIONIHBIX KIICTOK

MI/ICJ'IOI/IJ:[HLIG KJIICTKH

Hespensle

3pemnbie

TIPOMUEITIOUTHI, MUCITOINUTHI
1 paHHHUC METAMHUCIIOLUTEI

OT TIO3HUX METaMHEJIONUTOB
JI0 CETMEHTHPOBAHHBIX HEUTPOPHIOB

CD10, CD64", CD33bright+,
CD15low’, heterogenous CD13",

CD16', CD11b

CD10", CD64°, CD33dim", CD15bright’,
CD13bright’, CD16bright’, CD11b
bright
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WHO Classification

AML
RA specific cytogenetics
RARS secondary mysledysplasia (RAEB-),
RCMD
5q- RAEB-2 100%
unclassifiable RAEB-1 20 %
10 - =
No longer 30% threshold 9 =
w3
MPS/MDS including CMML
¥
Mopgennb Schwartz’'a
Yucno yapoeHu KneTku 30 40 45
Yucno kneTok 10° 1012
Pasmep 1 cmd 10 cm?
Macca 1r 1kr 32 kr

Puc. 2. ComnocraBienue KiacCH(PUKAIMOHHONW CXEMbl MHENONPONU(epaTuBHBIX
3aboneBarnit (WHO, 2008) u craructmueckoit moxenu IlIBapua cooTHOIICHUS
Yuclia AeIeHHH TpaHC(HOPMHPOBAHHON KIIETKH, 00beMa OIYXOJIH U €€ MacChI.

[TaTonormyeckne XapakTepUCTHKH MUETOWAHBIX KieTok npu M/IC, BbisBisie-
MBI€ MIPU MPOTOYHOI IIUTOMETPHUN, HEPA3PBIBHO CBSA3aHBI IMEHHO C AMCIIa3Hel n
HapyILICHUEM CO3PEBaHMSA:

1.

['umorpanyIIpHOCTD KIIETOK MHEIOHIHOTO psiia MPUBOIUT K TOMY, UTO
HIDKHSSL TpaHuIla O0koBOro cmetopaccesaus (SSC) momymsmuu co3pe-
BAIOIIUX MHEJOMIHBIX KJIETOK CHMXKAeTCsl, 10 KpaiHed Mmepe, 0 ypOBHS
100, mubo cpemHuit kKaHAT (IIYOPESCUIECHIIMHA BCCH TOMYJISIIMA CHIXKACTCS
6outee, ueM 10 150 (4acTo MpUHUMAET IPYIIECBUIHYIO POpMY);
YBenmuueHne Wik yMEHBIIEHHE HHTEHCUBHOCTH IKCIIPECCHH MHEIOHTHBIX
anturenoB (CD33, CD13, CD11b, CD16, CD15, CD64, CD10, CD14 u
HLADR), no MmeHbIeld mMepe, Ha TPeTh IEKaAbl MO JIOTapUPMHUSCKON
IIKaJe TI0 CPAaBHEHHIO C HOPMAIBHBIM KOHTpOJIEM, T.€. HeHTpodmimamu
3I0pPOBOTO B3POCIIOTO YETIOBEKA;

OTcyTCTBHE MPU3HAKOB CO3PEBAHMS W ACHHXPOHHAS SKCIPECCHSI ABYX MHe-
JIOTHBIX aHTUTEHOB MOTYT OBITh BEISIBIICHBI TIPH OIICHKE PICYHKA CO3PEBaHMS Ha
rucrorpammax CD64/CD10, CD33/CD15 u CD11b/CD16/CD13);
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4. AOeppaHTHast dKCIPECCHs HEMUEIIOWIHBIX WM HE3PENBIX MHEJIOUIHBIX

antureHoB (B yactHoct, CD34 u CD117).

CKpUHHMHIOBOE BBISBJICHHE IPU3HAKOB JUCIUIA3MM W HApyLIEHHWs CO3PEBAHUS
MHEJTOUIHBIX KJIETOK MPH HCCIIEOBAaHNH KIIETOK Mepr(epruIecKoil KPOBH OCHOBAHO
Ha WAeHTH(UKAIUY N3MEHEHHBIX HEUTPO(DHUIOB M OLIEHKE MX YPOBHS TPaHyJISIPHO-
ctn Ha ructorpamme CDA45/SS (puc. 3; cm. Bkieiiky). Hamu npoBeneHo uccienosa-
HHUE neprdeprdeckoi KpoBH OONBHBIX ¢ BepupuimpoBaHHbM auaraozom MJIC (n =
35, memmana Bo3pacrta 68 set, cootHomenne M:JK 12:23) 1 marieHToB ¢ JI0Ka3aH-
HBIM OTCYTCTBHEM TeMaToJOorn4ecKkux 3aboneBanmii (n = 30, meanana Bo3pacta 46
net, cootHomenne MK 9:21) B pamkax Tecta ofHoi npodupku. [IpoBesiena oreH-
Ka OCHOBHBIX MOIYJIAIMN Mepudepruueckoil KpOBU Ha reMaToIOTHYeCKOM aHan3a-
TOpEe, MUKPOCKOIINS Ma3KOB M OKpallWBaHUE KJIETOK MOHOKJIOHAJTGHBIMU aHTUTEIa-
Mmu (BC) CDI14-FITC, CD16-PE, CD33-PC5, CD45-PC7 ans uccnenoBaHust MHOTO-
LBETHOW NMPOTOYHOH muTomerpueil. llens MCcronb30BaHHOM CTpaTeruu redTHpoBa-
HUS COCTOSUTa B YETKOM OMPEJIENICHIH MOMYISALMN HEUTPO(DHIOB U UCKIIOYECHUN 13
aHajM3a JPYTUX JIEHKOIUTOB (puc. 4). YPOBEHb TPaHYISIPHOCTH HEHTPOQHUIOB Y
6ombHBIX M/IC 1 310poBbIx oTingaercs (p < 0,0002). Tem He MeHee, AT paKTHYe-
CKOTO BHEJPEHUs] METOJWKW WM CO3IaHMS ONPEICICHHOW HE3aBHCHMOCTH OT THIIA
HCTIONB3YEMOT0 00O0pPYIOBAHHS, MOXKET ObITh PEKOMEHIOBAHO HCIIOIb30BAHUE HH-
JieKca TPaHyJIPHOCTH HEHTPO(DUIIOB, pacYeTHON BETMYMHEI, TOJyYaeMOi KaK COOT-
HOIIIEHUE TPaHyJSIPHOCTH HEUTPODHMIIOB ¥ TMM(POLUTOB (pHC. 5).

UrH SS Neu SSNeu 545

- SS Lymph ; SS Lymph 59,4 -

b

WI'H BeisBiseT pa3nudaus 300poBEIX U 00mbHEIX MJIC: MHIEKC TPaHyIAPHOCTH
3HaunTeNnbHO HIKe ¥ 60mpHEIX M/IC (p < 0,0001). Ilpu pazaeneHnn rpymil 1o cut-
off I'H <7,1 uyBcTBUTENBEHOCTH TecTa cocTaBisieT 71,4%, cneundpuaHOCTH
93,3%. Ilpu noctpoernn ROC-kpuBoO#i, MOKa3bIBAOIIEH 3aBICUMOCTD KOJTMUECTBA
BEPHO KJIACCH()UIUPOBAHHBIX IOJIOKUTEIBHBIX IIPUMEPOB OT KOJIMYECTBA HEBEPHO
KJIaCCH(DUITMPOBAHHBIX OTpHLATENBHBIX mpuMepoB (Rusanova E.B., Simon R.S.,
Zueva E.E. Haematologica 2009; 94(s2)) mojiy4eHO MOATBEPKIACHAE BO3MOKHOCTH
ucnons3oBanust UI'H B kadectBe ckpuHuHra mnpu noxospenun Ha MJIC (AUC =
0,841). ®opma npefCcTaBICHUS Pe3ysibTaTa — YHUCIIOBAsi, KOJTMYCCTBEHHAsI, O0OBCK-
THBHas (puC. 6).

Takum 00pa3oM, Ha CErofHAIIHUN JICHb CYIIECTBYET BO3MOXKHOCTh OOBEKTHB-
Horo ckpuauHra M/IC npu ncmons30BaHNH B Ka4eCTBE OMOIOTMYECKOT0 MaTepra-
na nepudepuiecKkoll KpOBH, B Ka4eCTBE METO/A MCCIIEJOBAHHUS — MHOTOLIBETHOH
MIPOTOYHOI IUTOMETPHH. 3aTpaThl 1JA0OpaTOPHH MPU TAaKOM MOIXO0JEC MUHAMAIb-
HBI M COCTaBIISIIOT TECT OJHOW MPOOMPKH C MCIOIb30BAaHUEM YETHIPEX IHArHOCTH-
YECKUX aHTHUTEL.
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Hngexc TPANYNEPHOCTH MERTHOqLIOND ;
Cpeanxf ypopenh PPONYAAPHOCTH HeATPOPKAOD © YHETOM IKCOPECCHK

Cb14, Cb1é, CD33, CD45 W vpomna rpamynaphocTH S55: 669.0 > yom.em. [480.0-650.0)
Cpeanxi ypoBexs PPONYAADHOCTH MMMOOUKTOD C YHETOM DRCODECCHH

CD45 ® ypopHa rpamynapHocTH 55 95.5 » yom.em. (60.0-85.0)
Mumerc rpemynApuocTH neRTpodenos, MPH: 7.0 < [=8.3)

Hugexce rpanynEpNoCTH MERTDO@MHIOD :
Cpeansi ypopeHr PPOHYAAPHOCTH HeRTROPHAOE © YHETOM IKRCOPECCHH

Ch14, CP16, CD33, CD45 ® YpoDHA PRPONVRAPHOCTH 55: 553.0 ven.em. [(4980.0-650.0)
Cpeansi Ypopens PPRNYyAAPHOCTH AMHPOUKTOE C YHETOM INCOPECCHM

CD45 m ypopnA PpeamyaApHocTH S5 1.7 VCA.eH. [s0.0-85.0)
Hnmerc rpamynapnocTH nedTpodmnon, WIMH: 7.7 < [=8.2)

Puc. 6. [Ipumepsl npecTaBIeHHS Pe3yIbTATOB ONMPEACICHUS HHICKCA TPAHYIISP-
HOCTH HEUTPO(DUIIOB.
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Pucynxu k cmamve Jean-Frangois Rossi
INTERLEUKIN-6 AS A THERAPEUTIC TARGET
FOR DYSIMMUNE DISEASE AND CANCER

Fig. 1
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Pucynxu k cmamve Kamepun Anuxc-Ilanabuep c coasm.
BBISIBIEHUE U XAPAKTEPUCTHUKA
JUCCEMUHHNPYIOIIUX PAKOBBIX KJIETOK
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DETECTION AND CHARACTERIZATION

OF DISSEMINATING CANCER CELLS IN PATIENTS
WITH SOLID EPITHELIAL MALIGNANCIES

(h) CTC/DTC Detection: EPISPOT
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Puc. 1. Meron ob6oramenus [JOK/JJOK u npouenypa ananuza EPISPOT (mpuso-
autcst mo Alix-Panabieres C. Minimal Residual Disease and Circulating Tumor
Cells in Breast Cancer, 2012).
a. OmnyxoneBble KJIETKU EpCAM/ oboramensl myteM ucromenus CD45 remaromo-
ITHYECKHX KJIETOK.
b.  Oooramiennsie [IOK//IOK kynsTHBHpPYIOTCS in Vitro B Te4eHHE KOPOTKOTO BPEMEHH B
COOTBETCTBYIOIIIEH 000rallleHHO# Ky/IbTypajabHO! cpene. M HakoHel, 10 MHKPOCKO-
MOM TIOJICUMTHIBAIOTCS OeskoBbie «oTnedatk masbien» LIOK/JOK: momyueHHOE
YHCJIO COOTBETCTBYET YHCITY JKH3HECTIOCOOHBIX CEKPETHPYIOIIHX KIETOK.

Fig. 1. CTC/DTC Enrichment method and EPISPOT assay procedure (taken from Alix-
Panabicéres C. Minimal Residual Disease and Circulating Tumor Cells in Breast Cancer, 2012).
a. EpCAM / tumor cells are enriched via a depletion of the CD45 hematopoietic cells.
b.  Enriched CTC/DTC are then cultured in vitro during a short time in an appropriate en-
riched culture medium. Protein fingerprints of CTC/DTC are finally counted under a
microscope and correspond to viable secreting CTC.
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CELLS - ICC SPOTS - EPISPOT Magnification

40x

Puc. 2. UmmyHotmroxumuyeckuii ananus 1 EPISPOT. Pasmep uMmyHo(hepMeHTHBIX
ISITEH U COOTBETCTBYIOIINE OITyXOJEBbIe KIETKHU C yBeIudeHHeM x40 mocie UMMYyHO-
nurtoxummyeckoro anainuza (ICC) u EPISPOT.

Fig. 2. Immunocytochemistry and EPISPOT assay. Size of the immunospots and the
corresponding tumor cells are observed at magnification x40 after immunocytochemis-
try (ICC) and EPISPOT assay.
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{a) ATCC recommended culture (b) Micrometastasis medium
medium solakoglu etal., PNAS, 2002

Puc. 3. EPISPOT u BrusiHure pakTopoB pocTa Ha MOBEACHHUE OMyXOJICBBIX KICTOK. B
kagecTBe KoHTpossi mpu aHanmu3e EPISPOT ucnonb3oBanmu KyJdbTypaslbHYIO Cpemdy,
pexomenoBanHyto ATTC;
a.  Buanael cotHr mmMyHOpepMeHTHBIX maTeH. AHamm3 EPISPOT nmpoBoaumi ¢ obora-
IIEHHO! KyJBTYpaIbHOM CPelol, cofeprkariell crienuprieckie GakTopsl pocTa;
b.  MmMyHOdepMeHTHbIE ITHA OOJBILIEro pa3Mepa, YTo yKa3bIBaeT Ha 00beIMHEHNE
KJIETOK B KJIACTEPbI /U TOBBIIICHNE CEKPELMH OelKa Ha yPOBHE €IMHUYHBIX KJIETOK.

Fig. 3. EPISPOT assay and growth factor impact on the behavior of tumor cells. As con-
trol, the EPISPOT assay was performed with the ATTC recommended culture medium;
a.  Hundreds of immunospots are observed. EPISPOT assays were performed with an en-
riched culture medium with specific growth factors
b. Immunospots are bigger showing the association of tumor cells by clusters or an in-
crease of protein secretion at the single cell level.
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Puc. 4. HER2-EPISPOT. Ilpu pa3paboTke 3TOro aHaii3a B KayecTBE KOHTPOJS HC-
nons3oBanu HER2 knetku paka monouHoit sxenessl iuand SKBR3. AxtruBHOE BbIe-
nenune BHekierouHoro nomeHa HER2 oGecrieunBaer o6pazoBanne HER2-cnenmdu-
YEeCKHX IMMYHO(EPMEHTHBIX IISATEH.

Fig. 4. HER2-EPISPOT assay. HER2" SKBR3 breast cancer cell line was used as a
control to develop this EPISPOT assay. The active shedding of the extracellular do-
main of HER2 allows the formation of HER2 specific immunospots.
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HUMMYHOJIOT'HYECKAS JTMATHOCTHUKA

MHUEJOAUCIIVIACTHYECKOI'O CHHAPOMA
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Puc. 3. Conocrasnenue Mopdonorun HeHTpopuIIOB M UX YPOBHS I'PaHYIAPHOCTH
B HOpMe U Tipu BepudunmuporanHom MJIC.
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Puc. 4. Ctparerus reiTHpOBaHUSA UACHTH(DUKAINT HEUTPOPIIIOB U UCKITFOUCHUS APY-
TUX KICTOK W3 aHaim3a. [ mcrorpamma FS/SS mcnonp3oBana Uit mpenBapHTETHHON
OLICHKM MOP(OJIOTHYECKUX XapaKTEPHCTHK KIETOK IO IapameTpaM CBETOPaCCesHHS

(rrctorpamma 1)

1. Tucrorpamma CD45/SS ucnonb30BaHa is BBISBICHHS JCHKOIMTOB U
UCKIIIOYEHUs JieOpuca 13 aHanu3a (Tucrorpamma 2)

2. Tucrorpamma CD33/CD14 ucnionb30BaHa Ui UCKITFOUSHUS] MOHOITUTOB,
T.€. IBOMHBIX O3UTUBHBIX KJIETOK (rucrorpamma 3)

3. T'mcrorpamma CD16/SS wmcrosnb3oBaHa JUIsl HCKITIOYEHHUS S03MHO(MHIIOB
(rucrorpamma 4)

4. TlocnenoBarenbHOE TEUTUPOBAHKE MO3BOJIAET YETKO NICHTH(HIIMPOBATE
HOIYJISILHIO HEUTPO(HUIIOB 1 ONPEIIUTH €€ YPOBEHb IPaHyISIPHOCTH.
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Puc. 5. Ilpumep pacuera nHAEKCA TPaHYISIPHOCTH HEUTPODUIOB. YPOBEHB IpaHy-
JSIPHOCTH HEUTPO(DHUIOB coCTaBIseT 545 yci. e, ypOBEHb I'PaHYJIAPHOCTH JIUM-
¢ouuroB cocrapisier 59,4 yen. en. UI'H cocrasnsier 9,2.
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