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NepiAnn

To moAamAouv puéAwpa (MM) elval pla alpatoAloylkn KakonBela, n omola yapaktnpiletal amnod
CUCCWPEUON KOKONOwWV TAQCUOTOKUTIAPWY OTO HUEAO Twv ootwv (MO). EmumpooBeta pe TIg
VEVETIKEC avwHoAieg ol omoleg¢ epdavilovral otoug kAwvoug MMM, ta mAaopatokutTapa
ennpedlovtol Kol omd To ULKPOTEPLBAAAOV TOU KOpKIVOU. APKETEG EPYAOTNPLOKEG HEAETEG £XOUV
Kotadelfel UTTOOXOUEVOUG TIAPAYOVTEG, TIOU OPWG Sev €xouv odnynosL oe KAWVIKO Odelog. Auto
urnopel va odeiletal os mepLloploPoUC KATA TNV eX Vivo SoKLur Tou pappdkou, n onoia mBavwg va
£Xel yivel xwpic To pikpomeplBAAAov thg vooou, aAAd kal tTnv EAAewdn tTng Mpooopolwong tNng
TPLOSLACTATNG QPXLTEKTOVIKAG Tou TeplBaAAovtog tou MO. ZUVEMWG, O XAPOKTNPLOWOG TNG
QTTOTEAEOUATIKOTNTOC TWV VEWV Ttapayovtwv Bepamneiag Sev Ba mpémel HOVO va eKTIUA TV QUECN
EMIdpAO TOUC OTA MUEAWHOTIKA KUTTOpa, oA va AapBdvel umoPlv Kol TO GOUVOALKO

ULKpOTIEPLBAAAOV TNG VOGOU.

Baolkog okomog tnG SL80KTOPLKAG SlatpBrg gival n HeAETN TOU ULKpOTIEPIBAAAOVTOG OTO
MM kat n Slepelvnon twv umomAnBuopwyv mou Stadpapatilouv onuavtikd poAo o autd. ITo
TAQLOL0 QUTO, apXLIKA SlepeuvnBnKav Ta umapyxovta PovtéAa PeAéTng oto MM umod To mplopa Tng
KAWVIKNG aflomoinong. 3tn ouveéXela, €ylve de NOVO KATAOKEUN TPLOSLAOTATOU exX Vivo HOVTEAOU
UEAETNG ME oOKOTO TN Olepelivnon TNG TPOOTATEUTIKAG Spdong tou MkpomepBAariovtog ota
MUEAWHATIKA KUTTOpO UTMO TNV emibpoon Ospameutikwy Tapayovtwy. TEAoG, He eupela
avooodatvotunnon oe Selypata MO kat mepipepkol aipartog (MA) aocBevwv pe MM, dieupuvape
v avalitnon umomAnBuouwv kot avalntndnkav ouoxeTioel e TIC SLAYVWOTLKEC KoL

BeparmeuTikEg TANpodopieg TwV acBevwv.

Katd tn Slepelivnon twv SNUOCLEUUEVWY eX ViVo LOVTEAWY UEAETNG TEBNKavV KpLThpLa Ta
orola MAnpouvTayv oTo GUVOAS TOUC, WOTE TO MPOTELVOLEVO OVTEAO Va Bewpeital OTL TPOCOUOLATEL
TO pikpomeplBaAlov tng vooou, oAAd Kat va Suvatat vo aglomotnBel KAWIKA. TeAlKwE emAEXONKav
15 8nuoolevoelc ol omoleg mMAnpoloav OAa Ta KpLTtipla Kol TepAApBovay HOVTEAA e LKPLWUOTA
VEANG, HOVTEAQ OTEPEWV LKPLWUATWY, HOVTEAA Bloaviidpaothpa, HOVIEAQ HLKPOPEUCTOTNTAG
(microfluidics) kot povtéha pe xpron melpopatolwwy. Yo oautd ta dsdopéva amodacicbnke n

SOKLUA LKPLWHATWY YEANG KOL OTEPEWVY LKPLWUATWV.

Mo TNV TELPOUATIK KATAOKEUR TOU ex Vivo HOVTEAOU aflomolnOnkav ol HUEAWMUATIKEG
KUTTOPLKEC OelpéG U266 kat H929, evw He Xprion LECEYXUUATIKWY OTPWUOTIKWY KUTTAPWY HUEALIKAG
npoghevong (BM-MSCs) and acBeveig pe MM povtelomoliOnke to pkporneptBailov tng vocou. Ot
Bepameutikol mapdyovteg mou emAExOnkov Atav n SofopouPikivn (avBpakukAivn) kot n

Boptelopiumnn (avaoTOALQC TIPWTEACWHATOC). APXIKA UEAETAONKE N AVATTUEN TWV HUEAWUATIKWY



KUTTOPLKWY, N CUYKEVIPWON NUioslag avaoTtoAng tou KuTtaplkoU ToAAamAactacpou (IC50) amd
TOUGC TOPAYOVTEG Kol €YWVE amopOvwon Kol KaAAlEpyela mpwtoyevwv BM-MSCs. Itn ouvéxela
alohoynBnkav pEBodol HETPNONG BLWOLUOTNTAG TWV MUEAWHATIKWY KUTTApWY, SnAadn n uébodog
MTT, n KUTTOPOUETPIO PONG, N OMTKN HETPNON Kol O aAyoplBuog avayvwplong ikovag. O
aAyOpLOUOG avayvwpLong ELKOVAG avamTuxOnke e8LKA yLa auTh TV ebapuoyr Kal LE T Xpron tou
KOTOUETPWVTOL TO KUTTAPA TIOU £XOUV XPWOBel pe KUavoUV TOU TPUTIAVIOU. JUUTIEPACUATIKA,
SlamotwBnke OTL avaAoya HE T TIELPAMOTIKEG ouvOrRKkeg OAeg oL pEBodOL ekTimnong tng

BLWOLMOTNTAG TWV MUEAWLATIKWY KUTTAPWY UItopoUlV va aglomotnbouv Katd nepimtwon.

JTNn OUVEXELD, ETUXEIPAONKE N KATOOKEUN KOAALEPYELWV HUE Xprion udpoyEANng, aAAd Aoyw
SuokoAlag otn p€tpnon NG BLWOMOTNTOC TWV CUYKOAALEPYELWV OTA LKPLWHOTO USPOYEANG,
OUVEXIOOME TNV QVATTTUEN TOU HOVTEAOU LE OTEPEA LKpLwHATA YOAAKTIKOU offwg (PLA). Ta
kplwpata PLA mou xpnotpomotndnkav sixav Sour mAéypotog pe péyebog mopou amnd 60 éwg 120
UM Kol TomoBetnBnKav o UIKPOTTAGKEG 96 dpeatiwv. Me xprHon CUVECTIOKAG ULKPOOKOTILAG Kall
NAEKTPOVIKAG HLKpOOKOTIlOG odapwong OSlamotwdnke ot taa BM-MSCs avamtucoovtal ota
IKPLWUOTA, EKTELVOUEVO OVOHECH OTIC (veg ToOu TIAEYUATOC, EMOMUEVWE UTTopoucav  va
xpnotpomnotnBouv oto ex vivo povtélo. Exovtag UEAETAOEL TA ETILUEPOUC OTOLXELD, TO GUVOALKO ex
vivo Hovtého mou mepAapPavel kpiwpata PLA, Soklpdobnke pe tnv KUTTApLKA ospd HI929 o
oUYKaAALEpyeLla pe BM-MSCs kat umo tnv emidpacn Boptelopipnng, kot oe OAoUg TOUG TUTIOUG
KPLWHATWY Stamiotwinke peyaAltepn BLWOLLOTNTA TWV HUEAWUATIKWY KUTTAPWY CUYKPLTIKA LUE TN

Slodlaotatn LovokoAALEPYELD.

Emekteivovtag tn UEAETN HOC TEPOV TWV HUECEYXUUATIKWY KUTTAPWY, TIPOXWPNOAUE OE
gupeia avooodalvotunmnon TOU MIKPOTIEPIBAAAOVTOC XPNOLUOTIOLWVTAC KUTTOPOUETPla ponC.
E€etdoOnke 81e€0bikd TOo avoooloylko mpodih 94 acBsvwv pe MM, SlepeuvwvTag KUTTOPLKOUC
umonAnBuopolg petalt Twv omoiwv ta B kat T AspdokUtrapa kat Toug umonAnbuopoug toug, Ta
Tregs, ta NK kOTtapa, Kol T KATOOTAATIKA KUTTOPO. HUEALKNG ipogheuong (MDSCs). Tautoxpova,
aflomolnBnke n mAnpodopia yla tnv UTAPEN eAAXLOTNG UTIOAELUUATIKAG vooou (EYN), kaBdtL ol
aoBeveilg mou ouumepleAndOnoav otn peAétn elxav eleyxBel e KUTTAPOUETPLA PONG EMOUEVNC
YEVLAG yla tnv mapouocia EYN ocUudwva pe to mpwtokoAo tou EuroFlow. Emiong, eAéyxBnkav
mubavoi ouoxetiopol Twv unomAnBuouwv pe ta diddopa otadla TG VOOOU, TO KUTTOPOYEVETIKO

npodiA KaL TNV avTamokpLon Twv acBevwy otnv eLoaywyLkn Bepameia.

Amo Ttnv apxwkn avdluon oe OSelypota MO Swamiotwbnke OTL n  olotocn Tou
pikpomepLBaiiovtog tou MO dev epdavilel onpavtikég dtadopég ota Stadopa otadla eEEALENG Tou

MM (MGUS, udépmov puéhwpa, MM, TAaoUaToKUTTAPLKN Asuxatpio kat MM og mAnpn Udeon), evw



To meplBariov tou MO &ev avtikatomntpilel to meppaAiov Tou MNA ot {elyn delypdtwv MO-MA Twv
(6lwv aoBevwv. E€etalovtag TIc MpoyvwoTikeéC mAnpodopieg, BpeéBnke OTL TO AvocoAoyLko TpodiA
Sladépel otig Sladopeg MPOYVWOTIKEG opadec ocldwva e To SleBvég cuotnua otadlomoinong oto
MM (ISS), aA\@ Kol UE TO KUTTOPOYEVETIKO Tipodil. Xtn ouvéyxela, SlepeuvnBOnke n amdvinon otn
BOepaMEUTIK QVTIUETWITLON KoL PP€ONKe OTL OXETI{ETAL LUE OCUYKEKPLUEVN OVOOOAOYLKN uToypadn
Katd T Sldyvwon, evw avoAloviag To ovoooAoylkd mpodih Tou MO peta tn Bepameia,
SlamiotwBnke OtL oL aoBeveic apvntkol ya tnv mapoucia EYN, €xouv £exwplotr) avoooAoyikn
urntoypadn. Télog, avaluovtag to MNA acBevwy Katd tnv MANRpn vdeon, BPEOBNKE OTL TO TOCOOTO TWV
MapBEVWY Kal TWV SpacTkwv/SpaoTikwv-puvAung CD4+ T AepudokuTtdpwy oxetilovtal UE apvnTikA
EYN kol emutA€ov, KOTOOKEUAOQUE £VOV UTIOAOYLOTIKO aAyoplBuo, Oomou pe Bdaon tnv £€kdpoon
QUTWV TwV urtonAnBuouwv og aveEaptntn opdda 20 acBevwy, eriteLXONKe N poPAePn tng EYN pe

gvalobnota 86% kat eldikoTnTA 85%.

JUVOAIKA, oOTO TAQioo autA¢ NG OSLaTpIPAG KATAOKEUAOTNKE ex Vivo TAathopua
€EQTOULKEVUPEVNG EKTIINONG TN avTanokplong otn Beparmeia acBevwv pe MM, n omola duvatal va
xpnowornownBel yia mepaltépw peA€teg kal SlepeuviBnkav ol Kuttaplkoi umomAnBuopol oto
nieptBaArlov tng vooou. AsixBnke OTL To avoooloyikd pikpomeplBaiAov oto MM eivatl Suvapko Kat
omoktd Slakpltd avoooloyikd mpodil ota Sdiddopa otddla TNG VOoOU OMWG Kol otlg SLadopeg
TIPOYVWOTIKEG opadomoloel tTwv aoBevwyv. EmumAéov, avadelxBnke n UMAPEN avVOOOAOYLKNG
umoypadng MPoyvwWoTLkAG aflag, oxeTl{OPevNC e TN BEPATTEUTIKA OVTATIOKPLON KOL TNV apouoia
EYN. Qaivetat otL n efatouikevpévn avaluon tou avoooloykoU mpodid oto MM pmopel va

OUUBAAAEL BeTikd otn BeAtiotomoinon tng OepameuTikAg SLaSPOUNG TwV acBevwv.
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Summary

Multiple myeloma (MM) is a hematologic malignancy characterized by the accumulation of
malignant plasma cells in the bone marrow (BM). In addition to genetic aberrations, plasma cells are
heavily influenced by the BM microenvironment. Several candidate agents have been identified
through the outcome of laboratory research, but their predictive value has shown minimal clinical
benefit. This could be due to ex vivo drug testing restrictions, such as the exclusion of the disease
microenvironment in the assays performed and the lack of the 3D BM-structure simulation. Thus,
the efficacy of new therapeutic agents should not only evaluate their direct effect on myeloma cells

but consider the overall microenvironment of the disease.

The aim of this PhD thesis was to analyze the microenvironment in MM and to assess the
relevant subpopulations that contribute to myeloma cell proliferation. Under the scope of evaluating
current research in the field, we investigated existing MM models with clinical implications. Next, we
constructed a de novo 3D model, aiming at the assessment of the protective effect of the
microenvironment in MM cells following drug administration. Finally, utilizing deep
immunophenotyping of BM and peripheral blood (PB) samples, we extended our research to the

identification of the clinically and diagnostically most relevant subpopulations.

Initially, we set a number of criteria that should be fully fulfilled in order to consider a MM
model effective in simulating the BM microenvironment and possibly be utilized in the clinical
setting. Eventually, 15 studies were selected which included models using gel scaffolds, solid
scaffolds, bioreactors, microfluidics and animal models. After thorough examination and evaluation
of the aforementioned models, we proceeded to the selection of gel and solid scaffolds for our

experiments.

For the set-up of the ex vivo model, we utilized the myeloma cell lines U266 and H929 and
bone marrow-derived mesenchymal stromal cells (BM-MSCs) from MM patients to simulate the MM
microenvironment. Doxorubicin (an anthracycline) and bortezomib (a proteasome inhibitor) were
selected as therapeutic agents for testing. Initially, we assessed the culture of MM cell lines,
calculated the IC50 values of the therapeutic agents and BM-MSCs were isolated and cultured from
BM samples. We further tested and evaluated various viability assessment methods that were
available in our lab, namely MTT, flow cytometry, manual optical count and an image recognition
algorithm. The image recognition algorithm was developed specifically for the needs of this
application and MM cell line counting was performed upon staining with trypan blue. In conclusion,
depending on the experimental setup all methods for the assessment of myeloma cell viability can

be utilized.
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Next, we used gel scaffolds for myeloma cell cultures, but due to unexpected hurdles in
assessing viability of MM cells in co-cultures (MM cell lines with BM-MSCs), we decided to finally test
solid scaffolds. Disk-shaped Poly-lactic acid (PLA) porous scaffolds, with pores ranging from 60 to 120
UM were used, placed at the bottom of 96-well plates. Confocal scanning microscopy and electron
scanning microscopy were employed for the study of BM-MSC growth and adherence on PLA
scaffolds, and it was shown that BM-MSCs can tightly adhere on the scaffold fibers and extend
between the pore spaces. Having examined the individual items of the ex vivo model, we combined
all elements in an experimental set-up that included coculture of H929 cells with BM-MSCs on PLA
scaffolds, under bortezomib treatment. By assessing the viability of H929 cells, we found higher

viability rates of MM cells in all scaffolds compared to 2D cultures.

Extending our study beyond BM-MSCs, we proceeded to the deep immunophenotyping of
the MM microenvironment using flow cytometry for the assessment of the immune profile of 94
MM patients. A wide panel of subpopulations were identified, including B and T lymphocytes and
their subpopulations, Tregs, NK cells, and myeloid-derived suppressor cells (MDSCs). Additionally,
minimal residual disease (MRD) assessment information was available, since patients’ samples
included in this study have been also analyzed for MRD detection according to the EuroFlow next-
generation flow cytometry MRD protocol. The detected subpopulations were examined for their
possible correlation with disease stages, the cytogenetic profile and patients’ response to induction

therapy.

Our initial analyses of BM samples across different disease stages (MGUS, smoldering
myeloma, MM, plasmacytic leukemia and MM in complete remission) revealed that there are
minimal differences of the populations’ distribution. Also, by comparing paired PB and BM samples
from the same patients, we found that the PB immune profile is not identical to that of the BM, thus
BM samples cannot be substituted by liquid biopsy. Focusing on the diagnostic information of the
patients, we found that the immune profile differs between different prognostic groups based on
the International Staging System on MM (ISS) and the cytogenetic profile. Next, we investigated the
immune profile at diagnosis in relation to response to therapy and found several population
correlations, whereas patients achieving MRD negativity harbored a distinct immune signature after
therapy. Lastly, our analysis focused on the PB of patients achieving complete response (CR) to
therapy. Our results indicated that the relative frequencies of naive and effector/effector memory
CD4+ T cells were associated with MRD negativity. Based on this finding, we generated an algorithm
for MRD prediction. By applying this algorithm to an independent cohort of 20 patients, the

prediction of MRD status was achieved, with a sensitivity of 86% and a specificity of 85%.
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Overall, in the context of this PhD thesis, we generated an ex vivo platform which enables
the evaluation of a personalized therapy for MM and can be utilized in further studies. Moreover,
immune subsets of the disease’s microenvironment were assessed, showing that MM maintains an
active microenvironmental profile, which differs across disease stages and prognostic groups by the
expression of distinct immune signatures. The immune profiles are of prognostic significance in
relation to response to therapy and MRD prediction. Personalized immune profiling of MM patients
may positively contribute to the optimization of the selected therapeutic interventions on a

personalized basis. Eventually, it may also lead to the improvement of the outcome of MM patients.






MPOAOrOz-EYXAPIZTIEZ

H mapovoa SiatplPfry ekmovrBnke ota mMAaiola TOu MPOYPAUMATOC ALSAKTOPIKWY IMOUSWV Tou
Tunuatog BloAoyiag EKMA, umo tnv enifAedn tg Kabnyntplag Avocoloyiag Oupaviag Tottohwvn.
e auti Tnv tetpactn Sladpopn, ouvéBaAAav OUGCLAOTIKA TIOAAOL OuvepydTeC TOug omoloug
EUXOPLOTW Yl TN cupmapdactach, evldppuvon, kabBodriynon kal mpaktikr Ponbela kad’ OAn tn

Slapkela g dLatpLpng.

Kat’ apyag suxaplotw tnv k. O. TottolAwvn yla t Stapkn emifAedn tg Satplpig Hou.
ApWVTAC UE UNTPLKA EVOTIKTA LE EVOAPPUVE VO OVATITUEW TLG EPEUVNTIKEG HOU LOEEC, oTABNnke SimAa
MOU Kol He KaBodnynos okOuUn Kal otic 1o SUoKoAeg oTIYHEG. H aAAnAsmidpaon mou sixape 6Ao

0UTO TOV Kapd e SLapopdwaos cav EMLOTAUOVA, OOV ETAYYEALATIO KoL ooV AvBpwrto.

Euxoplotw tov Metadibaktopikd Epsuvntn, Ap. |. KwotdénouAo o omolog Bpioketal dimia
pHou edw Kol MEPLOCOTEPO Ao Séka xpovia e dtadopoug poAoug: wg otabepdc pou dilog, wg
GUVOUIANTIG KOV OTLC EPEUVNTLKECG LG OVA{NTAOELS, WG CUVEPYATNG O TIELPAUATIKO KoL GUYYPOdLKO

eMinedo Kol w¢ eunelpdtePOC cUUBoUAOG otV Topeia tng StatpPng. H dpihio Tou Kal povo pe TIud.

Euxaplotw tov £tatpo Metadidaktopiko Epsuvntr tou epyaoctnpiou pag Ap. N. Opoloyad o
omolog éxelL untapéel ylo péva ¢dilog, ouvepyadtng, ouvaderdog kal Sackahog. Tov euxapLoTw eMeldn
LE KPATNOE OTNV OLKOYEVELA TNG KUTTAPOUETpLOC pong, emeldn amo to 2016 pe mopoTtpuve va

CUVEPYOOTW HE TNV K. O. TotolAwvn Kal emeldn pe Bondnos oe 6An tnv mopeia tng Statplpng pou.

Euxoplotw Ta véa maldld Ta omoio cuvepyaotnkav Hall JOU OTNV TIPOTITUXLAKK TOUG
epyooia o kaBe €tog Tng StatpPnrc: Tnv Avaotaoia, tov Avdpéa, Tov Avéotn Kat tov Niko. Toug
EUXOPLOTW KUPLWG eMeldn TApA ULt yelon NG VEACG YEVLAG ETILOTNUOVWY KOL TOUG EUXOUOL TO

KoAUTEpQ OTNV Mopeia Toug.

Euxaplotw Toug Kabnyntég k. E. Tépmo kat k. A. Zkopila ot onoiot otrpLEav tn Statpipn Hou
JLE TN CUMUETOXNA TOUC otV TpLpeAn 2upBouAsutikn Emitpormn amd tnv apxn tne. O k. Tépmog b€, ixe
€€ apyng tnv 8£a tg epappoyng tng avalntnong eAAXLOTNG UTIOAELUMOTIKIG VOOOU OE EQYAOTHPLO

evtog EKMA, katL mou 08rynoe og MARBO0C EpyaoLWV Kol EPEUVNTIKWY SpOOTNPLOTHTWV.

Euxoplotw ta técoepa HEAN NG TplueAol¢ EEetaotikng emtpomnnig, tov Kabnynty k. E.
Kaotpitn katl toug AvarmAnpwtég Kabnyntég k. A. Ztpafomodn, k. M. Auyépn kat K. M. Mamaywpyn
eneldn pe tipnoav Pe TNV CUMUETOXA TOUC OTO OVOLKTO OEUWVAPLO Kol Tthv E€etaotikn Emutpormn,
KOOWC Kal ylo To EMOIKOSOUNTIKA OXOALa Kal epwtnoelg. Emiong éva 18lailtepo suxaplotw otov
kaOnyntn k. E. Kaotpitn o omoiog cuvéBaide umpakta otnv mopsia tng SLatptBng Kot n KAWLKA

OKOTILA TWV YVWOEWV TOU ATAV AmopaitnTn oTnV OAOKANPWON TwV SNUOCLEVCEWV.
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Euxoplotw ta HéEAN AEN kat to mpoowrikd Twv Topéwv Quatodoyiag Zwwv kot AvBpwrou
Kol Bloloyiag Kuttapou & Bloduoikng yla tn Bornbela mou pou mpooédpepav OMOTE XPELACTNKE.
Enionc euxaplotw ta HEAN TOU gpyaotnpiou pag, Tnv BiBn, Tov Mavteln kot tnv Xpuoavon ot omoliot
efaodaiioav tnv KaBnuepwvn Asttoupyia tou o uPnAd eninedo kal pe Bonbnoav os avapiBunta

T(POKTLKA InTAATA.

ErutAéov Ba nBeha va euyaplotiow tn Metadibaktopikn Epeuvntpla Ap. D. Portan kat Tov
KaBnyntn k. B. KwotdnouAo tou TuApatog Aspovaumnyikng tou Mavemiotnuiov Matpwv ol omoiot

LOC TTapElYaV TOL OTEPEQ LKPLWUOTO OAAG KAl Lag CUUBOUAeaV OXETIKA LIE TN XPrON TOUG.

Télog, Ba NBela va adlepwow TtV mapoloa epyacio otnv Xplotiva Tov Ayyeho Kol Tov
Opéotn. H olkoyévela Pou HE OTPLEE OUCLOOTIKA Kol amoteAel tov Baclkd AGyo yla Tov omoio

npoonabw cuvexwe va e€ehicoopal.

Kwvatavrivoc Manadnuntpiov

lovAtog 2021
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1. EIZATQrH
1.1. MNoAAaAOUV HUEAW QL
1.1.1 Fevika otoyeia

To moAAamAoUv puéhwpa (MM) eival éva aviato kakonBeg veOmAACUO TTOU AVAKEL 0TO GACHA TWV
TAQOUOTOKUTTAPIKWY Suokpaowwyv. To MM yapaktnpiletal and Tov KAWVIKO TIOAAOTAQCLOGUO
TOOOAOYLKWV TTAACUATOKUTTAPWY OTO HUEAO Twv ootwv (MO). Ta naboloyika mAaopatokutTapo
TOPAYOUV KOl €KKPiVvOUV UOVOKAWVLIK avoooodalpivn i TUApa avocoodalpivng, n omoia
ovopdaletal M-mpwrteivn 1 mopampwteivn (Ewkova 1.1). Ot TTAOCHOTOKUTTOPLIKEC SUOKPOOIEG
neplappavouv eupl ¢GACHO VOONUATWY HE TOWKIAN KAWLKA TOpeio OMwWG N HMOVOKAWVLKA
vappanadeia adleukpiviotng onuaocioag (Monoclonal Gammopathy of Undetermined Significance,
MGUS), to povrpeg mMAaopatokUTTwa, To udépmov MM (smoldering Multiple Myeloma, sMM) aAAd
KOL OTtAvLo. voonpata onwe n apuloeibwon, n vooog twv Papéwv N ehadpwv aAUCEWV Kal TO

ouvSpopo POEMS (Kyle and Rajkumar, 2004; Mutlu et al., 2015; Li and Wang, 2019).

H kapkwikn e€ardayry oto MM ocupBaivel kata tn Sadikacio tng aAAayng LooTtumou,
UETOTPEMOVIOC TO QVANMTUOOOUEVO B kUttapo oe maboAoylkd mAacpatokUTtapo. Etol, ta
VEOTIAQOUATLKA KUTTapa oto MM mpokUTITouy amod évav KAwvo, o omoiog moAAamAaotaletal eviog
Tou MO. O umotumnog TG M-TipWTEIVNG IOV eKKplveTal amod Ta mMAaopatokuttapa oto MM sival IgG
OTLG MLOEG TIEPLMOU MEPUTTWOELG, IgA 0To 20% TwV MEPUTTWOEWY, Hovo edadpld aluaida (k n A) oto
20%, IgD oto 2% kat IgM WoAL oto 0,5%. TEAog, oto 2—-3% twv acBevwv Le MM Sev aviyveletal M-
MPWTEIvN Kal Tote To MM YapoKTnpiletol w¢ UN-eKKPLTIKO (non-secretory Multiple Myeloma) (Kyle

and Rajkumar, 2004; Jagannath, 2008; Chawla et al., 2015).

Inuepa yvwpiloupe otL to MM amoteAel tn duoiky mopeia e€EAENC Twv mPdSpouwv
Kotaotdoewv MGUS kat sMM (Da Via et al., 2020). Eivat yvwotd oTL Katd tnv e€€AIEN Tng vooou ota
téooegpa KAWVIKA otadta (MGUS, sSMM, MM Kot TAACUOTOKUTTAPLKN AsUXOLUia) cuoowpevovTal 6Ao
KOl TIEPLOCOTEPEC YEVETIKEG OAAAYEC (T avabdlatdtelg, unmepSUTAOELSIES, XPWHOOWULKEG EAAELPELG,
K.0.), YEYOVOC TIOU OUVELOEPEL OTNV aUEnon TNG TaPATNPOUUEVNC KAPUOTUTILKAG 0OoTAOELaG

(Rajkumar et al., 2014; Colombo et al., 2015).



MAQCHLATOKUTTOPLKNA
Aeuyoupio

B e e |

MAaopatokUTTapo MGUS Smm

Kapuotumikni
actdBeia

MetaBéoeig Bapéag aAUoou

(t{11;14); ¢(6;14); t{14;16);
t(14;20); t{4;14))

YnepSuthoedia

- e
5,7,9, 11,15, 19, 21)

EmnpooBeres petalhagels  ———

(KRAS; NRAS; BRAF; DIS3;
FAMAGC; TPS3)

Avwpalieg aptBuou aviypadpwv —————

(del17p; del13; 1q gain)
Ewkova 1.1. Eikoveg kat n mopeia e€€Aiéng tou MoAdamAou MueAwuatoc (IMTM). lotoAoyikn eikéva ano
Bloyia puverov twv ootwv (MO) amo vyiég atouo (A) kat ano acdevn ue MM (B). Sto MM eivat
guavic n tndnon tou MO armd mAaouatokUTTAP, TA OMOLX PAIVOVTAL WG UEYXAUTEPA KUTTOPA LIE
OpKeTO  yaAallo kuttapomiaoua kot  BadUypwuo umAe nupnva  (avatuonwon — amo
webpath.med.utah.edu). 2to (I) aneikoviletal n nopeia e€Aiéng tne vooou ota 4 kAwvika otadia:
MovokAwvikn yauuanadeia adtevkpiviotne onuacioc (MGUS), vpépmov MM (sMM), [TM (Multiple
Myeloma) kat mAaocuatokuttapikn Aeuyatuia (Plasma cell leukemia), cuvaptriosl tn¢ cuocowpevang

oyKkoyeVveTikwV yeyovotwv (Colombo et al., 2015).

1.1.2 ErudnuioAoyika otolxeio

To MM elval n gUTePn TLO CUXVH ALLOTOAOYLKN KakonBela Kot avtimpoownelel To 10% OAwv Twv
alpatoAoylkwy KakonBewwv. 2tnv Eupwrnn nepinou 40.000 dropa dtayvwotnkav pe MM to 2015 Kkat

0 apLBPOC auTog mpoPAénetal va avénbel oe oxedov 46.000 €wc to 2025 (Kazandjian, 2016).



To MM elval katd kUplo Adyo aocBévela Twv PeyaAUTepwVY 0 NALKIA OTOUWY, HE SLAUEDN
nAkkia kotd tn Sldyvwon ta 69 £tn. Toco to MM 600 kalL n MGUS eudavilovtal pe Suthdola
ouxvoTNTa 0TouG AdpPLKAVOUC O OXEON HE TOUG KaUKAOLOUG, evw gival eAadpwg Lo cuxVA OTOUG
avépeg oe ox€on We TIg yuvaikeg, og avaloyia 1,4:1. Ta mocootd Bvnoluotntag sivat emiong 2 €wg 3
dopéc uPnAotepa otoug Adplkavolg oe oUykplon HE Toug Koukaoloug. XapaKTtnpLoTKA
avadépovral 7,9 dtayvwoelc MM ava 100.000 daropa otoug Adpikavoug avdpeg kat 5,4 ava 100.000
atopa otig Adplkaveg yuvaikeg, €vavtt 4,0 ava 100.000 otoug Kaukdaoloug avdpeg Kal 2,5 ava
100.000 otig Kaukdoleg yuvaikeg, avtiotowa (Tan, 2008; Bianchi and Anderson, 2014; Kazandjian,

2016).

1.1.3 Aldyvwon, otadlonoinon Kol avtamnokplon oth Ogpaneia

ITa apxKa otddia tou MM, Ta CUUTITWHATA UITOPEL VA CUYXEOVTOL UE AUTA GAAWV KATAOTACEWY,
KoBw¢ mephapBavouv TOVo ota 00Td, alocBnpa aduvopiag, anwAsla 0peEng Kal vouTio. Ita Tio
npoxwpnuéva otadla tng vooou epdavilovtal cupntwpota mou otn Sebvr BipAloypadia
ocuvoyilovtal pe to akpwvlulo CRAB (hyperCalcemia, Renal failure, Anaemia, Bone disease).
JUYKeKPLUEVQ, OTNV untepacPBeotiatpia ta emnineda acfeotiouv otov 0pod eival uPnidtepa amo 11,5
mg/dL, otn vedplkn avendpkela Ta enineda kpeatwvivng otov opod eival touddxlotov 2 mg/dL, wg
avatlpia opiletal n katdotaon pe enineda alpoodalpivng oto aipa pikpotepa and 10 g/dL, evw n
OOTIKN VOOO¢ Yapaktnpiletal amo tnv Umapén Autikwv allolwoewv ota ootd (Jagannath, 2008;
Rajkumar et al., 2014; Rajkumar, 2018). lNa tn Stayvwon tou MM, cUpdwva He Ta KpLTAPLA TNG
AleBvolg Opadag Melétng tou MM (International Myeloma Working Group, IMWG), amattouvtal

(International Myeloma Working Group, 2003):

e [lapouadia otov opod R/ Kal oTa oUPa LOVOKAWVIKAG TPWTEivNG
o KAwvikd mAaopatokuttapa oto MO 1 TAACUATOKUTIW O LOAQKWY Hopilwy

e [lapoucia PAaBwv og 6pyava—Lotouc (CRAB)

lNa tn otadlonoinon tou MM yxpnolporoleitol to Aebvég JUotnupa Jtadlomoinong tou MM
(International Staging System, ISS), to omoio ektud ta emnineda tng B2-pikpoodatpivne (B2M) kot
™¢ aABoupivne (albumin, alb) otov opd. To MM katd ISS kotnyoplomoleital oe Tpia otadia (Greipp

et al., 2005):

e ISS-I: B2M < 3,5 mg/L kat alb = 3,5 g/100 mL (8idpeon emBiwon 62 uAveg)
o ISS-1I: oL ISS-I A ISS-III (81apeon emBiwon 44 unveg)
e ISS-lll: B2M = 5,5 mg/L (8idueon emiBiwon 29 pAiveg)



To 2015 and tnv IMWG ekd060nke to avabewpnuévo clotnua otadlonoinong (Revised International

Staging System, R-ISS), cupneplapBdvovtag 800 aKOLN TTPOYVWOTIKOUG OPAYOVTEG:

e To yeveTko Kivbuvo umod tn popdr KUTTAPOYEVETIKWY TIANPOdOPLWV Ao TNV TEXVIKN TOU in
situ uBpLSLopoU [YPnAou KIvEUVOU XPWHUOOWHULIKEG atuTtieg sival n éAewpn del(17p) kay/n
petadeon t(4;14) kar/n petadbeon t(14;16)]

o Ta enineda tng yahaktikng adudpoyovaonc (lactate dehydrogenase, LDH).
Enopévwe ta otadia katd R-ISS Stapopdwvovrtal we e€NG:

e  R-ISS-I: ISS otadiou | xwplg KUTTAPOYEVETIKEG atuTtieg uPnAol KivdUvou Kal ¢ucLloloyiki
TR LDH

e R-ISS-1I: OxL otéSLa R-ISS-1 A R-1SS-III

e  R-ISS-IIl: 1SS otadiou Il kol Tmapousia KUTTOPOYEVETIKWY atumiwv uPnAol Kwvduvou, N

vpnAd enineda LHD

Mépav tou MM Kkat tng otadlonoinong tou, Tto 2010, n IMWG 6ploe wg MGUS tnv katdotaon Kotd
Vv omnoia n nmapoucia M-MpwTeivng otov opd aviyveletal oe emnineda yaunAotepa ano 3 g/dL, ta
KAwvika mAaopatokuttapa oto MO Bpiokovtal oe emimeda xapnAotepa amd 10%, svw Oev
napatnpeltal oxetllopevn Le TV ddnon SucAsttoupyia o aAAa opyava. Q¢ sMM opiotnke n
Katdotaon KoTd Ttnv onoia mapotL n mapoucio M-npwteivng otov opd unepPaivel ta 3 g/dL r/kat
Ta KAWVIKA mAaopatokuttapa oto MO umnepfaivouv to eminedo tou 10%, dev eudaviletal

oXeTl{opevn We thv mabnon duoAettoupyia (Kyle et al., 2010).

‘Ooov adopd ta kpltipla avrtanokplong otn Bepaneia, cupdpwva pe to IMWG €xouv oplotel
OUYKEKPLUEVA KpLTNpLa Ta omoia edapudlovial MOYKOOUIWG OTNV KALWVLKI TIPAEN KoL O KALVLKEG
MEAETEG yLA TNV EKTIUNON TNEG AVTATIOKPLONG. ZUVENWE Ta Kpttpla IMWG meplhapBdavouv toug €NG

TuToUG avtamokplong (International Myeloma Working Group, 2003):

e [ARpnc avtanokplon (complete response, CR): ApvnTikr avocokaBnAwaon og opo Kal oupa
KoL arouacia OAwv Twv EWUUEAKWY TAACUOTOKUTTWHATWVY.

e Auotnpn MANPNG avtamokplon (stringent complete response, SCR): CR, omw¢ opiletat
TMAPATAVW Kol €TUNMAE0OV GUGCLOAOYIKOG AOyo¢ Twv eAelBepwv eladpwv alucidwv Kalt
amouaoia KAWVLKWY TAACUATOKUTTAPWY 0To MO pe avoooiotoxnueia rj avocodBopLopo.

e TloAU kalAn ueplkn oavramnokplon (very good partial response, VGPR): mapouocia

MOVOKAWVLKOU KAAGLOTOG OTOV 0pO, QVIXVEUCLUOU HOVO He avoookaBrnAwon aAAd oxL ue



nAektpodopnon n >90% pelwon oto HOVOKAWVIKO KAGOHO OTOV 0pO KOl HOVOKAWVIKO
kKAdopa ota oUpa 24/wpou<100 mg.

o  Mepkn avtanodkplon (partial response, PR): 250% peiwon oto LOVOKAWVIKO KAGOUA OTOV
0p0 Kal Helwon 0TO LOVOKAWVLKO KAAoUa TwV oVpwV 24/wpou 290% n katw amnod 200 mg.

e JtaBepn vooog (stable disease, SD): otav Sgv mAnpouvTal Ta KPLTHPLA OAWY TWV TTAPOTTAVW
aAAa Sev epdaviletal mpoodog Tng vooou.

e [Ip6obdog vooou (progressive disease, PD): avénon katd 25% oTO LOVOKAWVLIKO KAAOUA OTOV
0p6 1 ota olpa, ota cmineda Twv elelBepwv eladpwv alucibwv Kal OTO MOCOOTO
mMAaopotokUTtdpwy oto MO. Emiong eudavion VvEwv o00TEOAUCEWV 1N €EWOOTIKWV
TIAQCUOTOKUTTWHATWY 1 aUénon Twv SL00TACEWV TWV UTMAPXOVIWV Kol TEAOG €UdAvLoN

uTtepacBeotiatpiag.

Ao tn Snuoocicvon twv mpoavadepBEvIwy KpLTnpiwv €xouv xpnotpomnolnBei yia tn Beparneia tou
MM véa pappaKa e Ta omola To TooooTto Kal To Babog tng avtamokplong otn Bepaneia avéndnkav
onUavTtika. H umapén opwg moAAwv a.cBevwv ol omoiol emtuyxdvouv MARpn Udeon, onuaivel otL Ba
TIPETIEL VO OPLOTOUV VEEG KATNYOPLEG avtamokplong otn Beparmeia, WOTe va aviyveUOVTAL E TILO
OVOAUTIKO TPOTO Ta ETIMESO OVTOMOKPLONG. JUUTEPIAQUBAVOVTAG VEEC SLAYVWOTIKEG UeEBOSouG
OTwG N Kuttapopetpia pong, n alknAouxnon DNA véag Yevidg KoL Ol OMELKOVIOTIKEG HéBobdol
vPnAng evatebnolag, n IMWG to 2016 Bfomioe véa kplthpla mou odopolVv otnv €AAXLOTN
umoAeppatikr vooo (EYN). Ta kpttipla autd prmopolv va aflomolnBolv eviog Kal eKTOC KALVIKWY

peAetwv (Kumar et al., 2016):

e [apatetapévn apvntikn EYN (Sustained MRD-Negativity): n EYN mapap€vel apvntikny ylo
Slaotnuo LeyoAUTEPO TOU £TOUG, OTIWG EKTLUATOL UE TIC VEEG SLOYVWOTIKEG peBBSoUC

e Apvntiki EYN pe kuttapopetpia pong (Flow MRD-negativity): oamoucia KAWVIKWY
TAQOATOKUTTAPWY o€ Selypa MO, petd amo Siepelivnon e KUTTAPOUETpia pong cUpdwva
pe to mpwtdkoAAo tou EuroFlow (van Dongen et al., 2012)

e Apvntik EYN pe aAAnAouxnon DNA véag yevidg (Sequencing MRD-Negativity): amouoia
KAWVIKWV TTAOCUATOKUTTAPWY o€ Selypa MO, petd amd oAAnAolXnon He ETUKUPWHUEVN
mAatdpoppa onwe to LymphoSIGHT (Sequenta, USA)

e Apvntiki EYN pe amewkoviotikn emupePaiwon (Imaging-positive MRD-negativity): apvntikn
EYN pe kuttapopetpia pong i aAAnAouxnon DNA véag yevidg, cuvoSeudpevn and anoucia

EUPNUATWY UE ATELKOVLON TIO{LTPOVIKAC/afovIKN G Topoypadiag (PET/CT)

AtileL va avadepBel otL mMAfov n avixveuon EYN Beswpeital wg o onuavIKOTEPOG AVEEAPTNTOC

TIPOYVWOTIKOG Tapdyovtas tng KAWIKNAG €kBaong tou aocbevoug. H Swatrnpnon apvntikng EYN



npocdidel mAsovékTnua emiBlwong akoun Kol og Kotnyopleg acBevwv pe SUCUEVH TIPOYVWOTLKA
xapaktnplotikd (Landgren and Rajkumar, 2016). EmutAéov, To BeTIkO TAEOVEKTNUA TNG Amouciag
EYN eival avefaptnto amd tn Xopnynbeioa BOepameia, kabBOTL 0 KAWIKEG UEAETEC OTIC OTMOiEC
ouykpiBnkav Sladopetikeég Beparmeieg, n apvnTKoTNTa the EYN Staywploe pio aveéaptntn opada
auvénuévng emBiwong péxpt emdbeivwaon tng vooou (Kostopoulos et al., 2020). Emopévwg, PETA amnod
v npoodatn anddelEn tng umepoxns s EYN wg mpoyvwotikig mapapétpou, n Slepelivnon tng
EYN amoteAel evaAAaKTIK €TAOYN WG KOATOANKTIKO ONMEI0 TWV KAWIKWY HEAETWY, aAAG Kol WG

TOPALETPOC EKTIINONG TNC eMLPBiwong Twv acBevwy xwpig mpdodo vooou (Avet-Loiseau et al., 2020).
1.1.4 O£pATMEVUTIKEG MIPOOCEYYIOELG

H olyxpovn emoxn ywa tn Beparmeia tou MM ouclaotikd apyilel tn Sekaetia tou 2000 pe tnv
gloaywyn otnv KAWIKA mpagn twv avaloywv BaAdouidng (thalidomide) kal Twv avoctoAéwv
MPWTEAoWHATOC (proteasome inhibitors), doapUaKeUTIKEG TTapeUBACELS TTOU BEATIWOAV GNUAVTIKA
v emPBiwon twv acBevwv. Itn dekaetia tou 2010, n Babutepn KaTOVONON TWV HOPLOKWV
MNXOQVIOUWY TNG VOoou 08nynoe o avfénon Twv eVOAAOKTIKWY BEPAMEUTIKWY OTPATNYIKWY, HE
TowkAia cuvbuaocpwyv dapudkwy, alnAouxiag xopriynong autwv Kot SLApKeLlag Twv Bepamelwv.
TNV TPEXOUOA OEKAETIA, OL YOVISLWHOTIKEG HEAETEC €xouv avadeifel Tn onuaocio TG KAWVLKAG
gtepoyévelag oto MM kKol ol OepameuTIKEG OTPOTNYLIKEG €0TIA{OVTOL OTOXEUUEVA TIAEOV OfF
0VOOOAOYLKOU TUTIOU TTAPEUBACELC LE TN XPON KLOVOKAWVIKWY QVTLOWUATWY, AVOOTOAEWV ONUEilwV

g\éyxou Kol avooohoyikwv puBuiotwy/tpomnornointwy (Bergsagel, 2014).

ItoXeUMEVEG Oeparmeisg

H otoxeupévn Bepaneio o avtiBeon pe TOUG XNUELOBEPATIEUTIKOUG TTAPAYOVTEC EMIKEVIPWVETAL O
OUYKEKPLUEVA  XOPAKTNPLOTIKA TWV KAPKLWIKWYV KUTTAPWY, Ta omola Toug Tmpocdidouv
TOAQIMAQOLOOTIKO  Suvaulkd Kol kavotnta  emBiwong. H Poptelopipunn (bortezomib), n
kopdAlopipnn (carfilzomib) kat n alopiumnn (ixazomib) eivat otoxevuéva dpdppaka mouv Spouv wg
ovaotoleic tou mpwrteacwpatoc (Gandolfi et al.,, 2017b). Ta mpwrteacwpata sival peydla
TMPWTEIVIKA CUMTAEYMOTA TIOU €VTOT{OVIAL OTO KUTTAPOMAOOHA OAWV TWV EUKAPUWTLKWY
OPYOVIOUWY KoL OpLOUEVWY Baktnpilwy kal n KpLa Asltoupyla Toug cuviotatal otnv MPWTEOAUCH
MN AELTOUPYLKWY, YNPACUEVWY I KOTECTPAUUEVWY MPWTEiVWY. H emtuxio autng Tng Katnyopliag
BepameuTikwy mMapayoviwy odpelletal otnv eEAPETIKN €uALCONGCLO TWV KUTTAPWY TOU HUEAWUATOG
OTNV QVOOTOAN TNG 26S umopovadag ToU TPWTIEACWHATOC, TIOU Tailel ONUAVIIKO pOAO OThV

naBoyéveaon Kal TNV Mpoodo tng aobéveloag. H avaoToAn TOU MPWTEACWLOTOG EXEL WG OTMOTEAECHA
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gl oelpd ToAAamAwv koBodSlkwv ermudpadcswy, ouPTEpNAUBAVOUEVNG TNG QVOOTOANG TNG
onuatodotnong tou povomatioy tou NF-kB Kal TG evOOKUTTAPLKAG cuoowpeuong AavBaopéva
TMITUXWHEVWV KOL N MTTUXWHEVWVY TTpwTeivwy. O AUECOC OVTIKTUTIOG TNG AVAOTOANG TNG AELTOUpYyLOg
TOU TIPWTEACWHATOC £lval N MTPOKANGon evookUTTApPLKOU OTPEC, N Helwaon T Ekdpaong UTTOSOXEWY
QUENTIKWY TIAPAYOVIWV OO TA MUEAWHATIKA KUTTAPQA, N KATOOTOAN NG €kdppaong popiwv
TIPOOKOAANONG KAl n avaotoAn tng ayyeloyéveong (Gandolfi et al., 2017a). MA£ov e TNV €EEALEN TwV
KAWVIKWV HEAETWV KOl TN SOKIUN CUVOUAOUWY BEPATEUTIKWY TIOPAYOVIWY, E£lval yvwoto OtL ol
OVOOTOAEIG TIpWTEACWHATOG OTav cuvdualovtal Pe GAAOUC XNUELOBEPATEUTIKOUC TIOPAYOVTEG

aUEAVOUV KOTA TIOAU TNV aIMOTEAECUATIKOTNTA TouC (Guerrero-Garcia et al., 2018).

EmutAéov, oto medilo tn¢ otoxeUUEvNg Bepameiag Ta teAeutala xpovia £xel avamtuxBel n
XPNON HOVOKAWVIKWY QVTIOWUATWY TIOU TIPOCSEVOVTAL OE CUYKEKPLUEVEG TIPWTEIVEG TWV KUTTAPWVY
TOU MUEAWMOTOC, TIPOKOAWVTAC TO BAVATO TWV KAPKLVIKWY KUTTAPWV. M0 CUYKEKPLUEVA, N TIPWTN
TETOLOU TUTIOU EYKEKPLUEVN BEPATEUTIKI TIPOCEYYLON O avOeKTIKO ] umotporialov MM, adopd tn
OTOXEUGN TOU EVEPYOTIONTIKOU Tapdayovia Aspdokutraptkig onuatodotnong F7 (SLAMF7) amo to
HOVOKAWVLKO avtiowpa ehotoulouvpaunn (elotuzumab). Itnv kKAwikA peAétn daong Il ELOQUENT-2,
Bdoel Tng omolag €hafe £ykplon, 0 cuVOUAOUOG TNG EAOTOUIOUUAUTNG He TN AevaAlbopuidn kot tn
S6e€apeBalovn ouykplTikad pe To ouvduacpo AsvaAlbouidng kot de€apebalovng, Peitiwos TNV
emuPBiwon péxpL embeivwon t¢ vooou amd toug 14,9 otoug 19,4 pRveg Kol Th cuvollkn emiBiwaon
oand toug 39,6 otoug 48,3 unveg, avtiotolyo (Dimopoulos et al., 2020). H 8gUtepn £YKEKPLUEVN
Bepameutiki mpooéyylon adopd Tn otdxeuon tou CD38, piag emipoavelakng YAUKOMPWTEIVNG e
6pdon udpoAdong tng Sipwadopikng adevooivng (ADP), n omola ekdppdletal ota KUTTAPA TOU
OVOOOTIOLNTLKOU CUOCTAHATOC KOl LSLAlTEPA OTA MUEAWHATIKA KUTTAPA. TO LOVOKAWVIKO aviiowua
€vavtL Tou CD38 (daratumumab) €xeL AdPeL €ykplon o ouvdUAOUO He TN AevoALdouidn kat tn
Se€apebalovn (oxnua DRd) i tn Sefauebalovn (oxnua DVd) oe avBektiko 1 umotpormialov MM
Baowlopevn oe KAWIKEG HeAéteg ¢daong lll. Xapaktnplotikd, otnv KAwwkn peAétn POLLUX, o
ouvbuaopog DR ouykpltikd pe ouvduaopd AevaAibopidng kot de€apebalovng, PBeAtiwoe tnv
emuPilwon péxpL emdeivwon tg vooou amod toug 17,5 otoug 45 pnveg, avtiototya (Dimopoulos et al.,
2016). Ze OUVEXELA QUTWV TWV LSLAITEPA ONUAVIIKWY OTOTEAECUATWY N OTOXEUON TWV EMLTOMWY
CD38 ouveyilel va Slepeuvdtol Pe TOPAYOVTEG OMWE TO isatuximab kot to MOR202/TJ202 yia Toug

omoioug kKAWIKEG SokLpég daonc Il Bpiokovtal umod e€€AEn (Offidani et al., 2021).

H gupeila xpnon Twv HOVOKAWVIKWV AVTIOWUATWY vwplitepa otn Bepameutikn mopela Tou
MM £xeL 08nynoeL o VEEG AVOEKTIKEG OUAdEG aoBevwy e Alyotepeg BepameUTIKEG eTUAOYEG. MAEov,
n e€éAEn twv avoooBepoamewwy eoTldlel otV £vioyuon TNg AmMAVINONG TOU OVOGOTIOLNTLKOU

CUOTHHATOC EVAVTL OTA HUEAWMOTIKA KUTTapa. O 1o Stadedopévog otdxog avoooAoyIKNG EVioxuong
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elval to avryovo wpipgavong twv B Aepdokuttapwv (B cell maturation antigen, BCMA), évag
ETULPAVELAKOG UTTOSOXENG TIAPAYOVTWY OVATTUENG. Ta avTlowpata £vavtt tou BCMA eival évag and
TOUG VEOTEPOUC MOPAYOVIEG CTOXEUUEVNG Beparmeiag Le evOOPPUVTIKA AMOTEAECHOTA OTNV KALVLKA
g€€ALEN tou MNMM. Ta avtiowpota autd §polv Pe APKETOUC SLadOPETIKOUC UNXAVICUOUC, OTwE N
AUEDN AMONMTWON TWV HUEAWHATIKWY KUTTAPWY Tou ekdpalouv Tov umodoxEa Kal n evepyomoinon

SpACTIKWY KUTTAPWY TOU avocomoLntikol cuotipatog (Lancman et al., 2020).

AvoooAoyLKEG Oepareieg

Ta avooopubulotikd ¢apuaka oto MM eival kupiwg n Baidouidn (thalidomide), n AsvaAiSouidn
(lenalidomide) kat n mopaAibouidn (pomalidomide). H xprion toug ouclaoTKA £ekivnoe PETA TO
2006, 6tav o ouvbuaouog avooopubulotikwv dapuakwy kot defapebalovng katddepav va
auéroouv ta Moooata eniteuéng MARPoug UhEONC KOL VA ETILUNKUVOUV TNV TIAPAROVI TwV aoBevwy
og autnv (og CR). O mAnpng nnxoviopog dpaong toug dev £xel SladeukavBel MARpwe kaBoTL Spouv
JE TOWKIAOUG TPOTOUC, TTOU CUUMEPIAAUPBAVOUV TNV AVOOTOAN TNG AYYELOYEVEDSNC, T PUBULON TOU
0VOOOTIOLNTLKOU CUCTAMATOC Kal TV auénon tng Kuttapotofikotntag (Holstein and McCarthy,
2017). EmuAéov cludwva e VEOTEPO EUPHKOTA, TA AVOOOPUBULOTIKA ddappaka emMdpolV Kal oTo
clOTNUA OUBIKITIVIALWONG KoL TIPWTEOAUONG BACIKWY UETAYPADIKWY TIOPAYOVTWY, EMAYOVTAG £T0L

TNV AvaoToAr TNG MPoodou Tou Kuttaplkol kUKAou (Abramson, 2018).

Metapdoxeuon ApXEYOVWV ALLLOTIOLNTIKWY KUTTAPWV

Ta apyéyova alpomolntika kuttapa (Hematopoietic Stem Cells, HSCs) eivat moAudUvapa kuTtapa
and to omoia mpokUTTouv oL dlddopol TUMOL KUTTAPWY Tou aipatog. OL petapooxevuoelg HSCs
XPNOLLOTIOLOUVTAL EUPEWG Yla TNV avacuotacn tou MO oe Slddopeg MABOAOYIKEG KATAOTAOELS
ormou aduvatel va emavakduPel otn GUOLOAOYLKN) TOU OUOTOON, OMWE HETA TO TEPOC HLOC
xnuewBepaneiag (Felfly and Haddad, 2014). MAéov, n UETAPOOXEUGN OQUTOAOYWV QPYXEYOVWV
olpomoLNTIKWwyY Kuttdpwy (autologous stem cell transplantation, ASCT) Bswpettol Oepameia ekAoyng
yla toug vedtepoug aoBevelg pe MM, SL0TL €xel we amotédeopa uPnAdtepa TTOCOOTA TIARPOUC
Udeonc Kol HeyaAUTEPO XPOVIKO Slaotnua emifiwong os oxéon Pe tn cuppatikny xnueloBeparmneia
(Bladé et al., 2010). e ocuvbuaopd pe TN Metapooyxeuon HSCs xpnotwpomololvtatl Siddopa
OepameuTIKA TIPWTOKOAAQ, TOOO TPV OCO KOL UETA TN UETAUOOXEUON, Ta omolo mepthappavouy
XnUewBepaneia ywa tn Helwon Tou Kapkwikol ¢optiou oto MO Tpwv TN HUETAUOOXEUON,

xnuewBepaneia vPnAng d6ong ywa TNV KOTAOTOAR TNG OpAonG KoL TOU OVOOOTIOLNTLKOU
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OUOTAHMATOC, OAAG Kol OToxXeupévn PBlodoylkn Bepameia pe otoxo TNV avénon NG

anoteAeopatikotntog tng Beparneiag (Gertz and Dingli, 2014).

XnueroBepaneutikég ouoieg Kat KopTikootepoeldn

OL XNUELOBEPATIEVTIKEG OUCLEC TTOU XPNOLUOTIOLOUVTOL YL TNV QVTLETWILON Tou MM avhiKoUV GTOUG
OAKUALWTIKOUG TTOpAYOVTEG OTWG N UeAdaAdvn Kal ot avBpakukAiveg omwg n SofopouBikivn. OL
oAKUALWTIKOL Ttapayovteg Spouv o OAEG TIG PAOEL TOU KUTTAPLKOU KUKAou, mapeufaArlopevol
petafl twv Bacswv otn SutAn £hka tou DNA (intercalation), pe amotéAeopa TNV OVAOTOAN TNG
KUTTOPLKNG Slaipeong kot to Kuttaplkd Bavato (Ralhan and Kaur, 2007). Itnv KAWLKN Tpaén
Xpnotlomolouvtal o ouvduoopd He Koptikootepoeldn (Se€auebalovn kat mpedvilovn) Kol oTo
napeABov n pehdohdvn os cuvduacuo pe mpedvilovn amoteholoav KopPikn Beparmeia Kotd Tou

MUEAWMATOG, EMLTUYXAVOVTAG GUVOALKO TTOCOOTO avtanokplong éwg 50% (Rajkumar et al., 2002).

Ta koptikootepoeldry eival amapaitnta otn Bepameiot TOU HUEAWUATOC EMELSN
KOTOOTEAAOUV TNV HETAVAOTEUON TWV AEUKWV aloodalplwv og TEPLOXEG OTIOU TA MUEAWMOTIKA
KUTTapa mpokaAoUv ¢Asyuovr), avakoudilovtag tov acBevry amd tov movo. EmumpooBeta ta
KOPTLKOOTEPOELS) BonBolv otnv mpoAnPn TG vautiog Tou €UETOU KAl TWV avildpAoswv
umepevalobnoiag katd tn OSldpkela tng Oepameiog pe XNUELOBEpPOMEUTIKA GAPUOKA 1) HE
oktwoBoAia (Wooldridge et al., 2001). MdAlota, os uPnAég dooelg, n de€opebalovn £xel Spaon
KUTTOPOTOELIKA EVOVTL TWV MUEAWHATIKWY KUTTAPWY EVW, TaUTOoxpova ocuvdudletal pe GAAa

dappaka 0uEAVOVTAG TNV ATOTEAECHATIKOTNTA Toug (Kumar and Rajkumar, 2005).

TN ouvéxela avadEPovtol AVAAUTIKOTEPO TA XOPAKTNPLOTIKA Kot oL Spdocelc twv Svo

BEpATEUTIKWVY TAPOYOVIWV OTOUC OTIOLOUG ECTLACAUE TNV opolca SL8aKTopLKn SLatpLPn:

AogopouPBikivn

H 6ofopoPoukivn (doxorubicin, xnutkog toOmog Cy7H0NO;1, Elkova 1.2) sival xnUeEL0BepamEUTIKOG
TAPAYOVTAG TIOU QVAKEL OTNV OMASH TwV avOPAKUKALVWY KoL OTTOMOVWVETOL artd KOAALEPYELEC
Streptomyces peucetius var. Caesius (Patel and Kaufmann, 2012). Adyw tng Xpnong Kot Ing
OMOTEAECHUATIKOTNTAC TNG €vavil MOAWV TUMWV Kopkivou (T.X. Kopkivog Tou pootou, Kapkivog
oupododyoU KUOTEWS, oapkwia Kaposi), cupmneplapBavetal otn Alota Twv BACIKWY AVTIKAPKLVIKWY
dapudkwv tou Maykoouou Opyaviopou Yyelag (Minotti et al.,, 2004). EmuTAé0V CUMUETEXEL OF

ouvbuaopoUG TOpayOvVIWY OTNV El0OYWYLKN Bepameia oto MM, OnMw¢ oe ouvduaouo He
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Boptelopounn kot Oetapedalovn, N KoL CUVOSEUTIKA HE VEOTEPOUG TAPAYOVIEG OMWE N
viapatoupoupaunn (Sekine et al.,, 2019; Zhou et al., 2020). H &ofopouikivn Spa pe Suo
pnxaviopoug &paong: A) NopepParlopevn petall twv Pacswv otn Suthr €Aka tou DNA kot
avaotéhhovtog tnv emblopbwtiky dpdon tng Ttomoilocopepdong Il kat B) pe tn Snuioupyia
ehevBépwv pllwv ol omoieg mpokaAouv PAABeg otnv KUTTAPLK HEUBpavn, oto DNA kal oOTLg

npwteives (Thorn et al., 2011).

TéAog, €vag akopn tpomog Spacng tng dofopouPikivng adopd tnv evepyomoinon tng
ouvBeong evog Autdiou Kol CUYKeEKpLUEvVa Tou Kepapldiou. To Autidlo outd evepyormolel tov
petaypadikd mapayovta CREB3L1, o omoiog mpowBel tn petaypadr moAAwv yovidiwv-otoxwv,
oupunep\apBavoprévwy Kal yovidiwv avaoTtoAng Tou kuttaplkol moAAamAaciacpol (Denard et al.,

2011, 2012).

Ewkova 1.2. Aptotepa, n poptakn doun tng doéopouBikivng (avatunwan arnoé Pubchem) kat deéia Vo

uopta 6oéopouBikivng ta omoia mapeuBaAlovral oto DNA (avatunwon ano Protein Data Bank).

Boptelopiunn

H Boptelopipnn (bortezomib, xnuikdg tomog CisHsBN4Os, Ewkdva 1.3) eival xnueloBepameuTikog
MAPAYOVTOG  XPNOLUOTIOLOUUEVOC  EUPEWCG OTNV  OVTLUETWIION Tou MM, pe  UeydAn
OMOTEAECUATIKOTNTO OTNV eniteuén mAnpoug avtanokpiong (Ri, 2016). H Boptelopiunn eival éva
Sunemntidlo Bopovikol 0€€og pe avaoTaltikr dpdon otnv evepyomoinon twv B5 kat Bl umopovadwv
Tou 20S mupAva TOU 26S TPWTIEACWHATOC KOL OVAKEL OTNV OUAdA TWV OVAOTOAEWV TOU

npwteacwpato¢ (Crawford et al.,, 2006). Autd €xeL cav QMOTEAECHO TN CUCCWPEUGCN Un opBd
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QVASUMAWHEVWY TIPWTEIVWY OTO eVEOTTIAQCUATIKO SIKTUO TOU KUTTAPOU, TNV MTPOKANGN KUTTOPLKOU
OTPEC, TN CUCOWPEUCHN EVEPYWV PL{WV 0EUYOVOU KOl TIPO-OUITOTTWTLKWY TTAPOYOVIWY KOl TEALKA TNV

QMOMTWON TWV HUEAWHATIKWY KUTTapwv (Chauhan, 2005; Ri, 2016).

EruutAéov, n xopriynon PBoptelopipnng odnyel og anwAela tng €kPpacng Tou umodoxea TG
wtepAeukivng (interleukin, IL)-6 kot o pelwpévn €kdpaochn Tolkilwv poplwv  KUTTAPLKAG
TM(POOKOAANONG QMO TO MUEAWHATIKA KUTTOPQ, ME QATIOTEAECUO TN MEWWUEVN E€vepyomoinon Ttwv
onuatodotikwv povomatiwv ERK, STAT3 «kat Akt kot t™n HeEWwPEVN TPOOKOAANONH Twv
VEOTTAQOUATLKWV KUTTAPWVY 0T OTPWHATIKA KUTTtapa Tou MO (Hideshima et al., 2003). H pewwpévn
TIPOOKOAANON TWV VEOMAQCUATIKWY KUTTAPWY OTA OTPpWUATIKA KUTTapa Tou MO odnyel og avénaon

NG evaodnoiag Toug og avTKaPKLVIKOUG Ttapdyovteg (Ri, 2016).

Ewkova 1.3. H uoptakn doun tou bortezomib (avatunwaon ano Pubchem).

1.2 To pikpomnepBAAAOV TOU HUEAOD TWV 0GTWV 0TO TOAAATAOUV HUEAWHA

Katd tnv naboyéveon tou MM, ta B Aepdokittapa udiotavial AavBaouéveg Bpaloelg meploxwv
tou DNA katd tn Swadikacia wplpavong oto PAACTIKO KEVIPO TWV OEUTEPOYEVWV AEUDIKWV
0pYAVWV. XpWUOOWHMLKEG LETATOMIOELS TIEPLOXWV TIOU TEPLAAUBAVOUV CUYKEKPLUEVA OYKoyovidla
uropel va mpoodEpouv ota KUTTOpO TIAEOVEKTNUA avamtuéng, odnywvtag oe TOOAOYIKEG
KOTAOTAOELS, OMwG N MGUS, to sMM kat teAtkd to MNMM. EToL, Ol XPWHOOWUIKEG UETATOTOELG
omotedolv éva mBavo eVAPKTAPLO YEYOVOG yla £vol UTTOGUVOAO TEPUMTWOEWVY MM. EvaANaKTIKO
dawopevo kakorBoug e€odhayng, mou pnopel emumtAéov vo amoteAel evapktrplo yeyovog oto MM

glvat o aveurmhoeldlopog kat dlaitepa n untepduthoeldia (Kumar et al., 2017b).
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QoTO00, OV KOL QUTEG OL OPYLKEC XPWUOCWULKEG ATUTILEG UImopoUV va SNULOUPYHOoUV Evayv
KoKonOn kKAwvo MAaopaTokuTtapwy, Bewpoulvtal n apxn tng oykoyéveong tou MM aAld Sev eival
ETAPKELG WOTE va 08nynoouv otn vooo. Ta KAWVLKA TTAAoUATOKUTTAPA, HOALG LETAVAOTEUGOUV OTO
MO, Aappdvouv ToIKIAlo ONUATWY oo TO ULKPOTEPLBAAAOV TOUG, TOCO EVEPYOTIOLNTLKWY 000 Kol
KOTAOTOATIKWY. To yeyovog OtL Ssv efedicoovtal OAeg ol meputtwosl MGUS/sMM og KAWVIKG
emBeBawwpévo MM (akOUN Kal O TIEPUTTWOELS LE KOO YEVETIKO UTIOPaBPo), umoSelkvUEL OTL

XPELATOVTOL KO LN-YEVETIKEG TPOTIOTIOLNOELG YLa TNV €EEALEN TG vOoOU.

H ouvéxela tng dadopomoinong tou apxtkol KAWvVoU TLOTEVETAL OTL AOUPAVEL XYWPA OTO
MO, omou Tto pLkpomepLBaiAov gival Baolkdg kot kaBoploTikdg mapayovtog otnv e¢EALEN TNG vooou,
oMo TI( TPO-HUEAWHATIKEG KATAoTAosl oto MM. To pwkpormeplfallov tou MO mpowBel tnv
avamrtuén Ttou OyKou, eVIOXUEL TNV aVTOXN TWV HUEAWHATIKWY KUTTAPWY OTNV OIOTITWON Kal
OUHUBAMAEL otn Snuoupyla eEwpueAkwy evtomicswy. Bplokopeva péoa otoug BUAakeg Tou MO, Ta
T(PO-KAPKLVIKA TTAQCUATOKUTTOPA, UE TN MECOAAPNON KUTTAPOKIVWY, «CUVOUIAOUV» (cross-talk) pe

ToLKIAOUG KUTTAPLKOUC TUTIOUG TTOU TTEPAABAVOUV:

e  MeOEYYUMUATIKA OTPWHATIKA KUTTapa HUEALKAC TpogéAsuong (bone marrow
mesenchymal stromal cells, BM-MSCs)

e QOoteofAdaoteg (osteoblasts, OB) kal ooteokAdaoteg (osteoclasts, OC)

o Ayyelokd evdoOnAlaka kuttapa (vascular endothelial cells)

e |voBAaotec (fibroblasts)

e Awokuttapa (adipocytes)

e Movokuttapa (monocytes) kat pakpodaya

e KatootaAtikad kuttapa HUeAkAg Tpogleuong (myeloid-derived suppressor cells,
MDSCs)

o T Aeudokuttapa (T cells)

e duoka dovika kuttapa (natural killer cells, NK cells)

Autol oL kuttapikoli tumolL ametkovilovtal otnv Ewdva 1.4 svw 0 poAoG Toug ovaAUlEeTal

61e€081KATEPA OTN CUVEYXELD, OTO KUTTAPLKO HIKpOTEPBAANOV TNG VOTOU.
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Ewkova 1.4: Ot aAAnAemidpaoeic Twv UUEAWUATIKWY KUTTAPWYV UE TNV efwkuTtdpla untpa (ECM) kat
SLapopouc KUTTAPIKOUG MANIUOUOUG TOU ULKPOTTEPLIBAAAOVTOC TOU HUEAOU TWV OO0TWV TOU
neptAauBavouv: puduotikae T Aeugokuttapa (Treg cell), kataotaAtikd kUTTQpa UUEALIKNG
npoéAevonc (MDSC), T Asugokuttapa (T cell), ooteoBAdaoteg (osteoblast), ooteokAdote¢ (osteoclast),
evboinAiaka kuttapa (Bone marrow endothelial cell) kot peoeyyuuatikd OTPWUATIKA KUTTOPA

UUEALKNC mpoéAeuon¢ (BMSC) (Kumar et al., 2017b).

EKTOC amd TG KUTTaplkéG oAANAemdpAcoELg, Ol KUTTapokiveg kal ol SlaAutol Mapdyovieg mou
napayovral oto MO, mMpodyouv Tov TOAAAMAQGCLOOUO TWV KAWVIKWY TIAACHUATOKUTIAPWY Kol
OVOOTEAAOUV TA QMOMTWTLKA KOVOTIATLO, TAPEXOVTAG, TAPAAANAQ, TEPLOCOTEPEG EUKALPLEG yla
eTunNPOoBeteg  oykoydveg petaAdagelg (Naymagon and Abdul-Hay, 2016). ZuvoAlkd, TO

pikpomeplBaiiov Tou MO cuviotatal anod:
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e To KUTTOPLKO TUNMO: OTPWHATIKA KUTTOPO, 00TeoBAAOTEG, 00TEOKAAOTEG, £vboOnAlakd
KUTTApA KAt KUTTAPO TOU VOOOTIOLNTIKOU CUOTAHUATOG.

e To Hn KUTTAPLKO TUAMA: TNV e€wKUTTAPLKY UATpa (extracellular matrix, ECM) kal To uypo
nieptBaAlov pe toug StoAuTOUC TAPAYOVTEG (KUTTAPOKIVEG, aUENTIKOUC TIOPAYOVTEG Kol

XnUELlokiveg) (Stakiw et al., 2017).

APXLKA, N TTapouacia TWV HUEAWUOTIKWY KUTTAPpWY Slatapdooel TNV Loopporia tou MO. Itoug uylelg
UTTAPXEL L LooppoTTia HETAEY TwV SLadilkaolwy 0oTtedAuonG Kol avadopnong véou ootitn Lotou. H
6pdon twv ooteoPAactwy eAEyxetol Omd TNV AVOOTOATIKN EMSPAON TwWV AVOOTOAEWV TOU
onpatodotikoy povormatiot Wnt, dnAadn tou mapdyovta dikkopfl (DKK1) kat tng okAnpoaototivng.
AvtioTtolya, oL 00TEOKAAOTEG EAEYXOVTAL QO TNV ooteompwTteyepivn (OPG), n omola ekkpivetal amo
T ooteokUTIApaA. QOTO0O0, KATtd tnv avamntuén tou MM otoug BUAakeg Tou MO, T HUEAWMATIKA
KUTTOPA EMAYOUV AUECA TNV 00TEOAUCN HEOW TNG €KKplong MIP-1a, IL-6 kAl €Upeca PE TNV
auénuévn ékdpaon tng mpwteivng RANKL amoé ta otpwpatikd KUttapa. Me Tn o€lpd TOUG OL
0OTEOKAAOTEC AMOKPIVOVTOL EKKPIVOVTAC QVTL-QMOTMTWTIKEG KUTTAPOKIVEG, LeTafl Twv omoiwv ot IL-

6, BAFF kat APRIL, emdyovtag £ToL ToV TOAAQTTAQGLOOUO TWV HUEAWHATIKWVY KUTTtdpwv (Etkéva 1.5).

Yyiég eptfaAAov MepBdaAiov MoAarmAou MueAwpotog

IL-3

_
_—

jerostih N

RANK( RANKL| S5 g

IL-1 IL-6 SFRPS A
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A IL-6 TNF-at TNF-¢ BAFF
Clivin MIP-1a

A s Gy |APRIL

TNF-q J \
y <

e

6 MECEYXUNATIKO OTPWHATIKO - Ev&oBnAiaxé kUtrapo

KUTTOapo ToU pushol

@Ootso&dotm ATOTTWTIKG . MugAwpATIKG KUTTAPO > Evioxuon _{ Avaotohi
OoteoKUTIapO
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Ewkova 1.5. Ot aAAnAenibpaoei¢ UETaED TwWV UUEAWUATIKWY KUTTAPWVY KOl TOU UIKpOTtEpLBaAdovtoc

TOU UUEAOU TWV 00TWV, O€ QVTLTapAdeon e TNV apxlki kataotaon toopporniac (Hou et al., 2019).

Mépav Ouwe NG datapaéng TNG LOOPPOTIAG TWV KUTTAPWY TIOU amoTteAoUV TOV 00Tt LoTo, N
napoucia MM ocuvoSeletal Kal anmod aAAayEG oTto avoooAoylko pikporeptBaliov (Ewova 1.6). 3¢
apXIKA oTtadla TG vooou, omwg otnv MGUS, umdpxel avooOAOYIKOG EAEYXOC TWV MUEAWUOTIKWY
KUTTAPWYV OE £VOL AVOOOKATAOTAATIKO TteplBaAlov. Ta Sevdpltikd KUTTapa evepyomolouv ta CD4+
KoL CD8+ T AspdokUTTapa HECW TNE MAPOUCILACNE OVTILYOVWY Ao T LUEAWMOTIKA KUTTOPO, EVW T
NK kUttapa Spouv avefaptnta AVOVIAG TA KOPKLWVIKA KUTTOPO HECW EKKPLON KUTTAPOTOELKWY
popiwv, onwg mepdopivng kat Bpuppativng. Me tnv €€éAi€n oe MM, ta MDSCs aAld Kal T
puBuotika T Aepdokittapa (Tregs) eKKpVOUV AVOOOKATAOTOATIKOUG TTAPAYOVTEC EMLTPETIOVTIAC T
Sladpuyn TWV HUEAWHATIKWY KUTTAPWY amo Toug HnXoviopolg avocoeritipnong (Guillerey et al.,

2016).

To endpevo otadlo eféAENg tou pikpomeplparlovioc oto MM eival n Sapdpdwon
ouvBnkwv mou Ba enttpéPouv TNV ameAeVB£PWON TWV HUEAWLATIKWY KUTTAPWY oTnV KukAodopia
KoL TNV €EWHUUEALKN €VTOTILON TOUG. To apXLkO Brpa mepAapBAvel Tn HETARBOON TWV LUEAWUATIKWY
KUTTApWVY amod ¢alvotunmo emBnAlakol KUTTApou ot GOLVOTUTIO UECEYXUUATIKOU KUTTAPOU
(epithelial to mesenchymal transition, EMT). O ¢awvdtunog emBnAlakol KUTTApoU Xapaktnpiletal
amno mAakoeldn popdoloyla katl avantuén embnAiou otov OYKo, EVW 0 GALVOTUTIOG LEGEYXULATIKOU
KUTTAPOU XOPOKTNPLETAL Ao €VTOVECG MEUPBPAVIKEG TITUXWOELG TIOU ETILTPEMOUV TNV aneAeLUBEpwaon
TOU KUTTAPOU amo To ULKpomepLlBAAAov tou. Ot Baoikdtepol pubuLloTtég Tng EMT elval n évtovn
ékdpaon tou untodoxéa CXCR4A Kal oTn CUVEXELA, N £KPOOH TWV PETAYPADIKWY TTapayovtwy Snail,
Slug kot Twist mou oényoUv oe amocwwnnon TnG €kdppaong tng emBnAiakng E-katxepivng (e-
cadherin), kUplog poAog TG omolag eivat N avantuén Seouwv MPOCKOAANGNG LETALY TWV KUTTAPWV

(Ullah, 2019).
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Ewkova 1.6. To avoooAoyiko UIKPOTEPIBAAAOV TOU UUEAOU TwV 00TWV 0TO MOAAQIAOUV UUEAWUN
(MM). Sta apyika otadla THC VOOOU UTIAPXEL AVOOOAOYIKN KaTaoToAn tou M, n omolia otadtaka
UETOOTPEPETUL OE KATAOTOAN TOU QVOOOAOYIKOU UNXQVIOUOU. S€ OUVOUNOUO LE TNV QYYELOYEVEDN
KoL TNV 00TEOAUQON, TA HUEAWUATIKA KUTTapA eVEpyomolouvtal kat moAdamAaoialovroal (Guillerey et

al., 2016).

1.2.1 Mn KuTtaplko pikpomnepLBaiiov

To pn KUTTapLkO HEPOC Tou pikporeptPaArlovtog tou MO amaptiletal amno: i) tnv e€wkuttapla untpo
(ECM) ko ii) to evélapeco vypo péoo (liquid milieu) mou TepLéXel XNUELOKIVEG, KUTTOPOKIVEG Kot
auéntikouc mopayovteg. H ECM eival éva lvwdeg Baclkd SOULKO SIKTUO EKKPLVOUEVWY TIPWTEIVWY
mou emnpedlouv Tov TmoAamlactaoud, T  Sladopomoinon, TN UETOVACTEUON KAl TLG
oAANAeTUOPAOELG METOEU TWV KUTTApWVY. H olvBeon tng yivetal amd toug ooteoBAAOTEC KOl TO
OPYOAVIKO TNG MEPOC amoteAeital Kuplwg amd koAAayovo tumou | evw mepllapfdavovral kal évag
MEYAAOG aplOUOC N KOAQyOVOUXWY MPWTEIVWY, OTIWE TPWTEOYAUKAVEC Kot YAUKompwTeiveg (Lin et
al., 2020). Ta pueAwpaTikd KOTTapa MpookoAAwvtal otnv ECM péow Twv emudpavelakwy Hopiwv
MPooKOAANonG ouvdekavng-1 kat VLA-4, ta omola cuvdéovtal pe TO KOAayovo tumou | Kol Pe

MPWTEIveG OMWG N dLunpovektivn (Stakiw et al., 2017).
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To oNUAVTLIKOTEPA OXETW{OMEVA e TO MM SlaAuTd popla Tou evildpesou uypou sival n IL-6,
0 auéntkog mapayovtag 1 tng wooulivng (IGF-1), o ayyelakog evéoBnAlakog auénTikog mopayovTag
(VEGF) kal ta efwowpata. OL mapdyovie¢ autol CUUPAAAOUV OUCLOOTIKA OTNV OvTiotaoh
gMayopevn amno SlaAutouc mapdyovreg (soluble factor-mediated resistance, SFM-DR) (Papadas and
Asimakopoulos, 2018). H épacn tn¢ IL.-6 oto MO Bewpeitol Kol UTOKPLVAG KOl TIOPAKPLVAG, EVW
Sladpapatilel Keviplkd poOAo otnv  KOPKWIKA ducololoyia, emnpedaloviag TNV KUTTAPLKN
UETOVACTEUCN, TV AVATTTUEN TOU OYKOU, TNV amOmTtwaon, TNV ayyeloyévean Kal tn Stadopomnoinon
Twv maboloyikwy kuttdpwyv (Burger, 2013). Baowkny §pdon tng IL-6 oto MO eival n evioxuon tng
napaywyng VEGF, svw emumpooBeta, n mpocdeon tng IL-6 otov umodoxéa tng obnysl otnv
gvepyoroinon tTwv onuotodotikwy povorotiwyv MEK/MAPK, JAK/STAT3 kau PI3k/Akt. TéAog, n IL-6
nipokaAel Tn Sladopomnoinon Twv MAACUATOKUTTAPWY EVEPYOTIOLWVTAG TO GNUATOSOTIKO OVOTTATL
RAS/Raf/MEK-ERK (Manier et al., 2012). O IGF-1 oto M éxel ouvdeBel pe tnv edpaiwon kot tnv
€€EAEN NG VOOOU KOl N onUAVTIKOTNTA Tou avadeixBnke otav n avactoAn povo tng IL-6 dev
enédpaoe otnv nmopeia tou NMM. H §éopeuon tou ehelBepou IGF-1 otov urtodoxéa Tou onpatodotel
ToV MOAAQIMAQGCLOOUO KOl TNV emPBlwon TwV HUEAWHATIKWY KUTTApwv. Evtog tou MO, o IGF-1

TIAPAYETAL CUVEXWCE Ao TOUG 0oteoPAAOTEC Kal Ta BAactokUttapa (Bieghs et al., 2014, 2016).

H avgnon tng ayysiwong tou MO éxeL ouoxetloBel pe duopevn mpoyvwon KabdtL Ta véa
oyyela petadépouv TePLOGOTEPO 0EUYOVO KOl BPEMTIKA CUCTATIKA OTO MUSAWHATIKA KUTTOPO
npowbwvtag TNV avamtuén toug. O VEGF Spa Kol wg ULToyovo Kol emnpedlel TNV OYYELOYEVETIKN
Loopportia odnywvtag otnv g€£AEn tou MM, yU autd kal amotelel £va onuavilkd Bepameutikd
otoxo (Podar and Anderson, 2005; Gkotzamanidou et al., 2013). Ocov adopd ta efwowpata, Ta
televtala xpovia £xel apxioel va avadelkvietal o poAog toug otnv apdidpopn emkowwvia Twv
MUEAWHATIKWY KUTTAPWV HE TO HIKpoTieplBAaAAov Toug ou obnyel oe avtiotaon otn Bepamneia (Di
Marzo et al., 2016). Ta eEwowpata LeTAdEPOUV TIOLKIAA LLKPOUOPLAKA OTOLXElQ PETAEY TWV OTOLWV
Kot popta mRNA, microRNAs k.d. Znuavtikd microRNA otnv €€€AEn tou MM eivatl ta miR-21, miR-
14643, let-7b kat miR-18a, mou otav avixvelovtal o AuEnpEVo eTiMedo ota EEWOWHUATA ATOTEAOUV
npwipoug Blodeikteg duopevoug e€€AENG Tou MM. H unepékdpaon toug odnyel oe mapaywyn Kat
£KKPLON TIOAWV KUTTAPOKLVWY, cupmneplhapBavopévng tng IL-6, oL omolieg evioxUouv thv emiBiwon
KOL TNV ETEKTOON TWV MUEAWHATIKWYV KuTttdpwy (De Veirman et al.,, 2016; Moloudizargari et al.,

2019).
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1.2.2 Oote0BAAOTEG KOL OOTEOKAAOTEG

O oortitng L1otog BpiokeTal cuvexwe os kataotaoh anodounong-avoadounonc. Guaotkol kot oppovikol
napayovteg odnyouv otn oUVOeor Tou amd Toug 00TeOPAACTEG N OTNV AMoPPOPN oK Tou armd Toug
ooteokAdotec. H ouvnOng Loopporia petafl amoppodnong kal dnuioupyiag véou ooTikoU LoTou
Slatapdaocoetal otnv mAsloPnodio twv mepumtwoswy MM, He amoTEAECUA TNV KATAOTPOdN TNG
0O0TIKAG OOUAG KOL TNV OVTLKATAOTACN OO OOCTEOAUUEVEG TIEPLOXEC HE EMIKPATNON TWV

OOTEOKAQLOTWV.

Mo CUYKEKPLUEVA, TA MUEAWMOTIKA KUTTApA €KKpivovtag toug mapdyovtec MIPa/B kot
VEGF, mpodyouv tnv evepyomoinon Twv ooteokAAoTwV. Autol e tn oslpd Toug mapdyouv IL-6
gvioyvovtag tnv emBiwon TwV HUEAWHOTIKWY KUTTApwv. Emopévwg, n aMAnAemiSpaocn twv
MUEAWHATIKWY KUTTAPWY HE TOUC OOTEOKAAOTEG SnULoupyel VEOUG XWPOUC yLa TNV avamtuén tou
MUEAWHATOC KO EVIOXUEL TOV TIOAAOTTAQGLOOUO TWV KAWVIKWY TTAQCUATOKUTTAPWY. ATO TV AAANn
mAgupd, oto MM ol ooteoPAdoteg dev ekkplvouv apket mpwteivn OPG (n omoia ¢uaololoyikd
avtaywviletal tov mapayovta RANKL ywa tn ouvdeon otov umodoxéa RANK, avactéAlovtag tn
Sladopormoinon Twv 00TEOKAAOTWY), 08NYWVTAC OE EVEPYOTIOLNGN TWV OOTEOKAACTWY. TEAOG, T
MUEAWMATIKA KUTTOPA €KKpivouv Tov mapadayovta sFRP-2, kataotéAhovtag Kal tn Stadopomoinon

TWV Awpwv ooteofAaoctwv (Moser-Katz et al., 2021).

EMopévwg, N KOTOOTOAN TG Opdcng Twv o0oTeoPAACTWV KOL N €vepyomoincn Twv
00TEOKAQOTWY €lval 0 Baoikog dfovag mou ekpeTallevetal To MM yla TNV eEWHUEALKT TOU EVTIOTILON
oTov ooTitn LoTo, Katl o Adyog RANKL/OPG amotelel €vav PoyvwoTIKO mapdyovta yia thv eEEALEN

T™Nn¢ vooou (Giuliani et al., 2001).

1.2.3 T kou NK kUttapa

Ta T Aspdokittapa sival Baotkdg UTOMANBUCUOG TOU AVOCOTIOLNTIKOU CUCTAMATOC HE TOLKIAEG
Spaoelc. Mapdyouv KUTTAPOKiveS, pubuilouv TNV VOCOAOYLKH AIAVINON KoL €X0UV KUTTAPOTOELKNA
Spaoctikdtnta. Kabe T Agpdokitrapo £xel evav £l6ikd vmodoxéa (T cell receptor, TCR), o omoiog
ovayvwpilel avtiyovo ToU Topouctdlovial amd To POplo Tou  MPEIloVTOC GUUMAEYUATOG

Lotoouppatotntac (MHC) kat pe Bdon tov cuv-untodox£a ou pEpouv xwpilovral os:

e Bonbntka T Aegpdokittapa, CD4+, ta omola ouvdéovtal pe MHC popla tagng Il kau
CUMUETEXOUV OTNV KUTTapoecoAaBntikiy avoaia.
e Kuttoapotofikd T Aepdokitrapa, CD8+, mou cuvdéovtatl pe MHC pdpla t@éng | kat €xouv

KuTTapotolLkn dpaon.
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H wpipavor toug avocodatvotumikd otnpiletal otov afovo CD45RA/CD4A5RO (Golubovskaya and
Wu, 2016) (Eikoveg 1.7 ko 1.8), kat oto MM n KUTTapoTofIKr) Toug SpAcn UMOoPEL va KATaoTaAel amno

TNV EVEPYOTIOLNON CUYKEKPLUEVWY UTIOSOXEWV, OTIWE Tou PD-1 kat tou CTLA-4 (Shay et al., 2016).

Ta NK kUTTtapa givat TUMog KUTTOPOTOEKWY AEdOKUTTAPWY, TA omoia £xouv tn duvatdtnta
Vo avayvwploouv KapKWIKA KUTtapa Xwplg t pecoAdpnon MHC popiwv. H §paotikotntd Toug
oxetiletal avtiotpoda pe tnv mpoodo tou MM, evw n avilkapKiKr Toug Spaon €xel delxBel OTL
EVIOYUETAL QMO APAYOVTEG, OwE n Bopteloplumnn Kat N AevaAldouidn. Tuvenwg, n dlotnpnon tng
EVEPYOTNTAC TOUG amoteAel GpapUOKEUTIKO OTOXO, O Omolog emituyxavetol pe Sltddpopoug TPOTMoUC.
MNa mnapddewypo, £xet PpeBel o6t n oavaoctoAnn tou PD-1 ota NK kuttapa evioxUeL Tnv
KUTTOPOTOEIKOTNTA TOUG EVAVTL TWV HUEAWLATIKWY KUTTAPWV in Vvitro, evw n ex vivo KOAALEPYELO Kall
gvepyomnoinaor Toug Umopet va Slatnprioel To SUVOULIKO TOUG Kal Otav emaveyxuBouv oe aoBeveic pe

MM (Benson et al., 2010; Szmania et al., 2015).

Il Memory function o

_—

Proliferation

e (1) () (e

MNapBéva CD8+ T nMpoyovika Kevipikd  Apaocmikd  ApaoTiKd

AEHQOKUTTAPA  PVNUOVIKG MVNHOVIKG pVNHOVIKG i
" Difterentiation t  Effector function

(L-seT&etin]
CD62L  + . . g :
(cD-197)
CCR7  + . . ] 1
CD45RA + . ) | 1
CD45RO - . . i |

Ewkova 1.7. Kata t Stapoponoinon twv CD8+ T Asu@okuttdpwy, To moAAAMAQoLaoTIKO SUVALLKO

TOUG UELWVETL, VW avTideta n dpaotikotntd touc avéavetat (Golubovskaya and Wu, 2016).
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1.2.4 PuBuiotika T AepdokiTrapa

Onwg umobelkvlel To Ovopa, ta puButotika T Aspdokuttapa (regulatory T cells, Tregs) sival T
AepdokutTtopa To omola €Xouv PUBULOTIKO POAO KUPLWG OTNV KATOOTOAN GAAWV KUTTAPWV TOU
avogoormolntikol cuothpatoc. H dpdaon toug eivatl anapaitntn yla tn Slatrpnon tng nepldepelakng
OVOOOAOYIKAG avoxng, Ttnv amoduyn TNG oUTOOVOOLaG KOl TOV TIEPLOPLOUO TWV XPOVLWV
dAeypovwdwy voonudtwy. Evioutolg, ta Tregs Spouv apvnTkA KATOOTEAAOVTIAG TNV avooia Kot
TieplopllovTag TIG OVTLKOPKLVIKEG OVOCOAOYIKEG amavtnoelG. Ta Tregs Spouv HE TECOEPLS KUPLwG
KOTNyopleg OVAOTOATIKWY SpACEWV: EKKPLVOVTAG KATAOTAATIKEG KUTTOPOKIVEG, AVoVTAG Ta SPACTLKA
KUTTapa, HEOW  SLOKOMNAG TOU  KUTTAPWKOU  PETAPBOAOMOU KOl  TPOTOTOLWVIAE TNV

OVTLYOVOTIOPOUCLOOTLKA AgtToupyia Twv devdpltikwv kuttapwv (Vignali et al., 2008).

Avooodoatvoturmikd ta Tregs eival CD4+ AepdokUtTapa mou xapoktnpilovral ano ékdpaon
tou CD25 kat tou FoxP3. H diadopormnoinon twv Tregs apyilel 6tav ta adpavr Tregs xavouv thv
XQPOKTNPLOTIKN £kdpach tou CDASRA kal ekdppdalouv tnv Loopopdry CDA5RO (Etkova 1.8). TeAko
otadlo dadoponoinong twv Tregs eival ta teAlka Spaotikd Tregs (terminal effector Tregs), mou
Bewpouvtal Eexwplotog UTomAnBuopog Kat xapaktnpilovtal ano tnv £ékppacn tou HLA-DR kal tou
CTLA-4 (Nishikawa and Sakaguchi, 2010). Evag €161k6¢ umtonmAnBuopog twv Tregs elval autd ta onola
ekppalouv 1o Oeiktn CD39. To CD39 elval efwvoukAeotldAon HE LOXUPN KATAOTAATIK Opdan,
QUTTEVEPYOTIOLWVTOG TO €EWKUTTAPLO TIPOo-PpAeyovwdes ATP. Emopévwg n ékppaon tou CD39 pmopet
va BewpnBel wg delktng evepywv Tregs oe aoBeveic pe PAEYLOVWOELG VOOOAOYLIKEG QTIAVTIOELG
(zhao et al., 2017), evw n avamntuén avraywviotr tou CD39 amoteAei tpéxovta BepameuTikd oTOX0

O£ EYKEKPLUEVEC KALVIKEG peAETeC yia Sladopoug Tumoug kapkivou (Moesta et al., 2020).

210 MM, o MO twv acBevwv Tepléxel Tregs avetaptitwg tou otadiou tng vooou. O polog
ToUuG otV €€€ALEN Tou MM bev £xel amooadnVIoTeL MANPWE Kot TaPOTL Bewpolvtal AELTOUPYIKA OTO
MO, eivat Aydtepo KATOOTAATIKA amo OTL oe GAAEC veomAaoiec (my. otn xpovia B Aepdokuttopikn

Aeuyatuia) omou €xouv evepyd poAo otnv e€€ALEN tng vooou (Lad et al., 2019).
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Ewkova 1.8. H Stapoporoinon twv nopdevwv CD4+ T AeLpokuTTdpwV Kot Twv Tregs mpo¢ SPAoTIKECS

uoppéc (Golubovskaya and Wu, 2016).

1.2.5 KataotaAtikd KUTtapo HUEALKAG TPOEAEVONG

Ta katootaAtikd kUTTapa pueAikng mpoélsuong (Myeloid-derived suppressor cells, MDSCs), €xouv
avadelyBel ta teEAeuTaio XpoOvia O ONUAVIIKOUG PUBMLOTEG TNG AVOOOAOYLKNG QMAVTINONG OTOV
KOpKivo Kal o€ GAAeC TTABOAOYIKEG KATAOTAOELG. MPoEpXOVTOL ATO TPWLLA LUEAOKUTTOPA Ta oMol
TPododotolV TNV Mapaywyrn AEUKWV olpoodalpiwv OTav UTIAPXEL AVAYKN, OTWG OE KATAOTAON
dAEYHOVNG KOl META TOPAPEVOUV OE XAMNAAG Tocootd oto MO. Otav OpwG UTIAPXEL Eva XPOVLO
voonua onwe (my kapkivog) e€ehiocoovtatl ota MDSCs, Ta omoia MapAUEVOUV yla LEYAAO XPOVLIKO
Saotnua oto MO kal oto meplpepko aipa (MA) mapekkAivoviag amod 1o TMPOYPUUUATIOUEVO
povormdtt Stadopomoincng toug. e autn tnv katdaotacn ta MDSCs yapaktnpilovtal amd tnv
LKOVOTNTA TOUG VA KATAOTEAAOUV TNV OVOGOAOYIKH amavTnon &vavil TOU KOPKiVou, OOKWVTOG

opvnTikn enidpacn otn 6pdon twv T kat NK kuttdpwv (Veglia et al., 2018).

Ta MDSCs, av kol €xouv kolvrp ovopooia, eivalL évag etepoyevr¢ TANBUOUOC TOU

oamoteAeitat amd: i) ta MDSCs molupopdomnupnvikng mpoéleuvong (PMN-MDSC) to omoia
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xapaktnpilovtal amdé tnv €kppacn tou CD1lb kat tou CD15, ii) ta MDSCs HOVOKUTTAPLKAG
npogheuong (M-MDSCs) mou xapaktnpilovtal anod tnv ékdpoaon tou CD14 kal tn XoUnAn ékdppaon
tou HLA-DR kat téAog iii) ta mpwipa MDSCs (e-MDSCs) pe yapaktnplotiky Betikdétnta oto CD33
(Bronte et al., 2016). Avtiotola Ol KOTAGTOATIKOL pUNXaVIOUOl TwWV TpLwV opddwyv Stadépouv Kot
ouykekplpéva: ta PMN-MDSCs ameAeuBepwvouv evepyeg pileg ofuyovou (ROS) evw ta M-MDSCs
aneAevBepwvouv TNV emayouevn ocuvBacn tou vitpltkoU of€wg (iNOS) kat apywaon. To kowo
QIOTEAECMO QUTWV TWV HNXOVIOMWV €lval n amevepyomoinon tou TCR Kat n KATOOTOAR TOU
TOAAQIMAQOLOOMOU Twv T KuTtdpwv. EmutAéov, ta MDSCs oAAnAerudpolv kal e AAloug
TMANBucopoU¢ oto pikporeplBaAlov Tou MO, petafl twv omoiwv eival kot ta Tregs. JUYKEKPLUEVQ,
HEOow €kdpaong tTNG ouvdbleyepTIKNG TpwTeivn CD40 otnv emidpdvelad TOUG Kal TNG EKKPLONG
KuTTapokwwv (TGF-B, IFN-y kat IL-10) kat apywvdaong to MDSCs mpokaAoUv tov ToAAamAQCLOoUO

Twv Tregs Kal TNV mapopovn Toug oto pikporeptBaiiov tou MO (Serafini et al., 2008).

1.2.6 MEOEYXUHOTIKA OTPWHOTIKA KUTTOPOL LUEALKNAG TIPOEAEUGNG

E€attiag TNg oUyxuong mMou UTIAPXEL OXETIKA LUE TNV OVOHOOIA TWV UECEYXUUATIKWY KUTTAPWY, N
AeBvng Etalpeia Kuttapikng kat FoviSiakng Oespameiag (International Society for Cell & Gene
Therapy, Mesenchymal Stem Cell Committee, ISCT-MSC) &teukpivioe to 2005 OtL 0 0pOG
«UECEYXUMOTIKO BAaotokUttapo» (mesenchymal stem cell) dev tautiletal oUte xpnollomoleital
EVOAAOKTLKA TOU OPOU «ECEYXUMOTIKO OTPWHATIKO KUTTapo» (mesenchymal stromal cell, MSC). Ta
npwta eivat évag mMAnBuopog PAACTOKUTTAPWY He Aeltoupyia aUTO-TIOAAQMAQGCLAGCHOU Kol
Sladopomnoinong avaloyn Twv TPOYOVIKWV KUTTAPWY, evw Tto SeUtepa elvol €vag €TEPOYEVNG
TANBUOUOC E XOPOKTNPLOTIKA EKKPLTIKA Kol avooopuBulotikd. MdAlota, n ISCT-MST €Bece ta

eAdyLoTa anapaitnTa KPLTHPLA XOPAKTNPLOUOU TWV LECEYXUMATIKWY OTPWLOTLKWY KUTTAPWV:

e EivolmpookoMwpeva KUTTOPQ, e MAQOTIKOTNTA 0T LopdoAoyia Toug

e Exkdpalouv toug Seikteg CD71, CDIO kat CD105

e Aev ekdppalouv toug Seikteg atpatoloykic kot evdoOnhiakng diadopomoinong CD11b,
CD14, CD19, CD34, CD45, CD79a kat HLA-DR

e Alvavtat va StadopomotnBouv in vitro g AumokUtTapa, YovopokUTTapa Kol 00TEOBAACTEG

To 2019, n emtpornn ISCT-MST, avadLaTuUMWVOVTOG TOV OPLOMO KO T KPLTAPL SLATioTWwaE OTL 0T
Sebvn BBAloypadia o 6pog MSC avadepotav oe 54.858 dnuoolevoslc w¢ PAactokuTTopa
LECEYXUHATLKAC TpoéAeuaong Evavtl 58.111 dnpooteloswv 6mou avadepdtav opOd WG OTPWHATIKA

kUTttapa (Viswanathan et al.,, 2019). Emopévwe mpoPaivovtag os pla e€apxng amooadnvion tou
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o0pou, otnv Tapouca Stbaktopikr Slatplpr; wg MSCs €VOOUUE TA UECEYXUHUATIKA OTPWHUATIKA
KUTTapa To omoia MAnpoUv ta mpoavadepBévta kputhpla. H mpoéleuon twv MSCs pmopel va
SNAWVETAL OTA APXIKA TOU OVOUATOC TOUG, €MOpEVWG ta MSCs pe mpoéleuon to MO (BM)

ovVOUA{oVTaL LECEYXULOTLKA OTPWHATIKA KUTTAPA HUEALKNG TIPOEAEUONG, 1] aAALWG BM-MSCs.

Ta BM-MSCs aveupiokovtal og MOAU HIKPH OXETIKA cuxvotnta (n avoaloyia toug ot éva
duaotohoyko Setypa MO eival petaf 0,01% kot 0,0001% emi Twv OALKWV EUMUPNVWY KUTTAPWV) Kot
yla To Adyo auto elvatl SUokoAo va avixveuBouv oe Selypa MO xwplg kamola €8k Sladkaoia
amopovwone. Ymo elbkég ouvonkeg, ta MSCs pmopouv va KoAAlepynBoulv in vitro kal amd tov
apXIKO TTANBUoUO Toug va TpokUPouv oMol kuttapikol tumol. Ot mpwtoyevei¢ MAnBuouol BM-
MSCs pmopoUv va amopovwBouv amnd mAnBucpolg povomupnvwy KUTtapwyv tou MO (Bone Marrow
Mononuclear Cells, BM-MNCs) aA\d eival onpovtikod va TOVIOTEL N KUTTOPLKI ETEPOYEVELN EVTOG
pLag KoAALEPYELOG KOBWC Kal TO WG QUTH UMOpPEL va TOLKIAEL avdapeoa otoucg Stadopoug SOTEC.
MaAlota, Onw¢ SLaMIOTWOAUE KoL oTnV tapovaa St8aktoplkr StatplBr, ol StadopEC TNV KLVNTLKN
NG AVAMTUENG KL OTIG OXETLKEC AVAAOYIEG SLAPOPETIKWY TUMWV KUTTAPWY QVAUESO ota delypata

ano dadopetikolg 0TeG eival moAU cuvnBlopévecg (Ramakrishnan et al., 2013).

Y10 mepparov tou MO, ta mMAaouaToKUTTOPA MPOooKoOAAWvTalL ota BM-MSCs kal autd To
yeyovog odnyel oe molkiAlo aAAnAsmdpdoswyv mou attioAoyolv To omoudaio pOAO QUTAG TNG
«KUTTAPLKNG ouvopliag» oto MM. Eival yvwotd €dw Kol apKETA Xpovia, OTL n avtiotacn Twv
MUEAWHOTIKWY KUTTAPWV Ot OCUMPOTIKEG BOepameieg, OMwG ota YAUKOKOPTLKOELSN KAl O€
KUTTOPOTOELKOUC TTAPAYOVTEC, EVIOXUETAL Ao Thv mapoucio twv BM-MSCs (Mitsiades et al., 2007).
H Bewpla tng emaydpevng omd TNV KUTTAPLKN TPOOKOAANnon avtictaong otn Oepancsia (cell-
adhesion-mediated drug resistance, CAM-DR), meplypddel To pOAO TNG KUTTAPLKNG TPOCKOAANGNG
HEéow TNG UmpovekTivng, n omoia mpoodidel avtoyr amévavilt otn xnueloBepaneio. H
dumpovektivn, ta BM-MSCs, Kol oL LVTEYKPLVEG TTOU KKpivovTal anod Ta kakonon mlacuatokutrapa
gndyouv thv CAM-DR armévavtl os €va peydho e0po¢ mapayoviwy, onwe n Boptelopipnn, n

Bwkplotivn, n 6o€opouPikivn kat n Se€apebalovn (Katz, 2010).

Y10 pkporeptBaAlov tng vooou, n MPOOKOAANGH TwWV MAACHATOKUTTApWY ota BM-MSCs
yivetal péow twv popiwv VCAM-1 (Vascular Cell Adhesion Molecule-1) kot VLA-4 (Very Late Antigen
4). H mpookOAANonN TwV KOPKIVIKWY KUTTAPWVY ota BM-MSCs gvepyormolel onpatoSoTikd pHovomatia
EMOAYWYNG OVIL-OMTOMTWTIKWY TIPWTEIVWY oL omoleg puBuilouv TOV KUTTAPKO KUKAO. Tl
OUYKEKPLUEVA, N aAAnAenidpacn HeTofU TAAOUATOKUTIAPWY Kol BM-MSCs mpokaAel tnv
£VEPYOTOLNON TOU ONUATOSOTIKOU LOVOTIATIOU ToU PeTaypadikou mapayovta NF-kB kal tnv ékkplon

IL-6 and ta BM-MSCs (Lemaire et al., 2011). Onw¢ avadEpBnke, n IL-6 evioyUEL TNV Tapaywyn Kal
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™V €KKpLON Tou auéntikol mapdyovta VEGF and ta puehwpatikd kottapa. H Omapén autol tou
napakplvol¢ Bpoxou kablotd to HikpomeplPdAlov tou MO eguvoikd ylo thv emipiwon kal tnv

QVATTUEN TWV KUTTAPWV Tou MM.

H aA\nAenidpaon twv BM-MSCs e Ta LUEAWHATIKA KUTTAPA ETMITUYXAVETOL ETIMAEOV HECW
Tou ohuatodotikoU povoratiot Notch. H emadn twv Notch-Notch ouvdetwyv (Notch-Notch ligand)
oényel oe evepyomnoinon tou onuatodotikou povoratiot Notch, 1000 ota pusAwpatikd kotTapa,
000 Kal otat BM-MSCs, pe dpeoco emakoAouBo tny emaywyn g mapaywyng Twy IL-6, VEGF kat IGF-1
TIOU OXeTilovtal e TOV TIOAAQMAQOLOOUO KOl TNV €mPBlwon Twv KAWVIKWY TAQCUATOKUTTAPWY
(Ewdva 1.9). Tédog, ta BM-MSCs amd acBeveic pe MM skdppdalouv Siddopa poépla ta omoia
TIPOAYOUV TNV ayyeloyévean, Omwg oL auvéntikol mapayovtec VEGF, bFGF (basic Fibroblast Growth
Factor), ayyelonointivn 1 (Ang-1), TGF—B (Transforming Growth Factor-B), PDGF (Platelet-derived
Growth Factor), HGF (Hepatocyte Growth Factor) kat n IL-1 (Manier et al., 2012).
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Ewkova 1.9: SynuUaTikn oTELKOVION TWV OHUATOSOTIKWY LOVOTMITLWY TOU EVEPYOTTOLOUVTAL ATTO TV
npocdeon twv IL-6, IGF-1 kat VEGF otouc e16tkoU¢ UMTOOOXEIC TOUC OTNV EMIPAVELX TWV
UUEAWUATIKWY KUTTApwWV Kol odnyouv otnv kuttapikl avénon, diapoporoinon kot entBiwol) Toug

(Lemaire et al., 2011).
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Mia a&AAn &paotnpotnta Twv BM-MSCs adopd ta sfwowpata, to omoia Siadpapatilouv
ONUAVTIKO poAo oto HikporeplBailov tou MO. Exel Bpebel otL ta BM-MSCs and aocbeveig pe MM
aneAevBepwvouv e€wWoWUAT, TA oMol PETADEPOVTAL OTA HUEAWMOTIKA KUTTapa Kal puBuilouv
TNV avAmntuén tou OyKou We TN pecoAdpnon ouykekplpévwy microRNA (miRNA). Onwg £xel SeiyBel
0€ OXETIKEC HeAETeG, To MPodiA Twv MiRNAs Stadépet petafd twv e€wowpdtwy and BM-MSCs mou
TIPOEPXOVTAL QIO UYLELG SOTEG KAl AUTWV OV TPoépyovtal ano acBeveig pe MM (Moloudizargari et
al., 2019). lNa napadeypa, ta enimeda Tou MiR-15a NTAvV oNUAVTIKA auénuéva og eEwowUATA TTOU
npoépyovtav and BM-MSCs dpucloloyikwv S0TwV o€ oX€on PE autd Twv ooBsvwv. KAatl tétolo
UTTOSELKVUEL TOV OYKOKOTAOTAATIKO poAo tou miR-15a otoug ¢ducloloyikoug 60teC. EmumAéov, n
peiwon tou miR-15a oe efwowpata mpoepxoueva amd ducloloyika BM-MSCs, mpowbnoes tnv
OVATTUEN HUEAWHATIKWY KUTTAPpWY. Katd cuvémela, tTa sEwowpata anoteholv ¢opeic YEVETIKWY
KOL TIPWTEIVIKWY TTANPodopLwy Katd TNV aAnAenidpacn TwV HUEAWHATIKWY KUTTAPWY HE T BM-

MSCs (Roccaro et al., 2013).

1.2.7. Makpodaya oXeT{OMEVA HUE TOV KAPKivo

Ta pakpodaya oxeti{opeva e Tov Kapkivo (tumor associated macrophages, TAMs), mpoépyovtal
and kKukAodopolvta povoKUTIapa Kol TPOoeAKUOVTOL 0TO ULKpomeptBAAov tng vooou amod mAnBog
EMAYWYLKWY OUCLWV TIoU TieplAapfdavouv tov mapdyovia Oléyepong amoikiwv-1 (CSF-1), tng
XUMOKIVEG TNG olkoyévelag CC (CCL-2, , CCL-3, CCL-4, CCL-5 kat CCL-8) kat tov mapayovta VEGF. H
SpACTIKOTNTA TWV HAKPOPAYWVY EEKVAEL UE TNV €vepyomolnon toug mpog SUo KateuBUVOELS, Ta
pokpoddya tumou M1 kat ta tunou M2. Ta M1 endyovtat anod tv IFN-y, and pikpoLaKEG EOTIEG,
Qo KUTTOPOKIVEG Kol amd evepyEC pileg ofuyovou. Me Tn OElpA TOUG EKKPIVOUV TIPOPAEYLOVWEELG
KUTTOPOKIVEG Kal Statnpouv uPnAd emimeda UMEPOELSIKWY aVIOVTWY Kol gAeUBepwv pllwv. H

gvepyornoinon twv M2 endyetal anod T IL-4 kat IL-13 (Ribatti et al., 2014).

e KOPKWIKO TepBAANOV 0 KOTAOTOAN TUOTEVETAL OTL Umeptepel o TUMOG M1 pe
OVTLKOPKIVIKH SpaoTIkOTNTa, evw otnv €€EALEN TNg vOooU N Looppomia Telvel mpog Tov Tumo M2
omou euvoel tnv duopevr mpdyvwon. Tuykekpléva, oto MM n moAwaon mpog tov Tumo M2 éxel
npoodata mpotabel w¢ avefAPTNTOC MPOYVWOTIKOG TAPAYOVTAG CUOCXETLIOPEVOC HE MULKPOTEPN

eruPBiwon péxpL e€€AEN vooou kat ouvolikn emBiwon (Chen et al., 2017; Wang et al., 2019).
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1.3 Ex vivo povtéAa peA£Tng
1.3.1 levika otoLyela yLa TG TPLodLAcTateEG KAAALEPYELEG

OL KOAALEPYELEG KUTTAPWY ATIOTEAOUV ONUAVTIKO EPEUVNTLKO gpyaleio poodEpovtag Eva aadalEg,
TIPOOBAGILO KAl TPOTIOTIOLNOLUO HOVTEAO BLOAOYLKWY HNXOVIOUWY ex Vvivo, SnAadr oto epyacthplo.
TOOO Ol KUTTOPLKEG OELPEG, OCO KOL OL TIPWTOYEVEIC KAAALEPYELEG, €lval avekTiunTa gpyaleia yla
TANBwpa epeuvVNTIKWV epappoywyv. OL TEXVIKEC in vitro KaAALEPYELAG KUTTAPWYV oE Slodldaotata (2D)
ocuothuata eival mAéov KabBlepwpéva povieha HeAETnG. Qotoco, Ta TeAeutaia Xpovia, UTAPXEL
ONUavTkn TPoodog oTo NMedlo Twv KUTTAPOKAAALEpYELWY e TNV gpdavion tplodldotatwy (3D)
cuoTnudatwy KaAAépyetag (Ewkova 1.10). MaAlota, oe cuvSuaopo e TNV oApATwSN avamtuén Twy
OUTELKOVLOTIKWY HEBOSWV Kal Tou Aoylopkol avaluong Kol enefepyaciog elkOVwy, oL TIOAATAEG
duvatotnteg mou mpoodépouy Ta cuothpata 3D kaAAlEpyelag TIC KaBlotouv OAO Kal CuxvOTeEpa

XpnolpomnoloUpeveg (Antoni et al., 2015).

Ot 3D kaAAlépyeleg Bewpeltal OtL Tpoosyyilouv TEPLOGOTEPO TNV in Vivo KATAOTAGCN Of
oxéon He tig 2D. e éva cvotnua 2D, Ta KUTTopa Twv BNAAoTIKWY avamtiooovTol TPOCKOAWUEVA
oo TN Mo Toug MAEUPA o adpUOLKO CUUTTAYT UALKA, OTIWG TO YUAAL ] To MOAUGTUPEVLO, EVW N AAAN
TAEUPA TOUG ekTiBevTal oto Vypo BpemTikd PETOo. OL emad£g KUTTAPOU-KUTTAPOU 0Tn povooTtipada
Snuloupyolvtal Hovo otnv MepldEPELd TWV KUTTAPWY. AUTEC OL CUVBNKEG KOAALEPYELOG WOTOOO,
SladEpouv oNUAVTIKA amo Thv TPAYUATIKA in vivo Katdotaon, kabwg ol Lotol Tou avBpwrivou

owWUaToG eivat otnv MAelovoTNTA Toug TpLodidotatol (Kapatczynska et al., 2018).

EKTOC OUWG amo TI¢ Xxwplkég Sladopég, o cupPatikeg 2D KAANLEPYELEG UTTAPXEL HEYAAN
umoBAOuLIon ota cuoTaTkA Tou efwKuTttdplou meptBailovtog dnhadn tng ECM kabwg kal otnv
aAAnAemidpaon tou KUTTApoU Me To ewkuttdplo meptBarlov (cell-to-matrix), otolxela onUaAVTIKA
yla T popdoloyia, tn dtadopomnoinon, tov moAAamAacLaopd, tTn yovidlakn ékdpacn oAAd Kal yla
QAAEG KUTTAPLKEG AELTOUPYLEG OTIWG N HETOVACTEVON Kal N pookdAAnon (Dhaliwal, 2015). AvtiBeta,
ota 3D ouotiuata €xel mopatnpnBel peyaAltepn amoBeon €EWKUTTAPLWY OUCLWV Kol Kot
EMEKTOON, KAAUTEPN €kdpaon TMOoAWV popilwv-delktwy. MapdAAnAa, oL TMAPATAVW KUTTAPLKES
Aettoupyleg (LeTavdoteuon, MPookoAAnaon, yovidlakn ékdpaocn, KAT.) mpooeyyi{ouv eEPLOCOTEPO TLC
avtiotolyeg oe in vivo ouvBnkes. H adBovia tng e€wkuttdplag ouoiag kablotd To meplBaAiov Twv
KUTTAPWV BLOAOYLKA evepyd, emdyovtag Tov moAAamAaclacpo kot t Sadopomoinon toug, svw
napdA\nia, n pikpo-apyltektoviky tou 3D kpiwpatog (3D scaffold) euvoel ™ Bloduoikny Ko
Broxnuikn cAANAemidpaon TwV KUTTAPWV. JUVETIWG, ot 3D KaALEPYELEG TTAPEXOUV [LoL KAAUTEPN Kall
TMO PEAALOTIKY €LKOVA, HE SuvatdtnTa XprAonc w¢ aflOMOTWY TPOYVWOTIKWY EPYOAEIWY OE

Sladopec ex vivo dokpaoiec (Ravi et al., 2015).
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Ewkova 1.10. Ot Sidpopot turmol kuttapokaAdiepyewwy: (A) Ta kUTTapa OE Lovrpn OTPWon OToV
TTUIUEVA TNC PAAOKOG EPYOVTAL OE EMAPI UE TNV ETILPAVELX TOU MUTUEVA, TO UYPO KOAALEPYELOC KOl
UE TA YELTOVIKA KUTTAPO UOVO TIEPLPEPELOKA. (B) Ta KUTTAPO ITOU €ivail MPOOKOAANUEVD O€ IKpiwua
avantuooovtal NPo¢ OAEC TIC KATEUTUVOEIC KAl OE ENMOPN UE TA YEITOVIKA KUTTAPO KAl TO
koAAlepyntiko péco. () Mia oudda KUTTAPWV TOU QVATTITUOOOVTAL OQPAIPOELOWG OE UALKO YEANG
UITOPEL vl EYOUV KUTTAPO EKTEVEIUEVA TIEPLOCOTEPO OTO KOAALEPYNTIKO LECO OTNV MEPLPEPELN KOl
KUTTQpQ TIOU EPYOVTOL OE EMAPN E VYELTOVIKA TIPOG OAeC Ti¢ kateuduvoelg (Kapatczyniska et al.,

2018).

1.3.2 OL TpLodLaotateg KUTTAPOKAAALEPYELEG WG LOVTEAD UEAETNG

Me tnv e€€ALEN NG TeEXVOAoylog TwV UALKWY, UTAPXEL TAEOV TEPAOTLA TOWKIALOL SladopeTIKWV
ouoTNUATWY, BLoUALKWY Kot peBOdwv w¢ tpog Tig 3D KaAALEpyELeg, woTdoo, Sev edbapudlovtal OAeg
Ol TEXVIKEG O OAa T POVTEAQ TOU TIPEMeL va peAetnBolv (Ewikova 1.11). Katd tnv emdoyr evog
BloUAkoU yla éva 3D povtélo, umdpxouv TIOAMEG LBLOTNTEC Tou TPEMEL va AndBouv umoYy,
cupnepAapavopévng tng ovtoxng, tng PBlooupPatdtntag, tng pedodou amolkodounong, Twv
UNXaVIKWV 8LotATwyY (AaoTtikotnta/mAaoctikdtnto, EWoEeC), NG SLapéTpou Twv mopwy, Kabwe Kat

™G XNUKAG TpooPaociudtntag (mpooBacn oe ofuyovo, BPemTkd ouoTatikd Kat Siadopoug
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SLoAUTOUC MAPAYOVTEG), TWV OMTIKWY LOLOTATWY, TNG MPOOKOAANGNC, TNE tNYNG MpoéAeuanc (duaotkod
1l OUVOETIKO UALKO) Kal TIOAAG AAAa. Tol CUVOETIKA UALKA €V YEVEL ETUTPEMOUV UEYOAUTEPO EAEY)O,
OAAQ T GUOIKA UALIKA OUXVA ETUTPEMOUV TIEPLOGOTEPO TN GUOLKA AAANAETISpaAon TWV KUTTAPWV

petaty toug (cell-to-cell interaction) kal Twv KUTTAPwWY Pe TNV e€wkuTTdpLla pntpa (cell-to-ECM).

‘Eva katdAAnAo BLoUALKO TipEmel va puBuUilel CWOTA TNV KUTTOPLK CUUNEPLPOPA WOTE QUTH
VO TIPOCOUOLALEL TILO PEAALOTIKA HE TNV in VIVO KATAOTOON OTA BLOXNHLKA, XNHLKOA KL TOTIOAOYIKA
Xapaktnplotikd. Eva 3D kplwpa ouvnBwg £xeL TN Soun omoyyou 1 MAEYLATOC KAL N KATAOKEUT) TOU
e€aptatal amno To povtéAo ou Ba pEMeL va TPooopolWOel. EMOPEVWG, OL TTOPAYOVTEG TIOU TIPETIEL
va AndBolv unmoPv, 6oov adopd tn cuvBeon Tou elval vo TOPEXEL TA CWOTA UNXOVLKA Kol
AelToupyka TepLBaAAovTika onfpata (.. EMLPaveELOK XNUEIQ KOL OPXLTEKTOVIKN) evw TIapAAAnAa
Ba mpémel va SLEUKOAUVEL TNV KUTTOPLKH TIPOCKOAANGN, TOV MOAAQTAOGLACUO KAl TN LETAVACTEUON,
XwpIg OHwC va TpokaAel dAeypovwdn amokplon | omoOmTwon OtTav TIPOKELTAL vo eloayxBel oe
{wvtavo opyaviopo (Sitarski and Reagan, 2017). MAALoTa, TO KATA TOOO EUKAUMTO 1 SUCKAUTTO
glval To UAIKO Tou IKpuwpatog daivetal va emnpedlel onUAVIIKA tn yovidlakn ékdpacn, tn doun
TOU KUTTOPOOKEAETOU Kol TNV Kuttaptky £€€AEn (Rudinger et al., 2014). Ytov Nivaka 1.1

cuvoilovtal oL KUPLOTEPEG TEXVIKEG TPLOSLACTATWY KAAALEPYELWV.
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Ewkova 1.11. Ot muBaveég eQapUOYEC TwV TPLOSIAOTATWY CUOTHUATWY KaAALEpyelag. H eE€ALEN ko
Slapopornoinon Twv oUCTNUATWY ETUTPENEL TN XPNON TOUG OE LEYAAO €UPOG EPAPLOYWY, OTWS
SLEPEUVNTN AVTIKAPKLIVIKWY QAPUAKWY, UNXOVIKT LOTWYV, EPEUVA 0TI BloAoyia TOU KapKIVOU Kal OTIC

veupoekpuALotikéc vooouc (Chaicharoenaudomrung et al., 2019).
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Mivakag 1.1: MAeoOVEKTNUATA KOl UELOVEKTNUATA SLOPOPWV TEXVIKWY TPLOOIAOTATNG KUAALEPYELNG

(Fang and Eglen, 2017; Chaicharoenaudomrung et al., 2019).
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1.3.3 Y6poyéAeg

OL udpoyéleg amotedouvtal amo StakAadllopeva Siktua TOAUUEPWY HE UPNAN TIEPLEKTIKOTNTA OE
VEPO Kal TOPEXOUV TIOAAOTAQ TIAEOVEKTAUATA KABWC UmopoUv vo oXeSLAOTOUV HUE MO HEYAAN
mokAla "Sopkwv otolyelwv”, amd MAAPWG OUVOETIKA £wg ¢UOCLKA, TO omoia pmopouv va
xpnowomnownBolv oe Siadopoug cuvbuaopous (Ewkdva 1.12). Adyw TG LKOWVOTNTAC TOUG val
npocopoldlouv TN ¢GUCN TWV TEPLOCOTEPWY HOAOKWY LOTWV, Ol USPOYEAEC amoteAoUV £va
€€ALPETIKA EAKUOTIKO UALIKO ylol TNV avamtuén ouvOeTikwv avaloywv tng ECM. Autég oL SouEg
SlakAadLlopevwy aluoibwv moAupepwy €xouv UPNAN TIEPLEKTIKOTNTO O VEPO, EMLTPEMIOUV TNV
gUKOAN petadopd ofuydvou, BPEMTIKWV CUCTATIKWY Kol amoPAnTwy, KaBwG Kol PeaALOTIKA
petadopd SLOAUTWY TOPAYOVTIWY (TLY. auénTikwv Tapayovtwy). NMoAAég udpoyEleg umopolv va
OXNMOTLOTOUV UTO ATILEG, «KUTTAPOCUUPATEC» OUVONKEG KOL TPOTOMOLOUVTAL €UKOAX WOTE va
SlaBETouv emMBUUNTA XAPOAKTNPELOTIKA OMWC EWHOEC, EAAOTIKOTNTA KOL LKAVOTNTA AMOLKOSOUNCNC
(Tibbitt and Anseth, 2009). Ot uSpoyéAeg upmopoUv emiong va ocuvluaoToUV HE TIAPAYOVTEC
npookOAAnong (rm.x. Aapwivn, koAayovo |, ¢iumpovektivn, kAm) kol avartuéng/Siadopomnoinonc.
ErutAéov, To mooootd Suokapdiag, N SIAUETPOG TWV MOPWV KAl N EAACTIKOTNTO UtopoUV eUKOAA val
npoPAedpBolvV oxedlaoTikd Kal va StadpopomotnBolv KATA TV KATAOKEUAR Tou BLloUALKoU TNg
v8poyEAng. Onwg mpoavadEpBnke, N okANPOTNTA/EAACTIKOTATA TOU KPLWUOTOC Tailel KaBopLoTIKO
poAo otn onuatodotnon yoviSlakng €kPpacnG, TNV KUTTOPOOKEAETLKI) OPXLTEKTOVIKI KAl TNV
kuttaptkn e€EALEN (Ansari et al., 2017). AutA n tepdoTia oXeSLAOTIKA KOl KATOOKEUAOTIKA gueALfia
Twv UubpoyeAwv TIC KaBwotd onuepa  SnuodlAr emhoyn BlOpLUNTIKOU  UALKOU  yla TNV

nipaypatonoinon 3D KaAALEpyELWV.

‘Evag xprioylog Tpomog Taflvonong Twv UOPoyeAwVY yivetal pe BAcn Tnv MPoEAEVDH TOUG OE
DUOLKEG, CUVOETIKEG I NULOUVOETIKEG (BLoUPpLdikeéc) Sopég. OL duoikég uSpoyEAeC sival mpwTeiveg
TMoAuoaKYopiteg ToOU Tpoépyovtal amd PBloloykég mnyéc. Mapadsiypota mepthappavouv
TPWTEIVIKEG USPOYENEC OTWG KOANAYOVO, AEUKWHATIVN, WVWEEC KoL TTPWTEIVEG HeTAELOU 1} USPOYENEG
TIOAUCOKYOPLTWY, OL OTOIeC pmopel va mepllapBavouv yAukavn, valoupoviko ofl, ayapoln Kot
OAYWVIKO 0€V. TuTtiikéG ouVOEeTIKEG USpOYENEC ep\apBdavouv: Tnv moAv-atBulevoyAukdin (PEG), tnv
TtoAu-Bvulikr] aAkooAn (PVA), to moAu-atBulevoleibio (PEO), to moAu-akpultkd ofl (PAA) kot dAAa.
Ot ouvBeTIkEG USPOYEANEC pumopoLv va tapaxBolv oe PeydAn moootnta e opoldopopdn moldtnTa
KOL VO €XOUV HLa KABOoPLoUEVN Sopr. ATTOAUTOC EAEYXOC TOU QPXLTEKTOVIKOU OXESLAGHOU Kal Twv
dUCIKWV LBLOTATWV OTIWCE To LEWSEC KAl N eAaoTIKOTNTA €lval edpiktd (Xu et al., 2019). Qotooo, évag

ONUOVTIKOG TIEPLOPLOUOC TWV OUVOETIKWV UOPOYEAWV E€lval TO yeyovog OTL oL E€ALPETIKA
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enavalappBoavopueveg cUVBETIKEG SOUEG TOUG Sev dnpLoupyoUV To KATAAANAGTEPO UiKpomepLBAAAOY
yla ta KUTtapa os avtiBeon pe tig udpoyEAeg GuOLKNG TpoEAeuonG, Omwe daivetal otnv Ewkéva 1.12

(Radinger et al., 2014).
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Ewkova 1.12. (A) YépoyéAeg mmou amoteAouvtat and cuvIeTIKd moAvUEPD (KiTptvo MAEyua) mapEyouv
éva tplodiaoctatro meptBaidov yia tnv KkaAAlEpyela KUTTApwv. QOTOCO, QMOTUYXAVOUV Vo
EVEPYOMOLAOOUV TIC LVTEYKPIVEG (KOPE Xpwua) kol dAAouc empavelakoUs UoSOXE(C (mMopToKaAL
xpwua). To ouvOetikO meptBaldov emtpénmel TNV KUTTOPLKY emBiwon, kaBw¢ ta KUTTApA
avadlauoppwvouv to neptBarlov nmou ta meptBaAdel. Ao thv aAAn mAgupa, ot USPOYEAEC TTou
dououvtal amd QUOLKa Tapaywya moAvuepwv (B) mapouoialovv mAndwpa Jeoswv npocbeong
LVTEYKPIVNG (mpdowvo xpwua) kot auénTiKwY MopayovTwy (KOKKLVO XPWHUK) SLOUOIPOCUEVWY OTNV
eéwkuttdapta untpa (ECM) (kitpiveg iveg) mou mpooapudlouv TNV KUTTOPLKN) CUUTTEPLPOPT LUECO ATTO
ONUATOSOTIKA LOVOTIATIA TTOU EKKLVOUVTAL OO THV EVEPYOTTOINGN UTOSOXEWV OTNV KUTTAPLKI)

empaveta (Tibbitt and Anseth, 2009).

1.3.4 Iteped KpLWHATA

Me Baotkd okomo TV avadOUnon KOTECTPOUUEVWY LOTWV KAL OPYAVWY, N ETLOTAKN TNG KNXOVLIKAC
LOTWV OOXOAELTOL HE TNV KATAOKEUTN TEXVNTWVY UTIOOTNPLKTIKWY SOUWYV, TO «IKPLWUOTO», TA omola
dEPOUV HECA TOUG KUTTUPLKEG KAAALEPYELEG, OL OTtoleC avamtiooovtol eAsyxopeva. Emopévweg, ta
OTEPEA  IKPLWHOTO  KOTAOKEUAOVTOL WG TIOPpWOEL OOPEC TIPOETUAEYUEVOU  OXAUATOC HE
XOPAKTNPLOTIK €EWTEPIK YEWUETPla, HEyeDOG MOPWV Kol OUVOAKO epPadd £0WTEPLKAC
ETUPAVELAG. ITA LKPLWUOTA UITOPOUV va urtooTtnpLyBouv Kat va avamtuxBouv ootitng Lotog, xovopocg,
Tévovteg, Oépua, alpodopa ayyeia, velpa kot pUeC. Emedn otnv mAsloPndia twv Ploiatplkwv
edapUoywV TA IKPLWHOTO ELOAYOVTAL OTO CWUA, KOTAOKEUALOVTOL Ao BLo-aAmoLKOSOUNCLU UAIKA

Ta omnola anoppodwvtal KaBwg avantUoCETAL O LoTOG. OL TTOPOL € TWV IKPLWHUATWY ETUTPETOUV TNV
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OVATTUEN KUTTAPWY OTO E0WTEPLKO TOUC Kal Th Snuioupyia evog eowteplkol ULKpoTEPLBAAAOVTOG

(Turnbull et al., 2018; Nikolova and Chavali, 2019).

To UAKQ TTIOU XPNOLUOTIOLOUVTAL YL TNV KOTOOKEUN TWV IKPLWHATWY Xwpilovtal otig £Eng
Kotnyopleg: i) MANPWG ouvOeTIKA UALKA, ii) duoika UALKA, iii) kepaplkd UAKA kot iv) Siddopot
ouvOUOOUOL TWV TPONYOUHEVWY KATnyoplwv. To TILO EUPEWC XPNOLUOTIOLOUMEVA LKPLWHOTA
KOTOOKEUALOVTOL Qo  YPAUULKOUC aALATIKOUG TIOAUEOTEPEG, OTMWE TO TOAUYAUKOAIKO 0&U
(polyglycolic acid, PGA), to moAuyaAaktikd ofU 1r moAulaktibio (polylactic acid, PLA), kol ta
TIOAUMEPH TouG ToAUYOAaKTIKO/YAUKOAIKO ofU (polylactic co-glycolic acid, PLGA) (Gregor et al.,,

2017).

JuyKekpLéva, To PLA to omoio emiAéxBnke yla xprion otnv nmapoloa didaktopikn Slatplpn
(Ewdva 1.13), sivat éva BLo-amolkoSOUAOLUO UALKO TIOU XPNOLUOTIOLEITAL TTOAU CUXVA OTN HNXAVLKA
LOTWV, KABOTL elval EUTIOPLKA TIPOOBAGCLUO KAl OLKOVOULKO. ETAéov, elval eUKoAn n xprion tou oe
TPLOSLAOTATOUG EKTUTIWTEC EMITUYXAVOVTOC avaAuon ektunwong mepl ta 0,3 mm (Ewkova 1.14).
AUTO TO KaBLoTd WBaviko UALKO yla Tnv e€opoiwan Tou 0aTikoU LoTol, Omou To emtbuuntd péyebog
nopou eivat 0,2-0,35 mm, evw Ot TEPIMTWON E£L0AYWYNC TOU OTO CWHA, AMOLKOSOUE(TAL TIPOG

AOKTLKO o0&V, TO omoio evumapyet puoikd otov opyaviopo (Rodrigues et al., 2016).

HO O H,0 ch\]/k o
H,C  OH B O\H/i\CH3

o)
-H,0 }

o [cH, 0
HO\HJ\ o 0 o
0 "CH,

CH,

Ewova 1.13. To moAuyadaktiko ofu (PLA) mapdyetat ouvnGwe amod duuAo KoAQUITOKLOU, UE TOV
TTOAULEPLOUO TOU yaAakTikoU oféwc yla Tn dnuioupyia pakeuikoU ueiyuatoc. H mo ouvvndiouévn
avtidpaon yia to PLA givat o mMOAUUEPLOUOG UE avolyud Tou SakTuAiou Tou Aaktidiou ue Stapopoug

UETaAALkOUG kKaTaAUTES (ouvndwe okTtavoikoc kaooitepog) (avatunwon and Wikipedia).
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Ewkova 1.14. (A) H dourn evog ikplwuatoc tunou MAEYUatog. Ot armooTAoELS UETHED TwV VWV opilouv
10 euGuunto ugyedoc nopou (Gregor et al., 2017). (B) To ikpiwua moAvyadaktikoU oé€wcg (PLA) mou

eMAEYTOnke otnv mapouvoa SLOakTopikr) SLatplBn (ikova amd NAEKTPOVIKO ULKPOOKOTILO CAPWOTNG).
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1.4 Tplodiaotateg KAAALEPYELEG OTN MEAETN TOU KApKivou

To pwkpormeptBarlov tou oykou (Tumor Microenvironment, TME) amoteAeital and Sdtadopetikolg
TUTIOUG N KOPKLVIKWY KUTTAPWV ONMwC WOBAAOTEG, KUTTOPA TOU OVOCOTIOLNTLKOU CUOTHUATOC
(Aepdokuttapa kat pakpodaya), BM-MSCs kat evéoBnAlakd KUTTapa, KaBévog amd Toug omoloug
£XeL 1610 poOAo otn ducloloyia, Tn Sopn Kat Th Aettoupyia tou 6ykou. Ta KOPKIWVIKA KUTTAPA Kal TO
UikpomeplBAA OV TOUC PEOw TNG aAAnAemidpaocng toug mpokaloUv apolBaieg aAlayég otov
KUTTOPLKO GaLVOTUTIO KABWE Kol TIG EMIUEPOUC AsLToUpylec Toug, uTtootnpilovtag tn ocuvextl{Opuevn
Sladikaoia avantuéng katl e€AmAwaong Tou oykou. H avaykn HeALTNG TwV OAANAETUSPACEWY QUTWY
obnynoe otnv avamntuén POvIEAwv HEAETNG Ta omola mpooopoldl{ouv To ¢uacloAoylkd meplBaAlov
TOU KOPKLVIKOU LOTOU, Kol OpAAANAQ ETUTPEMOUV TNV £KPPOCH TWV TMEPLTAOKWY XOPOKTNPLOTIKWY
TWV KOPKLVLKWV KUTTAPWY, OTIWE N LETAVACTEUGN, O TIOAATAQGCLAOMOC KAl N XNUELOOVOEKTIKOTNTA
(Ewkova 1.15). Ta 3D povtéda péxpL oTiyung daivetol 0Tl avIlmpoownelouy pio kotaotaon PHeTafl

TwV 2D KUTTapoKAAALEPYELWV KoL TWV in vivo {wikwv povtéAwyv (Hoarau-Véchot et al., 2018).

| ' Kuttapki moAumhokdtnta 1 >

odatpoeidn KaAAiépyeleg oe ikpiwpa . .
2D KaAAEpYELEC — ZWKA povtéda
< EukoAla amekoviong Kal avaAuaong

Ewova 1.15. Me tn punyxavikn (otwv €youvv avamtuyJel tplodlaotata ouoThuata KaAAlEpyelacg ta
omnola mpooouotalouV To KAPKIVIKO ULKPOTIEPLBAAAOV KAl YEQUPWVOUV TO KEVO UETAU Stodiaotatwv

kaAAiepyetwyv kat {wikwv povréAwv (Alemany-Ribes and Semino, 2014).

OL meploplopoi mou mapouoialovral ot 2D KaAAlEpyeleg OMwG avaAuBnkav o TPOnyoUUEvVN
napaypado, €xouv evBapplvel TV eudavion TMoAAwWvV 3D peBodwv KaAAEpyelag, oL OmMoieg

oVaTOPLOTOUV TIO PEAALOTIKA Ta oUvBeta mMaBodUCLOAOYIKA XOPOKTNPLOTIKA TOU KOPKLVIKOU
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pikpomeplBaAAovtog in vitro. Ta 3D povtéda puoUvtal KaAUTEPO TNV £TEPOYEVELA TOU OYKOU,
Slvovtag pa MAnp£otepn €lkova Tou pubuLoTtikol poAou tou TeplBAAAOVTOC TOU, adol ETUTPENMOUV
gl o duaotkr amokplon otoug Stadopoug SLAAUTOUG MAPAYOVIEG TTOU UTIAPXOUV OTO KOPKLVIKO
pikpomeplBaiiov. H mowkidia twv cuotnuatwy 3D KaAAlepyelwy TAPEXEL OTOUC ETLOTHOVES TN
duvatotnta emAoyng Tou KATOAANAOTEPOU HOVTEAOU TOU VA TIPOCOPHOIETAL OTL EKAOTOTE UTO

Slepelvnon ocuvOnKeg.

Juvnbwg, ywa tnv emiPePaiwon evog dolvopévou 1 TN UEAETN €VOG UNXAVIOUOU Tou
napatnpeltal in vitro, KON MPAKTIKA AMOTeAEL N MpaypaTonoinon mPotUNwV SoKWwV ot {wa, oy
ouvnBwg avadepovtal we {wWKA PovTEAa. QOTOCO O OPKETEC TEPLTTWOELG XPHONG MEPAUATOlWWY
omou amoatteital o evopBaAULoUOG Toug Pe avBpwrtva KOTTOopa, £XEL KOATOOTOAEL TO VOOOTIOLNTLKO
tou olotnua (avoocoavemapkn Iwa) Kot Koatd ouvenela Oev elvalt duvaty n HeAETn NG
aAnAenibpaong pkpomeplParlovtog-oykou onw¢ otov avBpwmo (Hoarau-Véchot et al.,, 2018).
Emopévwe, n petaBoaon amod TG 2D os 3D KoAALEPYELEG UTIOKLVEITAL Amtd TV avaykn dnuloupyiag
KUTTOPLKWV HOVTEAWV TIou Kataypddouv Kahutepa TV moAumAokotnta tne Bodoyiag Twv Oykwv. To
L6aVIKO HOVTEAD 3D TTaPaKAUTTEL TIG SLa-ELOLKEG SLadopEC (TT.X. TTOVTIKOU-avOpWIou), EMITPEMOVTOC
™ Sokiun dappdkwv amsubeiag os avBpwriva in vitro HoviéAa ta omoio OpwWE MPOooopuoLdlouv

£vtova tnv in vivo katdotaon (Fang and Eglen, 2017) (Eikova 1.16).

AcBeveig

KAwikég Sokipég

|
Awyotepa S >
{wika (T Key
povTéda . (g > Kotrapa
3D KaAALEPYELEG P MugloU twv
s 00TWV
’ Hovetii Kt'szl.VlKa 0
B Kittapa
- TIOVTLKOU

2D kaAMEpyELEG

Ewova 1.16. Ot napabdoolakég peBodot oxediaouou kot Sokiung Gepameiwv xpnoLyuonolouv

Stoblaotarteg (2D) KUTTAPIKEC KHAALEPYELEC, OTH OUVEXELA {WIKA UOVTEAD KAl TEALKA KAIVIKEG SOKIUEC
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o€ aoUeveic (kokkva BEAn). Xpnowomowwvtac tplodiactates (3D) kuttapikéc kaAAiépyetec (mpaova
BéAn) emupénetar n nopakouyn twv 2D HOVTEAWV XAUNAOTEPNG QMOTEAECUATIKOTNTAC, N
edaylotonoinon tn¢ xpnong UeydAwv kal akplBwv {WiKwv UOVTEAWV Kol n UEiwon twv Yeudwe
Uetikwv anotedsouatwy. OAa ta mapandvw CUVELCEEPOUV ot BeATiwon tne KAVIKNG Epeuvag,
kaBwe umoBondouv TtV TOaXUTEPN afloAdynon uUmoocxOusvwv Tepareiwy Kol EMAoyn Twv

uroyneuwyv acdevwy mouv Ba wpeAndouv ano avutég (Sitarski and Reagan, 2017).

1.5 H avaykn yia e§aTOUKEVHEVN eX Vivo TIAat¢Oopa 6To MOAAANMAOUV HUEAWLOL

H Bepameutiky emhoynp mou BOa akolouBrjoet £vag acoBevric pe MM Paoiletal o KAVIKES
TOPAUETPOUG OTIWCE N NAKIA, oL TpoyvwoTikol SeiKTeC (KALVIKO 0TASL0, KUTTOPOYEVETIKY KaTnyopia
K.0.) KaL oL ouvvoonpOTNTEG. AsSOUEVNC OUWG TNG ETEPOYEVELAG TNG VOOOU, OL KALVIKEG KOl YEVETIKEG
mAnpodopieg Twv acBevwv BonBolv otnv mMPdPAedn TNG BEPATEVTIKIG ATIOTEAECUATIKOTNTAG LOVO
pepkwg (Lohr et al., 2014; Szalat and Munshi, 2015; Manier et al., 2017; Jagannath et al., 2018;
Ledergor et al., 2018). Juvenwg, yla TNV KAWIKN OQVTILETWILON Tou MM €xeL 6laitepa peydin
onuaocia n avamtuén plag pebodoloylag, n omoia oe cuvtopo Xpovikd Sidotnua Ba pmopel va
EKTLUA TNV OTIOTEAECUATIKOTNTA TTOANAMAWY OEPATMEVTIKWY TIAPAYOVIWY O€ £TIMESO PEUOVWUEVOU
aoBevoulg (Bustoros et al., 2017; Gonzélez-Calle et al., 2017; Lionetti and Neri, 2017; Pawlyn and
Davies, 2019; Ferreira et al., 2020). Eva Ttétolo MPOKAWLIKO LOVIEAO Oa pmopel avriotoya va

QAMOTPEPEL TN XOPHYNON LN QTMOTEAECUATLKAG 1 TOEIKNG Beparmeiag.

ErumAéov, oL KAWIKEG PeAETEG Tou mepAapBAvouv VEOUG TIAPAyovTeg, €xouv Seifel OtL
KOTTOLEG UTIO-OMAOEC a0BEVWV HE HOPLOKA XAPAKTNPELOTIKA £TWdEAOUVTOL QMO OCUYKEKPLUEVA
OKEUAoMOTA, 1) cUVOUAOHOUC Toug (Kumar et al., 2017a; Jovanovié et al., 2018; Auclair et al., 2019).
Av kot oL mAnpodopiec TNG HOplaKAG SlayvwoTKAG UToSelkvUoUV TNV eualobnoio twv
MUEAWHATIKWY KUTTAPWYV O€ YOVISLOKO ETMESO, EVTIOUTOLS KAL TO ULKPOTIEPLBAAAOV TNG VOGOU (OTIWG
avadEpBnke kat mponyoupévwe) Stadpapatilel Baciko poAo otnv €EEALEN TNG VOOOU KaL TNV QVTOXH
otn Oepancio. Emopévwg umdpxel n Pacikn avaykn ywa pia mAatdoppa  €EATOULKEUUEVNG
Bepameutikng mpoyvwong oto MM, n omoia Ba cupmepAapPavel, €kTOG Twv AAwv, Kal pia

npocopolwon tou pkponeptPfarloviog tou MO Tou ekdotote acBevoug (Hou et al., 2019).

Aappavovtag umoPLv Ta avwtépw, ota mAaiola autng Tng Statplpng avalntnénkav oL ex vivo
mAatpoppueg oto MM mou €xouv dnuooteuBel otn BBAloypadia kol oL omoieg mAnpoluv

OUYKEKPLUEVA KPLTHpLAL:

41



e Avadépovtal oe cuotiuata ta omola mpocopoldlouv To MiKpomeplBailov Tou MO,
XPNOLLOTIOLWVTOG OXL LOVO MUEAWUATIKA KUTTapa oAAG Kol AAAOUC TUTIOUC KUTTAPWY Kal
ouaieg mou Stadpapatilouv poAo OTIG KUTTAPLKEC AAANAETILOPACELG

e To HUEAWHOTIKA KUTTApa avantiooovral Tplodlaotata

e 'ExeL Soklpaotel TOUAA)LOTOV €vag BEpATTEUTLKOC TTAPAYOVTAG

e To amotéAeopa tng mMAatdopuag Sivetal pe Baon ™ BLWOHOTNTA TWV HUEAWUATIKWY
KUTTAPWVY LETA TNV €KkBe0n o€ BEPATEVTIKO TapAyovTa

e Aeltoupyouv o€ eninedo PeOVWHEVOU acBevoUg

Me Baon tnv tpéxouoca PBiLpAoypadia, 14 peléteg mMAnpoUV TO MOPATAVW KPLTAPLA Kal TBovwg
amnotedoUv TIC TANnpéotepeg TAATPOpUeC HeALETnG oto MM péxpt otwyung (Mivakag 1.2). H
0flOAOYNON TOUG TAPOUCLALETOL E£EXWPLOTA OTO TUAMA TNG 2UulATNONG KoL OTn OUVEXELQ,

avadEPovTal OL TILO XAPAKTNPLOTIKECG €€’ AUTWV.

NMivakag 1.2 EmiAeyuéva ex vivo Lovtéda ta onola mpooouotalouv to rteptBaAiov Ttou pueAoU Twv

00TWV aoBevwV LE MoAAarmAovv uvéAwua

‘Etog Kat Anpooiguon ZUotaon Movtélou: Tunog Napdyovteg = Ektipnon
LKPLWHLALTOG, * Buwouotntag

cuyKaAAlepyoUeva KUTTOPO

2008, Kirshner ko YSpoyEAN: ZTpWHATWON MELPH, BTZ  KUTTOPOMETPLKNA
ouv. (Kirshner et al., dLumpovektivng/koAMayovou pe avaluon pe avvegivn-
2008a) Matrigel/dwumnpovektivn. Vv

Mpwtoyevy BM-MSCs ka
kUTtapa MM
2018, Huang katouv. | Y&poyEAn: ITpwpdtwon Stattic Kit Buwotpdtntoag MTT,
(Huang et al., 2018a) dumpovektivng/koMayovou pe | (avootoAréog | CellTiter 96 (Promega,
Matrigel. Mpwtoyevri BM-MSCs STAT3),BTZ  USA)
KatL kuttapa MM, oelpég U266,
RPMI18226
2015, De la Puente kat = Y&poyEAn: Mnxaviopog mnéng DOXO, BTZ, Kuttapopetpia pong
ouv. (de la Puente et IvoSwyovou. Mpwtoyevn CFz
al., 2015; de la Puente = €v60BnALaKd, LUEAWUOTIKA KOl

and Azab, 2016) OTPWUOTIKA KUTTAPA. KUTTOPLKEG
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2016, Jakubikova kau
ouv. (Jakubikova et

al., 2016a)

2017, Arhoma ko cuv.

(Arhoma et al., 2017a)

2017, Ji kow ouv. (Ji et

al., 2017)

2018, Braham ko cuv.

(Braham et al., 20183,
2018b)

2017, Silva ko cuv.

(Silva et al., 2017)

oclpéc MM1s, H929, RPMI8226,
MM1s-GFP-Luc

Y&poyéAn: Puramatrix (BD, USA).
Mpwtoyevr) BM-MSCs,
HUEAWHOTIKA KUTTapa. OPM1,

KMS11, OCIMY5

YSpOYEAN: IXNUATIOUOG
odalpoeldbwyv o€ YEAN AAyLVIKOU
o&ewg. Kuttapikég oelpeg NCI-
H929, RPMI 8226, OPM-2, JIN-3,
U266 Kol IPWTOYEVNG KUTTAPLKN
oclpa amnod aoBevn pe
TIAQCLOTOKUTTAPLK AsuXaLpia
(ADC-1)

Y&poy£EAn koAayovou Kat
UTLOAOYLOTIKO HOVTEAO.
Mpwtoyevr) BM-MSCs,
MECEYXUHATLKN Oglpd HS-5 MSC
KOl LUEAWUATLKEC OeLpeg U266,
RPMI 8226

Y&poyéhn: Matrigel (BD, USA).
Mpwtoyevr) BM-MSCs, mpoyovikd
evboBnAlaka kuTTapa,
MUEAWUATLKEG OELPEG: OPM2,
U266 kat L363

Y&poyEAn: KoMayovo-I o
pLKpomAdkeg 384 kal 1536
dpeatiwv. Mpwtoyevy BM-MSCs,
TIPWTOYEVH LUEAWUATIKA
KUTTAPO KL LUEAWLOTLKY OELpA

MM1S
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POM, LEN,
THAL, BTZ,

CFZ, DOXO,
DEX, MELPH

TRAIL, HDAC

OVaOTOAE(LG

BTZ, LEN,
THAL ko
ocuvbuaopuol

ToUug

TEGs (aB-T
kUTTapQ,
TpOTOTMOLNK
€va WOTE Vol
ekdppalouv
OUYKEKPLUEV
0 yO6TCR)

31
Beparmeutiko

L TapAayovteg

CFSE kat avve€ivn-V pe

KUTTOPOUETPLa pong

Métpnon
5paoTIKOTNTAG TNG
Kaomaong-3 ue
KUTTAPOUETPLO PONG,
BLwoLpOTNTA LE KLT
XNHeoPwTavyELAG
CellTiter-Glo (Promega,
USA)

MéBobog MTT yLa
£KTIUNON

Blwaotpotnrag

Extipnon
BiwotpotnTag pe
Xpwon KaAogivng Kat
HETpNON pe
OUVECTLOKNA

LLKpOOKOTILO

Avaluaon StadoyLkwv
EIKOVWV LLLKPOOKOTTILOG
KOl avoyvwpLon
{WVTaVWY KUTTApWV
omo TNy Kivnon twv

HEUBpaVWV



2014, 2015, Reagan
Kol cuv. (Reagan et

al., 2014, 2015)

2017 Ferrarini kou
ouv., 2018 Belloni ko
ouv. (Ferrarini et al.,
2017; Belloni et al.,
2018)

2017, Bonomi Kat cuv.

(Bonomi et al., 2017)

2013, Khin ko cuv.
(Khin et al., 2014)

2015, Martowicz ko

ouv. (Martowicz et al.,

2015)

2TePED IKplwpa: KuAvSpika
KpLWHOTA Ao (veg petalol
EUMOTIOPEVA LE LVWEOYOVO,
BpopPivn kat Matrigel (BD, USA).
Mpwtoyevr) BM-MSCs,
TIPWTOYEVH LUEAWUATIKA
KUTTOPA KOl LUEAW LOTLKEG
oelpéc MM1S, OPM2
Bloavtidpaotrpag RCCS
(Syntheticon, USA). MpwTtoyevn
BM-MSCs, LUEAWHATIKA
KUTTOPQ, 00TEOPBAAOTEG Kall
evboBnAlaka kutTapa.
IvoBAdoteg movtikoU,
HECEYXULATLKN oelpd HS-5 Kat
HUEAWUATLKEG OELpEG, MML.S,
U266, RPMI.8226
Bloavtibpaotrpag RCCS
(Syntheticon, USA). MSCs (Lonza,
USA), oelpd a6EVOKAPKLVWLLATOG
CFPAC-1, pueAwpatiki oelpd
RPMI8226

JUOTNUO ULKPOPEUCTOUNYOVLKAG
LE TPLOSLACTATEG KAAALEPYNTIKEG
avTIKELHeEVOPOpeC MAAKeS 3D
Ibitreat (Ibidi, Germany), e
kKoAAayovo-I. Mpwtoyevr BM-
MSCs Kol LUEAWMATIKA KUTTApA.
Mu€eAWUATIKEG OeLPEG RPMI-
8226, HS-5, H929, 8226

Zwiko povteho. Idalposldn
OVETTUYHEVA OTN
XopLooAAavtoikn HeUPpavn

gUPpUOU KOTOTOUAOU.
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BTZ

BTZ, MELPH,
DEX,
LOVOKAWVLKO
anti-VLA-4
(natalizumab

)

PTX, BTZ

MELPH, BTZ

BTZ

ExTipnon
Blwotpotnrag pe
Xpwon KaAoeivng Kat
METPNON pe
OUVEOCTLOKNA

HLKpOOKOTILOL

Avvefivn-V ue

KUTTOPOUETPLa pong

MéBoSog MTT yLa
£KTIUNON

Blwaotpotnrag

Avaluaon Stadoytkwv
£IKOVWV LLLKPOOKOTTILOG
KoL avayvwpLlon
{WVTaVWY KUTTAPpWV
arnd tnv kivnon twv

HEUBpavVWV

Métpnon onuatog
KUTTAPWY OYKOU
XPWOMEVWYV e eGFP
ue péBodo GFP-ELISA



Mpwtoyevy BM-MSCs kal
MUEAWUATLKEG OELpEG OPM-2,

RPMI-8226

2011, Calimeri ko Zwiko PovTERo. lkpLwpaTa DEX, BTZ Métpnon

ouv. (Calimeri et al., KUAVEpwV TTPOKATTPOAAKTOVNG MapaANPWTEivnG oTov

2011) eUPUTEUHEVA OTO OOTA TNG 0pO TOU TIOVTLKOU, Kol
AEKAVNC TTOVTIKWV UE HETPNON AMOMTWONG
OVOCOQVETIAPKELD ota KUTTOpa TWV

IKPLWHULATWVY PETA TNV

adaipeon Toug

* BTZ: Boptelopipnn, CFZ: Kapd\lopiunn, DEX: As€apebalovn, DOXO: Aofopoufikivn, HDAC:
Amooketuldon totovwy, LEN: AegvaAidopidn, MELPH: MeAdaldvn, POM: MopaAidouidn, PTX:
MNakAttagéAn, THAL: Oalidopibn, TRAIL: Juvd€TnNG OUOXETWIOUEVOG HE TIOPAYOVTO VEKPWONG TOU
enayel tnv amnontwon (Tumour Necrosis Factor-Related Apoptosis-Inducing Ligand). AAAeg
ouvtunoelg: CFSE: dwoéikn kapPBofu-dAouopeokeivn (carboxyfluorescein succinimidyl ester), GFP:
npaowvn ¢Bopilovoa mpwreivn (Green fluorescent protein), MTT: péBodog avaywyng tng XpWOTLKAG
MTT  [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide], TCR: umodoxéag T
Aepdokuttapwy (T cell receptor)

1.5.1 Ex vivo mAatdOpHeG BACLOUEVEG O LKPLWHATO YEANG

H mpwtn mAnpng mpoomndBela yia tn LeAETN povtédou MM n omola cupnepleAapufave mpoaodnkn
Bepameutikwy Tapayoviwv pe tn Bonbela 3D kaAlépyelag €ywve To 2008 amnd toug Kirshner kat
ouvepyateg (Kirshner et al.,, 2008b). Itnv epyacia aut, ot 3D Tpwrtoyevel KAAALEPYELEC
TAQOLATOKUTTAPWY amd aoBeveic pe MM mpaypatonolibnkav o MAAKEG EMIKAAUUUEVEG e SUO
ETILOTPWOELG: pia emiotpwon ¢umpovektivng/koAayovou | kat mavw amnd auth pioa emiotpwon mou
Tepleixe povomupnva kKuttapa tou MO og SLGAUUA TNG EUMOPLKA SLaBéoung uSpoyEANG UGCLKAG
npoghevuong Matrigel kot ¢uumpovektivng. Itn OUVEXEld, OKOAOUOnoav OOKLUEC HE TOUG
Bepameutikolg apdyovteg peAdaldavn kot Boptelopiumn Kot eKTIUAONKE 0 aPlOUOC TWV KAWVLIKWY
KUTTAPWV ToU amépevay. EmumAéov, To HOVTEAO eKTUNONKE WC PO TN SOour TOU UE HEAETN ME
OCUVECTLOKN ULKPOOKOTTLO KOl 0lVOOOIOTOXNIELD, QAMOSELKVUOVTAG TNV OUOLOTNTA TOU TEXVNTOU HE TO

TIPAYHATIKO pLkpoTieptBaAAov Tou MO.

Ytnv epyacia twv Huang kot cuvepyoatwv (Huang et al., 2018b) éywve edappoyn HLOC
BeAtiotomolnpévng €k60XAG TOU TIPONYOULEVOU TIPWTOKOAAOU YLOL TN OUYKPLTIKA HEAETN TNC

gvepyomnoinong tou povonatiol Ttou petaypadikol mapayovia STAT3 (Signal Transducer and
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Activator of Transcription 3) og KUTTaPA PUEAWLATIKWY KUTTAPLKWY OELPWVY TIou KaAAlepynOnkav oe
3D kat 2D ouvOnkeg, He Kal Xwpic TNV emibpacn twv BepameuTikwy Tapayoviwy Stattic kot
Boptelopiunng. To povomatt STAT3 fAtav evepyd LOvo otnv mepintwon tng 3D kKaAALEpyeLag Kat h
gvepyornoinon tou efaptato amd to 3D meplBdaiAov, KaBwg n evepyn dwodopuAlwpévn STAT3
(pSTAT3) amavrtatal povo oe ouvOnkeg 3D kaAALEpyelog Kal kKablototal avevepyog HETA amo
petadopd TwV KUTTAPWY O ouVONKeG cupPBatikng KoAAlEpyelag. H avootoAnl Tou povomatiol
STAT3 amnod tov dappakoAoyLlkd mapdyovta Stattic, 06r\ynoe o onUAvVTIKA HElWON TNG BLWOLULOTNTOC
TWV TAQCUOTOKUTTAPWY, VW TapdAAnAa, Ta Katéotnoe evaiodnta otn dpdon tng Poptelopipnng.
Ta amoteAéopata TNG LEAETNG ATAV ONUOVTLIKA, KABOTL pe To mapddelypa Tou mapayovta Stattic
amobeixbnke otL pla 2D kaAAlEpyela Sev Ba ATav emapKkng ywo tn Slepelvnon TOu HOVOTOTLIOU

STAT3.

210 povtélo twv Arhoma kat cuvepyatwv (Arhoma et al., 2017b), Ta pueAwpaTika KOTTOPA
KoAALlepynOnkav o odalpoeldry mou avamtuxBnkav oe «XAVIPEC» TIOAUUEPLOUEVOU OAYLVIKOU
vatpiou (sodium alginate). 3tn peAétn autr, SLEPEUVWVTAG TN CUVEPYLOTLKN SpAon €VOG aVAOTOAEQ
TNC AMOAKETUAACNC TWV LOTOVWV KOL TOU avTLKapKLWIKoU tapayovta TRAIL (Tumour Necrosis Factor-
Related Apoptosis-Inducing Ligand) amodeixBnke otL ta KUTTOpO ATAv MOAU 1o suaicBnta otnv
enidpoon Twv mMapayoviwy oto opolpoeLlSr) CUYKPLTIKA UE TNV OITAN KUTTAPOKAAALEPYEL. ZUVETTWC
avadelxbnke évag pnxaviopog Beparmeiag xapn otn petdfacn amno to §1odLactato oto TPLodLaoToTo

HOVTEAO.

Télog, otnv epyaocia twv Jakubikova kot ouvepyatwv (Jakubikova et al.,, 2016b),
xpnotpomnotntnke pia epmoptkd Stabgoiun udpoyéAn, To Corning Puramatrix peptide hydrogel (BD,
USA), n omoia xpnotpomotibnke kat ota mAaiola tng mapovoag SLatplprg. & auth tn HeAETN, O
OUYKOAALEPYELD MUEAWMOATIKWY KUTTApWYV He BM-MSCs éywve pilo evdehexnc tekunpiwon tou
povtéhou, kaBoti 1) efetdotnke n olotaon TG e€wkuttaplag pAtpag (UeAétn £kdpaong
wreykpwvwy, N-kadepivng, CXCL12) mou mapdaxbnke otnv 3D koAAiépyela, 2) emiBefaiwdnke n
gvepyoroinon tng ooteoyéveong evtog tou 3D povtélou, 3) SwamiotwBnke n avénon Tou
TIOAAQITAQCLOOMOU TWV TAACMOTOKUTIAPpWY Tapoucio twv BM-MSCs, 4) mpaypotonow)onke
avaAuon avoooAoylkoU TpodiA, n omolo KATESELEE OTL N KATOVOUN UTO-OUASWY KUTTAPWV TOU
ovooOoToLNTIKOU CUCTAUATOG NTav Opola petafld ™G 3D kat tng 2D kaMAiépyelag, Kal 5)
napatnpnbnke n xnueloavOektikotNTA o€ VEOug (IMiDs, Boptelopipnn, kapdAlopiumnn) ald Kot
oUMBatikoUg BepameuTikoug mapayovtes (dofopoupmikivn, de€apebalovn, pehdaldavn) os cuotnUa
3D ouykaAAlEpyelog pe BM-MSCs, pe amoteAéopota TOU aviavokAoUoav Ta TapatnpoUpeva

anoteAéopata and Th Xoprnynon Twy mopoyoviwy otouc acOeveic.
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1.5.2 FuotAuata Bloaviidpactipwv

Mia AAANn Tpooéyylon yla TN HEAETN Tou MiKpomeplBaidoviog tou MO amoteAel n xprion Twv
Bloavtibpaotipwy, cUCTNUATWY Ta omoia Slabétouv mMANBwpa Suvatotntwyv. Mpokeltal yla
opllovtia meplotpedopeveg SladaveiG CUOKEVEC, oL omoieg Slatnpouv €va BLOAOYLKA €evepyO
TiepLBAAAoV e cuvexn €icodo Bpemtikol UALKOU Kal £€060 KUTTAPLKAG Halag. Me Tov TpOmo auTo,
anogevyovtal n kabilnon Twv KUTTApwWY KABWCE KAl N QVEMAPKNC TOPOXN aepiwv Kol BPEMTIKWY
CUOTATIKWY OE OpLopéva onpela tng KaAALEpyeLag. OL CUOKEUEG QUTEC, ETUMPOCOETA, TpoodEpouV
™ SuvatotnTa cUYKAALEPYELAG SLADOPETIKWY KUTTAPKWY TUMWV o popdoioyia tplodlaotatwyv
odalpoeldwy, VW EMITPEMOUV KOl TNV TAPAANAN xprion AGAAwWV TPLOSLACTATWY HOVTEAWV-
KPLWHATWY ylo TV emitevén tplodlaotatng Soung. Xapn ota MOANQMAQ TOUC TAEOVEKTHHOTA OL
BloavtdpaoTtrpeg XpnNOLUOTIOLOUVTAL CHUEPA EUPEWG YLOL TNV KAAUTEPN Katavonon tng Bloloyiag
TOU KOpKivOU Kal TNG amokplong tou oe ¢appaka, cupneplhappfavopuévou kat tou MM, kabwg
avamapLloTolV HE akpiBela TNV MOAUTIAOKOTNTO TNC OPYAVWONG Tou HikpomeplBaAlovtog tou MO

(Ahmed et al., 2019).

1.5.3. EX vivo HOVTEAQ GE CUOTALOTO LILKPOPEUGTOUNXAVIKIG

Ta ouotiuoata HikpopeucTopnyavikng (microfluidic systems) xpnowiomolovvtat oO6Ao  kal
TMEPLOOOTEPO OTAL TELPAMATO  KUTTAPLKNAG PloAoylag He oOTOX0 TN HMEAETN TNG  KUTTAPLKNG
cupumepldopdg kot Asttoupyiag. Evav kUplo AOyo yla tn ouvexwg auvfavopevn edappoyr Toug
amotelel n SuvatdTnTA TTOU MPOOHEPOUV TA CUCTHHATA QUTA yLo TIANPN Kal akplB EAeyxo twv
dUCIKWY TOPAUETPWY OE emimedo HIKpOKAlpaKkag, Omwe sival n petadopd poplwv, Tou mailst
ONUAVTLKG pOAO OTN BLOXNULKN onUatodoTnon Kol otn SLaKUTTAPLKN EMLKOWWVIA. ITIG EPYACIEG TWV
Zhang kot ouvepyatwv (Zhang et al., 2013, 2015, 2017), xpnowomnotnbnke €va clOTNUA TO OMOLo
oflomolel évav 3D ooteomotnuévo otd (3D ossified tissue), pe oOTOXO TN Hignon Tou
ULKPOTIEPLBAAAOVTOC TOU OYKOU KOl TN PEAALOTIKN avamapdotacn Twv oAANAeTOpAoewY PeTALY
KUTTApWV Tou MO kot Twv ooteoBAactwy. MNa Tov OKOTO aUTO, avBpwILVN KUTTOPLKN OElpd
ooteoPAacTtwV KAAALEpYNONKE OE LILKPOPEUCTOMNXAVIK) CUOKEUN OKTw BaAdpwv pe otdXo TN
SleukOAuvon TG ex vivo avamtuéng povomupnvwv Kuttapwv MO amd acBeveic pe MM. H
napakoAouBnon Twv KAAALEPYELWY OE TIPAYLATLKO Xpovo emiBeBaiwoe OTL Ta povomupnva KUTTapa
Tou MO £€Akovtal mpog tn otolBada twv ooteoPAactwy. AnodeixBnke emiong, OTL N LokpoxpoOvLA

emPBiwon Twv ooteoPAactwy Aettoupyel wg o Mo KABOoPLOTIKOG apAyovTag yla T dlatripnon tg
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BlwouotnTag Kot TG MOANAMAQCLACTIKAG LKOWVOTNTOC TWV KUTTApwWVY Tou MM ex vivo, evw Bondntikd
poAo moapeixe n mapoucia TMAACUOTOG TwWV ACOEVWV OTO KAAALEPYNTIKO HECO. TUVETIWG, QUTH N
TMPOoEyylon amoteAel o evaAhaktik péBodo 3D kaMAiépyelag mou pmopel va umoBonBrost tnv

£€ATOULKEUEVN SOKLUN BEPATTEUTIKWY OpOYOVIWY o acBeveic pe MM.
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1.6. ZKOTLOG HEAETNG

Onwg avadépdnke to MM elval vOOOG e GNUAVTLKA ETEPOYEVELQ, OTNV Omoia To pLKpomepLBAaAiov
Tou MO Sladpapatilel Wdlaitepa onNUAVTIKO pONO. I auTh TN SL8aKTopLKA SLaTPLPr €0TIACALE TIPOG
™V KateuBbuvon tng avoooloylkng dlepelivnong tou HikpomeptlBaAlovtog oto MM Kol Tou poAou
nou Stadpapartilel otnv €€EAEN tNg vOoou, aAAG Kal OTnV avAamtuén povtélou mou Ba pmopet va

T(POCOUOLWOEL AUTO TO LKPOTIEPLBAAAOV.
JUVENWG, n Tapovoa Stdaktoplkn StatptPn gixe Tpelg SLaKpLtoUG OTOXOUG:

e Tn blepelvnon kal afloAdynon twv 3D ex vivo pHovtéAwv PeAETNG oto MM pe SuvatotnTeg
g€atopikevuong tng Bepamnelag

e Tnv e£pyaotnplakr OVAMTUEN €vOG TETOLOU HOVTEAOU, oTnpl{OUEVOU KUPLWCG OThn Xpnon
OTEPEWV BLO-CUUPATWV LKPLWUATWY

e  Tnv afloAdynaon Tou avoooAoylkou pikporeptBaiiovtoc oto MA katl to MO, acBevwv pe MM
oe Sladopa otadla tng vooou, KABWE KoL Tov TOAVO CUOCYXETIOUO TOU HE TA KALWLKA

6edopéva amo tn dlayvwon, T otadlomoinan Kal thv avtamnokplon otn Beparneia.
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2. MEOOAOAOTIA

2to kedalalo autd mapatiBevtat ot mAnpodopieg ywa tig Siadopeg opadeg acBevwv TOU
oUUTEPANGONKaY OTIG UeAETEG, oL UEBOSOL/TEXVIKEG TIou aKkoAouBnOnkav, KaBwW¢ Kal T
avaAwolpa/opyava Tou ATav amapaitnta ywa tn Stefaywyn Twv MEPAPOTIKWY Sladlkaolwy. H
TAPACKEUAOTLK Sladikacio AWV TwV TEWPAUATWY TNG CUYKEKPLUEVNG dlatplBng kabwg kot ot
aVOAUOELC KUTTAPOMETplag pong Sievepyndnkav otn Movada Kuttapopetpiag Pong otov Topéa

Quolohoyilog & Zwwv Tou TuRuatog BloAoyiag tou EKMA.

Mo TG AVAYKEG TWV TEPAPATWY O BACIKOC £pyAoTNPLOKOC EOMALOUOG KoL TA AVOAWGCLUA TTOU

XpNoLomoLBnKav oTLg TEPLOCOTEPEC SLASLKACLEC ATaV:

e [hméteg petaPAntou oykou Pipetman 2, 20, 200 kot 1000 pL (Gilson Inc, WI, USA)

e PUyyn muetwv 10, 200 kat 1000 pL (Greiner Bio-one, UK)

o TMAQOTIKEG TUMETEG pUiag xpnong 1, 2, 5, 10 kat 25 mL (Greiner Bio-one, UK)

o NAaotikég munéteg Pasteur (Greiner Bio-One, UK)

o Kwvika ocwAnvapla puyokévipnong 15 kat 50 mL (Greiner Bio-one, UK)

e [Adkec kuttapokalépyelag 6, 24, 48 kal 96 dpeatiwv pe eninedo nubuéva (Greiner Bio-
one, UK)

e Enwaotikog kAiBavog 37°C kal 5% CO, (Sanyo Electric Co, Japan)

o  Quyodkevtpog pubullouevng Beppokpaciog pe anoonwpeves kebpahég (Jouan, DIB Labcare,
UK)

e Odlapog vnuatikng pong (Laminar Flow) BH-EN-2004 (Faster, Italy)

o  Omukod pikpookorio (Novey, Italy) kat avaotpodo pikpookomnio (Euromex, Holland)

Baowkd Opyovo Twv TEWPAUATWY TNG Tapoucas Olatplprg, OnMOoTEAECE O AVOAUTAG
Kuttapopetpiag porig BD FACSCANTO Il tng etaipeiag Beckton Dickinson (BD, USA) pe duvatdtnta
avaAuong tautoxpova 8 onudtwv ¢Boplopol. To Opyavo auUTO XPNOLUMOMOLeltal Kal yla Tnv
avaAuon t™¢ EYN og OSelypata MO acBevwv pe MM, emopévwg PBplokdtav mavia otnv
€VOELKVUOUEVN Yla TNV QVAAUGCHN AELTOUPYLKN) KATAOCTOON KOL Ol GUCTNMOTIKEG CUVINPNOELS TOU

0pPYAVOU ylvovTay TPOYPAUUATIOUEVA CUUPWVA LE TG 06NYLEC TOU KATOOKEUAOTH.

2.1. Opadeg pehétng
Ytnv mapoloa StatpPr mephapPavovtatl U0 opddeg HeAETNC oL omoleg adopolv tn HEAETN TOU

pikpomeplBaAiovtog oto MM kal Tou avoocoloylkol TpodiA avtiotowa. Ta delypota OAwv Twv
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aocBsvwyv eAndOnoav otn Oepameutiky KAk Tng latpikng ZxoAng tou EKMA, n omola oteyaletat
evtog Tou .N.A. «AAe€avdpa». OMNol oL aoBeveig mapakolouBouvto amnod tn Oepamneutiki KAwikr. H
MeAETN eykpiBnke amo tnv Emutpon HBWKG kat Asovtoloyiag tou Noookopeiou «AAeEAvVEpa», eV
OMOL Ol CUMPETEXOVTEG UTIEYpaav EVTUTIO ouykataBeong cuUdwva LE TIG apXEG TNG uvbnKNG Tou

EAoivKL.

2.1.1. Opada PeAETNG yLa TIG eX Vivo KOAALEPYELEG

TNV opAda HEAETNG YL TIG ex Vivo KaAALEpyeleg eplAfdBnke éva cuvolo 20 acBevwv pe MM katd
™ Sldyvwon, oL omoiol KOTd TNV TPOCEAEUcH Toug otn Oeparmeutikn KAk Stayvwotnkav
cUudwva pe ta TpEXovta SlayvwoTikd Kpltipla (Landgren and Rajkumar, 2016). Ta delypota MO

QUTWV TwV 0.0Bevwy Xxpnaolponotnkayv Povo yla Ty amopovwon BM-MSCs.

2.1.2. Opada PeAETNG Lol TO aAVvOOOAOYLKO PO diA

3TN OUYKeKPLUEVN UEAETN TieplAndOnke pla opdda 94 acBevwv pe MM, oL omoiol emiong
Stayvwotnkav otn Ogpameutik) KAwikn EKMNA cUpdwva pe ta tpéXovia SlayvwoTKA KpLThpLo
(Landgren and Rajkumar, 2016). Amo tou¢ acBeveic eAndOn OSeiypa MA kot MO peta amd
mapakevinon, evw ond 53 aoBeveig sixape Stabéopo 1600 MA 6oo kat MO. H xpoviky oTlyun
AnWng tou Selypatog Atav yla 53 acBeveic katd tn Stdyvwon kat yia 51 acBeveic katd tnv Ldeon

peta tnv ASCT, evw oe 10 acBeveig éylve avaluon Selypdtwy Kal ota U0 XPoVIKA onpeio.

Me OKOTMO TOV TIEPLOPLOMO TNG ETEPOYEVELAG KAl TNV emidpacn tng Oepancsiog ota
anoteAéopata, ol acBeveilg mou xpnowuomnolnénkav yla tnv avaAucon Tou avoooloylkoU Ttpodi
elyov akoAouBnosl kowvr) BeparmeuTikn mopeia. JUYKeKPLUEVA, OAoL oL veodlayvwabévteg aoBeveicg
£\aBav to cuvbuaouod mapayoviwy Boptelopiunn, AsvaAibouidn kot de€apedalovn (bortezomib,
lenalidomide, dexamethasone, VRd) w¢ sloaywyikn Bepancia, evw ol acBeveic oe mAnpn Udeon

glyov AaBeL mponyoupévwe Bepaneio uPnAng 6on¢ akoAouBolpevn and ASCT.

2.1.3. ZuAAoyn Selypdtwv

H ouloyn kot avaAuon twv SelyHATwV oTo cUVOAO TwV acBevwy Kol oTlc U0 opadeg HeAETNG
Supknoe 3 €tn. H ARPN OAwv Ttwv OSelyHATWV £ylve MO €CELSIKEUUEVO TIPOCWIIKO TNG
Oepamneutikng KAvikng tou EKMA. MNa t AnYn NA and kabe acBevn €ywve cuAdoyn 2,5-5,0 ml pe

xpnon edikwv ouplyywv oe PpLaiidlo yevikng aipatog pe aviunktikd EDTA (BD Vacutainers, BD,
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USA). Kata tn AnPn MO xpnowomnotnBnke Behdova ooteopueAlkng Blodlog pe tnv omola €ylve
avappodnon 1,00-5,00 mL MO amd tnv omicBia Aayovia akpolodia tng Aekavng, o dLaAidio
VEVIKAG aipatog pe avtutnktikdo EDTA. OAa ta Ssiypata petadEépbnkav oto epyactnplo evtog 3

wpwv amnd tn AnPn toug, Kal n eneepyacia Toug Eylve Tnv dla nuépa.

2.1.4. KUTTOpLKEG OELPEG

XpnolUomolnOnkov TECCEPELC KUTTAPLKEG OELPEC abovatomolnpévwy avBpwrivwy Kuttapwyv MM

(https://www.dsmz.de/), ot H929, n L363, n JIN3 kat n U266B1 (U266) pe ta €€ XApAKTNPLOTIKA:

H929: pusAwpaTikG KUTTApa TIoU £Xouv TIPOENDEL amd uTte{wKoTIK cuAloyr BriAsog acBevolg ue

IgA kappa TOAAOTTAG PUEAWMQ, NAKLOG 62 ETWV.

L363: mAaocpatokUTtapa TOU €xouv TIpoéNBel amd To [MA OnAeoc aocBevolg pe 1gG

TAQCLATOKUTTAPLKN Asu)aLpia, nAlkiag 36 eTwy.

JIN3: mAoopatokuttopa mou €xouv mpogABel amd tov MO 6nAesog acBevoug pe IgAl kappa

TAQOATOKUTTAPLKN Asu)aLlpia, nAlkiag 57 eTwv.

U266B1 (U266): pusAwUOTIKA KUTTOPA TOU €xouv TPoéABel amd to MA dppeva acBevolg pe
TmoAAQAG pUuéAwpa, nAtkiag 53 etwv. Ta kUTTapa autd £xel Ppebel OtL ekkpivouv avoooodalpivn

IgE wootumou pe A ehadplég aAuoideg.

2.2. AMOMOVWON LECEYXUUOTIKWV OTPWHATIKWY KUTTAPWVY HUEALKNG POEAELONG

Ta BM-MSCs eivat mpookoAwueva kat bev evromilovtar otnv kukAogopia. MrmopoUuv va
arrouovwdouv amno Seiyua MO ue Stapopouc Tpomougs. 2tnv napovoa StatplBn SokiudoaUE TPELS
TPOMOUC ATTOLOVWOTNG, OL OTToioL aTn CUVEXEL aéloAoyndnkav w¢ mPog TV amodoTIKOTNTA TOUG. 2TV
amouovwaon Ue StaBaduLon cuykEvipwaonc, to Seiyua uUyokevipeital e StaAuua moAvoakyapitn
kat Statpiloikov vatpiou ue tedikn mukvotnta 1,077 g/ml. Adyw tne dtaBaduiong ouykevtpwaonc
Kata Tt Quyokévtpnon ot mAnSuouoi dtaywpilovral pe Baon TNV MUKVOTHTA TOUG: OTOV MTUBUEVH
ouykoAdoUvrat ta epuBpokUttapa Adyw ToU TMOAUCOKYOPITH OAAQ OUYKEVIpWVOVTAL Kal T
moAupoppornupnva Adyw uYnAng mukvotntag. Ta povomupnva KUTTOPO KOl TO OUUOTIETAAL
oxXnNUATIJOUV ULO ETILPAVELX OTO CHUEIO SLOYWPLOUOU TOU TOAUCHKYapiT) n omoia SLleUKOAUVEL TN
oUAAoyn Toug. STo SeUTEPO TPOTO amouodvwong yivetal xprion Autikou StaAvuatog oto Seiyua kat
UETA TN AUON TwV EPUTPWV LETAPOPA O PAdoKa KXAALEPYELAC, EMITUYXAVOVTAC TNV TTANPN amouoia
Twv epuBpwyv atpooaipiwyv. Ta epudpd alpoopaipia Sev eivat emtduuntda otnv kaAAlépyeia kadoTt
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Suaxepaivouv ™V MPookOAANGN TwWV UECEYXUUATIKWY KUTTAPWVY OTn @Adoka. Ztnv tpitn uédodo
EKUETAAAEUOUOTE TN UOKPOXPOVIA TIOPOUOVH) TWV KUTTAPWYV OTov TUUUEVA TNG @AAOKOC
KUTTaPOKAAALEPYELAC UE OUVEXH QVAVEWOT TOU UPEMTIKOU UALKOU Yl OPKETEC UEPEC (5-7 NUEPEC),
wote ta BM-MSCs va €xouv tnv eukaipia va ipookoAAndouv. 2e 0Aec tic uedodouc n amouovwaon

elvat emtuync av ta BM-MSCs nopoauévouv mpookoAAnuéva otov muBUEVA TNG PAXOKAC .

YAWQ@, avaAwoLpa Kat opyova

e Acslypa MO cuAAeyUEVO 08 CWANVAPLA E AVTUTNKTLKO

e AldAupa dtoxwplopol Aspdokuttapwy Histopaque (Lonza, Germany)

e  Opentikd VAkO A-MEM (Lonza, Italy)

e AwdAupa avtiBlotikol penicillin — streptomycin (pen-strep, Lonza, Italy)

o  OEPUIKA ATEVEPYOTIOLNUEVOC EUPPUTKOC 0pOG Boosldwy (FBS, Lonza, Italy)

e  Qwodopkd pubutotikd StdAupa Dulbecco’s (DPBS), xwpig Ca?*, Mg?* (Lonza, Italy)
e AwdAupa Abong epuBpwv BD FACS lysing solution (BD, USA)

e [MAaotikég AAaokeg KaALEpyelag Le didtpo oto kamakt (Greiner Bio-One, UK)

o  OiAtpo cell strainer 70 um (BD, USA)

NpwtdkoAlo epyaciag

MNa tnv mapaockeun SloA0pATOC TIARPOUC BPemTikoU UAWKOU TPOOHETOUUE TIG amOpOiTtnTEQ
TOoOTNTEG Ao Ta SLAAUPOTA WOTE va PoKUYPEeL TEAKO StaAupa BpemtikoU UALkoU A-MEM e 5%

TIEPLEKTIKOTNTA O pen-strep kal 15% mepLektikotnta oe FBS.

-Ma ™ péBodo SLaBaduLong cuykévipwong:

1. e oteipeg ouvOnkeg pPeTad€POUUE O KWVIKO cwAnvaplo Twv 15 ml, 3 ml dtaAvpartog
SloxwpLopol AepdoKUTTAPWVY.

2. AwnBoulpe to Selypa MO amd 1o ¢pidtpo twv 70 UM KOl OPOLWVOULE He BPemTIKO UALKO (A-
MEM) uéxpt teAkd oyko 5 ml og kwvikd cwAnvaplo Twv 15 ml.

3. EmwotolBalovpe apyd 3-5 ml Selypatog emdvw omd TOo SdAupa  Slaxwplopou
Aepdokuttapwv.

4. @uyokevtpolue ota 700xg yia 30" pe nruia eniBpaduvon.

5. Me munéta Pasteur cuUAAEyoOUE TN OTOLRASA TWV LOVOTIUPNVWY OE VEO KWVLKO CWANVAPLO
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10.

MpoaoBtoupe DPBS €w¢ ouVoALKO Oyko 15 ml kat EemAévoupe puyokevtpwvtag ota 400g yla
10'.

EnavalapBdavoupe to BrApa 6 Vo dpopsc.

EnavatwpoUpe To KUTTapLko {{nua o 5-10 ml mAnpoug Bpemtikol UALKoU.

MetadEpoupe Ta KUTTaPA 08 GAAOKA KUTTAPOKOAALEPYELAC.

JT¢ 48-72 wpeG €AEyXOUUE OTO avAOTPOdPO OMTIKO HUIKPOOKOTILO yla TV Tapoucia
T(POOKOAANUEVWY KUTTAPWY. ApXLKA, T KUTTapa Ba elval OXETIKA WKPA ME odalplkn

popdoroyia kat ta BM-MSCs Ba opolalouv pe evamopeivavra Aspdpokutrapa.

-Ma tn pEB0dO pe xprion AUTKoU SLaAUATOG:

o v A w N

AwinBolpe to Seiypa MO and 1o diAtpo Twv 70 um Kal apalwVOUE e BPEMTIKO UALKO (A-
MEM) uéxpt teAkd oyko 5 ml og Kwvikd cwAnvaplo twv 15 ml.

JuprAnpwvoupe pe 10 ml Avtikou StoAbpartoc. Elwalouvpe yia 10°.

®uyokevtpoUpue ota 400xg yla 10'.

Emavawwpol e og 5-10 ml mAipoug Bpemtikol UAKOU.

Metad£poupe Ta KUTTAPA 08 GAACTKA KUTTAPOKAAALEPYELOC.

T 48-72 wpeG €AEYXOUUE OTO QVAOTPOPO OMTIKO MIKPOOKOTILO Yyl ThV Ttapouaia

T(POCKOAANEVWV KUTTAPWV.

-Ma ™ LéBodo ouvexoUg avavéwong Opentikol UALKOU:

AwinBolpe to Seiypa MO and 1o diAtpo Twv 70 um Kal apalwVOUE e BPEMTIKO UALKO (A-
MEM) péxpt TEAKO Oyko 5 ml o€ kKwviko cwAnvapto Twv 15 ml.

MetadEpoupe Ta KUTTOPa 0€ GAAOKA KUTTAPOKAAALEPYELAG.

ot TIG EMOUEVEG 7-8 NUEPEC, KABE PEPa avappodoUE TO ULod BpemTikd UALKO amod Tn
GAAOKO KOL OVAVEWVOUE HE KAVOUPLO BPETTIKO UALKO.

Metd to mépag autrg TN Stadikaciog, anoppintoue OA0 TO BPEMTIKO UALKO Ao TN
dAdoka kat EemAévoue pe DPBS SUo dopsc.

EAéyxoupe 0TO avVAOTPOPO OTITIKO ULKPOCKOTILO YLol TNV TTopoUsia TPooKOANUEVWY

KUTTAPWV.
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2.3. NpooSLoPLOAG CUYKEVTPWONG KAl BLWOLUATNTOG KUTTOPLKWV EVOLWPNUATWV

Mo TNV AUEONn EKTIUNGCN TNC KUTTOPIKNG CUYKEVIPWONG Kal THC BLwOolUOTNTHC O EVA KUTTAPLKO
Evalwpnua, xpnoluornolouvtal Sld@opa MPWTOKOAAQ xpwaong Tou Tmpo¢ UETpnon Oelyuatoc e
XPWOTIKEG OUOIEG OMw¢ TO KuavoUv tou tpumaviou (trypan blue). Ta {wvtava kUTTapo EXOVTOHC
adiktn kuttapltkn UeUBpavn, eumodifouv tnv €i0060 TWV XPWOTIKWY OTO KUTTAPOMAQOUO Kol
ouveyifouv va @aivovtal Slapavr OTO ULKPOOKOTLo. AVTIJETWE, Ta VEKPA KUTtapa, AGyw TN¢
avénuévng SLamepaToOTNTAC TNC KUTTAPLKNC UEUBpdvne Toug, xpwuatifovtal amd tnv €icodo tng
XPWOTIKNAC (UTAE e TO KUAVOUV Tou Tpurtaviou). Tautoxpova ue TNV ektipnon tn¢ Biwowuotntac, n
KOTOUETPNON TOU aptdUoU TwV KUTTAPWV OE YVWOTO OYKO SEIYUATOC (TTY UE ULA AULUOKUTTOPOUETPLKN
QVTIKELUEVOPOPO TAdka TUrtou Neubauer, Eitkova 2.1), ETUTPETEL TNV EKTIUNGN TNG OUYKEVTPWONG

TWV KUTTAPWYV OTO QPXLKO EVOLWPNUA.

Ewkova 2.1. SxnuUaTiKn OUELKOVION OULUOKUTTaPOUETpoU Neubauer. Kata tn xprion tou, yivetal
EVTOTILOUOG TOU KEVTPLKOU TETPAYWVOU TNG TMAAKAG, TTOU TIEPLKAELETAL QIO TPUTAN YPOUUN KoL EXEL
euBab6 1 mm? kat 6yko 0,1 mm?>. MNa tnv katauétpnon eéetalovral Ta 25 UIKPOTEPA TETPAYWVA TTOU
amapti{ouv To KEVIPLKO TETpaywvo (ameikovian 10X). Me mpacivo xpwua onUELWVOVTAL T KUTTHPO!
TTOU KATd TNV KATaUETPNnon Jewpeital ot meptdauBavovral oTo TETPAYWVO, EVW LUE KOKKLVO QUTA

TTOU gival eKTOC TETPpaywvou (ameikovian 40X) (avatvnwon amno http://insilico.ehu.eus/).
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YAWKQ@, avaAwoipa Kat opyova

Evalwpnpa KUTtapwv mpog pétpnon: Kuttapikég ostpéc MM

o H929
o L363
o JIN3

o U266B1 (U266)
AtdAuvpa kuavoUv tou tpunaviou (trypan blue) 0,4% (w/v) (Sigma-Aldrich, Germany)
Mikporhdaka KaAALEpyeLlag 96 dpeatiwv pe mubuéva oe oxnua U (Greiner Bio-One, UK)
ALLOKUTTOPOUETPLKA QVTIKELLEVOPOPOC TAGKa TUTtou Neubauer (Sigma-Aldrich, Germany)

OTTLKO ULKPOOKOTILO

NpwtdokoAlo epyaciag

1.

Metadépoupe 10-20 pL TOU OpPXIKOU KUTTOPLKOU EVOLWPAUOTOE O €va  ¢pedTLo
ULKpoTAGKaG KaAALEpYELG 96 dpeaTiwy.

MpocBtoupe (oo Gyko Kuavouv tou Tpumnaviou (Adyog apaiwong 2) Kal aVapELYVUOUUE UE
TNV TUETaA.

TomoBetoUpe kalumtpida otnv mAdaka Neubauer kat petadépoupe 10 pulL oto BaAopo
HETPNONG.

ITO HIKPOOKOTILO £0TIALOUUE OTNV TIEPLOX METPNONG, N omola MEPLEXEL 5 eml 5 emipépoug
TETPAYWVEC TIEPLOXEC, (oou epPadol kal dykou (1 mm? kat 0,1 mm3, avtictowa).
Katapetpolpe 0Aa ta KUTTOPQ OTIG 5 €l 5 TETpAywVEC TIEPLOXEG Kal UTIOAOYI{OUE TO LETO

0po. Tautoxpova OTLS (BLEC TTEPLOYEC ONILELWVOULLE TOV aPLOUO TWV VEKPWV (UTTAE) KUTTAPWV.

To moooaoto BlwolpotnTog utoAoyiletal wg eEAC:

% Buwowotnta = (SuvoAlkog aptduog Kuttapwv — Aptduog vekpwv kuttdpwv) x 100 / ouvoAiko

aptGuUod KUTTAPWV

2.4. KataoKeUN TPLOSLACTATWY KUTTAPOKAAALEPYELWV

2tnv napovoa StatptBi eywe Sokiun dUo Tunwv 3D KUTTAPOKAAALEPYELWY, LUE OKOTIO TNV EMAOYN) TG

KaTaAANAOTEPNG WG LOVTEAO UEAETNC ToU UikporeptBaAdovtoc Tou MO. Ot KUTTaPOKOAALEPYELEC TTOU

Baoilovral o kplwuato vOpoyeAnc eéaopaldilouv eUKOAO XEIPLOUO Kol EVaMOTEon TwV KUTTAPWY,
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EVW UETA TO MEPAG TNG KaAALEpyeLag ouvidwe StaAutomotovvtal EUKOAX Kal Ta KUTTAPO QVOKTWVTAL
UE amAn @uyokevipnon. Q¢ UAko mentidiknc vdpoyeéAnc entAéxdnke to Corning Puramatrix (BD,
USA) Aoyw tn¢ eukoldiag mou pac napeixe yia tn puduton tou €wdouc tne TeALknG YEAnS. Amo tnv
aAAn mMAeupd, OMWG QVOPEPETAL KOl EKTEVECTEPA OTNV ELOAYWYH, TA OTEPEX LKPLWUATA OTNV
niepintwaon tou MM dnuioupyouv éva o peadiotiko neptBaidov twv Buddkwv tou MO. O xelpLoudg
TOUG OUwG glvatl MOAUTTAOKOTEPOG, avadoya UE TNV e@apuoyn yia thv onoia Sa ypnoiuoroinGouy,
EVW €L8IKA T TIPOOKOAAWLEVA KUTTOPA Eival apkeTd dUokoAo va amokoAAnBouv ce aélomotjoiun
Hop@n. 2 auth tn uedododoyia MEPLYPAPOULE TNV MTPOETOLUXOIX CUYKAAAIEPYELNG UECEYXUUATIKWV

KUTTAPWYV KOl KUTTAPWY UUEAWUATIKIIC KUTTAPLKAC OELPAG.

YAWKQ@, avaAwoLpa Kat opyova

e Evalwpnua KUTTAPWVY MPOo¢ HETPNON

e AldAupa Kuavouv tou Tpumaviou (trypan blue) 0,4% (w/v) (Sigma-Aldrich, Germany)

e BD Puramatrix (BD, USA)

e JTEPEA IKPLWHOTA HE KATAAANAO HEYEDOC Yo TOMOBETNGON OE UIKPOTIAGKO KAAALEPYELAG 48 1)
96 Pppeatiwv

e  OpenTikd UAIKO A-MEM (Lonza, Italy)

e NAnRpeg Bpemtikod LAKO 10% FBS

e AwdAupa tpuivng 10x

e  QOwodopikd pubutotikd StdAupa Dulbecco’s (DPBS), xwpic Ca®" Mg?* (Lonza, Italy)

o  MiuwpomAdaka kaAAépyelag 96 dpeatiwv pe mubuéva os oxnua U (Greiner Bio-One, UK)

e  ALUOKUTTOPOUETPLKA OVTIKELLEVOPOPOC MAAKa TUTTou Neubauer (Sigma-Aldrich, Germany)

e Avadeutnpag Vortex

o  OMTKO ULKPOOKOTILO

NpwtdokoAAo epyaciag

Kat pe ta Vo mpwtokoAa mou meplypddovtal, KOTAARYOUUE OTNV ETOLHACIO CUYKOAALEpYELOC BM-
MSCs Kal HUEAWUOTIKAG KUTTOPLKAC OELPAG. Ta OTEPEA IKPLWUATO TIOU Xpnolpomolénkav otn
HeAETN Kkotaokeudotnkav pe 3D ektUmwon oto Tunuo Agpovoumnylkng tou Mavemotnuiou
MNatpwv, und tnv enifAedn tou Kabnyntr kou BaoiAn KwotdémouAou Kal TNG METASLOAKTOPLKAG
gpeuvnTplag Dr Diana Portan. AroteAoUvtal amno moAuyoAaktikd oy (polylactic acid, PLA) Sounuévo

oe dour MAEyPaTOG e pLéyeBog TOpou Ttou TtoLkiAeL amo 60 €wg 120 nm.
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Ma tnv avanapdoctacn 3D doung pe mentidiky udpoyeAn xpnolpomnotwijoape to Corning
PuraMatrix Peptide Hydrogel (BD, USA) to omoio amoteAsital kotd 1% amd apwoféa Kal To
umoAouto amnod vepo. H popdomnoinon Tou UAKOU og yEAN amo Tnv apxLkn vypr popdn yivetal pe tnv
npocBnkn SlaAbpatog aAdTwy cUYKEVTPWONG >1mM, Onwe ta BpemTikd UAKA. Emeldn n mentdikn
UGpPOYEAN Tou xpnoluomolnoape €xel pH 2-2.5, o xpovog emadrg Tou UALKOU TIPEMEL va Eival
€AAXLOTOG KAl YO TO OKOTIO QUTO XPNOLUOTIOLOUKE LOOOOUWTLIKO SlaAupa ooukpolng. To Corning
PuraMatix Peptide Hydrogel é€xst apxwrn ocuykévipwon 1% (w/v) kat pmopei va xpnotpomnotnBsi

avapaiwto r o€ apaiwon.

-AlaSikacio CUYKAAALEPYELWV OF LKPLWLOTO TIEMTLOLKAG USPOYEANG

1. YmolAoyiloupe to cuvolikd oyko Corning PuraMatrix Peptide Hydrogel mou Ba yxpelaotolpe
KOl LOALG TTAPOUE TNV KATAAANAN TTOCOTNTA O KWVIKO SWANVAPLO TwV 15 ml, pelwvoupe To
L€wbeg pe xpnon Vortex.

2. Apalwwvoupe To apxtko Stahupa 1% (v/w) e KATAAANAO OYKO OTTLOVICUEVOU VEPOU

3. TMpooBEtoupe To Corning PuraMatrix Peptide Hydrogel ota ¢ppedtia TnG PIKpOmAGKAC, Kot
oo TAVW TIPOCOETOUE TIPOCEKTIKA TO BPEMTIKO UAKO. Me auTO ToV TpOTo apXileL n
Sladikaoia dtapdpdwong Tng yEANG.

4. TomoBetoUpe tnv MAAKa otov KABavo enwaong (37°C, 5% CO>) yla 1 wpa KAl O aUTO TO
Staotnua aAAAlou e To BPETTLKO UALKO 2 POPEG, £TOL WOTE vVa enteuxBel e€looppdmnon Tou
pH o€ GUCLOAOYIKEG TLUEG.

5. Koatd tn didpkela Tou BUatog 4) UmopoUE VA ETOLUACOUE Ta KUTTAPA, OTIOKOAAWVTOG TA
amo tn GAAoKo KOAALEPYELAG KOL EMAVOLWPWVTAG T O TIANPEG BPEMTIKO UAKO KOATAAANANG
CUYKEVTPWONG .

6. MeTad£poUu e MPOOEKTIKA 0TA PPEATLA, TIAVW Ao TN YEAN TIoU £XeL SnuoupynOsi ta
KUTTapa. EGv emBUpOUUE TOV EYKAELOUO TWV KUTTAPWVY O€ OGN0 TOV OYKO TNG YEANG

propoUpe va ta mpocBéooupe oto Prua 3) pali pe to Corning PuraMatrix Peptide Hydrogel.

Katd tn Sldpkela TG KUTTOPOKOAALEPYELOG, N aAlayr Tou OpemTikoU UALKOU yivetal pe Ama
petadopd emavw amo TN yéAn. Me to TEPAG TNG KOAALEPYELOC UMOPOUUE VA QVOKTHOOUME Ta

kUTTapA Ao tn yéAN e Tov £EAC TPOTO:

1. AmodopoUpE UNXAVIKA e avadeuon e TIUTETA T YEAN €VTOC TOU GpEATIOU TNG

MLKPOTIAGKQLC.
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2. Metadépoupe OAn TNV MOCOTNTA TOU GPEATIOU 0€ KWVLKO cwAnvaplo Twv 15 ml kot
npocB£Toupe 0o Oyko PBS 010 dpedTio EEMAEVOVTAG TO, LETAPEPOVTAC KAL AUTH TNV
TIOCOTNTO OTO KWVLKO GWANVApLO.

3. QuyokevtpoUpe ota 400 x g yia 10’ Ko aroppinmtouie To unepKeipevo.

4. Enavalwpoupe og 2 ml PBS, duyokevtpol e oTLG (Bleg oUVONKEG Kal CUANEYOULLE EK VEOU TO
{gnuo.

5. EmavaliwpoUue o 5 ml Bpemtikol UALKOU, GUYOKEVTPOULE OTLG (OLEC CUVONKEG.

6. EmavalwpoUUe Ta KUTTOPO TToU £XoUV avaktnBel og SLAAupa TNG EMAOYNAC LOC.

-Ma tnv eToLacio CUYKAAALEPYELWV OE CTEPEA LKPLWLOTOL

1. TomoBetolpe to IKpiwpa otov uBpéva dppeatiou piKkpoTAdkog KaAAlepyslwy 48 1 96
dpeatiwv.

2. ATOOTEIPWVOULE TA LKpLWHATA LE TIPpoaBnkn 70% alBavoAng og moooTNTA APKETH yLa TV
TAnpn BuBLon Toug.

3. Metadépoupe ta IKplwpota os GpedTLo Ttou TtepLExeL 1x DPBS.

4. ATMOOTELPWVOUUE HE €KBEON TNG ULIKPOTIAGKOC Og aktvoBoAia UV yia 4-12 wpsg.

5. Metad£poupe Ta IKPLWHOTA 08 GPEATLA LE TTANPEC OPEMTIKO UALKO Kol TOL dpr)VOULE OTOV
KA{Bavo emwaong (37°C, 5% CO3) yLa 24 wpsC.

6. Etowaloupe ta kUTTapa mou Ba KaAALEpY|GOUE 0TNV KATAAANAN GUYKEVTPWON YLO TO
TEPAUO LOC OE EVaLWPNHA € TIAAPEG OPETTIKO UALKO O€ PEYAAN cuykévtpwaon, SnA. >1 x
10° kutTapa / mL.

7. MeTtad£pou e Ta LKPLWUOTA O KEVO GPEATLO, LOOVIKA OE VEX ULKPOTIAAKO KOAALEPYELWV.

8. TomoBeTOUUE OTO LKPIWO TO TTUKVO KUTTAPLKO EVOLWPNUA, OTAyOVa-oTayova oTny
£MLPAVELA TOU LKPLWUATOG, WOTE Ta KUTTapa va §tnBnboulv péoa amnd Toug mOPouC Tou
LKPLWHOTOC.

9. JUUMANPWVOUE e BPETTTIKO UALKO HEXPL TNV MANPWON TOU HLooU OyKoU Tou dpeatiou.

Katd tn Sidpkela tng kuttapokoAAEpyetag n alhayr tou Bpemtikol UALKOU yivetal pe adaipeon
Bpemtikol UAKOU amd To dpedtio Kol tpocdnkn long moodtntag véou BpemtikoU UALKOU UE ATl
kivnon. Me to mépoc TnG KaAAEPYELAG UTTOPOULLE VA AVAKTHOOULE TA KN TPOCKOAWUEVA KUTTOPA

amno ta ppedtia:
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1. Avadeloupe ATILO LE TILTETA, XWPLE VOl OKOUUITALE TA LKPLWLLOTA WOTE Va NV ipokAnBouv
$0Oopéc. Ta mpookoAAwEeVA KUTTAPA TTAPOUEVOUV OTOV MUBUEVA KAl OTA LKPLWLATO EVW TA
EVOLWPOUUEVA aKOWUN KAl av eiyav kaBloel otov mAto Tou ppeatiou onKwvovTal e EUKOALA.

2. MeTadp£POUE TO KUTTAPLKO EVOLWPNHA 0E KWVLKO cwANvAapLo 15 ml Kol GUMITANPWVYOUUE
TOV OYKO LLE BPETTIKO UALKO.

3. QuyokevtpoULue ota 400 x g yia 10",

4. KoaBapiloupe ta Ikplwpata yepilovrag ta ppedtia e ukvo dtalupa 10x tpuivng Kat to
enwaloupe yla 20’ otov KAiBavo.

5. AkoAouBoUpe ta fAUOTO amOoTEIPWONG OTWCE EPLYPAPOUUE TTPONYOU LEVWG WOTE Va

ETOLLOOTOUV VLA TO EMOUEVO TEIpALAL.

2.5. MNapatrpnon IKPLWUATWY LLE ULKPOOKOTILOL

Kata ™) Olapkela Twv MEWPOUATWY UE TA IKPLWUATA, xpnotporoindnkav Siapopec uédodot
ULKPOOKOTINONG yla THV TAPATHPNON TNC TPOOKOAANONC TWV UECEYYUUATIKWY KUTTAPWVYV OTA
LKOLWUATO, TNV KATOUETPNON TOU aptIUoU TwV UUEAWUATIKWY KUTTAPLKWY OEIPWVY KAl THV EKTIUNGCN
™m¢ Biwowotntag toug. Me ™ xpnon uikpookomioc @doplouou, mpayuatorolyinke n adpn
ekTiunon t¢ eykadidbpuonc Twv UECEYXUUATIKWY KUTTAPWY OTO OTEPEX Kplwuata. H ypnon tou
OUVEOTIAKOU ULKpookortiou odpwan¢ (Eitkova 2.2) nopeiye ™ Suvatotnta tne avaAuTIKOTEPNC
UEAETNG TOU KUTTQAPOOKEAETO TWV UECEYYUUATIKWY KUTTAPWYV KAJW¢ QUTA EKMTTUOOOVTAL OTA
LKOLWUATA EVW TOUTOXPOVO UTIOPECAUE VO EKTIUNCOUUE Kol TN BLwoludtnta Twv UUEAWUATIKWY
KUTTapwV o ouykaAdiepyeta. Me tn xprion nAektpovikng pikpookomiog odpwong (Ewkova 2.3)
eKTIUNONKE n TPLOSIAOTATN TANPWON TWV OTEPEWV IKPLWUATWY amo to BM-MSCs. 2e autn thv
EVOTNTA TEPLypa@ovTal ol UEJ0SOL TIPOETOLUACING TWV KUTTAPWV Yl ULKPOOKOMNON yla Kade

TEXVLIKN ULKPOOKOTTIOG EEXWPLOTA.
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ZUVECTLOKNA

Mikpookortia Mnyn Laser

2 JUVECTLAKEG

AXPWLIKO KATOTTPO

AVTIKELUEVIKOG /

gt~ |l Avoveutic

Emninedo 8K'[C')Q\ v‘ ‘/Ertirteéo eviog

gotiaong gotiaong

Ewkova 2.2. SYNUATIKN QIEIKOVION TG CUVECTIOKNG ULKPOOKOTTiaG odpwang. H gwtewvn mnyn Laser
£0TIAJETAL OE OUYKEKPLUEVO ETIMESO kAl onueio oTo avtikeiuevo. Me tn xprion twv CUVECSTIAKWY
oMWV 0 AVIXVEUTIG TOU ULKpOOoKoTTiou AauBavel uovo 1o eotiacuévo onua @doptouol. H eikova Sev

elvat opartn pe to uatt aAdd ouvtidetatl ano AoyLouLko.
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HAektpovikn
MiKpoOoKoTIiOL ZApWONG

Mnyn nAektpoviw

Aéopn nAektpoviwv

Mayvntikot dpakot

AvIXVEUTAC
NAeKTpOViWV

AVIXVEUTAG
nAektpoviwv

Tpanela

Ewkova 2.3. SYNUATIKN OTEIKOVION NAEKTPOVIKNC UIKPOOKOTIOC OdpwonG LUE TV oroia eEeTaleTal n
ETLPAVELA QVTIKEIUEVWY UE Xprion Seaunc nAektpoviwv. H 6éoun nAektpoviwv dnutoupyeital otnv

avodbo kal n eotiaon yIVETAL UE TN XPHON UXYVNTIKWV QOKWV.

2.5.1. Xpwon KuTtapwv pe Xpwotik) CFSE Kot mapatipnon e pkpoaokoria ¢pBoplopov

Mo tnv napatrpnon Ue Uikpookomio pdoplouou emAEXOnKe n xprion ptac {wTlkn¢ XPwWOoTLKNG TOU
ETUTPETIEL TN XPWON TWV {WVTAVWY KUTTAPWV XWPIC Va UTTAPYEL N oVAYKN LLOVILOIOINGh¢ Toug. Me
QUTO ToV TPOMO, ivat duvatn n kat’ eéakoAouBnon mapatnpnon Twv KUTTAPWYV KATA T SLAPKELA TNG
kaAAiEpyetag. H xpwotikn mou emiAéyOnke eivat o OoUKIVIUIOUAIKOG €0Tépa¢ NG KkapBoéu-
wAouvopookeivng (Carboxyfluorescein succinimidyl ester, CFSE), kadw¢ ta KUTTapA TOU Exouv xpwIel
ue CFSE b xavouv tnv moAAamAaoloOTIK TOUG LKAVOTNTO EVW TopdAAnAa n xpwotikn
UETaBIBaleTol OTA KUTTAPA-QITOYOVOUC TIOU MPOEPYOVTaL ard Tn Slaipeon Twv NN XPWOUEVWV
kuttapwyv. O CFSE eival pia mpaotvn xpwoTlkn n orola ELOEPYETOL AVEUTTOSLOTA OTO ECWTEPLKO TOU
KUTTAPOU Kol OSECUEUETOL OUOLOTIOALKA UE EVOOKUTTAPLY LOPLY, ONMwC OTa Katadouto Auaivne

TPWTEIVWV.
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YAKQ, avoAwolpa Kat opyava

Evalwpnpa KUTTApWV TPOG Xpwon

MIKPOTIAGKO KUTTAPOKOAALEPYELOC LE TNV 3D KAAALEPYELQ TTOU £XOUUE AVATTTUEEL
CFSE (Sigma Aldrich, USA)

AwpeBulo-oouddotidlo (DMSO, Sigma Aldrich, USA)

ZwAnvapla tumou Eppendorf

BD Puramatrix (BD, USA)

MAnpeg Bpemtiko UALKO pe 10% FBS

EAaotikn tawia odppayiong (Parafilm M, Sigma Aldrich, USA)

Ddwaodoptkd pubuLotikd Stahupa Dulbecco’s (DPBS), xwpic Ca2+, Mg2+ (Lonza, ltaly)
YSatoloutpo

Avaotpodo pikpookoriio ¢pbopiopou, Nikon TS 100 (Nikon, Japan)

Kapepa pikpookoriog Nikon PS-Fi2 (Nikon, Japan)

NpwtokoAlo Epyaoiog

-NposTolpacio XpwOoTIKAG KAl XpWoN KUTTApWVY

1.

A L T o

210 apXLko6 owAnvaplo Tou CFSE meptéxovtal 500 mg xpwoTLkNG, ota omnola pocoBEétoupe 90
puL DMSO, avakwvoUpe kal polpdloupe og 10 cwAnvaptla tunou Eppendorf. Etot
KOTAOKEUALOUHE TA UNTPLKA StaAhvpata CFSE oe DMSO cuykévipwong 10 mM, Ta onola
Slatnpouvtat otoug -20 °C.

Ao UXoupE To CWANVAPLO LLE TO UNTPLKO SLdAupa CFSE oge DMSO.

MeTtad€pPOUE TO KUTTAPLKO EVALWPNLA TIPOC XPWOT O€ KWVLKO PpLaAidio Twy 15 mL.
ZemAévou e Ta kKuTtapa pooBEtovtag DPBS kat dpuyokevtpwvtag ota 400 x g, 10°.
EnavalapBdavoupe to BrApa 4 Kot 6To TEAOC EMavVALWPOUUE Ta KUTtapa o 1 mL DPBS.
Katapetpolpe ta kKUTTapa pe tn HéBobdo katapétpnong oe mAdka Neubauer 6mwg
ovadEpoe o€ MPonyoUEVN evoTnTa.

QuyokevtpoU e Kal EMovalwpoUpe Ta KUTtapa o€ DPBS wote va €pBouv og ouykévipwon 1
x 108 / mL.

MpoaoBtoupe KatdAAnAn moootnta StaAlpatog CFSE oe DMSO wote N TeALKr) CUYKEVTPWON
va gival 100 pM.

AVOKIVOULE KAl EMWAIOUE TO KUTTAPLKO evalwpnpa og udatdloutpo yia 15°.
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10. ZemAévoupe Ta KUTTOPA e PooBrkn 1x DPBS o dekamAdoLo TOCOTNTA TOU apXLKoU OYKOU
KoL puyokevtpoUpe ota 400 x g, 10°.

11. EmavoAappavoupe pe mpoodnkn dLag moootntag MANPous BPeMTIKOU UALKOU KOl KAVOUE
ovaoloTaon UE ULKpr moodTnTa ARPOoUC Bpemtikol UALKOU avaAloyd HE TNV EMOUEVN XPHoN

TWV KUTTAPWV.

-NapakoAovOnon nopeiog KAAALEPYELAG TTPOOKOAAWUEVWV KUTTAPWYV LE XPHON HLKPOOGKOTLOG

$OopLopol

1. MNpw ano tnv napatnpnon oppayilovpe To KAAUHUUA TNG ULKPOTIAAKACG KAAALEPYELOG LIE
Parafilm pe okormo va eAoXLOTOMOLCOULE TOV KivEUVo HOAUVONG TWV KAAALEPYELWV.

2. Hxpwotikn CFSE éxeL péyloto amoppodnong ota 490 nm Kol LEYLOTO EKTTOUTNG oTa 520 nm,
EMOUEVWG Ppovtilou e oTo HIKPOOoKOTILO PpBOopLoUOU va UTIAPXEL KaL va eTiAexBel To
Kat@AAnAo ¢piAtpo.

3. MNopatnpoUuE OTO PULKPOOKOTILO HE NTILOUG XELPLOUOUG XWPIE TO LKpLWHATA VA LETAKIVNBOoUV
amo tig O€oelc Toug emeldn unmopei va urtapyouv BM-MSCs mou ektelvovtal LETAED TNG
E0WTEPLKAG ETLPAVELOG TNC ULKPOTIAAKAC KOL TOU LKPLWLOTOG.

4. o tn Andn ¢wroypadlwy tekpunpiwong dpovtiloupe 0To AOYLOULKO TNEG KAUEPAS

MLKpookoTiag va €xoupe emtidétel mpodi dwtoypadlong katdAAnAo yia orjpa ¢pBoplopou.

2.5.2. MPOoETOACIA LKPLWHATWVY KOL TTOLPOTAPNON LE CUVECTLOKN HLKPOOKOTILAL OAPWONG

2e avtideon LE TNV OMTIKI ULKPOOKOTTiOY, OTN CUVECTLAKN ULKPOTKOTTI O (WTLOUOC TOU SEIYUATOC Kal
avtiotolya n nmpooAauBavouevn ontTikn TANPoEopia €ivol MEPLOPLOUEVOG OE EVA ULKPO OnUEio TO
OmoIl0 UETAKIVEITOL KOTA UNKOC TOU TIOPOIOKEUAOUATOC. AUTO ENMITUYXAVETAL UE TNV TEYVoAoyia
KOTOOKEUNG TWV OUVECTIOKWY ULKPOOKOTIWYV odpwonc, ta omoio mapeuBalouvv eva moAU UIKPO
Slappayua otov omtiko aéova UETAEU TOU QVTIKELUEVIKOU @OoKOU Kol TNG MNYN¢ @wtiouou. H
QWTELVI) TINYI TTOU XPHOLUOTIOLEITOL A0 TO OUVECTIOKO cUOThUA glval tnyn @wtog LASER, evw to
ULKPOOKOTTLO UTTOPEL Vo EYEL TaUTOXpova Kot cuuBatikn omtik) uedodo maparnpnonc. H ewova
OXNUATIIETAL UE TN OAPWON OAWV TWV ONUELWV TOU OMTIKOU MESIOU KAl N Mapatipnon yiveTol UECW
AoyiouikoU nAektpovikoU umoAoylotr). To ONUAVTIKOTEPO MAEOVEKTNUA XPHOoNG TOU OUVECTILAKOU
ULKPOOKOTTIOU 0apwan¢ gival 0Tt EAXTTWVOVTAL TOAU Ta Un ELSIKA ORUATO aTTO T N EOTIACUEV

ONUEia TOU MOPACKEUATUATOC, TTAPAYOVTAC ELKOVEC UYNANG avTideonc Kot EUKPIVELAC.
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YAWKQ@, avaAwoipa Kat opyova

o MiuikpomAdaka KuttapokaAAépyelag e tnv 3D KaAALEPYELD TIOU £XOUUE avartUEeL

e  ODwodopikd pubutotikd Stdhupa Dulbecco’s (DPBS), xwpig Ca**, Mg?* (Lonza, Italy)

o Xpwotik DAPI (4',6-diamidino-2-phenylindole, Thermo Fischer Scientific, USA)

e MéEoo emik@AuPng pe xpwotiky DAPI, mounting medium with DAPI (Abcam, UK)

o Xpwotikn @arhoidivn (Thermo Fischer Scientific, USA)

o  Xpwotik Podapivn (Thermo Fischer Scientific, USA)

o AdAhupa ¢popuardeilidng 4% (v/w) oe DPBS

e AwdAupa Triton X-100 0,3% (v/w) og 1X DPBS

e Kt xpwong Annexin V Apoptosis Detection kit | (BD, USA) (mepthapupavel to binding buffer)

e |wblouyo mpomidio (PI, Sigma Aldrich, USA)

NpwtokoAlo Epyaoiog

Jta kpuwpata yEANg meplypadetal mpwtokoAo xpwonc pe Avvelivn-V/PI, £tol wote va ektiundei o
aPLOUOC KOL N BLWOLUOTNTA TWV KUTTAPWV TNG oUYKOAALEpYeLac. H Avvelivn-V sival pla e€aptwpevn
amnod 1o aoBéotio (Ca) mpwrteivn pe peyahn cuyyévela yla tv pwodatidulooepivn Kal dpa fonbda
OTOV EVTOTUOMO KUTTApwv Tou Pplokovtal oe Sladikooia amontwong To wwdlovxo mpormidlo
(Propidium lodide, PI) xpnolpomnoteitat ylo to Staxwplopd {wVTovwy Kal VEKPWY KUTTapwv. To Pl
glval plo 6€vn XxpwoTik VOUKAEKWY oféwv n omola aduvatel va eloéNBel os {wvtavd 1 TpwLLA
OOTMTWTIKA KUTTapa. Ta VEKPA KUTTOPQ, WOTOCO, £XOUV AMOSLOPYAVWHEVEC UEUBPAVEG Kol Gpa
ETUTPEMOUV TNV €000 Tou Pl pe amotédeoua va ¢Bopllouv. ITa OTEPEA IKPLWHATO TEPLYpadETOL
MPWTOKOAAO Ypwong e ¢oaAAoidivn/podapivn £tol wote va pehetnBel n popdoloyia Ttwv
MECEYXULATIKWY KUTTAPWYV TIOU €ival TIPOOKOAANUEVA OTA OTEPEQ IKPLWHATA. Mo TOV OKOTO autd
TPAYHOTOTOWONKE Xpwon Twv KUuTtapwv He darloidivn, n omola pA¢ OMOKAAUTITEL TOV

KUTTOPOOKEAETO KaBOTL cUVEEETAL e TO LVISLOL OKTIVNG, ATTOKAAUTITOVTOG £TOL TNV ToMoAoyla TouG.

-0 TV MPOETOLHAGIO OTEPEWV LKPLWHATWY TPOG TTAPATHPNON TTPOOKOAAWUEVWV KUTTAPWYV LLE

OCUVECTLAKNA HLKPOOKOTILOL 6ApWaoNnG

Adatpolpe to Bpemtikd UALKO amd To GPEATLO TIOU TEPLEXEL TO LKplwUQ.
ZemA£VOUUE TO LKpLwa oTo ppedtio TpeLg popec e 1X DPBS.

MovipomoloU e Ta Lkplwpota pe dopuaAdelidn 4% otov kKAiBavo yia 20’

Ll N

Kdavoupe mAUGoN TOU IKPLWHATOC OTWC 0To BApa 2).
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10.

11.
12.

MpoaoBtoupe Triton X-100 0,3% o€ OYKO QPKETO YL TNV TANPWON TwV Pppeatiwy, e OKOTO
™ SLATPNON TWV KUTTOPLKWV HEUBPAVWV.

Kavoupe mAUGON ToU IKPLWHATOG OTWE 0To BAua 2).

MpooBétoupe 1 mL 100 nM OaAAoidivn/Podauivn og 1X DPBS kat enwalov e yia 30" ot
Bepuokpacia Swuatiou.

Kavoupe mAUon Tou IKPLWUATOC 0w 0To Brua 2.

TomoBeToUUE TO IKplwHA O AVTIKELUEVODOPO TIAAKA, LE TNV ETILPAVELD TTIOU BEAOUE Va
napatnpnOel mpog Ta mavw.

KaAUmToupe tnv emidpAVELX TOU IKPLWUATOC HUE HECO ETIIKAAUPNG HE XpwoTikr) DAPI kot to
KOAUTITOUE HE KaAuTtTplida £€TOL WOTE TO HECO EMIKAAUYPNG va amAwBOel opolopopda otnv
KoAumtpida xwplc va oxnuatiotolyv dpucaAideg.

Enwdaloupe yla 15’ o Beppokpacia Swpatiov oe OKOTEWVO HUEPOC.

Kavoupe mapatrpnon oTo HLKPOOKOTILO 0APpWaONC XpNoLlomolwvtag th dwrtelvr inyn Laser
408 nm yla tn SLéyepon tng Xpwotkng DAPI kat tn Laser 543 nm yia tn
DOaAAoidivn/Podauivn.

-la TNV MPOETOLHAGIA LKPLWUATWVY YEANG TPOG TLOPATHPNON MPOCKOAANUEVWVY KUTTAPWVY E

OUVEOTLOKNA LKPOOKOTILOL 6ApWaoNG

1.

vk W

Edv To eMBUMOUE VAKTOUE Ta KUTTAPA oo TNV USpoyEAN Onwg neplypddnke
nponyouuévwe (mapaypoadog 2.4) alAiwg cuveyiloupe t Sladikacia ota ppedtia Tng
ULKPOTIAGKAG KAAALEPYELWV.

MpoaoBtoupe 100 ml Binding Buffer 1X/dpedrtio.

MpooBtoupe 5 pl Avvetivng-V kat 5 pL PI.

Enwdaloupe yla 15’ oto okotadi.

MapatnpoULE OTO CUVECTLOKO ULKPOOKOTILO.

2.5.3. MPOETOLUOCIO CTEPEWV LKPLWHATWVY KO TTOLPATHPNON HE NAEKTPOVIKI) HLKPOGKOTTLOL

ocapwong

Me tn Xpron tng NAEKTPOVIKAC ULKPOOKOTILOG oApwong, EmLTuyxavovtal Leyebuvoelg peyaAlTepeg

ar’dtL 0To 0patod Gweg, KABOTL n omtikr auth péBodoc xpnolyomolel ekmopn nAsktpoviwv. H

TAPATAPNON IKPLWHATWY YEANG eival adlvatn HeE auth TNV TPooEyylon, Kabwg n koAAEpysla

SlahUetat kat Sev Satnpeitat n 3D Sopn TNG. TUVETIWG TTEPLYPAPETAL TO TIPWTOKOANO TIPOETOLLACLAG

OTEPEOU LKPLWHOTOC.
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YAKQ, avoAwolpa Kat opyava

o MiuikpomAdka KuttapokaAAlépyelag e tnv 3D KaAALEPYELD TIOU £XOUUE avarTUEeL

e DOwodoptkd pubuLoTKO SdAupa Dulbecco’s (DPBS), xwpic Ca?*, Mg?* (Lonza, Italy)

e ABavoin 100%

e TAoutapalbeiidn (Sigma Aldrich, USA)

e YAKO srmukdAuding yta NAEKTPOVLKA LKPOOKOTTLA UE KOKKOUG XpuooU Kot moAhadiou (60/40)

(Electron Microscopy Sciences, UK)

NpwtokoAAo Epyaoioag

1. AdalpoUpe to BPeMTIKO UAKO amod To GPEATIO Kal TTAEVOUUE TO IKpiwpa pe 1X DPBS, 3
dopég.

2. MoviornoloUpe ta KUTtopo HE petadopd oe Stalupa yloutapaldsiiong 4% v/v os 1X
DPBS.

3. Zem\évoupe ta Ikplwpata 3 popég pue 1X DPBS.

4. MetadEpoupe Ta IKPLWHOTO Ot Kawouplo ¢ppedtio pe 1 ml aBavoin 30% ywo 10° kat

ouveyiloupe dLadoxka auvdvovtag tn cuykévipwon o€ 50%, 75%, 95%, 100% alBavoAn.

Adrvou e Ta IKplwpata ya £npaven otov agpa.

TomoBeToUUE T IKPLWUATO O LETAAALKN Bdon SEM.

AkolouBoUpe tn Sladikaoio KAAUPNG TOU LKPLWHOTOG E XpPUOO Kal TaAAASLo.

© N o Ww

TomoBetoUpe oto HAEKTPOVIKO MIKPOOKOTILO JAPWONG KAl TIPOXWPOUUE HE TNV

napatnpnon.

2.6. YTOAOYLOHOG OUYKEVTPpWONG NHiogLag avaoTtoAng (IC50) OepameuTIKWV APOYOVIWY HE XpAON

Sokipaoiog MTT

H éokwaocioc MTT eival pia xpwUXTOUETPLKY UEB0S0G yla TOV MPOoOobLoploUd TG UETABOALKNG
SpaoTnpLoTNTAC TWV KUTTAPWVY, N ormoia eival avaAoyn tou aptduol twv {WVTavwy KUTTAPWV.
Baoiletat otnv  avaywyn ¢ kitpwvnge xpwotikic MTT  [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] mpo¢ to oynuatiouo evog adtaAvtou mpoiovroc @opualaviov Lwbdoug
xpwuatog, amo tn pacn twv uttoyovdplakwy avaywyaowv. H xpnon tng Sokiuaoiac otnv
nelpauatiky poc Siadikaoio, EYLVE LIE OKOMO TOV UTMOAOYIOUO TNG KUTTAPOTOEIkNG bpaonc

XNUELOTEPATIEUTIKWY TTOPAYOVTWY OE UIKPOTIAAKEC 96 ppeatiwv. H BaolkOTEPN UETPNON AQOPL OTOV
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UTTOAOYLOUO TNC CUYKEVTPWONG EVOG TELAMEUTIKOU mTapayovta mou SUvatal Vo TPOKAAETEL VEKPWON
oto 50% twv kuttapwy, n aAAlwg cuykeévtpwon nuiostac avaotoArc (IC50). Me tov tpomo auTtt,
UITOPOULUE VO EKTIUNOOUUE TNV aVIEKTIKOTNTA SLOPOPWY KUTTAPIKWY CELPWV KAl TIPWTOYEVWV

KUTTApWV aoPevwv.

YAKQ, avoAwolpa Kat opyava

o MKpOMAGKA KUTTAPOKAAALEPYELAG LLE TNV KOAALEPYELD TTOU €XOUE QVATTUEEL

o TNAnRpeg BpemTiko VALKO pe 10% FBS

o AlGAupa yVWOTHG 0PXLKNEG CUYKEVTPWONC TOU tapdyovta tou Ba xpnotpomnonet
e AdAupa MTT (Sigma Aldrich, USA)

e Awdhupa 0,1 N HCl/&vudpnc toomporavoAng (Sigma Aldrich, USA)

o  Quwrtopuetpo uikpomAakag (ELISA reader) puBuilopévo ota 545 nm

NpwtokoAlo Epyaoiog

1. ®uyokevtpoUE TO KUTTAPLKO evalwpnua ota 250 g yla 5’ Kot EMavalwpoU e To nua o€
TIANPEG OPEMTLIKO UALKO.

2. MNpoodlopiloupe TN CUYKEVIPWON TWV KUTTAPWY OTO KUTTAPLKO evalwpnua pe th uEbodo
TOU TtepLYpAdnKE TPONYOUUEVWC Kal TIpooBOETtoups KatdAAnAo oyko Bpemtikol UALKOU,
WOoTe To TeEAKO evalwpnua va £xel mukvotnta 300.000 kuttapa/mL.

3. Metadépoupe 100 pL kuttapkol evalwpnpartoc (30.000 kUttapa) ava dpedtio
MLKpoTAdKaG 96 dpeatiwv. Zuviotatal kKABe emibpacn va eAEyXETAL £LG TPLUTAOUV.

4. 3Ita dpedtia 6mou Ba peAETACOUUE TNV eNidpaon apayoviwv npocBétoupe 100 uL
SLoAUpaTOC KATAAANANG CUYKEVTPWONG apayovta. Eav okomog eival va mpoodloplotel n
IC50 téte Ba mMpEMeL va ETOLLACOUUE [l Oelpd SLoBabuicewv CUYKEVTPWONG TOU
napdayovrta. Ita gpedtia mou Ba xpnotponolnBolv cav LAPTUPEG MPOCHETOUE ion
noooTnTa MARPoU¢ Bpemtikol UALKOU evw adrVOULE Kol KEVA GpedTLa, YL TN LETPNON
anoppodnong twv TupAwv-paptipwv (blanks).

5. Enwaloupe yla 72 wpeg o€ KAPavo enwaong pe otabepég ouvbnkeg 37° C, 5% CO..

6. ®uyokevtpoUpe Tn HiKpomAdKka ota 250 g ya 5’

7. MNpooBétoupe 100 plL Stahbpotog MTT (cuykévtpwaong 1 mg/mL) ava dppedtio Kat

EMWALOUUE YLa 4 WPEC OTO OKOTASL.
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8. AdoU dpuyoKkevIpAoOUUE TN HiIKpoTAdKka ota 250 g yia 5’ adalpoUpe To GUVOALKO OYKO
UypoU armo KABe PPEATLO, TPOCEKTLKA WOTE Va Unv avappodnboulv ol adtdAutol kpuoTalhot
dopualaviou.

9. MpooBétoupe 100 pL Stadbpatog 0,1 N HCl/dvubpnc toomponavoAng yia AUon twv
KUTTAPWV Kal SLAAUTOTIOLOU UE TOUG KPUOTAAAOUG LIE TILTETAPLOAL.

10. QwtopeTpoUpEe TNV TAAKA OTO GWTIOUETPO, oTta 545 nm.

JTn ouvExela akoAouBel n emefepyaoia TWV OMOTEAECUATWY :

1. E€dyoupe To HECO OpO TLUWYV amoppodnong yLo ta Gpedtia e OUOLEG CUVONKEC, OTNV
T(POKELEVN TtepiMTWOon TG TPLASEC.

2. Adoalpolpe amd QUTEC TIG TLUEC, TOV LECO OPO TWV TUGAWV.

3. Ewodyoupe ta Sedopéva o epyadeio urtoAoylopou IC50 (my attbio.com) kat e€ayetal n
OLYHOELSNC KOUIUAN o TV omoia Prnopoupe va urtohoyiloupe tnv IC50 aAAG Kot

omoladnmote GAAN CUYKEVTPWON avaoToAng emtBupov e (my IC30, IC80)

2.7. Eneepyaocia Selypatwv ya EAeyXo £Kkbpaong EMLPAVELOKWV KoL EVOOKUTTAPLWY SEIKTWV

KUTTAPWV LLE KUTTOLPOLETPLA pOKG

H kuttapoustpio ponc¢ pag Bonda va avaAUoouue ypnyopa €va OUVOAO KUTTAPWV Kol va
oUAMEEouue moAda Sedouéva Ekppacng KUTTAPIKWY SelkTwy o€ eninedo upovadiaiov kutrapou. Ot
SuvaTOTNTEG TNG TEYVOAOYIAC UAG ETUTPEMOUV VA AVAAUCOUUE KUTTOPIKA EVAIWPHNUATH UE OPKETA
ekatouuUpla kKUTTAPA / mL Kot vor VTortiooule TOAU UikpoU¢ Eexywptotouc mAnSuouous KuTTapwy
(mx. 20 kUtropa o ouUvodo 1x10° kuttdpwv) UE SLOKPITA QQUVOTUTILKY XOPOKTNPLOTIKA. Ot
TIAnpoopiec mou cuAAEyouue apopouv To UEYETOC Kal TNV MOAUTTAOKOTNTA EVOG KUTTAPOU, KaGwe
Kol TNV EKQPOON €EWKUTTAPLWY Kol EVOOKUTTAPLWY SEIKTWV/Uopiwy. AUTO EMITUYXAVETAL LE TN
XPNON UOVOKAWVIKWY QVTIOWUATWY EVAVTL TWV EMUTONWV-0TOXWY, T omola gival oulevyueva Ue
@doploxypwuata onws n @Aovopeokeivn (FITC) kat n pukoepudpivn (PE). Ta kUTTapa €L0€pyovTol
oTov avoAuTh kat Ue xprion udpoduvaulkng eotioong diepyovral Eva-eva ano Séoun aktivag laser
kataAAndou unkoug kuuarog mou Sieyeipel ta @doploypwuata (Eikéva 2.4). To QwTevo onua
(paoua exmounn¢ nAektpoviwv twv @Uoploypwuatwy) OSlEpyetal amd kataAAnAn Siataén
KATOMTPWY Kol PIATOWV Kol TEALKWC TTPOCAXUBAVETAL OTTO QVIXVEUTEG, EXOVTAC AITOKAEI(OEL TO LN
E6IKO onua. 2ta mMAaiola TwV TEWPAUATWY UE XPNON KUTTOPOUETPIOG pong yla TNV mapouoa

SlatpLBn, meplypda@ovtal Tpio TPWTOKOAAQ TPOETOIUNOIAG KOl XPWONG TwWV KUTTAPpWV ypla: i)
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EKTIUNON aMOMTWOoNG/VEKpwong KUTTapkwv mAnSuouwy, ii) HEAETH avooodoyikol mpo@il
AEUPOKUTTAPWY LE XPHON ETLPAVELAKWY Kol EVOOKUTTAPLWY SELKTWYV, iii) UEAETN evromIouoU Ko

katougtpnong MDSCs.

Kuttapopetpia Porg

MepBardov vypo—= Asiypa

Y&pobduvapikn
Eotiaon

SAhuna QBopilopou

YAua 2kedaopou

Mnyn Laser

y
0-‘.\00000 o N g®, &
X

L4
“~

Ewkova 2.4. SynUatikn ateLkovion tng apxn¢ AeLrtoupyiog Tou KUTTapOUETpou por¢. Ta kUTTapa Tou
Selyuarog onuaivovtal pe avtiowuata ouvdedeuéva ue @Bopilouocsc ouoiec kot Slépyovtal o€
vnUatikn por amo tn Séoun tou AElep. Ot pBopilouoeg ouaicc dleyeipovtal Kal EKTTEUTOUV QWC TO
omnolo eivatl To mapayouevo onua @TopLouoy, eVvw Ertionc aélOMoLE(TaL Kol TO U okedaouoU NG

Séaunc A€ilep.

2.7.1. NpwWTOKOAAO EKTiLNONG UMOMTWONG/VEKPWONG KUTTAPLKWY ANOUOUWV HE XPrON TWV

Xpwoewv Avve€ivne-V kau Pl

Je OUTO TO TIPWTOKOANO XPNOLUOTIONONKOAV EVAULWPNAHUATA KUTTAPWY TPOG HETPNON TWV

QUITOTITWTIKWVY KOl VEKPWTIKWY KUTTApwV. Edv To meipapa adopd tnv enibpacn KAmolou mapdyovta,
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n xpwon pe Avvelivn-V kat Pl Ba mpénel va yivel AUeca WOTE va UTTAPXEL afLOTILOTIA WG TTPOG TV

enidpaon Tou mopdyovta ot BLWoLUOTNTA TWV KUTTAPWY

YAKQ, avoAwolpa Kat opyava

e Annexin/Pl kit (BD Biosciences, USA)

e AhatoU)o dwodoplkd pubuLoTIKO SldAupa o TaumAéteg (Phosphate Buffer Saline tablets,
PBS tablets) (Sigma Chemical, USA)

e [MAaotikd cwAnvapta FACS tubes katdAnAa yLa xprion o€ Kuttapoletpntr porg (Corning,
USA)

e Kuttapopetpo BD FACSCantoll, e€omAlopévo pe 3 laser, 405 nmViolet/ 488 nmBlue/ 633
nmRed (BD Biosciences, USA)

NpwtokoAlo Epyaoiog

1. MNAévoupe ta kutTapa 2 GpopEg pe kpuo PBS duyokevtpwvtag ota 250 g yia 5’ kalt
gnavalwwpoL e oe 1X Binding Buffer (petd and apaiwon Ye ameotayUEVO VEPO TOU TTUKVOU
StaAUpatoc Twv 10X rou repthapBavetat oto Annexin/Pl kit) og ouykévtpwon 1X10°
kutTapo/mil.

2. Metadépoupe 100 pl Stahvpatog (1X10° kuttapa) o FACS tubes kot tpooBétoupe 5 pl
Avvetivnc-V ouleuypévng pe FITC (Avvetivn-V-FITC) kot 5 ul PI.

3. Avadeloupe Amio pe vortex kal emwaloupe otoug 25°C oto okotadt yla 15,

4. MpooBétoupe 400 pl 1X Binding Buffer og kaBe FACS tube kot mpoBaivoupe otnv avaiuon

LE KUTTAPOUETPLO pONG To TaXUTEPO SuVATO, EVTOG SLAOTNLOTOG LG WPOG LETA TN XPwon.

2.7.2. NpwTOKOAAO HEAETNG AVOCOAOYLKOU Ttpodil AeidOKUTTAPWVY HE XPHON EMLPAVELOKWV KOl

EVSOKUTTAPLWY SELKTWV

Y10 TepLYpaPOpEVO TIPWTOKOANO Xpnotpomnotolpe delypo MA kat MO acBevwv pe NMM. H xpwon Twy
KUTTAPWV YIVETAL PE TOUC TTAPAKATW CUVOSUAOHOUG HOVOKAWVLKWY aVIIoWHATWY Kal ¢Bopl{ovowv

xpwotikwy (Mivakag 2.1):

Nivakag 2.1. Suvbuaouoi LOVOKAWVIKWVY QVTIOWUATWV — pU0pIi{oUowV XpWOTIKWY OTO MPWTOKOAAO

UEAETNC TOU avOO0AoYLKOU TIPOPIA TWV AEUPOKUTTAPWYV
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MoVOKAWVLKO ®Oopilovoa xpwaotikn Noootnta Tunog deiktn
Avticwpa
Mavel 1 Madwvel 2 pL Erudavelakog (S) /
Ev&okuttapuog (I)
CcD3 FITC FITC 5 S
CcD4 APCCy7 APCCy7 2,5 S
CD25 APC APC 20 S
FoxP3 PE PE 5 I
Ki67 BV510 2,5 I
CD45RA PECy7 2,5 S
CD8 PerCPCy5.5 2,5 S
CD39 Bv421 5 S
CD45RO PerCPCy5.5 2,5 S
CTLA4 Bv421 5 |
CD127 BV510 2,5 S
HLADR PECy7 2,5 S

YAWKQ@, avaAwoLpo Kat opyova

Human FoxP3 kit (BD, USA), mpoetoipalovrog ta:

o Human FoxP3 Buffer A 1X: Apaiwon tou Human FoxP3 Buffer A 10X og amneotaypuévo

vepo oe avaloyia 1 pépog kat 9 uépn (apaiwon 1:10)

o Human FoxP3 Buffer C: Apaiwon tou Human FoxP3 Buffer B 50X oe Human FoxP3

Buffer A 1X og avaloyia 1 pépocg kat 49 pépn (apaiwaon 1:50)
AtdAupa Abong epuBpwv BD Pharmlyse (BD, USA)
AwdAupa PBS — 0,5% FBS (FACS washing buffer)
MAaotikd cwAnvakia FACS tubes katdAAnAa yla xprion o€ KUTTapopeTpnTh pong (Corning,
USA)
OiAtpo cell strainer twv 70 um (BD, USA)
Kuttapopetpo BD FACSCantoll, e€omAtopévo pe 3 laser, 405 nmViolet/ 488 nmBlue/ 633
nmRed (BD, USA)

NpwtdékoAlo Epyaoiog

1.

Eav to apxko Seiypa eivat MO, tote SinBoupe pe didtpo moépwv 70 wm yLa thv
OMOpAKpUVEN BPAUCUATWY 00TWV 1 AlIMOUG TTOU UMOPEL VA TIPOKAAECOUV TEXVLKO TTPOBANUa

otov avaAuth. MetadEpoupe To StOnua og KWVIKO cwAnvaplo twv 15 mL.

2. MNpooBétoupe Stadhupa Aong epuBpwv péxpL ta 15 mL kot emwaloupe yia 15°.
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3. ZemAévoupe 600 popég e mAnpwon pe FACS washing buffer péypt ta 15 mil.
QuyokevtpoUpe ota 800 g yla 5, armoxUVOULLE TO UTIEPKEILEVO KOl TEALKA EMAVALWPOULLE O
2 mL FACS washing buffer.

4. Mpooblopiloupe TN CUYKEVTPWON TWV KUTTAPWV pE TAdKa Neubauer kal afloAoyoUUe TN
BLwoLUOTNTA TWV KUTTAPWY UE XpWon UE KuavoUuv Tou Tpumaviou. Npoocapudloupe tn
ouykévtpwon o 1,5 x 107 kuttapo,/mL.

5. Metadépoupe 100 mL amnd to evalwpnpo o €va FACS tube yla k@B maveA mou Ba
ovaAUooupe (oTnv PoKeLpévn Tiepinmtwon 2 cwAnvapia/dsiypa).

6. MpooBétoupe KATAAANAO OYKO LOVOKAWVIKWY QVIIOWHATWYV yLo ETLdAVELAKOUC SEIKTEG Kal
enwadloupe yla 30’ oto okotadlt.

7. ZemAévoupe pe 2ml FACS washing buffer. ®uyokevtpoU e ota 250 g yla 5, amoxUvoue To
UTEpKEiPEVO Kal 0To IlNua Twv KUTTApwV ipocBEtoupe Human FoxP3 Buffer A o kaBe
owAnvaplo, enwalovtag yla 10’ oto okotadl.

8. ZemAévoupe pe 2ml FACS washing buffer. ®Quyokevtpoupe ota 250 g yla 5’, amoxUvoue To
UTTEPKELEVO Kal oTOo ({nua Twv KuTtdpwyv pocBétoupe 0,5 ml Human FoxP3 Buffer A os
K@Be owAnvaplo enwalovrtog yia 30’ 0To oKoTAdL.

9. ZemAévoupe pe 2ml FACS washing buffer. Quyokevtpoupe ota 250 g yla 5’, amoxUvou e TO
UTTEPKELUEVO KAl 0TO {{NUa TWV KUTTAPWVY TIPOCOETOUE KATAAANAO OYKO LOVOKAWVLKWY
QVTLOWMATWY yLot evEoKUTTAPLOUG Seikteg emwalovtag yia 30’ 0To oKOTASL.

10. ZemAévoupe pe 2ml FACS washing buffer. Quyokevtpoupe ota 250 g yia 5, anoxUvou e To
UTLEPKELIEVO KL OTO 1{NUO TWV KUTTAPWY KAVOUE TNV TeALKN avaclotaon pe 400 pL FACS
washing buffer.

11. AvaAUoupe GTOV KUTTOPOUETPNTH PONG.

2.7.3. NpwWTOKOAAO HEAETNG AVOCOAOYLKOU POdiA KOTOUOTUATIKWY KUTTAPWY HUEAOYEVOUG

NPOEAEVONG LE XPHON EMLPAVELOKWY KOl EVOOKUTTAPLWV SELKTWV

2TO CUYKEKPLUEVO TIPWTOKOAAO XpnotpomnoloUpe deiypa MA kat MO aoBevwv pe NMM. H xpwon twv
KUTTAPWV YIVETAL LE TOUG CUVOUOOUOUG LOVOKAWVLKWY AVTIoWHATWY Kal pBopiloucwy XpwoTiKwy

mou avaypddovtal otov Mivaka 2.2.
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Nivakag 2.2. Suvbuaouoi LOVOKAWVIKWY QVTIOWUXTWV — pB0pIi{oUuowV XpWOTIKWV YL TO
TIPWTOKOAAO UEAETNG TOU avoooAoyikoU MPo@IiA TwV KATACTAATIKWY KUTTAPWV UUEAOYEVOUG

poéAeuaonc ue kuttapouetpia porc. OAot ot Seiktec eival emipavetakol.

MoVOKAWVLKO ®Oopilovoa xpwoTikn Nooodtnta
Avticwpa

NaveA 1 uL
CcD14 FITC 10
CD11b PE-Cy7 5
CD15 APC 3
CD33 BV510 3
CD124 Bv421 5
CD3 APC-Cy7 10
CD19 APC-Cy7 10
CD56 APC-Cy7 10
HLA-DR PE 10
7-AAD PerCPCy5.5 5

YAWKQ@, avaAwoLpa Kat opyova

e AdAupa Slaxwplopol Aspdokuttdpwy Histopaque (Lonza, Germany)

e  Opentikd LALKO RPMI (Lonza, Italy)

e AldAupa PBS — 0,5% FBS (FACS washing buffer)

e [MAaotika cwAnvapta FACS tubes katdAAnAa yla xprion og Kuttapopetpntn pong (Corning,
USA)

e AlatoUxo dwaodoptko pubuLotiko StaAupa oe TaumAéteg (Phosphate Buffer Saline tablets,
PBS tablets) (Sigma Chemical Co, St Louis, MO, USA)

o  Oilktpo cell strainer twv 70 um (BD, USA)

e Kuttapopetpo BD FACSCantoll, e€omAlopévo pe 3 laser, 405 nmViolet/ 488 nmBlue/ 633
nmRed (BD Biosciences, USA)

NpwtdékoAlo Epyaoiog

1. Edv 1o apytko delypa sivat MO, tote 8inBolpe pe pidtpo mopwv 70 um. MetadEpoups to
SNONua 08 KWVIKO cwAnvapLo Twv 15 mL cupmAnpwvovtag pe RPMI péxpt ta 10 mL.

2. AxoAouBoUpe tn dadikacio SlaxwpLopoy EUNMUPNVWY KUTTAPWY e T néBodo Stapaduiong
CUYKEVTPWONG OTWC TTEPLYPADNKE TIPONYOUUEVWG.

3. 2TO TEAKO EVALWPNLO TIOU TIPOKUTTITEL LETA TNV TEAEUTOLA PpuyoKEvTpnon, mpoablopilovpe

TN CUYKEVTPWON TWV KUTTAPwWV He TAaka Neubauer kat aflohoyoUpe tn BLwoluoTnTa TWV

77



KUTTAPWV Tou Selypatog e Xpwaon e KUOVOUV Tou TpuTtaviou. Npoocappoloue T
ouykévtpwon og 1 x 107/mL.

4. Metadépoupe 100 pl kuttdpwv o £va cwAnvaplo FACS tube.

5. MNpooBétoupe KATAAANAO OYKO LOVOKAWVIKWY QVILOWHATWV YLo EMLPAVELAKOUC SELKTEC Kall
enwaloupe ya 30’ oto okotadlL.

6. ZemAévoupe pe 2 mL FACS washing buffer, dpuyokevipwvtoag ota 250g yia 5’ kat
npooBétoupe 5 uL 7-AAD.

7. NpooBtoupe 400 pL FACS washing buffer.

8. AVOAUOULE OTOV KUTTOPOETPNTH PONG.

2.8. AvaAuon 8£60UEVWV KUTTOPOUETPLOG POKG

Ta onuata mou mpooAauBavovtal amd TO ORTIKO OUCTNHUO TOU KUTTQPOUETPNTH) PONG
Ynelomotovvratr pue 1™ Bondsia oldokAnpwuévwv kukAwudatwv. H Evrtacn (aptduog) twv
TIPOCAQUBAVOLEVWY PWTOVIWY UETATPETIETOL O NAEKTPOVIQ, 0T CUVEXELX OE NAEKTPIKOUC TOAUOUC
Kot TEAIKWC, ME TNV Yn@lomoinon Tou avaloyikoU onuatog, o€ pio Ynelakn TR mou
QVTIKATOMTPI{EL TNV EvTaan Tou apxtkoU onuartog. Me tn Bondsia tou AoyilouikoU UMopei va yivel
EUKOAOC 0 XEIPLOUOC UEYAANC TANPOPOopiag, KadoTL yla kade KUTTHPO TTOU SIEPXETAL QTTO TO ONUELO
g€€taonc eival diadcoiueg 0Aeg ot TiuEC Evtaong kade pBopilovoac xpwotikng. H amewkovion twv
OeO0LUEVWY KUTTOPOUETPIOG YIVETAL 08 oUOTNUA KAPTETLAVWY aéOVwVY, OMOU OL CUVTETAYUEVEC TOU
kade onueiou/kuttapou avtiotolyouv otnv évtaon @doptouol. Katd tn Sitapketa tng avauong ot
nAnBuouoi onUEiWV/KUTTAPWY TIEPLYAPAKWYOVTOL Kol EEETAIOVTAL Yla TNV EKPPOON TIEPLOCOTEPWV
Sewktwv. H kade avaduon mou mpayuUaTomnoLlEiTol dkoAOUTEL OCUYKEKPLUEVN OTPATNYLKY, N Omoia

eivat povadikn yia kaGe mpwtokoAAo Kol AIMOTUTTWVETAL OTN CUVEXELX EEYWPLOTA.

2.8.1. Zrpatnyky avaAuong BLwWoLLOTNTOG LUEAWHATIKWY KUTTAPWV

Aop mpwtokGAAou

Onwc avadépbnke otnv Napaypado 2.5.2, n Avveivn-V eival évog svaiocBbntoc dsiktng yla thv
ONUOVON TWV OMOTTWTLKWY KUTTAPWY Kal To Pl xpnolpomoLeital yia To StoxwpLopd {wvtovwy Kot

VEKPWVY KUTTAPWV. 3TN HEBOSO TNC KUTTAPOUETPLOC POoNG UTIAPXEL N SuvatotnTa CUVSUAOUOU TWV
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600 AUTWV SELKTWV KOl N CUVEKPPAON TOUG XOPAKTNPLZEL T OYPILUA OTTOTITWTIKA KUTTOPA. ZUVETIWG

ol Kuttapikol mAnBuopol Slakpivovtal oe:

Avveéivn-V apvnrtikoi (-) | Avveéivn-V O<tikoi (+)

OYpa amontwIka

Pl 9etikoi (+) NekpwTIKa KUTTOpO coTTapa

Mpo-anmontwTka (A
TIPWLLA OTTOTITWTLKA)
kUTTapa

PI apvntikoi (-) Zwvtava kuTTopa

ITpatnylkn availvong

AkoAouBel avaAuon TwV OTIKTOYPOUUATWY TIOU TIPOKUTITOUV LE TO AoyLopLko BD FACSDiva, 6mwg

daivetat otnv Ewkdva 2.5.

e H emloyn Twv KuTtaplkwv mMAnBuopwy evdladépovtog yivetal pe meplyapdkwaon (gating)
MEOW TOU AoyLOULKOU. AuTO pag Sivel tn SuvatdTnTo VO AMOUOVWOOUE YLO TIEPOLTEPW
OVAAUGN LOVO TOUG eMIAEYUEVOUG UTIOMANBUGHOUG

e H apywkn emdoyn adopd TOV OMOKAEOUO TWV TIOAAGTAWV GUYKOAANUEVWV KUTTAPWVY
(kupiwg Suthetwv, doublets) pe tn xprion tou pdcbiou (FSC) okedaopou

e 3Tn ouvéxela pe xprion dlaypaupatog FSC/SSC emidéyoupe ta epmipnva kUTTopa (mtx Asukd
alpoodaipla), amokAeiovtag Kuttapikd Bpavopata, 80pufo Kat PKpoowoTidLa

o AdoU éxoupe emuAé€el Ta kUTTapa evlladépovtog, to avalUoupe oe Slaypappa Avveivng-
V/PI, MEPIXAUPAKWVOUE OE TETAPTNUOPLA KOl UTTOAOYL{OUE TO TTOGOOTO TWV KUTTAPWYV KABE

TETAPTNUOPLOU TIPOG TOV OPXLKO APLOUO EUMUPNVWY KUTTAPWY
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Ewkbva 2.5, STpatnyikr MEPIXOPAKWONG KUTTAPWY yla avaAuon uetd and xpwon Avveéivne-V/Pl ue
KUTTOPOUETPIO pONG. 2TA EMAVW SLaypaUUaTA YIVETAL 1) ETTILAOYN TWV EUNUPNVWV KUTTAPWVY EVW OTO
KaTw UEPOG n avaAuon twv Selktwvy. 2To TETAPTNUOplo QI evromilovtal To TPO-MITONTWTIKA

kuttapa, oto Q2 to OYua amontwtikea, oto Q3 ta {wvtava kat oto Q4 Ta VEKPWTIKA.

2.8.2. ITpatnykn avaAucng avocoloytkol tpodil Aspdokuttapwvy
Aopn mpwtok6AAou

H avdAuon auty amnookomel otov eviomiopd umomAnbucpwv ol omoiot  Sladpapatilouv
Sladopetikol¢ avooohoylkoUg pohoug oto MNMM. H emloyr emidbavelokwyv Kol €vOOKUTTAPLWV
SEWKTWV €ywve e OTOXO TNV KOAUTEPn Ouvatr ekUeTAAAeuon Twv 8 SLABECIUWY KOVOALWV
$O0opLoOHOU TOU KUTTAPOMPETPNTH PONC TPOC TNV afloToTn avadelEn tou peyaAutepou Suvatol
oplBpol umomAnBuopwyv. To TMAVEA TWV OVTIIOWHATWY TIOU XPNOLUoToOnKav TopoUCLACTNKE

nponyoupévwe (Mivakag 2.1) svw otov Mivaka 2.3 mou akoAouBel cuvoyilovtal ot Paoikol
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umonAnBuaopol Tou avixveUovTal e Ta TTAVEA AUTA KaBwG Kol 0 avooodalvoTtuTiog SLAKPLONG Tou
KABe evocg. EmumA£oy, amo tnv avooodalvVoTUTILKN avAAuon oTo MAaioLo Tou TpwTtokoAAou EuroFlow,

LETPOUVTAL OL OXETLKEC OUXVOTNTECG TWV £ERC UTIOMANBUGUWV:

e B kot T Aepdokittapa pvAung (CD27+)

o [apBéva B Aepdokuttapa (CD2-)

e [poyovika B Aepdokuttapa (CD10+)

e NK/NKT kUttapa

e EpuBpoPAaocteg

e Makpodaya oxeti{opeva e Tov 0yko (Tumor associated macrophages, TAMs)
e Hwowoddha, oubetepodla Kat Paceddla

e  MokpokuTttapa

Mivakag 2.3. Evtornilopevol utonAnSuouoi oto mpwtokoAAo Tou avooodoyikoU mpopil

AELUPOKUTTAPWVY LE KUTTAPOUETPIO POXG.

Ovopaocia ‘Ekppaon Sektwv
PuBpoTika T Aepdokitrapa (T CD3+CD4+CD25+CD127" "FoxP3+
regulatory cells, Tregs)
Apactd/Spactud-pvipng CD3+CDA4+CD25+CD127" " FoxP3+CDA45RA-CDASRO+HLA-
puBpotika T Aspdokitrapa DR-CTLA4+
(Effector/effector memory Tregs,
eff/eff mem Tregs)
TeAkd Spactika puBpiotika T CD3+CDA4+CD25+CD127"  FoxP3+CDASRA-CDASRO+HLA-
Aepdokitrapa (Terminal effector DR+ CTLA4+
Tregs, teff Tregs)
Mn 8paotika puBpiotika T CD3+CDA4+CD25+CD127" FoxP3+CDASRA-CDASRO+HLA-
AepdokUttapa (Resting Tregs) DR-CTLA4-

CD39+ koraotahtikd pUBOTIKA T CD34+CDA4+CD25+CD127 " FoxP3+CD45RA-CDASRO+CD39+
Aepdokuttapa (CD39+ suppressor

Tregs, CD39+ Tregs)
CD4+ T Aepdokutrapa (CD4+ T cells) CD3+CD4+
NapBéva CD4+ T AspdokiTtrapa CD3+CD4+CD45RA+CD45R0-
(Naive CD4+ T cells)
Apaotikd/Spactkd-pvAiung CD4+ T CD3+CD4+CD45RA-CD45RO+

Aepdokutrapa (Effector/Effector
memory CD4+T cells)
CD8+ T Aepdokitrapa CD3+CD8+
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PuBuiotikd CD8+ T Aspdokitropa CD3+CD8+CD25+FoxP3+

(CD8+ Tregs)
CD8+ T AepdokUiTropa MVAUNG CD3+CD8+CD45R0O+
(Memory CD8+ T cells)
HLA-DR puOuiotika CD8+ CD3+CD8+HLA-DR+

Aepdokitrapa (HLA-DR regulatory

CD8+ T cells, HLA-DR reg CD8+)
XapaKtnPLopoG utonAnBucpou weg Ki67+
noAAanAactalopeva kUTtapa (oA)

ZTpatnykn avaluong

H avaAuon tou avoooAoylkoU mpodiA mpaypotonolnonke pe to Aoylouiko Flowjo (Flowjo, USA) mou
ETUTPEMEL pla evomolnuévn Kat ypriyopn avaluon moAamAwyv Seypdtwy. H otpatnyikn availuong
Tou akoAouBnOnke pe Baon to mavel 1 (Aivakag 2.1) mopouclAleTol OTA OTIKTOYPAUMOTA TNG

Ewdvag 2.6. JUYKEKPLUEVO Ta BrAOTa TTOU akoAouBnBnkav pumopolv va rieplypadolv we eENC:

o  ApXIKA €TAEYOUUE T UTUpNVA KUTTOPO OMWG KAl TPONYOUHEVWG adalpwvtag omd thv
OvVAAucon KUTTApLKA Bpalopota Kol SUTAETTEG KUTTAPWY

e Xpnolpomowwvrtag Thv Ekppachn tou CD3 ,emiléyoupe ta T AspudokuTTapa Kal to Xwpiloupe
oe CD4+ kat CD8+ T Agpdokutrapa

e 3710 Baocwko Slaypappa Stohoyng twv Tregs, amsikoviloupe OAa ta CD4+ T AgpdokUTrapa Kot
eTAéyou e Ta SIMAG BeTikd yia toug Seikteg FoxP3 katl CD25

e Me xprion tou CD45RA Slaxwpiloupe ta mapBéva CDA+ amo ta SpacTIkd/SpaoTIKA-UVA NG
CD4+ T AspdokUtrapa, Omwe Kal ta pun Spootika Tregs

o Me tn xpnion tou deiktn CD39 pmopouue va Slaxwpioou e Ta KATOOTAATIKA Tregs

e Me 10 Oeiktn Ki67 HMOPOUHE VO EKTIUACOUUE TO TOAAQMAACLACTIKO SUVAULKO

omnoloudnmnote mAnbuopou
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Ewkova 2.6. IZtpatnyiknp avadvon¢ tou maved 1 (Aivakag 2.3) tou avooodoyikou mpo@iA

AELPOKUTTAPWV LIE KUTTAPOUETPLA pOrC.

H otpatnywkn availuong mou akohouBnOnke pe Baon to navel 2 (Mivakag 2.1) mapouvolaletal ota
oTIKToypappata tng Ewkovag 2.7. IuykekplUéva Ta Bripata mou okoAouBnbnkav pmopouv va

neplypadolV wg e€NG:

e ApPXIKA ETUAEYOUE TA EUMUPNVA KUTTAPA OTIWE KAL TIPONYOUUEVWG
e Xpnolpomolwvtag thv £kdppacn tou CD3 emhéyoupes ta T AspdokUTrapa Kol ta wpilouus

os CD4+ kal CD8+ T Aepdokuttapa
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HLA DR

Ewkova 2.7. Ztpatnyiki

e 710 Baowo Staypappa Stohoyng twv Tregs, amestkoviloupe OAa ta CD4+ T AgpdokiTtrapa Kot

emAéyoupe ta SUTAG Betika yia toug deikteg FoxP3 kal CD25

e EmutAéov Seiktng emhoyrg Twv Tregs oe auto To maveA, eival to CD127 (CD127"°%)

e Me 1o ouvbuaopud CD45RO/HLA-DR pmopoupe va Slaxwpicouvpe ta HLA-DR puBpiotikd kot

to CD8+ AspdokUTTOpa UVAKNG

e Me to ocuvbuoopd CTLA-4/HLA-DR pmopoUpe va Slaxwpicoupe to SpacTtikd/Spaotikd-

MVAUNG Kal Ta TEALKA SpaoTikd Tregs.
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2.8.3. ZTpatnyKn avAAUCNG KOTOOTOATIKWVY KUTTAPWV LUEAOYEVOUG MPOEAEUGNG
Aopn MPpwTokOAAoU

Ze aUTO TO TIPWTOKOANO EMLXELPNONKE 0 eVvTOMIOUOG Twv MDSCs, ta omola evtomilovtal og WLKPO
aplBpo toco oto MO 660 Kal oto MA. Baotkd mpoBANUa yla TOV EVIOTILOUO KAl TV aVOAUGH TOUG
amoteAel n kowrn avoocodalvotuTilky €kdpacn Hoplwv pe Ta TOAupopdomUpnva Kol To
povokuttapa. N’ autd, Baolko HEPOG TNG MAPACKEVOOTIKAG Sladikaciag amoteAel n puyokévipnon
o SLaBABuULON CUYKEVTPWONG, KOTA ThV omola Ta moAupopdomupnva amopoKpUVovVTadlL and Thy
otolpada twv urdAomwy AsUKWV algoodalpiwy. Eav autd to otadlo dev elval MITUXEG TOTE OTNV
OVAAUGCN gUTEPLEXOVTAL KOl TIOAUOpdOTUPNVA, KAl CUVENWG, O LETPOUHEVOG aplBuog Twv MDSCs

elvatl Ppevdwg uPnAodc.

Mo to oxedlaopo tou maveh emiAéxBnke Kal o Seiktng 7-apivo-aktvo-pukivn D (7AAD),
KaBOTL oTn otpatnylk avaluong pmopel va ocupmepiAndBolv amonMTWITIKA-VEKPA KUTTOPQ TIOU
Slvouv pn-etdikd onpa ¢Boplopou. O deikteg CD14, CD15, CD11b emAéXONKaV YLl TOV EVIOTUOUO
TwvV PMN-MDSCs. Ma Tov evtomiopd Twv povokuttaplkwv MDSCs emuléxBnkav to CD14 kat to HLA-
DR, n xounAn éxkdpoon Tou omoiou eival xapoaktnplotikn twv M-MDSCs. Ta dawpa MSDCs
xapaktnpilovral and tnv uPnAn ékbpacn tou CD33. MNa tnv amoduyr] CUVEKTIUNONG AWPWY
AEUDOKUTTAPWY KOl LOVOKUTTAPWY Ttou ekdpalouv emiong to CD33, xpnolponotibnke cuvouoouog
twv CD3, CD14, CD15, CD19, CD56 ouvbebepévwv pe to B6lo PBoploxpwua. TEAOG, He TV
OUVeKTiUNon tou CD124 emuixelpnoape TO SLOXWPLOUO TWV OVOKUTTAPWY TIoU evromnilovtal he Bdaon
1o 6¢eiktn CD14 og M1 kat M2 povokuttapa. Ot Stddopol enpépouc MANBUCUOL TTou evtomioTnkav

LE TO TPWTOKOAAO QUTO Kal 0 avocodalvotuTiog SLakpLong toug cuvoilovtal otov Mivaka 2.4,

Mivakag 2.4. Evtomni{ouevol urtonAnSuool 0To mPwTOKOAAO aVAAUGNG TWV KATOOTOATIKWV

KUTTApwV LUUeAoyevou¢ mpoédeuanc (MDSCs) e KUTTQPOUETPLia pOrG.

Ovouaoia ‘Ekppaon Sektwv

KotaotoAtikd moAupopdonvpnva CD14-CD11b+CD15+SsC™e"
KUTTOpa LUEAOELSOUG TPOEAEUONG

(Polymorphonuclear myeloid-derived

suppressor cells, PMN-MDSCs)

Awpa KOTooTaATIKA KUTTOpa puehogdoug  Lin (CD3/CD14/CD15/CD19/CD56)-HLA-DR-CD33+
npoéAevong (Early myeloid-derived

suppressor cells, eMDSCs)
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MOVOKUTTOPLKA KOTOLOTOATIKA KUTTapQ CD11b-CD14+H LA—DRIOW/_CD15-
pueloedoug npoéAevong (Monocytic
myeloid-derived suppressor cells, M-

MDSCs)
M1 povokutrapa Lin (CD3/CD14/CD15/CD19/CD56)-CD14+CD124-
M2 povokdtrapa Lin (CD3/CD14/CD15/CD19/CD56)-CD14+CD124+

ZTpatnykn avaluong

o Apxikd onwg daivetal kat otnv Ewkdva 2.8, emihéyoupe ta {wvtava Kuttapa pe To 7AAD kot
otn ouveéxela fexwpiloupe ta epmupnva KUTTApPA HE Tn XpHon Tou mpocBlou Kol Tou
TAAyLoU okedaopou

o  Kevtpkd Staypoppa amotedel to CD15/CD14. Ano tov CD15+ mAnBuoud yivetal n apxiki
grhoyn yla tn diepevivnon twv PMN-MDSCs kot oo tov CD14-/CD15- n ap)tkn emhoyn yla
TOV VTOTILOUO TwV eMDSCs

e H elpeon twv PMN-MDSCs, edpboov €xel yivel owotd n duyokévipnon oe Slapadbuion
ouykévrpwong, Baoiletal otnv vPnAn ékdppacn tou CD11lb os cuvSuaoud UE €val OXETLKA
HETPLO onua mAGylag okédoaong O evtomiopdc twv eMDSCs Baociletol otnv apvntiki
£€kdpaon twv CD19, CD3, CD56/HLA-DR kat otn Betikr] ékppacn twv CD11b kot CD33

e Ta HOVOKUTTOPO OCUVOALKA HTMOPOUV OPKETA €UKOAA va evtoriocBouv pe To Slaypoppa
SSC/CD14 kaBdtL £Xouv XOPOKTNPELOTIKOG ofpa TAGylou okeSoopol HeTalld Twv
AgpdokuTtapwy Kal Twv ToAupopdonipnvwy, evw ekdpalouv to CD14 evtovotepa amo
OAoUG TOUG UTIOAOLTTOUG UTTOTIANBUGLOUC

e H avdAuon Twv povokuttdpwy cuveyiletal pe to Seiktn CD124, pe tov omoio Staxwpilovrat

ta M1/M2 povokuttapa.
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Eikova 2.8. 2Tpatnyikn avaAuonc Tou mpwTokOAAOU avAAUaNG TwV KATAOTAATIKWY KUTTAPWYV

UueAoyevoucg mpoédeuanc (MDSCs) e KUTTAPOUETPIO ponG.
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2.9. Kuttapoyevetikn avaiuon

H kuttapoyevetikn availuon Ste€nxOn o ocuvepyalduevo epyactriplo tne Oepameutikng KAvikng. H
HEB0SOG Tou akohouBnBnke elval o pecodaaikog in situ uPpLSlopde pe dpBopilovteg LyvnbEteg (i-

FISH). To mavel txyvnBetwv nepAapPave €Asyxo yia:

e Apolpaia XpWHOCOWHLKN LETATOMLON LETAED TWV XPWHOOWHATWY 4 Kot 14, t(4;14)

e Apolpaia XpWHOOWHLKN HLETATOMLON HETAEY TWV XpWHOooWHATWY 11 kat 14, t(11;14)
e ApolBaia XpWHOOWULK LETATOTILON HETALY TWV XpWHOCWHATWY 14 kal 16, t(14;16)
e ‘EM\ewpn del(13g)/povoowpia 13

e EAAewn del(17p13)

e [pooBnkn add(1g21)

OL aocBeveic pPe TOUAGXLOTOV €va KUTTOPOYEVETIKO elpnupa petofl twv t(4;14), t(14;16) kai
del(17p13) opadomoliOnkav wg mpoyvwotiky opdda uPnAol kwdlvou (high-risk, HR), evw n

amouaia Toug, TOUG KATETAOOE oTnV opada xaunAou kivduvou (low-risk, LR).

2.10. Itatotikn avaluvon

Mo TG OTOTLOTIKEG AVOAUCELS Xpnolpomolndnke to mpoypoappa GraphPad Prism 8.0 (GraphPad
Software, USA) kaBw¢ kat to SPSS 22.0 (IBM Statistical Package for Social Sciences v.20, USA) oe
Aoylopwo Windows 10 (Microsoft, USA). la Ti¢ moooTikeéG PeTABANTEG uTtOAoyloTnKAV OL UECEC
TIHEC, OL SLOUECEG TWEC, Ol PEYLOTEC KoL EAAXLOTEG TIUEC KOL OL TLMEG TUTILKACG aTOKALONG. XTnVv
TEPIMTWON HLOVOTIOPAUETPLKAG AVAAUCNG TipayLaTonoL oo e To Fisher’s exact test yla katnyopLkég
UETABANTEC, EVW OTLC TTOOOTLKEC LETAPANTEC TTPOXWPNOAE OE TTAPAUETPLKO (t-test/one way ANOVA)
1 KN TMOPAUETPLKO €heyxo (Mann Whitney/Kruskal Wallis). M tov €é\eyxo kotavoung epappootnke
£\eyxoc kavovikdtntog (Kolmogorov-Smirnof test) kot pe Baon ta amoteAéopata Tou, eMAEXONKE
TMAPAUETPIKA 1 HN TOPOUETPKN OSokiuaoia. Itn ouykplon Sladopwv petaéd MNA kat MO
xpnoluomnotlntnke un mapapetpiky dokipacio (Friedman non-parametric test). Ma tnv ektipnon
mubavotntag Betikng EYN xpnolponowoape OAAQmAR AoyLoTikr aAlvSpopnan, evw n avaiuon
KUPLWV ouvictwowv (principal component analysis, PCA) 61e€nxBn pe to Clustvis, éva Sladiktuako
gpyaleio yla tnv omrkonoinon opadomnoinong moAunapayovikwy dedopévwy (Metsalu and Vilo,

2015). H tyun p<0,05 BewprOnke otatioTikd onpavtkn (* p<0,05, ** p<0,01, *** p<0.001).
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3. AMOTEAEZMATA

Jtnv napovoa Stdaktopikr datplpr diepeuvnBnke To pikpomeptBailiov tou MO oto MM, toco ex
vivo, 600 Kal in vitro. MehetrBnke n avamntuén 3D ex vivo povtélou npocopoiwong tou MO oto MM
HE TN XPNON WKPWHATWY Kal TapAdAAnAa, avoAUOnke avooodalVOTUTIKA TO QOVOCOAOYLKO
HkpomepBailov. H avocodalvotumikn avaiuon pe KuTtapoleTpia pong Ste€nxon os deiypata MO,
KAvovtag ouykplon e to MA oe aocBeveic pe MM katd tnv €E€AEN tng vooou, evromilovrog

TANBUOoPOUC Ue LOLaitepn MPOYVWOTLKNA Kal TPoBAETTIKA afla.

3.1. Avamntuén ex vivo HovtéEAou 0to MOAAAITAOUV HUEAW QL
3.1.1 MeA£étn avantuéng avopwniviVv HUEAWLATIKWY KUTTAPLKWV CELPWV

Mo KABe MUESAWMOTIK  KUTTOPLKA OElpd TOU  Xpnolpomolndnke mpoodlopiotnkav o
oavooodalvotunog pe Pdon toug kUploug deikteg dawvotunmnong oto MM ol omoiol umrpyav
SlaBéoipol and to mMPwTOkoAAo avaiuong tou EuroFlow (Mapdaypadgog 2.7.2). O davotumog Twy

KUTTOPLKWYV OELPWV Ttapouataletal otov Mivaka 3.1.

Mivakag 3.1. Avooo@aivOTumo¢ Twv oavIpWIIVWY UUEAWUATIKWY KUTTOPIKWY OELPWY TTOU

xpnotuoroltGnkayv otnv avantuén Tou ex vivo LoVTEAou.

Kuttaplkr oslpa Avooodalvotumnog
H929 CD19- CD45- CD117- CD81- CD27dim CD38+ CD138+ CD56+ Kappa
L363 CD19- CD45- CD117dim/- CD81dim/- CD27dim CD38+ CD138+

CD56+/- Lambda
JIN3 CD19- CD45- CD117+ CD81- CD27dim CD38+ CD138+ CD56- Kappa

U266B1 (U266) CD19- CD45+ CD117- CD81- CD27dim CD38+ CD138+ CD56- Lambda

ITn ouvéxela avalntnbnke to onuelo €vapéng ¢ ekBeTkNG dAonG NG KOAALEPYELOC TWV
HUEAWUOTIKWY KUTTAPLKWY OELPWV OE LKPOTTIAGKEG, WOTE VA UTMOPEL VAl YIVEL IPOYPAUUOTIOMOC TWV
EMOUEVWY TEPOUATWY Omou Ba xpnowuormolnfoulv. Mo to okomd autd, OL KUTTAPLKEC OELPEG
KaAAlepynOnkav oe pikpomAdka 96 dpeatiwv Eekvwvtag amo SladopeTik apXLlk CUYKEVTPWON

KuTtdpwv (1, 10 kot 20 x 10* kOtTtapa/mL) yia 72 h. K&Be 12 h npaypotonotifnke pétpnon tng
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CUYKEVTPWONG TwV {WVTOVWV KUTTAPWY LLE XPrON KUOVOUV TOU TPUTIOVIOU KOl OLLOKUTTOPOUETPOU
Neubauer. MéxpL TG 36 WPeG 0 pUBUOC avaMTuEng OAWV TWV KUTTOPIKWY OELPWV TIAPEUELVE
ULKpOTEPOC TOU 10% Kal n ekBetikn daon Eskivnoe oTig 48 WPEG, LOVO yLa TNV apXLKr) CUYKEVTPWON
Twv 20 x 10*/mL. ITI§ UTIOAOUTEC CUYKEVTPWOELG, N TIUKVOTNTA TWV KUTTAPWY GAvNKE OTL fTav oAU
MIKp woTe n kaMAlEpyela vo €l0€AOel otnv ekBetikry ¢ddon. Emopévwg, n Oavikr apxiki
OUYKEVTPWON yLa OAEC TIC KUTTAPLKEG OELpEC Ba pémel va eival TouAdytotov 20 x 10* kUttapa/mL,
omou dlatnpolv Kkal tn BéAtiotn PBliwopotnta (Ewkova 3.1) os oxéon e TIG UTTOAOLTEG OUABEG.
JUYKPLTIKA, OL OELPEG OL OTIOLEG AVETTTUEV TOV HEYOAUTEPO aplOUO {WVTAVWY KUTTAPWY HETA oo 72
wpec ATtav N H929 kaw n U266 (H929: 53,0 x 10*/mL kaw U266: 44,5 x 10*/mL, évavtt twv L363: 37,0 x
10%/mL kat JJN3 35,0 x 10*/mL).

60 4 60—
- 1266 - 1x10%/ml
x7em - 1929 - 1x10%/m
& (U266 - 10x10*
X & 1929 - 10x10*
4 -+ U266 -20x10* -
40 X 407+ 1929 - 20x10%
204 20

ol F=e—0—4—9—1F |l p——p—p—9—4

12h 24h 36h 48h 60h 72h 12h 24h 36h 48h 60h 72h

50 50—
- JJN3 - 1x10%/ml

40d & L363-1x10%ml
& | 363 - 10x10"

404 = JJUN3-10x10*

-4 JJUN3 - 20x10*

TuykévIpwon Kuttapwy x 104/mL

30+ 30=
- 363 - 20x10*
20+ 20=
104 10= h’.__?—/
N N s S o
12h 24h 36h 48h 60h 72h 12h 24h 36h 48h 60h 72h

Xpovoc LeTd TV évapén KaAALEpysLag

Ewova 3.1. Kataypoapn avamtuéng Twv UUEAWUATIKWY KUTTOPLKWY osipwv H929, L363, JIN3 kat
U266 o€ uikpomAdkes 96 @peatiwy yla 72 WPEC 0 SLOPOPETIKEC UPXLKEG CUYKEVTPWOELC. H ekTiunon
TNG OUYKEVTPWONG EYIVE UETA QMO XPWON UE KUAVOUV TOU TPUMQVIOU Kol LIETPNON O MAdKA

Neubauer. Ot UETEG TILEG + TNV TUTTIKY QITOKALON umtoAoyioTnkay amo 3 SLOPOPETIKA TEIPHUATA.
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To TEAEUTALO TELPOUATIKO TUAUA UEAETNG TWV MUEAWMOTIKWY KUTTOPLIKWY CEpWV €lval n in vitro
Soklpaoia KUTTapoToELkOTNTAG TPOC TMPOCSLOPLOUO TWV CUYKEVIPWOEWV AVOOTOANG £VAVTL TWV
BEpATMEUTIKWVY TOPOAYOVIWY. EMOUEVWG, OTN CUVEXELD TWV MElpAATWY, KaBopioape Tig Tiwég IC50,
IC30 kat IC80 yla Ta xnueloBepameuTikd dappaka Sofopoufikivn kal Boptelopiunn ot TECOEPLS
KUTTOPLKEG OElpEC HueAwpatog H929, L363, JIN3 kal U266. Ot tipég IC30, IC50 kat IC80 eival ot
CUYKEVTPWOELG TIoUu Tpokalouv Bavatwon tou 30%, 50% kal 80% Twv KuTtapwv, avtiotolya. MNa
KaBe mapayovra eAéxbnoav 10 Sladoxikég ouykevipwoelg and 0,01 uM €wg 10.000 puM, pe 3
enavaAnPelg oe kabe ouykévipwon Kal n enidpacn Owpknoe 72 wpeC. KaBs £Aeyxog
nipaypatonoliBnke oe Pppedtia pkpomAdkac 96 Béoswv mou meplelyav 5 x 10* kUttapa Kot TeAkd
oyko avtibpaong 200 pL. H Buwowodtnta ektiundnke pe xpnon tng pebBodou MTT kal to
amoteAéopata mou Tpogkupav eival ol péool Opol Twv Tlpwv IC50, IC30 kal IC80 amd ta
EMAVAANTITIKA TIELPAUATA. JUYKEKPLUEVA, YL TN SofopouPikivn, n péan tiun IC50 yLla TIG KUTTAPLKEG
oelp€g H929, L363, JIN3 kot U266 npoadlopiotnke os 23,4, 20,1, 82,2 kal 58,5 nM, avtiotowa. MNa tn
Boptelopiumn, N HEON TWN yla TIC (OLEG KUTTAPLKEC OELIpEC BpEOnke va eival 4,2, 8,4, 6,4 kal 12,5
nM, avtiotoa. 2tov Mivaka 3.2, avadépovral emumAéov ol TéG IC30 kat IC80 mou

Xpnotpomnotntnkav we avodopd oTa EMOEVO TIELPAUATA.

Baowlouevol oto Tmpodid avBekTIKOTNTAG TWV KUTTOPLKWY OCEPWV, ylo T SoKLun
S60&opouPikivng emiNéxBnke n oepd U266, KaBOTL eudavioe evOLAPEON AVOEKTIKOTNTO VW EXEL
OPKETA EUKOAO XEIPLOUO OTO epyaotrnplo. EmumAfov, n oslpd U266 ovtog CD117- (umodoxéag
TUPOOLVIKNG Kvaong) kot CD45+ (o moAAamAaolaopog tng elval aveaptnTtog ToU oNUATOSOTIKOU
povoratiol Akt), Sev oxetiletal pe otoxeupéveg Oepaneieg (Harvey and Lonial, 2007; Chen et al.,
2018). Mo to Adyo autd n ospd U266 Soklpdaodbnke amévovit otn pn €l8LlKA/oToXEUHEVN
Kuttapotoflkotnta tng ofopouPikivng, n omoia mapepParletal petofy twv Pacswv otn SmAR
£\ka tou DNA. Emtiong, yia tn Sokipn tng BopTelodiumng (0vaoToAEaG MPWTEACWHATOC) MAEXONKE
N KUTTOPLKA OElpd Ue tn peyaAltepn svalcOnoia, dnhadn n H929, pe okomd tnv avalntnon tng
TPOOTATEVUTIKNG SpAong tou uikpomeplBaAiovto¢ tou MO otnv Mo euaiobntn HUEAWUATIKNA

KUTTOPLKI OELPA, EVAVTL TNG LeyaAltepng 600NG Tou apAayovTa.
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Nivakag 3.2. Ov tyuec nuiostag avaotoAng IC50, 1C30 kot IC80 yia tn Boptelouiumn kat T
60éopouBLkivn OTIC TECOEPELG UUEAWUNTIKEG KUTTOPIKEC OEIpEC H929, L363, JIN3 kat U266.

Kuttaplkn Zeipd H929 L363 JIN3 U266
Boptelopipnn 4,2 +0,9* 8,4+1,3 6,4+0,8 12,5+1,7
IC50 (nM)

Boptelopipnn 29+1,3 59+1,7 4,5+1,6 87+2,1
1C30 (nM)

Boptelopipnn 55+2,1 10,9+ 2,3 8,312,0 16,3 + 3,4
1C80 (nM)

AogopouPBikivn 23,5+2,6 20,0+1,7 82,2 +10,5 58,5+3,5
IC50 (nM)

Ao&opouPikivn 16,5+ 3,1 14,0+1,9 57,5+12,4 40,9+3,9
1C30 (nM)

Ao&opouPikivn 30,5%4,2 26,0+3,8 106,6 + 18,0 76,1 +14,6
1C80 (nM)

* néon TN  TUTKA amokALon (SD), omwg urtoAoyiotnkayv amnod 3 S1odopeTIKA MELPAATA.

3.1.2. ASloAdynon alyoplBpou availuong eLKOVOG yLo T HETPNON TNG BLWOLLATNTOG TWV KUTTApWY

NG LUEAWHATIKAG KUTTOPLKI G oELpag U266

TNV EMOUEVN OELPA MEPAUATWY EYLIVE EKTIUNON TWV HEBOSWV PETPNONG TNG PLwoLloTNTOC. APXLIKA
ETUKEVTPWONKAUE OTNV avamtuén alyoplBuou avaAuong LKOVOC LETA Ao XpWon HE KuavoUuv Tou
Tpunaviou, o€ €IKOVEG UIKPOOKOTIAG HE XPHon Tou AoylopikoU Imagel Fiji. Ma TG avdykeg tou
MEPAUOTOC OF UIKPOTIAAKEG 96 dpeatiwv TtomoBetriBnkav kuttapa U266 (5 x 10%) o Séka
Slopabuioslg ovykévipwong SofopouPikivng amd 0,01 pM £wg 10.000 pM kot ta KUTTOPQ
enwacdnkav yla 72 wpeg. Q¢ pnéBodoc avadopd emAEXONKE N KATOUETPNON TWV KUTTAPWY TWV
6Lwv ekovwy Sla yupvol odpBaApou, omou, av Kal KOTiLwsdng, EMITPEMEL TV OKPLRA LETPNON TWV
GUVOALKWV KoL TWV XPWOMEVWY KUTTAPWY. Ta Bactkd Brpata Tou alyoplOuou oto AoyLopLko Imagel

Fiji eivad ta g€n¢ (Ekova 3.2):

1. Emloyn ekovag He opolopopdo Xpwuatiopd ¢Oviou Kol He KUTTOpo Ta omoia Sgv

oAANAsmikaAUttovtat kot Sev SnpLoupyolV GUGCWHATWLOTA.
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ALaXWPLOPOG TNG £YXPWHNG dwToypadilag OTLG TPELS LOVOXPWHATIKEG CUVIOTWOES: KOKKLVO,
UTAE KOl TIPACLVO Kol ETIAOYN TOU KOKKLVOU KavaAloU, oTo omoio Stakpivetal evtovotepa n
XPWUOTLKI AmOKALON TOU KUQVOU TOU TPUTIOVIOU oTa KUTTAPA ToU £XEL YIVEL h Xpwon.
Ektéleon evtoAng Color Thresholding mpog eVIOMIOUO TWV OKOTELWVWY OVTIKELLEVWV.
Katapétpnon (Object count) Twv EVIOTILOUEVWY QVTIKELEVWY, UE KPLTAPLO TN odalplkOTnTA
(sphericity>0,8) kat to péyeboc (avahoya pe Ta pixels Tou LECOU KUTTAPOU OTh HeyEBuvaon
TOU HLKPOOKOTIOU). Mg QUTOV TOV TPOTIO QTOTPETETOL N KATAUETPNON BpOUCUATWY Kal
CUCOWHOTWHATWY KoL KOTAUETPOUVTAL TO VEKPA,/AMOTTTWTLKA KUTTAPA.

EVTOMIOUOG KOl KATAUETPNON OAWV TWV KUTTAPWY TNG ELKOVAC UE TNV evtoAn Find Maxima.
Me tnv evtoAn autr evtomilovtal Ol TEPLOXEC UEYLOTNG PWTELVOTNTAC OTNV £lKOva. Eav n

£1KOVA TIEPLEXEL LOVO KUTTAPQ, TOL OPLO TWV KUTTAPOTAQCUATIKWY LEUBPOVWY TWV KUTTAPWY

£VTOT{OVTOL KOl KATOUETPWVTALL.

Ma ™ ouykplon TnG HEBOSOU TOU MPOTEVOUEVOU aAyopiBuou pe tnv omtikr péBodo Sl yupvou

odpBalpol katapetpibnkav cuvolika 20.603 kuttapa os 23 omtikd media. H katapétpnon twv

Peudwe Betikwv/Pevdwg apvntikwy Kot Peudweg apvnTtikwv/aAnbwe apvnTkwy onUatwy, pog Sivel

TOL XOPOKTNPLOTIKA TNG HeBOSOoU aAyopiBuou availuong elkovag, omwe daivetal otov NMivaka 3.3. Ta

anoteAéopata TNG BLWOLUOTNTAG TOPOUGCLATOVTAL OTO EMOLEVO TIEPAAL.

Mivakag 3.3. H cUykpton tou aAyoptduou avayvwplong €KOVAG, UE TNV OMTIKN UETPNON OTO (610

OMTIKO TTES(0 yia Eva oUVOAOD 23 onTikwVY MeSiwv.

N=20.603

Zwvtava

Nekpd

AAlyopLOuoG: Zwvtava

AANBw¢ Otk (AO)

Weubwe Ocetika (WO)

AkpiBela(AO+AA)/clvolo

N=13.320 N=10.309 N=3.011 =82%
AAyopLBuoG: Nekpd Weudwe Apvntika (WA) | AAnBwg Apvntika (AA) Mwototnta
N=7.283 N=784 N=6.499 AO/(AG+W0O) =77%
ErtavaAnypotnta

AO/(AG+WA) = 92%
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OUVEXELN YIVETAL O EVTOTIOUOC TWV XPWOUEVWVY KUTTAPwWV (B), ue 0Ae¢ ti¢ mudavotntes aAndwv kat
Yevbdwv onuatwy ta onoia afloAoyouvrtal ue t peétpnon Sta yuuvou opdaduou. Stnv ekova ()
VIVETaL n KaTtaUETPNON OAwV TWV KUTTAPWV TNG ELKOVAC. KATQUETPpWVTAG To VEKPO/OUVOALKA

kuTTapa mpokUmtel n Blwoludtnta Tou Selyuatog.

3.1.3 Zuykplon HeEBOSwWV pETPNoNG TG PBlwonotntag oe Sdiodlaotatn KOAAEPYELA KUTTAPWV

U266: uEBodog MTT, AoyLoLKO avaAuong ELKOVOG KoL KUTTOPOMETPLA PONG

JTo €mMOUEVO TElpapa TpaypaTomnoldnke olykplon Twv SloBéoipwv peBOSwv HETPNONG TNG
Buwowpodtntag, pe okomod tnv aflomoinor toug oto ex vivo povtélo. To meipapa Sie€nxdbn oe
ULKPOTIAGKEG 96 dpeatiwv pe TG €€ng peboddoug: A) MTT, B) kuttapopetpia pong, I xpwon He
KUOVOUV TOU Tpumaviou Kol UETPNON HE TO OMTLKO ULKPOOKOTILO, KAl A) Xpwon HE Kuavouv Tou
Tpumaviou kKal PETpnon He T LEBoSo avaluong elkovag. e OAEG TIG ULKPOTIAAKEG TOMOBETAONKE O
idlo¢ apBude kuttdpwv (5 x 10%) mou ektéBnke oe Séka SlaPabuiosl CUYKEVTPWONG
60&opouPikivng kal ta KUTTapa enwdacdnkav yla 72 wpec. H petpolpevn Buwoiuotnta degv
napouciacs onuovtikég StaPabuioelc pe T Siadopetikég pebddoug mMou xpnolpomolndnkav
(H?=0,2, p>0,05). Emopévwe, OAe oL ueBoSoNOYLKEC TIPOOEYYIOELG EMULTPEMOUV TOV TIPOGSLOPLOUS TNG
Buwootntag pe aflomoto TPOMO Kal Prmopouv va aflomolnBolv avaloya HE TIC QVAYKEG TOU

ekaotote nelpaparog (Ewkova 3.3).
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Ewkova 3.3. Blwoudtnta Ttwv KUTTAPWVYV TNG KUTTAPLKNC oclpa¢ U266, umo tnv enibpaon
6oéopouBikivng oec SlaBaSuUlouUEVEG OUYKEVTPWOELS. Ta kUTTapa enwdotnkav ywx 72 h oe
ULkpoTAdkeg 96 ppeatiwv. H UETPNON EYve UE TECOEPELG SLAPOPETIKEG Uedodoug: uedodbo MTT,
OMTIKN UETPNON UE ULKPOOKOTILO, UE QAYOPLTUO aVAAUONC ELKOVAC KAl UE KUTTAPOUETpia pong. Ot

UECEC TIUEG + TNV TUTTIKN QITOKALON UTtoAoyioTnkaw aro 3 SLoPOPETIKA MEPAUATA.

3.1.4. Kataypadn ¢ avantuéng tnG KAAALEPYELOG MECEYXUHOTIKWY OTPWHATIKWY KUTTAPWV

MUEAKAG MPOEAEUONG

To BM-MSCs Stadpapatifouv Kevtpko polo otnv aAAnAemidpacr] ToUG e TO LUEAWHATIKA KUTTApa
oto pkpormeptBalov tou MO. Na to Adyo outd alAd Kol s€autiog TG OXETKAG gUKOAiaG oTo
XElpLopd toug (Gnecchi and Melo, 2009) emiléxOnkav va xpnowlomnotnbolv oTo UTO OVATTUEN ex
vivo povtélo. H amopovwon Kol - avamtuén  MPWTOYEVWY  HECEYXUHOTIKWY  KUTTAPWV
npaypatonow|dnke and dsiypata MO veodloyvwobéviwy aoBevwv pe NMM. Onwg avodépOnke otLg
puebodoug (Napaypadog 2.2), Sokipudotnkayv 3 pEBodol amopdvwaonc LECEYXUHUATIKWY KUTTAPWV: A)
pe Swopaduion ouykévipwong, B) pe xprnon AutikoU StoAvpatog kot ) pe ouvexr avavéwon

Bpemtikol UALKOU. OL KaAALEpyeLeg TwV BM-MSCs mapakoAouBnbnkav oe kabnuepvr) Baon He TN

98



BonBela avaotpodou omtikol ULKpookoTmiou Kal ava Staotipata Aappdavoviav dwtoypadieg ya
va e€etaotel n mPoodoc NG KAAALEPYELAG Kal N popdoAoyila Twv KUTTapwv. Kpltiplo yia tn BeTikn
£€kBaon tnN¢ amopdvwong ival n mopatnenon MPOCKOAANUEVWY KUTTAPWY OTov TUBuéva tng
dAdokag 5-7 PEPEC PETA TNV €vapén NG KoAALEPYeLag. e oUvolo 30 Selypdtwy, n emtuyia tng
omopovwong pe tn pEBodo SaBaduiong ocuykévipwong Atav oto 80% twv Sewypdtwv (12/15
Selypata), e tn pEBodo nuepnolag avoveéwaong Bpemtikol Aol Atav 40% (4/10 Sesiyparta) Kot pe
™ HéBodo xpriong tou Autikol Stadvporog Atav 20% (1/5 Seiyparta), OmMwe mopouoLdleTal otov

Nivaka 3.4.

Mivakag 3.4. EkBaon twv SOKWUAOLWV QIOUOVWONG TIPWTOYEVWY avVIPWITLVWY UECEYXUUATIKWV
OTPWUATIKWY KUTTAPWV UUEAIKNC TIpoéAsuong amd Oeiyuata HUeAoU Twv ooTwv, UE TIC 3

SLOPOPETIKEC UeBOOOUC amouovwaong

MNoocooto emtuyiag %
Agiypata pueglov Twv
: : (artoAutog
M£0060¢g anopovwong 0otV (n)
aplOpog/ouvolo)

AlaBAaOpLon CUYKEVTPWONG 15 80% (12/15)
Huepnola avavéwaon Bpentikol UALKOU 10 40% (4/10)

Xprion AutikoU StoAUpatog 5 20% (1/5)

H €€€MEn tng KaAALépyelag amopovwuévwy BM-MSCs pe tn pébodo Stafabuiong ocuykeévtpwaong
omd tnv nuépa 0 £€wg tnv nuépa 27 amnelkoviletal otnv Ewkova 3.4. Afilel va avadepbolv ta

ONUAVTLIKOTEPA OTASLA TNG AVATTTUENG TNG KAAALEPYELAG Twv BM-MSCs otnv mopeia tou xpovou:

e Huépa 0: Ta kUttapa Ppiokovtal oe svawwpnua pe mBavy Tmapoucia epuBpwv
atpoodatplwv kat dev mapouotdlouv KATOLo 0adEG LOPPOAOYLKO XAPAKTNPLOTIKO.

o Huépa 4: Mepikd BM-MSCs €xouv TpookoAAnOel kol €XOuv QTOKTHOEL OTPAKTOELSN
popdoloyia (spindle-shaped cells). Yrdpyel, emumAéov, peyalog aplOpog KUTTAPWY Ta omola
alwpouvral. Oplopéva and autd sivalt BM-MSCs ta onola 6a mpookoAAnBoUv Tig mpooexeic
NUEPEG, EVW TA UTIOAoOUTA avVAKOUV 0€ GAAOUC MANBUGHOUG QLWPOUMEVWY KUTTAPWY T

omola Ba armopakpuvBoUV oTASLaKA HE TIG SLASOXIKEG TTAUCELG TNG KAAALEPYELAG.
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e Huépa 12: Napatnpeitat otadlakn avénon otov aplOud Twv MPOoKOAANUEVWY KUTTAPWV UE
EUGAVION KUTTAPWV OTPAKTOELS0UC popdnc. EmumAéov ta kUTttapo kabwg Slatpouvtatl
oxnUatilouv TIC MPWTEC VNOidEC.

e Huépa 15: Ta kUtTopa moANAmAaoLla{ovTal EVW MopaATNPOUVTAL VNOLIOEC 08 apKETA CNUELX
™¢ pAdokac. Ta KUTTapa cuotEAAovtal Kkatd tn Slalpeon KoL otn cuVEXeLD AapBavouv Kal
TLAAL aTpOKTOELSH Hopd).

e Huépa 18: MapdaMnAa pe tn ouvexn Olaipeon twv BM-MSCs epdavilovral Kot
TiPooKOAANpEVa KUTTOpO e oTpoyyuln popdoloyia, mbBavwg BM-MSCs ta omoia €xouv
apxioeL va dladpopomolovvral.

e Huépa 20: e apketég PpAAoKeg mapatnpouvtal mAfov vnoideg Slakpltig popdoloyiag and
adladopornointa BM-MSCs, al\a kal amd kUttapa Ue otpoyYuln popdoloyia, miboavwg
Sladopomnotnuéva. BM-MSCs. Ta kUttapa KataAopPfavouv TIAEOV HeyAAO HEPOC TNG
emudavelag tng pAAoKaG.

e Huépa 27: Napatnpeital avénuévocg aplBuog dtadopomolnuévwy KUTTapwy (LE oTpoyyuln
popdoloyia), evw ol vnoideg twv adladopomnointwv BM-MSCs efakolouBolv va eival

TIUKVEG OV KOLL N TIAEUPLKF TOUG OVATTUEN cuVTEAEITAL UE TILO 0pyO puBuO.

Me okomo tnv elpecn Tou KOTAAnAou xpovikoU TapaBlpou Omou ta BM-MSCs Suvavtal va

aélomolnBoulv, n mopeia tng KaAALépyelag aflohoynOnke pe KplTipla:

e To mMoOAAMAOGCLACTIKO SUVAUIKO TWV KUTTApWV Tou eival gudavég otav oxnuatilovral
vnoidec pue véa BM-MSCs og kovtiviy amdotaon

e Tn ocuvoAwKN tapouaoia epLoxwy Pe BM-MSCs otnv emuddveta thg GAACKAG

e Tnv napoucia Stadopomnolnuévwy KUTTApWY Ta omoia £xouv Stadopetikn popdoloyia and

T BM-MSCs (ouviBwg odatpikad).

Onwc napouctaletal otov Mivaka 3.5, To MOAAAMAQAGCLOOTIKO SUVAULKO Kol n Ttapouacia BM-MSCs
auéavovral peta tnv 12-15" nuépa, evw ta dtadopomolnpéva KUTTOPO OVAMTUCOOVTIAL OE OPKETEC
dAdokeg peta v 20" nuépa. Iuvenwg 6oov adopd tn LEBodo amopdvwong BM-MSCs umrpxe
cadng umepoxn TG LeBOSou SlaBAabulong cuyKEVTPWONG, EVW N LOAVLKA XPOVIKH OTLYMN KATA TNV
omnola ta mpookoAAnpéva BM-MSCs umopoUv va aglomolnBouv eival petaly tou mapadbupou Twv

15-20 nuepwv amod tnv évapén tng KaAALEPYELAG.
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Nivakag 3.5. H aloAdynon

e €eéEAénc tnc  KaAALEpyElag TPWTOYEVWY  avIpWIVwV

UECEYXUUATIKWY OTPWUATIKWY KUTTAPWY UUEALKNC mpoédevon¢ (BM-MSCs), ta omoia €xouv

artouovwel ue tn uedodo dtaBaduiong ouykevipwong (- anouaoia ekppacnc, +, ++, +++ dtaBaduion

Jetikotntac).

Xpovog kaAhépyetag/ | Huépa | Hupépa | Huépa | Hpépa | Hupépa | Huépa Huépa
XOPOAKTNPLOTLKO 0 4 12 15 18 20 27
MoAAQTAQOLAOTLKO

) - - + ++ +++ +++ +++
SuvauLko
BM-MSCs (ue

popdoAoyLKA KpLTpLa) - + + t+ t+ T+t T+

Alapopormolnuéva
KOTTapaL (ue - - - - + ++ +++
popdoloyLka KpLtipla)
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Huépa 12

Huépa 15

Huépa 18

Huépa27




Ewkova 3.4. Alabo)IKEG PWTOYPAPIEG OMTIKAC ULKPOOKOTIIOG om0 KOAALEPYELQ UECEYXUUATIKWV
OTPWUATIKWY KUTTAPWY UUEALKNG TTpoEAeuonc (BM-MSCs) o€ Sdiaotnua 27 nuUEpWV amo thv evapén.
Ot e1koveg tne iblag ostpdc Anpdnkav tnv ibia nuépa. H usyéduvaon avapépetatl wg 4X, 10X kot 40X,

EVW 0L AEUKEC YpaUUEG avTLoTOoLYOUV otnV KAipaka urikoug (100 um, 40 um kat 10 um, avtiotolya).

3.1.5 NMpoodLopLopog TG KAtAAANANG cUOTAONG TOU IKPLWHATOG USPOYEANG

2T oUuVEXeLla, adol PEAETABNKE O XEPLOPOG TWV HUEAWUOTIKWY KUTTOPLKWVY CELPWV Kol Twv BM-
MSCs £ywve n petapacn oto 3D mepifdllov efetdalovrog TA IKPLWHATO KOL TNV QVATTuEn
KUTTOPOKOAALEPYELWY OFE OQUTA. ITO EMOWEVO TEIPAMA ETXELPNONKE O XELPLOUOG TNG USPOYEANG
Corning PuraMatrix Peptide Hydrogel (BD, USA) avamtucoovtag 3D KaAALEPYELA TNG KUTTAPLKAG
oelpag U266. ITOX0C TOU MAPOVTIOC MELPAPATOC ATay, adol KataokeuaoTtel ubpoyeAn Sladopwy
OUYKEVIPWOEWY, va €EETAOTEL N PLWOLULOTNTA KOL N KOTOVOWUN Twv Kuttdpwv U266 otav autd
gykAgiovtal otnv uSpoyEAN TpLv TNV e€looppomnon tou pH ] otav MPootiBevtal 0 AUTO HETA TV
gflooppomnnan tou pH. H e€looppomnnon tou pH petatpémnel To StaAupa TnG uSPoyEANG amd ubapEg

O€ NULoTEPEOD (myua).

Y& pIkpomAGKa 96 ppeatiwv etolpdcOnkav 3 enavoAfPelg yla KABE MElpAATIK cUVOAKN.
AoKuAaoOnKkav TPELG OUYKEVTPWOELS UALKkoU udpoyéAng oe dH20 (0,25%, 0,15% kat 0,10% v/v) yia
KABe TPOMO KATAOKEUNG TNG KAAALEPYELAG, SNAASH HE EYKAELOUO TWV KUTTAPWYV TPV 1 UETA TNV
e€looppdrinon tou pH. e kdBs Pppedtio tomobetABnkav 4 x 10* KUTTapa and TNV KAALEPYELR TNG
KUTTOPLKNG Oelpdg U266 katd thv ekBetikn ddon avamtuéng tng oe ouvoAlkd oyko 200 plL kot
KoAALepynOnKav yla 5 nuUEpeg otnv uSpoyEAN. Mo T LETPNON KoL TNV eKTiUNON TNG Blwolotntag,
£YLVE XPWON TWV KUTTAPWVY E KUAVOUV TOU TPUTIAVIOU €VTOG TG USPOYEANG Kal ANdBnoav elkOveg
UE avAaotpodo OMTIKO UIKPOOKOTILO eotTidloviag os 3 Sladopetikd sotiokd (dnAadn ¢ Babog)
enineda, xwpic va StatapoyxBei n Sopun g KaALEpyeLlaG. H KATAUETPNON TWV KUTTAPWVY EYLVE HE
omAn pétpnon Twv pwrtoypadlwy, KaBOTL oL SLadOPETIKOL XPWHATIOHOL KL TO CUCOW LOTWHATA TWV
KUTTAPWVY TNG KOAALEPYELOG OTNV USPOYEAN KATECTNOQV OIOYOPEUTIK TN XPAON AOYLOULKOU

QVAAUONG €IKOVAG OKOUN KOl LETA T SlaAuTomnoinor Tng.

Onwc mopoucidletal otnv Ewdva 3.5, oTic KOAEPYELEG UE EYKAELOUO TWV KUTTAPWY TIPLY
v eflooppomnnon pH, otn cuykévipwon 0,25% v/v Ta KUTTOPA NTOV KOTAVEUNUEVA OE OAO TOV OYKO
Tou dppeatiov pe péon Blwolotnta 65%. Itn cuykévipwon 0,15% v/v n Kotavoun Twv KUTTApwWV
1TV OTO HUECOV Kal O0ToV TMUBUEVA Tou dpeatiou pe péon PlwolpudtnTa 62%, VW OTN CUYKEVIPWON
0,10% v/v ta kUttapa siyav ouykevipwOei otov mubuéva pe péon Buwowpodtnta 60%. 3Tl

KOANLEPYELEG PE EYKAELOUO TWV KUTTAPWY UETA TNV g€looppomnon pH, otn ouykévtpwon 0,25% v/v
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TO KUTTOPO NTAV KATOVEUNUEVO O OAO TOV OYKO Tou ¢peatiov pe péon Puwotlpodtnta 75%. Itn
ouykévtpwon 0,15% n KATAVOUI TWV KUTTAPWYV ATV 0TO HECOV Kal oToV MUBUEvVa Tou dpeatiou, Ue
péon Buwouotnta 80%, evw otn cuykévtpwon 0,10% ta KuTtopa evtomiocBnkav otov mubuéva pe
péon Buwotpotnta 73%. H péon Stadopd tou aplOpol TwV KUTTAPWY TIPLV KAl ETA TOV EYKAELOUO
TWV KUTTAPWVY, ATAV OTOTLOTIKG CNUOVTIKA yla tn ouykévtpwon 0,25% v/v (p<0,05). To yeyovog otL
TpLv TNV €looppomnncon tou pH ta KUTTapa eKTIBEVTOL £0TW KL YLA HLLKPO XPOVLKO Slaotnua og 6€vo
nepLBAAAOV dpaivetal OTL €XeL eMimTwon otn BLwolndTNTA TouC. TEAIKWG, WG BEATLOTN CUYKEVTPWON
Corning PuraMatrix Peptide Hydrogel emi\éxOnke n 0,25% v/v kat wg BeAtiotn neBodoc n mpoodnkn

TWV KUTTAPWVY UETA TNV e€l0OpPOMNCN TOou pH.
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Ewkova 3.5. EUpeon tn¢ katdAAnAnc ouvotaong tng udpoyéAnc yia tn BéAtiotn avamrtuén ko
Katavoun Ttwv UUEAwUOTIKWY KUTtapwv. H avantuén twv kuttapwv U266 otnv udpoyéAn oe
UlkporAaka 96 @peatiwv, ueAetndnke otav autda eykAsiodnkav mptv thv eélooppomnnon tou pH n
otav mpoaTteédnkav UETd TNV eélooppomnan tou pH. Ta kUTTapa kaAdiepynOnkav otnv udpoyéAn yia
5 nuépec kot LUETPNONKAV LUE OTMTIKY ULKPOOKOTTIO TUNUATIKA, OTNV EMIPAVELQ, OTO UECO KOl OTOV
nuduéva tou @peatiou. Metpnan tou aptduou (A) kat tn¢ Biwowotntag (B) twv kuttapwv. *

p<0,05.
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3.1.6 ZUyKpLON BLWOLLOTNTOG TNG KUTTAPLKAG OELpaG U266 petay 2D kot 3D KAAALEPYELWV HETA

ano £kBeon og S0§opouPikivn

‘Exovtog kabopioel Tov TPOMO XELPLOpoUL NG USPOYEANG, TTpayUaTOnoLNONKE €AEYXOG TOELKOTNTOG
Twv KuTtapwv U266 otn dofopoufikivn, dtav autd avantuocoviav oe 2D kot 3D kaAALEpYELEG OTO
UALKO USPOYEANG, e oKkoTIO va. LehetnBel av To 3D mepPaAlov mpoodidel KATIOLO TTAEOVEKTN LA OTNV
emPBlwon TWV HUEAWHOTIKWY KUTTapwv. Ta kuttapa U266 kaAAlepyndnkav os mAdka 96 dpeatiwv
oe 2D kot 3D ouvOnkeg, mapoucia AUEOVOUEVWY GCUYKEVIPWOEWV TOU XNUELOBepAMEUTIKOU
napayovra dofopouPikivn (0 nM, IC30, IC50, IC80) pe Tpelg emavalNPelg ava EAeyX0. 2T CUVEXELQ,
0KOAOUBNOoE XpWwon TWV KUTTAPWV E&VIOC TwV ¢peatiwv pe KuavolVv Tou Tpumaviou, ARYn
dwtoypadlwv Kal avaluon Twv €KOVWY. H BwolpuotnTa eKTIUAONKE HUE OMTIKA KOTAUETPNON,
KaBoTL 0 aAyoplOuog avayvwplong elkovag dev katéotn Suvatd va xpnolgomolnBel pe tnv
UOPOVEAN, eVWw O SOKLUN UE KUTTOPOUETPLOL PONG N TTOPOUGCIA UTIOAELUATWY TG USPOYEANG Kall
OUCOWHOTWUATWY KuTtapwyv Sev katéotnoav duvatr tnv avaAluon. Ta amoteAéopata £86eléav
pelwon TG BUWOoLlHOTNTAG TWV KUTTAPWY aVAAOYIKA HE TNV alfnon TNG OCUYKEVTPWONG TNG
60€opouPikivng, tooo otnv mepimtwon twv 2D 6o kal otnv mepimtwon Twv 3D kaAAepyelwv (2D:
péon TN Buwowotntag 95% oe ouykévipwon 0 UM évavtl 39% oe ouykévipwon 1C80, 3D: péon
) Buwowotntag 99% oe ouykévipwon 0 UM évavtl 40% oe cuykévipwon 1C80, Ewdva 3.6).
MdaAwota, n taon peiwong g Plwoudtntog Bpédnke mapopola oToug SU0 TUTTOUG KOAALEPYELWV.
Emopévwe, to meptBaiiov Twv 3D kaAAlepyelwv 6 pAVNKE va TIPOCSISEL KATIOLO TTAEOVEKTNA OTa

MUEAWHATLIKA KUTTOPO 600V adopd TNV avOEKTIKOTNTA Toug otn SofopouBLKivh.
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Ewkova 3.6. ZUykplon tn¢ Biwowuotntag twv U266 ueta ano enidpaon dofopoubikivne. Ta kuttapa
avantuydnkav oe kaAAiépyeta dvo (2D) kat tpitwv (3D) Staotdoewv o€ UIKpoTAAKeG 96 ppeaTiwy.
Meta amd enwaon 72 wpwv UETPNONKOV UE XPWONn WE KUAVOUV TOU TPUMOAVIOU LE OTTIKN
utkpookoria. 1C30=40,9 nM, IC50=58,5 nM, IC80=76,1 nM. Ot UECEG TIUEG * TNV TUTILKN QIOKALON

urnoAoyiotnkayv amno 3 SLaQOPETIKA MELPALATA.

3.1.7 Z0ykplon BLWOLHOTNTAG TNG KUTTAPLKAG O£lpd¢ U266 petall HOVOKAAALEPYELOG KOl
OUYKOAALEPYELOG UE LECEYXUOATIKA OTPWLATIKA KUTTOPA HUEALKNG TIPOEAEUONG META O £KBeon

oe 6o0§opouPikivn

TN OUVEXELL TpayUatomoliOnkav SOKIHAOLEG KUTTOPOTOEIKOTNTOG KAl O OUYKOAALEPYELQ
MUEAWHATIKWY KUTTApWV-BM-MSCs pie okomo va eheyxBel edv n mapoucia twv BM-MSCs unopel va
MPOCOWOoEL PEYOAUTEPN OVTOXN OTMEVAVIL OTO XNUELODEPATEVTIKO Tapdyovia. Me okomo tnv
anoguyn sloaywyng dvo dladopetikwy petaAntwy (3D meplBarlov, cuykaAAiépyela e BM-MSCs)
eTAEXONKke va eléyéoupe tn 2D kaMiépyela. Epooov ta pusAwpotikd kittapa Ppiokovral oe
svalwpnua, evw ta BM-MSCs sival mpookoAnuéva otov mubpéva twv dpeatiwv, emAéxdnke va
ovaAuBoUv dueco e KUTTOPOUETpia pong. Mo ouykekpluéva, kOTtapa tng oeslpdg U266
KaAAlepynBnkov oe WIKPOTIAGKES 24 dpeatiwv (5x10% kUTTapa/Pppedtio) téoo mapoucio doo Kol
amnouacia BM-MSCs umo tnv enidpoon auvéavopevwyv cuykevipwoewv dofopoufikivng (0 uM, 1C30,

IC50 ko 1C80) yia 72 wpeC. Apxikd, 1x10° BM-MSCs eixav petodepBei oTic UKPOTAGKES 5 NUEPEC
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TPV TNV €vapén TOU TELPAUONTOC HE OKOTO TNV TPOOKOANCH Toug Kol Tn Snuioupyia Ttou
UikpomepLlBAaAAovtog oto onolo Ba ywotav n cuykoAALEpyela. lNa Ta MeEPAPATA AUTA eTUAEXBNKOY
ULIKpoTAGKeG 24 dpeatiwv kal Oxt 96 dpeatiwv, pe okomd T SlaBeoludTNTA TEPLOCOTEPWY
KUTTAPWV yLa TN LETPNON UE KUTTAPOUETpia pong KaBe melpapatiky cuvonkn emavaAndOnke tpelg
dopEq. Itn ouvéxela, €ylve xpwon Ue Avvefivn-V kot Pl kot akoAoUBnoe ekTiUNON TWV TTOCOOTWY

BlwolpoTNTOC KA VEKPWONG OTO KUTTAPOWETPO.

Mapatnpnbnke OtL otn cuykévipwon Sofopoufikivng IC50 uTRpXE ONUOVILKA HeyaAUTEPN
BlwootnTta otn cUYKAAALEPYELD EVOVTL TNG LOVOKAAALEPYELAG (L€ TIUA Blwaotpotntag 55,6% yla
U266 évavtl 74,7% yia U266/BM-MSCs, p<0,05). Qotdoo n Stadopd auth Sev mapatnpndnke otn
uéylotn ouykévtpwan (IC80) tng SofopouPikivne (Ekova 3.7).

B U266
= U266/BM-MSCs
100 *

=3 | 1

=
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™=
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5 50
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Zuykévrpwon doopoufikivng

Ewkova 3.7. Biwowudtnta tnc KUTTaplkic oelpdac U266, os Siodiaotatn LOVOKaAAIEPYELX Kol O€
ouvykaddiépyela ue BM-MSCs, unmo tnv enibpoaon SofopouBikivne yia 72 wpec. Ta kutrapa
kaAAlepynonkav oe pikporAakeg 96 @peatiwv. 1C30=40,9 nM, IC50=58,5 nM, 1C80=76,1 nM. Ot
UETEC TIUEG * TNV TUTTLKN atOKALon urtoAoyiotnkav ard 3 dtapopetikd nelpauata. * p<0,05.

JUUIMEPACHOTIKA, N XPNON TWV LKPLWUATWY USPOYEANG TTapEXEL Eva EUKOAO ECO VLA TO XELPLOUO KoL
v avamtuén kuttapwyv o 3D KaAALEpyeleC. EVTOUTOLS yla TOV €AEYXO TNG KUTTAPOTOEKOTNTAC,
umnpée peyahn SuoyxEpela otn Xpron AOYLOULKOU avaAUoNG ELKOVAG, EVW OKOUN Kol He Th pEBodo
NG KUTTapopeTplog pong ta kuttapa Oev Slakpivovtav cadwg amd to B6pufo (KuTtapka

UTIOAE(OTA KOl CUCOWHOTWHOTA YEANG). Kat' eméktaon &ev katéotn duvatni n eKTtipnon tng
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BLWOLUOTNTAC TWV HUEAWUOTIKWY KUTTAPWVY o€ Tieipapa mou nepAapfave kat tig U0 petaBAntég,
6nhadn ouykaliiépyela pe BM-MSCs oe udpoyéhn. lMNa toug mpoavadepBévteg Adyoug KpiBnke

OKOTILHN N TIEPALTEPW SLEPEUVNON TOU eX Vivo LOVTEAOU LIE TN XPrON OTEPEWVY LKPLWUATWV.

3.1.8 MeAftn KAAUYNG KPLWHUATWY TIOAUYOAQKTIKOU 0EE0C QMO HMECEYXUHOTIKA OTPWOTIKA

KUTTapa LUEALKAG MPOEAEUONG E TN XPRON HIKPOOKOTILOG

Ma TN CUVEXELD TWV TELPOUATWY aflomolnbnkav kpltwpota PLA otoxeUoviag oTtnV KATAOKEUH
EMAVAXPNOLUOTIOLOVUHEVNG ex vivo mAatdoppoag yia to MNMM. Ta kplwpoata mou eixape Slabgoiua
ntav doung mAéypatog, os popdn diokou aktivag 4 mm kal StEpepav oto PEyebog mopou mou NTav:
i) 60 UM, ii) 100 uM, iii) dStaPaBuion 60-90 uM kat iv) StaBaduion 60-120 uM (Ewova 3.8). O
£\eyX0C AVATITUENG TWV HECEYXUMOTIKWY KUTTAPWY OTO IKPLWHATA TIPOYHUATONMONONKE UE TPELG
SL0POPETIKEG TEXVIKEG HLIKpoOoKoTiioG: A) pikpookomia ¢Boplopol yla thv adpr eKTipnon tng
KOAUYPNG TWV IKPLWUATWY, B) cuveoTLOKA UIKPOOKOTIL Yl TN HEAETN TWV {WVTAVWY KUTTAPWY oTa
KpLWHOTa Kal ) NAEKTPOVIKI HLKPOOKOTILOL 0ApWoNG Lol TV amokAAuyn tne embavelakng Soung

KOLL XWPOTAELKAC EMEKTACNG TWV KUTTAPWV.

Mo tv mapakoAouBnon tng KoAALEPYELOC Kal avamtuéng BM-MSCs ota ikplwpata PLA pe
Uikpookomia ¢pBoplopoy, mpaypatonolnénke xpwaon Twv KuTtapwv BM-MSC pe tn xpwotikn CFSE, n
orola &ev Bavatwvel Ta KUTTAPOA, TOPEXEL EKTIUNON TOU KUTTaplkol moAAamAaciacpol Kot
grmuumAéov Slvel tn SuvatodtnTa OUVEXOUC TAPATAPNONG TNC TOPelag TNG KUTTAPOKAANLEPYELQC.
ApXIKG €yve xpwon 1x10% MDSCs kat KaAAEpyELa yLot 5 NUEPEC oe UIKPOTAAKA 96 dpeatiwv. Itn
CUVEXELX TOTTOOETNONKAV TA IKPLWHLATA KoL £XOVTAG TNV EUXEPELA TNC TAKTIKNG TTOPOTPNONG, EYLVE
dwtoypadikn kataypadn g EEAENC TNC KOAALEPYELAG VA TIEVTE NUEPEG 0€ GUVOAO 25 nuepwv. H
XpwoTikn CFSE ekméumel mept ta 520 nm Kol avixveVETAL amd To MPACLVO KAVAAL TOU ULKPOOKOTILOU
¢Ooplopol. To UIMAE KOVAAL TOU HIKPOOKOTIOU, epOOOV OeV UTHPXE KATIOLX OXETIKA XPWOTLKA,
xpnowwomownbnke w¢ paptupag oautodpBoplopol. Onwg mapoucialetat otnv Ewdva 3.9,
napatnpnbnke avamtuén tTwv BM-MSCs ota IKpLWHATO. ZUVOALKA SOKLUAOTNKAV KAl TO TECOEPA
MEVEDN KpLWHATWY TIoU umnpxav Slabéowa kot n pETpnon tng KAAuyng £ywve adpd pe
dwtoypadlon oe peyébuvon 4X oe Tpla omtikd media, PE TNV EKTiUNnon tou eupadol ToU
$Oopilovtog oNUATOG MOU TPOEPXETAL AMO TA KUTTAPO TPOC TO CUVOAKO £ufodO TOUu OmTIKOU
neblou He TN Xprion tou AoyloplkoU avdluong swovwv Imagel Fiji. Apxilovtag amd pndeviko
mooootd KAALYNG tnv 5" nuépa KuttapokalAlépyelag, o HEOOG OPOo¢ mocootol KAAuyng mou
ETUTELXONKE TNV 25" nuépa ATav 9% e péylotn T kaludng 11% oto kpiwpa peyéBoug mopwv
100 uM (Ewkéva 3.10).
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Ewkova 3.8. Ta ikplwuarta moAvyadaktikou oé€wc (PLA) ta omoia ypnotuomotidnkayv iyav dourn

MAEyuatog kat tormoGetBnkay otov mudUEva UikporAdkac 96 ppeatiwv.

15
13 -

11 1

09

07

05

03

01

% KaAudng emidpAavelag t(kpuwpatog

01 5 nuépeg 10 nuépeg 15 nuépeg 20 npépeg 25 NpEpES

e KO {WUA 60 UM e Kpiwpo 100 pM s |kpiwpa 60-90 UM === |kp{wpa 60-120 M

Ewova 3.9. lMapakodoudnon tng kaAvynce Twv IKPIWUATWY OO UECEYXUUATIKX OTPWUOTIKA
KUTTapa UUEALKNG mpoédsuancg (BM-MSCs) kata tn Sidapkeia €£€AIENC TG KUTTAPOKAAAIEPYELQG.
Xpnowuomnotndnkav oteped ikplwuata moAvyadaktikol oféwc (PLA) tormoOetnuéva o ULKPOTTAGKEG
96 ppeatiwv kat MDSCs ypwouéva Le t xpwotikn {wtikotntag CFSE. Ava 5 nuépeg kat o ouvoAo
25 nuepwv upetpndnkav tpia ontika nebdia otn pueyéduvon 4X. H uétpnon tng kaAuyng ytve ue
Uikpoaokoria @Boptouou. lMapouaotalovral To UECO MOCOOTO KAAUYNG TWV IKPLWUATWY WG TTOOOOTO

% + n Tumkn) artokAton (SD) avd nuEpa arto 3 SLaPOPETIKA TELPAUATA.

110



Ewkova 3.10. Avantuén LUECEYXUUATIKWY OTPWUATIKWY KUTTAPWY UUEALKNC TipoéAeuoncg (BM-MSCs)

O€ OTEPEA Kplwuata moAuyadaktikoU oéwc (PLA) ue evdokuttapla xpwon {wtikotntac CFSE. Ta
LKpLwuata TormodetnOnkav o€ UIKPOTIAGKES 96 ppeatiwv ota omoia eiyav nén kaAdiepynVei yia 5
nuépec 10° BM-MSCs xpwouéva us CFSE. H swéva (A) mpoépystat and thv 10" uépa kaAAiépysioc,
evw tv 15" nuépa (B) n kaAuyn twv kplwudtwy Exel auéndei oToUG KEVOUC YWpPOUG UETHED TwV
vwv tou mAéyuatog. 2to iblo ontiko medio tnv 15" nuépa ue unde @iAtpo (I) naparnpeitot OtL T0
QWTEVO onua Sev givat autopBoplouog. e ueyadotepn ueyeéduvon (A) paivetal n nmpookoAAnan
KUTTApoU (TEPLYEYPAULEVN OTIKTH TIEPLOXN) oTnV (va Tou mAgyuatoc. Ol €LkOVEG eAn@Bnoav amo
Uikpookormio @doptouou. H ueyéduvon avagépetar wg 4X kot 40X, evw oL AEUKEC YPOUUESG

QavTLoTOLYOUV 0TV KAlUaka unkoug (100 um kat 10 um, avtiotoiya).

Me XpAOn OUVECTIOKAC HLKPOOKOTIOC OApwong, EyWve AETITOUEPECTEPN TaAPATAPNON TNC
popdoloyiog Twy KUTTApWY KaBWE Kol Twv opiwv Touc. MNa To oKomd OUTO €YLVE XPWON TWV

KUTTApwWVY He ¢oANoiSivn, n omola ocuvdéstal Pe Ta WISla OKTivNG Kol omokoAUTTEL Tov
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KUTTOPOOKEAETO TWV KUTTAPWVY. H ekTiinon Twv amoTeAeoUATWY €lval TIOLOTIKN KoL OXL TTOCOTIKA,

KoL OTWG amelkoviletal otnv Ewkdva 3.11 mapatnpnbnkav ta €€1¢ LopdoAoyLKA XOPOKTNPLOTIKA:

o Ta BM-MSCs avantiooovtol TPooKOAWUEVA AVAUESA OTLS (VEG TOU LKPLWLOTOG
e O KUTTOPOOKEAETOC TWV KUTTAPWV ETEKTEIVETAL QVAUECO OTLG (VEC TOU LKPLWUOTOG

KOAUTITOVTAG TO KEVO TOU TTAEYHOTOG, TTpoaoeyyilovtag Thv amévavtl iva.

TéAog, yla TNV amokAAuyn mMAEov avOAUTIKWY HOP@OAOYLKWY XOPOKTNPLOTIKWY Twv BM-MSCs ta
omola avantuooovtal TPLodldotata HEoa ota kplwpata PLA, mpaypatonow|nke moapatipnon twv
OTEPEWV IKPLWUATWVY PE NAEKTPOVLIKA UIKPOOKOTla odpwong. Omweg Kol TPonyouEVWG, N EKTIUNGN
TWV ATIOTEAECUATWY £[val TIOLOTIKH, KoL OTWE Ttapouctaletal otnv Ewkova 3.12, mapatnpndnkav ta

£€N¢ LopPOAOYIKA XOPOKTNPLOTIKA:

e Ta BM-MSCs avantiocovtal TpookoAnUEVA OTLC (VEC TOU TTAEYLOTOG

e Ta KUTTapa £XOUV AEMTEG TIPOOEKPOAEC HE TIG OTOLEC EKTELVOVTOL KOl «OVOPTWVTOLY
QVAUEDQ OTLG VEG

e [lapatnpolvtal kuotibla (mBava stwowpota) otnv emdAVELD TWV HECEYXUUATIKWY
KuTtapwv. H mapoucia toug paAiota unootnpiletat kat BBAloypadika (Nikfarjam et al.,,

2020)

e Ta kuttapa Stopopdwvouy pa Sopn «dUANOU» HETAED TWV VWV TOU LKPLWHLATOG.
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Ewkova 3.11. H avantuén UECEYXULATIKWY OTPWUATIKWY KUTTAPWV UUEALKN G TpoéAevonc (BM-MSCs)
UE xpwaon @aAdoibivne oe oteped kplwuata moAuyadaktikou oéwc (PLA) kata tnv 25" nuépa
kaAAiEpyetag. Ta kplwuata tormodetnOnkay o€ UIKPOTIAdKeC 96 ppeatiwv ota omola ixav nén
kaAAiepynOei yia 5 nuépec 1x10° BM-MSCs. Ta kUttapa éyouv avantuxJei avaueoa oti¢ (VEC Tou
MAgyuarog tou kplwuatog (A-B), evw oe ueyadutepn ueyeSuvon (M-4) @aivetar n €ktoon tou
KUTTaAPOOKEAETOU. Ot SoUEC amoTeAouvTal amo KUTTHPA, OMwWC AmOSEIKVUETAL OO TNV TTUPNVIKH
xpwan ue t™ xpwatikny DAPI (E). Ot etkoveg givat to anotéAsoua ouvdsonc 15-20 oe1plakwv onTikwy
TOUWV UE OUVECTLAKN UlKpoaKkoTtia oapwong. H ueyeéduvon avapépetal we 10X, 20X kat 60X, evw ot

AEUKEC YpOUUEG QVTIOTOLYOUV OTNV KAiuaka pnkoug (40 um, 20 um kat 7 um, avtiotoiya).

Ewova 3.11. EIKOVeG NAEKTPOVIKNG ULKPOOKOTIOGC Odpwong OTI¢ oroiec armetkovilovral
UECEYXULQATIKA OTPWUOTIKA  KUTTAPpO UUEAIKNC Tpoédevonc (BM-MSCs) oe  kplwuata
moAvyaAaktikou ofewc (PLA) ue uéyedog mopou 100 um, votepa amd 30 nuépsg kaAAiépyeiag. (A)
ELKOVA TOU IKPLWUATOG, Ormou Stakpivetal n mAEEn twv vwv PLA kadw¢ kal Ta KUTTOPO QVaUECdA
T0UC. (B) kat (I) €LKOVEC TOU IKPLWUATOC UE KUTTOPO OTTOU PAIVOVTOL Ol KUTTOPIKEG TTPOOEKBOAEC OL
OMOIEC «aVOPTOUV» Ta KUTTAPA QVAUESH OTIC (VEC. 2TV elkova (A) mapatnpeital o oxnNUATIOUOC

XOPOKTNPLOTIKAC LoPp@NG “@UAAou” armd ta kUTTapa, evw Slakpivovtal Kol KUCTISLO OTHV EMTLPAVELQ
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Twv KutTapwyv (6€An). H ueyéduvon avapépetatl wg 5X, 20X, 80X kot 240X, evw oL AEUKEC YPOAUUES

avtioToLyoUuV otnVv kKAluaka unkouc (500 um, 100 um, 20 um kat 5 um, avtiotoiya,).

3.1.9 Aok ™G ex vivo mAatdopprag: ZUYKAAALEPYELOL HECEYXUHOTIKWY OTPWHOTIKWY KUTTAPWV

MUEAIKAG MPOEAEUONG KOl MUEAWHATIKWV KUTtapwv H929 ot wkpuwpata umd tnv enidpaon

Boptelopipnng

‘Exovtag HUEAETNOEL TA EMIUEPOUG CUOTATIKA TNG ex Vivo TAaThOopuag, akoAouBnose n cuvoAlkn
SOKLUI TOU HOVTEAOU Yl TOV EAEYXO TNG XNUELOAVOEKTIKOTNTAG TWV HUEAWHUOTIKWY KUTTAPWY, OTOV
auta avamntuooovtal os 3D mapoucio BM-MSCs mou ammoteAel TOV GNUOVTLKOTEPO (OWE KUTTAPLKO
TUTIO TOU ULKpomepLBAaAAovTog Tou MO oto MM. Mo To OKOTIO aUTO XPNOLUOTIOLBNKE N KUTTOPLKA
oslpd H929 Kkal Kplwpota ota omoia eiyav mponyouuévwe avamtuxBel mpwrtoyevy BM-MSCs
000gvoug yla 15 nuépeg yla va mpaypatonolnfel éAeyxog Kuttapotofikotntag oth Boptelopipnn. H
Tepapatikn Slataén etoludodnke os pikpormAdka 96 BoBpiwv kal mepleiye kUTTapa HI29 ywpic
enidpaon Boptelopiunng we paptupa, kKuttapa H929 oe 2D povokaAALEpyELa Kal Tpla LKpLWHATA
ouykoALépyetag  (4x10% kOttapa H929 oe kdBe dpedto). KdbBe melpapotiky ouvlnkn
enavaAnddnke tpelg ¢dopéc. Ta KUTTApA TAPEUEVOVY UTIO tnv enidpacn Poptelopipnng oe
ouykévtpwon IC80 (5,5 nM) yla 72 wpeG. XTo TEAOG, TA LUEAWMOTIKA KUTTOPQ OItopakplvOnkay ano
TO IKpLwHATA, UeTadEpBnkav oe véa ¢pedTia, £YVe Xpwon HE KuavoUv TOU Tpumaviou kal

KOTOUETPAONKAV LE TOV 0AYOPLOUO OTTIKNG ULKPOOKOTILOG TTOU avadEPOnKe PponNyou LEVWG,.

Oa mpemnel vo onuewwBel ot Sev ouumepAndOnkav ¢pedatia pe 3D povokaAAEpyela
KUTTApWV HI929 ota IKplwpata, Meld 08 KOTAOTACN HOVOKAAALEPYELAC TO MUEAWUATIKA KUTTAPQ
SV MAPAPEVOUV HECA OTO TIAEYMO TOU LKPLWHOTOC, OE OVTIBEON LE TA LIKPLWUOTA TIOU TIEPLEXOUV
BM-MDSCs (6eSouéva amno napatrnpnon xwplc pwrtoypddnon pe avaotpodo pkpookonio). Emiong,
Sev ouunepAndOnkav dpedtia pe 2D ouykaAAlépyela, KaBOTL 0 aAyoplOUOC Tou AOYLOMLIKOU
avaAuong skovag ivat aduvato va dtaxwpiost ta opatplkd kutTtapa H929 (Omwe Kal TLG UTTOAOLTTES
MUEAWHOATIKEG KUTTOPLKEC OELPEC) QMO TO QAKOVOVIOTOU oxnuato¢ BM-MSCs. EmutAéov, n
MPOoKOAANoN Twv HI929 otLg eMinedeq OTPWOELG LECEYXUUATIKWY KUTTAPWY OAAOLWVEL ONUAVTIKA TO

QMOTEAECHA TNG LETPNONG €AV ATIOUOKPUVOOUV Blala woTe va KATaUeTpnBoUlv EexwploTa.

AaruotwOnke OTL N UEON TR BLWOLUOTNTAC TWV KUTTAPWY KAl OTOUG TPELG TUTIOUG
LKPLWHATWY NTOV HEYAAUTEPN CUYKPLTIKA He TV 2D kaAAlépyela onwe paivetal otnv Ewkova 3.12.
JuyKekpléva, ta KOTtapa H929 mou mponABav amd ta Kplwpata pe péyebog mopou 60-90 um

davnke OTL glyav oNUOVTIKA LEYAAUTEPO TTOOOOTO PBLWOLUOTNTAG EvavTl TNG 2D cuyKaAALEPYELOG
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(uéon TR Bwowdtntog oe ouykévipwon 1C80: 13,0+2,5% ywa 2D évavtl 35,0£2,6% yla
OUYKaAALEpYELD OF Kplwpa 60-90 um, p=0,01), evw Kal e Ta uTtOAoLTia SUO IKPLWHATA EMITELXONKE
peyoAUTEPN BLWoOTNTA av KoL OXL OTOTIOTIKA OnUAvIK (Héon T Buwoluotntag oe
ouykévtpwon 1C80: 19,613,5% yla ouykoAAlépyela ot WKplwpa 100 pm kot 24+3,0% yua
oUYKaAALEpYELA O IKplwpa 60-120 pm).

Ta anoteAéopato autd UToSelkvUouv OTL N XPAon TNG MPOTEWVOUEVNG TMAatdOpUaG eival
Bdown, kaBotL SUvatal va TPoodwoel HeyOAUTEPN aVOEKTIKOTNTA OTa  KOAALEPYOUEV
MUEAWHATIKA KOTtapa. Emopévwg mpoteivetat ott to 3D ukpomeplBdAlov  mapoucia
UECEYXULATIKWY KUTTAPWY artodidel peaALOTIKOTEPA TO UOVTEAO TNG VOOOU GUYKPLTIKA UE TNV 2D
KUTTOPOKOAALEPYELQ, BOCLIKO HELOVEKTNUA TNC omoiag €lval n pun anddoon avOekTKOTNTAG OTa
pueAwpatika kuttapa (Dhaliwal, 2015; Kapatczynska et al., 2018). Juumnepaopatikd, ival tdlaitepa
ONUOVTLKO N ex vivo MAatdOpUa Vo UTTOPEL VA TTPOCOUOLATEL TO TIPOCTATEUTIKO LKPOTIEPLBAAAOV TOU

MO woTte va UTtdpXoUV TILIOAVOTNTEG MEPALTEPW afLlomoinong TNG.

= 2D

100 = H929/BM-MSCs Ikpiwpa 1

= H929/BM-MSCs Ikpiwua 2
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X

o

™

(=

-

.g- "

5 50

3 I |

7]

-
O i

1
IC80
ZuyKévTpwon BopTe{opiputng

IC80=5,5nM

Awaypauua 3.12. Aokiuni TNG MPOTEIVOUEVNC ex Vivo mAat@opuac oto M. [epidauBavet
OUYKaAALEpYElA TNG HUEAWUATIKNG KUTTAPLKAG OElpd¢ H929 kot MPpwToyevwy UUEAIKWYV
UECEYXUUATIKWY KUTTApwV (BM-MSCs) oe oteped kplwuata umo tnv enibpacn Boptelouiumnnc.
Apxika kpiwpata moAvyaAaktikou o€wc (PLA) tomodetridnkav o€ LUKPONMAGKEG 96 PpeATiwWV Kot

BM-MDSCs kaAAiepyndnkav o€ autd yLo 5 nUEPEC. 3TN CUVEXELX MPOOoTEINKaY Ta kUTTapa H929 uali
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UE Boptelouiunn yia 72 wpeg. H ektiunon tn¢ Blwotuotntag twv kuttapwv H929 gywve ue alyoptduo
avaAuonc elkovac o ortoiog avamtuydnke yia autn tnv epapuoyn. 2D: kuttapa H929 o kaAdiépyeia
2D ueta amno enidpacn Boptelouiunng. H929/BM-MSCs ikpiwua 1: kUTTapa mou cuykaAdiepyndnkay
ue BM-MSCs o€ ikpiwuata PLA ue puéyeSog mopou 100 um. H929/BM-MSCs kpiwua 2: avtiotoiyn
KaAAEpyela oe kpiwpa pe peyedoc¢ mopou 60-90 um. H929/BM-MSCs kpiwua 3: avtiotoyn
koAAlEpyela o€ tkpiwpa pe peysdoc mopou 60-120 um. * p<0,05.

3.2 MeA£tn tou avoooloyikou npodil Tou pugAol Twv 00TwWV 0To MOAAATTAOUV HUEAWHA

MapoAo mou yla tnv avantuén pog ex vivo mhatdopuag LeAETNG Tou MM peletrioape tn olyxpovn
mapoucia ot KAALEPYELEC LUEAWUOTIKWY KUTTAPWY Kot BM-MSCs, o MO mepthappavel mAn6og
KUTTOPLKWV TUTIWV TIou Ba pmopovcav PeANOVTIKA va xpnotpomnotnBouyv gpmAoutiloviag to HoViEAo
npocopolwong tou pikponeplBallovtog tou MM. Mpog auth tnv kateuBuvon, afloAoynoape tn

cuoTaon Tou pikporepLPaAlovtog we ouvolo ota Stadopa otadia Tou MM,

1o mAaiolo autd, avaAuBnkav cuvoAlka Ssiypata amo 117 acBeveig pe MM kot AAAEC
TIAQLOLOTOKUTTAPIKEG SUOKpAOieC. Mo cuykekpLluéva, 94 Selypata avtiotolyoloav os aoBevelg e
MM, 15 &eiypata mponABav amd adtopa pe sMM kal 8 OSelypota amd oobBeveic pe
mAaopatokuttaptkn Aeuyawuio (PCL). Amo toug 94 acBeveig pe MM, ta 53 delypota adopoloav tn
OTLYUN TNG apXLkAg Sldyvwong Tng vooou Kal 51 Selypota th oTlyun TG mpwtng mARpoug Udeaong
peTa amd umoPoAr] oe peyaBepameio KAl UTOAOYN HETAUOCXEUCH QAPXEYOVWV OLLOTIOLNTIKWY
KUTTApwWV. Na 10 acBeveic £ywve ANPn Seiypatog kot KOTd TN SLAyvwan Kol Tn TR g mARPoug

Udeonc.

3.2.1 Neprypadn Snpoypadkwv, KALVIKWV KOL EPYACTNPLOKWY TIAPUUETPWV TWV acOevVWV

Ta KAWIKA Kol Snuoypadlkd XOPOKTNPLOTIKA Twv veodlayvwoBéviwv aocbBevwv Tou
cuumepAndOnkav otnv mapouvca Slatplpr mapoucitdlovtal cuvomnTtika otov Mivaka 3.5. H Stapeon
nAwia twv acBevwv Atav ta 66 £tn (evpog 44-93 £1n), evw 0 AOyog avdpeg/yuvaikeg ftav 4:5. H
Stdpeon T tou apBpol twv Asukwv atpoodatpiwv Atav 8,2 x 103/uL (evpog 2,5-28,5) pe pia
Stdpeon tun otov aplBpod Twv Aspdokuttdpwy ion pe 1,9 x 103/ul. H Stdpeon T otov aptfud twv
nioAupopdontipnvwy Bpédnke ton pe 5,3 x 103/pL kot n Sudpeon TWA otov aplOpd Twv
awponetaliwv ton pe 223 x 10%/L. Ooov adopd touc Bloxnukoug Seiktec otov 0po, N Stdpeon Twr
™G Kpeatvivng Atav 1,63 mg/dL (sbpoc 0,5-11,1), n Stapeon Twur Tng P2 Hikpoodalpivng 5,7 mg/L
(evpoc 0,5-11,1) kaw n Sidpeon T Tou aoPeotiov 9,5 mg/dL (evpoc 8,4-14,4). H mAsloPndia twy
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aoBevwy (60%) eixe emikpdtnon 1gG avoooodalpivng, e UKPOTEPO TOCOOTO OTLS IgA Kkat IgD (25%
KoL 2%, avtiotolya), evw £va ULKpO TTooooTo ixe amoucio Baplwv aAucidwy Kal EMIKPATNON HLOVO

ehadplwv (13%).

Ooov adopa TN otadlomoinon twv acBevwv cUudwva pe To ISS UTPXE OpoLOpopPdN
katavoun ota otadia | éwg Il (38%, 34% kot 28%, avtiotolya). To 32,5% twv acBevwv £depav
KUTTOPOYEVETIKEG aTuTiieg uPnAoL KvdUvou, evw To uTtOAouTo 67,5% xapnAou kwvéuvou. H 8tnbnon
Tou MO amo ta HUEAWHATIKA KUTTAPQ, EKTILRONKE KATA TNV ooteopueALkn Blodia Twv acBevwy Kot
elye Olwapeon T 50,7% (eUpog 0-90%). IXETIKA HE Tn OpATMEUTIK OVTIUETWILON TWV
veodlayvwoBEéviwy aaBevwv, OAol ol aoBeveig TNG HEAETNG oG akoAoUBnoav eloaywylkr Bepamneia
amoteAoUEVN amd TPUTAG cuvduaouo Boptelopipnng, AevaAilbouidng kat de€apebalovneg (VRd),

akoAouBoupevn amo ASCT. ZUVOALKA Ta KALVIKA XOpOKTNPLOTIKA Tteplypadovrtal otov Mivaka 3.6.

Mivakag 3.6. KAvika xapaktnploTikad VeodSlayvwoFeviwy acdevwy Ue moAAamAovv puéAwua mou

OUUTIEPIANUNKAVY OTN UEAETN UaG

KAwikég Mapapetpol

AcBeveic katd ™ dtdyvwon (n=53)

HAklo og €tn (gVpoC)

66 (44-93)

Avbpeg (%)

26 (39%)

Awoodalpivn, g/dL

10,8 (8,0-14,7)*

AtpometdAio, x10%/L

243 (56-591)

Aeukd awpoodaipla, x103/uL

8,2 (2,5-28,5)

Nepdokutrapa, x103/ul

1,9 (0,6-5,1)

Oudetepodra, x103/ul

4,5 (1-13)

Kpeatwivn opou, mg/dL

1,63 (0,5-11,1)

B2 pwkpoodatpivn opol, mg/L

5,7 (0,3-26,4)

LDH opov, U/L

167 (74-293)

AcBéotio opou, mg/dL

9,6 (8,4-14,4)

AwBnon puehol Twv ooTtwv, %

50,7 (0-90)

Nedplki avenmdapkeLa, n

3 (6%)

Jtado ISS

20/53 (38%)
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Il 18/53 (34%)

] 15/53 (28%)

Kuttapoyevetikég atunieg (LEBodog FISH)

YynAou kwvéuvou 22/53 (42%)

XapnAoU kwvSuvou 31/53 (58%)

lootumnog Baplag aluoidag avoooodatpivng

IgA 13/53 (25%)
IgG 32/53 (60%)
IgD 1/53 (2%)
EAadplég ahuoideg 7/53 (13%)

*OMAeg OL PETPNOELG TWV KN-KOTNYOPLKWY TIUPAUETPWY avadEpovTal wg SLAUESN TIUNA, HE TO UPOC

os mapévBeon.

3.2.2. I0yKpon TOU HIKPOTEPLBAAAOVTOC TOU MUEAOU Twv ootwv ota Siadopa otadia tou

ToAAQITAOU HUEAWHATOG

Je mMpwto eninedo mpayuotomoBnke n Slepelvnon TNG OXETKNG OUXVOTNTAG TWV KUPLWV
avoooAoyilkwy umormAnBbucopwy ota dtadopa otdadla tng vooou. H acuykplon adopoloe TIG OXETLKES
ouxvotnteg twv T, NK/NKT, B Aepdokuttdpwv, TAMs kat epuBpopAactwy, oto MO twv acBevwy, Kot
ta Slddopa otadia mou peAetnBnkav adopoucav to sMM, to MM oe SU0 SLOKPLTEG XPOVIKEG
OTLYHEG (SLdyvwon Kal oto oTadlo NG MANPoug Udeong HeTA amo peyabeparmeia kat ASCT) kal tnv

PCL, n omola propel va BewpnOei wg n e€£AEn Tou NM (Da Via et al., 2020).

H oUyKpLon TWV CXETIKWY CUXVOTATWY TWV TTAPANAVW UTIOTMANBUoUwyY Sev aveédelte Kamola
OTATIOTIKA onuavtik Stadopd ota Siddopa otadla TG vOoOoU, KUPLwG AOYw TNG HEYAANG
ETEPOYEVELAG TNG KATAVOMNG Tou KABe umomAnBuopol otoug aoBevelc evtog tou kdabBe otadiou
(Mivakag 3.7 kauw Ewkéva 3.13). Mo cuykekpuéva, ta T Agpudokuttapa sixav peyalutepn ouxvotnta
otnv PCL kat xapunAdtepa nocootd otn ¢aon tng CR (Stapeon twn 13,2% otnv PCL, évavt 5,3%
Kotd tnv CR emi Twv OoAlkwv gpmipnvwyv Kuttdpwv). Ta NK/NKT mopopolwg sudavicav to
peyalutepa mooootd otnv PCL kot ta pikpotepa otn CR (Siapeon Twun 8,4% otnv PCL, évavtl 2,0%
kotd tnv CR emi twv oAkwv gpmipnvwy Kuttdpwv). Ta B Aepdokittapa Bpiokovtov os oplakd
peyaAltepo mooooto otny PCL kol o pikpotepo kata tn CR (Sidpeon tun 3,1% otnv PCL, évavtl

1,3% kotd tnv CR enl Twv OALKWV EUMUPNVWV KUTTAPWV), evw Ta TAMs gvtomiotnkav e taon
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avénong otnv PCL (&iapeon twn 7,2% otnv PCL, évavtl péoou Opou 3,5% Ttwv UMOAOUTWV
KOTNYopLWV €Ml TwV OALKWY gUMUPNVWY KUTTAPWV). TEAOG, ol epuBpoPAdcteg Mapouciacav TIG
ULKPOTEPEC SLAKUUAVOELG EVTOC TOU KABe otadiou Kal Kopia oTaTIoTIKA onuavtiki Sltadopd petay

QUTWV (LECOC OPOG TWV TECTAPWYV OTASIWV 2,2% €TTL TWV OALKWV EUMUPNVWV KUTTAPWV).

Mivakag 3.7. ZYETIKEG GUXVOTNTEG TWV KUPLWV AVOTOAOYIKWY UtoNANnBUOUWY TOU UUEAOU TWV 00TWV

ota diapopa otadia eE€AEnc tou moAdamAou uveAwuarog.

YrnonAnBuopog YM nm AA MM os CR
Ztadlo voocou (Avdyvwon)

T Aepdokuttapa (%) 7,8 (¥3,6)* 10,5 (+6,8) 13,2 (+8,9) 5,3 (+4,5)
NK/NKT kutrapa (%) 3,7 (1,2) 3,4 (1,9) 8,4 (+4,9) 2,0 (£2,7)
B Aspdokuttapa (%) 1,4 (+1,2) 1,3 (¥1,5) 3,1(+3,4) 2,4 (+1,7)
TAMs (%) 3,4 (+1,7) 3,3 (+1,6) 7,2 (5,1) 3,7 (£2,4)
EpuBpoPAdoteg (%) 1,6 (+1,6) 1,8 (+1,5) 2,7 (£2,4) 2,8 (+2,6)

* ALQUEON TIUAR KOl TUTIKN ommokAon. YM: udépmov puéhwpa, MM: moAAamAolv puéAwpa, MA:

mAaopotokuTTapikn Asuxauia, CR: mAnpng Udeon, TAMs: pakpodaya oxeTil{OUeVA LE KAPKIVO.
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Ewova 3.13. Aneikovion TwV KUPLWV aVOCGOAOYIKWY UMOMANTUOUWY TOU UUEAOU TWV O0TWV OTA
Siapopa otadia e€€Aiéne tou fMoAdamdou Muedwuatoc (MIM). YM: ueéprov uvéiwua, fA:
nAaouatokuttapikn Aeuyouia, CR: mAnpnc Upean, TAMs: uakpopayoa XeTI{OUEVA UE TOV KOPKIVO.
Ta enineba exkppalovtal we % mTOo00TO ETL TWV OALKWV EUTTUPNVWY KUTTAPWV * TNV TUTTLKI QItOKALON

(SD) ano n=15 aoSeveic yia YM, n=53 yiax [IM, n=8 yia A kat n=51 yia [TM o€ CR.

3.2.3 ZUykpLon avoocoloykoU npodil pueAol Twv 0oTWV-MEPLPEPLKOU ALATOG

H peydAn etepoyévela mou mapatnpnOnke otnv Katavopr Twv umonAnbuouwyv ota Slddopa otadla
™G vooou, odnyel otnv UMOBeoN OTL CUYKEKPLUEVEC 0lVOOOAOYLKEG uToypadEg Ba pmopoloav va
avtanokpivovtal o€ SLOKPLTEG KALVIKEG OMASEC QVTIKATOMTPIIOVTOC TNV KALVLKY) ETEPOYEVELD TIOU
napatnpeitat oto MM. Etol, otn ouvéxela tTNG avaAUCHG Hag otpadrkape otn Slepelvnon Twv
KUTTOPLKWV UTIomAnBuopwy oe eminedo aocBevolg kal OxL kAwikoU otadiou. Xe mpwto emninedo
ETUYELPNOALE VO SLEPEUVHOOUE TO OVOGOAOYIKO pkpoTtepBaAlov Twv acBevwy Téco oto MO 600
KoL oto MA, pe okomod va afLoAoyrCOUE €AV N AVOOOAOYLKI €lKOVA TIOU evtomiletal eviog tou MO
prnopel va «kaBpemntiletaw kat oto MA. Edv n undBeon auth eival cwotr, TOTe n dlakpLtn availuon

MO/MA Ba Atav meptrtd. Na va §08el andvtnon oto epwtnua auto, avalvoape evyn SelypudTwy
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MA kat MO twv (6lwv aoBevwy katd tn dtayvwon (n=26) kal Katd tnhv mAnpn Vdeon Tng vooou

(n=25).

Kata tn Slayvwon avadeixbnke o0tL apketol uMoOnMAnBuoHOL €lXaV OTOTLOTIKA ONUOVTLKEG
Sladopec petaty MA kat MO ota levyn Selypdtwv tTwv ooBsvwy, OMwE amelkoviletal ota
Sltaypappora tng Etkovag 3.14. SuyKeKPLUEVQ, N OXETLKA cuxvotnTa Twv CD4+ T Aspdokuttapwy i
Twv CD3+ T KUTTAPWVY ATAV CNUAVTIKA auEnuévn oto MNA ocuykpLtikd pe to MO (Siapeon twun 61,4%
oe MA évavtt 51,1 oe MO, p<0,001). O BaolkdtePog AOYog aUTHG TNG SLadopag EYKELTAL OTN CXETIKA
avgnon twv mapBevwv CD4+ T Aepdokuttapwy emi twv CD4+ T Aepdokuttapwy oto MA (Sidpeon
T 34,3% oe MA £vavtt 28,4% os MO, p<0,01). NapdAAnAoa, e€etalovrag to CD8+ T Aspudokutrapa,
napatnpnOnke onuUavtikn peiwon oto NA cuykpltikd pe to MO (8tapeon Twun 36,8% os MA enl Twv
oAkwv CD3+ T kuttapwv évavtt 46,5 oe MO, p<0,001) kal 6cov o.popa TIG UTIoKATNYyopLleg Twv CD8+
T Aepdokuttapwy umnpée avtiotolxn peiwon twv HLA-DR CD8+ pubulotikwv T AgUdOKUTTAPWY
(6lapeon TR 7,3% enl twv oAlkwv CD8+ T kuttdpwv o NA évavtt 11,9 oe MO, p<0,001). Oco
adopd ta NK/NKT kUttapa, Bpgbnkav os avénuévo mocootd otnv nepidpepeta (Stdpeon twun 4,4%
EMl Twv gumlpnvwv Kuttapwv oe MA évavtl 3,2 oe MO, p<0,01), evw avtiotolxn auvénon
napatnEndnke kol ota povokUTTapa (Slapeon T 6,6% enl Twv gunipnvwy KUTTapwv ot MA

évavtl 3,1 oe MO, p<0,01).

Ta puBulotika T Aepdokutrapa (wg eviaio¢ MANBuopog Tregs) Sev dAvnkav va €xXouv
ONUOVTIKEG SLOKUMAVOELG LETAEU TwV SV0 Slapeplopdtwy. H avaluon OpwG Twv UTIOMANBUCUWY
TOUG avédelfe onUavVTKEG TAnpodopieg. Ito MO Bpébnkav auénuéva mocootd Spaotikwv/CD4+
Tregs pvAung (Stapeon twun 9,3% ent twv oAkwv Tregs oe MA évavtl 14,6 o MO, p<0,05), oA\ Kail
teAlkwv dpaoTikwv Tregs (Slapueon twun 7,4% eni twv oAwkwv Tregs oe MA évavtl 16,0% oe MO,
p<0,01). TéNog, onUavTkEG Sladopécg mapatnpndnkav kat oto MDSCs, KaBOTL n OXETIKY cuxvoTnTa
Twv PMN-MDSCs kot twv M-MDSCs gudaviotnke avénuévn oto MA (Sidueon twun 2,4% ent twv
povomupnvwy Kuttapwv os MA évavtt 9,8% oe MO, p=0,03 kal 6,1% os MNA évavtt 10,1% o MO,

p=0,04, avtictolya).

1o otddlo tng CR mapatnpndnkav AlyOTEPEC OTOTIOTIKA ONUAVTIKEC SladopEéC oTOUC
umortAnBuaopolg petatt tou NA kot tou MO. Ot pévol urtontAnBuopol oL onolot Statripnoav Ty idla
kotavoun pe tn Sldyvwon, ntav ot cuvoAikoi mMAnBuopol twv CD4+ kot CD8+ T Aepdokuttapwy
(6tapeon TN 46,3% eni twv CD3+ T kuttapwy oe NA évavtt 40,9% os MO, p<0,001 kat 43,8% os MNMA
évavtl 53,1% oe MO, p<0,001, avtictolya).

EruumAéov, atilel va avodepBei 6tL T0 Mooootd twv moAamAactaldopevwy mapBévwv CD4+ T

Aepdokuttapwy eni twv CD3+ T kuttdpwv katd tnv CR Atav avdctpodo amd tn Sldyvwon Kot
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ONUAVTIKA peyaluTtepo oto MA cuykpltikad pe To MO (Stdyvwon: Sidpeon T 0,9% ot MA évavtl

0,6% oc MO, p=0,014, CR: 0,2% ot NA £vavtL 0,3% o MO, p<0,01).

JUMMEPACUOTIKA, Topatnenbnke OTL oTto oUvolo Twv UmMomAnbucpwyv O8ev  UTApP)XEL
«KOOPEMTIONOG» TOU ULKpomeplBAaAlovtog tou MO oto MA. EvtoUtolg, n empépoug e€€taon NG
S10popAg TWV OXETIKWV CUXVOTATWY Tou KABe umtonAnBbucopol os MA kot MO petatl Twv acBevwvy,

anokdAue adpa tpia £l6n cuoyxeTioewv oMW eplypadovtat kat otnv Ewkéva 3.15:

e Aladopgg Tou unonAnBuopou mpog tnv idla katevBuvon (my povo avénon f povo peiwon
oto MA ) oto MO)

e EAdyxiotn Stadopd PeTafU TwV SUO SLAUEPLOUATWY KoL «KOBPEMTIOMOG» TOU UTIOMANBUGHOU
og MO kat NA

e Aladopég tou unonmAnBuopou petafy MA kat MO avaloya pe tov acBevry, yEYovog Tou

UToSeLkVUEL TN GUGCLKA ETEPOYEVELA TNG VOCOU.

OL OXETIKEG oUYVOTNTEG OAWV TwV uTtolmAnBuopwv os MA kat MO katd tn Sldyvwaon Kot TNV MARPN

Udeon avadEpovtal AVAAUTIKA OTOV GUUTTANPWLATLKO TtivaKka 1.
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Ewkova 3.14. Juykpion ava {e0yn umonAnBuouwy Katd t Stayvwon o€ LUEAD Twv ootwv (MO) kat
TEPLPePLKO aiua (MA) twv ibtwv aodevwv. Antetkovilovtal eMIAEKTIKA oL uTtonAnSuouol UE TIG
EVTOVOTEPEC SLlaopEC. Tregs: pudutotika T Aeupokutrapa, MDSCs: kKataoTaATIKd KUTTAp
HueAoyevouc mpoédeuanc, TAMs: uakpo@aya oxeti{OUEVa UE TOV Kapkivo, * p<0,05, ** p<0,01, ***
p<0,001.
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Ewkova 3.15. Aneikovion ue paBdoypauuata tumou BioAtou (violin plots) tng Stapopac ava evyn
(MA ueiov MO, optlovtio¢ daéovag) TNG KOVOVIKOTIOLNUEVNC OXETIKNC OUXVOTNTAC OAwv TwVv
unontAnBuouwyv kata ™ Stayvwaon (n=26). Ot umonAnSuaool mou TelvouV Tpo¢ «KAFPEMTIOUO» Elvorl
tortodetnuUévol  otnv Kopu@n Ttou Slaypdauuatoc (mpdaowvo xpwuoa). Tregs: puButotika T

Agugokuttapa, MDSCs: kataoTtaATikd KUTTAPO LUEAOYEVOUG TPOEAEUONG.

3.2.4. To avoooloyko npodil 6To LUEAG TWV 0CTWV KO 6TO MEPLPEPLKO AiPa OE OLASEG AoOEVWIV

He StadopeTIkA TPOyvwon

TN ouvéxela, akolouBwvtag Eexwplotég avolvoeslg ywa MA kat MO Silepsuvrioape TO

pwkpormeptBallov kotd tn Stdyvwon yla Ty ovalntnon mbavig cuoxETong UETAy SLakpLtwyv
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KOTOVOLWV TWV KUTTAPIKWY UTIOMANBUCUWY o€ oudadeg tou MM pe dladopetiky mpoyvwon. MNa to
OKOTIO OUTO emAEXBNKe n Katnyoplomoinon Ttwv acBevwv olUpdwva pe To ISS Kal TIg
KUTTOPOYEVETIKEG TIANpodopleg, OMWG avadEpBnKe KAl OTNV gvoTNTA TwV KAWVIKWY OTolXElwv

(Evotnta 3.2.1).

H avaAuor pag aveédelfe onpavtikég Sladopeg oto avooohoyikd TpodiA Twv acBevwy mou
avikouv ot Oladopetikd KAwikd otadla (Ewkdva 3.16). Zuykekpluéva, n TOo ERPAVAC
Sladopomnoinon mapatnpndnke otn OXETKN cuxvotnta twv mapBévwv CD4A+ T AepdokuTtapwv
gudavilovrag otadlokn avénon Mpog TG MPOYVWOTIKA TiLo Sucpeveic opadeg katd ISS, tdéoo oto MA
000 Kal oto MO (Stapeon Tl oe MO: 7,9% eni twv CD3+ T kuttapwv ot ISS-1 évavtl 16,8% oe ISS-II
gvavtl 34,0% oe ISS-ll, p=0,004, Siapeon TR os NA: 13,9% og ISS-I évavtt 24,9% o I1SS-1l évavtl
38,1% o¢ ISS-Il, p<0,001).

Oocov adopd 1o MO, Bpébnke otadlakr eAdttwon tou moocootol twv NK/NKT mpog to
otadio ISS-1 (Stapeon Tun 5,3% enl Twv OALKWVY EUMUPNVWV KUTTAPWYV ot ISS-I évavtt 4,1% oe ISS-II
gvavtt 2,1% oe ISS-Ill, p=0,006). H iSta katevBuvon petaBoAng mapatnpnOnke Kal oTn OGXETLKA
KOTavoun Twy napBevwv B Aepudokuttapwy €7l Tou oAkoU B kuttaptkol mAnBuopou (Stapeon TN

60,6% o€ I1SS-I évavtL 42,3% oc ISS-II évavtt 33,7% oe I1SS-111, p=0,004).

Jto MA mopatnpndnke OSLadOPETIK KATAVOUN TWV KOTOOTAATIKWY QVOOOAOYLKWV
unonAnBuopwyv ota Slddopa otddia ISS. IUyKEKPLUEVA, TO TIOCOOTO TWV CUVOAKWV Tregs eixe
auénTtikn Tdon mpoxwpwvtog mpog to ISS-IIl (Sidpeon T 0,7% ent twv CD4+ AgpdoKUTTAPWY OF
ISS-I évavtt 1,1% oe ISS-Il évavtl 1,9% oe ISS-Ill, p>0,05), katL mou amodidetal mbavotata otnv
gvioyuon TNG OXETIKNG CUXVOTNTOC TWV KN SpaoTIKWV Tregs Ml Twv cuVOAKWV Tregs (Staueon Tl
et oAkwv Tregs 7,0% oe ISS-I évavtt 14,1% o€ ISS-11 évavtt 22,8% oe ISS-1ll, p<0,001). Eniong, mapa
TO yeyovog OtL dev evtomiotnkav SladopEéG OTN OXETIKN oUXVOTNTA €UPAVIONG TWV CUVOALKWV
MDSCs peToU TwV SLadOPETIKWY KAWVIKWY OTAdlwY, Ta Awpa KATAOTOATIKA KUTTapa HUEAoeLdoUg
npoghevong (eMDSCs) epdavicav avénuévo moocootod otnv opada xaunAol kwvduvou ISS-I (Siapeon
T 0,9% eni Twv povomupnvwy Kuttapwv og ISS-I évavtt 0,1% oe ISS-1l évavtl 0,04% oe ISS-III,

p<0,001).
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mapBéva CD4+
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Ewova 3.16. To avogodoyiko rmipoil Baoet tn¢ katataéng tou Atedvouc Zuotnuartog Stadtonoinong
(I1SS) oro moAAartAouv pvédwua (1SS-1 Ewg 1SS-111) kata tn Stayvwan. (A) umonAnBuaouol Tou HUeAoU
TwVv 00TWV Kot (B) umonmAnduouoi meptpepikov aiuatog. Tregs: pubutotika T AsupokUtTapa,
eMDSCs: awpa kataotaAtika KUTTApA LUEAOYEVOUC pogAeuong. * p<0,05, ** p<0,01, *** p<0,001.
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Kata tnv ef€taocn tou avoooAoylkoU TipodiA pe PAcn TNV KUTTOPOYEVETIKN Taglvounon,
napatnpnbnkav cucoxetioslc SLAPOPETIKWYV UMOMANBUCUWY OCUYKPLTIKA HE Ta TiponyoUpeva
anoteAéopata kata ISS. Amo 6Aoug toug umomAnBucopolg povo ta B AgpdokiTrapa sixav Kowo
TMPOTUTIO KOTAVOUNG T6o0 oto MO 600 Kal 6To MA HeTafU TWV KUTTOPOYEVETIKWY OUASwWVY XounAol
Kot uPnAou KwdULvou (LR kat HR, avtiototya) (MO: Stapeon TN 1,6% eni Twv UMUPNVWV KUTTAPWY

oe LR évavti 0,9% oe HR, p=0,02, NA: Stadpeon tun 1,4% os LR évavtt 0,8% oe HR, p=0,04).

Itnv avaluon tou MO BpéBnke OTL N OXETIKA KATOVOUn Twv T KUTTAPWV Tapouciace
ONUAVTIKA Helwon otoug acBeveic uPnlou kwdlvou (Stapeon TR 10,7% eni Twv gunmupnvwv
kuttapwv o€ LR évavtl 7,3% oe HR, p=0,007). AvtIBéTWG pe TO UNTPLKO MANBUOUS, Ta TEAKA
Spaotika Tregs sixav avénuéva enineda otoug aobeveic uPnlol KwvdUvou (Stapeon Tn 8,9% et

TwvV oAkwv Tregs oe LR évavtl 16,1% oe HR, p=0,04).

E€etalovtag to NA mapatnpndnke Sladopd oto Adyo CD4/CD8 T Asudokuttapwv, He
ouénuéveg TIHEG otoug acBeveic uPnAol kwdlvou (Stapeon tun 1,4 o LR évavtl 1,8 oe HR,
p=0,049). KatL mou miBava va e€nyel pépog autng TG HeTOBOAAC, slval N onUavTky Pelwon Twv
HLA-DR CD8+ T Aegudokuttapwy, o autolg toug acBeveig (diapeon T 10,9% eni twv CD8+ T
Aepdokuttapwy oe LR évavtt 6,7% oe HR, p=0,01).
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Ewkéva 3.17. To avoooAoyiko nmpo@il us Baon tnv KUTTAPOYEVETIKN katataén o aodeveic uPniov
(HR) kat xaunAou (LR) kivéuvou kata tn Stayvwon. (A) umontAnduouoi tou puedov twv ootwv kat (B)
unontAnBuouoi tepipepikov aiuatog. Tregs: pudutotika T Aeupokutrapa, * p<0,05, ** p<0,01, ***
p<0,001.
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3.2.5. H avooolAoyiky unoypadn katd tn didyvwon tou MoAAanAoU HUEAWHATOG EMNPEALEL TO

anotéAecpa tng Oepaneiag

H evboyevrc etepoyévela oto MM kablotd tnv Katnyoplomoinon twv acBsvwv o KaAd
KOOOPLOUEVEG TIPOYVWOTIKEG OUASEC LOLOLTEPWE ONUOVTLKH, KABOTL auto Ba umopel va KateuBUvel
v emdoyn tou PéAToTou Beparmeutikol oxAUOTOG. To TPEXOVTA TPOYVWOTIKA CUCTAUATA
Baolopéva kupiwg oe BloxnuikolG (f Kol KUTTAPOYEVETIKOUG) TPoaSloplopou 8ev Umopolv va
npoBAéPouv TMANPwWG TNV avtamokplon otn Beparmeia. Itnv mopouca Slatplpr], £xoviag wg
6ebopévo OTL N opdda Twv veodlayvwobéviwy acBevwy EAaPe opola eloaywylkn Bepamneia pe VR,
ETUXELPNOAUE VA SLEPEUVIOOUE KATA TIOGO TO OVOOOAOYIKO Tipodih oto otddlo tng SLdyvwaong

urnopel va cuoxetiletal pe To emninedo avranokplong otn Beparneia.

‘Ooov adopd to MO, otnv availuon cupnepAndBnoav 38 veodlayvwoBévteg acBeveic amnod
TO QPXELOKO UALKO yLa TOUC OTOLOUC ATOV YVWOTO TO AMOTEAECUO AVIATIOKPLONG OTNV ELCOYWYLKA
Beparmneia pe VRd: 12 aoBeveig nétuyav CR, 15 VGPR kat 11 PR. H avdAuon twv untomAnBucuwv pe
Bdon tnv amavinon otn Bepancsia avédelée cuoyeTlopoUg pe OV TPOYVWOTIKA afia, Omwg
amnewkoviletal ota Staypaupata tng Ewkovag 3.18. Suykekpipéva, ol acBeveic mou métuyav CR,
epdavioav oto MO auénuéva mocootd TAMs (Siapeon Tl 2,3% eni Twv EUNUPNVWY KUTTAPWY OF
CR évavrti 3,8% oe VGPR évavtl 4,4% oe PR, p=0,04) kot epuBpofAactwyv (dtapeon tun 1,3% ent twv
gunUpnvwy Kuttapwv oe CR évavtt 1,3% oe VGPR évavtl 2,9% oe PR, p=0,02), aA\d& peElwPEVA
nooootd twv CD27+ T Aepdokuttapwy emni Twv oAtkwv CD3+ T kuttdpwv (Stdpeon Tun 76,0% oe CR

évavtL 71,7% o VGPR évavtL 48,6% oe PR, p=0,015).

210 MA avadeixBnkav cuoXeTIOMOL PETAEY TNG KATOVOUNG TWV UTOMANBUCUwWY Twv Tregs Kal
To anotéAeopa tng Bepamneiag oe avaluon 40 acBevwy, ek Twv omolwv 7 métuxav CR, 17 VGPR kat
16 PR peta amo sloaywylkn Bepameia VRd. Ou aoBevelc pe t Xelpotepn avrtamokpion (PR)
gudaviocav HeyaAUTepa MOCOOTA OALKWVY Tregs, XwPLg woTtoao oL SLadopEC LE TIG UTTOAOLTIEG OUASEC
va £(vVOL OTOTLOTIKA ONUOVTIKEG (Stapeon Ty 0,7% emi oAikwv CD4+ T kuttdpwv os CR évavtt 0,6%
oe VGPR évavtl 1,4% oe PR, p=0,06). H avadAuon wotoéco twv umonAnbucpwyv Twv Tregs aveédele
TOUG €£NG CUCXETIOMOUG: TA TEAKA SpaocTikd Tregs BpéBnkav og onuavtikd uPnAotepa Moocootd
otoug aoBeveig pe CR (Stapeon twun 21,7% eni twv oAkwv Tregs oe CR évavtl 6,7% og VGPR évavtl
3,4% oe PR, p=0,008). Autr| n avfopeiwon BéRala €ywve €1¢ BApog Twv Un SpacTikwv Tregs mou
BpéBnkav oe onuavTkd xaunAdtepo moocootd otoug acBeveig oe CR (Staueon Twun 4,9% eni twv

oAkwv Tregs os CR évavtt 9,3% oe VGPR £vavtt 20,1% os PR, p=0,007), (Ewkéva 3.18).
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Katd tn Stadikacio g avaluong, mEpa amo TN oUYKPLON TWV CXETIKWY CUXVOTATWY TWV
MEUOVWHEVWY UTIOMANBUGHWY, Tpoxwproape oe avaluon PCA pe okomd va SLEpEUVHCOUE €AV n
opadomnoinon twv umomAnBuopwv (w¢ HeTaBANnTéC) pmopel vo MPOOSWOEL Ml AVOCOAOYLKNA
urnoypadn, n omoia va Staxwpilel/mpoPAénel toug aoBeveig ou enttuyxdvouv CR. Me tnv avdluon
PCA yivetal avamapdotaocn VvOg GUVOAOU apXIkwV LETOPANTWY pEaa amo Eva SLapOopPETIKO cUVOAO
VEWV UETOPANTWY OL OMOLEG TIPOKUTITOUV QO TO YPOAUULKO cuvduoouo toug. Etol Bploketal éva véo
OUOTNUA CUVIETAYMEVWY TIOU QVOITOPLOTA UE TILO CUUIAYH TPOTOo Ta apXka SeSopéva Kal ol VEol
afovec kabBopilouv TG KateuBUVOELC TTOU TTAPOUGLATOUV TIG HEYLOTEG HETABOAEG Twv dedopévwy. H
ueTtapacn oTig VEEC UETOPANTEG TTPAYUATOTOLE(TAL PE TETOLO TPOTO WOTE, N TPWTN CUVIOTWOO Va
gfnyel ™ péylotn Suvaty StakVpavon Tou ovamtUooeTol METaEY TwWV OapXLKWV HETOPANTWY, N
Seltepn, Un ocuoxeTllOUevn HE TNV TPpWTN, va £€nyel évol onUAVTIKO UEPOG AUTAG aAAd Ttavta

ULKPOTEPO TNG TPWTN Kal oUTw KaBeknc.

Y10 MO emiAé€ape tnv opadomoinon pe Baon ta TAMs, toug epuBpoPAdoteg, ta CD3+ T
Aepdokuttapa kat ta CD27+ T AgpdokUTTapa, EL0AYOVIAC OTNV OVAAUCHN TO TTOCOOTO €KGPAONG
QUTWV TWV MANBuouwv yla 6Aoug Ttoug aoBeveic. H PCA avdaluon avédelfe tnv opadomnoinon twv
aoBsvwy oe SV0 Katnyopieg avaloya He TNV amdvinoh Toucg othn Beparmeia, otnv Katnyopio twv
aoBsvwy mou métuxav CR kal otnv Katnyopia avtwv mou dev nétuxav CR (PR+VGPR cav eviaia
Katnyopla). UVENWC, OMw¢ mapoudtdletal kat otnv Etkova 3.19, pe tnv avaiuon PCA oL §Uo KUPLEG
ocuvioTwoeg Slaywploav Tig SUo oudadeg acbevwv, CR kat VGPR+PR attioloywvtog to 48,2% Kal to

26,1% tng dlakuuaveong, avtiotolya.

MNa ta Oelypata MA akolouBnbnke n (6o katnyoplomoinon aocBevwv, oA oL
umonAnBuaopot mou opadomnolndnkav Atav to Tregs, Ta KN SpacTtikd Tregs Kal To TEAKA SpaoTIKA
Tregs. OL 800 KUpPLeC oUVIOTWOEG SLaxwploav TI¢ SU0 ouadeg aoBevwy atttodoywvtag to 68,9% Kot

10 16,4% Tng Slakupavong, avtioTtolya.
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Ewkova 3.18. Katavourn emIAEyUEVWY KUTTOPIKWY UMOMANTUOUWY 0TO HUEAO Twv odtwV (A) Kot To
TIEPLPEPLKO aiua (B) w¢ mpoc tnv anavinon otnv sloaywyikn Bepaneia. CR: mAnpnc vpeon, VGPR:
TTOAU kaAn upepikn amavrnon, PR: ueptkn amavinon, Tregs: puduiotika T Agupokuttapa, TAMs:

Uakpo@aya oxeT{OUEVa LUE TOV kapkivo, * p<0,05, ** p<0,01.
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Avdaiucon PCA emiAeyuévwv
utrorrAnBuopwy e MO:
« TAMs
* gpuBpoPAdoTeg
« CD3+ T AgpgpokuTtrapa
= CD27+ T AgpgokUTTapa

Avahuon PCA emmiAeypevwy
utroTtAnBucpwy ae MA:

* Tregs

* Mn dpaoTika Tregs

+ Tehika dpaoTikd Tregs

Ewkova 3.19. Me v avaiuon kupiwv ouviotwowv (PCA), yla enideyuévouc vmonAnSucououg oe
UUEAO twv ootwv (A) kat MePLPePIkO aiua (B) yivetal Slaywplopog twv acdevwy O OUASEC
oULQWVA UE TNV amavinon otnv etoaywyikn Gepansia. MO: uveAdc twv ootwv, MMA: TEPLPEPLKO

aiuya, Tregs: puduiotika T Aeuokutrapa, TAMs: upakpopdyo OXeTL{OUEVa LE ToV Kapkivo, CR:
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® VGPR ka1 PR
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Anpn¢ upeaon, VGPR: oAU kaAn uepikn anavtnon, PR: uepikn amavrnon.

3.2.6 To avoooAoyikd tpodil Tou HueAoU TWV 00TWV KAatd tThv MANPn Udpeon cuoXeTi{eTal pe TV

napoucio EAAXLOTNG UTTOAELLLATIKAG VOGOU

H ektipnon tg EYN, onwg avadépbnke kol otnv elcaywyr, Bewpeital MAEoV WG 0 LOXUPOTEPOG

T(POYVWOTIKOG apayovtag oto MM, mpoodépoviag onpavtiki MAnpodopnaon oxeTkad Ue To Babog
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NG avtamokplong otn Bepamneia. H ektipnon tng EYN alomoleital mAéov wg TteAKO onpeio oe
KAWVIKEG MEAETEG, OAAA KOL N €yKOLPN EVNUEPWON TWV LATPWY yla tThv mopoucio EYN pmopel va
onuatodotnosl eVOANOKTIKEG OepameUTIKEG Tipooeyyioelg pe otdoxo tnv emiteuén Pablag
avtanokplong (Landgren et al., 2018; Kostopoulos et al., 2020). Emopévwg, n ektipnon tg EYN
XPNOLLOTIOLELTOL EUPEWG OTNV KAWLKNA Ttpagn (Landgren et al., 2016; Munshi et al., 2017), wotdoo, n
Bloloyia miow amoé tnv mapoucia f pun EYN kabwg kol To avoooAoylkd TIpodiA o QUTEC TIG
KOTAOTACELG eV £XOUV LEAETNBEL akOUn emapkws. AapBdavovtag umtoLv Tn onuavtikotnta tng EYN
oto MM, BeAnoape va SLEPEUVAOOUPE TO OVOOOAOYIKO TipodiA oto pikpomeptBdaliov tou MO,
ouvbualovtag To PE Ta AmMOoTEAECPOTA TNG avaluong yla thv mapoucia EYN, ocUudwva pe to
npotuTo tou EuroFlow mou epapuoleTal 0To EpyacThpLlo HaG. 2 €va auvoAo 36 acBevwy og mARpn
Udeon kot pe Stabéotpa deiypata MO kat MA, o éAeyxog yla EYN katédele 20 aoBeveig pe apvnTiki
EYN o enineSo kdtw tou 2x10° kat 16 aoBeveic pe Ostiky EYN, Snhadh mapouoia KAWVIKWY
MUEAWUATIKWY KUTTApWY pe eminedo Betikodtntag 104 - 3x10®. e autr tnv evotnta eetdoape tnv
aflohoynon tou pikporeptpailoviog tou MO Twv 00TWV CUVAPTAOEL TG tapouadiag EYN kat otny

EMOUEVN, TNV OVAAUGN Tou pikporteptBaAilovtog oto MA.

e enminedo UEHOVWHEVWV UTIOMANBUOUWY TopatnpAdnkav onUavtlkee Sladopic os
umonAnBuopolg petafld EYN Betikwv (EYN+) kot apvntikwv (EYN-) acBevwv (Ewkéva 3.20). Ta
napBéva CD4+ T AeudokuTtrapa eixav tn LeYaAlTepn OMOKALON, UE CNUOVTLKA HELWHIEVN CUXVOTNTA
epdaviong otoug EYN- aoBeveig (Stapeon twun 12,6% emni twv CD4+ T Aepdokuttdpwyv o EYN-
gvavtt 19,1% oe EYN+, p=0,014). Entiong, To moocooto Twv B AeudoKUTTApWY UVAHNG NTOV GNUAVTIKA
MELWMEVO atoug EYN- aoBeveig (Siapeon twun 3,3% eni twv B Aepdokuttapwy oe EYN- évavtl 5,7%
oe EYN+, p=0,04), 6nwg Kat To mTooooTto Twv dpactikwv Tregs (Stapeon Ty 7,0% ent twv Tregs o€
EYN- évavtL 16,0% o EYN+, p=0,04), T0 mocootd twv TAMs (Stapeon tiun 4,0% eni twv eunupnvwy
KUTTApwv og EYN- évavtl 5,5% o EYN+, p=0,03), aAAd kal Twv epuBpofAactwy (Stdpeon tun 2,0%
eni Twv epnUpnvwy Kuttdpwyv oe EYN- évavtl 3,2% oe EYN+, p=0,006). Anté tnv GAAn mAeupd, ot
EYN+ acBeveig giyav petwpéva mocootd Spactikwv/CD4+ T kuttdpwv pvAung (Stdpeon tun 87,6%
eni Twv CD4+ T kuttdpwv o€ EYN- évavtl 77,9% oe EYN+, p=0,04) kat CD8+ T KUTTAPWV UVAUNG
(6Lapeon twun 39,8% eni twv CD8+ T kuttdpwv oe EYN- évavtl 20,7% os EYN+, p=0,016).

2Tn ouvéxela, BeAnoape vo LEAETHOOUE TO KOTA OGO TO GUVOAO TWV UTIOTMANBUGHUWY oy
QVIXVEUBNKAV UITOPOUV VO CUYKPOTIOOUV SLAKPLTEC OVOGOAOYIKEG UToYpadECG LeTall Twv EYN+ kot
EYN- aoBevwv. Mo To OKOTO AUTO, OL TLHEG TWV OXETIKWY CUXVOTHTWY OAWV TWV UTIOMANBUCHWY yLla
To oUvohlo Twv 36 aoBevwv pall pe TtV MAnpodopia tou amoteAéopatog eAéyxou tng EYN
glonxOnoav o povtého avemiBAsTtng Lepapxkng Taglvopnong (unsupervised hierarchical clustering)

(Metsalu and Vilo, 2015). OL TIHEC TNG OXETIKNAG £kdpaong ylo kKaOe umomAnbuopd Kat ylo kKOs
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ao0Bevn, cuoyetiobnkav pe tnv UTapén EYN Kal to amoteAéopata TnG CUCXETLONG amelkovilovtal wg
Bepuikog xaptng (heatmap) otnv Ewova 3.21. O aAyoplBuog avemiBAETTNG LepapXLKAG TAELVOUNONG
OTh CUVEXELA, LEPAPXNOE TOUC TILO GUYYEVIKOUG avooodalvotumoug, xwplc va Aappavel umov to
anotéAeopa EYN. H Llepdpyxnon auth gixe wg anotéAeopa tnv eviaia opadonoinon tng misoPndiag

Twv acBevwy e to 1610 amotéheopa EYN pe mocooto emnttuyiog 78% (28/36 aoBeveig).
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Ewkéva 3.20. Katavourn emiAsyuévwyv umonAnduouwyv OTO UUEAO TWV OOTWV CUYKPLTIKA WE TNV
napouadia ) anovoia eAdxtotn¢ vtoAsiuuatikic vooou (EYN). TAMS: uakpo@aya XeTI{OUEVA LIE TOV

kapkivo, Tregs: puSutotika T Asupokuttapa® p<0,05, ** p<0,01.
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Ewkova 3.21. Oepuiko¢ xaptng (heatmap) otov omoio ameikovi{ovtol oL CUCXETIOEL OAwV TwvV
urnonAnBuouwy ue tv mapousia 1 amousia AAxLoTnG UMOAgLUUaTikiG vooou (EYN). Kads otnin
amelkovilel évav aoBevn evw kade oepa évav uronAnBuoud. To xpwua UoSEIKVUEL TV TR TOU
SelkTn oUCYETIONG oUUPWVA UE TNV KAluaka (avw 6&éia). H dtataén twv otnAwv (aodevwv) givat to
amotéAsoua Tou adyoptduou avemiBAentne epapxikic taélvounong, o omoio¢ ouadomolel Ta

Selyuota Ue TN UEYAAUTEPN «(VOCOQALVOTUTTIKY) OCUYYEVELOY.

3.2.7 To avocoloylko tpodil tou mepidepikol aiparog Katd tnv nARPn VPECN KoL GUCXETIOUOG

LE Ttapoucia eEAAXLOTNG UMOAELUHOTIKAG VOOOU

H avalitnon tng EYN oto MM, yivetat kal Katd ndaco mbavotnta Oa s€akohouBel va yivetal pe
AN Seiypatog MO. Autd cupPaivel yati oto MA, avtibeta pe to MO, umdpyxouv ehdylota
KukAodopouvTa HUEAWMOTIKA KUTTapa. Kotd cuvémelo, mapd thv mpdodo kal tnv avénon tng
svaodnoilag Twv TEXVIKWVY Kal pebodoloylwy avaiuong, n AnPn mepipepkol aipatog, A alwe n
vypn Bloyia, Sev pumopet tn S£SoUEVN OTLYUN VA AVTIKATOOTHOEL TNV EMEPPATLKI VLA TO VOONAEUTIKO
T(POCWTILKO Kal eminovn yla tov acBevn, AnPn deiypatog MO. AeSoUEVWY TWV MTEPLOPLOUWY AUTWVY,
koBiotaral Wlaitepa onuavtiki n avayvwplon Plodelktwy ol omolol va Suvavtal va ipoBAEPouv

v EYN amd tnv uypn Blogia, n aAAwg va pmopouv va mpoPAéPouv To Katd moco eival
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anapaitntn n Andn delypoatog MO. YO TO OKEMTIKO AUTO, PooTaBnoapE va aLOAOY|COUE Qv TO
avooohoyikd podiA Tou mepldeplkol aipatog twv acbevwy pe MM petd tn Bepaneia Oa pnopovoe
va avtikatomntpilel tnv napovcia A anoucia EYN oto MO. Etol, oto enduevo BrApa efetdoape to
oavooohoylkd Tmpodih Tou Tepldeplkol aipato¢ Twv oaobBsvwv TOU Tepleypddnkav otnv

TLPONYOUEVN EVOTNTA, KOL TO CUCXETIOOUE UE TO anotéAeapo tnG EYN amo tov éAeyxo tou MO.

Je enMinedo PEUOVWUEVWY UTIOMANBUCUWY TopatnpROnkav onuavtikeég dladopég petal
EYN Oetikwv (EYN+) kat apvntikwv (EYN-) aoBevwv omwg amewkoviletal ota Slaypappota tnhg
Ewovag 3.22. To mocooto twv mapbévwyv CD4+ T AepdoKUTTApWY PPEONKE ONUOVIIKA HELWUEVO
otoug EYN- aoBeveig (Stapeon tun 11,8% eni twv CD4+ Aepdokuttdpwy o EYN- évavtl 18,8% o€
EYN+, p=0,015), svw oavrtictoxa, otov dfovo wpipavong CD45RA/RO, 1o TOOCOOTO TWwV
Spactikwv/CD4+ T Aspdokuttdpwy pvAung Bpebnke onuoavtikd avénuévo otoug EYN- aoBeveic
(6lapeon TR 90,6% eni twv CD4+ T Agpdokuttapwyv oe EYN- évavtt 78,5% oe EYN+, p=0,015).
EmunpooBeta, n oxetik ouxvotnta twv CD8+ T Aspdokuttapwyv pvAUNG Kabwg kot twv Tregs
BpéBnkav evioxupéveg otoug EYN- aoBeveic, av kal e PN OTATLOTIKA onuavtikr Stadopad (CD8+ T
KUTTOPA MVAUNG: Stdpeon TN 42,2% eni twv gpnpnvwy o EYN- évavtl 24,1% oe EYN+, p>0,05,
Tregs: &udpeon TR  2,0% enl twv CD4 T kuttdpwv oe EYN- évavtl 1,3% oeg EYN+, p>0,05,

avtiotolya).

Ie eninedo opadomnoinong unonAnbuouwy, mpayuatonoltoapue availuon PCA pe okomo va
SlepeUVNOOUE €AV SLAKPLTEG AVOCOAOYLKEC uTioypadEG oto MA, pmopouv va Slaxwpiocouv Toug
ooBeveig avaloya pe tnv Umapén n oxt EYN. Apxika, em\é€ape tnv opadomoinon pe Baon 6Aoug
Toug evtomi{opevouc UTOMANBUOUOUG HE OKOTMO Vo SLEPEUVACOUUE QV UTIAPXEL KATIOLX KOLVN
OUVLOTAMEVN OTLG TTOOOOTWOELG TWV UTIOMANBUCUWY ToU va OXeTileTal pe To anotéleopa tng EYN.
OL 8U0 kUpleg ouvioTwoeg Slayxwploav Tig SUo opadeg aoBevwy attiohoywvrag to 50,4% Kal To
26,1% tng Slakuuavong, avtiotolya. KaBotL évag TETolog SLoxwPLoUOG SV NTOV LKOWVOTOLNTLKOG,
enavalaBape tnv avaiuon PCA slodyovtag Hovo Toug urtomAnBuopoUg mou eixav Tnv 1o SlokpLth
Kotavoun UeTaty twv dUo opdadwv EYN kal cuykekpluéva, ta mapBéva CD4+ T Aepdokitrapa, to
Spaotikd/Spactikd-pvAung CD4+ T Agpdokuttapa kal ta CD8+ T Agpdokitrapa pvAung. Katd tn
Seutepn avaiuon PCA oL &Uo kUple¢ ocuviotwoeC OSlaxwploov TIC U0 opddeg aobBevwv

attioAoywvtag to 65,8% kal to 29,1% tng dlakupavong, avtiotolya (Ewéva 3.23).

H sloaywyn Twv TPLWV QUTWV KUTTAPLKWY UTormAnbuopwv oto PCA povtélo mopexel pia
€vbelen avoooloylkng umoypadng oto MA oxetllopevng He To amotédecpa tng EYN, wotoco
eTSLWEAPE TN OUVEXLON TNG OVAAUONG E OKOTIO TNV KOTOOKEUN €VOC aAyoplOpou, o omoiog He

otolyela eloaywyng Ta MOoooTA €KbPACNG CUYKEKPLUEVWY UTtoMAnBuouwy tou MA va pmnopel va
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TPOBAETEL TILO QATMOTEAEOUATIKA ThV Tapoucia EYN oto MO. H kAwikn onuacia autol Ttou
oAyoplOuou Ba pmopouoe va gival o KAAUTEPOG TIPOYPAUUATIOUOC TG eNOpevnS Boiag MO ya
v ektipnon tng EYN. Ztnv mpoondBela autr, emAé€ape povo tou¢ Suo umomAnBucpolg e
onpavtikn dtadopd Katavoung availoya pe thv Urapén EYN: ta mapBéva CD4+ T AepdokuTropa Kot
to SpaoTiKG/SpaocTikd-pvAune CD4+ T AspdokUtrapa. Itn ouvéxelww, opiloviag wg Oetikd
amotéAeopa tnv Umapén EYN kol wg apvnTiko To aviiBeto, ekTeA£0TnKe avaAucon TOAAATAAG
AOYLOTIKAG TTAALVEPONONG KAl KATAOKEVAOTNKE KaUUAn ROC (receiver operator curve) (Eikova
3.24 A). H neployn katw amnod tnv KaumuAn (Area under the curve, AUC) ntav 80%, n Betikn
ipoyvVwWoTikn afila (positive predictive value, PPV) 84% kal n apvntikn mpoyvwotikn afia (negative
predictive value, NPV 78%. Téhog, n e€lowon miBavotitwy amd tnv omoia MPokKUTTEL N mbavotnta

nipoPAednc tng EYN amnd kabe deiypa (Etkova 3.24 B) ntav:

Logit[P(Y=1)] = 23,6 — 0,05 X [mapOsva CD4+ T Asupokuttapa] — 0,3 X [bpaoctikd/Spaotikd-uviunc
CD4+ T Aeugokuttapa]

(Omou Logit[P], AoydptBuog tng mibavotntoag mpoBAedng umapéng EYN)

Me Bdaon ta fevyn TWWv Twv mapBévwv CDA+ kot Spaotikwv/SpaoTtikwv-pvAung CD4+
AepdoKUTTAPWY KoL TNV evolobnoia Kot eL8IKOTNTA IOV ETLTUYXAVETAL KOTA TV PoPAedn tng EYN
ocUudpwva pe TNV KAUmUAN ROC, emAé€ape ouykekpluévee TIHEG oplwv (cut-off) pe okomod ta
BéATiota yopaktnplotikd amddoong tng mpoPAedng. Baolkdg otdxog otnv emdloyn ATAvV TO
MLKpOTEPO TO000TO Peudwg apvnTikwy TPoPAéPewy. O AOYOG MOU ECTLACTAKAME OTNV amoduyn
Twv Peudwe apvntikwy amoteAecpdtwy, SnAadn otn peyallutepn duvarth apvNTIKA TTPOYVWOTIKK
agla, elval OTL éva Peudwe apvnTIKO amoteAeopa Tou aAyoplBuou Ba evnuepwVeL yla Tn 1N UTtapén
EYN oto MO kat unopel va odnynoet oe YPeudn kabuotépnon tng emopevng Blogiag MO, kATt Tou
MTopel va €xeL CUVETELEG otnVv auvgnon tou d¢optiou tNG vooou esvw Ba prmopolos va €xeL

anogeuyBel pe v Kat@AAnAn Bepamneutikn mapéupoon.

O mpotelvopevog ahyoplBuog otov omoio katalnape anoteAeital anod éva anAd clothua
a§loAOyNoNG TWV OXETIKWV ouxvotNTwv Twv Tmapbévwv CD4+ T AegudokuTtdpwyv Kol Twv

SpaoTIKWV/EpacTKWV-UvANG CD4+ T AepdoKuTTApWY.

AAyopLOuoc mpoBAewng EYN:

e  OcTIkO AMOTEAECUA EQV TO TOCOOTO TWV MapBEvwv CDA+ T Aepdokuttapwy eni twv CDA+ T
Aepdokuttapwy oto MNA eival >8% ket To T0C00TO TwV SPACTIKWY/SpaCTIKWV-UvAUNG CD4+
T Aepdokuttdpwy eni twv CD4+ T Aepdokuttapwy oto MA eivot <90%

e ApvnTiKO amoOTEAECUO 0 AAAN MEpiMTWON
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Ma tnv ektipnon tng oMOTEAECUATIKOTNTOC TOU aAyoplBuou mpoPAsdng tng EYN, mpoxwpnoaue
otnv avaluon Sewypdtwv NA amod 20 snutAéov aoBeveig, ol omoiol Sev cuumeplA\nddnkav otnv
opxlkn HeAETn. TMa Ohoug toug aoBeveig ANdBnke kot delypo MO kat €ywve avalntnon tng
napouciag EYN pe to mpwtdkoAAo EuroFlow kat BpéBnke OtL ol 8 aocBevelg Atav EYN+ evw ol
umolourtol 12 Atav apvntikol yla tnv mapoucia EYN. Onwg ¢aivetal kat otov Nivaka 3.8, pe tn
xpnon tou alyoplBuou npdPAeng avayvwpiocbnkav cwotd oL 6 and toug 8 EYN+ aoBeveig kat ot 11
and toug 12 EYN- aoBeveic. JUVEMWG, TA XOPAKTNPLOTIKA TOU OAyOPLBUOU yla T CGUYKEKPLUEVN

aoBevwv Ntav: PPV 75%, NPV 92%, suawoBnoia 86% kat eldikotnta 85%.
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Ewkova 3.23. Alepevvnon twv urmonAnGuouwVY OTO MEPLPEPLKO A YL TNV AVEUPEDH AVOOOAOYIKNC
UTTOypapr¢ OXeTL{OUEVN UE TNV UMapén eAdyLotnc urmtoAewuuatikng vooou (EYN). (A) AvaAuon kuplwv
ouvvictwowv (PCA), yiax 0Aou¢ Touc aviyveuouevouc mAnBuououlg, (B) AREKOVION OXETIKWV
ouxvotntwv emAeyuevwy uronAnduouwv kot (I) Atepevvnon twv 3 emiAsyuévwy umonAnBuouwy Ue

avadvon PCA.
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KauTmoAn ROC: . -
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Ewkova 3.24. AfloAdynon tnc Stayvwotikig aélac twv 600 eniAeyuévwy vnonAnBuouwy, mapBévwy
kot Spaotikwv/Spactikwv-uviung CD4+ T Aeupokuttapwy otnv npoBAeyn the mapouoiac eAdytotnc
unoAetupatiknc vooou (EYN), ueta amnd avaivon moAdamAn¢ Aoytotikn¢ maAtvépounaong. Me Baon
v &éiowon mBavotntwv, n kaumuAn ROC (A) ancikovilet tnv addayn tne evaiodnoiog kat
elbikotntac yla tnv npoBAeyn tn¢ napouvoiag, evw to Staypauua rpoBAsync (B) ansikovilel tnv

ndavotnta npoBAsncg Evavtt tng mapatripnong yia touc EYN+ kot EYN- acoBeveic.

Nivakag 3.8. H armodoon tou aAyoptBuol mpoBAeYnc tng moapouciag EAXYLOTNG UMOAELUUATIKAG
vooou (EYN) arto to mepipeptko aipa oe ouada 20 aodevwv. Ze 0Aou¢ Touc aoJeVeic Eywve extiunon

™¢ EYN a6 Selyua puedou twv ootwv

e e e T

Oetkr EYN AAnBwg Oetika (AG) Weubwg Oetika (WO) OETIK) TPOYVWOTLKA
8 6 2 afio =
AO/(AG+WO)

0,75

Apvntikn EYN Weudwg Apvntika (WA) AANBw¢ ApvnTika (AA) | Ve pdld)
12 1 11 MPOYVWOTLKN agia =
AA/(AA+WA)
0,92

EvauocOnoia=A0/(AG+WA) El8ikotnta=AA/(AA+WA)

0,86 0,85
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4. 3YZHTHZH
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4. 2YZHTHZzH

To MM amnotelel 10 10% TwWV CUVOAKWY OLLATOAOYIKWV KakonBeswwy, elval dnAadn n deltepn mo
ouxvn algatoloylkn koakonBeta petd to Aéudwpa non-Hodgkin. To epeuvntikd nedio peAétng tou
MM eival WSlaltepa evepyo e meplocotepeg amno 40.000 dnpooleUoeLg MayKoouiwg tnv tedeutaia
nievtaetia (2015-2020). Qotdc0, MapA TNV EVIOTIKY HEALTN, N VOOOC TTAPAUEVEL LEXPL KOL CAUEPA
aviatn. To NM yapaktnpiletal and tov KAWVIKO TTOAAATAQCLOOUO TTAQCUATOKUTTAPWY 6To MO mou
ocuvobevletal, cuvnBwg, amd TAUTOXPOVN UTIEPTIAPAYWYI] LOVOKAWVIKWY TOPpAnpwIeivwy (ABIKTeg
avoooodalpiveg n/kal ehelBepeg ehadplég aluaidec). Emiong, Adyw tnNg LEYAANG ETEPOYEVELAG KO
TWV oTadlakwy eE0AAOYWY TWV LUEAWHATIKWY KUTTAPWV 8ev epdavileTal wg €va voonuo HE eviaia
€€ENLEN, aMA mepAapBavel otadla mou Kupaivovtal amo tnv MGUS kat to sMM, £wg To

CUUMTWHATKO MM 1 TNV Tto emBeTIkn popdr, TNV MAACHOTOKUTTAPLKN AsUXaLUia.

Kata tn Sidpkela twv tedeutaiwv SUo Sekaetwwy, €xel emiteuxbel afloonueiwtn mpoodog
ooov adopa TIG BepaneuTikéC mpooeyyioelg ato MM katl tTnv teAkn ékBaon twv acBsvwv. To
YEYOVOC QUTO odelleTal OTNV €L0OYWYH VEWV BEPONMEUTIKWY TIPWTOKOAWVY HE TN XOpnNynon VEwv
dapuakwv mou nepAapBAVOUV TOUG AVOOTOAELS MPWTEACWHATOC, AVOGOPPUBULOTIKA GApUOK Kal
LOVOKAWVLKA QVIIOWUOTA, Ta omoia evioyuoav onUaviikd To mapadoolakd «OTMAOCTACLO» TWV
XNUELOOEPATIEUTIKWY OUCLWY KOl TWV KOPTLKOOTEPOELOWY. H eloaywyr TwV VEWV BepameuTIKWY
TMPWTOKOAAWY €VioXuog, €MUMAEOV, TNV OTNOTEAECUATIKOTNTA TNG METOUOOXEUCNG OUTOAOYWV
OULLLOTIOLNTIKWY BAOCTOKUTTAPWY, [E TNV OTOLAL ETUTUYXAVOVTOL KON UPNAOTEPA TTOCOOTA TTANPOUG

Udeonc, Wolaitepa otoug vedtepouc acBeveic (Willenbacher et al., 2018).

Qoto00, MAPA TNV El0aywYN VEWV BEPATEUTIKWV OTPATNYKWY OTNV KAWLIKA TPAgn, ot
TeEPLOOOTEPOL a0BeVElG TEAKA UTtoTpOTILAlOUV Kal epdavilouv avtiotaon otn GAPUAKEUTIKY aywyn).
Exel amodexBbel mpoodara, oOtL n €EEAENn tou MM, o TOAAATMAQGCLOOHOG TwV TABOAOYLKWV
TAQCUATOKUTTAPWY, OAAQ KAl N avAmtuén avtoxng amévavil oe GapUaKeEUTIKEG ouoieg odeilovtatl
oe peydho PBabuod ot aAANAETOPACEL TWV HUEAWHOTIKWY KUTTAPWY TOCO HE KUTTOPLKOUC
mANBuopoU¢ Tou pikpomeplBaiiovtog Tou MO, 600 Kal HE TA CUOTATIKA TNG £EWKUTTAPLAG UATPOS
tou MO (Kawano et al.,, 2017). Metafl &GA\wv, ta BM-MSCs Stadpapatifouv kUplo polo otnv
OVATTUEN XNUELOAVOEKTIKOTNTAG Ao Ta KUTTOPa Tou MM, AUTO EMITUYXAVETOL HECW TNC TTAPAYWYNG
Slohutwv ouotwv (6mwg n IL-6) amd to BM-MSCs, tng onuatodotnong HECW KUTTAPLKNAG ETADNG
(Cell Adhesion—Mediated Drug Resistance, CAMDR) kal t¢ SLaKUTTAPLKNAG EMLKOWVWVING HEOW

avtaAAayng HIKpWV KUoTSLwy, Twv eEwowpdtwy (Robak et al., 2018).

Mo To AOYyo aUTO, KPIVETOL EMLTAKTIKA N OVAYKN QVATTUENG VEWV LOVTEAWV ex Vivo UEAETNG

™¢ vooou, al\d kal n mepattépw Slepelivnon Tou avocoloylkol TipodiA Tou pikpomeplPaAlovtog
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tou MO. Ta ex vivo povtéla umoAoyiletal OtL Ba mpooopoldlouv €EATOUIKEUPEVO KAl TILO
PEAALOTIKA TO OUVOAO Twv aAAnAemudpdoswyv HeTalU Twv KUTTApwv Tou MM Kal Tou
pikpomeplBaiiovtog tou MO. And tnv AAAn MAEUPQ, UTTAPYXEL N AVAYKN EKTETAPEVNCG MEAETNG TOU
avoooloylkoU TpodiA Tng vooou otov kAaBe aocBevr, wote va SlepeuvnBolv TUOAVEG KOLVEG

0VOOOAOYLKEG UTIOYPADEG TILOW Ao TA XAPAKTNPLOTIKA Kal TV €€EALEN TNG vOoOU.
Onwc meplypadnke otnv elcaywyn, n napovoa StatpiPn eixe tpelg Stakpltolg oTOXOUG:

o Tn &Le€odikn avaokonmnon Twv SNUOCLEVUEVWY ex Vivo LovTéAwy oto MM
e Tnv avamrtuén tpLodldotatng ex vivo mAatdopuag yla tn LeAétn tou MM

o Tnv atloAdynon tou avocoloyikou mpodil oto MM oe Stddpopa otadla Tng vooou.

4.1. A§loAdynon TwV UTTAPXOVIWV TPLOSLACTATWY HOVTEAWV 0TO MOAAQNMAOUV HUEAW LA

H avalitnon tg oxetikng BLBAloypadiog Kateédelfe Evav onUavTiko aplBpd kataypadng ex vivo
MEAETWVY Kal meplypadnc TPLodldoTatwy HovtéAwv KaAAlepyelwv, n mAsopndia twv omoiwv
otpédetal otn Slepelivnon KATTOLOU PNXAVIOUOU Tou AapBavel xwpa Kotd tnv mopeia e€EAENC NG
vooou (Ham et al., 2019). Eva tétolo mapadelypa anoteAel n peAétn twv Tai Katl cuvepyatwy (Tai et
al.,, 2016), otnv omola amodelxBnke OtTL n evepyomoinon tou BCMA amdé to cuvdEtn Tou, Tou
ovopaletal cuvbETng emaywyng tou moMamAootaocpol (a proliferation-inducing ligand, APRIL),
puropel va mupodotrioel tnv e€EAEN Tou MM ex vivo. Ma T MeEAETN TOU  UNXOVIOUOU,
XpnolomoltOnke €va HOVIEAO avOPWILVWY OOTIKWV HOCXEUMATWY T Omoia EUPUTEUTNKAV OE
novtikia. Qotoco, pLa Tétola peBodohoyikr mpooéyylon Ba Atav MPaKTka advvarto va epapUooTel
vyl tn pehétn Spaong/amotelseocpoatikdtntag/avioxng moANAmAwY BepAMEUTIKWY TaAPayOVIwy Ot
MEYAAO aplBuo acBevwy pe MM, kabotL autd Ba amattovoe tn Bucia MoOAAWV MElpAUATOIWWY ava
a00gvn, e ONUAVTIKO KOOTOG XPOVOU KOl XPNUATWY avd SoKLr. ZUVENTWG, Xwpig va urmofadpuiletal
n afio KaL N onUAVTIKOTNTO TETOLWV HEAETWVY yLO TV TIPO0do ¢ yvwong oto MM, otnv nmopouoa
SlatpBn otpadnikape mpog avalAtnon HoVTEAwv Ta omoia va €xouv plo oadr koatevBuvon mpog
Vv e€atoULKEVUEVN TTANPOGOPNON Tou acBevolg, va elval EpyooTnpLaKA TIPOGCLTA, EVW TAUTOXpova
VOl TTPOCOUOLWVOUV HE TOV KAAUTEPO SuVOTO TPOTIO TO pikpomepLBaAlov tou MO. Avalntriocope ex
vivo mAatdoppeg mou mAnpolv kabopilopéva kputipla (Mapdypadog 1.5) kot kataAnfaue os 14
povtéda. Autd ta povtéda aflohoynOnkav pe Pdaon tn Xpovikn Sidpkela tng Sadikaociag, tnv
gUKOAila/TpaktikoTNTA TNC LEBOSOU (Ue Baon tnv edoppoyr Toug armd £va KAOGLKO EpYOOTHPLO TTOU

Xelpiletal KUTTapOKOAALEPYELEG), KAl TEAOG TO GUVOALKO KOOTOG. Itov Mivaka 1.2 tng eloaywyns
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cuvoloTnKav Ta XAPAKTNPLOTIKA TWV ETUAEYUEVWY HOVTEAWY, evw otov Mivaka 4.1 mou akoAouBel

mapoucLAaleTal N cuvortikh afloAoynon toug (Papadimitriou et al., 2020a).

NMivakag 4.1. H afloAdoynon twv emAeyuévwy ex vivo LOVTEAwWVY, Ta omoia NPooouold{ouV TO

nieptBaAiov Tou pUEAOU TwV 00TwWV aoFevwv Ue moAAamAovv puuéAwua

‘EtoG Kal Anpooiguon Awdpkela Edappooipotnta ** | Kootog***
Sokiung*

2008, Kirshner kaut cuv. (Kirshner et 108010 * kv $$

al., 2008a)

2018, Huang kat cuv. (Huang et al., 0 'S @ $$

2018a)

2015, De la Puente kot guv. (de la 1940 * Yot $$

Puente et al., 2015; de la Puente and

Azab, 2016)

2016, Jakubikova kau ouv. (Jakubikova {7} * %k k $$

et al., 2016a)

2017, Arhoma kau ouv. (Arhomaetal., TJ(Y kv $

2017a)

2017, Ji kaw ouv. (Ji et al., 2017) 1940 * Y ¥e $

2018, Braham kat ouv. (Brahametal., (Y * %k $$%

2018a, 2018b)

2017, Silva kat cuv. (Silva et al., 2017) = >k v $

2014, 2015, Reagan kot cuv. (Reagan 198050 * * Y¢ $$

et al., 2014, 2015)

2017 Ferrarini ko ouv., 2018 Belloni Aev * ¥ v $$%

kat ouv. (Ferrarini et al., 2017; Belloni  qyadépetal

et al., 2018)

2017, Bonomi kat ouv. (Bonomietal, I (Y % v $$%

2017)

2013, Khin kou ouv. (Khin et al., 2014) {7} * k¢ $$
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2015, Martowicz kot cuv. (Martowicz 1080 Yo $
et al., 2015)

2011, Calimeri kat cuv. (Calimeri et al., @ Ej @ * e $$%
2011)

* 0¥ Ewg pia epdopdsda, TI I : Ewe éva prva, TJTYTY: Neplocdtepo amd pAva. ** skkk:
EDIKTO KATW amd TG CUVNBELC EpYOOTNPLAKEG CUVONKEC, Y ¥ r: XpeldleTal KATIOLEG EEELOIKEVEVEG
TEXVIKEG, K3csk: SUokoAn sdapuoyh. *** S: Ymohoywlduevo koéoto¢ mpoetowpaciog pebodou
(e€omAlopog, avtibpaotrpla, avolwotpa) < 10 xA. upw, $S: Ytohoyllopevo kootog < 100 XA, eupw,

SSS: Yriohoyl{opevo k6otog > 100 XA, Eupw.

ApxIKA €€eTACONKE N XPOVIKA SLAPKELA TWV TIPWTOKOAWY KaBOTL yla Tibavr) HeANOVTIKA KALVIKN
aflomoinon, n emAoyn TNG OEPATEUTIKAG TIPOCEYYLONG TIPEMEL VA YIVEL OE OUVIOHUO XPOVIKO
Slaotnua, eite otn ¢aon tng dlayvwong eite otn ¢don NG unotponnc. Emiong, otov mapayovta
XPOVO UTELCEPXETAL KoL i Suvatotnta moAAamAwVY mapdAANAwV Sokipaciwv (VPnAng tpododotnong
odapwon, high-throughput screening). Na mapadelypo, to poviéAa peAétng mou Baoilovral ota
TIOVTIKLO. L€ OVOOOQVETAPKELA KOl omaltolv mepimou 6 €Bdouddeg yla TNV oAokAnpwon Tng
nepapatikng dadikaoctag (Calimeri et al.,, 2011), 1 To HOVTEAO AVACUVOUOOUEVOU MUEAOU TwV
ootwv (rEND) mou 6ivel amoteAéopata o mepLoocotepo amd €va pnva (Kirshner et al., 2008a),
mbavotata Ba €xouv Suckolia wg TPoCg TNV Aupeon edopUoyr TOUG OTNV KABNUEPLVH KALVIKN
TPAKTLKA. ATtevavTtiag, To Hoviélo mou Baciletal os kplwpata yEANG amo toug Silva Kol cuvepYATeg
(Silva et al., 2017) ival Baolopévo os pikpomAdkeg moAamAwv dppeatiwv, otig onoieg Suvavral va
Soklpaotolv mopdAAnAa £wg Kot 1536 BepameuTIKol MOPAYOVIEG E QUTOUATOTOLNUEVN avAAuch

£lKOVaG, Sivovtog aflOTLoTO AMOTEAECUATA EVIOG TIEVTIE NUEPWV.

H emopevn MapAUeTpOC TOU E£EETAOTNKE €lvol TO OUVOALKO KOOTOC TOU HOVTEAOU.
Juykpivovtag tic S1adopeg MPOOEYYIOELS, TA LKPLWHOTA YEANG daiveETAL TIWE OMOTEAOUV TO TILO
OLKOVOULKO Kol TPOOPACIUO UALKO, TOCO OTNV KATOOKEU/TipounBsta 600 Kol OTO XELPLOUO, EVW N
afloAoynon NG BLwoLUOTNTAG TWV KUTTApWY Pe amAn péBodo, Omwe Y. Xpwon Kol ovaAucn Ue
CUMPATLKA OTTTIKI ULKPOOKOTILO, Urtopouv va Sltatnprioouv XaunAd to cuvolilkd kdotog. Me autd ta
6ebopéva, oL pebodoloyieg mou mpotddnkav amod toug Arhoma kat cuvepyateg (Arhoma et al.,,
2017a), Ji kat ouvepydreg (Ji et al., 2017) kat Silva kat cuvepydrteg (Silva et al., 2017) xpnoyiomnolouy
OLKOVOULKA LKPLWHOTA YEANG KOL OMTLIKA HIKpooKoTia. Amd tnv AMn TAsupd, n xpnon

Boavtidpaotipwy, evw dSlatnpel €va moAU otabepd HikpomeplBaAAlov, armoautel oakplBo Kot
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TOAUTIAOKO €EOTALOMO, eVWw TO {WIKA HOVIEAQ KATaANyouv ot Bavatwon Twv {Wwwv eyeipovtog

ONUAVTIKA NBKA InTAata, Kot n ebapUoyn TOUC O€ LEYAAN KALLOKO QmaLTEL ELOIKEG EYKOTOOTAOELG.

H teleutaio mapapetpog mou efetaoBnke eival n eukoAia kot n edappOCIUOTNTA TNG
TPOTELVOUEVNG UeEBOSoU. H Aoyikr miocw oamd autd To Kpltiplo eival OTL plo MAAThOpUA HE
TMPOCAVATOALOUO TNV edbapUoyn TNG TNV KALWVIKA TPAEN, Ba MPEMEL va UMmopel va KatookeuaoBel o
KAWVIKO €pyOOTHPLO EVTOC VOOOKOUEIOU, N} OE KATIOLO KOVTIVO EPEUVNTIKO €PYAOTNPLO LE OKOMO TN
ypnyopn Hetadopd Twv Selypdtwv, Kol emumAéov Bo mpeEmel va eival eboapudolun amo ta
TEPLOCOTEPA EPYAOTNPLA TIOU XELPL{oVTOL KUTTOPOKOAALEPYELEG. YTIO QUTO TO MPIoHA OTN UEAETN TWV
Jakubikova kat ouvepyatwv (Jakubikova et al., 2016a), n ex vivo mMAatdpopua otnpilleTal o EUMOPLKA
SlaB€oiun vdpoyEAN Kat n a€LloAdynon TwWV AMOTEAECGUATWY YIVETAL PE QAR LETPNON TOU TTOGOOTOU
QTOTITWONG UE KUTTOPOUETPLA porG, EMOUEVWE OmOTeEAEL €va mapddelypa €UKoOAO £DAPUOCLUNG

uebodou amnod ta MEPLOCOTEPA EPYOOTHPLA.

4.2 To Xpoviko mAaiolo aflomoinong pag ex vivo mAatgpopuag Katd tThv nopeia Tou mMoAAamnAol

HUEAWATOG

Mo va popéoel va aflomotnBel pla ex vivo mlatdoppa otnv mopeia tng Bepanciog Ba npénel va
elval epapuooLun os cuykekpLUEVA oTAdLa TN Mopeiag Tng vooou (Ewkéva 4.1), wote n mAnpodopia
mou Ba mapaxbel va sival aflomolnolpn amnod tov Bepdmovta LaTpo. Emopévwg, mpoteivoups Tpia

XPOVIKA onpeia aflomoinong tng ex vivo mAatdoppag Katd tnv KAWLKN mopeia tou MM:

A) ApEOWwC META TN SLAyvwon, WOTE va UTIAPXEL O XPOvog va oXeSlootel 0 LEAVIKOG
ouVOUOONOG BepAMEUTIKWY TOPAYOVTIWY Yyl TNV  Eloaywylkry Bepoameia. Baolko
TIAEOVEKTNA AUTOU TOU XPOVLKOU onpeiou eival n adpBovio LUEAWUATIKWY KUTTAPWY Ta
orola propouv va anopovwBouv amno o Bodio MO.

B) Koatd tov £éAeyxo ywa tTnv napovcia EYN, 6tav o acBevig eival os mAnpn Udeon, wote va
npoypoppatiofel n emnavévapén n/kat n tpomomoinon tng Oepamciog. To Paociko
TAeovéKTnUA eivat 6Tl ehOCOV N VOOOG gival EAeYXOUEVN Kol TIOPAEVEL O XaUnAd eminebo
doptiou oto MO, UTIGpXEL TO XPOVIKO TieplBwplo va SokipuacBel kat va aflomolnBel pia

nelpapatikn Stadikaoia.

N Kotd tn Bloxnuikg umotponi, Oewpntikd ivol n WBaviki XPOVIKA OTYUR ylat TNV TIAEoV
xpnowun mAnpodopnon oto oxeSlacpo TNG eMOUEVNC GOPUAKEUTIKAC aywyng, kabweg o
a00evng €xel dpavel avBeKTIKOG O MPONYOUUEVEG YPAUMES Beparmeiag. Katd tn BLoxnuikn

UTIOTPOTI N TOPONMPWTEivn elval mMAéov aviyveloLun, €MOpEVWG UTApXeL kol adBovia
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MUEAWHATIKWYV KUTTApWV oto MO. Baolkd HeloVEKTNUA ival OTL 0 XPOVOG «TILELEL ELG
Bdpog Tou aaBevouc kal n ex vivo mAatdopua Ba mpénel va Unopel va Swoel amoteAéopata

To TaUTEPO SduvaTov.

= =T~ ®oprtio véoou otn Sudyvwol
§_ 108 kO ttapa/mL
E
=
4
3
g— =1 Ocetkr EYN = 10 kOtrapa/pL
a
L
Hpépo-0 Ex vivo Huépa 3-4 MAApngYdeon Bloxnpur andKA;;l Kg_[ y
Aidyvewan NV TAaTdhOpLLL KAwvikn andgaon: Ynotponi ¢ . nom
- 38‘{“”““ (AmdvTnon Tpomomnoinan ApvnTkn OeTkn ETOHEVTT
egpobou v nuépa 3) Beparneiac EYN EYN ypaf,u,u{}
Gepamneio
| | I
Ex vivo Ex-vivo

mhatdoppa Thatdoppa

, , ‘EkBeon kuttdpwv AmoteAéopata:
Amopovwon Etowaoia ; .
3 , 5 aoBevolc otoug Emhoyn
LWEMKOLV KUTTAPWV BepansuTikwy . ,
. ) Bepamneutikolc SpaotikdTEpoU
amo deiypoa MO TapayovVTWY . o
A PAYOVTES ouvduaopou

Ewkova 4.1. To ypovodiaypauua tng eE€Aénc Tou moAAamAou uveAwuarog (MM) oe ocuvduaoud ue ta
KAWVIKG OTASLO KOl T TIPOTELVOUEVO XPOVIKX ONUELD Xpnong ULOG ex Vivo MAATEOPUAC Yyl TV
emdoyn twv kataAAnAotepwy Geparmeiwv. H enttuyioa tng Sokiunc umopei va kptdei amo tnv emtuyn
QAITOUOVWON TWV UUEAWUATIKWY KUTTAPWYV TOU AoPeVoU, EMOUEVWE Ta MTPETEL VO AVEUPIOKOVTOL O
LKOVOTTOINTIKO aptOUO OTO UUEAO Twv ootwv. Ta xpovikd onueia alomoinong uULaG ex vivo
mAaTpopuac urmopei va eivatl aueoa UeTa T Stayvwaon (Ewg tnv nuépa 3), katd tnv mAnpn UEeon tg
vooou eav o aoPeviic elvat JeTikoc yla eAayiotn vmoAswupatiky vooo (EYN) kot kata tn Bloxnutkn
urntotpony. Ta Briuata mou Ba npenet va akoAovdndouv ota Sedouéva ypovikd dtaotriuata givat n
ATOUOVWO! TWV UUEAWUATIKWY KUTTAPWYVY, N mpostowuaoio tne Sokiuaoio¢ otnv nmAatopua e

emiAoyn twv JEPAMEUTIKWY TTOPAYOVTWY, N EKTIUNCN TNG BLWOIUOTNTAC TWV KUTTAPWVY UETA TNV
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enibpaocn Twv @EApPUAKWY Kol TEAOG, N ava@opd TOoU MAEoV ammOTEAECUATIKOU ouvduaouou

QAPUAKEUTLKWY TTOPAYOVTWV.
4.3 Mpadtaon yia tnv uUAomoinon ex vivo povtéAou oto MoAAAMAOUV HUEAW LA

Yotepa anod tn PLBAoypadikn avalitnon, ylo To TPOTELVOUEVO eX Vivo HOVIEAO OTnv Tmoapouca

StatpLpn xpetalovral:

e AvOpWILVN LUEAWUOTIKI KUTTAPLKN OELpA WG OVAAOYO TWV KUTTAPWYV TNG VOOOU

e BM-MSCs nou mpocopotaouv To pikporneptpailov tou MO

e [lpocopolwon tnNg TPLoSLACTATNG KATAoTACNS avAntuéng tou MM otoug BUAaKeG
Tou MO pe Xxpron IKPLWHATWY

e Oeparmeutikol mapayovteg, yla mapddslypa dofopoufikivn kot Boptelopiumn wg
600 evbeikTikol mapayovteg oto MM

e [lpotumormolnuévn HMEB0SOC eKTIUNONG TNG PBLWOLHOTNTOC TWV HUEAWUATIKWY

KUTTAPWV UETA TNV ENiSpaon TwWV BEPATTEVTIKWY TTOPOYOVTWY

Q¢ nmpwto PBApa, EMAEXBNKOV HUEAWUATIKEG OELpEC ol omolieg egudavilouv in vitro ta
XQPOKTNPLOTIKA TWV HUEAWHATIKWY KUTTAPWV Kal oL omoleg £xouv aflomolnBei otn peAétn moAAwv
BepameuTIKWY TIAPAYOVTWY Kol GUYKEKpLUEVA ol U266 (Park et al., 2014; Tibullo et al., 2020), JIN3
(Sanchez et al., 2013; Maes et al., 2014), H929 (Cheriyath et al., 2011; Yang et al., 2018) kat L363
(Abdi et al., 2014; Braham et al., 2018a). Y& auTtég Kataypadnke n KWNTLKA TS avantuéng Toug in
vitro kat urtoAoyiotnke n ouykévipwaon IC50 Twv rapayoviwv dofopouPikivn kat Boptelopipmn. Itn
ocuvéxela avalntninke o PEATIOTOC TPOTMOC EKTIMNONG TNG BLWOLLOTNTAC TWV HUEAWHOTIKWY
KUTTApwvV. Exovtag otn 61dBeor pag tpelg kobiepwpéveg kat aflomioteg puebBodoug pétpnong
BlwowotnTag TwV HUEAWUATIKWY KUTTAPWVY, ATOL Tn METPNON HE QLUOKUTTOPOUETPO, TNV
KUTTOpOMETpla pong Kat tn péBodo MTT (Cossarizza et al., 2019; Zhang et al., 2020) BeAnocopue va
Slepeuvnooupe TtV aflomoinon ULaG akoun TeEXVIKNG Baol{OUevng oTn XPWOTIKN HE KuavoUV Tou
tpunaviou. H xprion AoylopkoU avAaAuong HLKPOOKOTILOG 08 CUVEUAGCUO LE TO XONAO KOOTOG KAl T
ULKpn docoAoyia TNG XpWOTIKAG KABLOTA TO KOOTOC TNG HeBOSoU 18Laitepa XaunAod, evw pog divel T
SuvaTtoTNTA TAUTOXPOVNG aVAAUGNC OAWV TWV KUTTAPWY OTo OMTIKO medio (mpaktikd péxpt 1.000
KUTTapa). BpéBnke Aoumdv OTL Sev UTIAPXEL ONUAVTLKA OTTOKALON OTNn METPNON TNG BLWOLLOTNTAG
OUYKPLTIKA LE TIG tponyoUeveg uebodoug. Autd sival cupdwvo pe tn BLBAloypadia, os peléteg
omou €xeL aflomolnBel n avaluon €lKOVAG ULKPOOKOTIOG, OmMwe otn HeAétn twv Melzer kot
ocuvepyotwv (Melzer et al.,, 2016) o6mou €ywve 8ie€odikr) avadiuon Tou KuovoUu TOU TpuTmaviou
OUYKPLTIKA HE GANEC XPWOTLKEC, HE XPNON QUTOUOTOU AOYLOULKOU Kol PBp€Onke apkoUVTWwG

OMOTEAECUATLKO.
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Oocov adopd otnv amopdvwon BM-MSCs Sokipdotnkav ot péBodol: i) amopovwon e
Slopaduion ocuykévipwong, ii) He tn xprion AUTkoU SltaAvpartog Kot iii) pe ouvexopevn allayn
Bpemtikol UAkoU (Nemeth et al., 2013; Jakubikova et al., 2016a; Silva et al., 2017). H pébodog
amopovwong He Slopfaduion ouykévtpwong Atav emituxnc oto 80% twv Seypdtwv (12/15
Selypata) kal ouvenwg emAEXOnKe. 'Yotepa amd TNV amopovwon Kol KaAAlEpyela Twv BM-MSCs
TIPOXWPNOAUE OTN SOKLUA TNG CUYKOAALEPYELAC TOUC PE TN UUEAWUATIKY KUTTOPLKN ospd U266.
MNapatnpnoaue umod tnv emnibpacn SofopouPfikivng, oOtL otn ouykévipwon IC50 emtuyyavertal
peyaAUTepn BLWOUOTNTA TWV HUEAWHOTIKWY KUTTAPWY OE OUYKOAALEPYELD OUYKPLTIKA HE
povokaAALEpyela. AuTto €AAAOU ATAV KATL avapeVOUEVO, KaBOTL og moAudplBueg BLBAoypadikeg
avadopEg £XEL TOVIOTEL TO MAEOVEKTNUA TIOU TIPOGPEPOUV oL CUYKOAALEPYELEG (Gorgln et al., 2013;

Ramachandran et al., 2016; Ai et al., 2019).

21tn ouvéyela petaBaivovrag oto 3D neptBariov, eTINEEQE VO XELPLOTOULE EVA EUTIOPLKA
SlaBEoLpo Ikplwpa YEANG, To omoio £xet aflomownBel kat otn peAétn twv Jakubikova kat cuvepyatwv
(Jakubikova et al., 2016a) kal d&ixBnke OTL UMOPEL VO TIPOCOLIOLWOEL O€ LKAVOTIOLNTIKO Babuod to
Aeltoupyko nieptBarlov tou MO. Itn peBodoloyLki MPOCEYYLON TG mapouoac SatpBng n
uSpoyEAn Sev davnke OTL eival To KATAAANAO UALKO, KaBOTL gV EMETPETE OTO AOYLOULKO avAAuong
£lKOVAG va Slakpivel LkavorolnTika ta Stadopa kuttapa tpog afloAoynon. Emuthéov, otav
SOKLUACONKAV CUYKPLTLKA SLOSLACTATEC KL TPLOSLACTATEG LOVOKAAALEPYELEC TNG KUTTOPLKNG OELPAG
U266, 6ev Bp€Onke KATOLO oNUAVTIKO TAEOVEKTN A eMIPBlwong, OMwG avopevoTay e Bdon
napopoLla SnUocLleVUEVa amoTteAéopaTa amod Toug Braham kat cuvepydteg (Braham et al., 2018b)

kot Jakubikova kat cuvepyarteg (Jakubikova et al., 2016a).

Me autd to dedopéva anodpaciodnke n Sokiun AWV BLoUAKWY TEpa amd TIG USPOYEAEG
yLOL TNV OVATITUEN TNG ex Vivo MAATPOpHAC, OTIWE TO OTEPEA LKPLWHATA. TN HEAETN Twv Monnier Kat
ocuvepyotwv (Monnier et al., 2018), &eixbnke o6t Ta BM-MSCs avamtiooovtal oto UALKO PLA.
Juvenwg, Soklpdoape kplwpota PLA os povtédo MM kaBotL amoteAel OLKOVOULIKO Kol €UKOAQ
MPooBAcipo UALKO. Xwplg va mpoBolue os Kamola emutpdoBetn KoTEpyAoia oTa MAEYUATA TOU
KpLWHOTOC, €ywve epduteuon pe KaAAlEpyela BM-MSCs aoBevolg Kal Pe XprRon TPLWV TEXVIKWY
Uikpookomiag (Hikpookomia ¢Boplopol, OCUVECTLOKN HLKPOOKOTIO OAPWOoNG Kal NAEKTPOVIKA
MLKpookoTia odpwaong) amodeixdBnke otL Ta BM-MSCs avamntiooovtol TPOooKOAAWUEVA QVAECO
OTLG (Veg Tou IKplwpatog os popdr dUAou, ektelvovtag MPooekBoAEG OL OTIOLEG AVAPTWVTAL OTLG

LVEC TOU IKPLWUOTOG.

JUVOAIKA, €xovtag OlEpeUVAOEL Ta EMIUEPOUC OTolxela TNG ex vivo TAQThOpUag

TIPOXWPNOAUE OTN CUYKAAALEpYELa TipwToyevwY BM-MSCs kal pusAwpatikwy H929 kuttdpwyv ota
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npoavadepBevta kplwpata. H oepd H929 £deite Tn peyalutepn svalwoBnoio otn foptelopiunn os
2D ouvOnkeg Kol emAEXONKe ylo Tepaltépw €Aeyxo oto 3D HOVIEAO HOC, TIPOKELWMEVOU Vv
alohoynBel edv to pikpomeptBarlov Twv BM-MSCs Ba mpocedide aufnpévn xnUeELOAVOEKTIKOTNTA
OTA LUEAWHMATIKA KUTTOPO HETA TN Xopnynon tg Boptelopiumng. Zuykpvopeva e tn Stodldotatn
KoAALEpyEla, To H929 pueAwpatikd KUTTapo TOU avamtuxdnkav o€ CuyKaMALEpyela sixav
peyalutepn Blwowotnta petd tnv emnidpacn Boptelopipnng, TOUAAXLOTOV OTO €va amo Ta Tpia
Kplwpata mou dokipacOnkav (pue péyeBog mopou 60-90 pum). Afilel va onuelwBel to XPOVIKO
TAQLOLO TOU TIELPAUATOC: OTA IKpLWHATO eixav dN epduteuBel ta BM-MSCs, miplv Tn Yoprynon tou
Bepameutikol TapayovTa Kol TNV NUépa 1 mpootebnkay Ta HUEAWHATIKA KUTTapa. Ti¢ emOpeveg 3
NUEPES (NUEPEG 2-4) TaL KUTTOPA EMWACONKAV HE TN BOPTE(OUIN yia 72 WPEC KOL OTO TEAOG TNG
PITtNG NUépag emwaong (NUéEpa 4), €ylve n HLKPOOKOTIKN dwToypddnon Twv AMOUOVWUEVWV
MUEAWHATIKWY KuTtapwy. TEAog, TNV nuépa 5 avaAlBnkav ol pwrtoypadieg, katapetprdnkav ta
KUTTOpa HE TOV aAyoplOpo oavaluong elkovag kot umohoyioBnke n Buwowuotnta yia kabe
TELPAUOTIKI) ouvOnkn. Emopévwg, delxbnke OTL n mpotewvopevn mAatdopua sival edapuooun,
TOUAGXLOTOV 0 SOKLUAOTLIKO OTASL0, KoL UMOPEL va SWOEL OMOTEAECUATO EVTOG TIEVTE NUEPWY. Mia
TETOlOU TUTOU Aeltoupylky TAOTHOPUA, HeAAOVTIKA, pmopel va oflomownBel oe mOAATALG
edappoyég, yio mapadelypa oe eninedo Bepameutiko, yla tn Slepelivnon BLOAOYLKWY UNXOVIOUWY,
OAAQ Kal ot emimebo MEAETNG UEUOVWHEVWY KUTTAPWV ONMWG KAl CUVOUAOUWY TEPLOCOTEPWV

unonAnBuopwy Kuttapwv (Ewkova 4.2).

OepameuTikn
Avtamokpion

Aokipn MNpocBnkn
TELPAULOTIKWV KUTTAPLKWVY
Bepamnelwy UMWY

Movtélo ex vivo

Madikn MpoocBnkn
avdiuon SloAuTtwy
ELKOVWVY TP ALY OVTWY

Mikpookoria
UELOVWUEVWV
KUTTAPpWV
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Ewkova 4.2. H alomoinan evog ex vivo povtédou oto moAdamAoUv uuéAwpua Umopei va exet ToAAEC

EQOPLOYEC.

4.4 AvocoAoyikn HeAETn Tou pikpomePLBaAloviog oto mMoAAanAolv puéAwpa

‘Exovtag B€oel tn Baon yla tn dnuloupyia evog ex vivo poviéAlou mou Ba pmnopei va mepthappavel
TOOO MUEAWUATIKA KUTTAPO 0G0 Kol KUTTApa Tou pkpomeptBailovtog Tou MO Kol CUYKEKPLUEVA TA
BM-MSCs, otn GUVEXELX £YLVE TTPOOTIAOELO EMEKTAONG TNG SLEPEUVNONG KAl 08 GAAOUG KUTTOPLKOUG
urtonmAnBuopoug mou miBava vo Stadpapatilouv onuovtikd polo oto pkpomeplfaiiov. Ot
TPEXOUOEG UENETEC €0TIAlOVTOL KATA TO HEYOAUTEPO BaOUO OTA HOPLOKA YOPOAKTNPLOTIKA TWV
MUEAWHUATIKWY KUTTAPWV PE TIOAU ONUOVTIKA anoteAéopato otn Stalevkavon tng Blodoyiag touc.
Qotooo, N MANPNG Katovonon tng mMapatnPoUUEVNG ETEPOYEVELAS KAl TIOAUTTAOKOTNTAS TG VOGOU
Oev €xeL akopa emiteuxbel. To pukpomeplParlov pe tn Suvaplkn Twv aAnAemidpdcewv Tou
Aappavouv yxwpa evidg tou MO, Sadpapartilel onuaviikd poho otnv £€EAEN TG VOOOU Kal TNV
avtiotaon otn Bepaneia (Di Marzo et al., 2016; Kawano et al., 2017; Manier et al., 2017). Auotuxwg
OUwg, N moAumAokotnta tou MO oe ocuvduacouo He TNV TIOAUTAgUpPN Kol Suvapkn ¢von Twv
oAANAeTUSpAoEWY PETAED HUEAWHATIKWY KUTTAPWY KAl TANBWEAC KUTTOPLKWY UTIOMANBUOUWY Tou
MO amoteAoUV avooTAATIKOUG TIAPAYOVTEC OTNV TIPOOTIABEla KOTAVONGNG TWVY UNXAVIOUWVY TIOU
odnyolV otnv avamtuén, Tov MOAAAMAACLACHUO KOL €V TEAEL TN XNUELOAVIOXN TWV UUEAWMOTIKWY
TAQOLOTOKUTTAPWY €VtoG tou MO (Mithraprabhu et al.,, 2017). Iuvenwg emAé€ape, va pnv
EOTLOOTOUE OE OUYKEKPLUEVOUG UTIOMANBUGOUG otnv mapouca Satplpry, aAld va emidlwyOel o
€UPUTEPOC SUVATOG AVOCOAOYLKOG XAPAKTNPLOKOG Tou MO kal tou MA oe diddopa otadia tng
vOoOU, HE OKOTO TNV avoKAAuyn avoooAoylKWV UuTmoypadwy Ol OMoleg va Umopolv va

CUOXETLOOOUV LE Ta KALVIKA XOpaKTNPLOTIKA Twv acBevwy e MM (Papadimitriou et al., 2020b).

H kAwvikr etepoyévela £xel avadelxBel mAEov wg Baotkd xapaktnpLlotiko tou MNM. Qotdoo n
OUOXETLON TNG €EEALENG TWV UTTOKAWVWV HE TNV TPO0S0 TNG vOoou PplokeTal akoun umo Slepeuvnon.
JUYKEKPLUEVQ, TA VEOTEPO SedOEVA OO TN YEVETIKN aAANAoUXNoN TWV UTIOKAWVWY aoBevVwyY 1oy
gpdavicav €€EAEN amd MGUS/sMM mpog MM, Seixvouv OTL Slatnpeitol OXETIKA  KAWVIKA
otaBepotnTa, KABOTL oL KAwvOL Tou aveupiokovtal oto MM mpolnipxav ota mponyoupeva otadla
(Dutta et al., 2019). Emopévwg peyalltepn Baputnta yLo TV £EEALEN TNE VOOOU KATEXOUV EEWTEPLKOL
TIAPAYOVTEC OL OmoioL emnPeAloUV TNV LOOPPOTILO TWV KAWVWY, OTIWE To UikporteptBailov tou MM.
Ytnv mopovoa SlatpLpr, mpog auth tnv KatevBuvon apxikd StepsuviOnKav oL KUPLOL AVOCOAOYLKOL
mAnBuopol (Aepdokitropa, povokuttapa, epubpofAdoteg) tou MO ota Stddopa otadia tou MM

(MGUS, sMM, MM katd t Stdyvwon Kol Kotd thv mAnpn Udeon petd and Beparmeia, PCL). Me
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e€aipeon tnv PCL, O6MOU N eMIBETIKOTNTA TNE VOOOU ETLDEPEL CNUAVTLKEG AAAAYEC TOOO OTA LOPLOKA
XOPAKTNPLOTIKA TWV MUEAWHATIKWYV KUTTAPWYV OG0 KAl OTOUG YELTOVIKOUC TOUG UTOMANBUGHOUC
(Fernandez de Larrea et al., 2013; Gundesen et al., 2019), ota unoAouta otadla ou e€eTdobnKay
6ev BpBnkav onUovtikEG OSladopéc HETAEU TWV OXETIKWY OCUXVOTNTWYV Twv €Ml HEPOUC
urtonAnBuopwv Kal o Bactkdg AOyog ylo auTo elval n evooyevig eTEpoyEVELD TOU KABe otadiou Kal
n LeyaAn amokAion PeTafl twv aoBevwy. H elkdva Tng eTepoyEvelag e€aANou, Epxetal o cupdwvia
LE OXETIKEC MEAETEC amo Toucg Brimnes kal ouvepydteg (Brimnes et al.,, 2010) kat Foglieta kat

ouvepyareg (Foglietta et al., 2014).

Emopévwe mpog tn Slepelivnon QUTAC TNC ETEPOYEVELAG, OTN CUVEXELD TNG AvAAUONG KPiBnke
XPAOLO va SLEUKPLVIOTEL £dv TO pkpormepLBallov Tou MO Ba pumopoUoe Vol QVTLKATOMTPLOTEL i va
«koBpentiotei» oto NA. e avtiotoyng Aoykng Stepevvnon unmonAnbuouwv T AEudOKUTTAPWY OTO
MNA kot MO acBevwv pe puedoduomAaotikd cUvSpopo amnod Toug lee kot cuvepyadteg (Lee et al., 2020)
BpEBnKe OTL UTIAPXEL CNUAVTLKA avTloTtolxia Twv UMoNMANBuoUWY TOG0 08 avooodALVOTUTILKO OGO
KOL O€ YEVETIKO eminedo. Katd cuvemela, mpotdBOnke otL to MA eival évag evkoAa MPooBAcLIOg
TPOTIOC ylO. TNV €mThpnon twv acBsvwv pe pueAoduoTAAOTIKO ocUvSpopo. H avalntnon
MEUOVWHEVWY UTOMANBUoUWY petatt MO kat MA otn BiBAoypadia yia to MM cuxvd TapEXeL
OVTLIKpoUOpEVa amoteAéopata (Gorgln et al., 2013; Favaloro et al., 2014; Zelle-Rieser et al., 2016;
Lad et al., 2019), evw TOUAdYLOTOV UEXPL TN ouyypadn authg tng Stdaktoplkng dlatplpng ev
UTIAPXEL SnUOoLEVUEVN UEAETR OTNV omola va yivetal cUyKplon ot PEYOAO €UPOC KUTTAPLKWY
unonAnBuopwyv oe Cevyn Selypdtwv acBesvwv pe MM. Itn 8k pog ovaAuon ywa to MM,
cupnepAndOnkav levyn Ssypdatwyv NA kot MO twv Slwv acBevwv otn Slayvwon Kol Katd tv
TANPN Udeon. Auto mou dlarotwOnke e¢etdlovtag cUVOALKA OAoUC TouG utonmAnBuopoug elvat otL
N oUYKPLON TWV CXETIKWV CUXVOTATWV Tou¢ Hetafy MO kat NA akoAouBel tpla mpdtuma: i) oadng
UTLEPOXN OTNV ETIUEPOUG avaloyia evog urtomAnBuopol oto MO 1 oto MA, ii) mapouola Katavoun
€VOG KUTTOPLKOU UTtoTAnBuopol ota duo Slapepioparta, iii) kavéva MpoOTUTTo CUCXETIONG AOYW TNG
MEYAANG evOOYEVOUG ETEPOYEVELOC OTNV KOTAVOWUN €VOG KUTTAPLKOU UTIOMANBUGUOU amnod acBevr) o€

aoBevn.

Avadopika pe ta Tregs, afilel va yivel 1blaitepn avadopd OXETIKA LE TN ONUAGCLO TOUG OTO
MM Kal To EVPAMOTA AUTAG TNG SLATPLPNC. I UEAETEC OTIC OMOleg SlepeuvATal N MOPOUGCIa TWV
Tregs oto UKPOTIEPIBAANOV TNG VOOOU UTAPXOUV OVTLKPOUOUEVO QTTOTEAECUATA. TN HEAETN TWV
Favaloro kat cuvepyatwv (Favaloro et al., 2014), to mocootd twv Tregs Bpédnke auvénuévo oto MO
OUYKpPLTIKA Pe To MA twv (Slwv aoBevwv. Amo tnv GAAn mAeupd, otn peAétn twv Foglietta kat
ocuvepyotwv (Foglietta et al., 2014) n cuxvotnta twv Tregs Sev SeixOnke va aAAdlel petafd MO kot

MA, evw Kat otn peAétn twv Marsh-Wakefield kot ouvepyatwv (Marsh-Wakefield et al., 2019),
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Bpgbnkav SladopEg LOVO WG IPOC TV auEnpévn ouxvotnta Tou unonmAnBucpou CD39+ Tregs oto
MO. Zuvelodpépovtag o autn tn Slepelivnon, otnv mapoloa dLatplpn evionicbnkav neploocotepa
teAka Spaotikd Tregs kot moAhamAaocialopeva CD39+ Tregs oto MO GUYKpLTIKA pe To MA Katd tn
Slayvwon, avadelkvlovtag TNV KWWNTIKOTNTA QUTWY TWV UTIOMANBUGUWY 0To HIKpoTtepLBAAAOV TNG

vOGoOou.

TNV avaluon katd tnv mAnpn Vdeon, dlamoTwOnKe OTL UTIAPXEL PeyaAUTepn SlakUuovon
OTOUCG TEPLOOOTEPOUG UTOTMANBUOUOUC petafl MO kal MA, akohouBwvtog To Tpito mMPOTUTIO
OUYKPLONG TWV OXETIKWVY cuxvotntwy, dnAadn &ev eudaviotnke Kavéva TPOTUTIO CUOCXETLONG.
Emopévweg akopn kat otov (6lo acBevr, otnv mAnpn Udeon Peta tn Bepameia UTAPXEL HUEYAAN
ETEPOYEVELQ OTNV KATAVOUN TwV UTIOMANBUCUWY, KATL TToU TIBOVWES CUVNYOPEL OTO ylaTl UTApXEL
amouasia MPOoYVWOTIKWY MOPAYyOVIWY KaTd tThv Udeon mépav Tou doptiou t¢ vooou (Moreau and
Minvielle, 2013). TeAlkwg, wg yevikn Slamiotwaon pnopet va avoadepbel 0tL 0 MO £xel S10.POPETIKO
avoooAoyIKO TpodiA amd to NA, KoL avAAuon Tou evog 8V UMOPEL VO UTTOKATAOTHOEL TO AAAO. Mo

TOV AGYO OUTO KOl OTN CUVEXELX TWV avaAUoewv e€eTdoape Eexwplotd to MO kot to MA.

JTN OCUVEXELQ, TIPOXWPNOALE 0TNV afloAOYynon tou avoooloyikol Mpodil Twv acBevwy oe
OX£0N HE TO TIO ETUKPATH CUOCTAUATA TPOYVWONC Kal oTadlomoinong Kal CUYKEKPLUEVO TN
otadlomoinon Katd ISS kot to Kuttapoyevetikd mpodil (Palumbo et al., 2015; Sonneveld et al.,
2016). OL TO ONMAVTIKEG OUOXETIOELC BpEOnKoV METALU TWV TPOYVWOTIKWYV otadlwv Kal Tng
KOTavoung Twv T Agpdokuttapwy. OL acBeveig e KUTTOPOYEVETIKEG atuTtieg uPnAol KwvdUvou aAld
KoL outol pe to Suopevég otado ISS-IIl guddvicav xapnAdtepa MOOOOTA GUVOALKWV T
Aepdokuttapwy kat avénuévo Aoyo CD4/CD8 , téco oto MO 600 kat oto MA. Ta gupApaTa AUTA
ocupdwvouv pe edopéva tg PLPAoypadiog mou katadslkvuouv tov avénpévo Adoyo CD4/CD8 wg
Suopevn MPoyVwoTIKO Seiktn katd tn Sidyvwon (San Miguel et al., 1992; Koike et al., 2002; Dosani
et al, 2015). Eva &AAo elpnua tNG OVAAUGNC HaG ATav n onpavtikn avénon twv NK/NKT
Aepdokuttapwy oto MO acBevwv pe KoAR Tpoyvwon kotd ISS (ISS-1), katL to omoio €xel emiong
avadepbel kal amd toucg Pittari kal cuvepydteg (Pittari et al., 2017), urtoSetkvuovtag mbavd OTL Ta
NK KUTTOpQ HE TNV KUTTAPOTOELKI) TOUG SPAOTIKOTNTA OXET{OVTAL LE £Va EUVOIKO UIKpOTEPLBAAAOV

oto MO, 1o omnolo tpomomnoleital Katd TNV €€EALEN TG vOoOU.

To emouevo gpwtnua mou TtEBnKe, ATV €dv To ovoooloylkd mpodik katd tn Sidyvwon
propel va €xel kKAwikn afia Kal va cuoxetioBel pe tn Bepameutikr avtanokplon Twv ocbsvwv. To
€UPOC TNG AVOCOAOYLKNAC OVAAUGCNG e TauTomoinon 33 cUVOALKA UTIOMANBUCUWY, LG EMETPEYPE Va
avalntriooUUE ETIUEPOUC OVOOOAOYIKA TipodiA yla mBavég ouoxetioslg pe to OepameuTikd

OMOTEAECHUA TEPAV TWV CUCYETIOEWYV HE HEMOVWHEVOUC UToTAnBuopouc. Etol, ol aobeveig mou
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METUXOV TANPN Udeon petd amd slwoaywylkn Bepameia Boptelopipnng, AsvoAbopidng Kat
Se€apebalovng (VRd) davnke nwg eixav avénuéva T AspdokuTtrapa Kal Ldlaitepa To KAACUA TWV
CD27+ T KUTTApWV, UELWUEVOUC £pUBPOPAAOTEG KOl HELWUEVOUC aplBolc TAMS. It PeAETn TwvV
Botta kal ouvepyatwv (Botta et al., 2019) umnp&av avtiotolya eupRuata, KABOTL 0 PELWUEVOC AOYOG
CD27-/CD27+ T AeudoKUTTAPWY CUCKETIOONKE e auEnuévn tpleth smBiwon peExpL €EEAEN TG
vooou. EmutAéov, o polog twv TAMs eival yvwotd OtL oxetiletal pe tn dnuloupyia ocuvlnkwy
dAeypovNng Kol evioxuong Tou KopKVIKOU TTOAAQTTAQOLOCHOU oTo TEPLBAAAOV Tou Oykou (Ostuni et
al., 2015), evw avtiotolya evprnuata Ye avénon tou aplBuol Toug uttapyouv kot oto MM (Ribatti et
al., 2014; De Beule et al., 2017), 6ebopéva mou eival oe MARPN cupdwVAL PE TO AMOTEAECUATA TNG

napovoag StatpLpnc.

H onuaoio twv Tregs otn BepameuTikr avtamokplon oto MM eival éva EpeuvNTIKO EpWTNLLOL
Tiou Sev €xel SLaAeuKavOEel PEXPL OTIYUNG HE avTIKpouOueva amoteAéopata otn BiBAloypadia. Itn
UeAETN Twv Giannopoulos kal cuvepyatwv (Giannopoulos et al., 2012) avadEpetal 0Tl oL aoBeveig
pue vPnAotepa moocootd Tregs oto MO £X0UV GNUAVTLIKO TTOCOOTO ypriyopng entdeivwon thg vooou
KoL peiwaon tng ouvoALKnc emBlwong. Emiong otnv peAétn Twv Raja kal cuvepyatwy avadpepetol OtL
n ovoooloylkr] amoppuBulon oto MM oyxetiletal pe tnv avénon twv Tregs oto MNA kat MO
enudpépovrtog avEnuévo kivduvo e€ENLENG TG vooou (Raja et al., 2013). I avtiotolyn vedtepn HEALTN
twv Alrasheed kal cuvepyatwv (Alrasheed et al.,, 2020) svioxUetal n Bswpia TNG OVOGOAOYIKAG
amoppuBulong, kabotL n mapoucio twv Tregs kal Twv dpactikwv CD4+ Agpdokuttdpwy oto MO
veodlayvwaobévtwv acBevwy, oxetiletal pe Suopevr) e€EAEn tng vooou. EmutAfov, afilel va
oavadepbel otL otn pehétn twv Kotsakis katl cuvepyatwv (Kotsakis et al., 2016), n onola adopoloe
000evel HE HUN-UIKPOKUTTOPLKO KOPKiVO TOU TIVEUHOVA, O MEWWMEVOG OpPLOUOC  OAKWY
KukAodopoUvTwy Tregs KaL 0 auENUEVOG apLlOUOG TwV TEAKWY SpacTikwv Tregs cuoxeTioBnke He
BeAtlwpévn emPlwon xwplg €€€AEn vooou kal cuvoAlkn emiPBiwon. ITo GAAO AKPO QAUTAG TNG
Bewpnong, Pploketal n peAétn twv Foglietta kal cuvepyatwv (Foglietta et al., 2014), otnv onola to
Baowkd gvpnua gival 0TL 0 aplBuodg Twv Asttoupylkwy Tregs (Foxp3+) oto MO mapapével otabepog
ave€apTATWG TNG KATAOTAONG TNG VOOOU, CUMMEPAaUBavopEVNnG tTNG UBEONC KAl TNG UTIOTPOTING.
ErutAéov, mpog emPePfaiwon auUTWV TwV OMOTEAECUATWY, OTnV Tpoodatn peAétn twv Lad kot
ocuvepyotwv (Lad et al., 2019) SeixBnke otL Ta Tregs dev oxetilovral KAWVIKA Pe TV eEEALEN amd To
MGUS mpoc MM, aAAd oUTe Kal pe tnv emBiwon péxpt to otddlo tng embsivwong tng vooou. Ta
oamoteAéopata TG SIKNAG oG avAAUONG OXETIKA e Ta Tregs Kol Tnv omdavtnon otn Bepameia
Taooovtal UTEP TG Bewpnong TG avoooloyikng amopplBulong. 2to MA avadeixBnke otL o.oBeveig
pe vpnAotepa Tregs aA\d Kal PeElwpEvVa TeAKA OSpactikd Tregs €vavil twv mapBévwv Tregs,

ETILTUYXAVOUV O€ ULIKPOTEPO BaBud mAnpn Udeon g vocou.
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EKTOC OpwG amd TG SLAdOpEC MPOYVWOTIKEG TOPOUETPOUG KAl TNV QAVIATOKPLON OTnV
gloaywylkn Beparmeia, To avoooloylkd Mpodil Twv aobevwv cuoyetiobnke Kal Pe ThV Mapoucia
EYN. H napoucia EYN amote)el Tov loxupdtepo aveédptnto MPoyvwoTikO mapdyovta oto MM mou
OXETIleTAL HE PEWWHEVA SlaoTAaTA XWPLG EEAIEN TNG VOOOU KOl PELWUEVN CUVOALKN emiBiwon Twv
acBevwv (Paiva et al.,, 2016; Perrot et al., 2018). EmutAéov, Bploketal umo €€EAEN n avolktn
Tuxatomotnuévn KA peAétn ¢paong 11/l REMNANT, otnv omoia n umotpomnn and apvntik EYN
amoteAel tnv €vdelén évapénc Bepamneiag (Askeland et al., 2020). MapoAn tnv avfavouevn onuooia
™¢ EYN, n 81e€odikn avaAiuon tou avoooAoylkol Tpodil twv acBevwv cuvaptAoEL T mapouaiag
EYN &ev €xeL akoun gpeuvnOel S1e€obika. I pia oxeTiki UEAETN amo Toug Paiva Kal CUVEPYATES
(Paiva et al., 2016), BpéBnke oOtTL auénuévog aplOuog epuBbpofAacTwy Kal TPOYyoviKwv B
Aepdokuttapwy oxetilovtal pe PLKPOTEPN CUVOALKN emiBiwon aAld kal pe Bpaxltepn €EALEN TG
vooou, evw To avtibeto cupPaivel pe to mopbéva kot ta B Aspdokitrapa pvaung. Qotdéco dev
ocuoxetiobnkav dueca pe tnv mopoucia EYN. EmutAéov, otnv idla peAétn mpotdbnke OTL TO
ovoooloytkd podiA Tou kaBe aoBevolg unopel va cuvodelel tnv mAnpodopia tng mapouciag f Oxt
EYN mpog pia kaAutepn opadomnoinon twv aoBevwy, KATL TOU ovadelkvVUEL TNV OVEPXOLEVN KALVLKA
afla Tou avocoloykoU Tpodih twv oaoBevwv Kal Petd tn Bepameia. ¥tn Sk pag avaiuon
SlamotwBnke €va kowd ovoooloylkd mpodid petafd MO kat NA (auvénuéva mocootd
Spactikwv/dpactikwv-pvAung CD4+ Aspdokuttdpwy kat CD8+ T AspdoKuTtdpwyv HVAUNG) Tou
oxetilovtav pe apvnuikn EYN petd amo ASCT. Emopévwg, atilel va avadepbBel o mbavog
CUOXETIONOG TNG EMIKTNTNG avooiag péow Twv CD4+ kal CD8+ T Aepdokuttdpwy pe Tn Slatrnpnon
™G EYN og un aviyvelolpa emnineda, i aAAlwg TNV enavadopad tng 0VOCOAOYIKAG LOOPPOTILG TTPOG
™V KateLBUVON TNG KATOOTOANG TNG AVATTUENG (TBavoTata HECW AVOETLTAPNONG) TWV KAPKLVIKWY

KUTTApWV.

‘Ocov adopa ta Tregs, n HEWUEVN TTOpoUsIia TwV SpaCTIKWV/SpacTikwv-uvnung Tregs oto
MO twv acBevwyv cuoxetiodnke emiong pe apvntiky EYN. MNpog tnv idla katevBuvon pe auta ta
gupnuata, otn MeAETN Twv Bryant kol ouvepyatwv (Bryant et al., 2013), katadelkvUETAL OTL OTOUG
aoBeveilg Tou emituyxAvouv pakpoxpovia emPiwon, evromilovtal auénuéva Thl7 kUttapa Kot
MeElwUEva Tregs. O AOyog Tou eMLXELpEiTaL auTh n ouvdeon eival ylati os mpoodatn LeTa-avaluon
amd toug Munshi kat cuvepyateg (Munshi et al., 2020), eSpalwveTal n WOXUPN TPOYVWOTLKA ofla tng

EYN otn pakpoxpovia emiipiwon oto MM.

Exovtog otn &udBeon pag Selypa MA katd Tn XPovikn otyun eAéyxou EYN kat tnv
mAnpodopia yla tn BeTkOTNTA 1] 0PVNTIKOTNTA TNG EYN, TO EMOUEVO EPWTNUA TAV TO KATA TOCO N
ouxVOTNTA KATOlWV UmomAnBuopwy umopel va mpoodwosl MPOPAENTIKO amoTtéAecpa €mi NG

napoucia¢ EYN. O okomdg plag tétolog mpoPAedng sival n mibavy ektipnon tng emionevong n
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kaBuotépnaong tng emopevng BoPiag MO yla tov €heyxo tg EYN. Zto MA, oL acBeveig mou UETA T
Bepameia emtuyxdvouv apvntik EYN eixav auénuévo Adyo Spactikwv/mapBévwv CD4+ T
Aepdokuttapwy aAAd kot uPpnAotepa mocootd CD8+ T AgpdoKUTTApWY HVAUNG Kal Tregs. 2tn
ouvexela, sotialovrag ota mopbeva CDA+ T AgpdokUTrapa Kot ta SpacTikd/SpacTika-pvnung CDA+
T Aepdokutrapa ekteAéoape availuon TOAAATANG AOYLOTIKNG TTAALVSPOUNONG KAl oTO Slaypappa
ROC emutevxbnke AUC 0.8. Aflomowwvtag autd to Se60UEVA, KOTOOKEUAOOUE £VAV UTIOAOYLOTIKO
aAyoplBuo, omou pe Baon tnv €kdppacn outwv Twv UTomMAnBuouwv oe avefaptntn opada 20
aoBevwv emitelxOnke n mPoPAsePn tng EYN pe evaiwoBbnoia 86%, £16ikotnTa 85% Kol apvnTiKA
MpoyvwoTikn afla 92%. Avtiotowxog oAyoplBuoc mpoPAsePng Oev dalvetal OTL UTAPXEL OTN
BLBAloypadia kol lowg anoTeAel pa mpwtn mpoondbeta yia th Snuovpyia alyopiBuwv mpoyvwaong

™G EYN pe pn eneppoatikn pébodo amod to NA.

JUUTTEPUOUATIKA, TO QTOTEAEOMATO TNG HEAETNG TOU MKpOTEPLPAAlovVTOC avadelkvUouv
SLOKPLTEG VOOOAOYLIKEG uTtoypadEC oTIG SLadOopPEG TIPOYVWOTLKEG ouadeg ota Stddopa otadla Tou
MM, aAAG kat Stakpltd mpodiA mou oxetilovral pe SLadopeTIK avTamokplon Twv acBevwy pe MM

otnv idla Bepaneia.

4.5 TeAikd cupnepdaopata Kot LeEAAOVTIKOL oTOXOL

ATO TNV mopouoa Sidaktoptkn Slatplpn mapnxbnoav ta akoAouBa amoTEAECUATA OXETIKA HE TO

MM:

»  AlepeuviOnkav ta ex vivo povtéa peAétng oto MM mou pmopouVv va TPOCOUOLAC0oUV TO
pikpomepLBaiiov tou MO

» KataokeudoBnke mpOTUTIN ex Vivo MAOThOpUA HE BACIKA XOPAKTNPLOTIKA TNV Toxeia Angn
OMOTEAEOUATWY KAl TO XAUNAO KOOTOC, Kal n mMAaTpoppa SOKLUACONKE O MEPLOPLOUEVN
£KTaon aA\d pe smtuyia

» Ano tnv eupeia avaluon tou avocodalvotutiikou Tipodih acBevwv pe MM oes Siadopa
oTadLla tng vooou tautomotnOnkav SLaKPLTEC aVOOOAOYIKEG UTIOYPADEG OXETIIOUEVES UE TA
XOPAKTNPLOTIKA TNG VOOOU

» H efétaon ouykekpluévwyv umomAnbuopwv oto NA twv acBevwv pe MM duvatal va

EVNUEPWOEL TIPOPBAEMTIKA OXETIKA Pe TNV UTtapén EYN oto MO.

MEeANOVTIKA, WG CUVEXELD TWV QUMOTEAECOUATWY AUTAG TNG SLATPLPG, TIPOTEIVOUE TOUC MOPUKATW

EPEUVNTIKOUG OTOXOUG:
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»  Tnv nepattépw aflomoinon tg ex vivo mMAathoppog mpog VEEC ePapPOYES, OTIWG O EAEYXOG
TEPLOCOTEPWVY BEPATIEUTLKWY TTAPAYOVIWVY KOL O EUTIAOUTLOMOC TNG LE EMUTAEOV KUTTOPLKOUC
TUTIOUG, OTIWG YLa Ttapadelyua ta Tregs

» Tn &lepelvnon tou TpoTelvopevou aAyoplBuou mpoPAedng EYN oe peyaAltepo aplbud
aoBevwv

» Tn ouox€tlon TG avoooAOYLKAC urtoypadr mou Kataypdpape pe mibaveég BepaTmeUTIKEC

ETUAOYEG, OTOXEUOVTAG OTNV TtapAtaoh TNG emBiwong twv acBevwv pe MNM.
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Abstract: Multiple myeloma (MM) remains incurable despite the abundance of novel drugs. As it has
been previously shown, preclinical 20 models fail to predict disease progression due to their inability
to simulate the microenvironment of the bone marrow. In this review, we focus on 3D models and
present all currently available ex vivo MM models that fulfil certain criteria, such as development
of complex 30 environments using patients’ cells and ability to test different drugs in order to
assess personalized MM treatment efficacy of various regimens and combinations. We selected
models representing the top-notch ex vivo platforms and evaluated them in terms of cost, time-span,
and feasibility of the method. Finally, we propose where such a model can be more informative in a
patient’s treatment timeline. Owverall, advanced 3D preclinical models are very promising as they
may eventually offer the opportunity to precisely select the optimal personalized treatment for each
MM patient.

Keywords: multiple myeloma; 3D model; bone marrow microenvironment; personalized therapy;
precision medicine

1. Introduction

Multiple myeloma (MM) is a haematological malignancy of the plasma cells (PCs), characterized by
the accumulation of clonal plasma cells in the bone marrow (BM) and overproduction of monoclonal
immunoglobulins (Igs) [1.2]. Interaction of aberrant PCs with osteoclasts, osteoblasts, and several
immune subsets in the BM leads to manifestation of MM symptoms, including anaemia, bone fractures,
susceptibility to infections, hypercalcemia, fatigue, and pain, whereas accumulation of Igs might lead
to consequences such as renal failure [1-4]. The BM microenvironment is the primary modulator
of both malignant transformation and disease progression, where myeloma cells adhere, proliferate,
and migrate [5-7]. If MM undergoes clonal evolution and drug resistance, it may progress to plasma
cell leukernia, an aggressive BM-independent disease, where aberrant PCs spread into circulation or
additionally develop extramedullary plasmatocytoma, where MM cells spread in soft-tissues with
adverse clinical outcome [8]. To date, and despite the abundance of therapeutic choices, MM remains
an incurable cancer, usually with an overall survival (O8) of less than 10 years [9,10].

Ciencers 20000, 12 2006; doi-10 333 cancers1 208306 ww‘.md‘piﬂmu'iuumal.ﬁ:anm

182



Cuncers 2020, 12, 2006 2017

As for treatment, an impressive progress has been made during the past 20 years,
gradually rendering MM from a disease with limited OS to a chronic disease with alternating
symptomatic and remission phases. Moving beyond alkylating agents and autologous stem cell
transplantation (ASCT), the introduction of immunomodulatory drugs (IMiDs), proteasome inhibitors,
histone deacetylase (HDAC) inhibitors, and monoclonal antibodies tremendously shifted the therapeutic
approach of MM [11-15]. The plethora of novel agents and therapeutic approaches necessitates precise
and effective methodologies for the rapid assessment of the efficacy of these agents for each individual
patient separately. Since the traditional preclinical 2D models have failed to predict disease progression
due to their inability to simulate the BM microenvironment, 3D platforms are exploited as they likely
mimic ex vivo the in vivo cellular and non-cellular interactions.

2. Study Aim and Design

The aim of this review is to present 3D ex vivo platforms specifically developed for MM and to
discuss the advantages and limitations of each model for assessing the personalized MM treatment
efficacy of various regimens and combinations. After an extensive bibliographical search under the
terms “multiple myeloma” and “3D culture” or “ex vivo assay” or “3D platform” or “preclinical
model”, we selected publications that fulfilled the following criteria: (a) refer to systems that emulate
the BM microenvironment, i.e., they use both MM cells and other cell types and/or substances known to
participate and regulate cell interactions in the BM microenvironment; (b) apply to MM cells developed
in 3D structures; (c) provide results on at least one drug tested; (d) the outcome is evaluated on the
basis of MM cell viability following exposure to the drug(s); and (e) the platforms are developed
at a personalized patient-specific level. We selected 14 models that, in our opinion, represent the
top-notch full range of MM platforms developed to date, classified according to the type of material
and methodology used to simulate the BM microenvironment. We also briefly refer to some promising
approaches partially fulfilling the aforementioned criteria set. We further explain why 3D cultures are
the current model of choice in studying the BM microenvironment in MM.

3. Role of the BM Microenvironment in MM

The pathophysiology of MM consists of both the primary oncogenic events occurring in myeloma
cells (ie., chromosomal translocations, structural abnormalities, gene mutations), as well as of
extracellular factors and dynamic interactions between clonal cells and the BM components. Since MM
cells grow and proliferate almost exclusively within the BM, it is rational to consider that the
BM microenvironment plays the most critical role in the development and expansion of MM
cells [16]. The BM microenvironment is subdivided into two major compartments: the cellular
and the non-cellular. The former consists of all hematopoietic cells of erythroid, myeloid, and lymphoid
lineages as well as non-hematopaoietic cells including BM stromal cells (BMSCs), fibroblasts, osteoblasts,
osteoclasts, endothelial cells, adipocytes, and cells of the blood vessels. The non-cellular compartment
comprises the extracellular matrix (ECM; consisting of collagen, glycoproteins, matrix proteoglycans,
and glycosaminoglycans) and the liquid milieu (cytokines, growth factors, and chemokines), which are
produced and/or altered by the cellular compartment. The two BM microenvironment compartments
interact dynamically with malignant cells and likely work synergistically to support MM cell survival
and progression, as shown both in vitro and in vivo [17-19].

Although MM cells have been reported to interact with almost every BM bystander cell type,
BMSCs have the most direct effect on MM cell growth, proliferation, and drug resistance via both cytokine
secretion and cell-to-cell adhesion [20,21]. BMSCs primarily secrete interleukin (IL)-6, an important
growth and survival factor, which, in turn boosts the secretion of vascular endothelial growth factor
(VEGF), the key angiogenic factor [22,23]. Additionally, BMSCs produce insulin-like growth factor (IGF)-1
and IL-8 that further induce MM cell growth, migration, MM-associated angiogenesis, and osteolysis
through distinct molecular pathways [24]. Contact of MM cells with BMSCs and/or ECM components
may trigger cell adhesion-mediated drug-resistance mechanisms, through which MM cells escape the
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cytotoxic effects of anticancer therapies (e.g., of doxorubicin, melphalan, vincristine, dexamethasone,
and mitoxantrone) [25,26]. Interactions between MM cells and BMSCs are also mediated by Notch,
which confers resistance to drugs via increased secretion of [L-6, IGF-1, and VEGF [17]. Finally, BMSCs and
MM cells also interact through a complex intracellular network of miENA-bearing exosomes which
regulate MM cell gene expression [16].

The BM microenvironment has been the target of many novel agents aiming at the disruption of
the mechanisms that support MM cell growth and disease progression. We will focus mostly on the
role of BMSCs, as these cells are the most widely used in MM 3D co-cultures to reproduce ex vivo the
protective/supportive effect of the BM milieu on MM cells against various therapeutic regimens.

4. The Need for Personalized Preclinical BM Models

The therapeutic choice in MM is based on clinical factors such as patients’ age,
prognostic parameters, and comorbidities. However, MM is highly heterogeneous in terms of
phenotype, clinical symptoms, and particularly genomic aberrations, and current in vitro molecular
modelling may only partially predict therapeutic efficacy [27-31]. Therefore, the development of
a rapid and effective methodology for evaluating the efficacy of several therapeutic agents based
on the patient-individualized profile would be of utmost significance [32-36]. In the same context,
and beyond finding a specific sensitive target, the application of a suitable predinical model would
prevent ineffective therapy of resistant MM cells and unwanted toxicities [37-39].

Clinical studies utilizing novel agents have shown that some molecular subgroups of patients
may benefit from administration of specific dmgs [40-42]. Although molecular testing might highlight
the molecular sensitivity of myeloma cells, the BM microenvironment also plays a key role in disease
progression and resistance to therapy [£3]. Thus, to better predict which drug or therapeutic scheme will
benefit each individual patient, a successful preclinical model should incorporate both the molecular
profiling of MM cells and the BM microenvironment as a whole. The outcome of such a platform
would form a personalized therapy profile that could ideally apply in daily clinical practice affecting
clinical decision-making.

5. Personalized Clinical Assays for MM Patients: From 2D to 3D BM Cell Cultures

A vartety of different strategies has been proposed, aiming to create an ex vivo platform that
will simulate the BM microenvironment and/or test treatment efficacy of various MM agents. In the
clinical setting, such an ex vivo platform should bear certain characteristics that will permit its eventual
use for personalized drug-screening in patients undergoing routine treatment. Given the narrow
time-frame for subsequent decision-making, an ideal drug-testing platform should be: (1) ime-efficient,
(2) easy-to-perform, (3) highly reproducible, (4) able to simultaneously process many samples,
and (5] cost-effective.

2D monocultures that use established MM cell lines have been thoroughly tested in the past.
Even though this type of culture is suitable for high-throughput drug screening, it cannot reproduce
the complexity of the BM microenvironment and does not reflect the heterogeneity of MM patients’
cells, generating models that are more generic and less (if at all) personalized [44]. The use of
primary patient-derived MM cells in a 2D monoculture maintains the heterogeneity of the sample;
however, the microenvironment is still missing in this BM simulation. Moreover, when in culture,
primary MM cells may gradually change morphology and phenotype, possibly de-differentiating
into immature resilient phenotypes [45]. The next step in the evolution of 2D cultures was the
generation of a co-culture system in which primary MM cells were cultured together with autologous
BMSCs, mesenchymal stem cells (MSCs), osteoclasts or immature dendritic cells. Depending on the
accompanying cell type, primary MM cells could stabilize or even increase their numbers and, in some
cases, develop an enhanced drug resistance [46,47]. Nevertheless, cells are stll mostly grown ona 2D
layer interacting in a spatially limited manner.
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3D culture systemns have shown their superiority in simulating more realistically the in vivo cellular
environment, as they quite accurately mimic normal cell morphology, proliferation, differentiation,
and migration. This is due to the fact that the cell cytoskeleton is expanded in all directions, while the
cell-to-cell and cell-to-surface interactions that occur in a 30 space are very similar to the interactions
observed in vivo [48,49]. Moreover, the deposition of ECM in 3D cultures promotes cells to form
3D spheroids and plays an important role in cancer progression and invasion [50]. With respect to
MM, it has been proven that cytokine production (e.g., IL-11, HGFE, and IL-6) is higher in 30 versus
2D cultures [51]. Furthermore, 3D models also seem to better recapitulate the effect of anti-myeloma
drugs (e.g., melphalan and bortezomib), thus highlighting the existence of drug-resistant MM clonal
compartments [52].

6. 3D Ex Vivo Platforms Using Gel Scaffolds

The first effort to build a 30 model for MM was reported in 2008 by Kirshner et al. [52] (Table 1).
In this pioneering model termed “rEnd-rBM”, plates were pre-treated with fibronectin/collagen type [,
creating the reconstructed endosteum-marrow junction (rEnd) compartment. Patient BM mononuclear
cells (BMMCs) were subsequently added in a jellified scaffold of Matrigel/fibronectin, thus creating the
recombinant BM (rBM) compartment, and were further cultured in growth medium supplemented
with the patient’s blood plasma. After treatment with melphalan or bortezomib, cells were removed
from the scaffold to assess apoptosis and reduction in the number of clonal cells. The model was
validated by examining the rBM environment with confocal microscopy and immunohistochemistry,
showing that the rBM resembled the natural BM niche as it maintained the architecture of the human
BM and also supported the expansion of the MM clone. Most importantly, this was the first 3D
maodel to study the effect of agents separately on the different cellular compartments of stromal cells,
hematopoietic cells, and myeloma cells, thus providing the ability to investigate the precise cell target{s)
of each agent [52].

Some vears later, Parikh et al. [53] and then Huang et al. [54] used an optimized protocol of
Kirshner's rBM model, in order to study the activation of the STAT3 pathway in 30 versus conventional
2D cultures. Specifically, the 3D culture was formed in a well with histogel that could be easily fixed,
thus allowing for further histologic processing and immunocytochemical studies. Huang et al. [54]
showed that the STAT3 pathway was activated when cells were cultured in 30, while it remained
inactive in conventional 2D cultures. Inhibition of the STAT3 pathway using the pharmacological agent
Stattic significantly decreased the viability of MM cells and increased their susceptibility to bortezomib.
These results were important as MM cells within the BM are also STAT3 active, thus implying that 3D
models are superimposing 20 approaches and can better mimic the in vivo state [54].

De la Puente et al. [55] developed a patient-derived model, termed “3D tissue-engineered BM
culture model” (3ADTEBM), consisting of BM supernatant derived from MM patients and autologous
BM cells, combined in a gel scaffold prepared from each patient’s plasma fibrinogen. In particular,
the 30 matrices were developed via cross-linking of fibrinogen at various CaCly concentrations in the
presence of tranexamic acid, in order to formulate a sustaining gel in 96-well plates. 3DTEBM allowed
for the detection of drug uptake by MM cells throughout the 3DTEBM depth and was also used to
study the effect of hypoxia on the development of drug resistance to various antimyeloma drugs such
as carfilzomib and bortezomib. This model could portray the in vive drug concentration gradient for a
more representative ex vivo drug-effect evaluation, and also proved to support MM cell proliferation
maore efficently than standard 2D and 3D cultures [55,56]. However, despite these promising results,
the utilization of the 3DTEBM in the frame of a clinical trial has not been reported to date [56].
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Table 1. Selected ex vivo 3D models simulating the bone marrow environment of multiple myeloma (MM) patients.
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A report on gel scaffolds using exclusively PuraMatrix hydrogel (BD Biosciences, Franklin Lakes,
NJ, USA) was published by Jakubicova et al. [57]. In this approach, BM mononuclear cells were
obtained from BM aspiration by red blood cell lysis, and the adherent fraction containing MSCs was
expanded for several days, while the soluble fraction containing the MM cells was frozen. MSCs were
seeded on the surface of the gel, and MM cells were added after culture establishment. To assess
viability, carboxyfluorescein succinimidyl ester (CFSE)-labelled MM cells were stained with Annexin
V/7-aminoactinomycin D (7-AAD) to distinguish apoptotic and necrotic cells. Eight therapeutic agents
were tested in total, including the IMiDs pomalidomide, lenalidomide, thalidomide. The authors
showed a different drug-assessed profile for each patient tested, noting that patients’ cells were more
resistant to IMiDs in 3D versus 2D cultures. MSCs were confirmed to keep their MSC phenotype as
shown by flow cytometry. Analysis of cytokine secretion and ECM molecules revealed high similarity
with the in vivo MM microenvironment composition, while active osteogenesis and osteoblastic
differentiation were also observed. Subsequently, gene expression analysis underlined the differences
between 3D versus 2D models and highlighted the importance of the activation of osteogenesis.

In another approach, 3D tumor spheroid cultures were formed on alginate bead culture by
suspending MM cells in a medium-viscosity sodium alginate dissolved in saline, which polymerised
when CaCl; was added. Based on this model, Arhoma et al. [55] reported the effects of Tumour
Necrosis Factor-Related Apoptosis-Inducing Ligand (TRAIL) and HDAC inhibitors in six human
MM cell lines and primary plasma cell leukemia. Using caspase-3 activity assay to confirm apoptotic
responses to the agents and CellTitler-Glo viability testing, the researchers showed that combination
therapy with TRAIL and HDAC inhibitors induced apoptosis, and MM cells in 3D spheroid cultures
were more sensitive to drug treatment compared to suspension cell culture.

Based on computational modelling, Ji et al. [59] introduced the hybrid multi-scale agent-based
model (HABM), which combines two mathematical systems, ordinary differentiated equations (ODEs)
and an agent-based model (ABM). The purpose of the study was to predict the effect of bortezomib and
the IMiDs lenalidomide and thalidomide in an environment that simulates MM cell growth within the
BM, taking into consideration the important role of immune cells in this process. In order to validate
their mathematical model, the team developed collagen-based 3D co-cultures of patients’ MM cells
and MSCs, and proved that the proposed model was of high accuracy. Although such models have not
been utilized in daily clinical practice, a computational approach that takes into account the dynamic
interplay between MM cells, immune cells, and alterations in the BM microenvironment during disease
progression would be of great importance for the development of a one-step therapy prediction model
atno cost.

In an effort to exploit the advances of cellular immunotherapy against MM, Braham et al. [60]
recently investigated the use of a novel class of engineered immune cells, called TEGs (1e., «fT cells
engineered to express a defined tumor-specific ydTCR), in targeting and eliminating primary MM
cells. Researchers used endothelial progenitor cells and MSCs to form a network inside the Matrigel
matrix, thus creating a 3D model that could facilitate the survival of primary MM cells. They then
added TEGs that migrated inside the 3D structure finding their targets. The 3D model was highly
superior when compared to a similar 2D approach and considered appropriate for clinical testing as it
was successfully applied to 13 patients’ samples. The same 3D model was also implemented to test
liposomal delivery of drugs, such as doxorubicin and bortezomib [61]. This study showed increased
cytotoxic effects of loaded liposomes against MM cells compared with free drugs, using either an MM
cell line or primary BM-derived cells.

In our opinion, the most elegant work on gel scaffolds has been reported by Silva et al. [62],
who published the ex vivo mathematical myeloma advisor (EMMA), a tool for predicting the 3-month
clinical response within five days by using a digital image analysis algorithm, mathematical models,
and pharmacokinetic data. The model was tested using 31 drugs or combinations on BM samples from
52 patients, where primary MM cells were seeded in collagen type 1 and pre-established human-derived
stroma. After the addition of the drug with a robotic pipettor, the plates were placed in a motorized
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microscope linked to an incubator, and cultures underwent complete imaging every 3 min for four
consecutive days. Viability was calculated by a digital algorithm, which detected live and dead
cells from the presence or absence of membrane motion over time. The simulation of different
clinical treatments was performed by using the mathematical model of chemosensitivity and the
pharmacokinetic properties of the selected therapeutic regimen. Impressively, EMMA was able
to predict clinical responses to single agents and regimens in 41 out of 52 patients (79%). It also
demonstrated that 66% of MM patients have received at least one ineffective drug, while 33% of the
patients could have been treated with more potent drugs.

7. 3D Ex Vivo Platforms Using Solid Scaffolds

The BM is a mineralized environment with structural stiffness and complicated geometry with
spatial dimensionality. These characteristics, in conjunction with neighbouring cells and secreted
soluble factors, regulate cellular behaviour [69]. Based on this, Reagan et al. [63] attempted to recreate
the BM microenvironment by stimulating MSCs to undergo osteogenic differentiation inside porous
silk scaffolds. To achieve this, researchers developed tissue-engineered bone (TE-bone) comprising
cylinder-shaped aqueous silk fibroin scaffolds with pores of 500-600 um in diameter. MSCs were
seeded and cultured with osteogenic media and shortly after, transduced MM cell lines or Cell-Tracker
stained patient-derived MM cells were added. Viability after bortezomib treatment was measured using
bioluminescence imaging (BLI) and was imaged with confocal microscopy, showing drug resistance
in 3D compared to 2D cultures. Notably, researchers also showed alterations in MSC miRNAs and
identified overexpression of miR-199 that enhanced the osteogenic potential of normal BM cells. On the
contrary, downregulation of miR-199 in MM caused increased tumor cell accumulation.

8. 3D Ex Vivo Platforms Using Bioreactors

Bioreactors are devices that are able to support a biologically active environment by keeping cells
in a reaction vessel, while, in continuous bioreactors, there is a perpetual input of new medium and
output of cellular mass. The advantage of bioreactors for cell cultures is the generation of a constant
dynamic fluid flow in the culture volume that ensures a continuous balance between culture mass and
the renewal of culture medium. Currently, the only bioreactor that has been used in the setting of MM
is the RSS Bioreactor (RCCS™, Synthecon Inc., Houston, TX, USA).

In their recent publication, Bellon: et al. [64] used patients’ myeloma tissue explants, normal skin,
and bone, in order to preserve the tissue’s architecture inside the bioreactor vessels. MM specimens
from vertebroplasty were cultured in the bioreactor with bortezomib, melphalan, dexamethasone,
and the anti-VLA-4 monoclonal antibody natalizumab to evaluate viability and cytotoxicity induced
by each drug. This model allowed for a long-term maintenance and proliferation of resistant MM
clones, while FISH analysis indicated that a 13q14.3 clone preferentially populated the bioreactor.
Bonomi et al. [65] used the RCCS bioreactor in another interesting setting; they loaded MSCs with
paclitaxel (PTX) and used them as “trojan horses” to deliver the drug in situ. Initially, MSCs were
primed with PTX and then transferred to a 3D dynamic culture of the RPMI 8226 cell line. After 72 h of
co-culture, cells were harvested and embedded for morphological analysis to assess cellular necrosis.
The inhibitory activity of PTX-primed MSCs was comparable to that of PTX alone, showing that the
loaded-MSC strategy could be utilised to deliver drugs into the BM.

9. 3D Cultures Using Microfluidics

Microfluidics can be loosely defined as the controllable manipulation of fluids that are geometrically
constrained at a small scale in order to control the cellular environment [7(]. Khin et al. [66] described a
microfluidic dose-response platform for the in vitro screening of drugs, accompanied by a computational
model of clinical response. The 3D BM microenvironment consisted of patients’ MSCs and MM cells,
ECM, and growth factors cultured in a collagen type [/culture media mix, which was developed inside
the 3D cell-culture y-slide (Ibidi, Grafelfing, Germany). Each slide contained three chambers that
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formed a linear chemical gradient via passive diffusion, and slides were placed under a microscope
inside a culture chamber. The model was used to test the effect of bortezomib and melphalan, and cell
viability was assessed through detection of membrane motion with image analysis. The results of drug
testing in four patients” samples were used to parameterize computational models, which by combining
the in vitro results together with genomic information could make predictions of the clinical response.

10. 3D Cultures Using Animal Models

Animal xenograft models are very important tools in our understanding of the pathogenesis of
MM and the mode of action of novel agents [71]. Searching for relevant animal models that fulfil all set
criteria, we selected only two publications, mainly due to the fact that the majority of reported models
were not developed on the context of a personalized patient approach.

Martowicz et al. [67] used chicken embryos, as these are suitable for xenotransplantation due to a
lack of adaptive immune responses until hatching [72]. The model combined the advantage of a 3D
culture system with ex vivo development of chicken embryos. In this approach, green fluorescence
protein (GFP}-transfected MM cell lines were cultured in spheroids along with MSCs using a
collagen matrix. The spheroids were treated with bortezomib and subsequently were grafted on the
choripallantoic membrane of chicken embryos, where tumor growth was monitored. According to the
authors, this model provides an inexpensive tool that, besides drug screening, can also be useful for
the analysis of myeloma-induced angiogenesis.

Aiming to create the most realistic human BM milieu, Calimeri et al. [65] generated a severe
combined immunodeficency (SCID}synth-hu mouse model. This was the first system for the in vivo
expansion of human MM cells on a synthetic platform.  For this purpose, human BMSCs isolated
from MM patients were injected in vitro into a 3D bone-like poly-e-caprolactone polyvmeric scaffold
(PCLS) and surgically implanted subcutaneously in SCID mice. After three weeks, patients” MM cells
were injected into the implanted PCLSs and their growth was monitored for the next 34 weeks by
detecting human heavy or light chains in mouse serum. Alternatively, patients” BM mononuclear
cells containing both BMSCs and MM cells were injected into PCLSs which were then implanted
into SCID mice. Treatment with bortezomib and dexamethasone resulted in inhibition of MM cell
growth in vivo as demonstrated by the decrease of paraprotein levels in mouse sera together with the
detection of apoptotic MM cells in retrieved PCLSs. Overall, the results of these experiments were
encouraging and revealed that this model is suitable for large-scale in vivo preclinical screening for
novel anti-MM drugs.

11 3D Models Partially Fulfilling the Criteria Set

There are also some models worth mentioning, even though they do not fulfil all criteria we initially
set. Fairfield et al. [73] developed the first 3D model based on adipose tissue (BMAT model). In particular,
this model consisted of MSCs on silk scaffolds, cultured in adipogenic media driving differentiation
of adipocytes. Overall, this approach set the basis for the study of the intricate interactions between
BMAT and tumour cells even if no patient-derived cells were used. In another interesting approach,
Cetin et al. [74] intreduced an inmovative functional assay to evaluate ex vivo drug sensitivity of single
MM cells, based on measuring their mass accumulation rate with a microfluidic device. The model
provided a quick and reliable prediction of therapeutic responses in clinical samples; nevertheless,
the model referred only to MM cells, without including the BM microenvironment in its ex vivo
simulation. Recently, an alternative 3D simulation approach was reported by Delgado-Calle et al. [75]
to examine the effects of the novel therapeutic agent Aplidin. Using biopsy punches, 3.5 mm mouse
bone disks were cut and placed in plates, where 5TGM1 MM cells were added. The study explored the
mechanism of action of Aplidin, showing that it has anti-myeloma activity per se, and that it enhances
the activity of proteasome inhibitors to hinder MM cell growth and bone destruction.
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12. Classification and Evaluation of the 3D MM Models

All these models may have particular pros and cons with respect to each other. To give a better
overview of these approaches, Table 1 summarizes the most important 30 simulation models based on
three major parameters: duration of experiment, cost, and feasibility of the methodology used.

Time-to-treatment decision is critical in the clinical setting of MM; hence, an ideal 3D simulation
model should deliver results as soon as possible. High-throughput drug screening is also desirable:
if many drugs are tested on the same platform at a given time, the results provided are more clinically
relevant. Under this context, the SCID animal model [65] that requires a minimum of six weeks, or the
rEND model [52] that requires more than 30 days are probably too long. On the contrary, the gel
scaffold model of Silva et al. [62] seems advantageous as it allows the parallel testing of many drugs
(up to 1536 in multi-well plates on a single run), provides automated image analysis of every well with
no need of staining, and, most importantly, the results can be available in less than five days.

The total cost of a preclinical model is also an important aspect, especially when intended
for large-scale screening processes. When comparing the different scaffold categories, it is evident
that gel scaffolds combine high-throughput screening with low-cost materials and instrumentation.
Moreover, costs can be kept low when cell viability or apoptosis is assessed by methods that do not
require complex instrumentation (i.e., flow cytometry, confocal microscopy, computer-based image
analysis). In this context, the methods of Arhoma et al. [58], Ji et al. [59], and Silva et al. [62] are the
most cost-effective. On the contrary, bioreactors require sophisticated devices and are costly due to
expensive consumables and maintenance. Concerning animal models, the need of one 5CID mouse
for every drug tested translates into approximately a dozen of mice euthanized for every patient,
thus increasing the cost, but also raising ethical issues; on the other hand, the egg model might reduce
cost, but the implementation of the methodology described by Martowicz et al. [67] for many patients
and drugs requires specfically organized facilities.

As for feasibility, the benefits of easy-to-handle materials and method simplicity favor gel
scaffolds. Specifically, the approach of Jakubikova et al. [57] seems to be the most applicable, as it uses
Puramatrix, a simple commercially available material, and assesses apoptosis by a commuonly used
flow cytometric assay.

In MM patients, blood plasma profiling for markers beyvond monoclonal M-protein and free
light chain ratio include, among others, VEGFE, transforming growth factor (TGF), epidermal growth
factor (EGF)-2, and monocyte chemotactic protein-3, which in principle aim at patient stratification
into distinct prognostic groups. However, evaluation of the efficacy of MM models using surrogate
markers has been implemented in a very limited number of studies. Puente et al. [55] performed
the most thorough cytokine profiling in 30 culture supernatants (38 cytokines including VEGFE, TGE,
and EGF), supporting the utility of 3D versus 2D cultures. Ferrarini et al. [76] showed differences
in VEGF levels and matrix metalloproteinase (MMP)-2/MMP-9 activity in 3D cultures exposed or
not to bortezomib. Therefore, selected surrogate markers, likely including cyvtokines, chemokines,
growth factors, and possibly also extracellular vesicles secreted by MM cells in the 3D culture milieu,
could assist the evaluation of the efficacy of 3D models and facilitate their utility for drug screening.

13. Time-Frame for the Application of an Ex Vivo 3D Platform in MM Patient Treatment

According to the most recent European Society of Medical Oncology guidelines for MM diagnosis,
treatment, and follow-up [77], patients that have been diagnosed with MM and are eligible for
ASCT undergo the following standard treatment: induction therapy consisting of 3-drug regimens
(which almost always contain a proteasome inhibitor such as bortezomib and steroids), followed by
high-dose melphalan therapy (HDT) and ASCT, and finally maintenance therapy with lenalidomide.
For patients not eligible for ASCT, there are two or three different drug options, using bortezomib,
lenalidomide, melphalan, cyclophosphamide, thalidomide, and steroids. At relapse, therapeuticoptions
may be based on numerous drug combinations of doublets or triplets of several different drugs such
as bortezomib, carfilzomib, ixazomib, daratumumab, lenalidomide, pomalidomide, and elotuzumab.
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The choice of therapy depends on several factors, including prior exposure to a drug class, prior response
and duration of response, residual toxicity, patient’s frailty, etc. There is currently no prognostic or
predictive factor or staging system to routinely use in order to define a risk-adapted strategy, and more
research in this field is needed [77].

After a holistic examination of the treatment course of MM, we believe that there are three
time points where an ex vivo drug-testing platform could be helpful for MM patients to provide
clinically-relevant information that could assist oncologists’ decision-making (Figure 1):

|- Hizgh load at dsagnosis:
10 celis'mL

E _| MIRD potivity at levels  10°

Figure 1. Clinical timeline of multiple myeloma (MM) treatment and suggested timing for ex vivo
drug-screening assay. An abundance of MM cells is critical for the successful performance of the assay.
Such windows appear immediately after diagnosis, at complete response (CR) when minimal residual
disease (MRD) contains sufficient tumor burden, and at biochemical relapse. The steps for a clinically
relevant ex vivo screening assay are sample collection and MM cell isolation in adequate numbers;
exposure of cells to the drug(s); assessment of cell viability; and finally a report on the most effective
drug(s) or drug combinations.

(A) immediately after MM diagnosis, to adjust the ideal drug combination for induction therapy.
The strength of this time point is the abundance of MM cells that can be isolated and used for
drug screening.

(B) at minimal residual disease (MRD) evaluation, if the clone is detected at levels > 107>, At this
point, the model may be informative of the presence of a residual resistant clone that may eventually
lead to relapse. The disadvantage stands in cases where the MRD myeloma burden is low and
therefore an inadequate number of cells would be isolated for drug screening. Moreover, since MRD+
cells would probably be a minority of the total plasma cell population, an FACS-sorting approach
would be essential to phenotypically discriminate aberrant plasma cells from their normal plasma
cell counterpart.

(C) upon biochemical relapse. This is probably the ideal time-point where a drug assay would
provide essential information for drug selection or drug combination. MM cells are abundant,
while available clinical information based on previous exposure to various drugs can be used to
cross-validate the results. Mathematical models that incorporate earlier response(s) to therapy may
also help improve prediction.

192



Cancers 2020, 12, 2006 12017

14. Conclusions—The Way for an Effective Ex Vivo BM Model for MM Patients

After reviewing all relevant models, the question that arises is whether we need to combine
various elements in order to establish and clinically validate a feasible drug-screening model simulating
the BM microenvironment. Having thoroughly examined research data available to date, we show that
each platform demonstrates particular advantages either as an overall approach or in specific aspects
of BM simulation.

We propose a model (Figure 2) with the following desired characteristics: (a) low cost,
including consumables and equipment required; (b) high-throughput option for parallel screening of
many drugs and drug combinations in a single run; and (c) easy workflow. Based on our experience,
MSCs can efficiently populate polylactic acid (PLA) scaffolds of ca. 100 nm pore size within 34 weeks.
The use of biocompatible PLA scaffolds pre-seeded with pooled BM MSCs in a 96-well plate format
meets the aforementioned characteristics and has potential for the development of an optimized
short-term (1-3 days) ex vivo drug-screening assay. Primary MM cells seeded to the wells are let home
to the scaffolds, exposed to drugs or drug-combinations for 24-72 h, and finally are washed out for
viability assessment (Supplementary Figure S1; unpublished data).
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Figure 2. Proposed ex vivo 3D assay simulating the bone marrow (BM) microenvironment of multiple
myeloma (MM) patients. Workflow shown from top left to bottom left. The report contains information
on patient-specific effectiveness of tested therapeutic agent(s) selected by clinicians. In the example
shown, the best response of patient X is to Drugs 1 + 2 (green tick mark).
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Recent developments and intense research have brought to light numerous novel regimens for the
clinical management of MM; however, a simple, cost-effective, and reliable ex vivo model that applies
in the clinical practice, eventually expanding beyond therapy selection to disease state prediction
(e.g., discriminating between MGUS and smoldering myeloma or more importantly between high-risk
smoldering MM and active myeloma) is still lacking. Translating a preclinical model from bench
to bedside requires intensive research, vigorous development, immense validation, and funding,.
We expect that research in this field will be more intense in the years to come.

Supplementary Materials: The following are available online at hitpy//www.mdpl.com/2072-6694/12/82006/51,
Figure SI: Experimental setup of a 3D BM culture simulation.
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Simple Summary: In Multiple Myeloma (MM) malignant cells accumulate in the bone marrow (BM),
where they interact with various cell populations. These complex interactions impose mechanisms
of tumor growth and proliferation, immune surveillance and immune evasion. The aim of the
present study was a detailed immune characterization of MM during the course of the disease,
in order to highlight signatures which are clinically relevant. Analyses of both BM and peripheral
blood (PB) in matched patients’ samples, we showed that PB cannot representatively reflect the
BM microenvironment. Particular immune signatures in BM and PB significantly correlated with
established prognostic features and could independently associate with distinct responses to the same
induction therapy. Moreover, our data provide evidence of a diverse immune profile according to
patients’ MRD status post treatment. Finally, we provide insights that unique PB immune profiles
may be used for the prediction of MRD status through a simple non-invasive approach.

Abstract: Despite recent advances, Multiple Myeloma (MM) remains an incurable disease with
apparent heterogeneity that may explain patients’ variable clinical outcomes. While the phenotypic,
(epi)genetic, and molecular characteristics of myeloma cells have been thoroughly examined, there is
limited information regarding the role of the bone marrow (BM) microenvironment in the natural
history of the disease. In the present study, we performed deep phenotyping of 32 distinct immune
cell subsets in a cohort of 94 MM patients to reveal unique immune profiles in both BM and peripheral
blood (PB) that characterize distinct prognostic groups, responses to induction treatment, and minimal
residual disease (MRD) status. Qur data show that PB cells do not reflect the BM microenvironment
and that the two sites should be studied independently. Adverse ISS stage and high-risk cytogenetics
were correlated with distinct immune profiles; most importantly, BM signatures comprised decreased
tumor-associated macrophages (TAMs) and erythroblasts, whereas the unique Treg signatures in
PB could discriminate those patients achieving complete remission after VRd induction therapy.

Cancers 2020, 12, 3245; doi: 10.33% cancers12113245 www.md pi.comfjournal/cancers
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Moreover, MRD negative status was correlated with a more experienced CD4- and CD8-mediated
immunity phenotype in both BM and PB, thus highlighting a critical role of by-stander cells linked to
MRED banlogy

Keywords: multiple myeloma; bone marrow microenvironment; immune profiling; immune
signatures; minimal residual disease

1. Introduction

Multiple Myeloma (MM)] is a heterogeneous neoplastic disorder characterized by a multi-level
variety of clinical symptoms, cell phenotypes, (cyto)genetic and epigenetic background, and clonal
evolutionary patterns. Much effort has been made for the identification of well-defined criteria to
stratify patients into distinct prognostic groups. Current stratification criteria have been proven useful
in the daily clinical practice; however, they still have specific limitations, evidenced by the fact that
even among patients within the same prognostic group there is significant heterogeneity in outcomes
even with the same therapeutic approach [1,2].

MM is an incurable hematological malignancy as, despite temporary achievement of deep
responses, the majority of patients will eventually relapse. Research efforts have mainly focused on
illustrating the biologic features of clonal plasma cells and therapies have traditionally aimed to directly
target the malignant population and/for deregulate functions or pathways crucial for clonal cell survival
and expansion [3,4]. However, the effective utilization of immunomodulatory drugs (IMiDs) in the
clinical setting coincided the beginning of a major shift in understanding the underlying mechanisms of
effective anti-cancer treatments, which comprise a three-pronged approach: (i) induction of direct tumor
cell apoptosis; (i1) interference in tumor cell-microenvironment interactions; and (ii1) enhancement
of the anti-tumor immune response [3,6]. IMiDs act pleiotropically, exhibiting immunomodulatory,
anti-angiogenic, anti-inflammatory, and anti-proliferative properties, and likely alter the bone marrow
(BM) microenvironment. However, the relative contribution of each parameter in [IMiDs anti-myeloma
activity 1s still unclear, and further complicated by the highly heterogeneous IMiDs® efficacy in MM
patients [5-10].

Myeloma cells grow and proliferate in the BM, a niche comprising numerous and diverge cell
subsets. There is now sufficient evidence of a constant and dynamic interplay between myeloma cells
and by-stander BM cell subsets, applying both on the supportive role of the latter in the survival and
proliferation of malignant cells, but also on the balance between the host's anti-tumor immune responses
and the immune-escape mechanisms developed by myeloma cells [11-13]. This complicated matrix of
interactions constitutes a real challenge in unveiling the involvement of the BM microenvironment in
the natural history of the disease [14,15]. In the present study, we applied deep phenotype analysis
to characterize the immune profile of peripheral blood (PB) and BM cells at different disease stages,
and correlated PB and BM niche signatures with the clinical course of MM.

2. Patients and Methods

2.1. Patients

The cohort analyzed comprised 15 smoldering MM (sMM), 8 plasma cell leukemias (PCL),
and 94 MM patients (n = 53 at the time of diagnosis; n = 51 at minimal residual disease (MRD)
evaluation, including 10 patients evaluated at both time-points), who were treated and followed
at the Department of Clinical Therapeutics of the National and Kapodistrian University of Athens.
The protocol was approved by the local ethics committes (Prot. Mo 116/28 February 2018). Prior to
sampling, all patients were informed of the purposes of the study and signed an informed consent
according to the Declaration of Helsinki.
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To eliminate treatment effect alterations in immune profiling and evaluate the clear effect of
immune cell distribution during the clinical course of the disease, the cohort of newly-diagnosed
MM patients (NDMM; n = 53) was homogenously treated receiving bortezomib, lenalidomide,
and dexamethasone (VRd) as induction therapy. Accordingly, all patients evaluated for MRD (n = 51),
achieved complete remission (CR) after receiving VRd followed by high-dose therapy and autologous
stem cell transplantation (ASCT). BM aspirates and/or PB samples were drawn from all patients,
including 51 patients (26 NDMM and 25 patients at the time of MRD evaluation) who provided both BM
and PB matched samples. The clinical characteristics of patients are presented in Table 1. All samples
were assessed with Next-generation flow cytometry (NGF) panels for MRD detection [16]; 155 samples
were analyzed for T cells and their subpopulations; 84 samples were analyzed for myeloid-derived
suppressor cells (MDSCs) and their subsets.

Table 1. Clinical characteristics of newly diagnosed Multiple Myeloma (MM) patients included in

our study.
Clinical Parameters Patients at Diagnosis (x = 53)

Age (years) 66 (44-93)
Male sex (%) 26(39%)
Hemoglobin (g/dL) 108 (8.0-14.7) *
Platelet counts (x10%1) 243 (56-591)
Neutrophil counts/ul. 4513 (1000-13,000)
Serum Creatinine (mg/dL) 1.63 (0.5-11.1)
Serum B2MG (mg/L) 5.7 (03-26.4)
Serum LDH (LU/L) 167 (74-293)
Serum Calcium (mg/dL) 9.6 (R4-14.4)
BM infiltration (%) 50.7 (0-90)
ISS stage
I 20y53 (38%)
i 18/53 (34%)
m 15/53 (28%)
FISH aberrations
High risk 22/53 (42%)
Low nisk 31/53 (58%)
Heavy chain
IgA 13/53 (25%)
15G 32/53 (60%)
5D 1/53 (2%)
Light chain anly 7/53(13%)

* All measures in non-categorical parameters show median values with range in parentheses.

2.2. Next-Generation Flow Cytometry

Diagnostic and MRD samples were analyzed with the NGF protocol according to the EuroFlow
guidelines [16]. The NGF 8-color antibody panels applied in lysed PB and BM samples consisted of
tube 1: CD38-FITC, CD36-PE, CD45-PerCPCy5.5, CD138-BV421, CD27-BV510, CD19-PC7, CD117-APC,
CD81-APCC750; and tube 2: CD38-FITC, CD56-PE, CD45-PerCPCy5.5, CD138-BV421, CD27-BV510,
CD19-PC7, Kappa-APC, Lambda-APCC750. Samples were analyzed for aberrant plasma cell (APC)
discrimination from their normal plasma cell counterpart and for subset distribution (Table 2).
MRD positivity was defined when more than 20 clonal APCs were detected at minimum number of
10 x 10° events recorded per patient sample. BD FACSCantoll (BD Bioscience, San Jose, CA, USA) was
used for sample acquisition and analysis was conducted with the Infinicyt software (Cytognos S.L.,
Salamanca, Spain).
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Table 2. Immune subsets and their corresponding phenotypes analyzed in bone marrow (BM) and peripheral blood (PB) samples.

Immune Subset Expression of Markers
NGF MRD panel
Plasma cells COAEE OO 38+
B ecells COHS+C045
Naive B cells NSO D% DS+ Ga
B cell precursors COH ST DE7 - Db Dy i S ko
Memaory Boells COH9+C 007 +COA8Am T s+ S50k
T cells COH 9 D5+ D550
CO¥7+ T oeells N9 DM+ DR6CTI2T  SRC ke
NE/NKT cells COH9C D45+ CDS6-S8C
CLT+ NE/NKT cells N9 D5+ DT 5 S b
Neutraphils a5 gghish
Myeloid progenitors COA8+C DS I 1 T+ 55 hieh
Monocytes—TAMs COA8+COM5+COR1+ S8
Mast cells CO453= DT
Erythroblasts L8585 I
Erythmaid progenitors Lol Y Ll 0 W
T cell panel

T regulatary cells (Tregs)

Effectoreffector memory Tregs [efffeff mem Tregs)
Terminal effector Tregs (teff Tregs)

Resting Tregs

T3+ suppressor Tregs (0039 Tregs)

CDd+ Toells

Narve CDd+ Toells

Effector/Effector memory CD4+ T oplls (effeff mem CD4+)
CDE+ T oelle

T+ Tregs

Memory CDS+ T oells

HLA-DR regulatory CO8+ T cells (HLA-DR reg CD8+)

OO +C D4+ CO5-+ (O 27 Fon P+
COE+C 04+ C D25+ 27 Foo PA+C DM RA TSRO HLA-DR-CTLAS+

OO +C D4+ C D5+ LN 27 Fon P34+ TMSRA -CDUSRO HLA-DR+ CTL A4+

D5+ C 04+ COR5-4+CTH 275 Fo P+ TMSRA-CDMS RO+ HLA-DR-CTLAS-
0 +C D4 C D5+ TN 274 Foa P+ DM SR A CDMS RO C DA%+
CO3+CD4+

CDO3+C04+COMERA +CTHERO-

CD5+C D4+ COMSRA-COMSRO+

CO5+C0R+

CDO5+CDf=C D25+ FouP e

CD3+CD8=COMSROH

CO3+CD0f HLA-DR+

MIDSC panel

Falymorphonuclear myedoid -derived suppressor cells (PMN-MDSCs)
Early myeloid-derived suppressor cells {ebDSCs)

Monocytic myeloid-derived suppressor cells (W=MISCs)

M1 mionincytes

M2 monocyies

CON4-CD b+ 5 S5

Lin{CD3 D4 DS DD HLA-DR-C DS+
COABCD 4+ HLA-DR™ (TS5

LinCOS D4 DA S D SCDESCD1 4-+001 24
LinCO3C T4 DS TS DS D 4+C D 2

Abbreviations: br: bright expression; int: intermediate expression; S5C: side scatter.

daf 19
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2.3, Dmomune Profiling

Immune profiling was performed utilizing three 8-color antibody combinations, designed to
characterize T cell and MIDSC subsets. For T cell characterization, the two panels comprised the markers:
CD3-FITC, CD4-APC-Cy7, CDE-PerCPCy5.5, CD25-APC, FoxP3-PE, CD127-BV510, CD39-BV421,
Kin7-BV510, CD45RA-PCT, CDM5RO-PerCPCy5.5, CTLA4-BV421, HLA-DR-PC?. The MDSC panel
was designed for discriminating the vanous MDSC subsets and M1/M2 monocytes and comprised
the markers: CD14-FITC, CD11b-PE, 7-AAD, CD124-BV421, CD33-BYV510, HLA-DR-PC7, CD15-APC,
lin (CD3, CD19, CD56)- APC-Cy7. Antibody clones and providers are listed in Table 51. Both T cell
panels were applied on whole lysed PB and BM samples; for the MDSC panel, mononuclear cells were
isolated after Ficoll density gradient centrifugation. Acquisition was performed on BD FACSCantoll
and Flow]o (BD, Franklin Lakes, N, USA) was used for data analysis (gating strategy presented in
Figure S1A-C). The detailed list of immune subsets analyzed and their phenotypes is presented in
Table 2.

2.4, Cytogenetics

Cytogenetic analysis was performed by interphase fluorescence in-situ hybridization (i-FISH)
for the most common aberrations detected in MM and particularly for t(4;14), t(11;14), t(14;16),
del(13g)/monosomy 13, del(17pl13), and add{1g21). Patients with at least one aberration of
ti4;14), t{14;16), del(17pl3), or add(1g21) were considered as high-risk (HR), whereas absence of
these abnormalities was a sign of low-risk (LR) prognostication. Commercially available probes
{Abbott Molecular, III, USA) were applied on the purified plasma cell population following an
established protocol described in detail elsewhere [17,15].

2.5, Statistical Analysis

Quantitative vanables were described by measures of central tendency (mean, median) and
dispersion (SD) and were analyzed with the appropriate parametric and non-parametric models
{#-test/Mann-Whitney U test for two group comparisons, one-way Anova/Kruskal Wallis for three
group comparisons) to examine for differences among groups. The distribution of measures in each
group was tested with Kolmogorov—Smirnoff normality test; paired f-test or Wilcoxon test were
used to compare parametric and nonparametric data from matched BM/PB samples, accordingly.
To evaluate the differences between BM and PB for the whole immune pattern, we used the Friedman
non-parametric test. Multiple logistic regression was used for the prediction of positive MRD probability.
Principal component analysis (PCA) was performed with Clustvis, a web tool for visualizing clustering
of multivariate data [19]. Statistical analysis was performed with SPS5 V25.0 (IBM, Armonk, NY, USA).
A pvalue of <0.05 was considered statistically significant (* p < 0.05; ** p < 001 *** p < 0U001).

3. Results

3.1. Composifion of the BM Microenvironmment af Different Stages of MM Progression

The comparison of the relative frequencies of the major immune subsets (T, NE/NKT, B cells,
tumor-associated macrophages (TAMs), and erythroblasts) in the BM of patients at different, although
related, plasma cell dyscrasias (sMM, MM, PCL) and at the time of CR after treatment did not show
any statistically significant differences, mainly due to the apparent heterogeneity of each subset’s
distribution among patients’ samples (Figure 1). The prevalence of T cells showed a gradual increase
during progression, but this was not observed for the other subsets. In patients with PCL, we observed a
unique profile with higher percentages of all analyzed subsets compared to sMM and MM, as circulating
APCs in PCL are less dependent from the BM niche [20]. The variability of the BM microenvironmental
composition among patients indicates the apparent heterogeneity of MM beyond the molecular level,
thus importing an additional challenge for efficient patients” stratification.
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Figure 1. Bone marrow composition of major immune subsets at different stages during MM progression.
sMM: smoldering myeloma; MM: multiple myeloma; PCL: plasma cell leukemia; CR: complete
remission; NK/NKT: natural killer cells/natural killer T cells; TAMs: tumor-associated macrophages.

3.2. Peripheral Blood Cannot Reflect the Bone Marrow Microenvironment

We further investigated whether analysis of PB could resonate the BM microenvironment,
thus reducing the need for invasive sampling. Therefore, we performed paired analysis of different
immune subsets from matched BM and PB samples of MM patients both at diagnosis (2 = 26) and at
CR (n = 25).

At diagnosis, certain populations showed statistically significant differences between BM and PB
(Figure 2). In particular, the mean prevalence of CD4+ T cells among CD3+ T cells was more abundant
in PB (61.4%) than in the BM (51.1%; p < 0.001), mainly due to the relative increase of the naive CD4+ T
subset (34.3% in PB vs. 28.4% in BM; p < 0.01). The CD8+ T cell compartment was higher in the BM
(36.8%in PB vs. 46.5% in BM; p < 0.001), due to the apparent increase of the HLA-DR regulatory CD8+ T
subset (7.3% in PB vs. 11.9% in BM; p < 0.001). The prevalence of NK/NKT cells and monocytes/TAMs
was higher in PB (NK/NKT cells: 4.4% in PB vs. 3.2% in BM; p < 0.01; monocytes/TAMs: 6.6% in PB
vs. 3.1% in BM; p < 0.001), whereas no specific differences were observed regarding the total percentages
of Tregs and MDSCs (Table S2). Nevertheless, subset analysis of Tregs and MDSCs revealed higher
frequencies of effector/effector memory Tregs in the BM (9.3% in PB vs. 14.6% in BM; p < 0.05), as well
as terminal effector Tregs (7.4% in PB vs. 16.0% in BM; p = 0.01) and proliferating CD39+ suppressor
Tregs (8.1% in PB vs. 4.5% in BM; p < 0.01). Lastly, PMN-MDSCs and M-MDSCs were increased in PB
vs. BM (p < 0.05 and p < 0.01, respectively), when evaluated in the total number of MDSCs (Figure 2A).

These discrepandies between the different compartments (PB vs. BM) were seen only at the time
of MM diagnosis; the only differences maintained at CR were those of total CD4+ and CD8+ T cell
compartments among CD3+ T cells (for CD4: 46.3% in PB vs. 40.9% in BM; p < 0.001; for CD8: 43.8%
in PB vs. 53.1% in BM; p < 0.001). Interestingly, the prevalence of proliferating naive CD4+ T cells
showed a significant increase in PB vs. BM at diagnosis (0.9% in PB vs. 0.6% in BM; p = 0.014), but the
opposite divergence at CR (0.2% in PB vs. 0.3% in BM; p = 0.006). The immune pattern for all subsets
in BM vs. PB at both diagnosis and CR is depicted in detail in Table S2.
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Figure 2. (A) Pairwise comparison of subset distributions between the bone marrow (BM) and
peripheral blood (PB); (B) differences plot dlsplaymg the pairwise differences (PB minus BM) of
normalized expressi for all im ts. Subsets that tend to mirror between PB and

BM appear on the left side of the plot. * p < 0.05; ** p < 0.01; *** p < 0.001.

Overall, if one considers the wide immune profile analyzed, the above-mentioned differences
(at diagnosis and/or CR) between the two sites were only marginal. The vast majority of subsets
showed high heterogeneity among patients and sites, hence not highlighting clear dissimilarities
between BM and PB. In the same context, the absence of differences does not imply direct mirroring
due to this variability; only a few subsets in PB mirrored their counterparts in BM, with minimum
difference values as measured by SD (resting Tregs, eMDSCs, effector/effector memory CD4+ T cells)
(Figure 2B).

3.3. Immune Profiling May Differ in Separate Prognostic Groups

We next tried to evaluate whether the various immune subsets at diagnosis showed any differential
distribution among the different prognostic categories. Due to the apparent variability among
compartments, immune distribution in BM and PB were examined separately.

Significant differences were observed in various subsets among the different ISS stages. The most
obvious discrepancy was revealed in the relative abundance of naive CD4+ T cells, showing a gradual
increase towards the most adverse prognostic groups, with the same trend for both BM and PB (median
values in BM: 7.9% in ISS-I vs. 16.8% in ISS-1I vs. 34.0% in ISS-11I; p = 0.004; median values in PB: 13.9%
in ISS-1 vs. 24.9% in ISS-II vs. 38.1% in ISS-1II; p < 0.001). In BM, a gradual decrease towards 1SS-111
stage was also prominent for the NK/NKT subset (median: 5.3% in ISS-I vs. 4.1% in ISS-Il vs. 2.3% in
ISS-1II; p = 0.006) and the relative frequency of naive B cells among total B cells (median: 60.6% in ISS-1
vs. 42.3% in ISS-1l vs. 33.7% in ISS-III; p = 0.004) (Figure 3A). In PB, Tregs were found increased in
ISS-111, due to the apparent prevalence of resting Tregs (median: 7.0% in ISS-I vs. 14.1% in ISS-Il vs,
22.8% in ISS-III; p < 0.001), whereas the early-stage MDSCs (eMDSCs) were significantly increased
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in the low-risk ISS-1 group (median: 0.9% in ISS-1 vs. 0.1% in ISS-1I vs. 0.04% in ISS-III; p < 0.001),
both contributing to differential immune-suppressive signatures between the three stages (Figure 4A).
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Figure 3. Distribution of bone marrow (BM) subsets in different clinical and prognostic groups at the
time of diagnosis. Comparisons refer to (A) the International Staging System (ISS); (B) cytogenetics;
(C) response to therapy; (D) PCA analysis of selected BM subsets according to therapeutic response.
*p <005, ** p < 0.01; HR: high-risk; LR: low-risk; CR: complete response; VGPR: very good
partial response; PR: partial response; TAMs: tumor-associated macrophages; PCA: principal
component analysis.
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Similarly, the comparison between the distinct cytogenetic groups revealed an uneven distribution
for some subsets. Firstly, despite the relative high variance of values among patients, the percentage of
B cells was found significantly decreased in the HR group both in the BM and PB (median values in
BM: 1.6% in LR vs. 0.9% in HRE; p = 0.02; median values in PB: 1.4% in LR vs. 0.8% in HR; p = 0.04).
The total percentage of T cells was also decreased in the BM niche of HR patients (median: 10.7% in LR
vs. 7.3% in HR; p = 0.007), whereas the prevalence of terminal effector Tregs was 1.6-fold higher in the
BM of the HR group (p = 0.04) (Figure 38). PB profiling highlighted differences in the relative frequency
of the CD4/CDS T cell ratio among the CD3+ T cell population, which was partially explained by the
significant decrease of the HLA-DR reg CD8+ T cell subset in the HR group (median: 10.9% in LR vs.
6.7% in HR; p = 0.01) (Figure 4B).

3.4 Immune Signatures May Predict Response fo Induction Therapy

Patients” stratification in well-defined prognostic groups is of utmost need in the clinical practice
and especially for highly heterogeneous diseases as MM. The current prognostication systems, based on
binchemical measures and the genetic background of APCs, are essential for the clinical management
of MM patients; however, they cannot fully predict responses to anti-myeloma treatments. As our
cohort was homogenously treated, we evaluated whether distinct basal immune profiling could be of
predictive value.

The differential distribution of several BM subsets in 38 NDMM patients with known responses
to VRd induction treatment (12 in CR, 15 in very good partial response (VGPR), 11 in partial response
(PR)} revealed significant associations of predictive value. In particular, the most informative markers
correlating with therapeutic response were TAMs, eryvthroblasts, and T cells, especially their CD27+
counterpart. Patients not achieving CR tended to have elevated basal levels of TAMs in their BM
(median: 2.3% in CE vs. 38% in VGPR vs. 4.4% in PR; p = (.04} and erythroblasts (median: 1.3% in
CR vs. 1.3% in VGPR vs. 2.9% in PR; p = (L02), but lower frequencies of CD27+ T cells (median: 76% in
CRvs. 71.7% in VGPR vs. 48.6% in PR; p = 0.015) (Figure 3C). Of note, the PCA diagram considering the
basal levels of these markers could point out a distinct immune signature for those patients achieving
CR compared with the pooled profiles of patients” achieving PR or VGPR (Figure 3D).

The same process was applied in PB in an effort to highlight unique signatures in liquid biopsies
that could predict therapeutic outcome. Our analysis revealed distinct Treg profiles among patients
with different responses (7 in CR, 17 in VGPR, 16 in PR). In specific, patients who achieved a CR
appeared with lower (although not statistically significant) levels of total Tregs, but had significantly
higher levels of terminal effector Tregs (median: 21.7% in CR vs. 6.7% in VGPR vs. 3.4% in PR; p = 0.008)
at the expense of the resting Treg counterpart (median: 4.9% in CR vs. 9.3% in VGPR vs. 20.1% in PR;
p = 0L07) (Figure 4C). Again, PCA clustering on these variables grouped together patients achieving
PR and VGPR, highlighting a clearly unique Treg signature for patients achieving CR (Figure 4D).
As mentioned above, the relative frequencies of resting Tregs were noticeably different among the three
155 stages, implying that the effect of this immunosuppressive subset in CR prediction may come from
the favorable IS5 prognostication. Nevertheless, only 50% of patients achieving CR were of [55-1 stage,
thus supporting the independent predictive value of this immune profile in the therapeutic response to
induction therapy.

3.5. MRD Positiviby Is Associated with a Distinet Intmune Profile

The evaluation of MED has emerged as the strongest prognostic factor in MM informing for the
depth of response to treatment and has been recently considered as a valuable endpoint to clinical trials
and in some cases a critical point for tailored therapeutic strategies [21,22]. Although there are numerous
studies highlighting the favorable prognostication of patients achieving MRED negativity [23,24], there is
limited information regarding the underlying biology and immune profiling of MRD status. Taking
into consideration the pattern of immune distribution revealed by the various multiparametric panels
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shown herein, we tested for differences in the BM architecture between 20 MRD-negative (MRD~) and
16 MRD-positive (MRD+) patients.

The distribution of the various immune subsets was quite heterogeneous among patients, forming
a unique individualized microenvironmental signature for each one of them. Despite the apparent
variability, the unsupervised hierarchical model clustered together patients of the same MRD status,
highlighting particular differences between MRD~ and MRD+ BM cell content (Figure 5). At the
unit level, the subsets showing the highest divergence were naive CD4+ T cells (median: 12,6% in
MRD~ vs. 19.1% in MRD+ patients; p = (0.014), memory B cells (median: 3.3% in MRD~ vs. 5.7% in
MRD+ patients; p = (.04), effector/effector memory Tregs (median: 7% in MRD~ vs. 16% in MRD+;
p = 0.04), TAMs (median: 4% in MRD- vs. 55% in MRD+ patients; p = 0.03), and erythroblasts
(median: 2% in MRD~ vs. 3.2% in MRD+ patients; p = 0.006). All the above subpopulations were
more abundant in the MRD+ state. On the contrary, the subsets of effector/effector memory CD4+
T cells (median: 87.6% in MRD- vs. 77.9% in MRD+ patients; p = 0.04) and memory CD8+ T cells
(median: 39.8% in MRD- vs. 20.7% in MRD+ patients; p = 0.016) were increased in the MRD-
BM microenvironment.

A
naive CD4+ Tcells memory B cells effleff mem Tregs TAMs

10+

~—
- 3 T e

Figure 5. Bone marrow profiling of minimal residual disease (MRD)-positive (MDR+) vs. MRD-negative
(MRD-) patients. (A) Comparison of subset distribution according to MRD status; (B) heatmap
displaying the pervised hi hical clustering of MRD patients based on their entire immune

compaosition. * p < 0.05,* p < 0.01.
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3.6. PB Signatures as Indicators for MRD Status

Despite the tremendous advances in current methodologies and their increasing sensitivity levels,
at present, liquid biopsy cannot replace BM aspiration for an efficient MRD assessment, due to the
minimal—if any—number of drculating clonal cells. Therefore, one of the major challenges in the daily
clinical practice is the identification of biomarkers that could accurately depict MRD status via simple
and non-invasive testing. We thus tried to examine if any particular immune profile of the various
subsets tested could be indicative of the BM-based MRD result.

As expected, PCA analysis of all tested subsets could not show any significant discrimination
between MRD~ and MRD+ patients based on PB signature as a whole. Nevertheless, when PCA
was performed only with those subsets which individually showed differential distribution between
the two groups, the discrimination was quite clear (Figure 6A,B). The most informative immune
subsets were naive CD4+ T cells and effector/effector memory CD4+ T cells, the combination of which
conferred an AUC value of 0.8 for a relatively efficient and reliable prediction of the MRD status
(Figure 6C). This prediction could be further improved by applying specific cut-off values; a simple
MRD scoring system defined by the presence of naive CD4+ T cells at values higher than 8% and
effector/effector memory CD4+ T cells at values lower than 90% could predict MRD-positivity with a
satisfactory accuracy, 86% sensitivity, and 85% specificity, when assessed in a separate MM patient
cohort (Figure 6D).
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Figure 6. Peripheral blood (PB) profiling of MRD-positive (MRD+) vs. MRD-negative (MRD-) patients.
(A) Relative frequencies of selected subpopulations according to MRD status; (B) PCA analysis including
the whole immune pattern as input variables (left); PCA analysis including only selected subsets with
significant differences among MRD groups (right); (C) selection of naive CD4+ and effector/effector
memory CD4+ T cells allowed the prediction of MRD status with an AUC = 0.8; (D) MRD scoring
system based on selected cut-off values for naive CD4+ and effectorfeffector memory CD4+ T cells,
tested on a different patient cohort (n = 20). The negative predictive value (NPV) of the scoring system
was improved to 0.92. * p < 0.05; AUC: area under the curve; TP: true positive; TN: true negative;
FP: false positive; FN: false negative; PPV: positive predictive value; NPV: negative predictive value.

4. Discussion

Current therapeutic advances together with the emergence of several efficient therapeutic regimens
have led to substantial improvement in the clinical management of MM patients, who may now
experience extended progression-free periods and prolonged survival [25,26]. Intense research efforts
focusing mostly on the molecular features of myeloma cells have shed light in the underlying biology
of MM, although thorough understanding of this highly heterogeneous and complex disease remains
scanty. The BM microenvironment plays a crucial role during the natural history of MM, and various
niche-dynamics have been recognized as an important aspect for disease progression and resistance to
therapy [14,15,27]. However, the complexity of the BM composition together with the spatiotemporal
altered interplay with myeloma cells [25] restrict the deep comprehension of the mechanisms involved.
Contrarily to the majority of relevant reported studies which focus on one immune subset, in the
present report, using specifically designed antibody panels, we performed detailed immune profiling
of both BM and PB at different disease stages, including at MRD evaluation, in an effort to reveal
immune signatures associated with distinct clinical features.

We first looked at differences in the relative frequendies of the major immune subsets into the BM
microenvironment of patients at different MM stages. PCL, a rare and aggressive form of plasma cell
dyscrasia, showed a unique immune profile, supporting the notion of a distinct entity, which seems to
differ not only clinically and genetically from MM [20,29], but also in its relative microenvironmental
composition. This notwithstanding, and in agreement with previous reports, our analysis did not
highlight any significant differences in the prevalence of lymphocytes, TAMs, or erythroblasts between
sMM, newly diagnosed, or treated patients at CR, due to the significant variance of respective measures
in each category [30,31]. This divergence among samples highly reflects the dynamic nature of the BM
niche, while it also necessitates the identification of clinically relevant immune signatures for more
efficient stratification of patients.

In parallel with the BM profiling, we also applied the same phenotypic analysis in PB-paired
samples of the same patients to investigate whether BM microenvironmental features could be echoed
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in blood circulation. Available studies comparing the relative distribution of individual immune subsets
(e.g., Tregs, MDSCs) between BM and PB often lead to contradicting results [31-34]. However, to
the best of our knowledge, this is the first holistic approach comparing the distribution of numerous
immune subsets at both sites and at different time-points. Each particular subset identified followed
one of the three patterns in BM vs. PB: (i) clear increase/decrease in one site; (ii) similar prevalence in
both sites; (iii) no association between sites due to high variability. At diagnosis, significant differences
were observed for particular CD4+ and CD8+ T cell subsets, possibly implying different activation or
exhaustion levels in PB compared to BM [35]. The relative comparison of monocytes/TAMs showed a
higher prevalence in PB, but it is possible that a different selection of phenotypic markers could narrow
down these alterations [36]. In line with previous reports, our study did not show any significant
differences in the distribution of total Tregs between PB and BM [31,37], although specific subsets
with enhanced suppressive functions (i.e., effector/effector memory Tregs, terminal effector Tregs,
CD39+ Tregs) prevailed in the BM tumor site. Marsh-Wakefield et al. [37] showed a relative increase
of the CD39- Treg compartment in the BM of MM patients, but these findings do not contradict our
results, as in our study, only the proliferating CD39+ compartment was substantially higher in the
BM and not total CD39+ Tregs. Contrarily to Tregs, MDSCs and particularly the M- and PMN-MDSC
compartments tended to have a higher frequency in PB. Nevertheless, besides these phenotypes and
the few subsets with similar distribution between BM and PB, the whole immune spectrum analyzed
revealed that each site has a unique profile and liquid biopsy could not reflect the BM composition.
Moreover, it could be argued that the two sites could be more similar at CR, when tumor burden is
decreased. Statistically, fewer subsets revealed significant differences at the CR status, but that was
due to the apparent variance of each site, supporting that BM and PB have unique profiles irrespective
of disease stage.

The identification of prognostic biomarkers in the NDMM setting is very important for patients’
stratification and subsequent therapeutic management with the most appropriate regimens. The relative
distribution of several subsets showed some significant differences among the distinct prognostic
groups, probably reflecting a divergent immune status in each category. The most apparent differences
between the groups were associated to their respective distribution of T cells and their major CD4+ and
CD8+ T cell compartments. Patients with HR aberrations and/or adverse ISS-1II stage had relatively
lower percentages of total T cells with a skewed increased of CD4/CDS ratio, which was obvious at
both BM and PB (Figure S2). The CD4/CD8 ratio in PB has been reported to decrease during disease
progression, and has been considered as an independent unfavorable marker related to advanced
disease and increased tumor burden [38-40]. Our data verify previous studies and also highlight that
the same events take place within the BM. Another difference, apparent in both sites, was the significant
decrease of the total B cell compartment in the adverse prognostic groups, finding similar with those
of a previous study by Vsianska et al. [41]. Finally, a notable finding was the significant increase of
NK/NKT cells in the favorable ISS-1 stage, probably indicating an advanced innate NK cell-mediated
cytotoxicity; besides, previous reports have described numerical and functional impairment of NK
effector functions alongside disease continuum [42].

Apart from clinical correlations with established prognostic factors, our findings exceeded the
importance of patients’ immune profiling to a clinically relevant level, since unique signatures could
significantly relate to different therapeutic responses. Within the BM, a unique profile of NDMM patients
characterized by elevated T cells and the CD27+ T cell subset, together with decreased erythroblasts and
TAMs could discriminate patients eventually achieving CR to VRd induction treatment. TAMs have
lately emerged as a crucial member of the BM microenvironment in MM [43,44], and their elevated
numbers—especially of the M2 subtype—have been related to inferior outcomes [45]. We should note
that our analysis revealed a skewed ratio towards M2 phenotype in patients with worse responses
(statistically non-significant), but the inclusion of this parameter in our PCA models did not improve
discrimination compared with the actual total percentage of TAMs. Additionally, the CD27+ T cell
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compartment comprises cells with unique functions (e.g., immune suppression) and the CD27-/CD27+
ratio has been recently proposed as a marker with independent prognostic value [46].

Similarly, a unique Treg-signature strongly associating with CR was identified in PB. Patients
presented with lower percentages of Tregs, but, most importantly, with an increased ratio of terminal
effector/resting Tregs responded better to VRd. The clinical impact of Tregs in MM progression has not
been validated and reported data may often provide opposing results [31,34,47 48]. Even more uncertain
is the role of specific Treg subsets in MM outcome, where available data is sparse. Nevertheless, in a
recent study by Kotsakis et al., the authors concluded that higher proportion of circulating terminal
effector Tregs with concurrent elimination of the resting Treg subset correlated with an improved
clinical response in small and non-small cell lung cancer patients [49].

Following the same strategy described for NDMM, we examined if a specific immune profiling
could correlate with MRD status. MRD negativity detected by utilizing highly sensitive techniques
(i.e.,, NGF, NGS) has emerged as the strongest independent prognostic factor, correlating with prolonged
progression-free periods and overall survival of MM patients [50,51]. However, the identification of
particular immune dissimilarities according to MRD status has not been adequately explored. Ina
previous study by Paiva et al., the authors proposed unique BM signatures correlating with distinct
outcomes [52]. In particular, a profile by elevated erythroblasts and B cell precursors and decreased
levels of naive and memory B cells conferred the most inferior outcome, which was independent
from patients’ MRD status, thus implying that immune profiling could supplement MRD status for
improved risk stratification [22]. Our analysis revealed a distinct immune profile between MRD+ and
MRD- patients, with the latter showing a more experienced adaptive immunity (i.e., CD4+ and CD8+
T cells) phenotype, probably indicative of competent immune surveillance keeping myeloma burden
in repression. On the contrary, MRD+ patients were characterized by increased levels of naive T cells,
TAMs and erythroblasts, verifying similar findings from our previous analysis on an independent
cohort [53].

Similarly, PB profiling revealed some particular differences between the two MRD states.
Though the differences were not as clear as in the BM, instead, MRD-negativity was associated
with a shift towards an effector phenotype of CD4+ T cells in concordance with the BM findings.
Notably, when applying a simple scoring system based on the levels of naive CD4+ and effector/effector
memory CD4+ T cells, the prediction of a MRD- status in BM was of 92% accuracy. In a relevant
approach, Bhutani et al. reported significantly lower numbers of NK cells and an exhausted T cell
signature in the PB of MRD+ patients [54].

In conclusion, our results indicate that the immune microenvironment of MM is dynamic and
displays unique immune signatures in distinct prognostic groups and disease stages. Most importantly,
our findings highlight predictive immune profiles towards both therapeutic response and MRD
status. Even though more data is needed to empower these findings, it seems that the
analysis of an individualized/personalized immune profiling has strong potential to actively guide
therapeutic interventions.

5. Conclusions

There is a constant and dynamic interplay between myeloma cells and their microenvironmental
cell subsets which plays a crucial role during the course of the disease. Each patient has a unique
immune status and particular immune signatures (in both BM and PB) show strong correlations
with distinct responses to administered therapy and MRD status. Therefore, the evaluation of each
patient’s characteristic and unique immune profile is of clinical relevance and could provide essential
information for the more effective individual-based clinical management of MM patients.
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